AN ANTI M CROBI AL POROUS SUBSTRATE AND A METHOD OF MAKI NG AND USI NG
THE SAMVE FI ELD OF THE | NVENTI ON The present invention relates to
antimcrobial air filters, a nethod of making and using the sane.
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strongly to electron donor groups on biological molecules containing sulfur,

oxygen or nitrogen. The silver ions act by displacing other essential metal ions
such as Caz2+ or Zn+. It is generally believed that heavy metals react with
proteins, which leads to the inactivation of the proteins. It is generally believed
that heavy metals react with proteins by combing the —SH groups of enzymes,

which leads to the inactivation of the proteins.

The use of nanoparticles 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 to 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.



tenperatures. 1 Several |ow tenperature nmethods and processes have
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spin process can result in drastic variations in the coated film. Other
difficulties that arise with spin coating include a lower rate of deposition, it
generates greater waste of nanoparticles of up to 98%, the chemicals
involved 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 homes, 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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clothing to give them antibacterial properties. The present invention
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This new method may be achieved cost-effectively with a very low-cost initial capital
investment and inexpensive maintenance and operating costs. Further the method
is a very simple process that may be conducted at ambient conditions by people
with relatively 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 any 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 leaching of the silver
nanoparticles from the filter substrate. The process may further be very clean in

that low waste sludge may be generated.

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 sulphuric acid or
ozone or UV and or a pre-treatment step of washing the porous material with

acetone or an alcohol and or drying the antimicrobial substrate.



nano particles in the initial deposition that may reduce |eaching of
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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.

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.



as a filter in accordance with a first enbodi ment of the present
invention. Figure 2 denonstrates the effect of an organofunctional

sil ane coval ent bonding on treated surface. Figure 3 denonstrates
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disinfection in air filtration. The silver nanoparticle has a diameter of 100 nm
or less. In addition, nano sized silver are highly sensitive to oxygen, resulting
in formation of partially 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 polyurethane or polyester or non-woven paper). Materials made of
either metal foam or polyurethane or polyester 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 substrate,
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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to about 10 g/liter of silver nanoparticles, and maintained at room
temperature, preferably overnight. This leads to saturation coverage. Partial
coverage can be achieved for shorter exposure times. The resulting coated
nickel foam, is then rinsed with water one or more times, preferably with

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, organosilane 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 embedded with silver
nanoparticles by spraying applied in a single stage of the wet finish process,
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 (physica!-adsorption)k one molecule deep. This is an ion exchange
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they becone virtually irrenovable, even on surfaces wi th which they
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with the substrate making the surface antimicrobial. Once polymerized, the
treatment does not migrate or create a zone of inhibition so it does not set up
conditions that allow for adapted organisms. The resulting antimicrobial
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 time. It does not poison the

microorganism.

Referring 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 nanopatrticles (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 porous 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



conditions that allow for adapted organi sns. The resulting
antimcrobial substrate enbedded with silver nanoparticles having a
silane quaternary anmmoni um pol yner coating does not |each or
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treated with silane quaternary ammonium polymer bonded has an enhanced

level of antimicrobial activity.
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 chemically 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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In addition, the embodiment includes a semi-porous cellulose ester wick (26)
to be placed into the silane quaternary ammonium polymer solution during the
production. Both the semi-porous cellulose ester wick 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

Oils are used in the air freshener.
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the nmethod conprising the steps of: soaking a porous material in a
silver nanoparticle colloid; and coating the porous nateri al
-enbedded with silver nanoparticles
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with a silane quaternary anmoni um pol ynmer conprising an

or ganof uncti onal silane, wherein the organofunctional silane forns
coval ent bond with the porous materi al and hono-pol ynerizes to form
t he silane quat ernary anmmoni um pol ynmer coating to reduce the |oss of
silver nangparticles. 2. The method of claiml further conprising the
step of e&lﬁ!ﬁ‘éj the surface of the porous material with an agent. 3.
The nmethod of claim2 wherein the agent conprises hydrochloric acid
or nitric acid or sul phuric acid or ozone or W. 4. The nethod of
claim1l or 21.furtAhencthodmfipsepayiry pn entineerobrial subseate fof usasds adiltehe
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material conprises netal foam or pol yurethane or polyester or,
non-woven paper . he method of claim 1 further comprising the step of etching the
surface of the porous material with an agent.

3. The method of claim 2 wherein the agent comprises hydrochloric
acid or nitric acid or sulphuric acid or ozone or UV.

4. The method of claim 1 or 2 further comprising a pre-treatment step
of washing the porous material with acetone or an alcohol.

5. The method of any one of the preceding claims further comprising
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 for use as a filter, the antimicrobial
substrate comprising a porous material embedded with silver
nanoparticles having a silane quaternary ammonium polymer
coating wherein the silane quaternary ammonium polymer
comprises an organofunctional silane, the organofunctional silane
forming covalent bond with the porous material and homo-
polymerizing to form the silane quaternary ammonium polymer

coating to reduce the loss of silver nanopatrticles.

11



9. The antimcrobial substrate of claim7 or 8 wherein the silane
guat er nary anmoni um pol yner coating conprises 1,3, didecyl-2-

nmet hyl -1 m dazol i ne chloride and di nethyl, nethyl (polyethylene
oxi de) siloxane. 10. An air treatnent device conprising an

antimcrobial filter conprisin a porous naterjal enbedded wth .
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fragrance cartridge. 12.” The air treatnment device of claim 11 wherein
the freshener or methyhinidezolowr tahlerige i and otimedinydd methyhe(poiyetkylene a
a sem -porous w ck. 1)2.
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 wherein the silane
quaternary ammonium polymer comprises an organofunctional
silane, the organofunctional silane forming covalent bond with the
porous material and homo-polymerizing to form the silane
quaternary ammonium polymer coating to reduce the loss of silver
nanoparticles.
11.  The air treatment device of claim 10 further comprising an odor
removing means and or a freshener or fragrance cartridge.
12. The air treatment device of claim 11 wherein the freshener or

fragrance cartridge is connected to the filter via a semi-porous wick
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