1 MCROBICIDAL AIR FILTER FI ELD OF THE | NVENTI ON

The present invention concerns air filters, nore
particularly mcrobicidal air 5filters. BACKGROUND OF
THE | NVENTI ON Renovi ng ai r borne pat hogens and

wambTeegent al al l ergens is very inportant irmecrica2006001092
environnents that require high levels of air purity,

such as in hospitals and in houses of people
suffering fromsevere allergic responses to the
aforesaid 10 allergens. Typically, devices in the
formof masks or in-air duct filters filter out
particul ate material during either air circulation
or, in the case of facemasks, during inhalation and
exhal ation. The f ai.r filters
tenporarily capt u?ﬁm@%ﬁgl?jﬁﬁgﬁ ergens, and
particul ate matter such as dust, on a surface of a
filtering material. Once the filters reach a
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1999, to Dudley for "Electrostatic supercharger
screen"s UEPaRat Rat1, N0, 76% ,iddoed Gadber 36 ueth, MATER fok4Air filter

2000, Lo TRABPEBERERL D L rT eeLing oo TITLErSTs
R$hr bach &6 Ratent Nor3.710:94Rt ipsupd darwpiy 4P, 197 Brto Sextam i 53elf-
_The af or eg@thitesdc Hps fikdrer from a nunber of
| mportant  dr AW0AGKS » 770,244, 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™;
s US Patent No. 4,197,100, issued April 8, 1980, to Hausheer for "Filtering
member for filiers";
+ US Patent No. 4,798,676, issued January 17, 1989, to Matkovich for
"Low pressure drop bacterial filter and method™,



Di sadvant ageously, in the above-nenti oned desi gns
renmoval of the dirty filter or the facenmask after use
nmay cause non-imobilized pathogens or particul ates
to 15 be dispersed into the air inmmedi ately around
wdSoYeRhy Which, if inhaled may be hazar douspdiacisn01092
user. In addltlon the designs may not immobilize the
air borne pathogens and kill themin situ. Sone of

the designs incorporate viscous nmaterial into the
filter material to capture particulate material. Sone
desi gns incorporate conplex azrangenents of filters
inside cartridges, which may be 20 inpractical for

use in air ducts or in facemasks. In sone cases,
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ant | AL BRYRINAC ekl dp 6F AtPSc8 iddifdPdicfiel ar bonds
bet ween the anti m crobial agent and the structure of
the fibers. 20l n accordance with an aspect of the
present invention, there is provided a m crobicida
air filter for use with an air passageway, said air
filter conprising: an imobilization network
including a plurality of fibers having an anmount of
at |l east one antimcrobial agent incorporated and

nol ecul arly bonded into a structure thereof
sufficient to substantially imobilize, retain and at
| east inhibit 25 the growth of, or typically kill,

m cr obes suspended in a volune of air noving through



10 Conveniently, a fastening nenber connects said
first and second air perneable screen elenents

toget her to sandwi ch said i mobilization network

t her ebet ween. Typically, the fastening nenber
includes a franme for connecting said first and 15
second screen el enents togetHer. Conveniently, the
fasteni ng nenber further includes a plurality of
stitches | ocated through said i mobilization network

to dpMMERRTDHTHETRENTIGNAt i On network into
subdi vi si ons 20 In accordance w th another aspect of
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Wth reference to the annexed drawi ngs the preferred
enbodi nents of the present invention will be herein
descri bed for indicative purposes and by no 30neans
as of limtation.



6 Definitions As used herein, the term"m crobe" or
"mcrobial" is intended to nmean m croorgani sns

i ncluding, but not limted to, bacteria, protozoa,
viruses, nolds and the like. Also included in this
WOf10000308h are dust mites. 5 As used herei n, PEHEATEHIHL092
"antimcrobial agent" is intended to nean a conpound
that inhibits, prevents, or destroys the growth or
proliferation of mcrobes such as bacteria, protozoa,
viruses, nolds and the Iike. Exanples of

antim crobial agents as used Rerei n incl ude
anti-bacterial agents, anti-viral agents, anti-nold

10ageny §ne é?’mohifr%ﬁla aﬁ'gﬁé}tlsc'arﬁﬂ%u@tﬁtér ﬁh’iﬁﬁr@aﬁ@ sized to fit in

agents, or any c ination thereof. As used herein,
t he tél“ﬁﬁd“%ﬁﬁsFe”beEF'@?V‘SP"Bﬁé?ﬁeway bact eri oci dal
agent" and "bacteriostatic agent” are intended to

