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WO 2007/ 070650PCT/ US2006/ 047780 ANTI M CROBI AL ADHESI VE
FI LMS CROSS- REFERENCE TO RELATED APPLI CATI ONS 5Priority
is clai rred to U.S. Provisional Patent Application No.
Wg%@,ﬁg, filed Decenber 14, 2005, the di SCLPWS%&/MW%
rch i1s |ncorporated herein by reference in it
entirety. FIELD OF THE | NVENTI ON 10The present
invention relates to antimcrobial films. In
particular, the present invention relates to
antim crobi al adhesive filnms for use on surfaces to
reduce the risk of contam nation by undesired
m croor gani sms. BACKGROUND. 15Cont ami nati on by
m croorgani sms can have dramatic inpact on. human life
and heal t h. Dur i ANTEVMECROBIATOADHESI VIDEHINS
continuously cone into contact with a variety of
surfaces that are contam nated with one or nore types

of m Croor&mgrmmeﬁmmﬂmm@m@mms Such

surfaces may include countertops, tables, and food
pr epar at | Briorityris slaimed do L5t Bravigiensl Petant dpplication Nen $0/743,036,

ﬁl?c? El\é?é/lﬁﬁelbﬂ 2605 Thé a8 {1&0&5\731'11991@191 O lo?eﬁé&" h%l‘yﬂplﬂ/ feference in its
splay appl I cati ons, 0
enditéty.aces in heal t hcare settings. Cont am nat| on-w th
pat hogeni ¢ m creorgani snms in such |ocations may result
in the spread of disease and infections to people,

whi ch correspondi ngiFYEEDRJRIBINVERNTION €S and
i ncreases_health care costs, To counter the spread of

undesi r edThe Eressnlginvestian teltasaly Antimirrabial flws. 2dn pgrticular, the
prés\éﬂi gﬁlaﬁﬂoxﬂeg@%g) At ReSHiAl £BPsivdiling fﬁsthhs% M QYWERRS 18 Reduce the

ate readuction In concentration of m croorgani Sims

rlskmfgomaxmwmdnfemdesim@ migrboxgasismsst be repeatedly

cl eaned and sanitized on a frequent basis to continue
to prevent contam nation by m croorgani sns.
Accordingly, there is a BAGKGROUNDurabl e neans f or

reduci ng cr obi ontam nati.on thatf is,eas u

and i s of Wﬂaﬁw&mwgww 557 PV S R eefgy on buman life
an@iRJaltB0ERLARNE e ePRIal Odb%itiAbs &l le coMPnuously come into contact with a

2007/ 070650PCT/ US2006/ 0477é BRI EF SUMMARY OF THE
vanmmﬁpp(ﬁap that are contaminated prithceori QIS 1Y PB P BjcAP@gaRisms, some

f

of%l&f#ace § ?{%t‘?.ﬂ'gﬁ% g;'“"?%."fé frss‘?&‘ﬁan dnn‘:?tﬂ?rlhé‘lh é‘%gk% Ps atab es, and food
preparation| mrﬁiceaf in restannantsy dplashi a;aeds fnd nommyot bcltmma f@nd processing

re_l,gye fir c nd co
PG b B2 ud), PhUSHER Bl Ly BaRR Suf o heltar
seﬁmg@omdtaaﬁhae@nmmhﬁtﬁogeﬁic mitrréarganmﬁmstlh suclo Ilcﬁ:altla;le may result in

i Gore e of Qikihe i RSBV P AeREr Wi PETFORdPE SndarEers human

lives e%d mctdak@chdanh vaRy dogtstat ri x and an .anti m crobi al
agent dis ,Persed within the cross-lipked matrix, where

the crossl® FRNEEr BESPIRd QA desierd mirEePrepmiFms, contaminated surfaces
arep@} ERly ¢Rbh&d Qhﬁcéb&lﬁ%dco'Wﬁﬂé e ﬁgvﬁks%ﬁhmﬁdﬁﬁs &dduction in
fromt he group consisting 10of pol rizabl e nononer

copesnymRtien fbmicrpefaanismshan | giyem strfhessulthe swelagen myfst be repeatedly

Bt B LR GARERHRLE LR Sy R Efnenion v

migroevganisnas. ndibedrdinglyg thdre lisre oked g pdwskletmdbisrfoe tduging microbial

|Ie th hove-identified El 1. sets.forth an
ol Rt iRbIneER $E Oy 2t FoREeSrar Mg isre SaEpntapingtion over
exteadéepRiclsedtiois noted in the discussion. In alt cases,
this disclosure presents the invention by way of
representation and not limtation. It should be
under st ood t hat nunerous ot her nodifications and
enbodi nents can be devi sed
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20by those skilled in the art, which fall within the
scope and spirit of the principles of the invention.
I y not be drawn to scal e. DETAILED DE
52@7/6170@ a side sectional view of nulti-| aye?@[ﬁﬁo%{"mso
of the present 25 invention adhered to surface 12.
Mul ti-layer film10 is an antim crobial adhesive film
that includes antimcrobial hardcoat |ayer 14, core
| ayer 16, and adhesive |layer 18. As shown, core |ayer
16 includes top surface 16a and bott om surface 16b,
where antim crofi gg@% HIVE sed
adj acent top sur ce 1 an gg—ll%e Ialgin i's
di sposed Thg a@wwnboi:wwnmurﬁeht6 1eb.a Dnmlic—ﬂay@naﬁlmerfms reducing

such as "top" and "bott.ont are used.for ase of. .
ot Rty R 51l it P, e st A i iettind, ¢y Sking the multi-layer
filaur Tae endlli-NBYr Bomany inululle @ecdrb ddyariiavinpe B first surface and a second

contam nati on by m croorgani sps,, such as table and

sue@aﬁpﬁposef@ﬁbe ﬁréfoalrﬁwespar adhesivedayer iisosed adjagenisthe firsysurface of
7 / 7
Qofd %/9 Qx@é%ﬁam frfx.??&eigﬁ( %ﬁ%g ?ng%ﬁdp%laét‘[}légtﬁk!ss%gond surface. The

ns and ones,
arpuhbnoblai lares pan imflndma crsstlipkes palyingvia meatyix fandiahiantigg§robial agent

Aied, PRATE S BNt TR SR AP E ecp ThgelpRed, E0FE gan be derived

fréritid polandrishile prediresy)comiitisig & widtatad stlecied HtWhe @501@) consisting

flat, planar surface, nulti-layer fi|m.10 may al

ofRelyBerigable sppasten, golymeriabls plymer wgaaam ffédwght of about
1,60 62862 andotibithuidfl Gcegad 1 1 the appended cf ai s,

’t e tern1 m Croorgani sm m crobe," or a derlvatlve

thereof, is used to refer to any m croscopic organi sm

i ncl udi ng vv| t hBBIEF DEICRIPGAONHE THE R AVINGIct eri a,

Vi ruses, a n a t I €

oy oo yabldad o WSl BB SR of, 2 ETESEE i, ke prosen
inegmiopat hogeni c, and the term "pat hogen” is used herein

to refer .an at hogeni ¢...10mn] orani .

Surf ace 1%%: %é%é‘?fiﬁﬁg% agd bts%bhg’f“’e hdiment of the
inveiRions ofHee eRebddiPen@fars Widoaetdmplabial ak ioted pPERAdBEISN. In all

mul ti- | ayer film 10, and segnents 12b are exposed

caprss thipdisclosuse preseas the invsagpa by wayaof represgntaier aedneylimitation. It
shotild R0 dbistb S thak ﬁuﬁ‘fcrddsﬁﬁ%o 8&&&&%&%%dems can be devised

nlcroor?anlsns sone ( nents segnen
byethvsmslsilled nogke art, whichefadl; wahmrtéaa soOpeaagil Spimit sxi nhapenmples of the

infieBp: FIGeF BRI BRI acrose the entire af ea

of surface 12 to reduce mcrobial contam nation of any
portion of surface 1 | ayer film 10

may be adhered to seéﬁqﬁ%])gfs%?%bg 12 to reduce

m cr obi al FR®.NY aj¥i Hadxﬂ@rhe&ibrﬁﬁgﬂ@mofl%ﬁﬂﬁflaﬁéﬂﬁﬁﬁelol%f the present
for, extended perj ods_of days, weeks

inygtioR edbeTetlsie Sures] %Ml&’)vlaneﬁ Hmdo laaﬁeaatwcwoagﬁé adhegive film that

m&ﬁdé@&rﬁh‘iﬂ:ﬂ%@ﬁ Ha!r&d@ai— 13 14 QJ&'@ Pa?r@ld 16 i dhesite 1%\3? 48N As shown,
that antim crobial har coat l aye faces away from

cozulgyse el 61 Iclpigsoton surdensel b gnmbqttom yfiace |16y Mhere antimicrobial

hag&n?{(?gﬁr Slllgﬁ gﬁl%gf%e%?gﬁ% d?é]:fdé m Crinélegdhegwrquyé{'em is disposed

ad;acmtalmrtm sorfacd/\héh Qifeenenhlttmsﬁchcg “t8p™ and ‘betteryare used for

i1m.10 r.educes the rlsk di ti onal
ea?ﬁ%ggd%cflaﬂﬁ% UGk el %Beiiaﬁg% nati ng segnent 12a
of surfac®urkike A shay Nbd tdnyl auehed ithi kay Uitehi Odthtafination by
.a physical barrier that prevents m croorgani sns_from

mlewwsrnﬁ sggh ag éabl aznf&tw%ré@w@ﬁ& food prepsratinm surfages, surfaces found
anti m crobial hardcoat |ayer 14, which includes one or
nore antim crobial agents, biol ogi cally attacks
m croorgani sns that cone into %ont act with nmulti-Iayer
film10. This conbination of physically bl ocking and
30bi ol ogi cal I'y attacking m croorganisns effectively
reduces the risk of microbial contam nation on segnment
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15 qualities of the given tables. Additionally,
multi-layer film10 is particularly suitable for

[ pplications, such as touch-screen dis
W%Lﬁ%ﬁ/@?‘ er film10 may be adhered over an entPDCrTé'ySZ‘]“"“‘”"s"

screen surface of a touch-screen display, thereby

al l ow ng anti m crobial hardcoat |ayer 14 to provide
protection agai nst m crobial contam nati on when users
operate the touch-screen display. 20Alternatively,

mul ti-layer film 10 nay be a col ored, transparent film

fil fil b
inguk oo oo aail der e et PUT S eRRpYgS, Bublic faportation, and
@:ﬁh@&m@rfa&mﬁaﬁ icAlserden dmﬂwst dd:rﬁ'f}&hﬂws' l@%ht sm@hes and surfaces

decorative pattern may be l'i"ed beneath antim crobi al

fdmaddnbealthcagﬁesettingsdmg ,dndtrgﬂs ad gide dabileg)eWhide swnfacst Feis shown as

[ i y a b

o 1 A8 PR BAAEP I B ARSIRUBle BiABIR 1 corved and
irtogular Ghaped maurfaces.ay als ﬁsddrm&ﬂ:nhaamdaﬁn Cther@ﬁenﬂéd/ arlaims, the term
LLhickness 10f, J; in es t ness 14t of

TP RERIEH; aImFFé? o/t & Jiﬁ‘é(r"t“ﬂ ﬁn‘é‘%ﬁ t%‘chGft" @y dnicroscopic
mlg.ﬁﬁfn Holuding Withdulf MRsigatib8l ofd oﬁﬂi&@é o¥ BadtBN& vilies, algae, fungi and

'es of suitable thlcknesses for overall [ayer

PW@RneBB SOE Gaseyhe TOISTRMSBASIBY ofi Rarderlarc injeredt atsothose that are
U BPETBRCII ol ol Ko P 5 0" atboenic
migroorgamiser.s. Exanpl es of sui tabl e thicknesses for

t hi ckness of an er obi al dc y 14 ran .
from abou§1 ﬁ‘i’cllzo S 5 ERGBH ﬁ‘% }:Jch’re 5 segient 12a is the

p&iitich| & durfaceXamblat s . %F&éﬂtw&xﬁ rhililticlkpasSBRG lfOQ land segments 12b are

th| ckness 16t of core layer 16 range from

SRISTY DYBEBB PESTYRES 0 o7 eEers 4 2a botity patian @f stifecsy 2 that is at risk of
c& i inatel rﬁfc%?ﬁ' &E@ms St %cﬁﬁé embblTkesS %@émfeﬂt" 12a extends across an

t hickness 18t of adhesive [ayer 18 nay vary dependi ng
enfiretaren towegmenaam@sc ug (e etotwmcweoﬂlaway@dh isyeh embodiments,
oRAPRSE! o8, 08 2hi Sher® BRI Ahe Wbl bl b BE RS e microbial
ness eS|ve ayer range from

cdxﬂaminanonbfanyponmhmftsuﬁﬁcdﬂZr oneters. 5As di scussed

22?:/?“ . ON@ C b%?ﬁ&%@ J&ﬁ %&g%ﬁ ﬂf %q%-@&e 12 to reduce

miérbbial céﬁt@mﬁﬁzﬁi‘é)ﬁ drl ﬁgﬁiénfrmgi bk smm@ 12 2% extenBk® PeABAY { bixume (e.g.,
may be derived from any type of polynerizahle precurso

d@ﬁamp%s ©5 RAths| rathgr fhantimlrs)n dBryser %f%bééFvs HFY% I&%ingﬂu-layer film
g@@rﬁﬂlﬁated Bhoapkes 19fsu§H 'tﬁﬁtagﬁnﬁeﬂo ﬁ\?wcﬁealelay&ew FRR% Sway from

or use i n antimcrobial coat ayer i ncl ud
surfatieatd. oﬁxwrfaba@xmemuhi-ktyesﬁém la% ﬁurfa@@ 12 may he cleaned and/or

I
SR AT ARk BTy BB R BB Rl
ol i goner s Wheh radberedotoo serface, lﬁ,emﬂmlamnﬁhal 10 anduces the risk of
oo R EEMAG ShSREinE e AL oo 12. i
mileldyes diimh 0 Sfuidli@fUanh pHSERAL Bakier abatUprevOfts Q’mdr@c&@amsms fmm
and even artlcularly SU|tabIe poly abl e
cHEReH g Tigee - {pat SeayeRtridzaln ad leem%?wﬁwzwl% fageer 14, which
xd@ﬁ.{cﬁg‘ biie of nﬁﬁ@ ldhtlm%éogigpaégnﬂ %‘f’oc-loglzﬁlfy Et%dﬁb Iﬁi@%cﬁéérﬁﬁns that come
curable” refers to functionality directly or indirectl

y
ing rrgmieet Midmo-layerk Sbm el Q. halhis eworbingtione of physically blocking and

b@ac%?&lfy' %&kﬁ‘n&Sw %i‘(gqqg %8 ﬂ'e&WebgssﬁP %;tgl?quk of microbial |

ng-ener FIgAT ¢ group

cdmamhiampohwﬁrgmenmﬁamﬂmﬁ'ﬁwm)rs i ncl ude epoxy groups,
(rmeth)acrylate groups (acryl and nethacryl groups),
ol efini ¢ carbon-carbon doubl e bonds, allyloxy groups,
al pha- et hyl styrene groups, = 20 (neth)acryl am de
groups, cyanate ester groups, vinyl ethers groups, and
conbi nations 0 thereof. 3 The pol yneri zabl e
precursors may be nonofunctional or nultifinictiona
(e.g., di-, tri-, and tetra-) in terns of

s
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"UVI THANE" from Morton International, Chi cago, IL.
Exanpl es of suitable ceranmer ;conpositions for the

abl e precursor i ncl ude t hose dlscloseﬂ?g
@rqg?’gﬁétﬁal U. S, Patent No. 6,299 799 ("t he FCAjS2006/047780
patent™), partlcularly the ceraner conposition
described in Exanple 3 of the '799 patent. 25 Exanples
of conmercially avail abl e ceranmer conpositions include
the trade designated "3M 906" Abrasion Resi st ant
Hardcoat, and the trade designated ' SCOTCHGARD"

U Vet b1 gL BB RbeE 08 S BB RlgOl 415 e o

wﬁhﬁ”@'&&ssmnmmﬁafrﬁd ah'hi{:haéwlsﬂaﬂﬁilﬁf REIVERB ¢ o7 aéthRls the antlmtcrobla]
precursors, 30 incl ude t he tralde ejﬁ%%at ed, " UVl 4C3000

ageptsefipm beingownelidspwt b mudlti-loyy Khvdditipnallyyithe cﬁtoss-lmked

mtctﬂtxt BF aliny J}analz ﬁQ%q%ogt Exng $2"38 abkrd¥forf QM add Wifith imparts physical
matrix nmay a e one or nore non-curable

durabﬂaty at segmemm%soﬁtmfanar%whllp ohylturlawta;ﬁha l(hrsr applied. Abrasion

realataypeﬁsd&'u Vﬁ%‘i%&g egfézé q%ggg% \é@% 05%1 @%‘t %tu&lousl%r subjected to

weathsAd bethRHIr0| WSitiniiSitidl ditirddoat NyefBli4efdtaing Jits MitddrtPRehile being
containing materials, fluorinated rraterlals ad/d

subinsiAci SUSR SOPHEBB FO DISYCRIHNASRHE FORB ST 16 adior adhesive layer 18,

arkPloY FRVEAARE GnBindGHERP hgdits Frobl) GLing Sdesi Ry exéaét&t ¢rom the cross-
curing agents, such as Chain extenSion agents and

linkedimatrisn cross-1inking agents (e.g., photoinitiators). '
The type :
pol yneri zg%?e prg%ﬁtag‘g#&?}sﬁ‘gagg’g&q{mf hgﬁmé’/aﬁp gr%sRargP ¢ film, which

alidves malti-bayeo filmsHtd be adinared e spdaopse.gz sbifacpidy withont detracting

UI t abl

oot Vi and Sehnt iR Astest ey PEAE LR Far example, multi-layer

file N20RRAG e famtaeteaoom oeﬁézﬂéntalafameacwttabasa&trmmg from the aesthetic
photoi nitiators, 10 such as those sol d under  th

qxtalhaae ofjghs gwan .tadtt%s A@@Bﬂ@ e epproln R0 IF mapsicelasly suiteble for
I
GSHEE SHBAHETLER S ol LN gl SAONM SRR 0%) b s
oveataasentsgmmh eucfane erita tvichrssresh dlmanmhara@:yagmtng rantxmlcroblal
0
ha\xgcfoaﬁ tlg¥egs g% otg?l:%ﬁ%%t&tﬁj %E%S%th Etgéproﬁggﬂton; 8 Qﬁt:on when users
operkitt didl euclobaeat dizplagns rangl ng from about 2% by wei ght

: ﬁeaggfiéﬁe%gﬁg&ﬁpﬂﬂw Sfeim fl)(S1 may eeg tc:){ﬂquve tra%spargnt film or an

 opgly TR, Z MRLIA-IBFRCRIES Q0 MY 1RI Hontbd O UiRerigy 88etrSted with patterns

oxide fillers to increase nechanlcal and durability
angdf{gpriphanuencsic ehgaciprssto. impark infrapseticn.  difendecorative” pattern may be

p?:ge@ HeH BAR SantiFREMLEY  hRB AT ']%Fét ' P5 hid & dore 1ay%_r 16, or other

fractlvelndex as conpare o unfilled systens
ingreanieg layers sluabﬂgéﬁmmmwbtel hridegat laver ddpreteets thmmf@awon
both shri ﬁgaﬁﬁthgp%ﬂ?%r i$18n9 rﬁgltitﬁ ef Bl | '15' ﬁ tatert)verall layer

t hermal expansion o he resulfing ed conp
thEkamsl KK, which isoludabttdchness géhof:ammweolﬁa]l hadsoatrteyarcﬂet, thickness

Icgtz oaéelagf%re?% t? zﬁucﬁnﬁ%s{ étp%ﬁ 8@1?8 %C age&é%?gﬁc_amples of suitable

thickpegsbefor oveilli Ihpd?| tRickAese 10t Fanigk Gitin @bout 50 B RAbReRId @aabout 1,000
fillers in_.the crossllnEd trix range_from about

MiGTOMREIETS: m]ibﬁitmpglagb'(ﬁwta {jﬁgmg,vfrpﬁt about 80 micrometers to

abBAf 12500 |rAlickdméttis! ADERamBRBCE! alilaHIS thﬁttaegggs ffoPmuabiattbs 14t of
5% by 25wei ght to about " 25% by wei ght

antlﬁmrgbml élamgcpatelam e rangeefyoraiabontbl rmczomﬂex teeabhowt i2§emicrometers.

