10

15

20

25

30

TETRAPHOSPHORUS LI GANDS FOR CATALYTI C HYDROFORMYLATI ON
AND RELATED REACTI ONS Cross Reference to Rel ated
w@\ppi7ioowse on [ 001] This application clains theP@EOSI06/047780
of priority of Provisional Application No. 60/750, 733
filed Decenber 15, 2005, which is incorporated herein
by reference. Field of the Invention [002] The present
i nvention relates to new phosphorous |Iigands and their
applications in hydrofornylation and rel ated
reactions/ More particularly, the present invention
relates to transition netal conpl exes having chel ati ng
t et raphosphorus J4 ' tii'lﬂ}' @:ﬂ& nodes.
Tet raphosphor us ’ngﬁg‘gﬂéﬁﬁlﬁh I che atfll'%smndes can
enhance coordinating abilities for transition netals

such as Rh ' [=Yol MRVA TS of

catal yii o PRSE BREERENCE RFRAEA I RITIOATERS

net al - t etPrRgi9SpORINSd ¢® S cRevistambd Pdieng Alpplitdtion No. 60/743,036,

resent inventijion are useful as catalysts i ] ..

£} Beefhen 1 E0BR, the dISAORTIE AL WHF thiBr PRI legfin by reference in it
en{;yéil%ocar boxyl ati on, hydrocyanation, tandem reactions

such as isonerization-fornylation, and

hydr oam nonet hyl ati on. Background of the Invention

[ 003] Hydrofornyl at ipp@p DGR TeMENSYERTIONE! en in 1938,
has been the | argest honpbgeneous catal ytic process in

i ndust ry. Titoipeeseitainvestion elates t9oantégicrbial ingdel apgicular, the
i : hedyE b agette U G facdd o reduce th

pr%ﬁgp%gf%ﬁ%ﬁf &A%t?% Qﬁét%cﬂggél aghg Ru-and 11 based o oo o
riskatf gbyimtrgnation byhgslesiprdodereerganigeisi evi ng hi gh

selectivity to linear products is extremely inportant

for commercial application. Despite the extensive

i nvestigation by both acR4€KGR@RINIPndustri al groups

such as BASE, Dow Shell and Eas h .

there sti PropmmR Ry aisET et oRh S el Battl fpRe on human life
anteigaldli nDusiap esiciydal yroubtiaws, geopptentinmousip ndonee limtogeontact with a

selectiv tlsﬁ‘?1 are verﬁi%%{i)rt@]lnt in catglé/lti . .

VaPEY Rt YHECeHNGHITG COPPIERURT VAR W rVROTE AV BTSRRI grpanisims, some
ofalvhieW HayBe Pakiogens eBueh! sarfabesdmaprinciude douiteftdbps, tables, and food
envi ronnent al Ié%/‘ sound mamneg1 under njl der cog itlort]s.d .
Prerpmatjorcepaces b Fetapes, iy ,guqeﬁxe&n% AInVFERT RELR Y To04 processing
plaMd Uil Aladi¥EdsO TRy abpReutiont, hnd ROhEl Caft dhfades in healthcare
(e.g., HRh(_COégIS PPh3) were introduced in earlier )
settigge’ Lonfamipabion-vith pag oI OPIgaRISIIS R SReiifcafignsy By result in
th@gp%lm!l QSO LAY kAL RIS Rb G PR WG BorP@DBAdIABly endangers human

_rhodium trlaryl phosphi ne catalysts. Achieving high
livee ghd dnsrreases haalth cets gasiear al dehydes is critical for
hydr of or mg, abhRer ﬁl@%{)gegth?%fqgldgg?&lt hRASorgdiiSmE ESdHtdrhMdted surfaces

al dehydes are convert al cohol's, ] ) ) ]
are typically cleaned and sanitized. While this provides an immediate reduction in

concentration of microorganisms on given surfaces, the surfaces must be repeatedly
cleaned and sanitized on a frequent basis to continue to prevent contamination by
microorganisms. Accordingly, there is a need for a durable means for reducing microbial
contamination that is easy to use and is effective at reducing microbial contamination over

extended periods of time.
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carboxylic acids or other derivatives, which are used
as plasticizers, detergents, surfactants, solvents,
wo erioomst s and chemical internmedi ates. [ 005] BChesmodo047780
bel ow shows the dissociation of a Rh catal yzed
hydr of ornyl ati on catal yst. [006] The successf ul
comerci alization of HRh(CO) (PPh3)2 technol ogy has
been based on the key discovery of Pruett at Union
Car bi de and Booth at Union oil that the use of rhodium
wi th excess phosphine ligand can | ead to form ng