mean Vr{ge;aitr Rdr fhrmek' RichigesPArQVRRlseldh8 3 &%Jﬂab@f screen

and/ or cteria. 15 As used herein, the t rq\
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m'tes. As used herein, the terms "m crobicidal"”
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of1sanyeddhd bdieentRadapisasgutibr. agent s, used ei ther al one
or in conbination with each other. Preferred
enbodi nents Referring nowto Figure 1, a fir
embodiCavenieatly. dhenfasienisn cnemiter durphes inciudgs §rR5W’|"tV of sfitches
gener flchtya ahroddh s&a GiaMopiiisstiealismark toheiviie | dait indrobilization
i ncl Udemor?z ntc?édeB%[oﬂ?abl e 7 immobilization network
12, an al et neab rst screen 14 and an air
p@PmeabI e second screen 16. The first screen 14 and
t he s@r&RedaE Sah ahbthél Rpsoe bﬂhq prasent ingenttion, sheppis ptovidaet a
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{28 Wh g40) séid B dbii@éition A8twaFkEncludin BpRIFANY\GE AbersBaAng fah Bebunt
|nc a_qu

agent ot e et SonfhecrEialy SREmARLIY BhRR) o o
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mMab eCipk éy‘rovhleaﬂar tyPREBD, Priicvtied isOgperdedan gevolv@iertl AR Mioving
concehma}tjlsrgcpnQ‘ﬁ &he anti m crobial agent over a |arge
surface a4 "y roughout the entire life of the
fibers 20. In other words, the antim crobial agent is
within 15 the heart of the fiber 20 and bondly m xed
and spread there along, there over and therein. The
fibers 20 are arranged such that they are perneable
to air over the entire nesh, typically as a fine

| ayer of so-called angel's hair, of flaky nesh or the
i ke. 20Preferably, the network is a fibrous

material. More preferably, the fibrous material is
commerci ally avail abl e RHOVYL' AS+Tm RHOVYL' ASTm
(with "AS" for reference to "aseptic"),

THERMOVYL- L9BTo, THERMOVYL- ZCBTm THERMOVYL- MXBTm
(with "B" for reference to "biocidal") or TRI CLOSANTmM



25 Bot hRHOVYL' AS+ TM RHOVYLAS TM , THERMOVYL- L913Tm
THERMOVYL- MXBTI A and THERMOV' YL-ZCB TM are fi brous

mat eri al s, manufactured by RHOVYLTm SA, that have
instrinsic antimcrobial and/or biocide! activity. In
yaroéiwaioar , t he RHOVYL' ASTM fi ber, the PCT/CA2006/001092

" THERMOVYL- L9131m 30 fi ber and the THERMOVYL-ZCBTm

fi ber incorporate an antibacterial agent, which is
nol ecul arly bonded to the structure of the fiber,
whereas the RHOVYL' ASTm fi ber anti bacterial agent,

t he RHOVYL' AS+m fiber and th@ THERMOVYL- MXI 3Tm fi ber
al so contain acaricide, an anti-dust mte agent. 8
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non fI anmabi m cal products,
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MANageTRiAl annkledtRivigaLlirg, re“é?&nc@"ﬁhh:@bt@r&th@te RRE Rlethents
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an®ant@iet nite agent, an anti-nold agent and an
anti-yeast agent. Preferably, the anti-bacteri al
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about Figors 2aib tilstngfiedt faitiel ctqen diswwhamalemative epbodiment of a
mygr ope.hobe retained. Typicall y the fibrous :
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part 10U § smaled ot gew g F@%ﬂ'ﬁ% 95%'53%6 piytem of
haspi Figlreior kers and the |i ke and which could be
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sonet | rres used 1 n areas %ﬁe r e-f htered air. The

scr eefld e 2FHowiao sfihes oH7 '§79 T6WA¥ct ed around a
per i phigus 8 iscigpimplifiechinuht died ichan altegmjiveBertforaise with Wecsystem

The ngisnrks Js%o&ﬁ@n@%a%%faét&mangep i of the
aforesaid screens to praovide both g ﬂarrl er
addi nbioupat  PCRSa P ITRA Uy e Arafpre’ Hfdzc &fitly, to
pat hogeni ¢ m crobes. The network 12 can be attached
to the screens 14 or 16 using a VELCROIM type

f ast epefransn beBeRIPTIONIOR T HENPREFERRE N EMBODIMENTS

an individual portable mask 24 that are worn in front
of t h@ithdefereneruichtheranmewd dmwingh evprefargd embadinegnts of the
mask pre&dn€ @venton Al bé BerdmStes2ribed dbrSindikatide PUrpdsRE Yand by no

? terrn In%ca%toﬁldml{égggream of the network 12 to
pre e alr by renoving particulate materi al

er t
and n1crobes fromthe air passing therethrough al ong
an air passageway, as shown by the arrows. 5
Al'ternatively, as best illustrated in Figure 2a, the
network 12 may be | ocated between the front screen 25
and a rear screen 27, such as comrercially avail able
filter masks, in the gap 23 of the facenmask 24 to
create a two-way systemof filtration, as shown by
the arrows. The front screen 25 may include a 10 slit
29 to allow the network 12 to be inserted into the
gap 23. This type of facenmask 24 may be useful for
peopl e who are suffering froma respiratory infection