S, OB LRI O BEESHE bt oS s ranee o

This may sl ow down the curing rate and may result in
poor through and/or surface c%{e of the cross-Iinked
matri x. To account for this, a m xture of curing agents
may be used to 30provide both surface and through cure.
The pol yrnerizabl e precursor may al so i nclude optiona
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cZOcoponner surfactants, silicone copolyols,
polyethylene oxi de al kyl and/or aryl ethers and esters,
conbi nati ons t hereof. Sui t abl e

WMOPW@F%l al agents for use in antinicrobial H&H$HE047780

| ayer 14 include any inorganic or organic antim crobia

agent that is effective for reducing or retarding

contami nation by m croorgani sns. Exanpl es of suitable

i norgani c antim crobial 25 agents include transition

netal ion-based conpounds, (e.g., silver, zinc, copper

gold, tin and platinum based conpounds). Exanp Ies of

abolitd@hisremtters tocbnut 230 micrameters.c Snmlﬁt tlagbmssea fior thigkeness 18t of
aﬁl&é@{vgtl eurlslfsalé@ %ﬂﬁr gﬁ%@ﬁg tofﬁl?e 13% earéégk' O&g%fralssdsea %hd adhesive

pt'dpeﬁias&l&aifrﬁ Exdnvsies pf aiitbiathicknessey for thkhessalt8e of adhesive layer 18
silver njtrate,, silver s Ifagéaz_l ne, silver alginate,

ragefigm g %d&r@%cé‘?’é%te" 3K FHSHORLFEd cer ami ¢
zeolites, g hﬁé&iss&fa% hﬁﬁrﬂfhr&h&hhsﬁ-&é&dt q&sre?hofsaﬂeﬁasf»annmmmbml

sil ver-copper co wi th cal ci um phosphat es, | ver
agierty dhad em dmpcrsade:g dissolvedr withini thescross-liniead maitr@es The cross-linked

n‘?atxb% l!)t{ § n%eﬁ@r?%e%gﬁg %%ﬁlﬂéfmﬁﬂbﬁleéﬁrg&eﬂlag saécﬁnpatxble with

|na I ons
t%ﬁﬁbﬁiﬂﬁsw Bﬁifmliﬁﬂﬁﬁﬁlagéﬁ@.o Examples of suitditle tpplymerizable precursors

G0 b pRtrlraabie] paseSarclaypt 44 SPElyEn TadpRicutbiy Ghdsctiats, such as
poRadrizabR bR efie PoliinériAble’ {5@ 1S flfa@fﬁgAﬁ'loﬂ\éular weights of about

Technol ogies Inc., Wakefi el d, t hose avail abl e, under
1909 ot lege (wes ioljsamprmand memmmes 5o Goramgconprsiyarhereof, and

%&@%ggg%\@ae ébf aﬁg?nﬁlz%?y Okt T@?Z tlgﬁﬁHzLN@% pggyrﬁy#%f 18 pB¥merizable

précosser hoed lnabdcelau metights hbabiaua §80 @ehsg.rmdu onen mmﬁmasmlarly suitable

p\é'i},b%{}l 2 ]*%?{s q%q.ﬁé é@é&( En%%g&r% 1[1) &B%%B@Welghts of about

268 aorplesss d*\hestanh diphdiatdorg amablﬁnielfm ao Cﬂnnaﬂlowtdﬁecﬂy or indirectly
i,g(atl e tho e that ﬁre non-reacti ve
o e backadt PGPaang rroets- Kak) Upeh Exbosiee to a sitable source

o ha |el:1¥rg|9' ndSuﬂ@)lé’V' falialiB8 BObITRKA@DLRuBS ST BR" polymerizable
Sui t abl e non-reactive or%;nl c antimcrobral  agents
Procersose ipsbidenepay grasper tmetuasmtate muﬁm(@@ryb @af msthacryl groups),
| osl} -
R RN TR o2 POHaR, AN, Rl Tibfamatiyt stymene groups,
(hed)acQuiamidd gumpsr cyar@ie ebtenlgsoupisn yinyl mhawal gepupsT ; andnebmbinations
vl abl e under the trade designation "BARDAC', from
I?_ a Goup Ltd., Valais, Switzerland; phenolic
conpounds ’ﬁwcpolgtmeni:aﬂe h:emtrscﬁl duay be dﬁdsmofahcm&l or multifunctional
(884 T . il 5 P BREHGA I PG Coan BREPIES of suitable
nﬁﬁi@i‘ﬂiﬁ{c@ibﬂéﬂ mﬂyﬁie‘rﬁ%l@ f prefincbRa BRAMeAl biyrédtem fphSmethylstyrene,
Tarryt own, ar achl or onet axyl enol s

Swtw%fmﬁ% wa&b?%ﬁwpm ﬂb%raflﬂdﬁwlr%'rpmﬁh%mﬂhéaféylamlde N-
sbﬁ(é#t\ﬁe@' Ol Qﬁx?/ac'{#‘aﬁﬁﬁ@é Ciggh1y Uik )%Eté‘ndeﬁor}ymehﬁﬁdeethoxylate

desi gnhati on frrom Arch

(mothiearylateCT; isonpmhi de(metb)asnilatounddsabernyl, hémolaraylets,  2-(2-

51%38 g?’?eﬁlgP gﬁ%ﬂfﬁwﬁ%&eélgﬁﬁﬁe tLrﬁ?é’tﬂfﬁébqbﬁ? lauryl (meth)acrylate,

exrdi ne ace

bptakqaﬂmnﬂlyhfﬂneﬁ@adnykgteanscdmwl (aweth Jatrylan8) @fclddliphdtc epoxide, alpha-

CREXi003p HRoREs! CoRTRT s, (Bl Tier BAlFiG Abyride, taconic
atidf Q5RREF) (ﬁB&DdBrﬂﬁﬂ:b' dddedgl @%ef]ﬁa&ylatef - bﬁtﬁcgﬁ&h)acry!ate, methyl

benzoi ¢ aci ds, salcyllc acids), antimcro

(megthacaylats, | hexyhb. (gleth)@@a'latﬁe émsth)acrylio cacigh aPevinylpaproleqsgm, stearyl

extracts), and 25 conbinations thereof Additional
sui tabl e non-reactive organic antim crobial agents

i nclude organic salts of transStion netals (i.e
organonetal lic antim crobial agents), such as silver
salts (e.g., silver lactate), copper salts (e.g.,

Pt
.“\__,/
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Sui tabl e reactive organic antim crobial agents include
guaternary am ne- , functionalized ethylenically
unsat urated nononers. Quaternary am ne-functionalized

woldwleakpal | y unsaturated nononers are benefi chatubRbenar780
use I n antimcrobial hardcoat |ayer 14 because they may

pol ynerize with the pol ynerizabl e precursor. This
allows the 25 antim crobial agent to be chemcally
bonded by pol ynerization to the cross-Ilinked matri x,
while still providing antimcrobial activity to reduce
m cr oor gani sm contam nati on. Exanpl es of suitable

BEREEY S, VISR GRHAN AR Yoyt oo
(netheichplatep x adydydxaethyhi ur(ricth)aaytagd,at ehydrbkyrasthyl  (meth)acrylate,

ARG P o R RBE TR POmPRYe st aelare,  hydroxybutyl
(n&% 15568 h}dro%%i@@ﬁm;(n%%)acrylate, tetrahyd(r%f'\%fé;m_ Gmsth)acrylate,

exadeécyl ammoni unet hy hacr){l ate halides ]
pardaerybsitolgegiaacrylate, pentaerythritol hexaacrylate and combinations thereof.

di net hyl h I ' ' .
(DVRENA. (ISR ESS BT ARERAE] I Relialll diBayrsors include
ethylehablptyabd ; g(ggeggh%%%mﬁ% hdirfmé_dgamy_tht@:\/l@kgkﬂwﬁne glycol
S 007 es I ncl ude

dr&femh\ﬁé%w B of TeHRRRRlRS, aﬁg°mewﬁ(@§%\@ﬁa@’ dednsiyjolpropane
trgﬁieﬁi')hc@!ﬂte,it shokyidicde UnRRiETRRHopdRt Sgﬂil%ﬁ'\;ﬁ]é)&g\ryclitg, * glycerol

derivatives of other DVABA-Cl6 halides and
triteretieasylate pRntasnitbrinbirimeinacryipie.Reatrerghritol detpastipcrylate, and

i ' ' inethe art woul d

npEEh PR (RACHINGy B, 854 LARaRb ekt TP T o Such

5ot her halExdeplesSaf saitdbde dediation-cursblo IpMIBNVALE 161polymerizable
oi3Sar Pl DS AR LR G ol iy BpBhisnthl Buamples of
cq@ighbfoﬁmlyardgyﬂaué L @hd:tlﬁ)a\tﬁ}lateﬁ fltbﬂllanﬁs arnkD ﬂo&f&idﬂﬂ ihtlmde oligomers

about , 14-16., C ol ynmer -chai.n | engt oW, 1. ‘
CERAEI e AT i2ble des i Fde IGURRP i HCHIMER" Som Henkel Corp,
HEbSIES:; N!J,nliﬁ?orﬁ’&*s lcbrinydibiaBy AV Sitabls SNERRIthd Badd8esMNEVR “EBECRYL”

derivative Trom phase separating fromthe resuliing
fremddEB Radavae beq.+ Payra, GA; oligomers prmmrcigllp By2idahle ppder the trade

i fes ' Qi . . .
Y I ——.
avhilhblenoiderathec rade  designatidn OWelTHL ANEB” ftémaikicmss d@h¢micals, New

The m xture mgy be stirred for .about, hours at abqut, . .
Bejediicy Mo AR, pReiais o Eomere gy, Gl it e W8 designation
“U'EBLHANEY ftbiniMofioh Dlerpbfiend)j Chicegoldl. t hen be isol at ed .

gyi ];:jl ngtg:xggx’g@amﬁiggigab\f@%a&% gorgéggﬁior?sct%tr g;%’:qlg{:]q%sj’zable precursor

inEMAEANSEO B cRBEH i Treigldival IV ES PHcht90.f 6R9BF9DY“the <799 patent™),
conmbi ni ng di net hyl am noet hyl acryl ate, of acetone

Partigehy R 2 BRBmE, comRpsHian chaarited im Examplat 3 osf dhet 799 patent.
E%;E@Eéalﬁr g&@ﬁéa}gg &%ﬂém@‘éexfaﬁier?c%n%;é{tﬁm@tmﬁ(ﬁ@c tfdthade designated

to roomt enperat ure. The acet one
“3ivh PO6T évbrasion Resistett Herdeoataapd theapadeadésignatedtRCOTEEIGARD” UV-

at, ,4QC. Th tin ol 4 ds. t e with.,.
o i el P Bt et MR Vitestbidgon, s o
Maiti m crobi al performance of antim crobial hardcoat

| ayer 14 .als 25 be increased, by inc orati ng .t wo

or oo sOABHEREL PRATRIES oF EOBBPEFIaly el sblst pplyREnZable precursors

inG108S $hd iride desiBiatd X “UNPIC0BOP natOffiald ot IGIY SHicones, Waterford, NY.
synergi stic conposition includes conbining a quaternary

In gdditions toribe ipehamsrizablecnragureers et | opossriindedmaataly men elserinclude one
[ n em Yy 4.0t C =1 [ . .
or 5FS ARSI G o B S IHSIOTRL i e,
W thin the cross-linked matrix. Typically, the
guat ernary am ne-functionali ze I'tit WO
2007/ 070650PCMIs2006/ 047780 etnyl eni cal | y unsat ur at ed
nonomer provides faster antimcrobial activity against
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5 layer 14 include concentrations that are high enough

to effectively reduce m crobial contam nation, and | ow

enou_?h such that the antimcrobial agent does not g)hase
AF08S% r om the cross-1inked matrix. Exanpl eBCHPS2006/047780

sui tabl e antim crobial agent concentrations in

antim crobi al hardcoat |ayer 14 generally range from

about 1% by wei ght to about 30% by wei ght. However, the

suitable concentrations may vary depending on the

antimcrobial 10 agent used, the polynerizable

precursor used, and the desi red | evel of antim crobi al

palyesteiss y:olylmldes polyalmm tepbXies.cpriyettitenst (e, Fulpriibated qolystyrene-

?&Pla@rggt n'ra er%::ls 14 ﬁ%ﬂ anlj];n%lé n P‘?a%}]dg%icrﬁ%ﬂat?d materials, and

ca;lnbuiauaﬂ&m@peo\ﬁﬂ ght, with partl cularly suitable

concentrations ran fro t 5% ht t
10% 15by V@i gme © eﬁl%afé%gh H’B‘?’F&ZE‘EY%W&E‘SQD a?%?o}‘%‘-&l“des one or

L'd&%go;geﬁ{s, 36LH \ébtc\‘laiﬂ the ﬁgmﬁl %@é‘ﬁté vﬂav:aam%t £rdds-1ifRing agents
pro ertres of "antimcrobi al hardcdat Iayer

@gmnh@tmpmamx ablhs typacefhcving @gentanyvdsdemndé hen the polymerizable

BRI S AR 0h, Y ol Bigl U 48 oo PR "y e the polymerizable

plgcarsoa b oUEx@mpls bwf wenigible tcomertialyO%vajlable gl'ﬁe-ramchh generating
Eartlcularl sui tabl e concentrafions ra gi?é}ygpfro

PBOIoiISIgR, rcbie SO RsRoRfy PeZe L BRET ideifind photoinidators

SBEH YSTBdsé S0l hiddrNBe REkY r&ﬁggaa%r@ ‘HREFACERE{ énd) “DAROCUR” from
DMAEA derivatives and DVAENA derivatives), the

Cilom Sperialat Coamicals, (Taaryiawa.M ¥y oBp-nitiatpsm end anine syrereists may also

v NEcIgeLe 1r9 rovB& axﬁﬂgt € %l@&l%%ﬂf?ﬂ st ¥ thd éut?ﬁg agent in the"

antimcro har ayer own as
cmssrginkingammx amgenitonolabatt A%y dyoweightte rabbyt ﬂﬂ% Xy weight, with

R uifplh EneRBGinIGH seb Bl i P B A bl to abou 5% by

vieigit] bakdd 6RYhd ditirt S@ight nfﬂf&lioij?meﬂzaﬂﬂ@ﬂieeﬁis&r of
antimcro gents, where the inn | ayers

(cl oser tghlf’of’ er{fylé?bliafe?q{ﬁql’u@gymﬁﬁ}]g}c gani¢ oxide fillers to

nﬂﬂcreé@tlﬁéﬁhﬁﬁl%’l' Bid AGERLE ﬁr@ab@&i‘ey Sf e drbe-PaRr mARRL such as-hardness,
ers. Core | ayer 16 |s a

S ab@srpnar@ﬂm 684 refsachianiiedax. 88 gp@paredd ulJJI%D lled systems, The
e 5? mur n o%égﬁg eé e al§b4%&?&s§%ﬂ§ks ¥qu03180ur1ng and
uri ng acture ng on parti culrar

tlmqopdmfﬁatenb p§ tharormaé ebcngnslomﬁf Mr&saltm&ctd'pdsmmpqsltgmd Examples of

7 S}llgﬁ})fé% %é@%%ﬁ%f%fggrﬁ@e% Ielaﬁ:]H é;angp}lgﬁer%aged a Satf oarrtlgl%s, such as those

dRQIbELD FOBRDEGI, URS DB B6TBO T OEf(zﬁﬁﬁEblof sﬂ@d&@ﬁém&ntrdtmns of
1&?&%{: quﬁ?qfs?'ﬁ%% %gﬂ{?gtg'{q%-o l ast | C rrat g Z%rggl) a%o%t 0.1% by weight to
aBaktt 9004 b i gty Wiy o2ti DY blﬁ{a‘bld é&iceﬂﬁaﬁ&ﬁ&aﬁghﬁmﬁ about 5% by

materials that are gptically transparent as thin
wWeight e abor i5P4 brsieight: core Tayer 16 may be primed or

ot herw se

nar deoat 1 nyaaniotie FLRPLR HRAGD 001 bF g s aaiBion during a
cuong piasess; Iﬂﬂﬁrﬂ@? dcidew ﬂmaavarlddc weergy)to apliwate the curing agents. This

%es}fé\glcﬁ aye lr&e%ﬁ%ﬁb&uﬁ dﬁ ng gafrf'n?%h grgclfjgr %@f&e cure of the

crugsdinked dhatrinsi Posacteurg. for phisharmbndrecof vexing lagéme&aauy be used to
Addi t aII the Cc ormabi ity allows nulti-Ilayer

