COVPCOSI TI ON FOR USE | N DECREASI NG THE TRANSM SSI ON OF HUMAN PATHOGENS
CROSS- REFERENCE TO RELATED APPLI CATI ONS The present Application clains
priority woamomsesnati onal Patent Application No. PCT/ BE0A/s466035864 | ed May
29, 2009 and titled "Protective Face Mask"; and clains the benefit of
United States Provisional Patent Appl i:)iati on No. 61/298,194 filed January
25, 2010 and ti tled "Conposition for creasing the Hydrophobicity of

Pol ypropyl ene"; the contents of which are incorporated in this disclosure
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(tubercul osi s); Strept ococcus png@@g@R’mmNgrmm ae (strep t hr oat ,

meni ngitis, pneunonia); and Haenophilus influenzae Type B (epiglottis,
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wor | dw(goer'yza; ‘common cold"); Human adenovirus A-C (various respiratory tract infections;
pneumonia); Human Para-influenza virus (coryza; ‘common cold;" croup); Mumps virus
(epidemic parotitis); Rubeola virus (measles); Rubella virus (German measles); Human
15 respiratory syncytial virus (RSV) (coryza; ‘common cold'); Human coronavirus (SARS virus)
(SARS); Human rhinovirus A-B (coryza; ‘common cold"); parvovirus B19 (fifth disease);
variola virus (smallpox); varicella-zoster virus (herpes virus) (chickenpox); Human
enterovirus (coryza; ‘common cold"); Bordetella pertussis (whooping cough); Neisseria
meningitidis (meningitis); Corynebacterium diphtheriae (diphtheria); Mycoplasma
20 pneumoniae (pneumonia); Mycobacterium tuberculosis (tuberculosis); Streptococcus
pyogenes /pneumoniae (strep throat, meningitis, pneumonia); and Haemophilus influenzae
Type B (epiglottis, meningitis, pneumonia).
Many of the human respiratory tract infections result in significant morbidity and
mortality. For example, seasonal epidemics of influenza viruses worldwide infect an
25 estimated 3 million to 5 million people, and kill between 250,000 to 500,000 people each
year. In addition, cyclical influenza virus pandemics occur, such as the influenza outbreak in

1918 which killed between 20 million and 50 million people worldwide.

Among the modes of transmission of these infectious human diseases are by airborne



Anong the nodes of transm ssion of these infectious human di seases are by
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sol ution citric
deforming the perimeter of the facial mask to more tightly fit the face of the wearer. While
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mitigating the problem, these mechanical structures create an unpleasant sensation of pressure
for the wearer over time, and tend to limit the period that the facial mask can be worn. This
20 is especially true for children who have a lower tolerance of discomfort. Additionally,
conventional facial masks do not inactivate a substantial portion of the infectious particles that
ingress between the facial mask and the face of the wearer.
Therefore, there is a need for a new protective facial mask that addresses these
problems.
25 SUMMARY
According to one embodiment of the present invention, there is provided a
composition for coating a polypropylene-based fabric or polypropylene-based material, such
as for example a fabric or a material for use in decreasing the transmission of human
pathogens. The composition comprises an aqueous solution of citric acid, polyvinyl alcohol
30 and one or more than one nonionic surfactant. In one embodiment, the polyvinyl alcohol is

partially hydrolyzed. In another embodiment, the composition comprises between 0.5% to



and one or nore than one nonionic surfactant. In one enbodi nent, the
pol yvinyl alcohol is partially hydrolyzed. In another enbodi nent, the
conposi t iwo 200mME38426es bet ween 0.5% to4%citric aci d andPob@tuseen/ 0858690 and 4%
pol yvi nyl al cohol. In another enbodi nent, the conposition conprises between
1%to 3%citric acid and between 196an9 3% pol yvi nyl al cohol. In one
enbodi nent, the nonionic surfactant is~”polyoxyethylene (20) sorbitan. In
one enbodi nent, the conposition conprises between 0.1% and 1% of the
nonlonlc surfactant. In one enbodi ment, the conposition conprises between
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0.5% polyoxyethylene (20) sorbitan, 3% copper acetate and 3 %zinc acetate.
According to another embodiment of the present invention, there is provided a
polypropylene-based fabric coated with a composition according to the present invention.
20 According to another embodiment of the present invention, there is provided a
polypropylene-based material comprising a plurality of layers, where one or more than one
of the plurality of layers comprises a polypropylene-based fabric according to the present
invention.
According to another embodiment of the present invention, there is provided a device
25 that decreases the transmission of one or more than one human pathogen by antibacterial,
antifungal and antiviral activity. The device comprises a polypropylene-based fabric or a
polypropylene-based material according to the present invention.
According to another embodiment of the present invention, there is provided a facial
mask that decreases the transmission of one or more than one human pathogen by
30 antibacterial, antifungal and antiviral activity. The facial mask comprises a polypropylene-

based fabric or a polypropylene-based material according to the present invention. In one



mask that decreases the transm ssion of one or nore than one human pat hogen
by antibacterial, antifungal and antiviral activity. The facial nmask

conpri seswea 2pulp26pyl enebased fabric or a pol ypropyl enechasedonsises i al
according to the present invention. In oneenbodinment, the facial nask
further conprises one or nore than one reactive dye. According to another
enbodi nent of the present invention, there is provided a facial mask that
decreases the transm ssion of one or nore than one human pat hogen by
antibacterial, antifungal and antiviral activity. The facial mask conprises
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2% pol yvi nyl al cohol and 0.5% pol yoxyet hyl ene (20) sorbitan, Layer #2
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invention, there is provided a facial nmask for decreasing the transm ssion
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facial mask. The facial mask bod urface
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body-flap junction; the flap conprising a front surface of the flap, an
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acet at gurth@ys thé Bo®QMRrdpp6sing back surface of the body, and a perimeter of the body
defining a shape of the body; and b) a flap attached to the body at a body-tlap junction; the
tlap comprising a front surface of the flap, an opposing back surface of the flap, and a

20 perimeter of the flap defining a shape of the flap; where the body and the flap comprise a
polypropylene-based material comprising four layers, Layer #1, Layer #2, Layer #3 and
Layer #4 oriented trom the front surface to the back surface; and where Layer #1 comprises
spunbond nonwoven polypropylene fiber having a density of 45 g/m* and coated with a
composition comprising 2% citric acid, 2% polyvinyl alcohol and 0.5% polyoxyethylene (20)

25 sorbitan, Layer #2 comprises spunbond nonwoven polypropylene fiber having a density of 45
g/m? and coated with a composition comprising 2% citric acid, 2% polyvinyl alcohol, 0.5%
polyoxyethylene (20) sorbitan, 3% copper acetate and 3% zinc acetate, Layer #3 comprises
melt-blown polypropylene fiber having a density of 18 g/m*, and Layer #4 comprises
spunbond nonwoven polypropylene fiber having a density of 25 g/m®.

30 According to another embodiment of the present invention, there is provided a facial

mask for decreasing the transmission of one or more than one human pathogen to and from a



mel t - bl omn pol ypropyl ene fiber having a density of 18 g/ nR, and Layer #4
conpri ses spunbond nonwoven pol ypropyl ene fiber having a density of 25
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one human pat hogen to and from ahunman arer of the facial mask. The faci al
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opposi ng back surface of the body, and a perineter of the body defining a
shape of the body, and a central seam b) a flap attached to the body at a
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#3 and Layer #4 oriented fromthe front surface to the back surface; and

wher e [lcay@ruity, 3 rghhperitisalssidg armighn dravotevsides @ qeoiryipruoyedl reponf a badt aleasteng a
density. of 45 g/n2 and coated with onposi tion conprisin %citric acid,
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polypropylene fiber having a density of 45 g/m* and coated with a composition comprising

2% citric acid, 2% polyvinyl alcohol and 0.5% polyoxyethylene (20) sorbitan, Layer #2

20 comprises spunbond nonwoven polypropylene fiber having a density of 45 g/m* and coated
with a composition comprising 2% citric acid, 2% polyvinyl alcohol, 0.5% polyoxyethylene
(20) sorbitan, 3% copper acetate and 3% zinc acetate, Layer #3 comprises melt-blown
polypropylene fiber having a density of 18 g/m*, and Layer #4 comprises spunbond
nonwoven polypropylene fiber having a density of 25 g/m”.

25 According to another embodiment of the present invention, there is provided a method
of decreasing the transmission of one or more than one human pathogen. The method
comprises a) providing a facial mask according to the present invention; and b) wearing the
tacial mask.

FIGURES

30 These and other features, aspects and advantages of the present invention will become

better understood with regard to the following description, appended claims, and



conprises a) providing a facial mask according to the present invention;
and b) wearing the facial nmask. FI GURES These and ot her features, aspects
and advanweagen/38426he present invention will becone bet Per/usaaensiseod with
regard to the foll ow ng description, appended cl ai ns, andacconpanyi ng
figures where: Figure 1 is a frontal pgrspective vi ew of one type of
conventional facial mask; Figure 2 is back perspective view of the
conventional facial mask shown in Figure | ; Figure 3 is a fronta
perspective view of one enbodi nent of a facial mask according to the
preseananmﬁWH@dﬂyF¢%wh@€4 IS a frontal -l ateral perspective view of the
enbodi nent al _.mask ack
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Figure 6 ispy &érztlh alback PEaP&RYive hlwBbBhe QSﬁ\%ﬂﬁSﬁdl‘fﬁblM' Rk Cholvhgn Eipdi ment
of the faC|aI mask shown in Figure 3 taken along the line 6-6; Figure 7 is

a frontlal perspective view of the enbodi nent of the facial mask shown in

Fié?ure 3 through Fl gure 6 being. worn b¥ a wearer; t|:e 8 is a back
spect i ve RIg8R 30f aﬁéﬁlttald’ﬁfsﬂpﬁ%ﬂ‘tean‘?‘&lo RES RmE%Wﬁnt Flagiat Bask peoOEHBe f i nal

assenbl partial, cutaway, frontal perspective view of the
faci al tgthe@rQ%%%&F%ﬁ rgure 3 shovm' ng the multiple layers of the body of

the facial rmagke 4Akgur@tdlQatetal pepedtivalviev b @imboe mideof theefadinlemadkt a
fabric according to the present invention; Figure 1 1 is a partial,
cutamaﬁhown@hfé¥ﬂ%éfspect|ve view of a naterlal according to the present

i nvention, r|S|n tthe fabric sho ure. 1 nd co S|n t hree
| ayers:  F guranes 85t B PRvE e Sppititich Bl BRI GER BT
ap@t herpigmeeri al according to the present invention, conprising the fabric

shown in Figure 10, and conprising four |layers; and
Figure 6 is a partial, cutaway, lateral perspective view of the embodiment of the facial

mask shown in Figure 3 taken along the line 6-6;
Figure 7 is a frontal perspective view of the embodiment of the facial mask shown in
Figure 3 through Figure 6 being worn by a wearer;
15 Figure 8 is a back perspective view of part of the facial mask shown in Figure 3
before final assembly;
Figure 9 is a partial, cutaway, frontal perspective view of the facial mask shown in
Figure 3 showing the multiple layers of the body of the facial mask;
Figure 10 is a partial, frontal perspective view of a fabric according to the present
20 invention;
Figure 11 is a partial, cutaway, frontal perspective view of a material according to the
present invention, comprising the fabric shown in Figure 10, and comprising three layers;
Figure 12 is a partial, cutaway, frontal perspective view of another material according
to the present invention, comprising the fabric shown in Figure 10, and comprising four
25 layers; and
Figure 13 is a frontal perspective view of the embodiment of the facial mask shown in
Figure 1 and Figure 2 being worn by a wearer.
DESCRIPTION
According to one embodiment of the present invention, there is provided a
30 composition for coating a polypropylene-based fabric or polypropylene-based material, such

as for example a fabric or a material for use in decreasing the transmission of the human



Figure 13 is a frontal perspective view of the enbodi nent of the facial
mask shown in Figure 1 and Figure 2 being worn by a wearer. DESCRI PTI ON
Accor di ngwoaomvsseabodi ment of the present invention, tR€TAS2GL0/085364 ded a
conposition for coating a pol ypropyl ene-based fabric or pol ypropyl ene-based
material, such as for exanple a fabric_or a material for use in decreasing
the transm ssion of the hunanpathogens? The conposition conprises an
aqueous solution of citric acid, polyvinyl alcohol and one or nore than one
noni oni ¢ surfactant. In one enbodi nent, the conposition further conprises
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pol ypr opyl ene-based fabric coated wth a conposition according to the

pr esentexamplerani agant sélected drany theogranp tbmsistiegiod doppen tacethtet bapper esidat copper
invention, there is provjded a gflypropylene-bas d material conprising a
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polypropylene-based material according to the present invention. In one embodiment, the

facial mask further comprises one or more than one reactive dye. According to another
embodiment of the present invention, there is provided a method of decreasing the

20 transmission of one or more than one human pathogen. The method comprises a) providing
a facial mask according to the present invention; and b) wearing the facial mask. The
composition, fabric, material, device and method will now be disclosed in more detail.
As used in this disclosure, except where the context requires otherwise, the term

”» &

“comprise” and variations of the term, such as “comprising,” “comprises” and “comprised”
25 are not intended to exclude other additives, components, integers or steps.

All dimensions specified in this disclosure are by way of example of one or more than
one embodiment of the present invention only and are not intended to be limiting. As will be
understood by those with skill in the art with reference to this disclosure, the actual
dimensions of any device or part of a device disclosed in this disclosure will be determined

30 by its intended use.