20 supported by a rigid frane 26, such as a standard
al um num screen frane, that is divided into two parts
28, 30 and integral with the screen elenments 14, 16
respectively, to ensure rigidity and ease of
wdabMs@di on. A fastening nmenmber 32 may be ygqecA2006/001092
rel easably connect the two screen elenents 14, 16
together with the network 12 sandw ched t herebet ween
and conpressed to prevent it 25 from being displ aced
by the air flow ng therethrough. The fasteni ng nenber
32 may be a pivoting retainerepivoting on one of the
parts 28, 30 to retain the other part agai nst the
same. Alternatively, as best illustrated in Figure 4,
a rigPefinipnscen 34 of any existing air filter 36 may

al so ke useethereB)HRE @b NPiciROE bo “hic@biel Ss SntaiMiéd6to treean
filter. iS ] I at ' I i Asi [ dLoed
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the air passageway) such that the air passing through
the n rk 1 e = L. £
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Fi gur grofth of, Bed/érkainRctfa.i s a thin metallic rod onto
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reinforcing rods 42 providing additional support to

t he sty \sen heednibatasmiant-virg! agaR i itended renemp RIcoTpouRd ¢hat
t o priambieplatsahegrowiniof ok virbegent s 44. 10

Referring nowto Figures 5, 7, 8 and 9, other types

of fastening nmenbers 32 are illustrated. One

pr ef efsisied betpls che ferm antiannitagente istiended o mran @regpeund that
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Filtration efficiency (% NBRM NBSM 3M' Bacteri a
Mycobacteria tuberculosis 0.2-0.7 x 1.0-10 100 100 95
Proteus spp. 0.4-0.8 x 1-3 100 100 Pseudonobnas
aureginosa 0.5-1.0 x 1.5-5 100 100 Staphyl ococcus

wiHoGHoz047 PCT/CA2006/001092

immobilization network 12, an air permeable first screen 14 and an air

pemmeable second screen 16. The first screen 14 and the second screen 16

are merely acting to support the network 12 and to define a work area 18. One

skilled in the art will recognize that the immobilization network 12 may be used
5  independently of the screens 14 and 186.

The network 12 includes a mesh of fibers 20, which can be non-woven or
woven depending on whether a soft or hard (rigid) network is desired. The
network 12 may also include yarn such as cotton in which the fibers 20 are
10  inferwoven. Each fiber 20 includes a quantity of at least one antimicrobial agent
that is fully incorporated and secured to the structure of the fiber 20 via
substantially strong molecular bonds thereby providing a large permanent
concentration of the antimicrobial agent over a large surface area, throughout
the entire life of the fibers 20. In other words, the antimicrobial agent is within
15  the heart of the fiber 20 and bondly mixed and spread there along, there over
and therein. The fibers 20 are arranged such that they are perfneable 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 io ‘“aseptic”), THERMOWVYL-L9B™, THERMOVYL-ZCB™,
THERMOVYL-MXB™ (with “B” for reference fo “biocidal®) or TRICLOSAN™
treated polyvinyl chloride (PVC) or the like based organic fiber.

25
Both RHOVYL'AS+™, RHOVYL'AS™, THERMOVYL-LSB™,
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-LSB™

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 antt-dust mite agent.



0.5 x 1.5 100 100 Streptococcus pneunoniae 0.5-1.5
100 100 Haenophilius influenze 1 100 100 Anthrax

1-1.5 x 3-5 100 100 Mbul ds Acrenmoni um strictum
3.3-5.5 (7) x 0.9 x ' :
W0, 2007/003047 PCT/CA2006/001092
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TRICLOSAN™ is a well known antimicrobial agent, which at least reduces the

growth, and typically even kills microbes such as bacteria, yeast and molds.

The fibrous material is either used pure (100%) or in blends, with a percentage
5 of at least 30% volume, along with other types of fibers within woven or non-
woven type fabrics, and which meet the requirements of an individual protective
equipment (IPE). The fibrous material may also have other properties including,
but not fimited to, non-flammability, resistance to chemical products, ignition

suppression, thermal insulation, and moisture management.

10
Preferably, the antimicrobial agents include an antibacterial agent, an anti-viral
agent, an anti-dust mite agent, an anti-mold agent and an anti-yeast agent.
Preferably, the anti-bacterial agént is TRICLOSAN™,

15 '
Preferably, the anti-dust mite agent is benzyl benzoate.
Typically, the fibrous material has porosity in the range of about 0.1 pm 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 grfft?) o 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 nommally 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



1.8 100 100 96 Aspergillus versicolor 2-3.5 100 100
Penicilliumgriseofulvum2.5-3.5 x 2.2-2.5 100 100
Neosartoiya fischeri 2 x 2.5 100 100 NBRMERI gi d
mask NBSM=Soft mask * Data from technica
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screen 25 of the mask 24 acts as a primary filter located upsiream of the
. network 12 to pre-filter the air by removing particulate material and microbes
from the air passing therethrough along an air passageway, as shown by the

arrows.

