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BACKGROUND There are many reasons for wanting to incorporate

anti m cr ovpabliagewts into textiles. For instance, anti mpcralst@l/ a8 vity
may enhance the durability of textiles by inhibiting the growth of bacteria
and fungi that live in textiles and cause danmage to their conponents.
Textiles with antimcrobial activity also prevent the creation of odors by
preventing or reducing mcrobes fromfeeding on the organic naterials in
the textile. Additionally, antimcrobial treated textiles may kil

pat hogeni ¢ m crobes thereby protecting the wearer from exposure to di sease
agents. O her uses of antimcrobial treated textiles include wound

care. For exanpl e, i nd ith

antim crobi al agentg"ﬁﬂh&@hﬁé%&ﬁ#égﬁggﬁ%%@gﬁfsﬁy t for healing
and further prevents bacterial organisns fromgrowng at the site.
Furthernore, antim crobial cleaning cloths may prevent disease-causing

m croorgani sms from surviving or &rr\%i Npyating in the internal
crevices of the textile when the ggga§—své%s—up contam nated fl uid.

Ant i m cr obi arhdredaliengndriynesesarist for wantimdociadotpevate ahtimjaokiak agedts into
security in hospital or hotel roons. Their use may limt the transm ssion

of bactigifiias. dF&emstaride, tRiERIbTl Hdivitp WRay dnRiahaé ahie adurabilifhoheshildsabyzed
whi'ch have been increasing in

patients acquire nosocom al infections,

fr equeqﬁxibiitf?\ggtglgieq;féwglﬁ?f Bacte\ﬁgi ir CHQ@‘%{PW‘% K 959(?%3@% damaggu |théi

. r
textiles POS I mcr r errstics have been in ced I n

recent years st of. t he textiles are prepared b di n nti m crobial
Lgont s SQRaetEx TalespaE: anbPaiy dgh prevehsdhe alh bhoahRubls
into or coated onto the fibers of the textile. The antim crobial agents are
not, hdweventinger fedesing ymisiehrs frem frediegan ther prganic spatesials imthe fpdile to
| eachi ng, such that these agents are absorbed by human skin. In addition to
| eachi nidditibreallynt antimicobbial taemteds textdesiomagblkdl tpathogdrsic amicromesr dosreby
washi ngs, so that the antim crobial effect may not |last long. Wile certain

Nhal am gietdctifgttRe weaXéd frer @(p@s&l’@tﬁﬁi&@aé@aﬂ&@l@ﬂeram e after exhaustion by
the treated textiles, use of chlorine bleach is necessary to regenerate

antim crobi 6(bth%?tuis}é.gtc)f-antimicrobT L{%até@?é)&ilééirf?‘;llgi%gﬁlohﬁdcﬁé‘?é.cqjﬁ? xatnple, a

4
af orenenti oned di sadvantages. Current antim crobi treatnent of textile
| eaves a_need, for_a ns.. of oyl di var i i i iU
| cach: deOfat bofiadk HidRad belhcealed Wi it Bl iABh Rk Flnd o,
require use, of chlorine bleach for regenerable antinjcrobial properties.
DETAI L HBVeibiex gniroament for hea @F%JPFB%UI%@V%%P%@Z oBenisase TR
herein, those enbodi ments conprise nere exangie$ of the disclosed
i nvent igrawinghat the site: Futtkermaere: antimigrobiahicleaning iclpdhs énayrereneand disgasgs ed
herein serves the purpose of describing those enbodi nents, and i s not
i nt endeshusingomidrodidanigms iom esurVieingcarpeverf ptdifenating éntthdiistelrmaluwsreviaes lofbe
limted only by the appended cl ai ns. Were a range of values is

provi dafe t8afd whahth¥tAS04RE WP cdrfarnitaité@ntid. of the unit of the |ower
limt unless the context clearly dictates otherw se, between the upper and

Lover 11 { AtichoibPHAFIAZ TndRY difed en SHASRES levb'bP hY§RB%AE SHEU) ih Nt
stated range, 1s enconpassed wthin the disclosure. e’upper an ower
limts of these 2011/ 028204PCT/ US2009/.055985 snual | er. ranges .
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wi thin the disclosure, subject to any specifically excluded limt in th?

st at ed hagpifals Andr oweye the afates r ain ydich chefpiialized Ratiants nagauifen H0SPRIME
ranges excluding either or both of those included Iimts are also included
i n t he idfestibns,which have beRatincreasingnodraquencyirs recemb yearts. and ot her
nunerical data can be expressed herein in a range format. Such a range
format is used for convenience and brevity, and thus, should be interpreted
in a flexible manner to include not only the nunerical values explicitly
recited as the limts of the range, but also to include all the individual
nunerical values or sub-ranges enconpassed within that range as if each
nunerical value and sub-range is explicltly recited. For illustration

pur poses only, a concentration range of "about 0.1%to about 5% should be
interpreted to include not only the explicitly recited concentration of
about 0.1 % to about 5 wt% but al so include individual concentrations
(e.g9., 1% 2% 3% and 49 and the sub-ranges (e.g., 0.5% 1.1% 2.2%