active, sel ect iRRIBR/SUYNARN &F BAEIAVENTIGN The need
for exce h n u t a P
di ssoci at | éo ﬁ%g{“ﬁ ?évetn gt |ﬁ='(:1£ltg§'/s,t%émzl a%‘hﬁ'I% ra %Pm fi(a)r reducing
cofmahtimgioh. od_asarfaée Fﬂ?hﬂxdwm‘rgmﬂms,wd Pﬁhdthx)d pfsuaking the mult1 -layer
nore, acti v ess.,r osel ective drof ornyl ati on
ﬁl’(‘,‘at 'gp? §rt\\§tl ayéﬁg 1151 cpn, i cﬁ\gcl e.3 SIS, By h%‘%f ne élsﬁrsp%brq’?cg gmnd a second
sufR& podite ke Hest QLrfREY, bd ddbedtie layerdipotal @cgmeﬂm gh;t surface of
I i nea pbranch sel ect,i v] 1{ rati

thg ﬁgehW?bfW pgﬁcrg ia; lw& ecﬁgoo @fgrﬁ%"}cg?taﬁ‘e second surface The

anﬂbﬁ‘?’é’r@ﬁiﬁ[ Wkﬁéérpﬁ‘lcﬁlfde RIPHliIged pasyrha e imatik Md afh #tibiOrobial agent
ol d exceSs of PPli3 to Rhwith a |inea pbranc

dl@érsé@twmillpythﬁ Arpes-linked. matrixg syhege Abe, P{-ﬁ?éamkf%mm can be derived
fr(ﬁl?/ F}’chy ?a{b% YAty gBﬂEHElﬂgla%‘a@ﬁal §el&ﬁ€d K@ {Hérgroup consisting
oxo" al cohol s. " Propylene is the | argest
ofsqoﬂnghcn@lbken@nnmr,omiymﬂlaqbé@ pp[ynpﬁrdmy@tg a molecular weight of about
e hydrogenated to produce
ﬁ%& ; orggn3§@P§§Hﬁg§ogn al dol condensati on and
t hen hydrogenated to form 2-ethyl -1-hexanol, the

| ar gest sing!éBﬁﬁﬁﬁDESCﬁﬁBEUEEdD%ﬁTHQBBdFNﬂHQBation
(over 5 bf?ll ‘t gis{/ﬁfﬁgﬁtﬁgﬁﬁgnd 2V1 \'}th{‘ en?géqgg)é hﬁn of the present

usual ly rea Cc an ydrl pro
ingingioky| phthalic est ers that are used as pl asti CI zers

to keep oride c f d flexi
1008 | THRHen e POV TGh TP chos® it onfy Fhbigfvent or e
iniféim@ﬁl oﬁﬁﬁ&&ﬁfodﬁrﬁﬁds st®alks doatensilatet) @nt‘mﬂahlthb slischsgion. In all

exa i nt er nal her al.kepes al kenes uch.. . ..
caggs. 4 %@@@ﬁ%@eg%%a@stﬂ? JyeRtien, py &Swgop ?‘ﬁ&e @n)aﬁ“%éw&lm“aﬁon It
shb@d! HeNflerstd SIE e BSmefduk ©8er wsRliBEationt ahfl @h®ollimdias can be devised
m xt ure of n-butenes/butanes). apd 1-butene and

byzthgss eledin th &8 Which falruithip Ghe ARt $RfIGeT Hif, pringiples of the

inlHORT FTAY 3dybi®k davkh ki@, 11 IS inportant to

obtain high Iinear selectivity. Hydrofornylation of

allylie al cohol and subsequent reduction can lead to

1, 4 butenol. Functipggldizesh beseriprighkenes can be

used as alternative routes to bifunctional building

bl ocks- fBIG.pdl ipnerside spaticapbvigw afi swlthfayer film 10 of the present
mg&tdax e Shald eli CRfR-1B P Rith 1 18 b ahlifirbBLPEAIRSR e film that

yam es an est ers.
md;ladeiaemtmsnonémaumd@at hmlr Wy o bymyl@tmdra%c:&»&byggm As shown,

core giaéyetrs’ ﬂél%@et ' Pogws 5&%&0% P@angncil eo%ttwh}r Quﬂ‘a&h 16b, where antimicrobial

ivVity
hardcoat layer 14 is disposed adjacent top surface 16a and adhesive layer 18 is disposed

adjacent bottom surface 16b. Directional terms such as “top” and “bottom™ are used for
ease of discussion, and are not intended to be limiting.
Surface 12 may be any surface that may incur contamination by

microorganisms, such as table and counter tops, food preparation surfaces, surfaces found