Alternatively, as best illustrated in Figure 2a, the nefwork 12 may be located
between the front screen 25 and a rear screen 27, such as commercially
available filter masks, in the gap 23 of the facemask 24 to create a two-way
system of filtration, as shown by the arrows. The front screen 25 may include a
10  slit 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 from a respiratory
infection and who still wish to work yet, don’t wish to infect others by exhaling

breath contaminated with pathogenic microbes.

15 The screen eiements 14, 16 can have different sizes and shapes and can be
simpie typical flexible or semi-flexible type screens as illustrated in Figure 1,
made from aluminum, nylon, thermoplastic material, fiberglass type maternials
{usually not approved 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 supporied by a rigid frame 26, such as a standard aluminum screen frame, that
is divided into two parts 28, 30 and integral with the scréen 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 flowirig 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

afterfilter, thereby being more efiicient since most of the particulate material or



The filtering capacity of the three masks of Exanple
1 was tested against two particulate materials of 0.3
pm particle size using essentially the same 5
apparatus as in Exanple 1. A cartridge capturing

wWEARY /638! ocat ed downstream from an air punmcrhdhabdtiedios:
case, captured breakthrough particulates. The air

punp creates a negative pressure downstream of the

mask. The two particul ate materials chosen were

sodi um chl ori de and di octyl phthalate. 10TABLE 2

Particulate material Size (pnip Filtration efficiency

(9 NBRM NBSM 3M¢r Sodi um chl oride (NaCl) 0.3 100

100 95 Dioctyl phthalate (DOP) 0.3 100 100

NBRIVEH gprieinaddk hrBIS R EBPYed fessfrops befpsg rapchipg iie network. The

t echnirgréd 26 pEcdrillyCaichen2thEXsarph @lsthents 14, 16 but also includes
intermediate reinforcing rods 42 used fo subdivide the screen elemenis 14, 16
into a plurality of smaller sub-elements 44 to constrain the network 12 to remain

5 in place between the two elements 14, 16. Alternatively, as best seen in
Figure 6, the frame 26 is a thin metallic rod onto which the screens 14, 16 are
aitached, with reinforcing rods 42 providing additional support to the screen
elements 14, 16 and to the network 12 and io provide the aforesaid sub-
elements 44. '
10
Referring now to Figures 5, 7, 8 and 9, other types of fastening members 32 are
illustrated. One preferabie type of fastening member 32 includes a plurality of
stitches 46 which may be arranged in a variety of patterns, for example wavy
lines or straight lines. The stifches 46 pass through'the network 12 and divide
15  the network info subdivisions 44, as previously described. Alternatively, as best

illustrated in Figure 8, the fastening 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.

Exampte 1
Evaluation of microbicidal and fiffering capacily 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*5*”. The NB
rigid and soft masks used in Examples 1 and 2 were both equipped with a
network 12 of PVYC 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 cotfon 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
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col ony was identified by gender and/or speci es using
mj croscopy. Mld slides wed8BpFdpared using the

atthesive-tape met ho”". Thi-s-t-echri-gue—rai-atatns—the
integrit Q(]; d strugd Y| fEitiatiOn LRE o
the stic i/c s?r &0 the t ape. U{Enie |l'ect erc'zl %}'m )

nol d6 were stained with Iactophenol and 15 observed
at a rragnifi cation of 10x and 40x. [KBRNM |NBSM  3M*
| den{TTTCag@bpgeyS 12, [[3, 14,15, the nol dSTwere
| dentiviyE&HctefidtubdtaiosiX P8 2-0E 11 G110 Y| C@b@Nil €Sjghhat
prod{iced FhaE@Spper € | jeng 4blsadi-3 TABLEOE: | Bagber|i al
filt EPef@omBnadiauriginbid [ en.50a0 cubat ed hact ¢éri@o( UFC g)
Ti me| ( Eapbyocdtaad heredont vi abbeg 1Hot al | 0100 100 95

Streptococcus 0.5-1.5 100 100
pneumoniae
Haemophilius influenze 1 100 100
Anthrax 1-1.5x 35 100 100
Moulds
Acremonium strictum 33557 x09x 100 100
1.8

Aspergillus versicolor 2-3.5 100 100 96
Penicillium griseofulvum 25-3.5x%x22-25 100 100
Neosarlorya fischeri 2x25 100 100

NBRM=Rigid mask

MBSM=Soft mask

* Data from technical specification?
20



6000 169000 175000 (3.43% (96.57% (100% 7 9000
318000 327000 (2.75% (97.25% (1009 14 27000
1193000 1220000 (2.219% (97.79% (100% 21 70000
3650000 3720000
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Example 2
Evaluation of filtering of small particles

The filtering capacity of the three masks of Example 1 was tested against two
particulate materials of 0.3 um particle sizeé using essentially the same
5 apparatus as in Example1. A carridge capturing membrane located
downstream from an air pump, in this case, captured breakthrough particulates.
The air pump creates a negative pressure downstream of the mask. The two
particulate materials chosen were sodium chioride and dioctyl phthalate.