3.3% and 4.49% wthin the indicated range. The term "about"” can include
1% 2% 3% 4% 5% 6% 7% 8% 9% or 10% or nore of the numerica

val ue(s) being nodified. The term "about” or "approximately" can include an

T . N T



WO 2011/ 028204PCT/ US2009/ 055985 of the ot her several enbodi nents w t hout
departing fromthe scope or spirit of the present disclosure. Any recited
nmet hod cawohkeligesited out in the order of events recite@CorUS2VIAMYSDL her
order that is logically possible. Enbodi ments of the present

di scl osur e vijlHile eapliley , posskeesiagcdrtanicrcldali cithraeteeidtics dalei bpers indfodyerdrial
chem stry, organic chem stry, polyner chemstry, nmaterials science, and the

li ke, walceht pedrs\Whidsi of &ﬁ&esleﬂnlesoéret hepafdd by\Eidind 8htiinittebiaR bgeRtsMoathaed

fully in the [iterature. Prior to describing the various enbodi rrents

he f ol taﬁéb
|t ngl cgttig %@If'&"gi ﬁﬂﬁmﬂ{r&:af ?ﬁ%@gg‘“g?h é\;g%gég lﬂ?l ne d{%ll’ tecﬁin ca and
t t
by one 9t gr e y TH, ARITIToma! AeNs: Sisanel dioMver Cepyangy,Ropng o' RE°

chem stry, polymer chenistry, and materials science. Although nethods and
mat er i dextilei fllﬁqféra”@r a@]ﬂ'l'-kﬁalg@rﬁle toolegrBing. éé%rthﬁbﬂ‘%ér%geﬁ‘t%%{etﬁi)sl%w ¥
the practice or testing of the present disclosure, suitable nethods and

mat er i aheman skites by atditiondo déaching, the animmsmblalragerms ape oot iable fowithstandhe
appended cl ains, the singular fornms "a," "an," and "the" may include plural
refer erﬁlﬁnéfduss\ﬁaéﬂmg@w et tite aatimjcrdbiat effest man@owMast londiudVhileaceraiaidpl e,
reference to "a support” includes a plurality of supports. In this

speci f 'ro?@ém% fred éoﬂté RsCAR RBowRab H@Pé%@ﬁv rétﬂéeéf@?@(rwuls{.omym@etréaea

nunbe{ termst at shall be defined to e the foll owm ng neani ngs unl ess
ﬁefg{‘nrta%s%e%* o%@?e%%q%m%? ﬁ%@éﬂ%ﬁﬁ?@é@ﬁif’ s used

0 HGO OH di nef hyl hydant oi n, 40[
1, 3-bi s( hydrﬁi%égﬁﬂﬂ 5.3, f@eéhtﬁ’e?\f%FFW&aFHFcﬁfﬂﬁem%ﬂlmtm‘f"dh‘é'éaﬁﬁ%”téﬁgs Nt
6440 58-0. As used herein, "NMDWVH' or "MDM hydantoin" refers to
1- met hyartimisrapial@ament qétenqummﬁg@ peed for g means of providing various textiles
1- (hydr oxymet hyl ) -5, 5-di met hyl hydant oi n] whi ch

with minimal leaching, more permanent antimicrobial characteristics, and that does not

require use of chlorine bleach for regenerable antimicrobial properties.

DETAILED DESCRIPTION

Although particular embodiments are described herein, those embodiments

comprise mere examples of the disclosed inventions and are not intended to limit this
disclosure. Terminology used herein serves the purpose of describing those
embodiments, and is not intended to be limiting, since the scope of the present
disclosure will be limited only by the appended claims.

Where a range of values is provided, each intervening value, to the tenth of the
unit of the lower limit unless the context clearly dictates otherwise, between the upper
and lower limit of that range and any other stated or intervening value in that stated

range, is encompassed within the disclosure. The upper and lower limits of these



has the CAS nunber 116-25-6. -- O—lO—lO—l OHO HO ----""--r---"NH2

e A N A y-.(----"NH2 OHOHOH As used herein, "chitosan"
refers towonovmsmun n is about 3 to about 6000. RETASRE9I065985 n,
"textile" refers to a material containing natural and/or artificial fibers.
| n sonesrpalf#Srarigee inayt independentlys be metudedSh tioe amoaiterOiiges| and ae. al$be
antim crobial conpositions of the present disclosure may be applied during

or aft nfsRERNgithiR E@(H'idcﬁ%ﬁé'cg ect k®tdtyngpedifCdiyderauysd fIphiesEn the
socks, E\énogfer gar ?ﬁteintg medi cal textil U@j CI ncl ugnngedat emj dr apes, gauzes,

sur geonstﬁtggjd%ﬁgg Camer@qﬂen@e@ éanger WH&ESQQ'% L bothS o ' ke OrafrgbRet

bedd| ng, use el n Imcro

"antimc 03| tjo refer ubst gnee e of i,.Ling or
ot bi G egReheboh Shtet o sTided i o A8 ol RaY I ighiosur
Strept ococcus, Enterococcus, Bacteroi daceae, Enterqgbacteriaceae,

Vi br i onaceadRatiass teancentrationssaneupisn ANk ofher mupREealcHata 6N ibe expressed
St aphyl ococcus aureus, Shigalla WD 2011/ 028204PCT/ US2009/ 055985 sonnei ,
Sal rmnehérelrentaarartgedlounaSaSnoha tamgeHotreatsie -usedSor eeemwmmend@rengiynesd
VRE, MRSA, Proteus mrabilis, Canpylobacter jejuni, and Brevibacteriunm,
vi rusesthﬁg §houldBednRBasictsd Waamlbl&muhm t@lirdlgdennot onllylthe muaneridahvaluds
influenza strain B, and Swine Influenza), fungi (e.g., Ml assezia futfur

and Tr 'é)gﬂﬁem eBitdiPas #H %E e raHyd, P%Eé%riﬁclubé aIlEﬁ@‘PﬁHMBUhﬁmﬂﬁeﬁ&@

present osure I ments o e present disclosure |nc ude

Comosi 1 @éﬁ?'orgnﬁpﬁﬁsa%%f’e&icom?%sggﬁnﬁﬂi'ﬂﬁéépﬁéﬁ%Ff%ﬁgﬁ'@éﬁ%ﬁ%‘f fip and

enbodi nents of the present _dis e include texti|es treated vvlth the
ant i m cSWbrangecis RICKly grsiteds rqu tisio P RASER ORI S BPNCEIIafioRSaPAE &

antim crobial conpositions to textiles. Exanples of textiles which may be
t r eat ed‘abpthOt1¥e taabpit 6% Ishauld beprterpretasstadiestideneet andy 8 pxeliciteracdad cal
textiles, housing textiles, and textiles related to garnents.