As used in this disclosure, “human pathogen” comprises bacteria, fungi and viruses,



are not intended to exclude other additives, conponents, integers or steps.
Al'l dinmensions specified in this disclosure are by way of exanple of one or
nor e t harworreloeis®di nent of the present invention only a&od/use@onsised nt ended
to be limting. As will be understood by those with skill in the art with
reference to this disclosure, the actugl di nensi ons of any device or part
of a device disclosed in this disclosu e wll be determned by its intended
use. As used in this disclosure, "hunman pat hogen" conprises bacteria, fungi
and viruses,or other mcroorgani sns that cause human di seases, including
bact er iog otlfeq @gproarﬁanmsubetssawe lotopasy dlsﬁa@m orageding h@tftrwatﬁmg\ @88 Virusasror
resp|r6$ tract infect scl osure, "flap" neans a

bi eoe hoRisan B! sk bRt RSt LR oy 11 ab et o

toward the backegyt fﬁ&@ls&ﬁsﬁrge“ﬂ%ﬂﬁnﬁm ta'}ﬁed(e%'tﬁ’é falBP Klaslt pueWhSy Fd1ged ayers
of the material of the flap with respect to the layers of material of the

body. Tier aftbe bodyaﬂmb pattiomtoavacd thearack ewﬁhcefdah@bodyatsﬂ«he $acied tmask ;' inlveyps
wi t hin the neani ng of the tgégzent di scl osure use no such i nversi on of

the | ayks yess of e maiesrh off the dapithoremrect i th et piigEtloldheeened or
¢l osed ﬂ%féf&% rHTZ)?eaf) %P&lv%ﬁpéﬁﬁﬁdc?zpﬁlra&fr( %Cfll(?[;a gﬁfail within HREMe e}]lﬂnaél}a
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"resilient menber" neans a substrate that readily regains its original
shape apwethe @kﬂ#ﬁraég speied afitebased dpang vy ofj theycontisaiienal %Wlénafskr st thickness
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Cﬁ§Satkﬁ$ﬂ9k;kb&ﬂﬁ&pb&ﬁ@bk@@nQﬁw%ﬂgnCOHDFESSIVe force, where second
thickness is 75% or less of the first thickness, and where the third
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a chem cal process, not nerely the presentation of Onl&W? physi cal barrier
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be measured at any location across the substrate.
As used in this disclosure, “binding substance” means a chemical group that
chemically binds a human pathogen, rather than presenting only a physical barrier to spatial
20 passage of the human pathogen. Similarly, “bind,” and its related terms such as “binds,”
“binding” and “binding action,” refer to a chemical process, not merely the presentation of
only a physical barrier to the spatial passage of the human pathogen.
As used in this disclosure, “cellulosic” means “comprising cellulose.”
As used in this disclosure, all amounts of substances are given in weight of the
25 substance as a percent of total weight, unless otherwise specitied. For example, “an aqueous
solution of between 0.5% and 4% polyvinyl alcohol . . . ” means ‘100 grams of aqueous
solution contains between 0.5 grams of polyvinyl alcohol and 4 grams of polyvinyl
alcohol . . .’
Referring now to Figure 1 and Figure 2, there are shown, respectively, a frontal
30 perspective view of one type of conventional facial mask (Figure 1); and a back perspective

view of the facial mask shown in Figure 1 (Figure 2). As can be seen, the conventional



As used in this disclosure, all ambunts of substances are given in weight
of the substance as a percent of total weight, unless otherw se specified.
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Figure 1 and Figure 2, there are shown; respectively, a frontal perspective
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6- 6 ( Figguiteze Bie; shawht esspedtivplt a el \perspe@iveofiew béoﬂafrhmi@dmeht offa fabel f aci al
mask shown in Figure 3 through Figure 6 being worn b wearer (Figure 7);
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embodiment of the facial mask shown in Figure 3 (Figure 5); a partial, cutaway, lateral

perspective view of the embodiment of the facial mask shown in Figure 3 taken along the line
6-6 (Figure 6); a frontal perspective view of the embodiment of the facial mask shown in

20 Figure 3 through Figure 6 being worn by a wearer (Figure 7); a back perspective view of
part of the facial mask shown in Figure 3 before final assembly (Figure 8); and a partial,
cutaway, frontal perspective view of the facial mask shown in Figure 3 showing the multiple
layers of the body of the facial mask (Figure 9). As can be seen, the facial mask 100
comprises a body 102 for covering the mouth and nose 302 of a human wearer 300, and

25 further comprises a flap 104 attached to the body 102 at a body-flap junction 106. The body
102 comprises a front surface 108 of the body 102, an opposing back surface 110 of the body
102, and a perimeter 112 of the body 102 defining a shape of the body 102. The shape of the
body 102 can be any suitable shape for the purpose intended, as will be understood by those
with skill in the art with reference to this disclosure. In one embodiment, the shape of the

30 body 102 is selected from the group consisting of irregular, oval, rectangular, round, square

and triangular. In a preferred embodiment, as shown most clearly in Figure 3, the shape of



| ayers of the body of the facial mask (Figure 9). As can be seen, the
facial mask 100 conprises a body 102 for covering the nmouth and nose 302 of
a human weerero/382¢ and further conprises a flap 104 at rathsdomwo3ishe body
102 at a body-flap junction 106. The body 102 conprises a front surface 108
of the body 102, an opposing back surf ce 110 of the body 102, and a
perinmeter 112 of the body 102 definind'a shape of the body 102. The shape
of the body 102 can be any suitabl e shape for the purpose intended, as wll
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Figure 15? an }nrxlflefted U-shape when looking at the front surface 108 of the body 102 or the back
surface 108 of the body 102 with the bottom junction 118 oriented down. As used in this
20 disclosure, the term “U-shape” is the shape of the flap 104 depicted in Figure 3, Figure 5
and Figure 8 (but not inverted in Figure 8). As can be seen particularly in Figure 7, this
inverted U-shape is particularly advantageous because it permits the flap to more closely
approximate the nose 302 of a wearer 300 when the facial mask 100 is worn by the wearer
300 by compensating for the protrusion of the wearer’s nose 302 at the base of the wearer’s
25 nose 302 than pentagonal, rectangular or triangular shapes. As can be seen most clearly in
Figure 5 and Figure 8, in one embodiment of the present invention, the perimeter 128 of the
tlap 104 comprises in continuity from right to left (orientation given from the wearer's
perspective when wearing the mask), a right vertical side 130, a right arcuate side 132, a
central curved region 134, a left arcuate side 136, a left vertical side 138, and a base 140

30 partially forming the body-flap junction 106 and connecting the right vertical side 130 to the

left vertical side 138.



inverted U-shape is particul arly advantageous because it permts the flap
to nore closely approxi mate the nose 302 of a wearer 300 when the facial
mask 100 we 20w13s42¢y t he wearer 300 by conpensating for wPhe/yseavosssbon of
the wearer's nose 302 at the base of the wearer's nose 302 than pentagonal,
rectangul ar or triangul ar shapes. As caln be seen nost clearly in Figure 5
and Figure 8, in one enbodi nent of t hel present invention, the perineter 128
of the flap 104 conprises in continuity fromright to left (orientation
given fromthe wearer's perspective when wearing the mask), a right
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def or ma&digerf inidnfbet 442 3 4 @&dﬂgé. I atpA&terred embodiment, the resilient member 142
comprises polyurethane.
Referring again to Figure 3, Figure 4, Figure 6 and Figure 7, in a preferred
20 embodiment, the facial mask 100 further comprises a deformable strip 144 attached to the
body 102 or the flap 104. The deformable strip 144 is particularly advantageous because the
deformable strip 144 permits the facial mask 100 to be adjusted by a wearer 300 to more
closely approximate the nose 302 of the wearer 300 when the facial mask 100 is worn by the
wearer by compensating for the various curves of the wearer's nose 302. In one
25 embodiment, the deformable strip 144 is attached to the back surface 20 of the body 12, or to
the front surface 124 of the flap 104 or to the back surface 126 of the flap 104. Ina
preferred embodiment, as shown particularly in Figure 4 and Figure 6, the deformable strip
144 1s attached to the front surface 108 of the body 102 near the top edge 24 overlying the
tlap, so that deforming the deformable strip 144 imparts deformation to the resilient member

30 142 and the remainder of the flap 104 also, as will be understood by those with skill in the

art with reference to this disclosure. The deformable strip 144 comprises a substance which



body 102 or the flap 104. The deformable strip 144 is particularly

advant ageous because the deformable strip 144 permts the facial mask 100
to be adjwetzet)/t3g42a wearer 300 to nore cl osely approxi neCe/ush@osnazses 302 of
t he wearer 300 when the facial mask 100 is worn by t he wearer by
conpensating for the various curves of the wearer's nose 302. In one

enbodi nent, the deformable strip 144 il? attached to the back surface 20 of
the body 12, or to the front surface 124 of the flap 104 or to the back
surface 126 of the flap 104. In a preferred enbodi nent, as shown
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the deformable strip 144 conprises a nalleable alum num Referring again to
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substance such as natural rubber, or synthetic rubber or other stretchable
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present invention. As can be seen, in one embodiment, the fabric 200 according to the
present invention comprises binding substances 202. In another embodiment, the fabric 200

20 according to the present invention comprises a composition 202 for coating a polypropylene-
based fabric or polypropylene-based material as disclosed in this disclosure. In one
embodiment, the fabric comprises spunbond polypropylene fiber. In one embodiment, the
density of the spunbond polypropylene fiber is between 10 g/m* and 50 g/m*. Ina
particularly preferred embodiment, the density of the spunbond polypropylene tiber is 25

25 g/m?. In another particularly preferred embodiment, the density of the spunbond
polypropylene fiber is 45 g/m?. According to another embodiment of the present invention,
there is provided a device for decreasing the transmission of one or more than one human
pathogen, where the device comprises a fabric 200 according to the present invention. In one
embodiment, the device is a facial mask according to the present invention, such as a facial

30 mask 100. In a particularly preferred embodiment, both the body 102 and the flap 104

comprise a fabric 200 according to the present invention.



according to the present invention conprises a conposition 202 for coating
a pol ypropyl enebased fabric or polypropyl ene-based material as disclosed in
t hi s di scwo=ore3s42a one enbodi nent, the fabric conpri se®CIAsREI0M065864

pol ypropyl ene fiber. In one enbodinent, the density of the spunbond

pol ypropyl ene fiber is between 10 g/n2 _and 50 g/nR2. In a particularly
preferred enbodi nent, the density of thPe spunbond pol ypropyl ene fiber is 25
g/ n2. I n anot her particularly preferred enbodi nent, the density of the
spunbond pol ypropyl ene fiber is 45 g/nR. According to another enbodi nent of
t he present Aqqoegmg t@rpnetehieboehm@tmf oha mgabnalrv/eml@e theye lsjemwehéuarrgatclhel
transm.ssion o nor.e t one en the devi ce
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i nventi on n rlc shown i n. .Fi nd co r|S|ng four
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CONpPr i $@Rsishidh o &ne me%@&ﬂfaﬂ o8 htifah PEHBE&S Siterd tHeQIRYic®RomPESQrdi ng to
anot her enbodi nent of the present invention, there is provided a device for
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t he devic r| ses a material .204 ccor n t resent nventi on.
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i nventi t I

enbodi e ?&eﬂéﬁ‘éﬁﬁ%ﬁ@ nf, SRRl G TREK 18P And He DR ot RE inBEEL IO Ecorging
accor ditmghet prescheinyess@nt i nvention. The material 204 according to the

present invention, conprises a plurality of layers, where one or nore than
oht | ayer c&hsrmeeealﬂ% aceyeling todlee prepeait W@i&%wowmse%p%ﬁﬁy oE Byeie

2 Sl s DN Rl B TR ot 26 SHE LG 3By Wb

di scl oswb Qayelrsﬂ, tRreP ddyleks; Yb@ Tayerp be hiié &ngROEL ¢ Nds, will be understood by those
with skill in the art with reference to this disclosure. In a particularly preferred embodiment,
the plurality of layers is three layers (as shown in Figure 11, designated here A, B and C).

20 In another particularly preferred embodiment, the plurality of layers is four layers (as shown
in Figure 12, designated here A, B, C and D). In a particularly preferred embodiment, the
body 102 and flap 104 of the facial mask 100 comprises a material 204 according to the
present invention and both the front surface 108 of the body 102 and the front surtace 124 of
the flap 104 comprise a fabric 200 according to the present invention.

25 At least one of the layers of the material 204 comprises a fabric 200 (shown in Figure
11 and Figure 12 as layer B) according to the present invention. In a preferred embodiment,
two of the layers of the material 204 comprise a fabric 200. In one embodiment, one or
more than one of the layers of the material 204 is a heat-moldable fabric, such as a
heat-moldable fabric selected from the group consisting of polypropylene, polyester and

30 non-woven cellulose acetate fabric. In one embodiment, the heat-moldable fabric is selected

trom the group consisting of spunbond nonwoven polypropylene fiber (SBPF) (also called



the plurality of layers is three layers (as shown in Figure 11, designated
here A/ B and C). In another particularly preferred enbodi nent, the

pl uralitywof2oloanes2s is four |ayers (as shown in Figure PeT/usesiogssssed here
A B Cand D). In a particularly preferred enbodi ment, the body 102 and
flap 104 of the facial nmask 100 conprises a material 204 according to the
present invention and both the front sifrface 108 of the body 102 and the
front surface 124 of the flap 104 conprise a fabric 200 according to the
present invention. At |east one of the layers of the material 204 conprises
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a second |l ayer of fabric according to the present invention

( l%yer f@ﬁr (lavfr @- t1niang epbpeimest, qh@d?n%qy&mh%én%%bmlw@pﬂ%@ Fiben igyer C).
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density o he spunbond polypropylene fiber is 45 g/m*. In one embodiment, the density of

the melt-blown polypropylene fiber is between 15 g/m? and 25 g/m?. In a particularly

20 preferred embodiment, the density of the melt-blown polypropylene fiber is 18 g/m*. Ina
particularly preferred embodiment, as shown in Figure 11, the material 204 comprises three
layers, a first layer of spunbond polypropylene fiber (layer A) having a density of 45 g/m?, a
second layer of fabric according to the present invention (layer B), a third layer of
spunbond/melt blown fiber composite (layer C) having a density of 18 g/m”.

25 In a preferred embodiment, as shown in Figure 12, the material 204 comprises four
layers, a first layer of spunbond polypropylene fiber (layer A), a second layer of fabric
according to the present invention (layer B), a third layer of melt-blown polypropylene fiber
(layer C), and a fourth layer of spunbond polypropylene fiber (layer D). In one embodiment,
the density of the spunbond polypropylene fiber is between 10 g/m? and 50 g/m*. In a

30 particularly preferred embodiment, the density of the spunbond polypropylene tiber is 25

g/m*. In another particularly preferred embodiment, the density of the spunbond



density of the spunbond pol ypropylene fiber is 45 g/n2. In one enbodi nent,
the density of the nelt-blown pol ypropylene fiber is between 15 g/ n2 and 25
g/ n2. | nwoparwissstbarly preferred enbodi nent, the densi PgTafS2et0®338e4 t - bl own
pol ypropyl ene fiber is 18 g/n2. In a particularly preferred enbodi nent, as
shown in Figure 11, the material 204 c%rrprises three | ayers, a first |ayer
of spunbond pol ypropyl ene fiber (I ayer A) having a density of 45 g/nR, a
second | ayer of fabric according to the present invention (layer B), a
third [ayer of spunbond/ mslt bl own fiber conposite (layer C) having a
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i nfections such as influenza. By binding the hupan pat hogen to the fabric
2bD of desigases dhearansayssionoes the human patbegsi suE\asHior xmpla Y PagenEng priease

et cas0R b0 B AL RONLAT A0 IR DS U IR RAL WA el A, r, xample by

preventing T el e Vi rus eh Vi rus- pl ets evaporate
wi thin the fraRrdng o2@bre than one b1nd1ng substance 202 comprises one or more than one

human pathogen binding group for chemically attaching the human pathogen to the binding
substance, as will be understood by those with skill in the art with reference to this

20 disclosure. In a preferred embodiment, the binding substance 202 further comprises a linker
group (such as for example a vinyl sulfone group) for attaching the binding substance 202 to
the fabric 200.