10 TABLE 2

Filtration efficiency (%)
Size (umj)

Particulate material
NBRM NBSM 3Mm

Sodium chloride (NaCl) 0.3 100 100
Dioctylphthalate (DOP) 0.3 100 100

g5

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

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

The antimicrobial capacity of a filter of the embodiment of Figure3 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 fimes 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 seriaily 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 appropnate media. The aerobic viable bacteria were cultured on soya agar-
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agar (TSA, Quelab), whereas the yeasts and molds were cultured on HEA
supplemented with gentamycin (0.005% p/v) and oxytetracycline (0.01% p/v) to
limit bacterial growth. HEA’s pH of 4.8 +/- 0.2 allows the germination of spores
and development of mycelens. After the incubation period, the calculation of

5  microbial colonies was carried out using a colony meter (Accu-Lite™, Fisher).
The morphotype of the bacterial colonies was identified by Gram staining (see
Table 5).

Concerning the yeasts and molds calculation, each macroscopically distinct
10 mold colony was identified by gender andfor species using microscopy.

Mold slides were prepared using the adhesive tape method''. This technique
maintains the integrity of the mold structures by fixing them on the sticky side of
the tape. Once collected, the molds were stained with lactophenol and
15  observed at a magnification of 10x and 40x. Using identification keys'"3'4®,

the molds were identified. In this experiment only colonies that produced

spores were identified.

TABLE 3: Bacterial filtering

20 After fifter 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%)




(10.19% (89.81% (100% 14 230000 2400000 2630000
(8.75% (91.25% (100% 21 1640000 21000000 22640000
(7.24% (92.76% (1009 5S5TABLE 5: ldentification of
bacterial norphotypes After filter (days) Bacterial

Womgdﬁﬁes 0 78.4% Cocci Gram positive 21. 68rRedoos001092
G am negative

14

TABLE 4: Fungal filtering

After filter Calculated fungi (UFC/g)
Time {days) Viable Non-viable Total
0 25000 218000 247000
{11.74%) (88.26%) {100%)
7 110000 970000 1080000
(10.1 9%) {89.81%) {100%)
14 230000 2400000 2630000
(8.75%) (91.25%) {100%)
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




7 84.3% Cocci G am positive 15. 7% Rod G am negati ve
14 86. 7% Cocci Gram positive 13.3% Rod Gram negati ve
21 88.9% Cocci Gram positive 11.1% Rod G- am negati ve
15 TABLE 6: ldentification of nold species After
wo doobossdays) Ml d species 0 Aspergillus ni gefr/ca2006/001092
Cl adospori um cl adospori oi des, C adospori um her barum

Penicilliumsp., yeasts 7 Aspergillus niger,
Cl adospori um cl adospori oi des, C adospori um her barum
Penicilliumsp., yeasts 14 Altenaria altemata,
Arthriniumsp., Aspergillus nisger, C adosporium sp.,
Geotrichumsp., Penicilliumsp., yeasts 21
Aspergillus niger, C adosporium
cl adospori oi des, Cl adospori um herbarum Penicillium
Sp., yeasts 5 EXABRE®: Wentification of mold species

After filter (days) Mold species

0 Aspergillus niger, Cladosporium

cladosporioides, Cladosporium herbarum,
Penicillium sp., yeasts

7 Aspergillus niger, Cladosporium
cladosporioides,Cladosporium herbarum,
Penicilfium sp., yeasts

14 Alternaria aiternata, Arthriniuin sp.,
Aspergiflus niger, Cladosporium sp.,
Geotrichum sp., Penicillium sp., yeasts

21 Aspergilius niger, Cladosporium
cladosporioides, Cladosporium herbarum,
Penicillium sp., yeasts

5 Example4
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 muliiple cleaning and washing, respective samples of
10  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
antibacterial activity against growth of two bacteria, namely Staphylococeus
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 alsc similarly tested after five (5) washes.

The results are summarized in Table 7 below.



Eval uati on of antim crobi al
washi ng anti bacteri al
to ensure the antim crobi al
i nvention retain their

wiebi k@7 cl eani ng and washi ng,

acti vi

activity after extensive
of woven fiber sanples In order
fi bers of the present

antim crobi al

ty after

respective samal@S06®f01092

10 woven THERMOVYL-L9BTm and THERMOVYL- ZCBTm fi bers
with nol ecul arly bonded TRI CLOSANTm agent were
tested. Three (3) sanples of each fiber types were
submtted to nmultiple successive cl eanings and tested

for
bact

anti bacteri al
eri a,
after

hundred (100) 15 washes,
wi t ness reference sanpl e ofABEER fi ber type wi thout

five (5),

ten (10)

activity adainst growh of two
nanel y Staphyl ococcus aureus and
Escherichia cori,

and one

respectively. One (1)

