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fi@Ceallergens. Typically, devices in the form of masks or in-air duct filters filter out
particulate material during either air circulation or, in the case of facemasks,
during inhalation and exhalation. The facemasks and air duct filters temporarily
capture the pathogens and allergens, and particulate matter such as dust, on a
surface of a filtering material. Once the filters reach a threshold limit or after a

15  single use, they are typically discarded or in some cases, cleaned and reused.
Many designs of filtering devices exist, examples of which are as follows:

e US Patent No. 1,319,763, issued October 28, 1919, to Drew for "Air filter
for wall registers”;
20 ¢ US Patent No. 3,710,948, issued January 16, 1973, to Sexton for "Self-
sustaining pocket type filter";
e US Patent No. 3,779,244, issued December 18, 1973, to Weeks for
"Disposable face respirator”;
e US Patent No. 3,802,429, issued April 9, 1974, to Bird for "Surgical face
25 mask";
e US Patent No. 4,197,100, issued April 8, 1980, to Hausheer for "Filtering
member for filters”;
e US Patent No. 4,798,676, issued January 17, 1989, to Matkovich for
"Low pressure drop bacterial filter and method";



mask"; US Patent No. 4,197,100, issued April 8 ,
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met hod"; US Patent No. 5,525,136, issued June 11,

1996, to Rosen for "Gasketed nulti-nedia air cleaner”,;
US Patent No. 5,747,053 issued May 5, 1998, to

Nashi moto for "Antiviral filter air cleaner

i npregnated with tea extract”; US Patent No.

5,906,677, issued May 25, 1999, to Dudley for
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Disa vantageously, in the above-mentioned designs removal of the dirty filter or

the facemask after use may cause non-immobilized pathogens or particulates to
156  be dispersed into the air immediately around the user, which, if inhaled may be
hazardous to the user. In addition, the designs may not immobilize the air
borne pathogens and kill them in situ. Some of the designs incorporate viscous
material into the filter material to capture particulate material. Some designs
incorporate complex arrangements of filters inside cartridges, which may be
20  impractical for use in air ducts or in facemasks. In some cases, fiberglass is
used as part of the filter medium, which may be harmful to humans if located
near the nose and mouth. In one design, disinfectant soaked cotton wool
appears to be located in an air duct for aerosolizing into a room to maintain
moisture content. Use of such a wet disinfectant may be harmful to humans in
25 close proximity to the disinfectant and may not be appropriate for use in a
facemask.  Another filter media uses fibers having cavities filled with
antibacterial agent for slow release there from. Another design discloses the
fiber manufactured with antibacterial agent therein that freely detaches there
from upon blooming of the fibers. These fiber designs have the problem of a
30 rapid lost of their antibacterial activity upon cleaning or washing thereof.

Accordingly, there is a need for an improved microbicidal air filter.
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In accordance with an aspect of the present invention, there is provided a
20  microbicidal air filter for use with an air passageway, said air filter comprising:
an immobilization network including a plurality of fibers having an amount of at
least one antimicrobial agent incorporated and molecularly bonded into a
structure thereof sufficient to substantially immobilize, retain and at least inhibit
the growth of, or typically kill, microbes suspended in a volume of air moving
25  through said air passageway, said immobilization network being substantially

permeable to said air.

In one embodiment, the immobilization network is an after-filter so that the air is
pre-filtered prior reaching the air passageway.

30
In one embodiment, the air filter is a facemask configured and sized to fit over
the nose and mouth of a user and to be secured therearound.
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network into subdivisions.

20
In accordance with another aspect of the present invention, there is provided a
microbicidal face mask comprising: first and second air permeable screen
elements secured together along respective peripheral edges, said screen
elements defining a gap therebetween, said screen elements being configured

25  and sized to fit over the mouth and nose of a user and to be secured thereto; an
air permeable immobilization network located in and substantially filling said
gap, said immobilization network including a plurality of fibers having an amount
of at least one antimi¢robial agent incorporated and molecularly bonded into a
structure thereof sufficient to substantially immobilize, retain and at least inhibit

30 the growth of, or typically kill, microbes suspended in a volume of air moving
through said network.
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Figure 3 is a simplified exploded view of an embodiment of a filter in a frame;
Figure 4 is a simplified exploded view of the filter with a primary filter;
Figure 5 is a simplified exploded view of an air circulation system with a filter;
Figure 6 is simplified front view of an alternative filter for use in the system of
20  Figure 5;
Figure 7 is a simplified front view of an alternative filter for use with the system
of Figure 5, showing stitches as a fastening member;
Figure 8 is a simplified front view of an alternative filter for use with the system
of Figure 5, showing rivets as a fastening member; and

25 Figure 9 is a cross sectional view taken along lines 9-9 of Figure 7.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

With reference to the annexed drawings the preferred embodiments of the
present invention will be herein described for indicative purposes and by no

30 means as of limitation.
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DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS

As used herein, the terms “anti-bacterial agent’, “bacteriocidal agent” and
“bacteriostatic agent” are intended to mean compounds that inhibit, prevent the
growth of, and/or kill bacteria.