Enbodi negtcentrtiomeofnabeatc 0obi alt%c dopabiout obs wids, t bat paleseincldde cindduaidwal may
be added to a variety of textiles. Textiles that have been treated with the

anti m cépReRlraiGNPQ8id | 995 2%, t3%atad %) MhE RO Alb-enigess(d yores%, 1.h%,
present disclosure dénonstrateé antimcrobial activity. Mreover, the

antim cy 9{%%3? gt?\(at% ﬁﬁlbatbggn%afe@er%@g g@ﬁ@@eﬁﬂ”‘éﬁdtﬁscéﬁ uliEI ¥1%,

dur abl € nunerous tines wth little

Lo, 1 LE8R, SAnLadh L, Aeophit ! Dbl SRR IERS By b8, e

addition of chlorine bleach. Add| tionally, textiles treated with the
ant i mi cralue@) beinggpedifiednsThst termeabout” or“approximately” can include an acceptable

error for a particular value as determined by one of ordinary skill in the art of general
chemistry, organic chemistry, polymer chemistry, materials science, which depends in
part on how the value is measured or determined. In certain embodiments, “about” can
mean one or more standard deviations.

As will be apparent to those of skill in the art upon reading this disclosure, each
of the individual embodiments described and illustrated herein has discrete components

and features which can be readily separated from or combined with the features of any



WO 2011/ 028204PCT/ US2009/ 055985 present discl osure denonstrate negligible

| eaching and are thus unlikely to pose health concerns to those comng into
cont act wwOhotiesmw4treated textil es. An enbodi menPCofUS2Ive/0p3985 ent

di scl osure includes antimcrobial conpositions in the formof an aqueous
sol uti opf fHeNStifEri severhl wRibIdimantsowgthout depadingr frsenthe rscapeudr 8pitivodfothe
about 10% by wei ght of solution, chitosan present in about 0.1%to about

10% by @%BEHF digElo8@te!t ARY re@RdRkbthodScaIBe @ariBY SutiAitRE AFI&H biteViriatarieae
conpounds present I n about 5% to about 90% by wei ght of solution. Exanples

of organi. i I ; . i antim crobial conpositions of the
present&Gﬁéﬁﬁggﬁ?ég#%%ﬁﬁgégﬂgﬂgﬁgﬂgﬂﬁ%¥g1inited to, citric acid, acetic
acid, lactic_acid, form.c ,acid, and. oxalic id.  Exanples gf heteraocyclic
N- hal ami ne C%W%88m%nt§lﬁftt56| RIepgh 8@8@%@ P’@Fﬁmﬂkﬁx’ dﬂﬂ%?sap 5Wf)°’c?s|"gf%ﬁ%d’of
t he present disclosure include, but are not Iimted to MDVH, DVDVH, .
mononet ieghpidaes dob gengrale CHMIStEL e rapsis \Ghamistly oPopymer chemaistrynenatgrials 3.
i m dazol i di n-4-one, 6,6-dinmethyl-1,3,5-triazine-2,4-dione,

4, 4, 5, Ssdienceanandtihe 1ljike, whicthaac iwithin 2thenekill cofathe iast. acbdeh dedhniques are

5, 5-di net hyl hydant oi n; and nononet hoxyl at ed and di net hoxyl ated derivatives
of nonoggdihinbalidlyeid thaditstafeehyl ol at ed derivatives of

2,2,5 5-tetramethyl-1, 3-imidazolid in-4-one, 6,6-d

imethyl-1, 3, 5=t 127 HACAhiAm O : - y b MY i

i n-2-one, cygﬁ{ﬂ itg gglgcg?m@g S{h%nle‘l’r?gtéﬁél ﬁ@&?ﬁ%@%ﬁ@ﬁi&&a%{b@gn%gﬁ%ﬁgﬁ&% “bre
nononet hox t ed, and di.net hoxyl at ed..co nononet hoxynet hyl-5 , 5-d
i met hyl W&d@ﬁ%&f}? %ﬁ%"g,bes‘!%ﬁﬁ?'ﬁ%d?ﬂ’&'%%ﬁ,g%é@“g i met hyl hydantoin ,
respectively. One enbodi nent of the present disclosure includes an
aqueous sol ution consisting of water, citric acid, chitosan, and DVDVH

e. 0., anqpaiens solution consisting of water, about 0.2%to about 1.0% of
citric étrdﬂgy“meight of solution, about WD 2011/028204PCT/ US2009/ 055985
0.2% t 0 aboutnlkse%thdnwiss defibgd vall teehnizial aod scientific dennabisaed Mepeinthaveubet
35% DVDVH by wei ght of sol ution. One enbodi nent of the present

di scl oswrﬂeiméémﬁg%saaommaw%naérsmw Iy CsHEs o6 ordigaf skiftiethe airt of general,
chitosan, and , e.g., an aqueous solution consisting of water, about
0.2%to 1.09 i hickn A ' f | M 0.

about 10BHLEIYy QLA SlmisRy” Biohunh SRGRINIE AP HbtelB ERMcel: “HiRehw
by wei ght ,of sol utiaqn.. - i t t i :

i ncl ude@empdgqﬁrécg&ac{ggglat ?'%’a?g’ﬁseww Wé%%rd%%Sﬁ??‘??‘@é%'ﬂﬁ cﬁlé'tt[)sggnlp
DVDIVH, and MDIVH, e.g., an _agueous sol utjon consjstin f wate bout 0.2%
to aboutheip@siise oitesting éﬁitgeb?feﬁﬁpbﬁtsclﬂsué%l %H'@ﬁ? "gﬁgaﬁscﬁ"fﬁ/mii?e'%&ﬂfe

1. 0% chitosan by wei ght of solution, about 20%to about 25% DVDVH by wei ght
of sol udésanipedrieraibout 20% t o about 25% MDVH by wei ght of sol ution.