any antimcrobial agent was also simlarly tested
after five (b) washes. The results é#@“@énnarlg%ﬁpﬂ%1
Tabl|e gaclepbo.  Hief ABLE B 5y a% " Nuni) b |
Vashes Bactefia |nhibition & 3 Hﬁ agE 1 ooa
GOWth Il AIIL III Ul UUI O.: r:ffl bl Cllby CcCUS
5 25 NoneIth
Thel‘ n‘ovyl - L9 %ﬁer%vyﬁLé@“qO’ I_II gll J.U 13 NDHEIHIgh
100 14.75 None / High
5 12.125 None / High
S-aureus | rermovyl-zCB [ 10 12.625 None / High
100 16.75 None / High
Thermowyl-LS* | 5 0 Medium / Poor
Thermowyl-ZC* | & 0 Medium / Poor
5 5125 None / High
Thermowyl-L9B | 10 6.126 None / High
100 8.125 None / High
E. coli 5 5 None / High
’ Thermovyl-ZCB | 10 5375 None / High
100 9.375 None / High
Thermovyl-L9* |5 0 Medium / Pgor
Thermovyl-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

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

and particulate filtering capacities were 100% compared to the comesponding

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

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

capacity of the filter of the present invention.

Specifically, the inventor has




13 None / High 100 14.75 None / Hi gh Thernovyl - ZCB
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WO 2007/063047 PCT/CA2006/001092

17

demonstrated, in Tables 3 and 4, that the combined anti-bacterial, anti-fupgal,
and retaining capacities are each 100%.

In addition, the inventor has demonstrated that different bacterial morphotypes,

5 asis illustrated in Table 5, were captured on the filter after zero (0) days 96.6%

(78.8% and 21.6% of cocci Gram-positive and rod Gram-negative type bacteria

respectively) of the whole bacteria population present on the fibers of the filter.

After twenty-one days (21) 98.1% (88.9% and 11.1% of cocci Gram-paositive and

rod Gram-negative type bacteria respectively) were present on the fibers of the

10  filter. This demonstrates that the efficiency of the filer remains “after an

extended period. As illustrated in Table 6, a variety of pathogenic molds were
identified on the filter of the present invention up to twenty-one days.

If desired, the filter can be cleaned, washed, as well as resist other treatments

15 and be reused without a significant loss of the aforesaid capacifies, or even with
an increase of the aforesaid capaciiies with increasing number of washes, as
illusirated in Table 7.

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 microcbes, 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 armows in Figures 2, 2a, and 5,
in which air contaminated with microbes is shown as hatched fines and non-

haiched arrows show clean, filtered air.
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10 5.375 None / High 100 9. 375 None / High

Ther movyl -L9* 5 0 Medium/ Poor Thernovyl-ZC* 5 0

Medi um / Poor *Wthout m crobicidal agent 5

Di scussion To date, commercially avail abl e masks
wiPNeReAR hanpered by their inability to capicyr@as@oros

kKill 1n excess of 95% of m croorgani sns. A study of a

m crobi ci dal network of the present invention, in the

formof the facemasks and filters in a 10ventil ation

system has denonstrated a significant inprovenent in

capturing and killing efficieacy (Tables 1 to 6).

15. St-Germain, G. et R.C. Summerbell. 1996. Champignons filamenteux
dintérét médical : Caractéristiqgues et identification. Star Publishing Company.
Belmont. CA.



Tables 1 and 2 illustrated the effectiveness of PVC
based organic fiber containing TRI CLOSAN Tm as
particulate filters, anti-bacterial and anti-nold 15
filters. For both the soft facemask and the rigid
facemask, the anti-mcrobial and particul ate

filtering capacities were 100%%conpared to the
correspondi ng capacities for a connercially avai |l abl e
mask (95 to 96% . 17 denpnst d, in Tables 3 and

4, that the conbined anti -bachAerl al, -anti-fungal, and
retaining capacities are each 100% In addition, the

i nventior Héisrobieita nst filker &fdr -tsrawittliahf @ir eagsabeyeEye shid| air fiter
nmor phot yp sis illustrated in Table 5, were
captured gcﬁmﬂw&g?llter after zero ( ? d? S 96. 6%

(75. 89% andnITmebBIoTRsSTk EPdNG BRIty & Re TPiggo an amoun
G am negatdf ¥eledst pae hatdtiedbial ayerspreotioragddyandotfiolédularly bonded
mglfe baCtn%B ?ru?cglﬂgltl%'i’éo?&a‘ﬁée%?ﬁ)@hb&?%h% I}QmRbgf?{egrse?aﬁn /and at
and 11. 1%'%)’15t subetentiatly Wﬁ&ﬁ ¢rpwiB ohfiprqbgg suspended in a volume