15
As used herein, the term “anti-viral agent” is intended to mean a compound that
inhibits, prevents the growth of, or kills viruses.

As used herein, the term “anti-mold agent” is intended to mean a compound that
20 inhibits, prevents the growth of, or kills molds.

As used herein, the term “anti-yeast agent” is intended to mean a compound
that inhibits, prevents the growth of, or kills yeasts.

25  As used herein, the term “anti-dust mite agent” is intended to mean a compound
that inhibits, prevents the growth of, or kills dust mites.

As used herein, the terms “microbicidal’, “biocidal” and “aseptic” are intended to
refer to the inhibition, growth prevention or killing properties of any of the
30 aforesaid “agents”, used either alone or in combination with each other.

Preferred embodiments
Referring now to Figure 1, a first embodiment of a microbicidal air filter shown

generally at 10. Broadly speaking, the filter 10 includes an air permeable
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95 Kinkl ieaH 4% the P80 and bondly mixed and spread there along, there over
and therein. The fibers 20 are arranged such that they are permeable to air
over the entire mesh, typically as a fine layer of so-called angel’s hair, of flaky
mesh or the like.

20  Preferably, the network is a fibrous material. More preferably, the fibrous
material is commercially available RHOVYL'AS+™, RHOVYL'AS™ (with “AS”
for reference to ‘“aseptic’), THERMOVYL-L9B™, THERMOVYL-ZCB™,
THERMOVYL-MXB™ (with “B” for reference to “biocidal’) or TRICLOSAN™
treated polyvinyl chloride (PVC) or the like based organic fiber.

25
Both RHOVYL'AS+™, RHOVYL'AS™, THERMOVYL-L9B™,
THERMOVYL-MXB™ and THERMOVYL-ZCB™ are fibrous materials,
manufactured by RHOVYL™, SA, that have instrinsic antimicrobial and/or
biocidal activity. In particular, the RHOVYL’AS™ fiber, the THERMOVYL-L9B™

30 fiber and the THERMOVYL-ZCB™ fiber incorporate an antibacterial agent,
which is molecularly bonded to the structure of the fiber, whereas the
RHOVYL'AS™ fiber antibacterial agent, the RHOVYL'AS+™ fiber and the
THERMOVYL-MXB™ fiber also contain acaricide, an anti-dust mite agent.
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Typically, the fibrous material has porosity in the range of about 0.1 um to about
3um, although this depends upon the size of microbe to be retained.

20
Typically, the fibrous material has a density of between two grams per square
foot (2 gr/ft?) to thirty grams per square foot (30 gr/ft?). More preferably, the
density is around ten grams per square foot (10 gr/ft?).

25  As best illustrated in Figure 2, the filter 10 may be part of a facemask 24 of the
type normally used by hospital workers and the like and which could be
expandable (soft mask) or not (rigid mask), that are sometimes used in areas
with pre-filtered air. The screens 14 and 16 are typically connected around a
peripheral edge 22 and define a gap 23 therebetween. The network 12 can be

30 attached to one of the aforesaid screens to provide both a physical barrier
against particulate material and more importantly, to pathogenic microbes. The
network 12 can be attached to the screens 14 or 16 using a VELCRO™ type
fastener, stitches, bonding and the like, or inside an individual portable mask 24

that are worn in front of the nose/mouth area of the individual. A front mask



Preferably, the network is a fibrous material. Mre

preferably, the fibrous material is commercially
waoaoai/hepize RHOVYLA S+(tm, RHOVYL' AS(tnm) (w t PCTASA2006001092

reference to "aseptic"), THERMOVYL-LO9B(tnm,

THERMOVYL- ZCB(tn), THERMOVYL- MXB(tn) (with "B" for

reference to "biocidal") or TRICLOSAN(tn) treated

pol yvinyl chloride (PVC) or the |ike based organic

fiber. Both RHOVYLA S+(tn), RBIOVYL' AS(tm,

THERMOVYL- L9B(tn), THERMOVYL- MXB(tn) and

THERMOVYL - ZCBQt m are fibrous materials, manufactured

by FICRPPLLY @f hesmask R4tacksadte ai RN filsrclocaied kpsiieami of the

and/ gtwérk OQi 18 dre-Adrithd b by Irémbadd partidutdte ﬂdfl#lal and mlcrobes

O ekt A it Sl

ant i &reeswser i al agent, which is nolecularly bonded to

the structure of the fiber, whereas the RHOVYL' AS(tm)
fiber antibacterial agent, the RHOVYLA S+(tm) fi ber

and Alteenativetriasviest iiussated it Figwe 2a) the nedrarki'a may be located
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al so rﬁ% PELS MEfoR8T ng, but not Iimited
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anti (uguaqu nota aq)%Pc}ved for mask applications), woven type fabrics or the like. As
shown in Figure 3, the screen elements 14, 16 and the network 12 can be

20 supported by a rigid frame 26, such as a standard aluminum screen frame, that
is divided into two parts 28, 30 and integral with the screen elements 14, 16
respectively, to ensure rigidity and ease of installation. A fastening member 32
may be used to releasably connect the two screen elements 14, 16 together
with the network 12 sandwiched therebetween and compressed to prevent it

25  from being displaced by the air flowing therethrough. The fastening member 32
may be a pivoting retainer pivoting on one of the parts 28, 30 to retain the other
part against the same. Alternatively, as best illustrated in Figure 4, a rigid
screen 34 of any existing air filter 36 may also be used.