In addition to the aforenentioned enbodi nents, enbodi mnents of the present
di scl osure nay wedoin the specificatiors ahd cdhe appgidesii clgim$ietrensingutardormaé “a,”
conpositions of the present disclosure. For exanple, enbodi nents of the

pr esent 4 sl P]HECMERnEINEL PilfaPRFErcts LRSS R BEhieRE Sledfly HiRateBidtReWigd al
conpositions as described and further 1nclude additives used to ready the

oSl s I8 4 TG iy P
e R R e e o

ionic halide salts suitable for use as treatnent solutions for use in .
conj uncthabshailt be defingdt iorhave thal folewings MeaiRgouMess ar GFAMY dntentigsuise

i nclude, but are not limted to, WD 2011/028204PCT/ US2009/ 055985 magnesi um
chl ori dappareghesi um br om de, cal cium chloride, cal cium brom de, potassium
chl oride, and conbi nati ons thereof. One enbodi nent of the present

di scl osure includes an aqueous sol ution conprising water, an organic acid
present in about 0.1%to about 10% by wei ght of solution, chitosan present
in about 0.1%to about 10% by wei ght of solution, and one or nore

N- hal am ne conpounds (e.g. MDVH and/or DVDVH) present in about 5% to about
90% by wei ght of solution. The solutiond4can be diluted with water, pH
adjusted to about 1.0 to about 5.0 using an organic acid (e.g., citric
acid, acetic acid, and/or lactic acid), and can further conprise an ionic
halide salt (e.g., magnesium chl ori de, magnesi um brom de, and/or cal ci um
chloride) present in about 1% to about 10% by wei ght of sol ution. One
enbodi ment of the present disclosure includes an aqueous sol ution
conprising water, citric acid, chitosan, and DVMDVH, e.g., an agueous
solution of water, about 0.2%to about 1.0%of citric acid by weight of

. ~ M~ oa I a ~n 7 -,



WO 2011/ 028204PCT/ US2009/ 055985 about 3.5 using citric acid, and can
further conprise nagnesium chloride present in about 4.0%to about 7.0% by
wei ght ofweabut(281v4 One enbodi ment of the present Pdirask@®Os#®85 ncl udes
an aqueous sol ution conprising water, citric acid, chitosan, DVDWVH, and
MDVH, e.g., A8 wedelerirsoiDMDMHT arsiBDM DM hgHantieT refatsotd 103-drbhethyloib S 8-
1.0%of citric acid by weight of solution, about 0.2%to about 1.0%
chitosan by wei ght of 6,§ol utq on, jg@bout 20% to about 25% DVDIVH by wei ght of
solution, and about 2 %Qof b(y( 25% MDVH by wei ght of solution. The
solution can be diluted thNaater, pH adjusted to about 3.0 to about 3.5
using citric acid, and ca rther conprise nagnesium chloride present in
about 4diféthyihgdantoin?. 0% By wei ghfli.@f 1sbbis(hysioxymethyl)ens-dimetiylhygdantoin] t he
present disclosure includes a nethod of treating textiles with the

ant i m cyRichadasxhBITRS Numbetd44r 88, esent di scl osure. The textiles can be
treated by either applying the antim crobial conposition to the textile, or

i mrersing thgat il gatdint h "M~ el Pg%l Ofo EXAPthOIol-5 5-
textiles nay'&%eﬁé%é a@gtﬁiv\ﬁ tﬁmtﬂgﬂe_l ar??i meﬁg co‘rﬁpogleieirgngo o:‘F t he?lic?rl g’ssent
di sclosure. Alternatively, gextiles may be dipped into baths of the

antimi crobi al conpositi nss/t@;I the present disclosure. Regardl ess, treatnent
results in a textile conp@singgan antim crobial conposition. Addition of
the antim crobial conposityions of the present disclosure to such textiles

resul tsi rocycl ak:am Re ¥ i t e
coi 'ul SRy G220 0 apcr Debobon g pR e L R KRR P
0O+1i00 + 20- MPLES The followi ng synthetic and bi ol ogi cal
exanpl e@a%mﬁﬁé}@?rg%'?g ‘rate enbodi nents of the present disclosure,
and are not to be construed in any way as limting the scope of the
di sclosure. In the exanpl es bel ow, abbreviatfbng hav=°'t'h%ir genéral | Y on
accepted nmeani ngs. WD 2011/ 028204PCT/ USZOOQ/%jiSi&\

NH,

NH;

OH OH
As used herein, “chitosan” refers to ,

wherein n is about 3 to about 6000.

As used herein, “textile” refers to a material containing natural and/or artificial
fibers. In some cases, the textile comprises about 5% to about 90% cellulose. The
antimicrobial compositions of the present disclosure may be applied during or after
processing to textiles such as clothing, including uniforms, socks, undergarments;
medical textiles, including patent drapes, gauzes, surgeon’s gowns, caps, and masks;
and household textiles, including carpet, bedding, and drapes.

As used herein, “antimicrobial’ or “antimicrobial composition” refers to a
substance capable of killing or inhibiting the growth of microorganisms, such as bacteria
(e.g., Streptococcus, Enterococcus, Bacteroidaceae, Enterobacteriaceae, Vibrionaceae,

Pasteurellae, Pseudomonadaceae, Escherichia coli, Staphylococcus aureus, Shigalla



10g of chitosan, OHL.O0, _OH---- NH2 OH n, and 10g of citric acid, 0O OH
HOHOOH, are dissolved in 980g of H20. The resulting solution is conbined
with 0 HOOHom32840f a sol uti on contai ni ng 55% of DIVDMPCA/US200053885 ght  of
solution to
sonnei, Salmonella enteritidis, Salmonella choterse-suis, Pseudomonas aeruginosa,
VRE, MRSA, Proteus mirabilis, Campylobacter jejuni, and Brevibacterium), viruses
(e.g., MS-2 Bacteriophage, Canduda albicans, influenza strain A, influenza strain B, and
Swine Influenza), fungi (e.g., Malassezia furfur and Trichophyton mentagrophytes), and

protozoans.