Prqvt ﬁ qﬂ%%&ﬁa provided as a roll, thereby

provi di ng Wﬁél?ﬁl‘éﬁzﬂl& S)ré:uﬁébﬁ“fﬁiy 8135 iNBaas of)ﬁbnélsdcﬂﬁwes, such as
rrultl-layerfllml | e shiown as a sin ayer,

heyyr etabidizass, mmgiealhgbt riabiilizers; fagranedsy e‘?deeﬂegmal scavengers, dyes,
multiple |layers of the same or different substrate-

materials. As such, core layer 16 may provide a variety

of optical enhancenent propertifes, such as anti gl are,

antifog, light polarization, limted or expanded

opti cal wavel ength transm ssion, reflectivity, and

O
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an i ntended substrate, the sheet material can be

renoved without danmage to the substrate at the end of
“%Pﬁ'%ﬁﬁﬁ ded life of the article at a rate in excess of

29 s/ hour (25 feet/hour) by hand with tREI/US2006/047780

optional use of heat. In sone enbodi nents, the

renovabl e pressure sensitive adhesive has a 180 degree

peel strength (froma painted steel substrate 5

enpl oying a peel rate of 30.5 cmimn) of |less than 8

N'cm and nore particularly less than 6 Ncm

As used herein and in the appended C%i%
pigmepiss i uTigRaBise andesapiinationsh thegent} | Examplese of spitaigsgommercially

avdila lcahitya'wcﬂﬁg‘figr £ ‘%’ta‘bﬂ?&ﬁ% igud® @Hﬁoﬁfﬁﬁ@i{@-@ysﬂeg ?m'a%'mlet absorbers,

surface or s ate without substanti a
whiﬂlesreoavmhbwo ivindesy the mradg ndtsmmtmm HBRAYBYOLh400°1 drom BASF Corp.,

03|t| sure tive g a J
PshRRmnn M HFadL EY Hidies FRplebesh i CROREL DV IPFEL drom Cytee
Idcmﬁfes,t fWébttPétter§&{, BHIC Qﬁa emided ke B84 alesigmatiynd aYIKNUVIN 900",
s of suitable renovabpl e

PSA. Ex | e
“TRBSI SR “JM@H‘E\E%%Q? LR CIDR RS IAVCRerBicalfe Tarrytowm, NY.
Eg%gél‘%% Qﬂglg?oigﬂtﬂu'gvigié ll@i‘ @t%ﬁfei%érg MnNBe polymerizable

pELEEOr Ee ifmmhal:cqut mwl%rbyam1ghidg rabontid 6% hirwtight ywith Baticularly

sx{t@@%ytopag Icgg gtgfggse %né%ngs 19tnl S:’}E%r \gellgﬁﬂ%ra%%h Yo% by weight.
di scl osed Bxampldsvef suitdbs frEﬁl-i'a&ﬁ(ta! ISoaveBgbidlintide Hikdered bmine light

stg}t)iggérp&gﬁf&\ggérggé 5q 5!2yc§~g7yl;g%nqﬁﬁ P%ﬁrl?alig,r ﬁi%dgl.!e'd’ phenols, and

cdrﬂﬁiﬁﬁﬂ&{saﬂﬁ%dferEké}nﬁhés loFf tEHIE ommeRRIE SVHRVGISTRINISE compounds
adhesive | ayer 18 includes an el ectrostatic charge.

inglyde ihe ade Somiaentesd NTEYUVIER 203h dxmy @1b@§a¢01§!8y Ctl@mwalff, Jarrytown,
N fzﬁ!l ?rfe%éel%t ?ésfg%a @@AS@@%W ZQ’Q pte%gf.&&&@se West Patterson,

e core aye
NAI tFman'aﬂeweif gmtabte smnﬂM| ofcfieesyadidab scaitengensdn| thy polymerizable
conbi ne ati ¢ t her. hesi ve -
PEEHSSMEREE fof TS b die IR wP it A bR
el ectrost &Ixamp&s:éh@ﬁsmableayxﬁfaci&t@ amhlrdtvmanﬁemaﬁﬁtﬁa,t non-ionic, and

el ectrostatic char an exhi bi ostati
. ouiiFgRlc; BRTACHS w@&w@wéﬁy syeh a9 %?r %§e & H@rébylz et al, U.S.

p@laﬁtowong éshegsfy | R dnpibe ofeRmyuBiR! irRRBRES thdlRdd Eb%lyalkoxylated block

desired Surface. Permanent el ectrostatic chargé can bé
capebaneretnriagtantse siligpne copslielss poliethplepe ogide alkyl ansl/eionyl cthers and
esltﬁélearnd]c%n-tb‘?ﬁat o‘hs&ﬂ&e@ﬂhes' ve | ayer 18) using corona
g., trogen or air), as described in
Ever aer t s Settatle. mﬁxm@robﬁhlbageum farnuseoin 200RIAOBIAE Aardcoat layer 14
ch is. |ncor§ora ed .herein

. f
B8 drEineabe B B imespbialcodhE A5 i BRRcTor reducing or
reaﬁdmgloﬁnmhuﬁbﬁoﬁ by p'rzcmb@nm:ﬁidﬁxmmplémbf ﬁﬁtﬁlbkﬁmﬁf‘gamc antimicrobial

ocC, actiyvit an extend {h eful life of
eth ingiage Hasionnetl io- BB SREBPIBLM (e Ho TG 1S, £ppper, g0ld, fin
Zoga/lRmea@,aa Id@&aﬂ&nds)\ﬁoﬁﬁ&%le@mfi&ﬁ@% Wn%ﬁ&éoanummmbxal

0249791. Exanpl es of suitable antim crobial agge
ageis iBelnee S YeRoHat, I setoin s e heriAss SHvaINBoE's, éleref “phosphate,

mﬁ'@F bt'éhr%@ RiiRbr ﬁﬁ&%‘%ﬁﬁfe 'sﬁ%ﬁ'r rlaf]emate, sfllver carbonhfd, SOUER m%rate, silver

nmbodi nent s, hesi ve erla adhesi ve fa er
su‘lafﬂﬁiaaimessimmgm@m sibjer n@@paqudes, mgvambshgmd mramud zeojites, silver

o B B Ao RS L B,

snl«rbe?ﬂiygrdgﬂ;i Ici_lgfastes;g'xrllwreiodmdg rsily¢ﬂt|s3c1&$( §1gx€d? z(:e?_@mga phosphates, silver-
u esive material may be applied using
S“ESWHW%&I?SSD?“ EB%?qthﬁrechhni ques such as transfer
coating, knife coating, spin coating, die coating and

the like. Additional exanples of suitable adhesive

materials for use in adhesive 8ayer 18 include those .
described in Draheimet al., U S. Publication No.

2003/ 0012936. Several of 10such adhesive materials are
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acrylate, maleic anhydride, individually or in
conbi nations), and conbinations thereof. The tie | ayer
“&Eéﬂﬁlso i nclude bl ends of the above-discussed suitable
Y98 materials with thernopl astic pol ynmer&T/§$306/047780
| ayers for extrusion coating nmay al so include materials
such as pol yet hyl enei m nes, which are commonly used to
enhance the adhesi on of 25 extrusion coated | ayers.
Tie layers can be applied to core |ayer 16 by
coextrusion, extrusion coating, |amnating, or solvent
coati ng processes. Exanples of suitable |ayer L. .
t hi ckness&diitpble cammergiallyavailable, sivereantaiping antjmicrobial agents

: 1T} 0, I, H a t i : : & 22
RTINS cRobRa PR s Nt PLPIRA e trds dpvigraion, g piON” from
Agh@NaTiedbmibogids bic., aYekeficdddVidicthpss gvailableabihder the trade designations

BFEUPRRD A0 B, AR PEGUAHT B aobn Wiy 58 B ap dpzn seolites
swppliell BaeClibanspershlivoChenital, Tafdasai, Ny Xayiesll ddehose available under

resul ting, hardcoat ni-xture may then be coated onto top ]
they frede edesipmation A PHAPAN" g Whithe afeo #1lverg sedivm rypirggen zirconium
bRed il 1fleh HenlTBAS Hparaitiad, §6, rod coating,
P %pg‘g{cg\%"go%ﬁ%%esoPc%euszog’e/ 338 g, curtain
coati ng, dixawmples ef suitabilegrganit kndwicrobigl agsnts inélude those that are

B BSRDE S I HED wRRORRAPLRET B eold ply SPHIERl, micaty b
withethebpolgreeidable precmser. t [Buitablevrei-seactixargrgasic dntimicrobial agents
.Suitable so]vents for form. t he har dcoaztéhm xt

imelfiey Ry eFis: yatemenh ABIRoRwy saliso Pt & Zpppenyldimethyl ammonium

chiRfIRE GRAIAEDS. cHififRAGAIN GvAilabldTehay tiR! f¥de lebigAftion “POLYQUAT"

cycl ohexanone, and acetone), aromatic, g%/dr ocarbons, ..
fiomb gek dpkemisalsy da¢-a daswalk, NaEx Byd pveilableqender the trade designation
& dr r e : Gk

BARIAAL B P I S SHREARE YO, Shibounds sch o
phiered hyd s deghatoes, mirklydns o b irideatawbichdtah phecenghbglcoimnla 2,4,4°-

il 53Oy Bl bl SRS G BRI RPAEI: Jyp Cibe Speciatty

Cheehaps, y| Tagetodrt, NYO0ChtacEResBtRAXyleaolRONYpolaGefigdithidocarbonyl-

BRI Rers TSI SHfo. cummenialy vl undor the
ey dBendtivn PEANRICAAP! Grddh SOidh CHentRNsD ) ONYFRAIk Z€F"; biguanide
to formantimcrobial hardcoat |ayer 14 secured to coré

compeiindsgle.grhbalegenagd bevdines guahdas ehloghsriding.nehlorhexidine gluconate,

| . ; : o ; g e
oRE MRS SA Bk bofiter, BELBRA NS Wihbfice BEHBATNN] Yipids such s
thiase tliselostd mebchullzet ar, Ui sPidilzatien Non 2605/0089 59 ethicinis incorporated

BBAF b AREE Pl ERph] s, Bl SRR AR ER RS SRl e satiovtic
acids) @@dmidrobial inatwealr Gits ¢4.g.0med fied wile, amd @uape fraitpsed extracts), and

o baRab et SR e SRSEH L L Ol spems
irftlideadtognic QENE bE nahsivod \WRitAI3 €, UidahdMkeRlIRd anielicdbbi@Nagents), such
systemis a Fusion Systens 2 UV Processor, Nbdel
anEibmoRalS dei & nsilver daskie) eonper galis (gig. sppcy Repthemae)oainpealts, and tin
: i §; : : sa.fhe ‘filmmy
S"’Eﬁg%‘g"%ﬁgl g;rm %‘%{i?&@gl E{Iﬁlrt(%g%drto ﬁledei)f\]v Processor
t o ensur e Ssutbbleanentiniqobighe tipidst | twlade, anfor mi @moilal fatty  acid
har 14., The total .radiatjon.dose.applied
Ao lertic g one hippatained 0ES ud HRohSGisspmonoethers

stitebld fibrc Hipeastimmicralialaagdntiags @bhsillcrédrfdeaairad@ et rkdognized as safe
@g@bhg cfg}&rjﬁ@t ry.of antjmcrobial_ hardcoat_ | z}%er 14. .
( VsBs ov E00d ntidy; ReughiAdministrations (FRA)s  Such fatty acid

quat ernary ami ne-functionalized ethylenically

unsat urated nononers nmay al so react with the

pol yneri zabl e precursor. 9 Af ter

anti m crobial hardcoat |ayer 14 is polynerized,
adhesive layer 18 may be | am nated on bottom surface

'
\gﬁg/

o
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10 end-of-service indicators include time-tenperature

i ndi cators and col or changi ng dyes. An end-of-service
wobF@bep My be applied to multi-layer film

P{)krgm% a |l abel or paint to the corners of wﬂl&f[ﬁsz‘oﬂﬁmmo

film10 after multi-layer film 10 is applied on surface

12. In sone enbodi nents, the indicator is calibrated to

i ndicate a col or change at about the time when the

correspondi ng nulti-layer film10 should be replaced

(e.q. vvhen the 15antim crobial activity |levels have

I e a T t

ARt R ool Blaf ¢ Rlrivell Fod L0 1T Tubf KB KU s glycerol

mdmde&tess oft ca]ﬁgrhamcﬁimapmabld,amld laarig adid; \propylene glycol monoesters of
| es, pf .sui

ca{o{ SoPHS D, ARG RE 3Pid ALogmbiaYot et Examples of suitable
%{fdt ﬁbh&ééter@tméllude, Hit are Fat BRitedo, Aydddl RbRoldurle cornmermally

crostnctured tinme-'dependent i ndi cators) and Arens

ave’é‘ﬂ%ﬂale 20der Be tegealesigneions TegEURIGE ING biramMied Hohane Laboratones East
L%l‘él ésgflﬁc%gé)%/wgg&%'pgqgtg clBa r{%%gila?]lge#}ailh@%:@ggr ﬁ%gtééd}o%emgnanon

“POENIN NNI%)Y &:o‘iﬁnRJkehQ 8G)aminddntd.f hEolewst Fapengnglyteéretl monocaprate

coF AP D FEIA GEE o W B enod EOERAAN, e fuktn Vitamin

Lt§0| 15’1‘0555}%5 éi'j@ol rrﬁ&ﬁ)lzﬂﬁﬁb,g Bﬁldpy@éﬁ% I%I o Nl kabhddabklate) Qgg propylene

Cor por at i on, . RK" fromDry
glml meeneepratasall Spmqsmdlr yAvailgble fraurdipigpgiog; Infqnaﬁﬂonal Chicago,

L Inc., Morris Plains, NJ; "VISTAB"
IL1' ?lfc’)(?nl: sugﬁsﬁggﬁ%%?%r Tag Syst ens AB, I\/Ialta) Sweden;

and -r-r ERAMoPER' fofom sweble Demcsnuaﬁhnsporaflome fatty  acid

SR Ropgetersaanes o frh 0L @ont 08 by ighE Examples of

aﬁﬁktui@:x)armh@bldmbheeduaﬂexﬁs fof| thel Gattyp\ache mbmesfhes:rnmwhers in the
roll, K of tear-awa gfol| hat allgw suners to
coppesifongangs &g 9 %o abeuti20 0% ‘T’?lg +10 for.

i ndi vi duairhg geltils&obiafhE &l 184y YR Yincltdé bh-dudfder fdnki/Br Wsurfactant
may be provided with pre-cut dinensions to fit industry

for mag creititl tho fath epidsmonorsters(mongthers, asrdiseusaeds i fysirew et al., PCT
apm#e{tiq W@O&f/ fe%?gggsl%gfg nm&é&%?%ﬁ:@%é@,; eIn'dl j:gdrews et al,,
PQY quplmaﬂon: N EWIOH 1435149, edtitiede“Frntt] Megetablea Iandi@eﬂdl ﬂ)lsmfectants,”
ntLmcrobial hard t lLayer J14. For_ ,exanpl
oot Whichypr ool G e if HE Fefbisnan B BEE BRrSosagent s
that are sifistle lr&ﬁ:taf@a’}rgéﬁlc Ratihiiclobail dpehiioiehsle(fuaternary amine- |

gram 03| ti ve or gram neg ve pat hoge 5/ n use
f“%‘iﬂ"f“& ged pirttpnics runﬁ?tpﬁt RARdes %WWSP@HW‘&H@OMW@

eﬂﬁnéﬁlﬁ]ﬁf R RurE P L REAIRG s { Be t BiheBCis® NfoP WideAGE anfilficrobial hardcoat
abrasi on resi stance of antim crobial hardcoat |ayer 14

laysr dfthecgusenbey mm’aﬁéymﬁem w}zstb@ aplymegrizgbloprierarsor. This allows the
anﬂﬁla&’obla@é%nt tb! c}lgnﬁ ng go gﬂlt?erﬂéﬁgﬂ‘i@ the oross-linked matrix,

eantl cro s can re
wipbet hbﬂepr@xmngt amimixrotoal aémnt)e ts urddace m@mghmsmt:ontammaﬂon
suj tabl f antim crobi.al ,acti w tVy .i ude
Expe G S R e Y e beliph Bk RS i ppsg monomers
mdl&@estdxﬂﬁ&yﬁex&de@dmmn(@ieﬂmlmylah atides C(DR!LAEA—C;G hal:des e.g.,

e el AR Ey B by STl dRBERHS ol DRIAEP-ErEie dimethyl

heﬂ&?%aﬁlﬁﬁﬁtﬁﬁﬂéﬂhbﬂ‘lﬁe Haiidbs | WAEMRLG \ ﬁgﬂﬂi?dfegr ¢3!, dimethyl-

| east one of S. "aureus ram posi t I ve)

hexadegylamyneniggicthl methae brantidere r(PME'x?&%l-@aB@ﬂ, and derivatives

niRin | Salolos B WIS oftiha B PRIABKRC G bt i barma-c.

90% for both of S. aureus (gram positive) and Ps.

aerugi nosa (gram negative) paﬁ ogens. Finally, exanples
of even nore parti-cularly suitable |evels of
antimcrobial activity include mcrobial |oad
reductions of at |east about 99% for both of S. aureus
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The foll ow ng conpositional abbreviations are used in
the followi ng Exanples: "AglON': A sil ver-cont ai ni ng

' & zeolite food-grade antimcrobia

w@\@ﬁ?@ﬁcont ains 2.5%silver, 10 and which %BT/U&%&?MWS&
commerci ally avail abl e under the trade designation
"Agl ON' Antim crobial from Agl ON Technol ogi es, Inc.,
Wakefield, MA. "Al phasan": A silver zirconium phosphate,
commerci al ly avail abl e under
the trade designation "ALPHASAN RC 5000" from

hé}S e§| | Ilgq?edgg? ve cal gp&iﬁg‘f\t g@%{ﬁd%@%h rg las? Etsas:c:ri%ed below,

bAVAI s]h%mdebé n¥defgtdddedit spRidir! @dhfhatiVls of Gﬂi&i’q}wgﬁsé 1¢"halides and

copper gl ass _antim crobial agent, .cormercially
EIVMQ-IC‘GG helidesare véthin thespiritand scame oftbe presgat disclosure, and one of
FERE9 5L 05 o 800 SRR HEhg o RRELAAR blow 10 uch
otﬂleshgi‘thfsj on "SI LVERJET DGP-(1)-20" from Advanced Nano

ot e < Rk S ge, S TIVIAIIA: 1o Hi ty folowins formula

sthichu®: 25commercially available from Al fa Aesar, Ward
H1ll, MA. "Amoni um Car bonate": Anmoni um car bonat e
salt, commercially avai bleerpAldrlch M | waukee,

W. "Triclosan": Tricl osgdn an i mc Hﬁpent
commercially availa ecifal?ayl Cheni cal s.

Tarrytown, NY.