30 Referring now to Figures 5 and 6, the filter 10 is illustrated installed inside an air
duct 38 downstream of the air filter 36 and upstream of an air heating system 40
(the arrows in Figure 5 show the air passageway) such that the air passing
through the network 12 could be pre-filtered such that the network 12 acts as an
after-filter, thereby being more efficient since most of the particulate material or



Preferably, the anti-bacterial agent is TRI CLOSAN(tm).
Preferably, the anti-dust mte agent is benzyl
wohmozogbe. Typically, the fibrous material hasPqioecAax0é/§01092
in the range of about 0.1 mmto about 3mm although
thi s depends upon the size of microbe to be retained.
Typically, the fibrous nmaterial has a density of
bet ween two granms per square foot (2 gr/ft2) to thirty
grans per square foot (30 gr/fa2) . Mre preferably,
the density is around ten grams per square foot (10
gr/ft2) . As best illustrated in Figure 2, the filter
10 it cpptainad in tae aig isrameyasdhere frogrbeigir reaghieg tematorly The
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stit elkmwentsddndi ng and the like, or inside an
hgdi vi dual portable mask 24 that are worn in front of

the nose/nmouth area of _the individual. A front

nmas k RefeEing oy tyFiguies Sphdandp, gthestyess of fanteningryembers 34 are
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as slinsarer bsralgmtémas rﬁmstltwes df masd thedugh tfmsndﬂ\egk 12 and dwlde

hb | Ufer@bifk infd StbdVkBndad, a%l'bﬁavfb%lgﬁégcnggd RYrRfvely, as best

| ocat ed between the front screen a rear screen
27, Uystrated in FigHie B - ths| fp§}en|ng members 32 may also include rivets 48,

which pass through the network 12.

EXAMPLES
20  The present invention is illustrated in further detail by the following non-limiting
examples.

Example 1
Evaluation of microbicidal and filtering capacity of rigid and soft facemasks

25 As shown in Table 1, two facemasks of the present invention were compared to
a commercially available facemask'*® for their antimicrobial and retaining
capabilities against a panel of bacteria and molds of various sizes*>%’. The NB
rigid and soft masks used in Examples 1 and 2 were both equipped with a
network 12 of PVC based organic fiber containing molecularly bonded

30 TRICLOSAN™. The NB soft mask was composed of a double covering of
woven type fabric containing 76% w/w THERMOVYL-ZCB™ fibers and
24% wiw polyester (although any other woven type fabric such as cotton or the
like could have been used) stitched to each other at their periphery, within which
the network 12 was located (see Figure 2a above). The NB rigid mask was



avai lable filter masks, in the gap 23 of the facenmask

24 to create a two-way systemof filtration, as shown
wa0ot/bso4rr rows. The front screen 25 may i ncl udeTACA1006/001092

29 to allow the network 12 to be inserted into the gap

23. This type of facemask 24 may be useful for people

who are suffering froma respiratory infection and who

still wish to work yet, don't wish to infect others by

exhal i ng breath contam nated W th pat hogeni c m crobes.

The screen elenments 14, 16 can have different sizes

and shapes and can be S|nple typical flexible or

semi MefeRf Moconygstional cermmsrcilly ailghle raatiastimasks gutieh were
mad einbérsih ol UsidaLtRe othy, Bétweémﬁﬁlﬁﬁ’ﬂu'ea}‘éﬁﬁd?k HFEFVRS ba¥led organic

flbe sual.ly not approved for
mask %%6??@3%535@?5%&66 %y’@tgabrlcs or the like. As
shown in Figure 3 , the screen elenents 14, 16 and the

Net Way, l§|r l:gntﬁﬁrr‘\a &HPBQPE'GQa@M?e% th 'n%'ag%rra rt%teﬁﬁ% agﬂglgj of

as a standard um num Sscreen rane
i nt oatrmﬁkp%nf@"mthesmt\a% i Fheoghambeyiiingiudenea perfasaiad bottle

el enedignidgh a béedewmméalm@huty 6f0Iy6ﬂ§il%6 mtcwodgatn)érr@nd The
ease .of .i nstal

C e qotmen e dtsdlbd AR S e B B B cla, TSk s
16 t ngletidreat thetimetfdme bedweanr the Idnanimaiedc Aie dhamber and the air

hher ebghiye Wn%e pe P%ﬁé\fsﬂg&ghﬂﬁ“%gal} %hafr{fzgm%h "Rused

dlsplaced by erethrou

f ast BRilYaghiizaddaicrograapiags Efemavqﬂowafdﬁ P me%@&]@r'turmg medium
Pi VOoivhsIgcated Bsvehs@barh BEth alaki tofbtecBanyl tedik@iraigh df B mask.