/. Embodiments of the present disclosure

Embodiments of the present disclosure include antimicrobial compositions,
methods of preparing these antimicrobial compositions, and textiles including these
compositions. Accordingly, embodiments of the present disclosure include textiles
treated with the antimicrobial compositions described below and methods of applying
these antimicrobial compositions to textiles. Examples of textiles which may be treated
with the antimicrobial compositions described below include medical textiles, housing
textiles, and textiles related to garments.

Embodiments of the antimicrobial compositions of the present disclosure may be
added to a variety of textiles. Textiles that have been treated with the antimicrobial
compositions or treated antimicrobial compositions of the present disclosure
demonstrate antimicrobial activity. Moreover, the antimicrobial effect demonstrated by
these treated textiles is highly durable, such that these textiles may be washed
numerous times with little to no loss of antimicrobial activity. In certain embodiments,
the antimicrobial aspect of the textile is renewable or regenerable without the addition of

chlorine bleach. Additionally, textiles treated with the antimicrobial compositions of the



produce approxi mately 2500g of an antim crobial conposition which is
approximately: 0.4%citric acid by weight of solution, 0.4%chitosan by
wei ght ofweabuti2eaws 33% DVDIVH by wei ght of sol ution, an®#C®aIS28ipile2PsHy

wei ght of solution. Exanple 2 10g of chitosan, , and 10g of citric acid,

WO 201 14/828R104iBSIbs WB2880AER RN egligtle dewhip ana>draahes unkikdlp to pbsarhealth

antim crobial conposition which is approximtely: 0.4%citric acid by

o' 9ot PSR e S M AP GBL Oanlapiar, 335 MDA by ver o

An embodiment of the present disclosure includes antimicrobial compositions in
the form of an aqueous solution consisting of water, an organic acid present in about
0.1% to about 10% by weight of solution, chitosan present in about 0.1% to about 10%
by weight of solution, as well as one or more heterocyclic N-halamine compounds
present in about 5% to about 90% by weight of solution. Examples of organic acids
suitable for use in the antimicrobial compositions of the present disclosure include, but
are not limited to, citric acid, acetic acid, lactic acid, formic acid, and oxalic acid.
Examples of heterocyclic N-halamine compounds suitable for use in the antimicrobial
compositions of the present disclosure include, but are not limited to MDMH, DMDMH;
monomethylolated and dimethylolated derivatives of 2,2,5,5-tetramethyl-1,3-
imidazolidin-4-one, 6,6-dimethyl-1,3,5-triazine-2,4-dione, 4.4 5 5-tetramethyl-1,3-
imidazolidin-2-one, cyanuric acid, and 5,5-dimethylhydantoin; and monomethoxylated
and dimethoxylated derivatives of monomethylolated and dimethylolated derivatives of
2,2,5,5-tetramethyl-1,3-imidazolidin-4-one, 6,6-dimethyl-1,3,5-triazine-2,4-dione,
4.4 5 5-tetramethyl-1,3-imidazolidin-2-one, cyanuric acid,  5,5-dimethylhydantoin.
Examples of the monomethoxylated and dimethoxylated compounds are
monomethoxymethyl-5,5-dimethylhydantoin and 1,3-dimethoxymethyl-5,5-
dimethylhydantoin, respectively.

One embodiment of the present disclosure includes an aqueous solution

consisting of water, citric acid, chitosan, and DMDMH, e.g., an aqueous solution

consisting of water, about 0.2% to about 1.0% of citric acid by weight of solution, about



OH HONH2 OH OH 0 OH O OH LOCH NH2 OH [ Qg of chitosan,

WO 2011/028204 PCT/US2009/055985
0.2% to about 1.0% chitosan by weight of solution, and about 30% to about 35%
DMDMH by weight of solution.

One embodiment of the present disclosure includes an aqueous solution
consisting of water, citric acid, chitosan, and MDMH, e.g., an aqueous solution
consisting of water, about 0.2% to about 1.0% of citric acid by weight of solution, about
0.2% to about 1.0% chitosan by weight of solution, and about 30% to about 35% MDMH
by weight of solution.

One embodiment of the present disclosure includes an aqueous solution
consisting of water, citric acid, chitosan, DMDMH, and MDMH, e.g., an aqueous
solution consisting of water, about 0.2% to about 1.0% of citric acid by weight of
solution, about 0.2% to about 1.0% chitosan by weight of solution, about 20% to about
25% DMDMH by weight of solution, and about 20% to about 25% MDMH by weight of
solution.

In addition to the aforementioned embodiments, embodiments of the present
disclosure may also include compositions comprising the antimicrobial compositions of
the present disclosure. For example, embodiments of the present disclosure may
include each of the ingredients of the antimicrobial compositions as described and
further include additives used to ready the antimicrobial composition of the present
disclosure for application to textiles. Examples of additives that may be used in
conjunction with the antimicrobial compositions of the present disclosure include, but
are not limited to, an ionic halide salt, an organic acid, and water. Examples of ionic
halide salts suitable for use as treatment solutions for use in conjunction with the

antimicrobial compositions of the present disclosure include, but are not limited to,



, and 1 Qg of citric acid, 1700g of a solution containing 33.2% by

wei ght DNVDIVH, 0 HOL1OH N7N1'1"") , and 31.5% 0.4%citric acid by
wei ght ofweabuti2gaws 0. 4% chit osan by wei ght of sol uti onPCTNS2009/055985

2011/ 028204PCT/ US2009/ 055985 22. 6% DVDVH by wei ght of solution, and 21.4%
MDVH bymeghesitnof cisiotidé] omaghsidbh HBforhideye caleiunof chitdridsi, oaldixanmiremddelhe
corrposition of Exanple 1, made up of citric acid, chitosan, DVDVH, and

wat er, gﬁnpémoha@ Qarid é&hBlrFa‘t’iBH@ﬂhéf@bffor textile treatment.
Appr oxi rrate y 25009 of an antim crobial conposition which is approximtely:

0.4%citric GRLARHoNThERE & ! MHek8Rt disclosure includes an aqueous solution
comprising water, an organic acid present in about 0.1% to about 10% by weight of
solution, chitosan present in about 0.1% to about 10% by weight of solution, and one or
more N-halamine compounds (e.g. MDMH and/or DMDMH) present in about 5% to
about 90% by weight of solution. The solution can be diluted with water, pH adjusted to
about 1.0 to about 5.0 using an organic acid (e.g., citric acid, acetic acid, and/or lactic
acid), and can further comprise an ionic halide salt (e.g., magnesium chloride,
magnesium bromide, and/or calcium chioride) present in about 1% to about 10% by
weight of solution.