G am negatds %f? nio)ﬂﬁg traggnedaideair s pReivay ehi)immebikzation network
present o '

|t Th
denonst ra{l)é’g'gtsﬁ%stta“?ﬁ@ pefr?efaglsé%%a% %‘%’ tﬁ(re fil Ief remai ns
afjper ,an %%%ﬂg'eﬁcogﬁ:ﬁdgatg c!eﬁﬁ 4l lnl whidn icest k4t Iﬁ@&lﬂmﬁ)mblai

a variety ogenic nolds were identified on th
filter of g kHJ? gicsones spRpeptsd dhihe ¥eYBe P@nt y- one

days. If desired, the filter can be cl eaned, washed,

as wels aSTh%QﬁérséccﬁFdh'@rtoHaWﬁ R WhEh sdib pmmityhﬁ fiberbl 8@shged

wi t hout a si gnl I can S

capaci ti ed" 2 %\,éﬁ' Sﬁ %ﬂmp%grp@ﬁ%é’ of & §?ﬁ€acg grivesn gad

capaci ti e§bWSIh i ncreasi ng nunber of washes, as

illustrated in Table 7. A key feature of the filter

18 whet heg icheDSedoRirdy 23 c%fn?ﬁeiﬁ Anitn g epBs s Rfhud A6ven or
circulation systemduct filter, is its ability to

i mobi | i zéOOSP'étNQV?P and kill or inhibit the growt h of

a wde variety of mcrobes, which cone into contact

W th tshe ngtwRbk aéé’or@lﬁg fd BIQlFrSzl 28wl sdidhabers Sreeirdédir PVC
pre-filtered, i case of the circulation system

nt
or inhal eogaé%oégwfﬁ}ﬁ%ugh the facemask by the user,
often includes residual mcrobes that have either
passed. t hthldg‘hteﬂ; heecqdingras ytlafm Ht,ein vaich2&id hetinficrbltiaragent is
h% failed Fegteb E‘F gﬁ% %{%lgp EI C)nfglotﬁ ah%ﬁhb%@éﬁal%@rﬁeanaantl viral

pérson who Us present Invention
and who hé&ge@naﬁlmﬂwuﬁte’g‘fﬂ ?%"br%? i"ﬁ‘f”é%‘i PEPNt 28H @ Ydi-veast
i nfl uenza,ag tptber cul osi s, anthrax, severe acute

respi ratory syndr one (SARS) and t he i ke, can

si gni f| cantly reduce or ess ent j limn r.t her

i nf ect’t on 16 BEhACCYLEHIR . C@"rﬁ I'%ly‘%ﬂ?ﬁ 319 aa}'%‘froq% agent is
cont am natggdcMbdAN ™3 bpedyhageddtes M cr obes can be
filtered before entering into the nose and nouth area
of the user. The flow of air is shown by the arrows

in Figures 2, 2a, and 5, in which air contam nated
with mcrobes is shown as hatched |ines and

non- hat ched arrows show clean, filtered air. 18
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70l cal - CAPBRTEPIAT IRFEERA STt R Gt e ger sl
Publ i shi ng réspaaienyeriphigbiaands, sdifscrecdCbldbiohts\iBing configured and

1. M crobic ISQQ(J to 31 ir1 .tl'fe a{‘l t(ﬁ%‘c S &Em léﬁ@tovﬂetslacﬂéh l@lérrem

passageway, Sal npri sing
| mrobi |1 zadjip g 'E)@Fn‘ﬂé%ib dn%b Hﬂ‘tl&g né‘chrlkLHeﬂ{gl ibdatéf substantially
fi bers having an anpunt st one ‘
ant|n1crobP%% %b%ﬁ%ﬂ?ﬁ@%F%%P%f%ﬁF%ékT ecul arly

bonded into a structure thereof sufficient to

subst apt i alhyfilieRmao&irdihg ©, cidir@t1a] in walkt adstdn@@hember connects
substantla nh J '

Sbopeaaa g et pdr il S il AOERES (o cananioh saic

pas s agewebjizatioaingtworntbeebstyeat on net wor k be| ng
substantially perneable to said air. 102. The filter,

accor gyng trf'?e Gl Fedordihd? tMalafh 1220 which | QRS tasRARg member

anti m crobi al
includes a frame for connecting said first and second screen elements together.

20 14, The filter, according to claim 13, in which said fastening member further
includes a plurality of stitches located through said immobilization network to

divide said immobilization network into subdivisions.



agent kills m crobes suspended in the volune of air.
3. The filter, according to claim1, in which said
plurality of fibers arranged in a nesh, said mesh
defining a plurality of air spaces betmeen said
fibers. 154The filter, according to claim3, in mhlch
said fibers are tightly movenag | oosel y woven. 5.
The filter, according to claint4, in which said
fibers are treated PVC based organic fibers. 6. The
filter, according to claim1l , in which said

ant i m1@r obinMdro@eNMacéfask@6@preeiged from the gr oup

gggrS]It sti ng gﬁE ?ndgsrec?n%:ﬁl|rbpae?nt"|eeab|reas’cre%9Slreﬁ‘lemggecﬁ]get {0 étl{e‘? along
and an ant respeciive pagRisral emrm faid pasgen glepentdi degnind a gap
claim®é, i %e%bﬁjeeﬁada@ ﬁfﬁén@l&ﬁéﬁ@ &!mga@ﬂfﬂurécsand sized to fit
TR%CLOSAN ™ or nrlg/ndi enz oat e. filter,