ot her part against the same. Alternatively, as best
illustrated in Figure 4, ay éﬁ)creen 34 of any
gxisting air filter 36 may ébiso e used. Referring now

to Frgures 5 and 6, thg fitter 103 ittustrated
i nstal | mcmggms:ﬁa ai [ dugibe gwydown Stmﬁaﬁb%ﬁfcmcﬂ%
filtler 36 and upstream of an air heating system4
NBRM | NBSM | 3M*
Bacteria
Mycobacteria tuberculosis 0.2-0.7 x1.0-10 100 100
Proteus spp. 0.4-0.8 x 1-3 100 100
Pseudomonas aureginosa 0.5-1.0x1.5-5 100 100
Staphylococcus aureus 0.5x15 100 100 95
Streptococcus 0.5-1.5 100 100
pneumoniae
Haemophilius influenze 1 100 100
Anthrax 1-1.5x3-5 100 100
Moulds
Acremonium strictum 3.3-55(7)x0.9x 100 100
1.8
Aspergillus versicolor 2-3.5 100 100 96
Penicillium griseofulvum 2.5-3.5x2.2-2.5 100 100
Neosartorya fischeri 2x25 100 100

NBRM=Rigid mask

NBSM=Soft mask

* Data from technical specification?
20



(the arrows in Figure 5 show the air passageway) such
that the air passing through the network 12 coul d be
wQroe7/6a3b47er ed such that the network 12 acts asPGMCA2006/001092

after-filter, thereby being nore efficient since nost
of the particulate material ordirt contained in the
air is renoved there from before reachi ng the networKk.
The frame 26 generally encloses the screen el enments
14, 16 but al so includes intetarediate reinforcing rods
42 used to subdivide the screen elenents 14, 16 into a
plurality of smaller sub-elenents 44 to constrain the
net weX@MAe2t o remmin in place between the two el enents
14, Eﬁa/uduoherm&trihg/@iswa//@smb/e& seen in Fi gure 6 , the

f hi | d

55 B b PR B Bl KR SRRl
pr ovpeﬂllﬂgatadmiate'riaiﬂaﬁ Sdpporparticte tsize ssin@ eesseitiolyeibes same
14, éﬁpﬂgs tg thesnpiooi K 12 @Rfde® cQﬁtQNﬂgd(?nénlﬂﬁane Ioscated

af oresai d subel enents 44. Referring now to FIgures
7,W%WW@W@N%&%W@ﬁ%%@%ﬂ@%@%@ms
i || ushe air @dmper@twéahegaﬁbé ﬁretsstpe dewnst@ainedtitgmasKTDEe two

i b
o7 L Besiie o cRoddbne st SliSe 2 AL i

lines or straight Ilnes The stitches 46 pass through
fife network 12 and divide tHBWRZwork into
subdi visions 44__as previously described
Alternatively, as best illustrated in Figure 8, t

f ast enilng nmenbers 32 may %?s EWR ¢l Lﬁi@’af'f’%@ff'ac'%‘gy(ﬁhl ¢h
pass thr th t he network VPLES The present
i nvent ijonf Frécyiate matetalag | i n further deta &Bg% t he

fol | owilng non-1initing exanpl es. | NBRWI| e 3M*
Sodium chloride (NaCl) 0.3 100 100
Dioctylphthalate (DOP) 0.3 100 100 95

NBRM=Rigid mask
NBSM=Soft mask
15  * Data from technical specification?

Example 3
Evaluation of microbicidal and filtering capacity of a ventilation system filter

The antimicrobial capacity of a filter of the embodiment of Figure 3 with
20 RHOVYL'AS+™ fibers was evaluated after 0, 7, 14, and 21 days installation in a
ventilation system in a house. The results are illustrated in Tables 3 to 6 below.

The filters were removed after the aforesaid times and analysed using the
Samson method'®. The fibrous material (1 g) of each filter was diluted with
25 demineralised, sterilized water (9 mL) and then serially diluted.

The calculation of total amount of bacteria, yeast and molds were done using
hemacytometry. The calculation of the total amount of viable bacteria, yeasts
and molds were determined following a culture of the serial dilutions on

30 appropriate media. The aerobic viable bacteria were cultured on soya agar-



Eval uation of mcrobicidal and filtering capacity of
rigid and soft facemasks As shown in Table 1, two

wd woenesks of the present invention were conpaCGIdCAI0&E001092
commercially available facenmask 1 for their
antimcrobial and retaining capabilities against a
panel of bacteria and nolds of various sizes4 '6'7.
The NB rigid and soft masks used in Exanples 1 and 2
were both equi pped with a netvbrk 12 of PVC based
organi c fiber containing nolecularly bonded
TRICLCSAN%tn). The NB soft mask was conposed of a
doubPearddvér yglabr wWhsieas the yeastnigpd anaidswaiensuliyredoon HEA