One embodiment of the present disclosure includes an aqueous solution
comprising water, citric acid, chitosan, and DMDMH, e.g., an aqueous solution of water,
about 0.2% to about 1.0% of citric acid by weight of solution, about 0.2% to about 1.0%
chitosan by weight of solution, and about 30% to about 35% DMDMH by weight of
solution. The solution can be diluted with water, pH adjusted to about 3.0 to about 3.5
using citric acid, and can further comprise magnesium chloride present in about 4.0% to
about 7.0% by weight of solution.

One embodiment of the present disclosure includes an aqueous solution
comprising water, citric acid, chitosan, and MDMH, e.g., an aqueous solution consisting
of water, about 0.2% to about 1.0% of citric acid by weight of solution, about 0.2% to
about 1.0% chitosan by weight of solution, and about 30% to about 35% MDMH by

weight of solution. The solution can be diluted with water, pH adjusted to about 3.0 to



0.4% chi tosan by wei ght of solution, 33% DVDVH by wei ght of solution, and
66. 2% H20 by wei ght of solution is diluted by 39.16kg H20 form ng a 41. 66kg
di | ute anvorencwokioal conposition. pH of the resulting diPCHtuS2@05398Er obi al
conposition is kept in the range of about 3.0 to about 3.5 using citric

aci d. FRawaltl 35 250g ditricnagdeandnearhfurthetecoraprasks esadresidra cidbride @nesent in
produce a treated antim crobial conposition for use in textile treatnent.

Exanpl eat%umeo%%%%uwwﬁy W&iaRPbesdutioipde up of citric acid, chitosan,
, and wat er, be put “int0 a formconvenient for textile treatnent.

t el 5 t t %
gﬁf’é"ﬁ'y:&e.ef%pé ? q‘a GRS é%g%@igﬁ]%@% AR = s DRl
t | uti d 2011/ 4 /055985 66. 2% H20 .b
b ght MBI WAte ST AL P38, @@ﬁéatg e pMg StRaletit 398“'0?4
antim crobial conmposition. pH of the resultlnfq dilute antimcrob
conposi ¢ansisting afepater.aRq (f&%g@ ot of giriccacie byrweight gf ﬁﬁ'@'“@'ﬂ’t abeut
acid. Finally, 2509 of nagnesiumchloride is added to the solution to

produce0.2% teabedt 0% whitosén by weighbsf solutiohpabaigte?20% toeadute? 5% dAVMIt .
Exanpl e 6 The conposition of Exanple 3, made up of citric acid, chitosan,

DVDVH, PVt soition, amayabisut R0% itd taboat REPATMDMEDY aEightosf $chutior. e The
treat ment. pr oxi mat el y 2500g of an antim crobial corrp05| tion which is:

0. 4% cidy, ulﬁoﬁ%éﬁ%ﬂ@ﬁ%ﬂ%utﬁf t?él’géﬁddu&eéoffbcﬁ'bé&s@@ Y ab&itd®s Géing citric

sol ution, melg t1on
acid, and can further comprise magnesium chloride present in about 4.0% to about

7.0% by weight of solution.

One embodiment of the present disclosure includes a method of treating textiles
with the antimicrobial compositions of the present disclosure. The textiles can be
treated by either applying the antimicrobial composition to the textile, or immersing the
textile in the antimicrobial composition. For example, textiles may be sprayed with the
antimicrobial compositions of the present disclosure. Alternatively, textiles may be
dipped into baths of the antimicrobial compositions of the present disclosure.
Regardless, treatment results in a textile composing an antimicrobial composition.
Addition of the antimicrobial compositions of the present disclosure to such textiles

results in the heterocyclic N-halamine compound covalently bonding to the cellulose:
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21. 4% MDVH by wei ght of solution. 55.2% H20 by weight of solution is
diluted by 39.16kg H20 form ng a 41. 66kg dilute anti m crobial conposition.
pH of thewoesuli2sieg di |l ute antim crobial conposition isPKEALS2000/053985 r ange
of about 3.0 to about 3.5 using citric acid. Finally, 250g of nagnesium
chloride is added to tQELISIQBEoNn tCHPOSANCe a tr &MBMHant i mi crobi al
conposition for use in textile treatnent. WD 2011/ 028204PCT/ US2009/ 055985
OHO Il HOHOOH, are dissolvedggn 4809 oﬁazwo The r&suling solution is

conmbined with 0 HOL 1CH NNBaC?OO@g ofoa,Lsg) ution |§¢n| ng 32% of DVDIVH,
A
HO 0~ 0+ 0y + HoKt” Y‘f;ﬂgc
ﬁlrig
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‘ 0 HO el
~0 /Y
MU i 0
H }EEC\O P
HEC)g“’?:CH’Q HO Y0
A€ IH NRZ
N._.0
H3C ;7’ Y
5 “'Cﬁz
EXAMPLES

The following synthetic and biological examples are offered to illustrate
embodiments of the present disclosure, and are not to be construed in any way as

limiting the scope of the disclosure. In the examples below, abbreviations have their

generally accepted meanings.
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4 0, by weight of solution and 7.5% MDVH, 40, by weight of solution to
produce approxi mately 2500g of an antim crobial conposition which is: 0.4%
citric acwo 2by/ozeioght of sol ution, 0.4% chitosan by wei got/uskoosobisss on,