accor di ng Pl’)er@]edp SRS e aJ\dig PWB ﬁ‘f&elt‘? on
net wor k i s aamirgfetreeabld Intneabiliggion matwotihlecaigd inj and substantially

pre-filter r En AlthoRARAM Vot i |
The fil ter%m%lgggcalé)o:r)ér |png£f§{nglﬂg|£grin ri n whi hg\g?l dair. o

filter is aa\ﬁrwcewgwnsewf'ffa@h?reoer@wsz@la&e%nf Beqrpgiated and
over the nasecasd baded irad aastustere hadoft euffisent ecsube@ntially
t hgrear oun fl It C 0 L0niGt &l Mgdowth of
LY ear ounfyodhe Fain fdrdut & 1eat glﬂ{s%hga?yf:ﬁflut | #Mglowt o
confi gur ed rrmﬁ@peg |s;z~°@amiee if a tfowrne efr@'rawmﬂ tequal paid agfvork.
formng the air ssa ter, accor
to cl dgm 100 jfap idégatPrT'm { in MNP H '8
i ncl udetinicrbBial agerﬁnknlstmcmt@ssmpemedm ihe pdumeeeflzire screen
el ement s securable t oget her al ong respective

peri pheral ai

confi BZT edT %oa mfgkd Ei%cgr&?%n%frﬁ% n v g’i{gglgyig'tmomzatlon
and t oethwerksiodusieed rluralitepfiiibers agangedan ﬁ ”}?élﬂ rfeilgnesh defining a

i mobip|rAigtd SiRsgetyrtliedebiagibbiecat ed substantially '
between said first and second screen eI errents

1512. The filter, according to cl 1’ %h tiahtl
fastedfng TRFFRSPMEYN ALY LG i HoIF P fn ‘é{'i’iﬁf“ SEE IRY® é‘fer 'ghtly
per nealbken @woegnweledmrent s t oget her to sandwi ch said

i mmobi I'i zati on network therebetween. 13.The filter,
accor djng | ai m | teni

i ncl uggs atrﬁ?g m Sk a%cgﬁd;eqwtalcn{yhzgig hf%?'sst‘gla rssr%ggr%ted
seébeerVel teﬁmrsamﬁ@eﬁh er.

t one

20. The facefnask, according fo claim 15, 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.

21, The facemask, according fo claim 15, in which said antimicrobial agent
25  is TRICLOSAN™ or benzyl benzoate.



2014. The filter, according to claim13, in which said
fasteni ng nmenber further includes a plurality of
stitches | ocated through said i mobilization network
to divide said i mobilization network into
subdi vi sions. 22 15M crobicidal facemask conpri sing:
- first and second air perneable screen el enents
secured together along respec&éve peri pheral edges,

- said screen el enents defining gap therebet ween,
said screen elenents being configured and sized to
fit 5over the nouth and nose of a user and to be
secured thereto an air perneabl e innnbilization
S:L\’Norgg d h@?ﬁ?ﬁ%&%&lbsﬁw E{T?:'llﬁy f ) I 1lﬁllbn id tmmoblllzatlon
pl ur ahetwyrkor[s dni der-Siteh ei thef the 28N - fﬁt@fedamﬂor geashing (e air
antlnbgsg agent incorporated and nol ecul arly
bonded 0 a structure thereof sufficient to
substantlally 10i mmobi li ze, retain and at | east

subst 2kt i allhs/facernagsi accpiiing gj? S@Th 1D fin Whieh @ §rst air permeabie

sus pe@ﬂ'@éﬁ bl@m@ntvﬁélm 2081t chteOANVErEIG of Bl Il sizaitdl allow said
net wor c ing to claim15, in
whi ch'r%@?bdf'zgtfon ”8§v 3 ﬁ% POt cﬁn?ﬁ?‘ér o% “agent kills

m crobes suspended in the volunme of air. 17. The
facemask, according to claim115, in which said

i mmobi l'i zation 15network includes a plurality of
fibers arranged in a nesh, said nesh defining a
plurality of air spaces between said fibers. 18. The
facemask, according to-claim17, in which said fibers
are tightly woven or | oosely woven. 19. The
facemask, according to claim 18, in which said fibers
are treated 20PVC based organic fibers. 20. The
facemask, according to claim 15, in which said

antim crobial agent is selected fromthe group

consi sting of: an antibacterial agent, an anti-viral
agent, an anti-dust mte agent, an anti-nold agent
and an anti-yeast agent. 21. The facenask, according
to claim15, in which said antim crobial agent 25is
TRI CLOSAN Tm or benzyl benzoate. 23 22. The
facemask, according to claim15, in which said

i mmobi i zation network is an after-filter so that the
air is pre-filtered prior reaching the air

passageway. 23. The facemask, according to claim 15,
in which said first air perneable screen el enent
includes a slit located therein of sufficient size to
all ow said i nmobilization network to be positioned in
sai d gap.