W w digpRMeridd-withBiehtamytinie 0658 p) 3ddoxyteaBRIiNE BEEI% piv) to

I t hough t f i h ot t
Ot B Bl et Y B o ¥ Bt Bl B inats f sbores
ot heancatevelopmenpefr mydeteny., Affet tieningubatidn pdried nibe walcklatish of
WaS hResHif Loloniss wak $HfrEd 28 mvs)cmo&hﬁeyMEﬂéAggnggﬁg%ksher).

wasnmade of two conventlona‘ commer ci al | vai | e

ant i TRRISLRRAYRS Of RRibaRteliR calonigs wias ddentiisd hyriZaestainieg (see
ot heTabl®sf. ween whi ch the network of PVC based organic
fiber containing TRICLOSAN(tn) was |ocated. An air
contam nation chanber5 '9 was used to neasure the

fi | t €pnaegning fec yeaptsofinda mols keatnulation, ndacly rodmzoscepioally kdistinct
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predeterm ned quantity of |yophilized m Croorgani sns.
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air sa ssur S
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nmedi um was | ocat ed downstream of the fask to detect

any E\peraglpﬁrv\(ﬁﬁ@ﬁd%qiﬁ%eIrmggq(_exqgg\meet pnly colonies that produced

spores were identified.

TABLE 3: Bacterial filtering

2 After filter Calculated bacteria (UFC/g)
Time (days) Viable Non-viable Total
0 6000 169000 175000
(3.43%) (96.57%) (100%)
7 9000 318000 327000
(2.75%) (97.25%) (100%)
14 27000 1193000 | 1220000
(2.21%) (97.79%) (100%)
21 70000 3650000 | 3720000
(1.88%) (98.12%) (100%)




NBRM=Ri gi d mask NBSM=Soft mask * Data fromtechnical

specification2Exanpl e 2 Evaluation of filtering of
waosat/bo3perticl es The filtering capacity of theedIne£206/001092

masks of Exanple 1 was tested against two particul ate

materials of 0.3 mmparticle size using essentially

the sane apparatus as in Exanple 1. A cartridge

capturing nenbrane | ocated downstream froman air

punp, in this case, captured 1 eakthrough

particul ates. The air punp creates a negative pressure

downstream of the mask. The two particulate materials

chosen were sodi um chl ori de and di octyl phthal ate.

TABLE 2 NBRMERi gi d neskBINBSM-Befal filgmg * Data from

techni cal specification2 Exanple 3 Eval uati on of

m cr obi ci dall Aefmlf:fté:l tleri ngCanMdmngi‘(Uacygantl I ation

system fil tjet=—=73 19 il el —capacit) H ter

of the enbad T'mé (;aa;%") Fi qvl]rbg 3 Wg ’LATgft t

fi bers was eval Wat ed jaf t29000, 7, 214p00&;and 22410abay|s

installatign in a vent |(I1at7h%p sygsez@%)n a (heysge- | The

results ar iHl uystrate to @8 bhel ow The

filters werle re;z;ved é?oopﬁg afggpgg%l Wqﬂggoa:nd
anal ysed usfing the SarTB(dmﬁ%i nd (89.81%0he f(10%UuS

material ( [T"g) 19T each2BpddoeT | Wagodhob UT/€deIHobd |

dem neralised, steriljiz ter ) la hen
serially diluted. 7o el o1 ey 2 odoh)

21 1640000 | 21000000 | 22640000
(7.24%) (92.76%) (100%)

5 TABLE 5: Identification of bacterial morphotypes
After
filter Bacterial morphotypes
(days)
0 78.4% Cocci Gram positive

21.6% Rod Gram negative

7 84.3% Cocci Gram positive
15.7% Rod Gram negative

14 86.7% Cocci Gram positive
13.3% Rod Gram negative

21 88.9% Cocci Gram positive

11.1% Rod Gram negative
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Example 4

Evaluation of antimicrobial activity after extensive washing antibacterial of
woven fiber samples

In order to ensure the antimicrobial fibers of the present invention retain their
antimicrobial activity after multiple cleaning and washing, respective samples of
woven THERMOVYL-L9B™ and THERMOVYL-ZCB™ fibers with molecularly
bonded TRICLOSAN™ agent were tested. Three (3) samples of each fiber

types were submitted to multiple successive cleanings and tested for

10

antibacterial activity against growth of two bacteria, namely Staphylococcus
aureus and Escherichia coli, after five (5), ten (10) and one hundred (100)
15  washes, respectively. One (1) witness reference sample of each fiber type
without any antimicrobial agent was also similarly tested after five (5) washes.

The results are summarized in Table 7 below.



woven fiber sanples In order to ensure the

anti m crobi al
wWQ hei/e03e4vt i m cr obi al

and

anti bacteri al

washi ng,

fibers of
act i

t he present
vity after

respective sanpl es of woven
THERMOVYL- L9B(tn) and THERMOVYL-ZCB(tm) fibers with
nol ecul arly bonded TRI CLOSAN(tn) agent were tested.