By way of example, in one embodiment, the human pathogen to be bound to the

tabric 200 is selected from the group consisting of adeno-associated virus (AAV), herpes

25 simplex virus (HSV), human papillomavirus (HPV), influenza viruses, rabies virus,
respiratory syncytial virus (RSV), and the human pathogen binding group is a sialic acid
group because these virus particles bind to human cells through a terminal sialic acid group
on a surface oligosaccharide of the cell membrane of human cells. Sialic acid groups are,
however, relatively expensive to produce in a form suitable for attachment to fibers or

30 fabrics, and therefore, in a preferred embodiment, the binding substance 202 is a substance

that mimics the binding action of sialic acid groups on influenza viruses, but that is cost



The one or nore than one bindi ng substance 202 conprises one or nore than
one human pat hogen bi nding group for chemcally attaching the human

pat hogen wo 2btee13i2adi ng substance, as will be under st oo@#CiyUSLe10985864 t h
skill in the art with reference to this disclosure. In a preferred

enbodi ment, the binding substance 202 further conprises a |inker group
(such as for exanple a vinyl sulfone glr60up) for attaching the binding
substance 202 to the fabric 200. By way of exanple, in one enbodinent, the
human pat hogen to be bound to the fabric 200 is selected fromthe group
consi steftagiivef assdeomepoassidor adastrial-peade pradygtionrd iphrscsgiompirisingvhe hmd{ngsy)
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(i.e., Cgﬂﬁggei SE8 eceI | ul ose) and the one or nore than one bindi ng substance
202 conprises a h0nan pat hogen bi ndi ng group conprising a sulfate group,

yi el ding a fmlbiding @aotter Behbadinent bY the 9@&kent invention, the human pathogen

binding group is one or more than one reactive dye comprising one or more than one
sulfonate group. In a preferred embodiment, the fabric 200 is a cellulosic fabric (i.e.,

20 comprises cellulose) and the binding substance 202 is one or more than one reactive dye
comprising a sulfonate group, yielding a fabric 200 comprising a cellulose sultonate.

Reactive dyes are a class of substances used to dye fibers and fabrics, both cellulosic

fibers and cellulosic fabrics (such as acetate, cotton and rayon), and non-cellulosic fibers and
non-cellulosic fabrics (such as wool and nylon, and fabrics made from polyester or

25 polyolefin). Reactive dyes comprise a reactive linker group, usually either a haloheterocycle
or an activated double bond that, when applied to a fiber in a dye bath, forms a covalent
chemical bond with an hydroxyl group on the fiber or the fabric. Reactive dyes are classified
according to the category of linker group that attaches the dye to the fiber or fabric. In one
embodiment, the binding substance is one or more than one reactive dye selected from the

30 group consisting of aminochlorotriazine (Procion7 H),

aminochlorotriazine-sulfatoethylsulfone (Sumatix Supra), aminofluorotriazine (Cibachron F),



cellul ose sulfate. According to another enbodi nent of the present

i nvention, the human pat hogen bi nding group is one or nore than one

reacti ve wWoeonoips2bsi ng one or nore than one sul fonat e GCOA$2010/033864
preferred enbodi nent, the fabric 200 is a cellulosic fabric (i.e.,
conprises cellulose) and the binding %gbstance 202 is one or nore than one
reactive dye conprising a sulfonate grdup, yielding a fabric 200 conpri sing
a cellulose sulfonate. Reactive dyes are a class of substances used to dye
fibers and fabrics, both cellulosic fibers and cellulosic fabrics (such as
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conprise a chronmpphore group, providing the specific color for the dye. The
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I nvent iRMActivie BroWME2RNICI Reactive Orange 4, CI Reactive Red 1, CI Reactive Red 2, CI
Reactive Red 6, CI Reactive Red 11, CI Reactive Red 78, CI Reactive Yellow 39, and CI
Reactive Yellow 86, each of which comprises sulfonate groups which function as the human
20 pathogen binding group suitable for binding one or more than one human pathogen according
to the present invention, and each of which further comprises a linker group suitable for
attaching the binding substance (the dye) to the fabric. In a particularly preferred
embodiment, the binding substance is Reactive Blue 21 [copper, (29H, 31H
-phthalocyaninato(2-)-N *,N * N *' N 3?)-, sulfo((4-((2-sulfooxy)ethyl)sulfonyl)phenyl)amino)
25 sulfonyl derivs] (CAS Reg. No. 73049-92-0), a sulfonated copper phthalocyanine dye with a
vinyl sulfone linker group that attaches the dye to fibers and fabrics, including cellulosic
tibers and fabrics. The appropriate reaction conditions for attaching reactive dyes, including
tor attaching CI Reactive Blue 21, to fibers and fabrics are well known to those with skill in
the art, and can be found in instructions from the dye manufacturers, as well as in standard

30 textile references, as will be understood by those with skill in the art with reference to this

disclosure.



nore than one binding substance 202 is a reactive dye selected fromthe
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as the binding substance 202 in the
both cellulose sulfate and cellulose sulfonate have surfactant properties, so that fabrics 200
comprising cellulose sulfate or cellulose sulfonate disrupt virus-laden droplets and exposes
20 the virus particles to the sulfate groups on the cellulose sulfate, and to the sulfonate groups on
the cellulose sulfonate, thereby trapping the virus particles within the fabric 200.

In one embodiment, the fabric 200 further comprises one or more than one additional
substance, other than the binding substance 202 and the fibers of the fabric 200, that
decreases the pathogenic capacity of one or more than one human pathogen. In a preferred

25 embodiment, the one or more than one additional substance is one or more than one type of
multivalent metallic ion, such as for example multivalent copper, multivalent silver or
multivalent zinc, all of which are antibacterial, antifungal and antiviral. In a particularly
preferred embodiment, the metallic salt is a divalent metallic salt, such as one or more than
one divalent metallic salt selected from the group consisting of a salt of divalent copper and a

30 salt of divalent zinc. In another embodiment, the one or more than one substance is a

metallic salt, such as for example a metallic salt selected from the group consisting of copper



fabric 200 of the facial mask 100 according to the present invention is
particul arly advant ageous because the anmount of reactive dye binding to a
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nore than one human pathogen, as with
according to the present invention. In one embodiment, facial mask 100 comprises a fabric
200 as disclosed in this disclosure and as shown in Figure 10. In another embodiment, facial
20 mask 100 comprises a material as disclosed in this disclosure and as shown in Figure 11 and
Figure 12.

According to another embodiment of the present invention, there is provided a method
for making a fabric 200 for use in constructing a facial mask 100 according to the present
invention for decreasing the transmission of one or more than one human pathogen, such as

25 for example viruses that cause human respiratory tract infections. In one embodiment, the
method produces a fabric 200 according to the present invention. The method will now be
disclosed by way of example only primarily with respect to making a fabric comprising
cellulose (in this example, rayon) with binding substances comprising sulfate groups as the
human pathogen binding group, though other methods can be used to produce the same

30 fabric, and corresponding fabrics with other binding substances (such as sulfonate groups)

according to the present invention, as will be understood by those with skill in the art with



sone fabrics designed to decrease transm ssion of one or nore than one
human pat hogen. I n one enbodi nent, the fabric 200 is woven, such as for
exanpl e wsoeniwviagea. | n anot her enbodi nent, the fabric PO0/US010085860VeN
such as for exanple non-woven rayon. According to one enbodi nent of the
present invention, the facial mask 100, conprises a fabric 200 for use in
decreasing the transm ssion of one or Wore than one human pat hogen
according to the present invention. In one enbodinent, facial mask 100
conprises a fabric 200 as disclosed in this dlsclosure and as shown in
F|gureriﬁﬂﬂmﬁuaﬂ@ﬁﬁwdﬂﬂﬁhodlnent facial mask 100 conprlses a material as

di scl osed i this cl o as shown . and .Fi qure 12.
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known to those with skill in the art, as will be understood by those with skill in the art with
reference to this disclosure. In a preferred embodiment, the binding substance added is a
binding substance according to the present invention. By way of example, the method will be

20 disclosed with respect to binding substances comprising a human pathogen binding group that
comprises a sulfate group, thereby yielding sulfated cellulose fibers. In this embodiment,
adding one or more than one binding substance to the fibers results in sulfation of the
cellulose derived fibers in the fabric without disrupting the structure or strength of the fabric.
Further, though these steps are disclosed with respect to covalently bonding sulfate groups to

25 cellulosic fibers (such as rayon), equivalent steps can be used for adding sulfate groups to
other cellulosic fabrics, blends of cellulose-derived and noncellulose-derived fibers (such as
tfor example fibers made from polyester or polyolefin) and noncellulose-derived fibers that
comprise free hydroxyl or amino groups, as will be understood by those with skill in the art
with reference to this disclosure.

30 Cellulose is a linear polymer of glucose units, each of which has three free hydroxyl

groups. The degree of sulfation (DS) of cellulose is defined in the art as the average number



into spun fibers, and then, the solubilizing groups are renoved yiel ding
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met hod conpri ses addi ng one or nore than one binding substance to the
fibers. Adding the binding substance tg the fibers can be acconplished
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nMeasur @gsults in a degree of sulfation of between 0.09 and 0.21. The degree of sulfation for
sulfated or sulfonated fibers or fabric can be regulated by adjusting the time, temperature or
reagent concentrations in a sulfation or sulfonation reaction, as will be understood by those
20 with skill in the art with reference to this disclosure, to produce fibers with the required
degree of sulfation.

As the degree of sulfation increases above 0.2 for a cellulosic fabric, the water
solubility of fibers increases when exposed to liquid water or water vapor, causing the fabric
to form a hydrogel and decrease gas permeability through the fabric. This tendency to

25 solubilize is not acceptable for a fabric used in a facial mask where relatively unobstructed
passage of air is required. Therefore, in one embodiment of the present invention, the
method further comprises crosslinking the fibers of the fabric, before or after attaching the
binding substance, by treating the fabric with one or more than one crosslinking agent that
chemically bonds the fibers of the fabric to one another thereby preventing solubilization. In

30 one embodiment, treating the fabric with a crosslinking agent comprises contacting the fabric

with an alkali, e.g., sodium hydroxide, to give the alkalinized cellulose in the case of



sul fate, sulfonate or total sulfur, such as for exanple by el enental
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the present nethod results in a degree of sulfation between 0.02 and 2. In
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enbodi ment, the present nethod results in a degree of sulfation of between
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the fabric w e solvent’, such as 1 exanpl e ‘oXi de
(DMSO) 0@k embodiment, the solvent is dimethylsulfoxide, and the sulfatmg reagent is DMSO treated

with sulfur trioxide (DMSO-SO;). In another embodiment, the solvent is
dimethylformamide, and the sulfating reagent is dimethylformamide treated with sulfur

20 trioxide (DMF-SQ;). Contact with the binding substance is maintained until a satisfactory
degree of covalent binding of the binding substance to the fibers is achieved but before excess
binding substance binds to the fibers, which in the case of sultate would render the fabric
impermeable to gas upon contact with liquid water or water vapor, as will be understood by
those with skill in the art with reference to this disclosure.

25 In one embodiment, the method further comprises rinsing the fabric with a solvent,
such as for example (DMSO-SO;) and (DMF-SO,) and then contacting the fabric with a
suitable base, such as for example sodium hydroxide, sodium acetate, or sodium bicarbonate,
to neutralize an acidic binding substance such as an acidic sulfating agent, or to neutralize
acid formed during the addition of the binding substance to the fabric.

30 The fabric is then washed with a suitable solvent, such as for example water or a

simple alcohol (ethanol or isopropanol) to remove unreacted reagents yielding the sulfated



di met hyl formam de (DMF). The anmpbunt of tine that the fabric is contacted
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t he f abfivetion, as will be understood by those with skill in the art with reference to this
disclosure.
In one embodiment of the present invention, the method further comprises contacting
20 the fabric with one or more than one substance that chemically disrupts a characteristic of the
human pathogen essential for human pathogenicity. In a preferred embodiment, the one or
more than one substance is a multivalent metallic ion, such as for example multivalent
copper, multivalent silver or multivalent zinc, all of which are antibacterial, antifungal and
antiviral. In another embodiment, the one or more than one substance is a metallic salt, such
25 as for example copper oxide, zinc acetate, copper acetate or copper sulfate, all of which are
bactericidal, viricidal and fungicidal. In a preferred embodiment, the metallic salt is a
divalent metallic salt. Acetate is advantageous as an anionic salt constituent as it is volatile
and can be removed trom the fabric by evaporation, but other anions are also suitable as salt
components, including chlorides, oxides, iodides and others. The addition of the one or
30 more than one substance to the fabric increases the eftectiveness of the facial mask of the

present invention in decreasing the transmission of one or more than one human pathogen by



with a crosslinking agent, as disclosed above, as will be understood by
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apgl can be repaN&Rd HOIME hhehdiRlétion o MARRE Al faBilc 200!foralsh & cARtrafEng2d e
al so suitable as salt conponents, including chlorides, oxides, iodides and

ot her s facidenaitdiO0i agoordingt theheopresant inmpngon Fanleorsasing st taamsmissont dfeontaivr i ¢

i ncreases the effectiveness of _the faci sk, of the present .invention in
oot caditls Baene  RiramarsRn ot 1EAS" bF Grplos b Nith ewetianie b on byusi no
nechan%§gﬁpk$ addition to binding the human pathogen to the fabric. In one
enbodi nent” of the present invention, the nethod further conprises

i ncorporating one or nore than one Exgmeplefl fi ber other than the fibers
conmprising the binding substance, such as for exanple polyester fibers or
pb ypropyl ene fibers, i ntBrepaeatigmef Sulfated Ragemdiabeighodi ment, cel | ul osi ¢

L ere, L1 e ool Rl PRBAHARES, Wb BRAER Y oo
t hen t hecs@inkub @‘E&;fn’ébﬁnft atvenfiod gy ®liawe. Washesd mhiopidpindl WadrHilleBlon ide
nonwov%gd C())r2 z\é\g\rlnesnMgggz Iw(e:ls le‘-l)(ﬁlded to the isopropanol to remove water. Next, 240 ml sulfuric
acid, previously chilled on ice, was added to the isopropanol. Then, nonwoven rayon fabric
20 having a density of 70 grams/meter” was cut into 17.5 cm by 22.5 c¢m rectangles and laid on
polypropylene mesh of approximately the same size. Next, the rayon fabric on the mesh was
submerged in chilled acetic acid for 15 minutes. Then, the isopropanol/sulturic acid mixture
was poured into a polyethylene box (approximately 30 cm by 37.5 cm) sitting on ice. Next,
the rayon fabric on the polyethylene mesh was submerged in the isopropanol/sulfuric acid
25 mixture for either 5 minutes or for 10 minutes, and rinsed first in cold isopropanol, and then
in cold isopropanol containing 3 grams of sodium acetate per 100 ml, and then in cold
isopropanol producing the sulfated rayon fabric. Next, the rayon fabric was then allowed to
dry while still on the polyethylene mesh. Samples of the sulfated rayon fabric were analyzed
for sulfur and carbon content. A 5 minute reaction time prior to rinsing was found to yield a

30 degree of sulfation (DS) of approximately 0.1, while a 10 minute reaction time prior to

rinsing was found to yield a degree of sulfation (DS) of approximately 0.2.