30" DVAEMA- CC1" : Di et hy | hexaded ammoni unet hyl met hatryl a

t e- CC1 antl m crobi al agent, commercially available from
whetsasidiabls walugs Bhve’ cahgs fom By20o writh mﬂwulaﬂy suitable values for “n”

r%%%%@?%‘@%ﬁ%@ 87 Rleh B ch?%é%?sdi SANERMARA dertvatve o

o@@%mgh G@hird rthen odveslinked! Rmtrix Wrhilé ndécoprédenting the DMAEMA

noj m docar honyl i m docar bonyl i ohexa-
denvatixl ﬁ'o Lase separa‘g om the resulitPng TOSS~ ul;ic matrix.

DMAEMA-CsBr and its derivatives may be formed by combining
dimethylaminoethylmethacrylate salt, acetone, 1-bromohexadecane, and optionally, an
antioxidant. The mixture may be stirred for about 16 hours at-about 35°C and then
allowed to cool to room temperature. The resulting white solid precipitate may then be
isolated by filtration, washed with cold ethyl acetate, and dried under vacuum at 40°C.

Similarly, DMAEA-C)¢Br and its derivatives may be formed by combining
dimethy]ammoethylacrylate, of acetone, 1-bromohexadecane, and optionally, an
antioxidant. The mixture may be stirred for 24 hours at 35°C, and then allowed to cool to
room temperature. The acetone may then be removed by rotary evaporation under
vacuum at 40°C. The resulting solids may then be washed with cold ethyl acetate and
dried under vacuum at 40°C, |

The antimicrobial performance of antimicrobial hardcoat layer 14 may also
be increased by incorporating two or more synergistic antimicrobial agents into the cross-
linked matrix. An example of a suitable synergistic composition includes combining a
quaternary amine-functionalized ethylenically unsaturated monomer, which bonds
chemically into the cross-linked matrix, and an inorganic silver comimund, which

disperses within the cross-linked matrix. Typically, the quaternary amine-functionalized
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met hyl ene hydrochloride), commerci al |y avai |l abl e under
the trade designation "VANTOCIL P' from Arch Chem cal s,
owal k, CT. An antim crobi al agent co i h%
Wg/%aif]—'l,f%b e under the trade designation "MrACI g&@h@ﬂ] 47780
from BASF Corp., Parsippany, NJ. 20% chl or hexi di ne
gl uconate by weight in water, comercially avail abl e
fromXttrium Laboratories, Inc., Chicago, IL. A
guat er nary anmmoni um conpound commercially avail abl e
under the trade desi gnatl on "BARDAC 205M' from Lonza

el o2 Bopdtd L8RS A BESPAETO M g 1

badeiag MdileotilVeBABRAGUAMS Siiov skowel diub bsatlep ahtithicrobial attyity against
Switzerland, A p meri zable p rsor conmmercially
botly gram 61 Lansherem ghéa‘tt?ré\%éﬂ’aé ﬁ‘i‘fgy‘t"@h "3M 906" Abrasi on

Resi st ant SHﬁE@%%ﬁcerﬁfaﬁHhé”M t‘ﬁ@raﬁﬁfrﬁ&bﬁf&i a?nt 15%%;!111&\‘%1&1 hardcoat

A pol yneri zabl e precursor conmercially availabl e under
laydre 14 rindhidd egringantritings " thaoraHGIghDenengte to #ffectively meduce microbial

C(%h%%a 1 an%g\?%rﬁdu%g’ subh 9 3he %x’ﬂ%‘i@ﬁx#&euﬁdme? g{!’t _phase separate

ynEr Za recur sor conmmercila aval
frovcie ct’dﬂs@ Hrﬂ@d&n&tﬁ&l aimpdes oﬂMrﬁBM’tuniﬁzrﬂiﬂal(ﬁent concentrations in

e Hardepet oo gorell okt B et o B iR to about 30% by
webBE " Hoteetl| %Htﬁﬂa%tdéné&ﬁ@a‘ﬁ%ﬁﬂw PAryHepehdingtch the antimicrobial

(connerC|aIIy avai | abl e under the trade désignation
agepREcHdy| thegpolymesizableprepsic ped, angothe desired level of antimicrobial
ac%?ﬂ?/ 070650PCT/ US2006/ 047780 Snyrna, GA), 24.24 parts
1so-octyl eacryl ate (available front Sartoner Co.,
Ext on PA)Spn&ﬂeS@mﬁmﬁ@ r eimgels ofonr inorgawcr whmndcrobilk cagents in:

PR derdl G SRS R abeb 14 ey SRS BBR: 2dsfby weieht,
wﬁaﬁahﬁfmlar@os&nabw%rﬁ;emﬁcﬁaslxaﬂghg Hydrh hibounsid BN eveight to about 10%
hot oi ni_iti ator synergi st (avajlable fro

Acet o . .
byoo'rts V=R PW’“SWP‘” RSHH prPHBIER nt’ei acifibhyithppisnegatively
g%cﬂn -kl HRé: %Mle@%z Aftichicrotial Hapiddapt I&Brer cpfrme rSHnﬂHly, suitable

val labl e under the trade Li designation™"
cogg@nirationo mugesaf@p s aboye-disenssed| DPMAEA ;deamtszanrl\ DMAEMA

PR Fld G RITRNATE) Bl 1T b P AR 9% M et o about

5056 dyiwdikit, o:r:ttepmentuladgrsmtablb reeatadcatipns ypiggy freneabioult 1526 to about

20 i ptialerhial el moBiesize wifths pEhmgrable Bicdursor (e
DERMWEA alkivatipeleind DMAEH!G’E d@ﬁsatma) ithé coﬁaeuah%mbf ther @#microbial
Med- Chem Laborgt ori.es, U&t Lansi ng '
aagpis g I0ssed G9URe MRIEE QSBegrOaUsToRal mnor%enwerscmarhwnumwmblal
ha?d@,la{ phterdrom Alfa Aesar, Ward Hill, Mass. A
2- hydr dxybenzoi ¢ acid (HCI:6118002E1) wth a formul a
wei ght of Wigle showsnefeac siggley layesi pa%mecrﬂblehwhardcoat layer 14 may

altg lﬁ Ye %{1@9@ M6 MW@”%olﬁﬁéﬁﬁdLWﬁq M this embodiment,
anthm@tobxdl Hmrddmtyllawmbﬁlmmetmg/lhdetdoaoemram}a Bradivnte of antimicrobial

seBthe VAOHe 0 RSP SR ST (0P 1 S50 RBYEr JOAIRE gy conoeniations

of@mmﬂefaaas Bgonts MTtNt tg shaootlaahm@nlh%srms ; ,
arni ne-r11 al_l.ze eth eni ca )/ unsat yr at e
nonomer, lﬂ,r HEF Ao HBPOFisTRbsiratethat, pray aﬁqsowrﬁlgamcal support to

T %ar&c&QQa?éﬂ i dﬁde'édﬁé%Wéd 18Rk tANdukiAg kmWaSfacture and use.

charged with 42. 2" parts of
Degiendingy oanpavisulay| apnlications, aceresldyer 16.5may lpmrmedofsemrlgld or
p h
AT A0S i, PRI mefec i BB RRRR 18 inBe g, soomi-igic
16 hours at 35C and then allowed to cool to room
tenperature. The resulting whi &e solid precipitate was
isolated by filtration, washed?wi t h col d ethyl WO
2007/ 070650PCT/ 1152006/ 047780 acet ate, and dried under
vacuum at 40C ~An NWR anal yS| s of the soI id product
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0+1 181-133 Br - Simlarly, C6, C8, Cl2, and Cl13
derivatives of DVMAEMA were al so synthesized pursuant to

5t he above-descri bed procedure. Preparation of Silver
WE308E08H0ut | on Silver oxide sol (RGTGHE20PG47780
use in Exanples 6 and 28 bel ow were prepared by

conbining 5 parts anmmoni um carbonate salt with 95 parts
water, and m xing until the 10salt was di ssolved. To

this solution, 1 part silver oxide was added. The

m xture was stirred at 60C for one hour until the

silver oxide was dissolved. Adhesive Lavers For th

atich cbnfisrmgblExpotpinesc anrteiyspsucht asvhermeplpstios matarinds (%u polyolefins

oSSR AR, 808 rmopi

nia@siabs dhsammmanylmmaﬁws&ﬁmalayém oﬁrdaﬁmuaialm torei layer 16 may be
and abrﬁf' on resi stance,

Pripsd oF othaswiss {rsate ;odgpgqotqﬂ, gxggtto Iagg;@gcgogxpi g?.xglcgat layer 14 and/or
ai¥ishiV efh Elh aty 8t h€'33$l veselfxo Zﬁﬂﬁgﬁ% | Y8 Sofffie Bkatments). When

convent| naI dh t affect the
ﬂamﬁ)ﬂmmlfmahle auaterials w@msecbrf@ls con lapei $6.amedti-layed fillmtl0 may be

I
@g%cg}o gwggeéxsaq%cg gu% Eﬁl&]es iﬁr 'a?x%d%gﬁg%tﬁceyg?ggdmonany,
tlvcbgddvrsfoﬁ:lt‘nﬁﬂliquiﬁdmf Irﬁiltwlejiaél ﬁBlm I\l/uﬂlx?an &fﬁ:mhdflﬂgla and provlded as a roll,
ratjye Exanples A an i - er fi
thegeheyt \{naaor&ﬁal%wﬁ\ampw@zmi e aAYGE film 10.
each prepaysifle RHHWHR §1ﬁgl% rl&‘yé‘rpéérg%fﬁi Mﬁ’:ﬁﬁ %Fnatreely be derived

hardcoat m xture was inittally prepared by conbinin
ﬁmnpdnpls lafers Bf decsare o didferat tshbsteteo mateials | dermichnepre layer 16
{ (0] . :
R AT, et B SRR BT B, i
pakgamnmashtrﬂted arldegandedt bptitelr dagetngthx tranemiseiod, trbflectivity, and
ire m was shaken by hand. Table 1 lists the
C’E’I}? may ﬂ’&s@ﬁfﬁf’ ntration of antimcrobial agent used in

't he 30har deo Fisciibael WHRvE Oédl'ﬁﬁﬁﬁ'\%h)?& 8 hllodRtmulti-layer film 10 to be
Conparati ve Exanples A _and

aglrngd terasisrits. Lisnatse 3 4F 7Boonsprpbadimeatsppedescribed below, adhesive
hﬁglé L}l{@ Ex(ghn%%e g@@%ﬁd&%ﬁeﬂ sti¥acfeh SNtuiftfe AL Hélﬁgoﬁh?dvamc under
moderate force without leaving a residue on swrface 12 (e.g., removable and/or
repositionable pressure sensitive a-dhesives). Examples of suitable materials for adhesive
layer 18 include one or more adhesives based on acrylates, urethanes, silicones, epoxies,
rubber based adhesives (including natural rubber, polyisoprene, polyisobutylene, and butyl
rubber, block copolymers, and thermoplastic rubbers), and combinations thereof,

Examples of suitable acrylates include polymers of alkyl acrylate
monomers such as methyl methacrylate, ethyl methacrylate, n-butyl methacrylate, methyl
acrylate, ethyl acrylate, n-butyl acrylate, iso-octyl acrylate, iso-nonyl acrylate, 2-ethyl-
hexyl acrylate, decyl acrylate, dodecyl acrylate, n-butyl acrylate, hexyl acrylate, and
combinations thereof. Examples of commercially available block copolymers include
those available under the trade designation “KRATON G-1657" from Kraton Polymers,
Westhollow, TX. |

As described above, in some embodiments, adhesive layer 18 can include a
removable and/or repositionable pressure sensitive adhesive. As used herein and in the

appended claims, an adhesive is considered to be “removable,” if after final application to
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5 Exanple 2 Silver glass 5 Exanple 3 Copper glass 5
Exanpl e 4 Copper glass 10 Exanple 5 Sil ver

i.cl es 10 Exanple 6 Silver oxide sol uti
w@gﬁnpﬁq!g&? DVMAEMA- C 1613r 10 Exanple 8 vREMA: (e f‘gﬁ’ﬂ"“"""’”’s“

Exanpl e 9 DMAEMA- Cser 30 Exanple 10

an intended substrate, the sheet material can be removed without damage to the substrate
at the end of the intended life of the article at a rate in excess of 7.62 meters/hour (25
feet/hour) by hand with the optional use of heat. In some embodiments, the removabie
pressure sensitive adhesive has a 180 degree peel strength (from a painted steel substrate
employing a peel rate of 30.5 cm/min) of less than 8 N/em, and more particularly less than
6 N/em,

As used herein and in the appended claims, “repositionable" refers to the
ability to be, at least initially, repeatedly adhered to and removed from a surface or
substrate without substantial loss of adhesion capability. In some embodiments, the
repositionable pressure sensitive adhesive has a peel strength, at least initially, to the
substrate surface lower than that for a conventional aggressively tacky PSA. ‘ '

Examples of suitable removable and repositionable pressure sensmve,
adheswes include those described in Hobbs et al., U.S. Publication No. 2005/0249791 and
Cooprider et al,, U.S. Patent No. 5,571,617, both of which are incorporated herein by
reference; and adhesives based on solid inherently tacky, elastomeric microspheres, such
as those disclosed in Silver, U.S. Patent No. 3,691,140, Merrill et al., U.S. Patent No.
3,857,731, and Bal_(er et al., U.S. Patent No. 4,166,152; all of which are incorporated
heréin by reference. '

In some embodiments, adhesive layer 18 includes an electrostatic charge.

In some embodiments, the adhesive layer 18 itself is an electrostatic charge that can be

_imparted to the multi-layer film 10 (e.g., the core layer 16). Alternatively, in some

embodiments, the adhesive layer 18 combines an electrostatic charge with other adhesive
componerts. Multi-layer films 10 including an electrostatic adhesive layer 18 can have a
permanent electrostatic charge and can exhibit electrostatic attraction to a wide variety of
surfaces thereby allowing the film to be removably adhered to the desired surface.
Permanent electrostatic charge can be imparted to the multi-layer film 10 (e.g., to the core
layer 16, or to the adhesive layer 18} using corona charging (e.g., nitrogen or air), as
described in Everaerts et al., U.S. Publication No. 2005/0000642, which is incorporated
herein by reference.

In some embodiments, adhesive Jayer 18 includes one or more
antimicrobials to provide an additional source of biocidal activity. This can extend the
useful life of the mulii-layer film 10, as described in Hobbs et al., U.S. Publication No.

14
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. using Staphyl ococcus aureus (

Triclosan 5 Exanple 11 Silver glass 10 Conparative

Exanpl e A None 0 Conparative Exanple B DVAEMA- CC1 10

“Egch har%’goat m xture was then coated onto a PET film
0y yer rod #8. The coated film was t henPGI/P8Ma¢047780

to air dry at roomtenperature for 5 mnutes, 5

foll owed by oven drying at 70C for 5 mnutes (to renove

the solvents). After drying, the hardcoat m xture was

then cured (i.e., polynerized) using a Fusion Systens

UV Processor operating at 100% power (nodel MCOERQN,

commer ci al lé avai |l abl e from Fusi on

. |l on UV Systens, .
20851024878 bur Bxamples of havifgblec antimicrokial apentaand (encanizafions include
A : ed filmwas 50
th'f_’ge%‘}tﬁg%érgéﬁmg%"d’tggs" %ﬁ‘%“’{%&@ﬁ%??@%%&%?%%de, which 10
provi ded In sanalemtadimentothd adhesite tdberial of adhesive layer 18 exhibits

|.li Joul] es/ centi er2. This resulted in a two-l.ayer
PR SRACAL A5 0T EBF S piePdhesbe pefpelva AjeraL dps not yellow
with titnd ErTupo WedtBdiCdxpoddi8 6 ab e dagrhddrieabwvialg ialieefthe underlying

| ayer contained _an _antimcrobial agent and a . .
surfage ée.Bi, awdacarbd)f | Thegrdhesive pwisuial gaayabe appliedrysingsa yariety of known

oSG Vs SRS Al RIS DA o o

lild. iAnldithorial exampdeshef Switablo bilsdsiveonmhteriadifer ose' imadhesive layer 18

o SO S A HARI AT Sl b5 o12536.- Severa of
siwhaiddadide aeferalt bty cormeRiallyeavaalabbelnder the tlade desigRdtions “8141%,
of the inacul ated agg{ronfrla%éy (0.5 mlliljter) was then

“Hrigetandd S Al oadhrsives prporafinm. Sh&aghtYat ed
control el Gaafon, SNBSS 1R ?TSC%%(% Hel HIARLAGAEY or comprise a -

_ 38) and Pseudomonas
topegraphicak pagtexmCCTopogryphical (paternsy arz4bénsticin] fortldedinggair out from

o RgLRERE ol EREGRIEE i 2 ety P the smoun of

triyepetlr @ik i pticRers bisepleAthanthlbidyendilad 10y Exainphisi 6 saitable topographical
ot AieuSehliE sy i S AR N e Tl and pour
200710706 ppRETaLSG2ARR 10/ hE3 Qlsh bbfital ond\ @R mBledi® Iayied € enhance
I ncubated for 48 hours at 28C th 1C. Bacterial colonies _
adhegign exfcantimicipbiginhardeqat Jayqsr ¥ apnd/ar @gheival layigg 18 to core layer 16.
. W:at i > j I j
ERERALE S sufBbleolie 1y ihicRS GRORaL EUGHAER Iy REES Slehas ethylene
vipgk aestater plymerso megiBed ethylénenvigyl assteapolymeoy (mddidied with acid,

100% 5S5the "zone .of. inhi.bition: test.was perfaorned.by.