Three (3) sanples of each fiber types were submtted
to multiple successive cl eanitegs and tested for

i nvention retain
mul ti pl e AEAOA2006/001092

activity against growmh of two bacteria,

namel y St aphyl ococcus aureus and Escherichia coli,

after five (5),

ten (10) and one hundred (100) washes,

respectively. One (1) wtngagLeef erence sanpl e of each
fiber type without any antim crobial

agent was al so

simlarly tested after flive (5) wash8actefiae I esBhéteria
are | Zed i pipLpbl e |7 NoaibenoflT ABLBhibitfon\W | hoGtowth /
m CI‘O%I ci dal agen{ i scyssWashd datdoneSizrerel dntimigrobial
availabl e masks have been hanpered by(mmeir | ndAffi¢ienay
to lcapture and kill in e¥cess of 95% dif2.5 None / High
mi cf oor gani sitENermOwt-b¥Ry |d0 a ni crgbi ci d8l _nef wheke dfigh |
t he| present [invention, iid%he form of 1448 f aceNar&High
and| §iduts | n a ventil ation systdm a25denpnipnetHigh
a sjgnificant hﬁﬁ'ﬁ?‘(ﬂ]é% t10i n Pnntl rint2-62%d ki | Nppgy High |
effj ciency (Tables 1 toldP0 Tahled 1 26452 || Nere /High
the| ef f ect i vieHEEROWH. Bt 5 ased organic & i ber| Medium/Poor
conf-ai-pi-Ag T.\bﬁlm\,@,’l‘(\l'zm M as partilcul ath fi| Medium/Poor
anti-bacter|a+ $ .'%ld fittears ORGP bor hNpRe/ High
soft facemask' ' eﬁ'8°WﬁQ ¢| 4: facenrasks 295’2 Nonem'gg
antj - m cr obi p—and—partiledbate—fiHeer i cap""mgﬂz‘m:gh
wer gE k00% Corpalahni-9ckTGocor Fespandtagsy None/ngh
100 9.375 None / High
Thermowyl-L9* | 5 0 Medium / Poor
Thermovwyl-ZC* | § 0 Medium / Poor

10

15

20

* Without microbicidal agent

Discussion

To date, commercially available masks have been hampered by their inability to

capture and kill in excess of 95% of microorganisms. A study of a microbicidal

network of the present invention, in the form of the facemasks and filters in a

ventilation system, has demonstrated a significant improvement in capturing

and killing efficiency (Tables 1 to 6).

Tables 1 and 2 illustrated the effectiveness of PVC based organic fiber

containing TRICLOSAN™ as particulate filters, anti-bacterial and anti-mold

filters.

For both the soft facemask and the rigid facemask, the anti-microbial

and particulate filtering capacities were 100% compared to the corresponding

capacities for a commercially available mask (95 to 96%).

Tables 3 to 7 illustrate highly efficient levels of antimicrobial and filtering

capacity of the filter of the present invention.

Specifically, the inventor has



capacities for a comercially avail able mask (95 to
96% . Tables 3 to 7 illustrate highly efficient |evels
waQofooami3n4n crobi al and filtering capacity of tRCTICAL006/001092
of the present invention. Specifically, the inventor
hasdenonstrated, in Tables 3 and 4, that the conbi ned
anti-bacterial, anti-fungal, and retaining capacities
are each 100% In addition, the inventor has
denonstrated that different bgcterial norphotypes, as
is illustrated in Table 5, were captured on the
filter after zero (0) days 96.6% (78.8% and 21. 6% of
coccdenynsifetgdsin tTiables érﬁﬂ'dﬁob"a@f@n@qm@m apé-bagigdal, anti-fungal,
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10, whether it be in the aforesaid facenmasks or the

circulation systemduct filter, is its ability to
i molidesited, thedilter candhectldenkd, washedfEshyiell ashresigother treatheats
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or inbalaed/iexbmeed t hrough the facemask by the user,

of ten
A key feature of the filter 10, whether it be in the aforesaid facemasks or the

20 circulation system duct filter, is its ability to immobilize, retain and kill or inhibit
the growth of a wide variety of microbes, which come into contact with the
network 12 of fibers 20. Air that is either pre-filtered, in the case of the
circulation system, or inhaled/exhaled through the facemask by the user, often
includes residual microbes that have either passed through the primary filter or

25  the filter has failed to immobilize them. In the case where a person who uses
the facemask of the present invention and who has an upper respiratory
infection, such as influenza, tuberculosis, anthrax, severe acute respiratory
syndrome (SARS) and the like, can significantly reduce or essentially eliminate
further infection to other people. Similarly, air that is contaminated with

30 pathogenic microbes can be filtered before entering into the nose and mouth
area of the user. The flow of air is shown by the arrows in Figures 2, 2a, and 5,
in which air contaminated with microbes is shown as hatched lines and non-

hatched arrows show clean, filtered air.



i ncl udes residual mcrobes that have either passed
through the primary filter or the filter has failed to
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the facenmask of the present invention and who has an
upper respiratory infection, such as influenza,
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or essentially elimnate furtter infection to other
peopl e. Sinilarly, air that is contam nated with
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(10) for use with an air passageway, said air filter