conventional nethods whereby cellulosic staple or tow are spun into threads
or directly fornmed into nonwoven fabrics. The nethod of the present

i nvent i orwbaniwmeRi2zag a fabric 200 for use in constructi RgTASE@oI033864rask 100
according to the present invention for decreasing the transm ssion of one
or nore than one human pat hogen, will now be disclosed with respect to the
foll ow ng exanpl es. Exanple 1 Preparat4on of Sulfated Rayon Fabric

Accordi ng to one enbodi nrent of the present invention, sulfated rayon was
prepared according to the present invention as follows. First, 60 ni

i sopropanol was chilled on ice and Example@ms MySO4 was added to the

i sopropanol to renove wager. xt n | furic acid, previously chilled
on ice, was added to the ?%%%ﬂ%%fﬁgmﬁcfﬂ%megﬂcrayon fabric having a
density of 7Qc8fARBIIGe&mbbdNacn Gkhd PeSent TnvenGon, R¥ifératd £bh SrRNGAes and
| ai d on pol ypropylene nmesh of approximately the same size. "Next, the rayon

f abri c poepardieacrestingvmsthe phaventgedkention abifdlloed. afiedt] € saloiion fvas pheparadrigt es.
Then, the isagpropangl/sul furic acid m xture was poured into a_ polyethyl ene
bok (appfi@giNesrany osepdivm syliay .t%6¢1<?r¥ra§rasﬁlﬁtﬂbeddﬁat?rc ollgysg by addang fa%n fabric
on the . ! i p / i.e acid

i xt ur Gy SLCY RERELEE: A6, SUAIREAR bRk s AR e lE of ol o

i sopr op@Awbyeragod febhici Hav gl ddnsiow bOP@ peImsEBic e widrd @ddedioan® selfitisoghdim
acetate per 100 m, and then in cold isopropanol producing the sulfated
rayon fegby swirledxmtil ppigorndy swbrnensed andwastieche hhedl |18vasams of shdjumisprbenatei | | on

the polyeth ne. nmesh. Sa es of the | .f r f.abric re _anal yzed
for Suar W9 Dl Bhtmeontbne mRat Waadels < BECT Bh 3T rHBTEL T HERL Brd Re ng
e f oyspdratuyd fhélrasedad70BCHbr anhidtibRN 60EShuRs yRRALS Mgl Bhite® raonWhi | € a
10 mnute reaction time prior to rinsing was found to yield a degree of
sul f at itgiq 8)h ©F Ragpive Blum? kiye &. the Buulng wibtafeepdihan dn solfordudd mpen ed

0 pres

Sl fondt e Vay Qe bR R CE S SRl TGRS DE SR OURe PUBAEAon as
sul ot &40 B30 SRR YT 12 Vater. Tolloned by adding of 4 grams of O
Reactive Blue 2 1 dye (a sul fonat edExampler3g subst ance). Next, 30 grans of
15 Preparation of Fabric Comprising One or More than One Substance That Destroys the
Pathogenic Capacity of One or More than One Human Pathogen
According to one embodiment of the present invention, sulfated cellulose fabric made
according to Example 1 or sulfonated cellulose fabric made according to Example 2 was
prepared to comprise one or more than one than one additional substance, other than the
20 binding substance, that destroys the pathogenic capacity of one or more than one human
pathogen as follows. First, sulfated rayon fabric was made according to the process
disclosed in Example 1, or sulfonated rayon fabric (with CI Reactive Blue 21 dye as the
binding substance) was made according to the process disclosed in Example 2. Then, copper
sulfate and zinc acetate, both of which are divalent metal salts, were applied by aerosol to the
25 fabric at 40 pl/cm?® fabric using a concentration of 1 gram metal salt/100 milliliters of water.
The fabric comprising the additional substance was then air-dried yielding sulfated rayon

tabric comprising both divalent copper and divalent zinc ions, or sulfonated rayon fabric

comprising both divalent copper and divalent zinc ions.



nonwoven rayon fabric having a density of 70 grans/neter 2 were added to
the solution and gently swirled until uniformy subnmerged and wetted. Then,
12 grans wO 200di3sdmcar bonat e were added with stirring, &oa/usSh@oB38bure was
hel d at 30EC for 35 m nutes. Next, the tenperature was raised to 70EC for
an additional 60 mnutes yielding the sulfonated rayon fabric (with Cl
Reactive Blue 2 1 dye as the binding s?@ostance). Then, the sul fonated rayon
fabric was rinsed under running water until no nore free dye was el uted,
and the sul fonated rayon fabric was air-dried. Exanple 3 Preparation of
Fabric Conprising One or Mre than Exmngadst ance That Destroys the

emboa moRRatE R e Bdon FrPRalD Oh SoROYn S BN BoCORRERE DR © "

according to Exanple 1 or sul fonat egeaekhid 0se fabric made according to
Exanple 2 was prepared to conprise one or nore than one than one additional
subst ance, ®deerdinghsrnortechmmbuidndem gt shebmesane evehtiat, sddsnatad/mybhéabpat (wodeni ¢
c:ﬂ}{/)acit of one_or nore than one human pat hogen as follows. First, sulfated
r

on f‘%'lﬁﬁaeuwe@l% ¢ly5 @8 SRedPIRGING SUPHANCH} FACUNRITSINE L lant REELSWBS1, or

sul fon £ [ ' - [ I i.ndj

ubst anr gy SO e pASE ior RS K, e O GpRacs ek B
copper tshtid mivéngandersitp ©f 40 gk ah&mekret Wanliyedhivieth CiReacliveaBlenl 1 (Rbedcredd t s,
were applied by aerosol to the fabric at 40 m/cnR fabric usi n%ha
concentluagyase BfGN) gfrahqe tepolishratip of 30: 1Ini Npxt P @fls sediumepubipte, 30a/k abri ¢
conprising the additio subst ance then air-dried.vield ng sulfated
ayon FagPmAERRR i g9 DA OUFEA2R aer A VSR otk Sof BBl oy
suh f ongh@dugiay Wthf @Mih&o&%gﬁﬁﬂi&i nghditike SiysakfMc waPRSheraidindhy alE€hdth i nC
ions. Exanple 4 Industrial Process for Preparation of Sulfonated yon
Fabri c i@odpmimitesgatDi tempenaturdof IDEGafdllowad byrtfli mmutes abad¢crepdradiraeitOLsE t he
presen sul f onat e Reactive Blue 2 1 dye

DS T e PTG hE GUSTHHRIGT ath BB (I e Vb BT e 26 b P48 pr apar od
eCoor e SR SERLUO A58, UL ol Sk mliegRey ose
Bl ue 2 Thet N8y geanreacH uf cappes acetht€hihd ainc acdtatg ypedlited of lated waatsprayed o Ghel .
NleSX t 5s1C1)1f((‘;]rllalfedslglgifi)rllJ gt] r%?el (f)%% eL’/m% %r(?d/uléing the sulfonated rayon fabric comprising both
divalent copper and divalent zinc ions. The sulfonated rayon fabric comprising both divalent
copper and divalent zinc ions was again air-dried.
Example 5
Assessment of Fabric for Anti-human Pathogen Properties
20 Testing antiviral properties (as a surrogate for anti-human pathogen properties) of a
tabric is performed by application of standardized amounts of a virus onto a piece of test
tabric. The test fabric is then stirred in cell culture medium to elute any functional virus
particles, that is, virus particles that are not inactivated by adherence to the fabric or
otherwise to the test fabric. Functional virus particles eluted into the culture medium are
25 assayed for viral activity by contacting the medium with cells susceptible to viral killing, and
ascertaining a quantitative readout of cell death. Decreased cell death in the eluting medium
indicates increased inactivation of the virus by the test fabric through viral adherence to the
fabric or otherwise by the test fabric.
According to one embodiment of the present invention, sulfated rayon fabric having a

30 degree of sulfation (DS) of 0.2, made according to Example 1, sulfonated rayon fabric (with

CI Reactive Blue 21 dye as the binding substance), made according to Example 2, and



sodi um car bonate and 12% dye by volune (120 m /L) was added to a dye bath
and m xed thoroughly with continuous agitation. Then, the rayon fabric was
i mer sed Wo 20toe1384ze bath for 35 m nutes at a tenperat ur @CofUS3QB@35860! | owed
by 60 m nutes at a tenperature of 70EC producing the sulfonated rayon
fabric (wwth Cl Reactive Blue 2 1 dyeégs t he bi ndi ng substance). Next, the
sul fonated rayon fabric was rinsed un running water and air-dried. Then,
50 granms each of copper acetate and zinc acetate per liter of water was
sprayed on the sulfonated rayon at rate 0.08 L/nR producing the sul fonated
rayon fsalipnatedcraprpn ifaéqrmng@t H@an@Biuec?dpb@rasah@lbmdml sehstandeheompnging The

sul fon dra on bric ri sing, both dival per and dival ent zinc
ons v thgpht S SoCne S e e e R e TR RR e P S Br human
Pat hog%ﬂuﬁm&%ﬂérﬁés TeRdt R s%ﬂiﬁléé' dtahe RIIRRES fay 68 tRR, f?hess‘dﬁbﬂeg@d BaybRT
anti - human pat hogen properties) a fabric 15 performed by appllcatlon of

st andarfxmme(dmﬂnﬁhﬁea:tmé Bzhua/I} dge msmhe bandmgesabsahcd) eatd thalbulfenatehmyoest
fabric is.then 8“ rred in cell culture mediumto elute an){) functional virus
t
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el ut ed e c ure nedium are assaye or v ctivity contacting

t he necisseesmurit of arl thBris'y abRipy thlh@ctIV@teVﬂhé alimkh Iphthogen stfesasimplekaiimisng a
gquantitative readout of cell death. Decreased cell death in the eluting
medi um(HAYD c B85 wiap eplipddd anpaasphiarg DAMATY I B ajea @fsthpest fbricasts walbas ¢
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sul fonated rayon fabric (with Reacti ve Bl ue dye as th I ndin
subst ad@alicratvete pac sqack mtlmteE)caﬂde: &SV -treatdd fabmrsametts veeyohelfldbr 1 ¢ (vm th
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sul fon rayon abrlc eactlve ue 2 I ng

subst ane d)luu(amhecﬁlhm andl 1h0¢1ﬂztted1 ontayost dedlbr iResidvalt 1hfe€holBesams| ivexBhatwn2 1 dye

as_the binding substance) conprising bOtgf c(i)g]ger sul fate and zinc acetate
1¢

wk} e sopsdiym Sepm eacty Sém@tﬁ wiedgtectgdyid quap theryvigabyindused gytepaiBigent of
t he fa%‘ffe&s? ability to inactivate the human pat hogen herpes sinplex virus

TABLE 1

RESULTS OF ASSESSMENT OF FABRIC FOR ANTIVIRAL PROPERTIES
LOGS OF INFECTIOUS HSV RECOVERED

FABRIC TESTED AFTER 1 MINUTE VIRUS CONTACT TIME
WITH THE FABRIC
20 non-sulfated, non-sulfonated rayon control "
’ 4 7.60 +" 0.19

fabric

non-sulfated, non-sulfonated rayon fabric

treated with copper sulfate and zinc acetate 3.60 + 0.23
sulfated rayon fabric 5.73 £ 0.24
25 sulfonated rayon fabric (with CI Reactive 793
Blue 21 dye as the binding substance) '
sulfonated rayon fabric (with CI Reactive undetectable (below 3.13)

Blue 21 dye as the binding substance)
comprising copper sulfate and zinc acetate




(HSV). HSV was applied in an aerosol to a 5 cmby 5 cmarea of the test
fabrics, as well as to a non-sulfated, non-sul fonated piece of rayon
control fwbrow/13842d to a piece of rayon fabric treated @earyusSesmwizsepper
sulfate and zinc acetate ( 1 grameach per 100 ml water, applied at 40
mcroliters per square centinmeter). The HSV-treated fabric sanples were
held for 1 mnute and then placed in i4vdividual 20 m aliquots of
extraction medi um and subjected to gentle agitation for 5 mnutes. Aliquots
of the extraction sanple were serially diluted 10-fold in dilution nedium
and i nocul atAsccapresepibshe sdfated raRes fabuil prepared adcotding i Gxample dxhadagt i on

medi um.f h sa e.was .det ect ed and tifie their,vira nduced
T opatid D lBsiR ik DA TR A SR SR A& e A v St i b O

PROPERELE91Sra6868 hf‘cogﬁﬁéhngt éNéJlﬁEeeﬂldrz@ﬁ{&ﬁbefa@@fd fhe RBERARE] afgmor di ng tO
Exanple 1, had a 1.87 log re uctlon in pathogenic virus as conpared to the

non- su Isﬁﬁombd rgon sontfa fairedyickyd n 2¢O g wtudtmnrin pathopene ponabs cgnpaogper
sulfate and zinc_ acetate %o t he non-sul fgt ed, nonsul fopated, rayon control

fabric e la@cﬁuéfa@den%@ul @alsdryen GntehiaNGe HnEre e iRAUSHOR Bifthoggnico t he
non- sul fat 6 aﬂﬁﬂuﬁb‘l' @%efng{ g h%‘%i‘{]eﬁéﬂt ShRPAIb . ?@?cf}ngtegif}g%él?f%ﬁ lon in

pat hogeni ¢ virus was a tri resence o ent salts

al one. (®ithfCIrRdaedve Bher2 1fderak ¢he Winding @hbdﬁﬁ@e) piréeparBll Wecotdihg dy Exasplee

bi ndi ng subst ance) prepared according to Exanple 2 had a 0.37 |og reduction
i n pat hededl- &/ lngrigduciiondp PRAPE-NiE Birthes enompasel Pathe dor-ayléed BWPRPNRlbr i C.
The lo%t}r limt of detection in the assay systemwas 3.13 | ogs, so that the
m ni nu duction in HSV titer for sul fonated rayon fabric (with Cl

Regctive Bl ugedodediBitds defeetidi ﬁhdthé‘ dssayd l@%étélﬁ%@a)s 1 dok et gk b dinkarper

sul fate and zinc acetate was 4.47 |ogs. a mni mum of 2.47 | ogs
f ur t hereduictigh in Hadt Gitgataronlionated sqypi rﬁ@rwa(swdndﬁl BeastivevBiue Eud}fmahe on and

di val ent t al n rsus .no non-.sul f onat ed yon fabri c
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activity between su onati on of abric and the 1 ncorporation o val ent

nmet al @l dévaient metdd éorfsalerius .noAsalinted ngpnt sml fongted ry@ai fattid inobrpoheingriks ent
i nvention, sulfated rayon fabric having a degree of sulfation (DS) of

el her same agount of dfylent £acterigns g These ERAkp IIEMONSIEAG AraHRRXPREigdAynergy with

respect to anti-human pathogen activity between sulfonation of a fabric and the incorporation
of divalent metal salts into the fabric.
According to one embodiment of the present invention, sulfated rayon fabric having a

degree of sulfation (DS) of either 0.1 or 0.2 made according to Example 1, sulfated rayon

20 fabric having a degree of sulfation (DS) of 0.2 and comprising the divalent metal salts copper
sulfate and zinc acetate made according to Example 4, sulfonated rayon fabric (with CI
Reactive Blue 21 dye as the binding substance) made according to Example 2, and sulfonated
rayon fabric (with CI Reactive Blue 21 dye as the binding substance) and comprising the
divalent metal salts copper sulfate and zinc acetate made according to Example 3, as well as