25. 6% DVDIVH by wei ght of sol ution, 5.6% MDVH by wei ght of solution, and 68%
H20 by Fgim fe pf solution. CLAIMS W claim 1An aqueous sol ution
consisting o OHO H20, HOHO and an additional conpound sel ected froma

group consi Stl ng of : Oij\\{ji;ﬂ

10g of chitosan, , and 10g of citric acid,
o O\ OHo
|
HO"  “ho OH are dissolved in 980g of H,O. The resulting solution is combined with
\ /

15009 of a solution containing 565% of DMDMH, Ho , by weight of solution to
produce approximately 2500g of an antimicrobial composition which is approximately:
0.4% citric acid by weight of solution,
0.4% chitosan by weight of solution,
33% DMDMH by weight of solution, and

66.2% H,0 by weight of solution.

Example 2
OH OH OH
o (o} s} OH
© oi@j:
HO NH, NH, NH,
OH OH OH
10g of chitosan, n , and 10g of citric acid,
O, ,OH
2 11
HO" 4o OH are dissolved in 980g of H,O. The resulting solution is combined with

12



0 HOOH HO NH 40,0 , and a conbi nation thereof, wherein n is about 3 to
about 6000. 0 HOOH 2. The solution of claim1l1, wherein the

addi ti onawoconpasavd i s 0 HO NH 3. The sol ution of clai mPCT/Ush@9a5398% he
addi ti onal conpound isO0. WO 2011/028204PCT/ US2009/ 055985 4. The sol ution
of claim1, wherein the additional conpoundgcare ¥he conbi nati on of

0 HOOH o N
N NH

1500g of a solution containing 55% of MDMH, Ho, by weight of solution to
produce approximately 2500g of an antimicrobial composition which is approximately:
0.4% citric acid by weight of solution,
0.4% chitosan by weight of solution,
33% MDMH by weight of solution, and

66.2% H,O by weight of solution.

Example 3

OH OH OH

0 o O _OH
© OI;
HO NH, NH, NH,
OH OH OH
10g of chitosan, n , and 10g of citric acid,

O, JOH
m

HO"  ho OH are dissolved in 780g of H,O. The resuilting solution is combined with

HO ﬁ’ OH
RN

1700g of a solution containing 33.2% by weight DMDMH, ‘o, and 31.5%

o]

HO
|
\N)\NH

MDMH, o to produce an antimicrobial composition which is approximately:

0.4% citric acid by weight of solution,

0.4% chitosan by weight of solution,

13



and HO NH 5. The solution of claim2 consisting of: H20, about 0.2%to
about 1.0% of HHOOH by wei ght of solution; about 0.2%to about 1.0% of by
wei ght ofwo=olwsma; and 0 HOOH \ Il about 30%to about BEWUSEAOysMLEI ght of
solution. 6. The solution of claim3 consisting of: H20, about 0.2%to
about 1.0% 2.8 DMDMH by weight of solution, and

21.4% MDMH by weight of solution.

55.2% H,0 by weight of solution.

Example 4

The composition of Example 1, made up of citric acid, chitosan, DMDMH, and water,
may be put into a form convenient for textile treatment. Approximately 2500g of an
antimicrobial composition which is approximately:

0.4% citric acid by weight of solution,

0.4% chitosan by weight of solution,

33% DMDMH by weight of solution, and

66.2% H,0 by weight of solution
is diluted by 39.16kg H,O forming a 41.66kg dilute antimicrobial composition. pH of the
resulting dilute antimicrobial composition is kept in the range of about 3.0 to about 3.5
using citric acid. Finally, 250g of magnesium chloride is added to the solution to

produce a treated antimicrobial composition for use in textile treatment.

Example 5

The composition of Example 2, made up of citric acid, chitosan, MDMH, and water, may
be put into a form convenient for textile treatment. Approximately 2500g of an
antimicrobial composition which is:

0.4% citric acid by weight of solution,

0.4% chitosan by weight of solution,

33% MDMH by weight of solution, and

14



OH by weight of solution; HO WD 2011/028204PCT/ US2009/ 055985 sol uti on;
and 7The solution of claim4 consisting of: H20, about 0.2%to about 1.0%
of H OHW9 2esvgkto4of sol ution; HO OHOH PCT/US2009/055985

66.2% H,0 by weight of solution
is diluted by 39.16kg H,O forming a 41.66kg dilute antimicrobial composition. pH of the
resulting dilute antimicrobial composition is kept in the range of about 3.0 to about 3.5
using citric acid. Finally, 250g of magnesium chloride is added to the solution to

produce a treated antimicrobial composition for use in textile treatment.

Example 6
The composition of Example 3, made up of citric acid, chitosan, DMDMH, MDMH, and

water, may be put into a form convenient for textile treatment. Approximately 25009 of
an antimicrobial composition which is:

0.4% citric acid by weight of solution,

0.4% chitosan by weight of solution,

22.6% DMDMH by weight of solution, and

21.4% MDMH by weight of solution.

55.2% H,0 by weight of solution
is diluted by 39.16kg H,O forming a 41.66kg dilute antimicrobial composition. pH of the
resulting dilute antimicrobial composition is kept in the range of about 3.0 to about 3.5
using citric acid. Finally, 250g of magnesium chloride is added to the solution to

produce a treated antimicrobial composition for use in textile treatment.

15



00 0 HONH2NH2 OHOH about 0.2%to about 1.0%of OH L. OOH ONH2 OH by wei ght
of solution; and about 20 to about 25% of about 20 to about 25% of WO
2011/ 028290RCT/1282309/ 055985 8. An aqueous sol uti on conpPCIIUG09/055985

Example 7

10g of chitosan, , and 10g of citric acid,

O, OH
0 (o]
| |
HO HO OH are dissolved in 480g of H,0. The resulting solution is combined with
HO ﬁ OH
S

2000g of a solution containing 32% of DMDMH, Soo by weight of solution

o 9
\N/“\NH

and 7.5% MDMH, Ho, by weight of solution to produce approximately 25009
of an antimicrobial composition which is:

0.4% citric acid by weight of solution,

0.4% chitosan by weight of solution,

25.6% DMDMH by weight of solution,

5.6% MDMH by weight of solution, and

68% H20 by weight of solution.