(10) conprising: an imobilization network (12)
including a plurality of fibers (20) having an anount
wQofoozoo3b4vast one anti m crobi al agent i ncor por RGIICA2006/001092
nol ecul arly bonded into a structure thereof sufficient
to substantially immobilize, retain and at | east
substantially inhibit the growh of m crobes suspended
in a volune of air noving through said air passageway,
said i nmobilization network (202) being substantially
pernmeable to said air. 2. The filter (10), according
toclaiml, in which said at | east one antimcrobia
agent kills mcrobes susperele™MSn the vol ume of air.
3. The filter (10), according to claim1, in which

d, pl 2 d | sai,
mosh! et :r'ﬁf’fr?b}éga{;?'hb b7 (1 (‘?{f‘}S&"{'t“z%g% ahsadenlhy chiq, 31 fifr
f'beﬁg)@ﬁﬂrﬁmé The filter (10), accord|ng to claim3,

£ which a?@lh#nci;)hl Rlon n%%\%gr arz?mtcl'u |H%Ia3f>l & fﬁ)’érsl (QQ)SI%IVMQ

moven accor alm
whi ch Salaﬂ1 famﬁ’é'f‘ts 0 2@3) leaste Obe captianigr %bdﬂc@f@ﬁ?% and

fibers. 6mold&arkibdnaéd Gn’lt@)a SAREME dlhdﬂébftsfmffﬁ:leﬁi ® lubstarmuany
whi ch sai.d a§m|n1cro i al a? nt

i |.e
group conSSPI'fY redain and_ a %ﬁg&ltszpfagrl\tla Iﬂ}lblt rhe growth of

anti - vi r ahiceoesntsuspandedtin - auetunre toé aﬂrgt—mtnng athrough said air
ti - ol d,288Ra n@ai@njnﬂ%ﬁlllz)éﬁﬂﬁtneﬂ‘%ﬂm('%) beihg ® sidstdnfiiy

10), accordin llaim6, 1n whic
ant i ni cr cfrAPabiyeFAIdar. TRI CLOSAN(t m) or benzyl
benzoate. 8. The filter (10), according toclaiml, in

whi CE sai 'H1e iiter HOI) Z%&éo?d%g”?o W(falm 1, in which said at least one
antimicrobial agent kills microbes suspended in the volume of air.

15
3. The filter (10), according to claim 1, in which said plurality of fibers (20)
arranged in a mesh, said mesh defining a plurality of air spaces between said
fibers (20).

20 4 The filter (10), according to claim 3, in which said fibers (20) are tightly

woven or loosely woven.

5. The filter (10), according to claim 4, in which said fibers (20) are treated
PVC based organic fibers.

25
6. The filter (10), according to claim 1, in which said antimicrobial agent is
selected from the group consisting of: an antibacterial agent, an anti-viral agent,
an anti-dust mite agent, an anti-mold agent and an anti-yeast agent.

30 7. The filter (10), according to claim 6, in which said antimicrobial agent is

TRICLOSAN™ or benzyl benzoate.



(12) is an after-filter so that the air is
pre-filtered prior reaching the air passageway. 9. The
W 2001/@0304710) , according to claim1l, in which SETICAI006/001092
filter (10) is a facemask (24) configured and sized to
fit over the nose and nouth of a user and to be
secured therearound. 10. The filter (10), according to
claim1, in which said air filter (10) is an air duct
filter configured and sized td fit in an air duct
system (40) forming the air passageway. 11. The filter
(10), according to claim10, in which said air filter
( 10)8 f ur tThefilter{P)yarearding to claisy 1.4mwhish s immphilization network

per neaplis ah Cafepite?! ST Sthé loln EShresetddapli®® fea@fid@e air
al ong res ectlve peri pheral edges (22), said screen

el e £ 16) bei ng configured and sized to fit in
the air duct systen1(40) and to be secured therein; -

S dg ai I' RErdRa cgl %&P&E}g{g' foZ@kitrof) dﬁ“%JhYééﬂré‘ac( éﬁ)f.naehgg is a

| ocat ed substant tween said first secon
scr efé%f@@%ﬁ%tcenf(gﬂﬁdf@)’ sizegto fifpertthq nose a(“i UPUth of a user and

accopdieRgedred therdarbuad., in which a fasteni ng nmenber
(32) connects said first and second air perneable

screen el enents (14, 16) together to sandw ch said
i o1 i Zideifiter (18} woedkdifd ) claimet, behicke said ait JiterKh@) is an air

fo | t&let f.ﬂé;))con@g%aréﬂdr@zebqo Gt AR diddudt gygeéz}% )%f) g@hﬁ]g the air

fasteni ng nmenber (32) i1 ncludes a frane
connkFFPIY'eai d first and second screen el enents
(14, 16) together.

11. The filter (10), according to claim 10, in which said air filter (10) further
includes:
15 - first and second air permeable screen elements (14,16) securable
together along respective peripheral edges (22), said screen elements
(14,16) being configured and sized to fit in the air duct system (40) and
to be secured therein;
- said air permeable immobilization network (12) being located
20 substantially between said first and second screen elements (14,16).