10

15

20

25

30

term nal al dehydes are desirable with m nim zed
undesi rabl e hydrogenation reactions and m ni m un
WO s@nmericz@t i on t owar ds conj ugat ed conpounds. [PBOBUS2D06/047780
overcone the need of using | arge excess of phosphines
in the hydrofornylati on processes and achi eve hi gh
regi osel ectivity, a new generation of transition netal
catal ysts were devel oped usi ng bi sphosphi ne iigands.
- For exanpl e: Bisbi by Eastman Chem cal; Xant phos by
Prof. Leeuwen (University of Amsterdam), Bernhard
in Poblicly uded locatiens arRefciltios §¢-236bEG Elephonepaublia trgnsportation, and
Vblf
puBlE oty A TPl ore Y BT, ot s, MERCRaIRE pnd surfaces
folnel ﬁNhethsé‘.re smgp (os., Byd tealsmydtsllrkstab]es)g aWhle sarface 12 is shown as
cess

al fold d
s G afiper tidace gpo BT Ty DA Rets SIS SHERPILE 8 curved and
irrg QN8 ahhped ehrfadsl atAQngB@d:Edihhneﬁd haStHeedpp«mdedgbialms the term

|.l neapbranghed ratios a to_hi catal
" IHEROE4 A R P&‘Prc’g’fan‘fﬂ %EC%V*}tﬁVﬁgg?fef’B IB%a?fL ooy microscopic
ord&id8 Oinkhidphe HEGRE BiiBiic, e d?fmdref@%&:rﬁgﬂ&rb&@nalgae fungi and
observed. Casey and van Leeuwen proposed that part of

Prow@gp® s dnetarns iBses; Me Hecrreﬁta?atsmsyﬁ%aaﬂw%f*& 86 shpse that are
pal(tj}’?b diR, Lihd8h&! ¢ gprhs pB'c?tﬁPéEn“el@Js@d anéef abOWEer 160any pathogenic

ree is forme the Bite angl e hypot hesis" ‘as
mickdargamismed bel ow. Chelatlng Bi sphosphi ne Reducing the

use of exg gcePlf’QC’imluégSO ﬁ%ﬁ&ﬁs 1[2Q051Qi 1555 Ritefe Etgglﬁerﬁ 12a is the

nunber |raI bl sphosp ands beln? use
pomd)ralofsstlefacfeow hbairlsfcmmﬁhbcbw am%nﬁ%{eatfém Qaand spggnents 12b are

extﬁggcrdgéogb ﬁéﬁ %f SUF ace }n'eXF lﬁhgsaﬂpg) c]grl J)igﬁﬁl{%ée f19.r‘chat is at risk of

I on St emal nan a
conemeiastiin bjnhacmtganﬁmwevlers,onbe&mbmhmﬁtst mment 12a extends across an

di ssoci ati on of sphines fromthe = .
erf AR P SCHAR OpIEor BRORCHERY sy In such embodiments,
mﬁkﬁglaz&eﬁﬁﬁt 1OV edry exﬁeh@facm%s fieg bntirernsras of gutfaenth to atdws microbial

of t ucts 9 qﬁveloplng fam lies of
coptATRIBRATLEL 1Y, gn Y4561 - chel ati ng coordi nation

nmodes i s Ridifidser ¥Bm l-la"'ﬁlap ok raﬁﬂ&@&%'@égiﬂ&xﬂl&g@lﬁ dﬁrfﬁxfe 12 to reduce

the present_invention, because of th coor
mmmalt GonsampinaloR N FEEMEDHE %ﬁw@%ég %ﬁ* gg of time (e.g.,

ddy§aflediQ, B HUnths’ e4hOSARL BbIME T %§’§|a"dh@§ivé Thyer 18 of multi-layer film
metal [ 1 gand catal yzed h drofornylatlon and rel ate

10 isdeminsied pp spHacs 42 srwlgﬂxar pplémtcroiabharAeant daxer Jé fiaﬁ%snaway from
suh?gé‘qur SYioPYS désﬁhgﬁﬁé'rﬂﬁg Jaf¥lrSEim LML SYEERUDI @aPafcUb@aned and/or

hese |gan | Ows t hese Ilgands to be prepared
sapitizied yo reuonreany RIEVICAY calleated @it and microbial contamination.