s PR ARAE wab SCim LERbinRSnEE anE iftudlions tereor
ThARETayer 3Ny ahdfiﬁsl&dd blandasf as ab&m&iacl(sé?’mi&?ﬂa Yiedhyeét materials
concentrati.on approximately 1 x 108 col on rmn )
wihthemaplasyic RO FS] (116 (ABIETS For ISRUUSRRCOa RS P lsosicisle materials
sicRB plégi 18ndimindyt Ratiiblangle RYmmaheN 66edT ¥ Rirthuhoe the adhesion of
Standard. These suspensions were used to prepare .
emstonr peated darmsoy Tie [Ryersgean beetnnlied1o eeret lger 16 by coextrusion,

i C ' i 5 | ; i t .
ARl RUne Mookl 3 PR YRRRLRE | DR, Wbl v
thitknesses Hirghe e fayress wnge fogsaboart 85 prigpumesersito mbewic0 micrometers.
or gani sm :€ - AL b | : N
oot hon SR ey 10T be BRER b HMERE BIGRAAY, fhe antimicrobial
agenabed ther padgimbrieatge preorsand Thisanap be foerfolnied gdtintie s ef a solvent,

ar,Wwth sterile forceps.to ensyre conplete_contact .
whPE e esiig blopdampy Be et i ot AEKELIC PR a dsedoopt mixture,
TAErds@Ring hat@cdal Wisiurd Ray3h&Rbs BIREd Rt B ALPMoe 188 ofk6re layer 16.

sanpl es 'was then exam néd for bacterial growth. The . _
The peatire stap Ayt be performed in aemristy ofimannarsesueh a3 rod goating, knife
zone including the 7-mm sanpl e di sk. Table 2 provides

the m crobial |oad reduction results and the zone of
inhibition results for the fillds of Exanples 1-11 and

Conpar ati ve Exanples A and B.
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WD 2007/ 070650PCT/ US2006/ 047780 TABLE 2 M crobi al Load
Reduction Zone of Inhibition S. aureus (G am Positive)

wWoRIMbRss@Reduct i on S. aureus (G am Positive) /ﬁ@ﬁmgido@mﬂso
Ps. aerugi nosa (G am Negative) Zone Size G owth under

Sanpl e Exanple 1 99.7 100,0 None Heavy growth Exanple 2
66.5 , 100,0 None Mbderate growth

coating, curtain coating, gravature coating, roll coating, extrusion processes, and wet
casting processes. If a solvent is present in the hardcoat mixture, the coated film may then
be dried to remove the solvents. '

Examples of suitable solvents for forming the hardcoat mixture include
water, alcohols {e.g., ethanol and isopropanol), ketones (e.g., methyl ethyl ketone,
cyclohexanone, and acetone), aromatic hydrocarbons, -isophorone, butyrolactone, N-
methylpyrrolidone, tetrahydrofuran, esters (e.g., lactates and acetates such as propylene
glycol monomethyl ether acetate, diethylene glycol ethyl ether acetate, ethylene glycol
butyl ether acetate, dipropylene glycol monomethyl acetate), iso-alkyl esters (e.g.,
isohexyl acetate, isoheptyl acetate, isooctyl acetate, isononyl acetate, isodec)'rl acetate,
isododecyl acetate, isotridecyl acetate), and combinations thereof,

After drying, the polymerizable precursor may be polymerized to form
antimicrobial hardcoat layer 14 secured to core layer 16. The energy source used for
achieving polymerization of the radiation curable functionality may be actinic (e.g.,
radiation having a wavelength in the ulfraviolet or visible region of the spectrum),
accelerated particles (e.g., electron beam radiation), or thermal {(e.g., heat or infrared-
radiation). Suitable sources of actinic radiation include mercury lamps, xenon lamps,
carbon arc lamps, tungsten filament lamps, lasers, electron beam energy, sunlight, and the
like. A suitable commercially available ultraviolet-radiation system is a Fusion Sysiems
UV Processor, Model MC6RQN, which is commercially available from Fusion UV
Systéms, Gaithersburg, MD.

The film may undergo one or more passes through the UV Processor to
ensure substantial polymerization of antimicrobial hardcoat layer 14. The total radiation
dose applied generally depends on the type of radiation source used, the thickness of
antimicrobial hardcoat layer 14, and the chemistry of antimicrobial hardcoat layer 14. As
discussed above, antimicrobial agents such as guaternary amine-functionalized
ethylenically unsaturated monomers may also react with the polymerizable precursor.

After antimicrobial hardcoat layer 14 is polymerized, adhesi\-re layer 18
may be laminated on bottom surface 16b of core layer 16 using standard lamination
techniques. Multi-layer film 10 may also include a release liner {not shown) that is
disposed on the exposed surface of adhesive layer 18, opposite of core layer 16. This

protects adhesive layer 18 prior to use. Suitable release liners for use with multi-layer film
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Exanple 3 93.5 100.0 None Mdderate growth Example 4

100.0 100.0 None Moderate growh Exanple 5 79.1 100.0
None NMbderate growh Exanple 6 99.9 100.0 None

WOHIRY Y00 owt h Exanpl e 7 100.0 7.4 None MbderEBffTUS2006/047780
grow h Exanple 8

10 may be made of materials such as kraft papers, polyethylene, polypropylene,
polyethylene, and combinations thereof. In some embodiments, the release liners are
coated with compositions containing release agents, such as polymerized fluorochemicals
or silicones, The low surface energy of the liner provides for an easy removal from
adhesive layer 18. '

Altematively, an adhesive coated core layer may be coated with the
antimicrobial hardcoat top layer 14 and cured.

Multi-layer film 10 may élso include an end-of-service indicator to provide
visual indication prompting the user to replace multi-layer film 10. Examples of suitable
end-of-service indicators include time-temperature indicators and color changing dyes.
An end-of-service indicator may be applied to multi-layer film 10 in the form of a label or
paint to the corners of multi-layer film 10 after multi-layer film 10 is applied on surface
12. In some embodiments, the indicator is calibrated to indicate a color change at about
the time when the corresponding multi-layer film 10 should be replaced (e.g., when the
antimicrobial activity levels have substantially decreased).

Time-temperature indicators typically operate by chemical reaction

mechanisms, diffusion mechanisms, and capillary driven, fluid-wicking mechanisms,

Examples of suitable time-temperature indicators are disclosed in Bommarito, et al., US.
Patent No. 6,741,523 (i.e., microstructured time-dependent indicators)l'and Arens, et al,,
U.S. Patent No. 5,667,303, both which are incorporated by reference in their entireties,
and in The Wiley Encyclapedfd of Packaging Technology, 400-406 (John Wiley & Sons,
1986) under the section entitled “Indicating Devices”. Examples of suitable commercially
available time-temperature indicators include those sold under the trade designations
“MONITOR MARK?” from 3M Corporation, St. Paul, MN; “WARM MARK” from Dry
Pak Industries, Studio City, CA; “FRESH CHECK” from Lifelines Technology Inc.,
Morris Plains, NJ; “VISTAB” from Visual Indicator Tag Systems AB, Malmd, Sweden;
and “TT MONITOR?” from Avery Dennison Corporation, Pasadena, CA.

Multi-layer film 10 may be provided to an end user in a variety of
arrangements. For example, multi-layer film 10 may be provided as a roll of tear-away
film that allows consumers to remove desired amounts of muiti-layer film 10 for
individualized uses. Alternatively, multi-layer film 10 may be provided with pre-cut

dimensions to fit industry standard components, such as touch-screen displays. Multi-
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56.8 0.0 None Moderate grow h Exanple 9 99.2 35.4 None
Li ght growth Exanple 10 81.1 73.4 31 mm No growth

W RBedp! 98.7 100.0 9 nm No growth Conparati 2006/047780
g?g%‘}e /g 0.0 0.0 None Heavy growth Conpar atlvye@rg%np?!e
B 0.0

layer film 10 may also be tailored to specific uses by varying the types and concentrations
of the antimicrobial agents in antimicrobial hardcoat layer 14. For example, multi-layer
film 10 may include antimicrobial agents that are effective against particular pathogens
(e.g., gram positive or gram negative pathogens).

In use on a surface, mulii-layer film 10 provides both physical and
antimicrobial protection to the given. surface. The abrasion resistance of antimicrobial
hardcoat layer 14 protects the surface from physical damage while multi-layer film 10 is
adhered to the surface, Additionally, the antimicrobial agents can reduce pathogenic
contamination of the surface. Examples of suitable levels of antimicrobial activity include
microbial load reductions of at least about 90% for at least one of S. awreus (gram
positive) and Ps. aeruginosa (gram negative) pathogens. Examples of even more suitable

levels of antimicrobial activity include microbial load reductions of at least about 99% for_

" at least one of S. aureus (gram positive) and Ps. agruginosa {gram negative) pathogens. -

Examples of particularly suitable levels of antimicrobial activity include microbial load

reductions of at least about 50% for both of S. aureus (gram positive) and Ps. aeruginosa

(gram negative) pathogens. Finally, examples of even more particularly suitable levels of
éntimicrobial activity include microbial load reductions of at least about 99% for both of ‘
S. qureus (gram positive) and Ps. aeruginosa (gram negative) pathogens. The “microbial

load reductions” herein refer to microbial load reductions obtained pursuant to ASTM

E2180-01.

When replacing multi-layer film 10, a user may peel multi-layer film 10
with a moderate force to delaminate adhesive layer 18 from the surface 12. The user may
then dispose of the used multi-layer film 10, and adhere a second multi-layer film 10 to the
surface 12 to further extend the period of protection against pathogen contamination.
Alternatively, the mulii-layer film 10 may be one of a plurality of multi-layer films 10
provided in a stack. The stack can then be adhered to the surface 12, and the uppermost
multi-layer film 10 in the stack can be peeled from the stack to expose a fresh multi-layer

film.

EXAMPLES |
The present invention is more particularly described in the following

examples that are intended as illustrations only, since numerous modifications and
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0.0 None Moderate growth The m crobi al

| oad reduction results in Table 2 show that the filns

0 les 1-9 and 11 exhi bited good anti m crobi al
“g};@qo\/pr@s%gal nst pathogens in contact 5 with PEEUS2006/047780
films. is noted that the filnms of Exanples 7-9

exhi bi ted | ow reductions agai nst gram negative

pat hogens. The filns of Exanples 7-9 included DVAENVA
derivative antimcrobial agents, which are generally

poor antim crobials agai nst gram negative pat hogens

Not e that exanpl es and 9 have the sane antimcrqb
vamainns pyithigthe sgope m@ e proprad Amyeatipn vall berpnparest rrgﬂtorﬁe Skllled in the

%

Wg% Si{ﬂr?i‘\?fsb\rh;%\tl:éédg %Elleﬁrf éggﬁﬁg{aﬁgépg}xg &{18? §%J/diteaQn the following
ekanples iage oMrht\heugthms, and aﬂltmageﬂtsmsﬂd ftotheaxxatriples were obtained, or

S AERIEDIE, S PREPEREL SHPBTD CCRBIFHL SIS o it RE sypfhesized by

cg@@nﬂgﬁgqg@i{m uedl S resulted in phase separation and .
l ack of anti m crobial activity. The zone of inhibition

resul ts i nlheafplowingheempenitionali shtrevations isaetusedain the following
E%%x% for the films of Exanples 1-9. This shows that

SFanti m cr obi al agents were retained by the
“ApiON?] i nked 3M 906 Mar duibvat-pomtabhinger e1m:mgaraasi lzgolite  food-grade
sol ubi l'i zed. Therefore

they did not di ut
antim crobial har dco®ftim Vgﬁalt @E&Ln@r’sté Elﬁ%e ?ﬁgamshz 5% silver,

inhibition. This is gepiwnigheid Qforﬂlﬁéﬁldl@r Mvailable under the trade
antimcrobial activity. Additignall the fil nms of

Exanples 10 & 11 exhﬁ%ﬁ‘gr@aoﬁood AGHONF cAdibingicrobiali viffgm - AgION
agai nst pat hogens i nTgélﬁ,gR;glé‘somcaeWa%ﬁé]dtﬁ?‘ 20fi | s,
ocati ons

thereby reduci ng pat hogen confam nation at
athe gi ven fil nd.silvezipgeiun 7hes0RET cosregeially zygiable under

Exanmpl e 12 ere )
12 was prepared pursuanttmtéemtljf‘;l"lgtlilt “%%bg]ﬁgfggﬁ?@ §000 from

di sper sion was prepamillikby Chefricals, m@aﬂ&’lmﬁ'gISbe wei ght
“ﬁ 3M Sq,corrp03| tion arts,

t d '
&2F i xture. Thé ﬂLFH&B %t'ﬂl g\lft}va% Er 3 eﬁ"c[ﬂ}ly available

hand to forma uni fOfrmndgmasnagc@ﬂan@ngth hen coated on a
PET filmusing a Meyer rod #6. The hardcoat m xture was

“CRARPFTERST using a F&sqcmelsgleﬁeﬁ%tlqurbrelcmrconunemally available

(di scussed above) at ﬁmm feet per mnute.
with two passes, V\Ihl%r %%F% tdt “radiation dose

“Bilvaas@nopdrticlegll es/ cAntZQYEt sil\®r ﬁhnq:anwal dégpeisiom in  isopropanol,
two-1ayer film having an ant m cro hardcoat | . .
| am nated on a PET c'ga E%’?? hgader the gg& designation
10anti m crobial | ayeTSImHME’Iem@m(MOG\frmt AdvaiceliMano Particles
agent and a cross-|i trix O M SG conposi ti on.
The film of Exanple &gst%aga ?89!'5?1%?“’% crobi al | oad
“SEediGixidyr: and for zoswﬁeroéxluehgpgej PRvir@S adftﬁ'ﬁiﬁa?evdelght of 123.9,
above in Exanples 1-11. The film of anp :
exhi bited a 100% mi cfrqsemarcmltaramfaﬂe'deét%ﬁ\lfaomwWasi Hill, MA.
“ AHIRSB I ABLRASH T | V S '%ﬁﬁ‘m

Binndif carboné ? §%@11 | (:ﬂ'ﬁ&ﬁgts available from

negative). Additionall e zone o0 tion testing
did not show any gr o ICbanhlwme,sWhpl e. These results

“'?ﬁ@l Q@S' rabl e perf Ofﬁa ga% glréﬁr gloap}%ﬁg .rr?lﬂer\g%g e%'éllable from

e antimcrobial is re al ne nmeri ze
conposition, while aCiba S@eoimltyllﬂi@nﬁcalﬂp"%lwl@mw | oad

DRAEHAEART" com Ble RN At B o

13, which included tMnﬁdebmlcﬁgéﬂtmccﬁﬂﬁ@fcﬁallyv‘%aﬂable from Ciba
prepared pursuant to_the fol|ow ng procedure,

hardcoat m xt ure wasSpscighrchenpigalso Bﬁpvw’g,HYparts
silver glass, 10 parts DMAEVA- C16Br, and 85 parts 3M
906 Hardcoat. The hardcoat m xture was then coated on a
PET filmand cured pursuant to%5the procedure

di scussed above for Exanples 1-11. The film
of Exanple 13 was also tested for m crobial I|oad

!
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performance agai nst gram positive bacteria, while the

DVMAEMA- Cl 6Br is chem cally bonded by pol ynerization to
woR 6 Hardcoat to provide good performan '

gra%ﬁé\)qggélative bacteria for extended periods oﬁﬁﬁ@.og&&”mo

5Exanpl es 14-16 and Conparative Exanples C and])

Mul ti-layer filnms of Exanples 14-16 and Conparative

Exanpl es C and D were each prepared pursuant to the

foll ow ng procedure. A hardcoat m xture was prepared by

combi ni ng DMAEMA- C16Br, Irgacure 819, and 3M 906

PG et ot R AR BuRb R e SRRt bR e e

m xture was shaken tighddi aesitiohh®COSMOEIBNAQY rom Avecia, Inc.,

t horoughly. Table 3
concentrations of th

‘g{[ ovi des t he conponent
ilipgteBAEni xtures for the filns

g RIFEPLS, 115,208 TrotgtiniFo ISRy Sy Bonsminchera

Percent by Wi ght ofm&hyk06é hidrodblaideRaocentrcially\idiaghble under the

of lIrgacure 819 Exa
2.50 96.50 1.00 Exa

Exanpl e C 0. 60
“Myacide AS Plus™:

“CHG™:

“Bardac 205M":

“Bardac 208M:

“3M 906 Hardcoat™:

“3M S composition™:

“UVHC3000™:

“3M UV-Formulation’:

TR dipigpaden S ARTOGR. B HRrCArh, Chemicals,
Inc., Norwalk, CT.

An antimicrobial agent commercially available under the
trade designation “MYACIDE AS PLUS” from BASF
Corp., Parsippany, NJ.

20% chlorhexidine gluconate by weight in water,

commercially available from Xtirium Laboratories, Inc.,

Chicago, IL.

A quaternary ammonium comi:ound commercially available
under the trade designation “BARDAC 205M” from Lonza
Group Ltd., Valais, Switzerland. '

- A quaternary ammonium compound commercially available

under the trade designation “BARDAC 208M” from Lonza
Group Ltd., Valais, Switzerland.

A polymerizable precursor commercially available under the
trade designation “3M 906" Abrasion Resistant Hardcoat,
from 3M Corporation, St. Paul, MN. '

A polymerizable precursor commercially available under the
trade designation “SCOTCHGARD” UV-curable film
protector composition, from 3M Corporation, St. Paul, MN.
A polymerizable precursor commercially available under the
trade designation “UVHC3000”, from- GE Silicones,
Waterford, NY.