25 to a non-sulfated, non-sulfonated rayon control fabric, and rayon fabric comprising the
divalent metal salts copper sulfate and zinc acetate were assessed for their antiviral
properties. 4.70 logs of intfluenza A virus was applied in an aerosol to a 5 cm by 5 cm area
of the test fabrics and three samples of each of the test fabrics with the applied influenza A
virus were allowed to sit after virus application for either 1, 5, or 15 minutes, and then

30 placed in individual 20 ml aliquots of extraction medium and subjected to gentle agitation for

5 minutes. Serial dilutions of extraction buffers were administered into embryonated eggs for



fabric having a degree of sulfation (DS) of 0.2 and conprising the dival ent
netal salts copper sulfate and zinc acetate nmade according to Exanple 4,

sul f onat esorawarssf2abric (with Cl Reactive Blue 2 1 dye &sTiuseoloiosisbhng
substance) made according to Exanple 2, and sul fonated rayon fabric (with
Cl Reactive Blue 2 1 dye as the bindi % substance) and conprising the
divalent netal salts copper sulfate a zinc acetate nade according to
Exanple 3, as well as to a non-sul fated, non-sul fonated rayon control
fabric, and rayon fabric conprising the divalent netal salts copper sulfate
and zi nesacdpathezenie anfluenznsdadral et biebreonic viabdity pRO pe pthemegluininrsbaygs  of
mflueg%alA vir \ﬁas aL@glled in an aerosol to a5 cmby 5 cmarea of the
test f&BAIRLOL I(E PEESYSAf8Pts of each of the test fabrics with the applied

i nfluenza Amerresﬁnwwﬂeétmge‘deﬁeqwtﬁe afitgdd ﬁé&éﬁ'%ab%@ﬁhd&%{cb&ﬂnfg% ei ther 1,
5, or 15 mnutes, and then aced in individual 20 m aliquots of

ext r actBxamphet hamngmaﬂegmbjoésmlédlomc{D@& of bithea@. T at DAn bbryilded notlesctitder i al
diJutions of extracti oniOEuffer re adm ni stered into enbryonated eggs

f o ass@fT9ECHaY HBYy &rfaeh fhedgﬂ%aowwsft%ﬂ (%2 bymistvisydRTIcaNAsH 1ty and
by a hemaghyl | H}hé‘l &{chfah g?%a#t&”&l § af bath e ﬁ@%ﬁgﬁﬁtﬁé&% 83&?&8@%}(&5 of

the testing vveret ate rayon fabric e acc

havi ng aﬁlodﬁgdifeﬁr&fapphéd ff the rﬁal{rlBS)Slﬁfﬂaﬁly; hefatddl rthyor f4brié, mayetdecordalgded no
detecti bl e %gthogenlc virus at each of the time points tested (1, 5 and 15
m nut edxampiril Baxingg dagrer of suéion (IASa @5 0120apdreoanpsisingrihg daaleat mefhsalts at

each of_ the tj ints te to.t.he amount of vir Iledto
Che 1 aispPES stlilE a7 e St R TR PIBT G Rabf i RalfEBet Pl Ayt BB s

hayi ng pRiflesRee (PfS and {Shdifned) D@hdﬁﬁn@al@ iBRRNLOWRES 18 RedichSn gfééﬁ:lr%n 3"3t al
salts copper sulfate and zinc acetate al so yielded no detectible pathogenic
vi rus at eahoi the timheotrthtesiedicnmpatcd $0 g {niqunb oamutusl &pplied e gw)iabiiqdi cat i ng

an i nfluenz rus. |l og reducti.on eat er ach of the ti oints
Postod soneQulighiigs rRBn i oV CORFELVE B Dyl FE Bihebte bl onor b

rayon f t e made
acgordln%%;agcwnkg%@ X%B?)r ed’urggudclé %géégyﬁn\?/sﬁ%@?lréﬁh%ﬂg%f ﬁ%ﬁg 2)f 1.95

at a 1 minnotettest tiest 2t33®,a 2nBRitatesatime raml3 .68 tae$5 ntinure tesatldleS Qibfoasited 5
mnute test time. Sulfonated rayon fabric (with Cl Reactive Blue 2 1 dye as

he bi AAYHgfaBLG sV ishE& Reagiyeddhp el Syags Eh?é’lmli}&ﬁ‘éﬁfanﬁ@t@ﬂ comPrisingdpper
sl 0y 0l 40 e O, QIR BB AR s, Tt 1
i ndi catdefR@tiglp phitbbet8®ZauY ht' da8h bo thelt@fldIfbinBNegéEAL, & arkdNF mihudds), 6agibatafg t he
time pce)llnr;rtlf%uetngas Efﬁrgs log reduction greater than 3 at each of the time points tested.
In a preferred embodiment, the facial mask 100 comprises a fabric 200 according to
20 the present invention, where the fabric 200 comprises a binding substance 202 according to
the present invention. In a preferred embodiment, the fabric 200 further comprises one or
more than one additional substance according to the present invention, other than the binding
substance, that decreases the pathogenic capacity of one or more than one human pathogen.
In a preferred embodiment, the one or more than one additional substance is a multivalent
25 metallic ion, such as for example a multivalent metallic ion selected from the group
consisting of multivalent copper, multivalent silver and multivalent zinc. In another
embodiment, the one or more than one substance is a metallic salt, such as for example a
metallic salt selected from the group consisting of copper acetate, copper oxide, copper
sulfate and zinc acetate. In a particularly preferred embodiment, the metallic salt is a

30 divalent salt. In a particularly preferred embodiment, the facial mask 100 comprises a fabric

200 comprising CI Reactive Blue 21 dye as the binding substance 202, and the fabric 200



In a preferred enbodi nent, the facial mask 100 conprises a fabric 200
according to the present invention, where the fabric 200 conprises a

bi ndi ng swbsbanice2202 according to the present inventi orCTius2@opsssterred
enbodi ment, the fabric 200 further conprises one or nore than one
addi ti onal substance according to the present invention, other than the

bi ndi ng substance, that decreases thezﬁhthogenic capacity of one or nore

t han one human pat hogen. In a preferred enbodi nent, the one or nore than
one additional substance is a nmultivalent nmetallic ion, such as for exanple
a nul t itvahesrpompaised mukivalent eapipecastimpllityalenhangr oup consi sting of
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acetate, copper oxide, copper sulffate and zinc acetate. In a particularly
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conprises enclosing or surrounding a fabric 200 as disclosed in this
di scl osur e \ihohe embodimentrtke miethod momphisest, firss| pedyliding albabire 206 abi dsdleseed i n

this di.scl.osure. Such heat - npl dabl e fabri rm it shapi ng. of masks with
heat or 1t ABSGHIE. ABRATHIGTER CERBT et dhe Fbcke 2P00urdst A SFHURH AP ¢ he
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Ion, such as Tor exanpl’e nultivalent copper, nmuttivalent Srlver or
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enbodi nent, the one
or more than one substance is a metallic salt, such as for example copper oxide, zinc acetate,
copper acetate or copper sulfate. In a particularly preferred embodiment, the metallic salt is

20 a divalent metallic salt, such as one or more than one divalent metallic salt selected from the
group consisting of a salt of divalent copper and a salt of divalent zinc.

In one embodiment, the fabric 200 is cut and formed to the shape of the facial mask
100, and the one or more than one extension 146 is attached to the body 102 of the facial
mask 100.

25 In another embodiment, the body 102 and flap 104 of the facial mask 100 comprise a
material comprising a plurality of layers, such as the material 204 disclosed in this
disclosure. In a particularly preferred embodiment, the plurality of layers is three layers,
such as the material 204 shown in Figure 11. In another particularly preferred embodiment,
the plurality of layers is four layers, such as the material 204 shown in Figure 12. When the

30 tacial mask comprises a material 204 according to the present invention, the method

comprises providing a fabric 200 according to the present invention to form one or more than



or nore than one substance is a netallic salt, such as for exanple copper
oxi de, zinc acetate, copper acetate or copper sulfate. In a particularly
pref erredwenbwdizseat, the nmetallic salt is a dival ent meCcaluse@o93iss4 such
as one or nore than one divalent netallic salt selected fromthe group
consisting of a salt of divalent copper, and a salt of divalent zinc. In one
enbodi nent, the fabric 200 is cut and lormed to the shape of the facial
mask 100, and the one or nore than one extension 146 is attached to the
body 102 of the facial mask 100. In another enbodi nent, the body 102 and
fl ap 1@ameddyer hetheapatatiald@dk 100 conprise a material comprising a plurality
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preferred enmbodiment, the plurality of layers is four layers, such as the

mat er i ahak2@ths Haoard maskHiOur e 12. When the facial mask conprises a nmaterial
204 according to the present inventiagn,_ the &)et hod conprises providing a

fabric 200 ri8¢ MytHad QORPrisEECHHRE sabiE 490t oG B8R EYEES Gihe t hanone
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rolls of a flhbst edmbddimeardhd heial alakis 160 ompitisds @ BateGSlAd ®hdpeisfrgra maki ng
the facial mask 100. Next, the nethod conprises cutting the fabric 200, or
cut t i n@lurpity| afyeyess, sind thremgdiod comprisgppsserphlingt the laygesp regteti204dayhe102 and

the flap, 104. | di pent, the faci k 10 i terial
204 conpiiraiting B ERup B REhERR gy eelRhin IR SRRl 88 SRl o
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| ayers together. I'n one éenbodinent, the layers of the material 204 are
j 0i ned and ¢fest premdsgr BA8 cidhe lawy é04.0 I o patterrehempedimest, ¢he hyersof thehmatooaly 102

and th erineter 12 f the flap 104. In a preferred i ment, . the
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104. Ir%ﬁégﬁeer e%g%%fn%%%ﬁﬁéoﬁbt hod further conprises |abeling the facial
mask 100 wi tlh ohexinbodingngphd agthot fhohdr doemptrisendbeirpihe ¢idl deaskilDYiwith t he

origin or content of the facial mask 100, or providing instructions on
whar i ndeXt 98 gFapbiics|or pedktexpand graphics identifying the origin or content of the facial mask

100, or providing instructions on wearing the facial mask 100.

In one embodiment, as can be seen in Figure 8, at this stage, the body 102 and the
tlap 104 comprise the shape as shown, and the method further comprises creating a central
seam 122 of the body 102 by any suitable method as will be understood by those with skill in

20 the art with reference to this disclosure. In one embodiment, the central seam 122 of the
body 102 is created by application of an adhesive. In a preferred embodiment, the central
seam 122 of the body 102 is created by ultrasonic welding.

In one embodiment, the method further comprises attaching one or more than one
extension 146 to the body 102. In one embodiment, the one or more than one extension 146

25 is attached to the body 102 by application of an adhesive. In a preferred embodiment, the
one or more than one extension 146 is attached to the body 102 by ultrasonic welding.

In one embodiment, the method further comprises attaching the resilient member 142
to the facial mask 100. In one embodiment, attaching the resilient member 142 to the facial
mask 100 comprises applying an adhesive to the resilient member 142 or to the flap 104 or to

30 both the resilient member 142 and to the flap 104, and joining the resilient member 142 to

the flap 104 by applying pressure to the resilient member 142 and to the flap 104.



I n one enbodi nent, as can be seen in Figure 8, at this stage, the body 102
and the flap 104 conprise the shape as shown, and the nethod further

conpri seswonenrissgea central seam 122 of the body 102 byCans2&10i0838b4 e

met hod as will be understood by those with skill in the art with reference
to this disclosure. In one enbodinent, the central seam 122 of the body 102
is created by application of an adhesf%% In a preferred enbodi nent, the
central seam 122 of the body 102 is created by ultrasonic welding. In one
enbodi ment, the nmethod further conprises attaching one or nore than one
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further conprises attaching the resilient nmenber 142 to the facial mask
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Figure 8, the nethod further conprises folding the flap 104 at the
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Flgure ure Seen
of the tacial mask 100 accordmg to the present invention confers a better fit than the

conventional facial mask 10 around the nose 302 of the wearer 300, and thereby wearing the
facial mask 100 according to the present invention, when compared with wearing a

20 conventional facial mask 10, decreases egress of airborne infectious particles outward from
the space between the facial mask 100 and the tace 306 of the wearer 300 (shown as the up
arrow), or decreases ingress of airborne infectious particles from around the perimeter 112 of
the facial mask 100 into the space between the facial mask 100 and the face 306 of the wearer
300 (shown as the down arrow), or both decreases egress of airborne infectious particles

25 outward from the space between the facial mask 100 and the face 306 of the wearer 300
(shown as the up arrow) and decreases ingress of airborne infectious particles from around
the perimeter 112 of the facial mask 100 into the space between the facial mask 100 and the
tace 306 of the wearer 300 (shown as the down arrow). This advantage decreases the
transmission of one or more than one human pathogen by preventing contagion of the wearer

30 300 of the facial mask 100 according to the present invention with infectious particles from a

third person, and by decreasing the transmission of one or more than one human pathogen



first advantage to the facial nmask 100 according to the present invention
is that the flap 104 of the facial mask 100 according to the present

i nvent i orwwoanfoer3g42a better fit than the conventional faecaluSawsk3sBe4 ar ound
t he nose 302 of the wearer 300, and thereby wearing the facial mask 100
according to the present invention, mgsn conpared with wearing a
conventional facial mask 10, decrease egress of airborne infectious
particles outward fromthe space between the facial mask 100 and the face
306 of the wearer 300 (shown as the up arrow), or decreases ingress of
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the facial mask 100, inverts the layers of the material 204 of the flap 104
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parti clteswearet B0 diiheifaciAGhaskaldd abbtﬁdﬁig}todlﬂ:pﬁ:%t gvehtien to atsmd gstyon of one
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accor diaggort &xatipe PSSR al AMEAA] RBordthgtotthé pebs@Rifivention for use in decreasmg
the transmission of the human pathogens. In one embodiment, the composition decreases the
hydrophobicity of the polypropylene-based fabric or polypropylene-based material, thereby
20 increasing the transmission of the human pathogens through the polypropylene-based fabric
or polypropylene-based material. In another embodiment, the composition has additional
direct antibacterial, antifungal and antiviral activity. The composition provides a durable
coating that adheres to the polypropylene-based fabric or polypropylene-based material. The
composition is compatible with high-speed manufacturing processes such as the ultrasonic
25 shaping and welding of protective face masks that comprise thermoplastic polypropylene-
based fabric or polypropylene-based material. In a preferred embodiment, the composition is
coated onto the surface of the polypropylene-based fabric or polypropylene-based material.
In a preferred embodiment, the composition is coated onto two of the two or more than two
layers of the polypropylene-based material.
30 In one embodiment, the composition comprises citric acid (also known as

2-hydroxypropane- 1,2,3-tricarboxylic acid or 3-hydroxypentanedioic acid-3-carboxylic acid



Accordi ng to anot her enbodi ment of the present invention, there is provided
a conposition for coating a polypropyl ene-based fabric or

pol ypr opywenetoased naterial, such as for exanpl e a fabPCE/useo1@/083s6€ri a
according to the present invention for use in decreasing the transm ssion
of the human pat hogens. In one enbodiggnt, t he conposition decreases the
hydr ophobi city of the pol ypropyl ene-baSed fabric or pol ypropyl ene-based
material, thereby increasing the transm ssion of the hunan pat hogens

t hrough the pol ypropyl ene-based fabric or pol ypropyl ene-based material. In
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hydrol yzed 'f orm of pol yvi nyl al cohol which allows the conposition to
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conposithioagh fierpatyabtpylgneabgsed Yibrepy pohpromdact-takd matenial pednyqnaey bethe- based
mat erial further conprises one or nore than one nonionic surfactant. The
nbhi onicempasitiar raped palypeRyiese tatedabiip gt pely Propyleaerbased ipaieriadl aitthagrpsal r al
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monolaurate; and Tween 20).
In one embodiment, the composition is an aqueous solution. In a preferred
20 embodiment, the water portion of the aqueous solution is distilled water.