16



OH Il.,0L 0, OHO oy-ttoo N H2

WO 2011/028204 PCT/US2009/055985
CLAIMS
We claim:
1. An aqueous solution consisting of:
OH OH OH
o] (o] (0] OH
o OH o o
o) ﬁ HO NH, NH, NH;
| OH OH OH
Hzo HO HO OH n
and

an additional compound selected from a group consisting of:

o 9 on Ho 8
I |
AT AN

o o , and a combination thereof,

wherein n is about 3 to about 6000.

HO OH

]
[
\N/\NJ

2. The solution of claim 1, wherein the additional compound is o

3. The solution of claim 1, wherein the additional compound is

17



NH2 OH- OH HO....,,,pH NN-----" "0 wherein n is about 3 to about
6000. 9. The aqueous solution of claim@8, further conprising MyCl2.
WO 2011/028204 PCT/US2009/055985

4. The solution of claim 1, wherein the additional compounds are the combination of

o Ho 9
LA N

Ho and o,

5. The solution of claim 2 consisting of:

H,0, about 0.2% to about 1.0% of "© o °H by weight of solution;

about 0.2% to about 1.0% of by weight of

solution; and
HO ﬁ OH
S
N

about 30% to about 35% of 0 by weight of solution.

6. The solution of claim 3 consisting of:

O, OH
o o]
| I

H.,0, about 0.2% to about 1.0% of H®  Ho ©H by weight of solution;

18



10. The aqueous solution of claim9, wherein HO OHis present in about HO
0.2% to about 1.0% by wei ght of solution; WD 2011/ 028204PCT/ US2009/ 055985
present iwo2boumsM42% to about 1.0% by wei ght of sol uti @oT/tsae90Rss
addi ti onal conpound 0O HOL 10H 4 iso and is present in about 30%to
about 35% by wei ght of solution. on

HO

about 0.2% to about 1.0% of " by weight of
solution; and

]

\ |

<A
N~ “NH
about 30% to about 35% of o by weight of solution.

7. The solution of claim 4 consisting of:

0. OH
N 0

[o]
I |
H.0, about 0.2% to about 1.0% of HO  He ®H by weight of solution;

about 0.2% to about 1.0% of by weight of

solution; and

o

OH

A

HO f

N™ N
about 20 to about 25% of o by weight of solution; and
H o}

O\N)l\NH

about 20 to about 25% of “0 by weight of solution.

19



present in about 0.2%to about 1.0% by weight of solution; and the

addi ti onal conpound HO...... , NH A s (:, and is present in about 30%to
about 35%byowaizgies of sol ution.. 12. The aqgueous sol uti @eaTafS2aas3ve9,
wherein" " is present in about _- O—IO—IO—IL----O .---(31-1 0

---"---8-- - M\R aqueous Solutidhizoh¥prisirig:- ' NH2 OHOHOH 0. 2% to about 1.0% by

wei ght of solution;-- nis
OH OH
o} o} OH
O, OH o (o}
0 0 NH, NH;
I I OH OH

Hzol HO HO OH ) n 1

and

an additional compound selected from a group consisting of:

o) o]
HO OH HO
[ |
\N/J\N P . )\NH
o “0 , and a combination thereof,

wherein n is about 3 to about 6000.

9. The aqueous solution of claim 8, further comprising MgCl,.
O\ OHo
I I
10. The aqueous solution of claim 9, wherein H¢ o ©H is present in about

0.2% to about 1.0% by weight of solution;
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present in about 0.2%to about 1.0% by weight of solution; and the
additional WD 2011/028204PCT/ US2009/ 055985 0 HOOH )N NN
conpoundswaneNdasm4i s present in about 20%to about 25%Pby/usesogiossses HO NH
solution and' (No, present in about 20%to about 25% by wei ght of sol ution.
13. A tprebehkincabyut 02%dotabeutd 26 by weghbt oftsolotiors |amidnthe. additional tertpoued
conprising the aqueous solution of claim9. 15. A nethod of adding the
aqueous sgl uti®n of,claiml to a textile, conprising contacting the textile
with the a ue/cﬂ{s /S/O| ution of claiml1l. 16. A nethod of adding the aqueous
solution of XlaiNn9 to a textile, conprising contacting the textile with

t he aqueous gtion of claim?. _
is o and is present in about 30% to about 35% by weight of solution.
O ,OH
o}
I I
11.  The aqueous solution of claim 9, wherein H®  +o OH is present in about

0.2% to about 1.0% by weight of solution;

present in about 0.2% to about 1.0% by weight of solution; and the additional compound

HO ©
|
\N)\NH

is | o and is present in about 30% to about 35% by weight of solution..

(o]
o N\ OHo
| I
12.  The aqueous solution of claim 9, wherein H°  Ho ©H is present in about
OH OH OH
o] o o} OH
o o
HO NH, NH, i[;NHQ
OH OH OH
0.2% to about 1.0% by weight of solution; n is

present in about 0.2% to about 1.0% by weight of solution; and the additional
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o}
HO OH
AN
compounds are o andis present in about 20% to about 25% by weight of
o}
HO
I
\N)\NH
solution and \o, present in about 20% to about 25% by weight of solution.
13. A textile comprising the aqueous solution of claim 1.

14. A textile comprising the aqueous solution of claim 9.

15. A method of adding the aqueous solution of claim 1 to a textile, comprising

contacting the textile with the aqueous solution of claim 1.

16. A method of adding the aqueous solution of claim 9 to a textile, comprising

contacting the textile with the aqueous solution of claim 9.
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