A polymerizable precursor containing 13.84 parts of an
aliphatic wrethane diacrylate diluted with 12% hexanediol
diacrylate (commercially available under the trade
designation “EBECRYL 284" from UCB Chemicals,
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98.40 1.00 Conparative Exanple D 0.00 99.00 1.00
15Approximately one mlliliter of the hardcoat m xture

|ied by pipette onto an acryl ate-prinmed PET
Wﬁaﬁﬁ&ﬁﬁ% re-wound rod applicator (nodel AR41FETYYBAY6/047780

BYK- Gardner) was used to spread the solution evenly

down the length of the PET film The hardcoat m xture

was then allowed to dry by evaporation at room

tenperature, and then cured using a ‘Fusion Systens W
Processor (discussed above). The Processor 20 incI uded

a D-bulb using the follow ng four types of W lig

UV-A (3.494 Wcn2, Sspmal Y24.24/pRris RIgIse- qmclﬁ@rylate (available
0.151 1/cnR), UWV-C ( 71 0012 ),

(1.733 Wen2, 0. 307 Boid! > Sty | r%%ms]é’ggéed e, Wﬁ% parts
the Processor at a bﬁi'ahydmémtﬂuny[acﬁﬂaﬂeee(alsperavaﬂahlm efrom Sartomer

with three passes, [ The fil s C .
Exanpl es 14-16 and Cgﬂ‘sva gt B@e‘@“ﬁndgﬁe wdpdicalgenerating

tested in duplicate ganéiRfiatc g?ﬂﬁtav:!ﬁ@atﬁ@rﬁ'érﬁ' Sk@émer Co.), and 5 -
ap

their antimcrobial effect on hyl ococcus

epi dermidis, a bact epdrism depriepyiihioranthpnen rphripingiator  synergist
For each film a oneg E‘ﬁ:ﬁ b

on gl ass slides insi ée]???l% %ﬁ%oibgﬂ%&er%%%a%%ﬂ
DEAE/RBEO PCT/ US2008/ ﬁlib'sfziBmeocﬁm&acpmy& hms(zmr,@-pameﬁhyl benzoyh)

froman overni ght cul.t 408 col on r
units/milliliter (cfkf Oi‘ﬂj” ‘°Jnd°‘§6mﬁ¥fe?‘g’f Vilablg, unger the  trade
the suspension was pideftnatien QCTRGACURET i819rsaffpie Ciba Specxalty
surface in tiny dropl ets, ('generally 15- 20 dropl ets).
After incubating at argewreNY-or 45 ni nut es,
“pBE fiphm sanpl e was j h‘fa Iy tér@élﬁhgﬁténﬁllrﬂ | WitR §cr9fate—pr1med
Neutrali1zing 5Buffer, vortexed vigorously f
m nut es, dil uted, anl@yemewmmemmm’ availuble framyithukishd, Japan.

5. for enunerati (
$§é anﬁﬁm crobi al ef‘fﬁl (I:Jga%/a? %V%ng% P‘grtoggct{)e%éd? polypropylene film
subtracting the bactﬂailableéﬂﬂwBNEdofgo@mdettI&ﬁil NMN.ms
10010 cfus) fromt mount of _bact |ar covered from
EHEREDRE o1 (unt 1 eat SV TROMOIRHERE Y A0 TRURSSIER gfpmamercially
of this method, base@aﬂ&bk%ﬁdéﬁh&'ﬁﬁ&e S8 RiRed, AURICESIN" from
cfuor 1.3 Iogs Accordin gher 1og reductions

corres pond to hi gherl\@ﬁtqmt@lmfaﬂo“é%fﬁ%éb?ml%ﬂﬂ 4
“BORY! ant | mi CAQ@ &{?gﬁ%s&ﬁ%&é(tet(%sgoeﬁg?&ﬁnf QBmglercially

the fi ms npl es ar at
"and D. TABLE 4 ExamadaMerfmﬁlfayAmrthardaﬂﬂbmgm da

'“@ﬁm&% %ci%bl al Data Aﬂtj ﬁ’;‘;&% )(C)beBnLOIEfafCI%C (&i(?éﬁ%@zﬁ) with a formula

weight of 138.1, commercially available from Sigma-

Aldrich Chemical Company, Saint Louis, Mo.

Svnthesis of Dimethylhexadecvlammoniumethyvimethacrylate Bromide Derivatives:
Dimethylhexadecylammoniumethylmethacrylate bromide (DMAEMA-

CsBr), which is a quaternary amine-functionalized ethylenically unsaturated monomer,

was synthesized pursuant to the following procedure. A 500-milliliter round-bottom flask
was charged with 42.2.parts of dimethylaminoethylmethacrylate salt, .154.7 parts of
acetone, 93.2 parts of l-bromohexadecane, and 0.34 parts of BHT antioxidant. The
mixture was stirred for 16 hours at 35°C and then allowed to cool to room temperature.

The resulting white solid precipitate was isolated by filtration, washed with cold ethy!
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5.00 6.42 log reduction Total mcrobial kill Exanple 15
2.50 1.96 log reduction Partial mcrobial kill Exanple

.25 log reduction Low m crobial kill

v qg%Té(fé?sigve Exanple C 0.60 0.00 | og reduction ]I)\%TIUSZOOGMT"SO

m crobial kill Conparative Exanple 0 0.00 0.00 |og
reduction No mcrobial kill 15The results in Table 4
show concentration effects of DMAEMVA-Cl 6Br on
antimcrobial activity. In general, the antim crobial
activity is proportional to the concentration of

EMA, G 613r in the 3 r t. Jhe results. als

el 01O BRERELTB i 70 5 PG B o fRisbid Profhet rovealed
thé Stridiefd 10 del piee DVIABMINCT 3B 1B Ipahe sl seitigaoimala seficture:

and a concentration of | east about 5% provi des a

total mcrobial kill 20(Wel ow thg. limt of detection).

" Exanples 17-21 a aratiyve I E-J

Mul ti-layer filns of anpt)am&iagﬁbs%@anpar ative

Exanpl es E-J wer € eacfl prepared pursuant to the

foll owi ng procedure. For the fBFrm of Conparative

SRR il ol 18 08 ST o4 b SO ER R TR o sbbthesized pursuant o

the abeveofssafibed gheed@eul ti ng hardcoat m xtures for
Conparati ve anple E had relative concentrati ons by

wei ght of 1% Irgacure 819 and 99% 3M 906 Hardcoat. For
Prep&AtoH of Bftver Oxide Solution

Silver oxide solutions for use in Examples 6 and 28 below were prepared

by combining 5 parts ammonium carbonate salt with 95 parts water, and mixing until the
salt was dissolved. To this solution, 1 part silver oxide was added. The mixture was

stirred at 60°C for one hour until the silver oxide was dissolved.

Adhesive Lavers
For the following Examples and Comparative Examples, adhesive layers

were not laminated on the opposing sides of the core layer for any of the films. The
following tests discussed below measured antimicrobial activity and abrasion resistance,
both of which principally involve the antimicrobial hardcoat layers. It is believed that the
use of adhesive layers made of conventional adhesives would not affect the antimicrobial
activity or abrasion resistance, and that multi-layer films of the below-described Examples
and Comparative Examples that include such adhesive layers would produce similar

resulis.

Examples 1-11 and Comparative Examples A and B
Multi-layer films of Examples 1-11 and Comparative Examples A and B

wete each prepared pursuant to the following procedure. A hardcoat mixture was initially
prepared by combining 100 parts of 3M 906 Hardcoat with 12 parts toluene and 12 parts
methyl ethyl ketone. The hardcoat mixture was shaken gently until well blehded. An
antimicrobial agent was then added to the hardcoat mixture, and the entire mixture was
shaken by hand. Table 1 lists the type and concentration of antimicrobial agent used in the
hardcoat mixture for Examples 1-11 and Comparative Examples A and B.
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WarOYHE

- 3M 906 Hcffampamtivexample Bt || v ePHAENMA-GCIG EMA-T&er 3M

WO 20071070650PCT/ US2006/ 047780 fil nms of Exanples 17-19
and Conparative Exanples F and 0, a hardcoat m xture
%ared by conbi ni ng a DVMAEMA- derivati ve

8bi al agent, Irgacure 819, and 3M 906 RGIY¥R20%6{047780
i n isopropanol. The hardcoat m xture was shaken to
di ssolve the solids and m x thoroughly. The resulting
hardcoat m xtures had relative concentrations by wei ght
of 55% DVMAEMA-salt, 1% Irgacure 819, and 94% 3M 906
Har dcoat . For the filmof Conparative
ExaMpl e H, a hardcoat m xture _was prepared by conbi ning
I rgacure 819 and UVHC3000 im&l et hyl ketone. The

resul ti ng—hardcoat—mxtunes for Compar d?’bu‘ tb_f Lot
had rel atBrempleoncent r at i oristimserahial 4gent o f Antiricotid Agine

819 and %:CCC. _lt'_\.ll CITC T T \VA| I_I\MIIHI ~ =\J |d
21, and | EMBEIDar ati ve Exanpi8K HSLn-d-J_-a—hzr—d-eea{—
mi xt ur e ME@MBE2nar od by ¢onbPRCRERS DMAEMA-based— |
anti ni cridBdemEpledgent | rge mlr%‘l’aﬂ'ﬁ]arsfand L/HC30480 in

nmet hyl PtEﬂ‘?‘F‘PIPﬂt one__The harcPBEE8s xt lire was!%hakenlto
di ssol ve B®PRd| i ds and n Silvennapapamielesy | ' The Mbsul ting
har dcoat| Bewplfes had r el Ailveexidesshden 1 at i ons 2by wei ght
of 5% DNEPRmPIERI t 1% | r qadMAEMA€1BENG 0404 |ABHC3000]
15Tabl e |FExanpesdes the cmPIAABMAIGEE | ngs of {he

har dcoat Be®plafes for t he fRMAEMAICES 5 _
Conpar at || Exampigd®ml es F-J | TABMMEOSAExanpl e Ant Pri cr obilal (‘}
Agent PalBseplEZhbl e Precursofilehéipsar at ijve Exalhle F
None 3M |Jepnprpatividixamplednmar at i VeneExanplle F DVREMA- CABr

906 Hardcoat Exanple 17 DVAEMA- C1213r 3M 906 Har dcoat

Exanpl e 1%ach hardcoat mixture was then coated onto a PET film using a Meyer rod_
#8. The coated film was thet; allowed to air dry at room temperature for 5 minutes,
followed by oven drying at 70°C for 5 minutes (to remove the solvents). After drying, the
hardcoat mixfure was then cured (i.e., polymerized) using a Fusion Systems UV Processor
operating at 100% power (model MC6RQN, commercially available from Fusion UV
Systems, Gaithersburg,.MD).. The processor was operated with an H-type bulb, The belt
speed of the coated film was 50 feet per minute, and two passes were made, which
provided a total radiation dose of 240 millifoules/centimeter®. This resulted in a two-layer
film having an antimicrobial hardcoat layer laminated on a PET core layer, where the (\}
antimicrobial hardcoat layer contained an antimicrobial agent and a cross-linked matrix of
3M 906 Hardcoat. The films of Examples 1-11 and Comparative Examples A and B were
each tested for microbial load reduction and for zones of inhibition.

The “microbial load reduction” was tested pursuant to ASTM E2180-01,
which involved inoculation of a molten (45°C) agar shury with a standardized culture of
bacterial cells. A thin layer of the inoculated agar slurry (0.5 milliliter) was then pipetted
onto the test material and the untreated control material. Samples were tested in duplicate
using Staphylocbccz_zs aureus (ATCC 653 8). and Pseudomonas aeruginosa (ATCC 9027).
After 24 hours, surviving microorganisms were recovered via elution of the agar slurry
inoculum from the test substrate inio D/E Neutralizing broth and extracted by sonication

and vortexing. Serial dilutions were then made, and pour plates were made of each
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DMAEMA— C16Br SM 906 Hardcoat Exanple 19 DMAEMA— C1813r
3M 906 Hardcoat Conparative Exanple H None UVHC3000

“@%%%%d/e Exanple 1 DMAEMA- C60r UVHC3000 Conparative
anp DVAEMA- C813r UVHC3000 Exanpl e 20 DVAENRIEIWED47780
UVHC3000 Exanpl e 21 DMAEMA- C16Br UVHC3000

Approxi mately one mlliliter of the hardcoat m xture

was applied by pipette 20 onto a PET film A w re-wound
rod applicator (nodel AR4108 from BYK-Gardner) was used
to spread the solution evenly down the Iength of the
PET film The hardcoat m xture was | owed t

dibyiosy opgaratlaisn were insohated Ayt bbenTs at a&%c Fhléﬁl c%%féanal 'colonies from
e#ﬂ'&?@m@n FRUSLO WerdY %ﬁ%uh%d%nﬁ%@&%d ( @Mﬁ]&ﬁpoﬁgﬁﬁgﬂt reduction of

I'mwas pass through the Processor
bapeid froin S&afeﬁetferpm untmateé sairiphesomas phers madederA percent reduction

2007/ 070650QP. US2006/ 047780
grPBﬁ”ﬁ]%é‘%?% @PA{F& 0105%9 and Conparative Exanpl es

E-G the RpgcegiRr of Nahibiesh a té'Qt bw&@ ﬁéﬁfoﬁﬁe& preparing separate
follow ng four types of UV li (5.000 cni,
soputims off Saphylocoscrs eyr@m‘\\mfﬁ @38bmwéé’sei@ﬂwas \ggreginosa (ATCC

S 3 sPhBresily B Apen Tl L A eBlohg eyl i e miltitr

in Phosphate Buffered Saline (PBS) using a 0.5 McFarland Equivalence Turbidity

Standard. These suspensions were used to prepare bacterial lawns by dipping a sterile
cotton applicator into the solution and swabbing the surface of a trypticase soy agar (TSA)

plate in three different directions. Separate plates were prepéred for each organism. Three

~ 7-millimeter disks from each sample were then placed onto the surface of an inoculated

plate for each organism and pressed firmly against the agar with sterile forceps to ensure
complete contact with the agar. The plates were then incubated at 28°C = 1°C for 24
hours. The area under and surrounding the samples was then examined for bacterial
growth. The zone of inhibition is reported as the diameter of the zone including the 7-mm
sample disk. Table 2 provides the microbial load reduction results and the zone of

inhibition resuits for the films of Examples 1-11 and Comparative Examples A and B.
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5 Conparative Exanples 11-J, the Processor included a
D-bul b using the following four types of UV light: UV-A
“éf ﬁgo Wcn2, 2.308 J/cnR), UWW-B (1.531 Wcen2, 0.737
PIBY706y. C (0. 151 Wene, 0.094 J/cnp), and RETHUS2006/047780
(2.200 Wcen2, 1.094 3/cnR). The filnms of
Exanpl es 17-21 and Conparative Exanples E-3 were tested
in duplicate against a negative control for their
antim crobial effect on Staphylococcus E10
epidermdis, a bacteriumcomonly found on human skin.
For each film a one inch sanple was die cut and pl aced
on glass slides inside a pefl®BIE2h. A suspension of

bacteri a was pr gpared—frommam overnmghtrcuttu o
(2108, crulm 111 1]t erMicrokisLoO RVl | ¢ r o vmf,g‘f;(’é}';'é‘,";‘;‘;;:m)
SUSPENnsi on Was i PRREGHACT0S erliBadd 1111 Sanpl e gurf ace
igRarhiely dropl ets (GeRgedl | Y Ha-aRerbapl eizso siff tler Orowth under
i ncubating at r do@rinePRRIVEL |UGRark Negad) i nut es, tlhe fifeRPe
B S e AR UM IARL Y S  P T
xpmpled, -~ S [ g6 o1 1400~ 27 "None” |, Moderate growth
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ComparativoExample 47055 Ins2dos/ 04%980 T € £y dppptiderate growth

Antim crobial Agent Antimcrobial Data Antim crobial

Ef fect Conpar alikrd8iaP 184 rédifetidRBsflisliz FaBler el Bt NRe films of
m crobial kill Conparative Exanple F DVAEMA- C681' 0.03
ExemplesdhsBtandnl ll\b’dggﬁﬁb ghed aptimicrabinbagtimityegangmstiogens in contact

R R8: R 'n%@ecﬂ“t%gt HE AL o%%p'ﬂsof-g R Bibitthl tbw reductions against
gram negative pathogens. The films of Examples 7-9 included DMAEMA derivative
antimicrobial agents, which are generally poor antimicrobials against gram negative
pathogens. Note that examples 8 and 9 have the same antimicrobial agent but at different
concentrations. Increasing the DMAEMA derivative concentration from 10% to 30%
resulted in improved kill against gram positive bacteria. With respect to the film of
Comparative Example B, the DMAEMA-CCI antimicrobial agent is not reactive, and
therefore did not polymerize with the 3M 906 Hardcoat. This resulted in phase separation
and lack of antimicrobial activity. i

The zone of inhibition results in Table 2 show low inhibition of bacterial
growth for the films of Examples 1-9. This shows that the antimicrobial agents were
retained by the cross-linked 3M 906 Hardcoat, and were not easily solubilized. Therefore,
they did not diffuse out of the antimicrobial hardcoat layer to generate a zone of inhibition.
This is desirable for long term antimicrobial activity, Additionally, the films of Examples
10 & 11 exhibited good antimicrobial activity against pathogens in direct contact with the

films, thereby reducing pathogen contamination at locations under the given films.
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Exanpl e 17 DVAEMA- C1213r 0. 84 Log reduction Low
m crobial kill Exanple 18 DMAEMA- C16Br 6.49 Log

wbedsedoese Total microbial kill Exanple 19 DVARNAvE&%66/047780
0.38 Log reduction Low microbial kill Conparative

Exanpl e H None 0. 18 Log reduction No microbial kill
Conparative Exanple | DVAEMA-C613r 0.16 Log reduction
No microbial kill Conparative Exanpl e) DVAEMA- C813r

0. 15 Log reduction No microbial kill Exanple 20
DMAENLA- Cs2Br

Example 12
A multi-layer film of Example 12 was prepared pursuant to the following

procedure. A dispersion was prepared by combining 95 parts by weight of 3M SG
composition with 5 parts AgION to provide a hardcoat mixture. The hardcoat mixture was
shaken by hand to form a uniform dispersion, and then coated on a PET film using a
Meyer rod #6. The hardcoat mixture was then cured usiné a Fusion Systems UV
Processor (discussed above) at a belt speed of 45 feet per minute with two passes, which
provided a total radiation dose of 250 milliJoules/centimeter®. This resulted in a two-layer
film having an antimicrobial hardcoat layer laminated on a PET core layer, where the
antimicrobial layer contained an AgION antimicrobial agent and a cross-linked matrix of
3M SG composition. '

The film of Example 12 was tested for microbial load reduction and for
zones of inhibition, as discussed above in Examples 1-11. The film of Example 12
exhibited a 100% microbial load reduction for both S. auwreus (gram positive) and Ps.
aeruginosa (gram negative). Additionally, the zone of inhibition testing did not show any
growth under the sample. These results show desirable performance of this composition
where the antimicrobial is retained by the polymerized 3M SG composition, while also

providing a 100% microbial load reduction when contacted with contaminated fluids.