In one embodiment, the composition comprises an aqueous solution of between 0.5%
to 4% citric acid and between 0.5% and 4% polyvinyl alcohol. In another embodiment, the
composition comprises an aqueous solution of between 1% and 3% citric acid and between
1% and 3% polyvinyl alcohol. In a preferred embodiment, the composition comprises an

25 aqueous solution of 2% polyvinyl alcohol and 2% citric acid. In one embodiment, the
composition comprises between 0.1% and 1% of the nonionic surfactant. In another
embodiment, the composition comprises between 0.2% and 0.7% of the nonionic surfactant.
In a preferred embodiment, the composition comprises 0.5% of the nonionic surfactant. In a
particularly preferred embodiment, the composition is an aqueous solution comprising 2%

30 citric acid, 2% polyvinyl alcohol and 0.5% of the nonionic surfactant.

In a preferred embodiment, the composition for coating a polypropylene-based tabric



t hrough t he pol ypropyl ene-based fabric or pol ypropyl ene-based material upon
contact of the conposition treated pol ypropyl ene-based fabric or

pol ypr opywenetoased naterial with aerosol droplets cont @Cmiusgoio0a3sn4

pat hogens. In one enbodi ment, the nonionic surfactant is pol yoxyethyl ene
(20) sorbitan (al so known as nonol aur gfe; pol ysorbate 20; PEG 20) sorbitan
nonol aurate; and Tween 20). In one e di ment, the conposition is an
aqueous solution. In a preferred enbodi nent, the water portion of the
aqueous solution is distilled water. In one enbodi ment, the conposition
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conprises an aqueous sol ution of 2% pol yvinyl 4l cohol and 2%citric acid.
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Advantageously, the composition increases the hydrophilicity of polypropylene-based

tabric (such as for example through spunbond non-woven polypropylene fiber (SBPF) or melt
20 blown polypropylene fiber (MBPF)) or polypropylene-based material when the composition
is dried onto the polypropylene-based fabric or polypropylene-based material. This increases
permeation of liquids, allowing aerosol droplets containing human pathogens to pass through
the surface of the polypropylene-based fabric or polypropylene-based material instead of
remaining on the surface of the polypropylene-based fabric or polypropylene-based material
25 so that the aerosol droplets containing human pathogens encounter another layer that
decreases the transmission of the human pathogen by antibacterial, antifungal and antiviral
activity, such as for example a layer of fabric according to the present invention that
decreases the transmission of the human pathogen by antibacterial, antifungal and antiviral
activity comprising a reactive dye or comprising one or more than one divalent metallic salt.
30 The acidic nature of the citric acid component of the composition acts as a hydrophilic

plasticizing agent for the polyvinyl alcohol, and also provides an acidic environment that



conprises between 0.5% and 5% of each of the one or nore than one netallic
ion. In another enbodi nent, the conposition conprises between 1% and 4% of
each of twe0me3sn26nore than one netallic ion. | n anot hecTarsbadiosssst, t he
conposition conprises 3% of each of the one or nore than one netallic ion.
I n one enbodi nent, the conposition co i ses 3% copper acetate and 3% zi nc
acetate. Advantageously, the conpositi i ncreases the hydrophilicity of
pol ypr opyl ene-based fabric (such as for exanple through spunbond non-woven
pol ypropyl ene fiber (SBPF) or nelt blown pol ypropylene fiber (MBPF)) or
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Addi tionally, the conposition advantageously does not obs?ruct airflow,
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as wll ﬂwyg% ; i i It W ceto this
di scl osO u%. or ryg%g%gf ?0 )ltsﬁﬁgﬁgm%%&)oﬁpﬁjeiﬁf {,aﬂl't %ﬁg%c%rrztgg\gic{eﬁg({i%ﬁgli% aqueous
sol ut i epbmposirion & made28¢ dissolviag aafifidien? Boppel yeatay powlecdal zi@ngteudpowder
polyoxyethglene (20) sorbitan, and the conposition is nade by dissolving

t R ci tRPdhgeqlgionpde aaeprding kulhe Preshding sryBRYet hyl ene (20) sorbitan in
02111 0, Do RS L2 LA ARPAR s R PB B o
room t efMETA ey Reftae nédRd asWwiBlnetdhgerstanyl tBeose with skill in the art with
reference to this disclosure, such as for example by dipping the polypropylene-based fabric
or polypropylene-based material into the composition, or by spraying or rolling the
20 composition onto the polypropylene-based fabric or polypropylene-based material, and then
drying the polypropylene-based fabric or polypropylene-based material. In one embodiment,
drying comprises allowing the composition coated polypropylene-based fabric or composition
coated polypropylene-based material to air dry at room temperature. In another embodiment,
drying comprises using forced air or heat, such as for example by contacting the composition
25 coated polypropylene-based fabric or composition coated polypropylene-based material with a
heated roller in a production line.

As will be understood by those with skill in the art with reference to this disclosure,
coating a polypropylene-based fabric or polypropylene-based material with the composition
can be accomplished using a continuous production process where rolls of polypropylene-

30 based fabric or polypropylene-based material are coated with the composition and dried, and

then the coated polypropylene-based tfabric or polypropylene-based material can be fed



the conposition is an aqueous solution conprising 2%citric acid, 2%
pol yvi nyl al cohol, 0.5% pol yoxyethyl ene (20) sorbitan, 3% copper acetate
and 3% 2|Wozanm13&¢ze and the conposition is nade by di s oirxisagomssshs ci ent
copper acetate powder and zinc acetate powder into the solution nade

according to the precedi ng exanpl e. conposition is applied to a
pol ypropyl ene-based fabric or polypro | ene-based material by any suitable
met hod as will be understood by those with skill in the art with reference

to this disclosure, such as for exanple by dipping the pol ypropyl ene-based
fabric daﬁect@olrytp fabpgeamremb@tsemrfm Emdamng atfmat sfeuctapeshtas dor, exampls/a spr ayi ng

or rollin €. Co sition onto ropyl ene-based fabric or

pol ypré’ﬁ?f@‘éthvg fﬁ%esngq?’r&rtg?l? bf stox 0{}1;8 %Egyi ng the pol ypropyl ene- based
fabric or p%&@fl%ﬁrﬁi&%’t&ﬁﬁ?ﬁtﬂ%@é G‘v‘ith%kﬂl ﬁﬂh@Qﬁ \ﬁﬂp&@ér&?&tw {6 Vi B RsGRPr i Ses
al l owi ng the conposition coated polypropyl ene-based fabric or composition

coat ed t]pm¢q1mcmmdne;1aa-bbasemoman3epolaprdpgleae4ba®dyfala11c ompniypr@pp]enabaﬂeé I n

anot her enbadi nent, dryi nglg conpri ses umg?%etjaorced air or heat, such as for
exanpl &14j gl ofHCH 6 HSRAPICHRYYBTAPY SRE LS brﬁ‘bPS/B‘PleB‘Sﬂ%W@e*Ba%eédn%t%%l c or

conposi a roller in a
pr oductnltldé) n r?%gtlﬁg\s p;%b?’e?ﬁﬁegi’éhﬁgﬁ P lgt glgg %@rhﬁ]osgmm%ea ?Skﬂ}ﬁ%?% %t he art with
r ef er eroempbsitibitsatell psiyPoyPyRne-baRt intgerdal m@bmg APy gne shasend hadwogedr

pol ypr opyl ene-based material with the conposition can be acconplished using

a cont ipe @G@I’Yé@f@cfﬂ@t K@rﬁnﬁrm@ébbwj@fpwlﬁ@e Bperddypraspydueheb iy edamalsr i ¢ or

Phen’t RS0 SRS oB S eSS A s oyt oo B0 Pt e 2l
cem be p()l%@d)ﬂ}@&felbaséd‘ﬁlﬁteh@pﬁdv@@ éllféi‘nﬁﬁ@k!pﬂﬁﬁdﬁdfr@h \%\%ﬂ%ﬁ)’lﬁﬁoﬁdéﬂe%er

structure, such as for exanp a protective face mask, or can be stored for
| at er lﬁS)aandAsel\t\bldwrbmluprdpylsm)ﬁuerb()M)t lapere fuvithen csmphlses cmetdren@nettham orfe

reference to this disclosure, osition can be_used

ol vor U Ui aherBat Reremgiobity e BRgrs heb b dy sripanran. tufliteaand of
exanpl I b

eor par oy B g R b AR bf PR REARML I YRR EerT IR |
pr ovi dekhtaecrenges she nrmmsmine@f the hympao pythege ihaseibacmtial; hatifuhgatiang

al ternating spunbond non-woven polypropylene fiber (S).and nmelt blown

p&? ypr @ﬁ?Y’é‘Hé‘Clelﬁér Iy qe graRelirgents tlierpoprppylerexbaspd majgsial bayinghs, SSVES,
SMBS, %F@%@tms 19%0&%%{% ik 613)@%6&5%019\&%% the pol ypropyl ene-based

mat eri al havi terna non-woven pol ypr opyl ene fi ber
The ant1v1ra1 effectlveness of a composition according to the present invention for

coating a polypropylene-based fabric or polypropylene-based material was tested using four
types of material, where each type of material had four layers in the following order:
20 Layer #1: spunbond non-woven polypropylene tiber (SBPF);
Layer #2: rayon;
Layer #3: melt blown polypropylene fiber (MBPF); and
Layer #4: spunbond non-woven polypropylene fiber (SBPF).
The four types of materials were:
25 Material #1: (the control) no composition coating on Layer #1; no binding substance in
Layer #2;
Material #2: no composition coating on Layer #1; Layer #2 comprising Reactive Blue 21
dye, copper acetate and zinc acetate according to the present invention;
Material #3: Layer #1 dipped in an aqueous composition comprising 2% polyvinyl alcohol
30 and 2% citric acid according to the present invention, then drained and

air-dried; Layer #2 comprising Reactive Blue 21 dye, copper acetate and zinc



(S) and nelt bl own pol ypropylene fiber (M layers further conprises one or
nore than one | ayer that decreases the transm ssion of the human pat hogen
by anti bawOenical3gs2ant i fungal and antiviral activity, suebTas2610038kanple, a
| ayer of fabric according to the present invention that decreases the
transm ssion of the human pat hogen by anti bacterial, antifungal and
antiviral activity. In one enbodi nent ,3 he pol ypropyl ene-based materi al
having the alternating layers is incorporated into a protective face mask.
The antiviral effectiveness of a conposition according to the present

i nvention for coa@@ﬁ@éﬁﬂpdﬁgﬁﬁdbyW@ﬁéﬁba@éuoﬁaﬁﬂlc or pol ypropyl ene- based

t ted t f t ht
mat or 1 Yge AEor ey Zl Sprd st MBEPemPs R nerompi e 24 HidpatBond
non-woven pol ypr %Wv%ﬁ@ afdoﬁ&ranﬁ‘\BBE’?)pol}@by%{hyfé%e (I@YS%fbltah%)éé‘erffé tofild t bl own
pol ypropyl ene fiber (NMBPF); and Layer #4: spunbond non-woven pol ypropyl ene

fi ber (SBPF). Theprésemrmvwm dfenrmmged andsainadried; IMptee #2 abmptising tReectoent r ol )

no_conposition coati on Layer #1; no bindi ng substance |n Layer #2,

MR erial #2: no é%?ﬁ)ggflw d?ﬁ%%ﬁ%ﬁ%@%}ﬂ%tagqawe B tohe PEGPRRG si ng
Reactive Blue 2 1. onCoPper acetate and zinc acetate according to the
present invention, terial #3: Layer # 1 dipped in an agueous conposition

conpri si ng Zdcpol yhei foyt mateeialioberanehtodoe ahtivieal actidtyalpC@isling®.6 gk g lipe esent
invention, then drained and air-dried; Layer #2 conprising Reactive Blue 2
1 dye, I@%lm@éa AqdEND e B @i Herdat 2ce wpdiss af g myetddn @r\@é@m of Gdent i on;
and Mat Lay # 1 d ed in.an.a ueo C gsi;tion .c I’ISI ng 2%
et e o obonfered ity BfiedexboruBRERes gh 4 B8R Gor FuBTEt Rkt SoT R or bi Lan
aggor ditp@sfefrel i€ a REIE S@Rlre iIntBIRM O bxtlabEéh f @kiagsl 18RA/iAls! wHichags thayer #2
conprising Reactive Blue 2 1 dye, copper acetate and zinc acetate according
t 0 t he quarssfeadtbyi intestivitpm a Eattelboline dpeorfdong torrathenduel $nown ¢o these wathfséill in
antiviral act|V|ty by msting 9.6 logs of live Influenza A (H NI) virus
onto 5%y 5 cm squares of the material in a volune of 0.4 m of buffered

saline. At §lerGXRE TNl TaBRS2 Ofs chn Bk ke MteralP1NiESNuSHGd W8 Ral&@  was

viral load at either the contact times of 1 and 5 minutes. Material #2, comprising a material
15 according to the present invention reduced viral load by 2 and 2.5 logs at 1 minute and 5
minutes, respectively. Material #3, which was identical to Material #2 except that layer #1
was coated with a composition according to the present invention comprising 2% citric acid
and 2% polyvinyl alcohol, reduced viral load by 4.25 logs at both 1 minute and 5 minutes,
respectively. Material #4 which was identical to Material #2 except that layer #1 was coated
20 with a composition according to the present invention comprising 2% citric acid, 2%
polyvinyl alcohol and 0.5% polyoxyethylene (20) sorbitan reduced viral load by 5.5 and 6

logs at 1 minute and 5 minutes, respectively.