12. The filter (10), according to claim 11, in which a fastening member (32)
connects said first and second air permeable screen elements (14,16) together
to sandwich said immobilization network (12) therebetween.

25
13. The filter (10), according to claim 12, in which said fastening member
(32) includes a frame (26) for connecting said first and second screen elements
(14,16) together.

30 14. The filter (10), according to claim 13, in which said fastening member
(32) further includes a plurality of stitches (46) located through said
immobilization network (12) to divide said immobilization network (12) into
subdivisions (44).



14. The filter (10), according to claim 13, in which

sai d fasteni ng nmenber (32) further includes a
wtonr/ed3ndry of stitches (46) | ocated through sa@/CA2006/001092

i mmobi li zation network (12) to divide said

I mmobi | i zation network (12) into subdivisions (44).15.

M crobi ci dal facemask (24) conprising: first and

second air perneable screen elenments (14, 16) secured

toget her al ong respective perapheral edges (22), said

screen el enents (14,16) defining a gap (23)

t her ebet ween, said screen elenents (14,16) being

conf 1yur diciehigidalifacemasts (34 eoarrisingt he nout h and nose of

a user - arfistt Gnd) Ses&HaU bR dpézrhh@élﬁé Oscrédh %uefnea@r Rats) esecured
Isumbrgtb Ianlt ftgéfit@)ﬁqﬁvq%tpﬁﬁ%oegég geélg erelzeé;%es géﬁdsald screen elements
i mobi | i 244.1®rdefieihguardap ((23) theretutwetinn gaid sgieen aleinepts ¢f4,16)
fs bers ( wng%ﬁﬁdqugedaéhdasr%‘d% f|Pcfv drﬁﬁn%f a%se of a user and

anti m crobi al agent |ncorporate ecul arl
bonded i P 8¢ sek¥eqdthergioe t her eof suff|C|ent to

sugst ant izl :ayr l;fafmbadle Zﬁhmdbﬁl'fzétloﬂ aﬁdvoalt {1@pSlocated ind and
Su stantla mcrapes suspe

in a vol Ui %?tnaﬂ fjl?'n%vsl’a u)ghsa§ "Hmﬁ%{')z\ﬁg?rk nf {%ﬂq( ?92)
16. The fiocledingsk luralty oaélb@sc(mghavmgcaralamom ofi at ledst cine
$@i d at Iaeﬂﬁ».tcr&maaém mzb%&@daéndmgﬂy bbrﬁieﬁ‘lrﬁé gf(gﬁécture

suspended in the volune of air. The  f acemask

accor di ngh¢'8°fc syffigients to | SHb%ﬁ”tl?HV s'ﬁﬁ”H’bl"FﬁmEﬁt?'i‘ 2809 @ feast

net wor k (sliBgtantradly indies the growthalf micyotss shisgaaded i 20)olume of air

arranged . ' defining a plurality of
Bl GG 3F BRI

air spaces sai (20). 18. The facenmask
(24), according to claim17, in which said fibers (20)

&€ 16. The facemask (24), according to claim 15, in which said at least one
antimicrobial agent kills microbes suspended in the volume of air.

17. The facemask (24), according to claim 15, in which said immobilization
network (12) includes a plurality of fibers (20) arranged in a mesh, said mesh
20  defining a plurality of air spaces between said fibers (20).

18. The facemask (24), according to claim 17, in which said fibers (20) are

tightly woven or loosely woven.

25 19 The facemask (24), according to claim 18, in which said fibers (20) are
treated PVC based organic fibers.

20. The facemask (24), according to claim 15, in which said antimicrobial
agent is selected from the group consisting of. an antibacterial agent, an anti-
30 viral agent, an anti-dust mite agent, an anti-mold agent and an anti-yeast agent.

21. The facemask (24), according to claim 15, in which said antimicrobial
agent is TRICLOSAN™ or benzyl benzoate.



tightly woven or | oosely woven. 19. The facemask (24),
according to claim18, in which said fibers (20) are

wa 20020047PVC based organic fibers. 20. The facemack2006/001092

(24), according to claim115, in which said

antim crobial agent is selected fromthe group
consisting of: an antibacterial agent, an antiviral
agent, an anti-dust mte agent, an anti-nold agent and
an anti-yeast agent. 21. The Zacemask (24), according
to claim15, in which said antim crobial agent is

TRI CLOSAN(tn) or benzyl benzoate.22. The facemask
(24) 2,2. acoe dgqu[s (%ﬂ),aa?qqpriigug to slajop il &.HN sich said immobilization
| Mroddtvork 412) a8 am afterdiitér {olthht the aifs pretfitéret iptibreeacting thatair
t he S‘assa §v E)re-fi Itered prior reaching the air
passage 23. The facemask (24), according to claim
15, in mhlch said first air perneable screen el enent

(514) 24 ncltydegacBmadu "(Zz()zglzcdr@ggattsdclél erseiil vich said first air
sufficient size to al i zati on network

(12) pgregkle agggri elsment (14 |§gp<aasgad§ht 62293)Iocated therein of sufﬂment

size to allow said immobilization network (12) to be positioned in said gap (23).