Example 13
A multi-layer film of Exampie 13, which included two antimicrobial

agents, was prepared pursuant to the following procédure. A hardcoat mixture was
prepared by combining 5 parts silver glass, 10 parts DMAEMA-C,¢Br, and 85 parts 3M
906 Hardcoat. The hardcoat mixture was then coated on a PET film and cured pursuant to
the procedure discussed above for Examples 1-11,

The film of Example 13 was also tested for microbial load reduction and
for zones of inhibition, as discuésed above in Examples 1-11, The film of Example 13
exhibited a 100% microbial load reduction for both S. qureus (gram positive) and Ps.
aeruginosa (gram negative). Zone of inhibition testing showed no growth under the
sample with S. aureus, moderate growth with Ps. aeruginosa, and no inhibition zones
outside the sample disks. These results demonstrate the synergistic performance of the

combined system where the silver has some mobility out of the film with excellent
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DVAEMA- C168r 6.49 Log reduction Total mcrobial kill
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it t he DMAEMA derivatives affects the PCT/US2006/047780
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theesarnpenefit cencentratiensanfither kavderas mmtu)rea‘ fm thiadilfris| cvﬁsEmmples 14-16

agﬁm&gﬁé%ﬁ%éﬁg%mo TABLE 7 Before Test After

Test Change Exanpl e Haze Tr aaBiiB3i on Haze

Percent by Weight of | Percent by Weight of | Percent by Weight
Example DMAEMA-C,;Br 3M 906 Hardcoat of Irgacure 819
Example 14 5.00 94,00 1.00
Example 15 2.50 96.50 1.00
Example 16 1.25 9175 1.00
Comparative Example C 0.60 08.40 1.00
Comparative Example D 0.00 ) 89,60 1.00

Approximately one milliliter of the hardcoat mixture was applied by pipette
onto an acrylate-primed PET film. A wire-wound rod applicator (model AR4108 from
BYK-Gardnery was used to spread the solution evenly down the length of thc PET film.
The hardcoat mixture was then allowed to dry by evaporation at room temperature, and
then cured using a Fusion Systems UV Processor (discussed above). The Processor
included a D-bulb using the following four types of UV light: UV-A (3.494 W/em?, 0.601
Jfem?), UV-B (0.815 W/em?, 0.151 J/em?), UV-C (0.071 W/em?, 0.012 J/em?), and UV-D

(1.733 W/em?, 0.307 J/em?®). The film was passed through the Processor at a belf speed of |

60 feet per minute with three passes, under nitrogen.

The films of Examples 14-16 and Comparative Examples C and D were
tested in duplicate against a negative control for their antimicrobial effect on
Staphylococcus epidermidis, a bacterium commonly found on human skin. For each film,

a one inch sample was die cut and placed on glass slides inside a petri dish, A suspension
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Transm ssi on Haze Transm ssion Exanple 17 0.59 92.9
3.48 93.0 2,88 0.1 Exanple 18 0.47 93.0 4,25 93.0 3.78

e 20 0.78 93.0 9.59 92.7 8.81 -0.3
W% %gﬁ?ﬁ%@ﬁ B e RS So0eba7780

of bacteria was prepared from an overnight culture (~10* colony forming units/milliliter
(cfu/ml)), and 50 microliters was of the suspension was pipetted across the film sample
surface in tiny droplets (generally 15-20 droplets). After incubating at room temperature’
for 45 minutes, the film sample was then dropped into 20 milliliters of Neutralizing
Buffer, vortexed vigorously for 2 minutes, diluted, and then plated in TSA (Trypticase Soy
Agar) for enumeration of surviving bacteria.

The antimicrobial efficacy was calculated by subtracting the bacteria
recovered from the test films (log10 cfus) from the amount of bacteria recovered from the
control (untreated) films. The limit of detection of this method, based on the volumes
plated, was 20 cfu or 1.3 logs. Accordingly, higher log reductions correspond to higher
antimicrobial efficacy. Table 4 provides the antimicrobial efficacy test results for the

films of Examples 14-16 and Comparative Examples C'and D.

TABLE 4
Percent by Weight of - . "y .
Example DMAEMA-CyBr Antimicrebial Data Antimicrobial Effect
Example 14 5.00 6.42 log reduction Total microkial kill
Example 15 2.50 1.96 log reduction Partial microbial kill
Exampls 16 1.25 0,25 Io)g_ﬁreduction Low microbial kil
Comparative Example C 0.60 0.00 log reduction WNo microbial kill
Comparative Example D 0.00 0.00 log reduction . No microbial kill

The results in Table 4 show concentration effects of DMAEMA-CsBr on
antimicrobial activity. In general, the antimicrobial activity is proportional to the
concentration of DMAEMA-C,6Br in the 3M 906 Hardcoat. The results also show that a
DMAEMA-C4Br concentration below about 1% is ineffective for reducing pathogenic
contamination, and a concentration of at least about 5% provides a total microbial kill

(below the limit of detection). -

Examples 17-21 and Comparative Examples E-J
Multi-layer films of Examples 17-21 and Comparative Examples E-J were

each prepared pursuant to the following procedure. For the film of Comparative Example
E, a hardcoat mixture was prepared by combining Irgacure 819 and 3M 906 Hardcoat in
isopropanol. The resulting hardcoat mixtures for Comparative Example E had relative
concentrations by weight of 1% Irgacure 819 and 99% 3M 906 Hardcoat. For each of the
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hardcoat | ayers of the multi-|ayer fil nms of the present
i nvention protect underlying surfaces from physical
damage whil e al so reduci ng pat hogeni ¢ contam nati on.
Exanple 22 A multi-layer filmof Exanple 22 was
prepared pursuant to the, follow ng 10 procedure.
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abr asi on r'%ﬂesﬁemomdpm tisu eormponenfASiEhEY 86 1 harBhosemixtures for the

s of fi efe.re to _as B, and C) were
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of 20-30 nesh Ottawa sand (mmsstol CT). The jar
was then placed in an orbital shaker (V (\A DS-500E -
from VWWR|Bristol, W0 2007/ 070650PCT/ US2p0@hp#rEabe CT :
whi ch wagExaspleat 400 1 pm flofntisperobigpeent The hBfoeursas
transm ssConpaofivé BamplaEpl @ wer e Nueasur ed| 3df 26¢1agdocht |
after tesCompprasise BrgmaleFlaz e- gBMAEMAISBf BYK-3@eMHardcodB
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22. S5TABLEGmpBeifRor e Test Af t BMAEERLC Hhrang e MM Hakdeoat

Example 12 DMAEMA-C;sBr 3M 906 Hardecoat
Comparative Example H None UVHC3000
Comparative Example I - DMAEMA-CsBr UVHC3000
Comparative Example J DMAEMA-CgBr UVHC30600
Example 20 DMAEMA-C,Br UVHC3000
Example 21 DMAEMA-C;Br UVHC3000

Approximately one milliliter of the hardcoat mixture was applied by pipette
onto a PET film. A wire-wound rod applicator (model AR4108 from BYK-Gardner) was
used to spread the solution evenly down the length of the PET film, The hardcoat mixture
was then allowed to dry by evaporation at room temperature, and then cured using a
Fusion Systems UV Processor (discussed above). The film was passed through the

Processor at a belt speed of 30 feet per minute with one pass, under nitrogen.
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I laze Transm ssion Haze Transm ssi on Haze Transm SSi on
Exanpl e 22A 0.64 92.7 3.28 92.6 2.64 -0.1 Exanple 22B

wWo Rt /@R¢sn 3- 31 92.2 2.67 -03 Exanple 22C 0.61 1931795‘;00&947780
92.4 2.65

For the films of Examples 17-19 and Comparative Examples E-G, the
Processor included a D-bulb using the following four types of UV light: UV-A (5.000
W/em?, 2.328 J/em?), UV-B (1.577 W/em?, 0.782 Jem?), UV-C (0.144 W/cm?, 0.105
Jem?), and UV-D (2.388 W/em?, 1,130 Jfem?). For the films of Examples 20 and 21, and
Comparative Examples H-J, the Processor included a D-bulb using the following four
types of UV light: UV-A (5.000 W/em?, 2,308 J/em?), UV-B (1.531 W/em?, 0.737 Jem?),
UV-C (0.151 W/em?, 0.094 J/em?), and UV-D (2.200 W/em?, 1.094 Yem?).

The films of Examples 17-21 and Comparativg Examples E-J were tested in
duplicate against a negative control for their antimicrobial effect on Staphylococcus
epidermidis, a bacterium commonly found on human skin. For each film, a one inch

sample was die cut and placed on glass slides inside a petri dish. A suspension of bacteria

was prepared from an overnight culture (~10% cf/milliliter), and 50 microliters was of the

suspension was pipetted across the film sample surface in tiny droplets (generally 15-20
droplets). Adfter incubating at room temperature for 45 minutes, the film sample was then
dropped into 20 milliliters of Neutralizing Buffer, vortexed vigorously for 2 minutes,
diluted, and then plated in TSA (Trypticase Soy Agar) for enumeration of surviving _
bacteria.

The antimicrobial efficacy was calculated by subtracting the bacteria
recovered from the test films (log10 cfus) from the amount of bacteria recovered from the
control (untreated) films. The limit of detection of this method, based on the volumes
plated, was 20 cfu or 1.3 logs. Accordingly, higher log reductions correspond to higher
antimicrobial efficacy. Table 6 provides the antimicrobial efficacy test results for the |

films of Examples 17-21 and Comparative Examples E-J.
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The results in Table 6 show how the polymer chain length of the

DMAEMA derivatives affects the antimicrobial activity, As shown, DMAEMA

derivatives of DMAEMA-CsBr and smaller at 5% concentrations in the polymerizable
In contrast, the DMAEMA-

C,6Br for both polymerizable precursors used provided the highest level of antimicrobial

precursors effectively provided no antimicrobial activity.

activity, which generally shows the optimal polymer chain length for DMAEMA
derivatives. Accordingly, DMAEMA derivatives having polymer chain lengths similar to
DMAEMA-C|5Br are long enough to be sufficiently mobile within the cross-linked

- matrix, and are also short enough to prevent phase separating from the cross-linked matrix.

The films of Examples 17, 18, 20, and 21 were also tested for abrasion
resistance pursuant to ASTM F735-94, Each sample film was placed in a 16-ounce jar
and covered with 50 grams of 20-30 mesh Ottawa sand (VWR Bristol, CT). The jar was
then placed in an orbital shaker (VWR, DS-500E, from VWR Bristol, CT), which was set
at 400 rpm for one hour. The haze and transmission of the sample were measured before
and after testing using a Haze-Guard Plus (BYK-Gardner, HB-4725). Table 7 provides
the durability testing results (i.e., haze and transmission) for the films of Examples 17; 18,
20, and 21.
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3.6 72.3 24.0 Exanple 25 DMAEMA-C war / AglON 3.0/ 1.8

71.4 23.8 20For each filmof Exanples 23-25, the
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T

underlying surfaces from physical damage while also reducing pathogenic contamination.

Example 22
A multi-layer film of Example 22 was prepared pursuant to the following

procedure. A hardcoat mixture was prepared by combh{ing 5.0 grams of DMAEMA-
C16Br, and 197.9 grams of a 3M 906 Hardcoat solution (47.5% solids in isopropanol,
where 1% of the solids was Irgacuare 819), and 47.1 grams of isopropanol. The hardcoat
mixture was shaken to dissolve the solids and mix thoroughly. The resulting hardcoat
mixtures had a 5:95 ratio of DMAEMA-C,;Br to 3M 906 Hardcoat.

The hardcoat mixture was then coated onto a PET film (4-inch width) with
a metered, precision die coating process to achieve a dry thickness-of 4 micrometers. A
syringe pump was used to set the flow rate of the hardcoat mixture into the coating die at
10.5 cubic-centimeters/minute. The coated film was then passed through a two-zone 6‘\’6!1
and a belt speed of 15 feet per minute. Each zone of the oven was maintained at 120°C
and was 3 meters in length. The coated hardcoat mixture was then cured using a Fusion
Systems UV Processor (discussed above). The Processor included an H-bulb using the
following four types of UV light: UV-A (1.696 W/cm?, 1.049 Jiem?), UV-B (1.561
W/em?, 0.994 J/oem®), UV-C (0.206 W/em?, 0.137 Jem?), and UV-D (0.965 W/enr’, 0.606
Jem?), _

The film of Example 22 was tested for abrasion resistance pursuant to
ASTM F735-94. Three samples of each film (referred to as A, B, and C) were each placed
in a 16-ounce jar and covered with 50 grams of 20-30 mesh Ottawa sand (VWR Bristol,
CT). The jar was then placed in an orbital shaker (VWR, DS-500E, from VWR Bristol,
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CT), which was set at 400 rpm for one hour. The haze and transmission of the sample
were measured before and after testing using a Haze-gard plus (BYK-Gardner, HB-4725).

Table 8 provides the durability testing results (i.e., haze and transmission) for the film of

Example 22. A
TABLE 8
Before Test After Test Change
Example Haze | Transmigsion | Haze | Transmission | Haze Transmissicn
Example 22A 0.64 92.7 3.28 92.6 2.64 0.1
Example 22B 0.64 092.5 3.31 92.2 2.67 -0.3
Example 22C 0.61 92,6 3.26 924 2.65 -0.2

The resnits shown in Table 8 also show that the inclusion of DMAEMA-
C1¢Br did not significantly impact the abrasion resistance of the films. As discussed above
for the films of Examples 17-21, the antimicrobial hardcoat layers of the multi-layer films

of the present invention protect underlying surfaces from physical damage,

Examples 23-31

' Multi-layer films of Examples 23-25 were each prepared pursuant to the
following procedure. For each film, the anfimicrobial agent was added to a 50/50 blend of
toluene/methyl. ethyl ketone solvent, and sonicated to obtain a uniform dispersion. 3M
906 hardcoat was then mixed in with the dispersion to form a hardcoat mixture. Table 12

provides the component listings of the hardcoat mixtures for the films of Examples 23-25.

TABLE 12
Percent by Weight | Percent by Weight | Percent by Weight
Example Antimicrobial Agent | of Antimicrobial of 3M 906 of Tolune/MEK
Agent Hardcoat Solvent Blend
Example 23 DMAEMA-CsBr 5.9 70.6 23.6
Example 24 AglON 3.6 723 24.0
DMAEMA-C,;Br/
Example 25 AgION 3.0/18 71.4 238

For each film of Examples 23-25, the hardcoat mixture was coated on a
PET film using a Meyer rod #8. The coated film was allowed to air dry at room
temperature for 5 minutes, and then was oven dried at 70°C for S minutes. The coating
was cured using a Fusion Systems UV Processor (discussed above) with an H-bulb. The
coated film was passed through the UV processor twice with a belt speed of 50 feet per

minute, which provided a total radiation dose of 240 milliJoules/centimeter®.
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For each filmof Exanples 26-31,

woasoheatpd on a PET filmusing a Meyer rod #9-1’6—1‘)@52006/047780
roomoO

coated filmwas allowed to air dry at
and then was oven dried at

tenperature for 5 mnutes,
5 m nutes.
Systens WV Processor

80C for

t he hardcoat m xture

The coating was cured using a Fusion
(di scussed above) with an Hbulb

(1.98 .J/cnmR) The coated filmwas passed through the W
The resulting multi-I|ayer

processor tw ce.

filnms of @f@i

| oad reducti on

NE il i 58

E@!a?eaxgﬁgﬁ% oM AmPRM4-85 el fRk

cussed”above I n Exanp .
follabfimg proceduns desr ¢deh fibas the antbhisrobialaagent siag tdixgatly mixed with the

43 BRI 8 i B ME PR o fomm o

hdrE i niesirk] Yable "MBestaoided thdSompaiidngiliRtifgs 6fFmhardcoat mixtures for

?éﬂg&%&@% ?hrsuant to the

Nelii_gl;ative Fi | m?ggear ance Exanple 23 100.0 33.3 C ear,
thy dilms ofExamples Bs3l Exanpl e 24
TABLE 13
) Percent by

Percent by Weight Weight of Percent by

Antimicrobial of Antimicrobial 3M 906 Weight of

Example Agent Apent Hardcoat Isopropanol
Example 26 Cosmogil CQ 15.0 54.0 310
Example 27 Vantocil P 15.0 54.0 31.0
Example 28 | Myacide AS Plus 3.0 54.0 43.0
Example 29 CHG 3.0 58.8 38.2
Example 30 | . Bardac 205M 9.0 51.0 40.0
Example 31 Bardac 208M 5.6 51.0 413.4

For each film of Examples 26-31, the hardcoat mixture was coated on a
PET film using a Meyer rod #9. The coated film was allowed to air dry at room
temperature for 5 minutes, and then was oven dried at 80°C for 5 minutes. The coating
was cured using a Fusion Systems UV Processor (discussed above) with an H-bulb (1.98
J/em?) The coated film was passed through the UV processor twice. '

The resulting multi-layer films of Example 23-31 were then tested for
microbial load reduction, as discussed above in Examples 1-11. Table 14 provides the
microbial load reduction results and visual appearance results for the films of Examples
23-31.

TABLE 14
%Reduction %Reduction
Example S, aureus Ps, aeruginosa Film Appearance
(Gram Positive) | (Gram Negative)
Exarnple 23 100.0 33.3 Clear, uniform, and glossy
Example 24 96.2 100.0 Clear, uniform, with slight haze
Example 25 100.0 100.0 Clear, uniform, with slight haze
Example 26 100.0 100.0 Clear, uniform, very little haze
Example 27 100.0 100.0 Clear, uniform, very little haze
Example 28 0.0 * 100.0 Clear, uniform
Example 29 100.0 100.0 Clear, uniform
Example 30 100.0 100.0 Clear, uniform
Example 31 100.0 100.0 Clear, uniform
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96.2 100.0 Cear, uniform wth slight haze Exanple 25

100.0 100.0 Cear, uniform with slight haze Exanple 26

100.0 100.0 Clear, uniform very little haze Exanple 27
WQRaWH7%8%. 0 A ear, uniform very little haze EQ@HEP@‘S@S”B“

0.0 ' 100.0 .dear, uniform Exanple 29 100.0 100.0

Cl ear, uniform Exanple 30 100.0 100.0

The results in Table 14 show that the films of Examples 23-31 exhibited
good antimicrobial activity against pathogens in contact with the films. The film
containing Myacide AS Plus (Example 28) exhibited no antimicrobial activity against
gram positive pathogens. . This indicates that Myacide AS Plus is only effective against
gram negative pathogens.at the tested concentration.

The films of Examples 23-31 -were also generally clear, uniform, and
transparent. This shows that the antimicrobial agents were compatible with the 3M 906

Hardcoat, and exhibited little or no phase separation.

Examnples 32-35

Multi-layer films of Examples 32-35 were each prepared pursuant to the

following procedure. For each film, the antimicrobial agent was blended with the 3M UV-

Formulation, The blended composition was sonicated to obtain a uniform dispersion.
Table 15 provides the component listings of the blended composition for the films of
Examples 32-35.