transferred to a cell culture nmediumfor extraction of residual |ive virus,
whi ch was then quantified by infectivity in a test cell line according to

t echni quewOknovir3s426 t hose with skill in the art. Referripag/usesonssséabl e 2,
as can be seen, Material # 1 (the control) did not reduce viral |oad at
either the contact tinmes of 1 and 5 mputes. Mterial #2, conprising a

mat eri al according to the present inv i on reduced viral load by 2 and 2.5
logs at 1 minute and 5 mnutes, respectively. Material #3, which was
identical to Material #2 except that layer # 1 was coated with a

conposi tion according to the presenTABlJ&Ati on conprising 2%citric acid

and 5 m BESULTS ORRYba P, Yid gl Sk SxTRURER AoPElatsT 21" 5o

except [ThalyhaYRIAE T Vas tRa €d] W Il 6RITPOFT Ou@hltaeadr 4' Ng fOGt e
present| i nvention conprjising 2%FEitric acid, R% polyvinyl |al cohol "and |0. 5%

pol yoxyet hyl EBETERO) sofr bi t an r eduted, ViGld,)| pabopy T& 1D ard Rddoggomt |1

m fiut e |and liguid doutes, rlespeéidtye] y. TABLE 2 REPUOTEH ©H).ASSESSVENT ACF
MATERI AL FOR ANTT VI RAL [PRORERTEd Theretore, BSocGN+0g28PAr €cl ajad Trom

these qara \CHALNFY & PO YRLARY T FNSy A5Sch 28a0] TG &Y APh¥Pr|opyT ene-based

mat er i g—wrtiTraconposttT o accor oLt o S V=) tromresutts| in a
; o Fe R 'ml\f o ,\6'0:1:02%3; -l-Eh@ 2 1 Fe-ther—ihe

subst antat—rRet-ease—Ar—aRt v a—at -Re—pet-efat- RreF—t

ef fect |of—i %AW%M%M ol 4024 i ¢
bl0 coatling the pal ypropyleménusked Xehdi 8.28i th 7. Khidb W1 ilor?. 88 dnPdi8ng t o
t he prgsent Mamrah#8on wasl oemshisk r £ el H0.28onpabiifott;heSr gt et.2% 1aBs3Sr pt i on
of aquegous dropl ets app|l i®eshinuge Lpy&66¢+10.08 spustBing mobydr oh2d end.3gayer )

of saniles Wfadvel pii al |72 ainludB} €19 60 79.28AS| 1 adi(cal®ds atovsso Mabersi a  #2
and Mat/erT TORTH Fiithe O C Rb0 WIGRSVE ChIG +73283] %6 60 g Of the
conposi tTom conprising 29 Crtric acrd, 29 poryvinyt—ar conotr—and 0. 59
pod yoxyiichefbieneas ¢2he gpirduidted from thayeadat# Loavtngdi ppllypiopofendibasedl thiedc vat er ( 1
mcroliter) was dropped onto the surface of Layer # 1 of Material #2 and
Layer #olypsepyNgncetases mgierialryith 9,conpositign aggosding i 81§ RIBSSDH BYGREM BaUl{§i ith a
CCD (charge- 2V | r.a at . 10 a mcroscope, capturing
imagesqgs\lllggt?/&%g%ﬁ%n&gg%élﬁg\%iraﬁlg{%rnpﬁ%t%&gﬁeglafe'very 5 seconds for Materi al

#4, and al sEuembt Uhé Becr@didcr @Ry thé@ﬁﬁ%ﬂl@lic%)hﬁf the 1Yo adRLiRk&l tbeip! et
absorption. The results of these tests showed that the tinme required for
conpl etby cabdey {heipoty podpydene-based fabric with a composition according to the present

20 invention was demonstrated by comparing the rate of absorption of aqueous droplets applied
to Layer #1 (a spunbond polypropylene layer) of samples of Material #2 and Material #4.
As indicated above, Material #2 and Material #4 were identical except that Material #4 had a
coating of the composition comprising 2% citric acid, 2% polyvinyl alcohol and 0.5%
polyoxyethylene (20) sorbitan to Layer #1. A droplet of distilled water (1 microliter) was

25 dropped onto the surface of Layer #1 of Material #2 and Layer #1 of Material #4. The
process of absorption was documented with a CCD (charge-coupled device) camera attached
to a microscope, capturing images every 10 minutes for Material #2 and every 5 seconds for
Material #4, and also capturing additional images at the time of complete droplet absorption.
The results of these tests showed that the time required for complete absorption of a 1

30 microliter droplet of water into Material #2, without a hydrophilic coating on the outer
polypropylene layer, was 42 minutes, and into Material #2 within 22 seconds. Therefore,
coating Material #4 with the composition resulted in absorption of water approximately 100
times faster than without the composition.

The antiviral effectiveness of another composition according to the present invention



mcroliter droplet of water into Material #2, without a hydrophilic coating
on the outer polypropylene |layer, was 42 mnutes, and into Material #2
wi t hi n 22weeoovids426 Ther ef ore, coating Material #4 w th Phe/usSeNmo®3ishs on
resulted in absorption of water approximately 100 tinmes faster than w thout
t he conposition. The antiviral effectiyveness of another conposition
according to the present inventionfor Woat i ng a pol ypropyl ene-based fabric
or pol ypropyl ene-based nmaterial was tested using the follow ng three types
of fabrics and two, four-layered type of material as follows: Fabric #I1:
(the cdot easking amolipverylenstBased fprie s pobiproRy1qe Dagedupterink Wanigsednpogi ti on
coati ng, bri.c #2: nonwoven .pol ypropyl ene fabric (45 g/ oated with a
compos s BHIoHutE e PRk REG BN, ToHG AT Shiven b TRLT R TSR ERES | o aci d.
2% pol yuhayly al cofglcoffidh Qoﬁ%%?@ﬁf@%ﬁ%@ﬁ%ri& 24 %ﬁﬁy') Withatd cdnfidsiton?3:
nonwoven pol ypropyl ene fabric (45 g/ nR)” coated with a conposition according
to the present i wmeamg;on conprising 2%citric acid, 2% pol yvi nyl al cohol,

0. 5% pal %Qxyst hyl ene (20) sorbitan, 2% gopf)ezr acetate and 2% zi nc acet at e;
Vet er i A1APHA72F ouMORYPEGTERPIHRICRY 1P B¢ fa@&ﬁﬁ 3 &g CPHGE VIR CUAIBIRACHIA ROV en

pol ypropylene fi hgt,d Oﬁge'ﬁ) invEAYG! c%ré%ﬁ?g&{?ﬁga%%&f Q%’ﬁ%ﬁy?ﬁ@l hRBhdIGnl4°

g/ n2) coated with a osition ac rese nvent| on

conpri sing 2% ci (3% patydkyethYtepo(30¥isopitan cohol and 0. 5% pol yoxyet hyl ene
(20) sorbitan; Layer #3: nelt bl own pol ypropyl ene fiber (MBPF); and Layer
#4: spdiabof d‘?’honlmWéY\eIpIéﬂlmfpbﬂyméf?@ﬂﬁi(ﬁg g/m%gmtyci VaAthch ogROsitipn ageprding

four-layered nateri,al _conprising Laver .#1..,spunbon n- \ove | vpr opyl ene
(Pber (oapny: | LayeittpBRR lEh i LR 2 B RRE 2 SRE SIS RaB D L B Le S
1iglye, copper acefsdeohfiftyéhikend¢r)abmi@aCo%topfer RelahCarddl B% &iic dcdiagnt i on;

Layer #3: nmelt bl own pol ypropyl ene fiber (MBPF); and Layer #4: spunbond
non- wo\Natepal Adpr dpyt-lepered inisearial SBRPY)isingEdakerof1: tshenbond emenfvabencs and two

IR T ST T e
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medi um for extrac% onriohcide3edpmyvihyvdcohol and 0.5% polyoxyethylene (20) sorbitan;
15 Layer #3: melt blown polypropylene fiber (MBPF); and Layer #4: spunbond
non-woven polypropylene fiber (SBPF); and
Material #5: four-layered material comprising Layer #1: spunbond non-woven
polypropylene tiber (SBPF); Layer #2: rayon treated with a composition of
Reactive Blue 21 dye, copper acetate and zinc acetate according to the present
20 invention; Layer #3: melt blown polypropylene fiber (MBPF); and Layer #4:
spunbond non-woven polypropylene fiber (SBPF).
Each of the three fabrics and two materials were tested for antiviral activity by misting 6.35
logs of live Influenza B (B/Lee/40) virus onto 5 cm by 5 cm squares of the fabrics and
material in a volume of 0.4 ml of buffered saline. After an exposure time of 5 minutes, each
25 tabric and material was transferred to cell culture medium for extraction of residual live
virus, which was then quantified by infectivity in a test cell line according to techniques
known to those with skill in the art.
Referring now to Table 3, as can be seen, coating a polypropylene-based fabric or
polypropylene-based material with difterent compositions according to the present invention

30 as indicated resulted in a comparable antiviral activity.



virus, which was then quantified by infectivity in a test cell line
according to techniques known to those with skill in the art. Referring now
to Tabl e B0 2an/138426be seen, coating a pol ypropyl ene- bas@dTskei0o33364

pol ypropyl ene-based nmaterial with different conpositions according to the
present invention as indicated resul teq in a conparable antiviral

activity. TABLE 3 RESULTS OF ASSESSMVENT'IOF FABRI C AND MATERI AL FOR ANTI VI RAL
PROPERTI ES According to one enbodi nent of the present invention, there is
provided a pol ypropyl ene-based fabric or polypropyl ene based nmateri al
conprising a conposition on either EA@IEFagf ace or two surfaces. According

that deor BESTA Ty O hsResoUEnEF Sa FaREETRND e hERl &1 R LN Byer 1y

antibacterial, antifungal and ant prigBgtRegikgVvity, where the device
conprises a polypropyl ene-based fabric or pol ypropyl ene-based nateri al
coated wi th a conpositijon &meor d| nglipat Lhad pr es€ntput hwedt | bOG,ABeductibnlg t o
anot her| enbodi nent of the presen i
decr easi i ssi ) hALBHe LK
the metlhodLigsieneomEal privi di ng al device conpr sﬁrﬁ§ i Q)éVv ny
fabri ¢ |orFabot ¥priomytabnel Basidtesal er6.3 +c087ed| wit3 & @8#pdsi ti o accor/di ng
to the |preserdbric#2ent i on s mindteds| N.3591e 08Vi ce. Ndtndetseeabitjodi ment4 t he
device [is a fagicgls mask| acapifdsnD 16033 Beppresemod RRbloT- 1N 84
{)artl cyrar Ty R El 817 €0 ERORILIRNT . 3% 19647 Ce| 1R dud@biid |TBsK ageordijng to

pr SCIlIt A 1 OTT, VIdE]l © [1E LTIg | W1 L IEbEII) Ol tile
faci al ‘rask at.r.a.i!l#%es Hoar LM - 5 or.c%g‘l 7f. .'%I?t. f.I‘SCt':B“ acks %Frle%e—tayer

# 1 conpri SQ&@mﬁ%)%e%ﬁWﬁﬁéhtW't%%@%'t ﬂﬁ@nﬂiéprﬁerEQé/pfwlc@dCAe“S' ty of 45
g/ n2 and coated h a conposition according to the present invention
conpr i gohprayerncttrased fabrid or pobypoipyldna blase nathiohl cnprBing% puhywiicstdy| ene
(20) sor |tan Layer #2 c ri ses spunbond onmoven ol ypropyl ene fi ber
hav1 ng CHNGFHI SUTaE 0% S PCGT dACBAL B LIS EREHEFE BNGRES ™i ng (o t he
pr esent; e%vlﬁﬁlteh&% & ‘)Bfﬁ%dle%l' PhoiSl i docfeadRtle n2RORALAY be & 56RAGNan Brd

pol yoxyet ene (20) sorbitan, o copper acetate and 3% zi nc acetate, Layer
#B5 compuimme pathektn by ambaptahy(pranpﬁingmlanﬂi dnevirflaactingy awhkrashd devide 18 g/ ne,

and Layer #4 conprises spunbond nonwoven polypropglene fiber_ having a

densi t FOBPrists pelpPIAPYIkBrgset Hebris &sRAUYPIPRYIERG-PasRd mnderisd epated witlidsed i n
consi d% &Bhﬁtl&? Elgéok'dﬁ% E(pthe present invention. According to another embodiment of the

present invention, there is provided a method of decreasing the transmission of one or more
than one human pathogen, where the method comprises providing a device comprising a

20 polypropylene-based fabric or polypropylene-based material coated with a composition
according to the present invention, and using the device. In one embodiment, the device is a
facial mask according to the present invention. In a particularly preferred embodiment, the
device is a facial mask according to the present invention, where the body (and the flap when
present) of the facial mask comprises four layers oriented from front to back, where Layer #1

25 comprises spunbond nonwoven polypropylene fiber having a density of 45 g/m* and coated
with a composition according to the present invention comprising 2% citric acid, 2%
polyvinyl alcohol and 0.5% polyoxyethylene (20) sorbitan, Layer #2 comprises spunbond
nonwoven polypropylene fiber having a density of 45 g/m? and coated with a composition
according to the present invention comprising 2% citric acid, 2% polyvinyl alcohol, 0.5%

30 polyoxyethylene (20) sorbitan, 3% copper acetate and 3% zinc acetate, Layer #3 comprises
melt-blown polypropylene fiber having a density of 18 g/m*, and Layer #4 comprises

spunbond nonwoven polypropylene fiber having a density of 25 g/m®.



reference to certain preferred enbodi nents, other enbodi nents are possible.
Therefore, the scope of the appended clains should not be limted to the
descri pt iwo 20fo/38eberred enbodi ments contai ned in this ®#CTAISEGWOESSWHAT | S
CLAIMED I S: 1. A conposition for coating a pol ypropyl ene-based fabric or
pol ypropyl ene-based material, such as for exanple a fabric or a materi al
for use in decreasing the transn155|oﬁ20f t he human pat hogens, the
conposition conprising an aqueous solution of: a) citric acid; b) polyvinyl
al cohol ; and c) one or nore than one nonionic surfactant. 2. The