TABLE 15
e | reenty
Example Antimicrobial Agent A weight of 3M
Antimicrobial :
A UV-Formulation
gent
Example 32 DMAEMA-C16Br 4.8 95.2
Example 33 AgION 2.9 97.1
Example 34 ' DMAEMA-C16Br 9.1 90.9
Example 35 DMAEMA-C16Br/ AgION 73/18 90.9

For each film, the dispersion was coated on a PET film using a Meyer rod
#6. The coating was then cured using a Fusion Systems UV Processor (discussed above)
with an H-bulb. The coated film was passed through the UV processor once with a belt
speed of 80 feet per minute, which provided a total radiation dose of 120
millifoules/centimeter’. The resulting multi-layer films of Example 32-35 were then
tested for microbial load reduction, as discussed above in Examples 1-11. Table 16
provides the microbial load reduction results and visual appearance results for the films of
Examples 32-35.
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Cl ear, uniform Exanple 31 100.0 100.0 C ear, uniform
WO 2007/ 070650PCT/ US2006/ 047780 The results
4 show that the filns of Exanples 23
Wgﬁgp-gl tﬂgd)lgood antim crobial activity agai nst péf'fﬁgﬁogﬂg‘ms“
in contact with the filnms. The fil mcontaining Myaci de
AS Pl us (Exanple 28) exhibited no antim crobi al
activity agai nst gram positive pathogens. This
i ndicates that Myacide AS Plus is only effective
agai nst 5gram negative pathogens at the tested

concentrati on. i of Exanpl es 23-31
were al so generally clear, -{ngﬁ% 1rﬁﬂsand transparent.

hr's shows that tl%ke@gfid.,;n CI Obteducriagernit s were

Cerfadld bl e Wit h| t he a3MiD06| Hew sie@aiosa gnd exhFivntApgearance
[ittle or no phpgsasepdiva) | (Bram Nogaxies)dl es 32- 35

TRl pid AVET 11T Ofo ZXanp| €5_J8660 WET & A uRf&Reana Glossy
Bhanid B3 [0 1 Ne[TolgPYY Ng Pr OCEHE.  HOr CRACEhifohmh, With ShYAT haze

f%&énﬁarédxpo' al— agent gpgg bl ENAcqoBh TN (NE FWar, uniform, and glossy
DEsdnfid35 At T o1 [ Thegb§Nae CORRRRT U1 QN BRea, SiPlokk, With Slight haze

toobtarma urmi rnlblprToIOH Tabte & provrdes tne
conmponent listings of the bl ended conposition for the :
films of Ihiexassplessi®BEn TABleEltESiIE)sa‘atd ghe need for a minimum

Antim crob Agent. Per cent Lm bi al
ccglgﬁlﬁtratig& ggﬁlw ba%%\%? {eﬁ ojecy X V\ﬁ'%gl?alxrqg(fog{”}lgﬁ eéf?gﬁgff emgﬁobxal load
reBYARMA- §18B6vet; 8 comparison of Examples 33 and 34 to Example 35 show that a

synergistic effect can be obtained in microbial load reduction by combining two different

types of antimicrobial agents.

Example 36
Synthesis of  dimethylhexadecylammoniumethylacrylate  bromide

(DMAEA-C,¢Br) was prepared pursuant to the following procedure. A three-neck round
bottom reaction flask was fitted with a mechanical stirrer, temperature probe, and a
condenser. The reaction flask was charged with 234 parts of dimethylaminoethylacrylate,
617 parts of acé;cone, 500 parts of 1-bromohexadecane, and 0.5 pairts of BHT antioxidant.
The mixture was stirred for 24 hours at 35°C. The reaction mixture was then cooled to
room temperaiure and a slightly yellow clear solution was obtained. The'solution was
transferred io a round bottom flask and the acetone was removed by rotary evaporation
under vacuum at 40°C. The resulting solids was washed with cold ethy] acetate and dried
under vacuum at 40°C. An NMR analysis of the solid product revealed the structure to be
pure DMAEA-CsBr. The DMAEA-C;sBr was believed to provide similar antimicrobial
activity to DMAEA-C¢Br when used in a multi-layer film of the present invention. An
advantage provided by DMAEA-C,sBr over its methacrylate based version (DMAEMA-
C16Br) is faster radiation curing. This is due to the lack of methyl group near the

ethylenically unsaturated bond (i.e., the reactive site of the monomer).

Example 37
A fluid solution of 20.0% Lauricidin, 10.0% salicylic acid, and 10.0%

DOSS surfactant in isopropanol was prepared by stirring the mixture until the Lauricidin
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95.2 Exanple 33 AgION 2.9 97.1 Exanpl e 34 DVAEMA- C16Br
9 1 i 90.9 Exanpl e 35 DMAEMVA- C1613r / AgION 7.3 / 1.8
For each film the dispersion was
W@o?&{"’é‘t?“‘iﬁ‘? a PET filmusing a Meyer rod #6. Th&@dai209447780
was then cured using a Fusion Systens UV Processor
(di scussed above) 20 with an H bulb. The coated film
was passed through the UV processor once with a belt
speed of 80 feet per minute, which provided a total
radi ati on dose of 120 m I i Joul eskentineter2. The

oSt 20t of dhs B cspltion avhs coTORe il 0% SEbS haplepet mixture
dés&:@&qm ézgeslll-l 188! ?O(iﬁar&f SIM 996 R0 £ ‘vflﬁi 24 pér%at@luene and

reduction résults and visual appearance results for th
1% partsmethy bgybkgiors). Fhe3smbinad solution was coated and cured as descnbed

Q7/ PCT/ US2 06/047OT LE 6Exa
indBARIGS 7 1 o8 Pty e e B e St AR bfpppapsat. The resuling
maRi-14genil@ was then tested for mlcroblal load reductlon, as described above in
Examples 1-11, and gave 100% microbial load reduction for gram positive pathogens and

99.4% microbial load reduction for gram negative pathogens.

The embodiments described above and illustrated in the figure are
presented by way of example 6nly and are not intended as a limitation upon the concepts
and principles of the present invention. As such, it will be appreciated by one haviﬁg
ordinary skill in the art that various changes in form and detail are possible without
departing from the spirit and scope of the present invention. Various features and aspects

of the invention are set forth in the following claims.
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(Gram Negative) Film Appearance Exanple 32 69.20 10. 60
Clear, uniform and gl ossy Exanple 33 83.00 100. 00
Clear, uniform wth slight haze Exanple 34 100.00
89.20 C ear, uniform and gl ossy Exanple 35 100.00
100.00 Cear, uniform wth slight haze

The results shown in Table 16 illustrate the need for a
m ni mum concentration of the antim crobial agent in the
hardcoat for effective mcrobial load 5 reduction.

ggfﬁmr a conparison of Exanples 33 and 34 to Exanple
that a synergistic effect can be obtained in

i crobi al  Aqagititleek GilinGBr Muéiﬁ@’ﬁh&b&@l EMRarflinh i@ &DA surface, the
types of antim crobial agents. Exanple 36

efmptisig hy| hexadecyl ammoni unet hyI acr yI at e
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fol |l owi ng pr
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with 234 patadhegve hverdisnpsedadisentihs fest surface of @E?Ofﬁg et and
of acet one,, SO0 RALE lolfayélr ?ﬁs%q%ae)éﬁ:gt@&ﬁn%e 20 Jur ce,

parts of BET Anti oxi ant ure was stirre
for 24 hours ataﬁﬁﬁcroﬁiablayeammpnmng: xture was then

cooled to roomterrper e and htly yel]l ow cl ear
sol ution was ob? &HEd" EFL Lfgpﬁ?fi t% é’ﬁg’f"'@r“rz@ﬂe tRyecursor
a round bottom fl as

kcog}gz?lsv E% AREL A8 WBF HHRTRY gﬂ)l P%éﬂlésmtmg of

rotary evaporation un cuum at 40C. The re
sol i ds was washed wi4 polpotrzablehydnoacetaapadyraenizablei ppthmer having

under vacuum at 40C. anal f th i d
product reveal ed thé sF’Pj}g/\ﬁﬁlrewF%ﬁ{) oaboﬁ zv%b or less, and

DVAEA- Ct 6Br. The DVARAbidbiBhs Wb SiHRME the %ylﬁhél’{iagﬁ Precursor
simlar antimcrobial activity to DVAEA-Ci when used

inamlti-layer fi Imlgﬂestlﬁétlﬁﬁwéml rﬁdw@ﬂqumble maieties; and
advant age provi de th
based version (ﬁ%ﬁ%@?&%ﬁﬁﬁe&:ﬁ %M%V :Tgoﬁs ?‘ﬂ%éﬁl%tﬁ

This is due to the lack of nethyl group near t he
ethylenically unsaturated bond (i.e,, the reactive site
éf the nonbkgmplti-layer film of claim 1, wherein the antimicrobial agent comprises

a quaternary amine-functionalized compound.

3. The multi-layer film of claim 1, wherein the antimicrobial agent comprises

a silver-containing compound.

4, The multi-layer film of claim 1, wherein the antimicrobial agent comprises

a fatty acid monoester or a fatty acid monoether.

5. The multi-layer film of claim 1, wherein the antimicrobial agent

constitutes about 1% by weight to about 20% by weight of the antimicrobial layer.

6. The multi-layer film of claim 1, wherein the antimicrobial agent

constitutes about 4% by weight to about 10% by weight of the antimicrobial layer.
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25 Exanple 37 A fluid solution of 20.0%

Lauricidin, 10.0% salicylic acid, and 10. 0% DOSS

surfactant in isopropanol was prepared by stirring the
WoRe797e65int i | the Lauricidin WO PCT/US2006/047780

2007/ 070650PCT/ US2006/ 047780 was di ssol ved. 20% of the

fluid solution was conbi ned with 80% of the hardcoat

m xture described in Exanples 1-11 (i.e., 100 parts of

3M 906 Hardcoat with 12 parts toluene and 12 parts

met hyl ethyl ketone). The conbi ned sol uti on was coat ed

and cured as described in Exanples 1-11. The resulting
7mul ti -1 ay éﬂnethhlnil-}a@a‘ filne of chuhick I, desﬂarthatanhﬂ’imoblal layer exhibits a

b io Brear bt R B B B S5 0 ive or gram negative
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- PR g R S Rkl bk, P outci ng i o obi

contam nation on a surface, the nulti-layer film

onprising, a | a n first urfa £.an
econd sur c’@ung@@T #ﬁ‘nﬁﬁé e VPR Rt gf’%} acrylate is
ctosy-tink4shle Rp&e exRhRCB Rl trdAislet Hddsdtionur f ace of the core

| ayer; and an antimicrobial |ayer disposed adjacent the
second surface, the antimcrobial |ayer conprising: a

187 0ss-1 1 Nkl Bk ia erdﬁfn'z %¢ glaﬁz&@nvﬁm‘i’&kxg@?ﬂ&&@l ®f the goBrmenzable

precursor conprisihg mat eri al sel ecte romthe gr
preonesos furthgr g‘ﬁmaﬂmltmmdl inatgapiopseidetes., a pol yneri zabl e
pol ynmer having a nol ecul ar wei ght of about 1,000 or
| ess, and conbi nations thereof, wherein the
1pol yrer i zaHeanpiticlayersiiln eDeibival Q,SWImJeiﬂ the wdbtdionBlyer includes at least

radjation rapl e noi eti es; ant i Crobla

o ShA reraey s SR EPHSEoTaIR BicsRie pIl &1 oottt harge.

mul ti -1 ayer filn1of claim1, wherein the anti m crobi a

agent conprlses guat ernary am ne-functionalized

13ompound. The. rrmhelmr film| of glaiin; }, nwiatreigy dieradhiesivgelagemincludes an
crobi al agent conprises a silver-containing

a@%ﬁﬁ%ﬂﬁéﬂl 4. The multi-layer filmof claim1, wherein

the antim crobial agent conprises a fatty acid

t f .
Aoroest e &' Bafih h GRSE oo Rl gty 1, he
phgﬁﬁg ccfo?ettﬂr;laytleﬁhﬂ:b auﬁ:;)ge% duchwhiigiht etdheshib@ liye? Q)‘ﬂl)d)ﬁrst multi-layer

t t ant crobi a e 6. T I -
A P Ry ant (e R R b i vt ofus snspag miever
constitutes about 4% by -wei ght to about 10% by wei ght

of the antimcrobial |ayer. WO
2007/ 070650PCT/ US2006/ 047780
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7. The multi-layer filmof claim1, wherein the
antimcrobial |ayer exhibits a mcrobial |oad reduction
of at |east about 99% for either grant positive or gram
negati ve pat hogens, when tested pursuant to ASTM
E2180-01. 8. The nmulti-layer filmof claim1l, wherein
the antim crobial |ayer exhibits a mcrobial |oad
reduction of at |east about 99%for both gram positive
and gram negative pathogens, when tested pursuant to
LASTM E2188-moulti-lagr fithdonadu¢ing ayepbipl ¢ontastingticn on a surface, the
erein-the material of the polynerizable precursor
n@@ﬁ%ﬁ%ghhnconlrﬁfﬁifunctional acrylate. 10. The

ses a
mul ti - | aygthdrinbplagifc cdrailayed, haviher £ifisttdeface and a second surface
mul ti-functional acrylate is cross-Iinkable upon
exposure to ul Wpavfcdhefirst syfasei on.  11. The nulti-| ayer
filmof clai ' - ' .
pol yneri zé‘ﬂ%@eg}’%‘ggﬁ,%%? %th %?ﬁtgfc’l)én%lrsf gféﬂgaEFrSfetgte g%re fayer; and
i nor gani carpaartingérebial lhger Tisposed| tailjabany ethef isbeondf solfaiem the
1, wherein the adhesjve |ayer includes at. | east one of.
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claim1, wherein the adhesive |ayer 1ncludes an
antimcrobial. 14. A stack conprising a plurality of
he multisl ayer. .filmgof claiml, . the plurality.of .
Gl t1 -1 ay DI Fiotpe  Biyetl SR hat iRl Dimabiiierotigepeen
céthprivef b G8dtembihidmih@neictibialifed SonfRshd.i oned adj acent the
antimcrobial |ayer of a second nmulti-layer film 15.
A multi-layer filmfor reducing m crobial contam nation
n a surface, € | g i Il SkNg: .
1?hernnp|asfién@g§%ﬂ¥a§g? @%3#%% ég}ﬁﬁgﬁn%uﬁ?aggﬁgﬁa g AHee
fimed@ntzaucdagamdpip aktrived tHven &imsttrid wongeBingan qaaidesaty émine-
| ayer  di sposed adjacent the first surface of the core
ﬁ’lnﬁé‘@ra!lzeéirﬁﬂhﬂ?f‘lléﬁmW@F@Eﬁdé’ﬂ"@g&f’ér di sposed adj acent the
second surface, the antimcrobial |ayer conprising an
antim crobial agent chemcally bound to a cross-Iinked
13mat ri x byTlpomoiteddyzatfilmnof clhbn IPhevimntitithe ayess-linkbdnngfirix is

claim 15, erein the antim crohial agent c rises .a
iR der PR R e Ea PO RE hOhIBTRGR! SRRl fRgh e group
cdBdistihg LAY SIolthéraBle ©bAdmRr18 poRABhKe gﬁﬁqﬁ’éﬂaﬁa@fd@a{ Yholecular

am nefunctional i zed conmpound is derived froma nmateri al
weightprliabpwig @0 0urdessr mdropmbiriatiedsiheedlonal i zed

ethyl enically unsaturated nononer. 18. The multi-|ayer

filmof claim15, wherein the cross-linked matrix is
1glerived fTiemaulpidhysrefiimabl eclpiecls,s dhePthieS infd@eral of the

material selected fromthe group consisting of a
PHBNGHAP| AR BB S PR e aan%&ywppaééaw@%m ymer having a

nol ecul ar wei ght of about 1,000 or |ess, and

conmbi nations thereof 19. The multi-layer filmof claim
248, wher €lhe tthdtidayer ifilh of tlhen pth,ymdeicabihe pragaiat soff the

| | ti-functional acrylate. 20 Th
AT AP st e Bt SRRt or a1 of

the pol yneri zabl e precursor further conprises treated
i norgani c particles. 21. A nethod of making a

mul ti-layer filmfor reducing m crobial contam nation
on a surface, the nethod conprising: |amnating an
adhesi ve | ayer adjacent a first surface of a core

| ayer; coating an antim crobial |ayer adjacent a second
surface of the core |ayer, the second surface being
opposite of the first surface, wherein the

antim crobial |ayer conprises an antim crobial agent
and a pol ynerizabl e precursor conprising a materi al
sel ected fromthe group consjgsting of a polynerizable
nmononer, a pol yneri zabl e pol ynmer having a nol ecul ar
wei ght of about 1,000 or |ess, and conbi nati ons

t hereof, wherein the polynerizable precursor includes
mul ti-functional radiation curable noieties; and



24. The nethod of claim 21, wherein the naterial of the
pol yneri zabl e precursor conprises a nmulti-functiona
acrylate. 25. The nmethod of claim 21, further

conpri sing applying an end-of-service indicator to the
mul ti-layer film 26. The method of claim 18, wherein

t he pol yneri zabl e precursor includes nmulti-functiona
radi ati on curabl e noieties.

21. A method of making a multi-layer film for reducing microbial
contamination on a surface, the method comprising:
laminating an adhesive layer adjacent a first surface of a core layer;
coating an antimicrobial layer adjacent a second surface of the core layer,
the second surface being opposite of the first surface, wherein the
antimicrobial layer comprises an antimicrobial agent and a
polymerizable precursor comprising a material selected from the
group consisting of a polymerizable monomer, a polymerizable
polymer having a molecular weight of about 1,000 or less, and
combinations thereof, wherein the polymerizable precursor
includes multi-functional radiation curable moieties; and
polymerizing the polymerizable precursor to form a cross-linked matrix,
wherein the antimicrobial agent is dispersed within the cross-

linked matrix.

22. The method of claim 21, further comprising chemically bonding the

antimicrobial agent to the cross-linked matrix by polymerization.

23, The method of claim 21, wherein the antimicrobial agent comprises a

quaternary amine-functionalized ethylenically unsaturated monomer.

24, The method of claim 21, wherein the material of the polymerizable

precursor comprises a multi-functional acrylate.

25. The method of claim 21, further comprising applying an end-of-service

indicator to the multi-layer film.

26. The method of claim 18, wherein the polymerizable precursor includes

multi-functional radiation curable moietics.
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