COMpoSsi t i on Adfhosplaithe presenh ewenmmhapdjew drsylnssql mmsldc@bb@dettalhwnty

hydr ol d. 3. The.conposition of clai r|S|n bet 5% t o, 4%
7t 1§ o TEETPeR IR B BT oot oA RP S At POSH D e BSOS | on
of cl aispgk &QH@E}IB;%hH&i betne@Buik®Ad: Be Mlﬁ:utts Iife @e%bﬁp@d}poﬁaﬁema 1% and 3%
pol yvi nyl” al cohol. 5. The conposition of claim1, where the nonionic

sur f actearbbdinsenodonted ezt inythsridsc{d@0je. sor bi t an. 6. The conposition of claim1,
conpri sing between 0.1% and 1% of the nonionic surfactant. 7. The
conposition of claim11, conprising between 0.2% and 0. 7% of the nonionic
surfactant. 8. The conposition of claim1, conprising 2% pol yvi nyl al cohol,
2% citric acid and 0.5% of the nonionic surfactant. 9. The conposition of
claim1, further conprising one or nore than one type of bactericidal,
fungicidal or viricidal agent. 10. The conposition of claim9, where the
agent is a multivalent netallic ion. 11. The conposition of claim9, where
the agent is a divalent netallic salt. 12. The conposition of claim?9,
where the agent is selected fromthe group consisting of copper acetate,
copper oxide, copper sulfate and zinc acetate. 13. The conposition of claim
10, where the conposition conprises between 0.5%



and 5% of each of the one or nore than one netallic ion. 14. The
conposition of claim 10, where the conposition conprises between 1% and 4%
of each ovothw/B&LE6or nore than one netallic ion. 15. TREeTAS2pO®BI8HKHON Of
claim 10, where the composition conprises 3% of each ofthe one or nore than
one netallic ion. 16. The conposition %f claim1 conprising 2%citric acid,
2% pol yvi nyl al cohol, 0.5% pol yoxyet hy4l ene (20) sorbitan, 3% copper acetate
and 3%inc acetate. 17. A pol ypropyl ene-based fabric coated with a
conposition according to claiml1, 8, 13 or 16. 18. A pol ypropyl ene-based
mat er i aVHAINEY CEARMED B:ural ity of |ayers, where one or nore than one of
the plurality of |ayer.s conprj.ses ol ypropyl ene- based fabric according to
claimi7. 190 AcqRPPELOR ficoaliny & adhbromieng e inbur 8r ok Pinylesf Ofge. ¢ han
one hunRiiepat HRAR (e, ARIOAEIRI dla maARFAT PUS! indReredBhi Vid @nsAfilsion &1y, the
devi ce conprising a polypropyl ene-based fabric according to claim17. 20. A
devi ce thdhmimalepatbapeas, theeompasison esnusingd amagieons swugort dfan one hunman

pat hogen by antibacterial, antifungal and antiviral activity, the device
cotpri si ng & FBI§ATEpyl ene- based material according to claimi18. 21. A
facial mask S e transm ssion of one or nore than one human
pat hogen by bzﬁtg%yt\)la ?[élfr%?g(ﬁ altzlidﬁnti fungal and antiviral activity, the facial

mask conpri i ofe ar oty Mo Pyt aotiohiesatadtafr i ¢ according to claim17. 22. A
facial mask that decreases the transm ssion of one or nore than one hunan

pat hogen by Zanthaheqppasition of ghaims Iy rgieire thedpodvitinxliatephobisthavtially hydrayzedei al
mask conpri sj a pol vor opyl ene-based. nat er.i al di 1o claimi18. 23. A
faci al  mask X nop sl RO% PaRERI8 &MEm BRI A bR A Bhe human
PG hogerwRen 8 % haatser ipdlyvimnhicbhimgal and antiviral activity, the facial

mask conprising a pol ypropylene-based material conprising four |ayers,
Layer #1, Ldyerhexympositon of3lamd caypisingbaweeni &dof3%wittinecirapdtbesvachace

to the ck rface; ere Layer # 1 conprises spunbond nonwoven
pol yprd 9?’%‘?12% % %Ym}‘l‘g}? la density of 45 g/n2 and coated with a

conposi ti on sCofRy dsthgifitor dticidilCl, aftlelle te RoRRInt dub¥eradl EPBNoxyethylene (20)
sorbitan.
15 6. The composition of claim 1, comprising between 0.1% and 1% of the nonionic
surfactant.
7. The composition of claim 1, comprising between 0.2% and 0.7% of the nonionic
surfactant.
8. The composition of claim 1, comprising 2% polyvinyl alcohol, 2% citric acid and
20 0.5% of the nonionic surfactant.
9. The composition of claim 1, further comprising one or more than one type of
bactericidal, fungicidal or viricidal agent.
10. The composition of claim 9, where the agent is a multivalent metallic ion.
11. The composition of claim 9, where the agent is a divalent metallic salt.
25 12. The composition of claim 9, where the agent is selected tfrom the group
consisting of copper acetate, copper oxide, copper sulfate and zinc acetate.
13. The composition of claim 10, where the composition comprises between 0.5%
and 5% of each of the one or more than one metallic ion.
14. The composition of claim 10, where the composition comprises between 1% and
30 4% of each of the one or more than one metallic ion.

15. The composition of claim 10, where the composition comprises 3% of each of



and 0. 5% pol yoxyet hyl ene (20) sorbitan, Layer #2 conprises spunbond
nonwoven pol ypropyl ene fiber having a density of 45 g/n2 and coated with a
conposi t w0 200384261 Nng 2% citric acid, 2% pol yvinyl al ceaoluS2€105346864

pol yoxyet hyl ene (20) sorbitan, 3% copper acetate and 3% zinc acetate, Layer
#3 conprises nelt-bl owmn pol ypropyl ene fiber having a density of 18 g/ n2,
and Layer #4 conprises spunbond nonwovén pol ypropyl ene fiber havinga
density of 25 g/n2. 24. A facial mask for decreasing the transm ssion of
one or nore than one human pat hogen to and froma human wearer of the

f aci al thmele ontheref than ane m@ﬁlccloﬂpri sing: a) a body conprising a front
surface of the hody, an.oppesjng back surface.of th d and a rimeter
of the. body Wer T PSSR0 ST HOTEBIIE Aty i 2ap peby B haBoR:  ne
body at().?%wydxfyleﬁglél@ (20)is8fbitah "%  dBPerCRRRNE SigDy inf @RS Ur face of the
fl ap, an opposing back surface of the flap, and a perineter of the flap
defini ng a dfapk polyptdpyldnedpsedabrie codied ity Gngpositienfabtapdmgnpclage 1a 8,

pol ypropyl ene-based nmaterial conprising four |ayers, Layer #1, Layer #2,
Lé@er #g(ﬁﬂé-Layer #4 oriented fromthe front surface to the back surface;

and where Layer IS vV, e I her havi ng

" densi 1y oftag BB e B B S T e

aci d, 26rpahanvoreydf thd plakity anthyBrsTUnipeisyx pellypydpsieac-baéd fabridadcdniing ayer #2

conpri ses spunbond nonwoven pol ypropyl ene fiber having a density of 45 g/n®

and co&l@d@ Mith a conposition conprising 2% citric acid, 2% pol yvinyl

al cohol , 0.5% ppl.,yoxyet hyl ene Q),..sorhitan, 3% caopper, acetate and 3% zi nc

Scetate. Laydr BatOEHE SERet O8R5 Ds BRyT BB B R RbrR"a densi &y

0f0 18 Ghaidge@By ahidyiBleritt a‘ﬁﬁfﬂiﬁgh%@ﬁ mu&&%ﬂvﬂﬁ,ﬂﬁ@uéﬂc@@ém&ﬁﬁﬂgf hene fi ber

having a density of 25 g/n2. 25. A facial mask for decreasing the

t r ans nipskipovpydéneehasediabrio mecartiag tonkithdfan pat hogen to and from a hunan
the facial mask i Si a) a_body conprising

2 Tront “sur Plcek G R BRb B4 SEn e S RS OB AL RTE GF FISCe 1B QPRBVGaly - and a
e ebeRl R RPN RO, e et 2 s )
front gotypaswlafe-tdabal h@pial acconbpos ¢lginbd®k surface of the flap, and a
plesr | et er Of21F hA? fe]:cliﬁ F%naciﬁftlilaqidgc%]reases the transmission of one or more than one human
pathogen by antibacterial, antifungal and antiviral activity, the facial mask comprising a
polypropylene-based fabric according to claim 17.
22. A facial mask that decreases the transmission of one or more than one human
pathogen by antibacterial, antifungal and antiviral activity, the facial mask comprising a
20 polypropylene-based material according to claim 18.
23. A facial mask that decreases the transmission of one or more than one human
pathogen by antibacterial, antifungal and antiviral activity, the facial mask comprising a
polypropylene-based material comprising four layers, Layer #1, Layer #2, Layer #3 and
Layer #4 oriented from the front surtace to the back surface;
25 where Layer #1 comprises spunbond nonwoven polypropylene fiber having a density
of 45 g/m?* and coated with a composition comprising 2% citric acid, 2% polyvinyl alcohol
and 0.5% polyoxyethylene (20) sorbitan, Layer #2 comprises spunbond nonwoven
polypropylene fiber having a density of 45 g/m* and coated with a composition comprising
2% citric acid, 2% polyvinyl alcohol, 0.5% polyoxyethylene (20) sorbitan, 3% copper

30 acetate and 3% zinc acetate, Layer #3 comprises melt-blown polypropylene fiber having a

density of 18 g/m?, and Layer #4 comprises spunbond nonwoven polypropylene fiber having



a shape of the flap; c) a resilient nenber attached to the back surface of
the flap; d) a defornable strip attached to the body; and e) one or nore

t han one wgtensisssrcatt ached to the body for securing thecfraseab/osmssk to the
head of a wearer; where the perineter of the body conprises a right |ateral
edge, a left lateral edgeconnected to the right |lateral edge at a bottom
junction of the perineter, and a top edge connecting the right |ateral edge
to the left lateral edge; where the perineter of the flap conprises in
continuity, a right vertical side, a right arcuate side, a central curved

r egi ona denpisst of Ar gt e side, a left vertical side, and a base partially

e e R O

when | %{Ho?&l &} arldBorh aQRimaAUKREEo1The ge{égal bedy, @k A8 RakkofprkRge of the

body with The bottom junction oriente own; where both the body and the

flap conpri sgadodatempasing arfpmit surgrefaduhe badyeas ophaspeg batk, sutfageof #2, Layer
#3_and Layer #4 oriented fromthe front surface to the back surface; and

wher e (PRY¥Erand 21 pergpgiet e Spdin AefHHN 8 AIRPFH BoPIY: Y1 ene i ber having a

density of i ( I tian rising; 2% gihtric acid,
2% pol yvi nyﬁ)§§%a§%(t) a%ﬁﬁ@f‘%@édgo%o@&g%ﬁ%%b 2&%%ré€?1§gﬁ’}&ga§g%t #2
conpr i sesfacponhe fidp nanyppesing patly purapy loé ie: flipyand hderingter ol @nstlipyddinifb g/ nP
and coated with a conposition conprising 2%citric acid, 2% pol yvinyl

al cohola shapsok heifbxyet hyl ene (20) sorbitan, 3% copper acetate and 3% zi nc

tate, L # i | t - bl I I fi havi d it
of 15 g o Ve’ gy R 243 B8 B <o BEVIBRRG 6aR bl SRpdRatsotEer Y
hayi ng 1&e8ensyby# DfLAer ﬂ%,nlgaye? @3 ah@.al@CHPbridR&Kroh thé ]?fioﬁi_ ﬁlljffacé ‘tt{(ﬁﬂéer

conprising oné or nore than one reactive dye. 27. The facial mask of claim
22, fumablesurtgapanidsi ng one or nore than one reactive dye. 28. The faci al

mask of el &l 23t ol A S AP Sh o ST e TBly Brcpy e Hoe: hEAGS b WEn®:
of 45 g/m?* and coated with a composition comprising 2% citric acid, 2% polyvinyl alcohol
and 0.5% polyoxyethylene (20) sorbitan, Layer #2 comprises spunbond nonwoven
15 polypropylene fiber having a density of 45 g/m* and coated with a composition comprising
2% citric acid, 2% polyvinyl alcohol, 0.5% polyoxyethylene (20) sorbitan, 3% copper
acetate and 3% zinc acetate, Layer #3 comprises melt-blown polypropylene fiber having a
density of 18 g/m?, and Layer #4 comprises spunbond nonwoven polypropylene fiber having
a density of 25 g/m’.
20 25. A facial mask for decreasing the transmission of one or more than one human
pathogen to and from a human wearer of the facial mask, the facial mask comprising:
a) a body comprising a front surface of the body, an opposing back surtace of the
body, and a perimeter of the body defining a shape of the body, and a central seam;
b) a flap attached to the body at a body-tlap junction; the flap comprising a front
25 surface of the flap, an opposing back surface of the flap, and a perimeter of the flap defining
a shape of the flap;
c¢) a resilient member attached to the back surface of the flap;
d) a deformable strip attached to the body; and
e) one or more than one extension attached to the body for securing the facial mask to
30 the head of a wearer;

where the perimeter of the body comprises a right lateral edge, a left lateral edge



29. The facial mask of claim?24, further conprising one or nore than one
reactive dye. 30. The facial mask of claim 25, further conprising one or
nore t harworeilwwsabi ve dye. 31. A nethod of decreasi ng trhe/use@o®sisssi on of
one or nore than one human pat hogen, the nethod conprising: a) providing a
facial mask according to claim2l1l; andp) wearing the facial mask. 32. A
net hod of decreasing the transm ssion one or nore than one human

pat hogen, the nethod conprising: a) providing a facial nask according to
claim?22; and b) wearing the facial mask. 33. A nethod of decreasing the

t r ansnicesieasteddd tmeglirlateral edghatrn lotwnh inmaniopal tho gerimeteeandet tpddgonpr i si ng:

i di facial mask ding to claim23; and b ing the facial
mhsk. S90S BT AP TRE lGatePuReBC on of one or rore than one

o hosAie W roRra) 2kt pKl 9 ekl ok e or ) 0o
t r ansmassiatrsidd, acreatralr curvgderegtomn a dete atcuam sideat hefgeerticilisédeyahdhadasonpri si ng:
3) ¢ BT OVl Bt e b o ction A domSeita The D verrieal sids b etk 1= | 2¢! @
vertical side;
where the shape of the flap is an inverted U-shape when looking at the front surface
of the body or the back surface of the body with the bottom junction oriented down;
where both the body and the flap comprise a material comprising four layers, Layer
10 #1, Layer #2, Layer #3 and Layer #4 oriented from the front surface to the back surface; and
where Layer #1 comprises spunbond nonwoven polypropylene fiber having a density
of 45 g/m?* and coated with a composition comprising 2% citric acid, 2% polyvinyl alcohol
and 0.5% polyoxyethylene (20) sorbitan, Layer #2 comprises spunbond nonwoven
polypropylene fiber having a density of 45 g/m* and coated with a composition comprising
15 2% citric acid, 2% polyvinyl alcohol, 0.5% polyoxyethylene (20) sorbitan, 3% copper
acetate and 3% zinc acetate, Layer #3 comprises melt-blown polypropylene fiber having a
density of 18 g/m?, and Layer #4 comprises spunbond nonwoven polypropylene fiber having

a density of 25 g/m’.

26. The facial mask of claim 21, further comprising one or more than one reactive

20 dye.
27. The facial mask of claim 22, further comprising one or more than one reactive
dye.
28. The facial mask of claim 23, further comprising one or more than one reactive
dye.
25 29. The facial mask of claim 24, further comprising one or more than one reactive
dye.
30. The facial mask of claim 25, further comprising one or more than one reactive
dye.

31. A method of decreasing the transmission of one or more than one human
30 pathogen, the method comprising:

a) providing a facial mask according to claim 21; and
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b) wearing the facial mask.

32. A method of decreasing the transmission of one or more than one human
pathogen, the method comprising:

a) providing a facial mask according to claim 22; and

b) wearing the facial mask.

33. A method of decreasing the transmission of one or more than one human
pathogen, the method comprising:

a) providing a facial mask according to claim 23; and

b) wearing the facial mask.

34. A method of decreasing the transmission of one or more than one human
pathogen, the method comprising:

a) providing a facial mask according to claim 24; and

b) wearing the facial mask.

35. A method of decreasing the transmission of one or more than one human
pathogen, the method comprising:

a) providing a facial mask according to claim 25; and

b) wearing the facial mask.