When adhered to surface 12, multi-layer film 10 reduces the risk of
additional microorganisms contacting and contaminating segment 12a of surface 12. First,
multi-layer film 10 functions as a physical barrier that prevents microorganisms from
contacting surface 12 at segment 12a. In addition, antimicrobial hardcoat layer 14, which
includes one or more antimicrobial agents, biologically attacks microorganisms that come
into contact with multi-layer film 10. This combination of physically blocking and
biologically attacking microorganisms effectively reduces the risk of microbial

contamination on segment 12a of surface 12.
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[0011] In the present invention, we introduce a
variety of tetraphosphorus ligands (Type A) with
worioriozishel at i ng coordi nati on nodes as il | ust retBEUS2006/047780
bel ow t o enhance coordination abilities:where Mis a
netal selected fromthe group consisting of Fe, Zn,
WMh, Co, Cu, Ag, Ni, Pt, Pd, Rh, Ruand Ir; Xis
selected fromthe group consisting of O NHS5NR and
CH2; Y is selected fromthe group consisting of Ar,
OAr and pyrrole; Ris an organic group and Ar is an
ar yI gr ouphe Hiycpmcﬁoblalgmts of antimicretyflobHeras Usydri Ifasrg dispersed

Wl%r ip pah 8&%&'2‘?‘%65 mAatix, yleng»lh?% leﬁ?zﬁuSn?Ilg i g@%}t dr G}e aﬁcés the antimicrobial

agk@b rﬁ@hos@h@rmhéd @ abf( ﬂi;dhela&)ar Hds &0. IAdémoh@lllly, the cross-linked

chel co i nation rmde nhance .coo At i.0n .
] £ PGS o 4R RS s BT B O SR RypSh fbarts physical
dubBslig ®l ﬁghfénmg@ of armty 12 R»hlw Bu&a-l@éﬁﬁ‘mhem Wé bpplied. Abrasion

nor mal_bi sp hosE)¥ orus |i nds

reelPGe s RERERLIHY WP RSioh Ue B 1LY T GRILe Sy semigugely subjected to

wdd €anid! &?&Bﬁmgnvﬁﬁﬁﬂn‘iﬁbgﬁh ﬁﬁﬁﬁo&thﬁyéloqm d'bﬁﬁ{sl N9 integrity while being
abilities of '|igands w thout major change

Sumeet,eldrt@ sueh mnﬂa@m tesprevem .dglma% fo ewredmyad 6:%@6% shegie layer 18,
ang.ftoéﬂ Yﬁé@ﬂtﬁﬂw[ftﬁg cehRRer R aRERY uhdBsRBbly Wxtladted from the cross-
iTdcted to tetra osphorous I'i gands havi ng
linkgtl mattiel ati ng coor di nat i on nodes t o used as catal ysts
for hydrofof o[i%! ?]‘F\b@cﬂ £ L&ehdh Cltd 19@15th1 Iﬁ%nsparent film, which
transition cat ysts prepa u5| ng t
allkoe\tsrmpluebphoﬁkmméol tpgmmzﬁleoefd tormtrface%m rstmf@q"t 12onwvighaeut detracting
p
B e
ﬁlgenermay Her landinated wine paiameintal Jtablek withoutn detrdcting fiom the aesthetic

de epﬂ‘i {%\ tagbﬁR ‘%&H} %%zt Lt 1%3‘1%@52]9%?icﬁﬁ9y suitable for

dléiyf'l@i @pplidaBiond) sab}kjdk Ioﬁhtgﬁ:téehtﬂlqﬂaﬁi kMu,]’u-M»elr film 10 may be adhered
substituted ary fand Ar is an a

OVEH&QF%HH%ﬁFI[egn er of @;‘touémscreﬁlg ldll%:llaél ﬁergé%&lpwm% &ntxmlcroblal

haPdddaP!18yer VLS ﬁobﬁieaﬁro@édfhsh gdﬂxli&itﬂnidﬂblﬁdl abktamingionl when users
or substituted ar and Ar is an aryl; and Yi, Yi, Y

operafe the tQush-screapyC 1315]‘1‘a1l are, independently, R Ar, OR

QAr, pyr rﬁ‘lt‘érr@ﬁv&&}bﬁltu'lﬁ-ﬂﬁ)%ﬁl ﬂl’fﬁr 10hRy BaheEsloRd) &aﬂfparent film or an
al kyI , Substitute aryl or substituted ary

ng
~ opagu¢ dilmp Mtslp-la)@,r fmﬂé may Ap prigted opot eﬁyfspoqleé;ogm w1th patterns

ar@yg}sélbﬂ%%rﬁyéﬁa%&er@rt@ i _IlﬂlﬁteﬁlfWrﬁa{ho% CRHOQURcoRALICAAAB may be

he substituted groups woul d
apipHiedl (ngaeath antigsienepiab hardaony layestldyand onggpyaf ¢afg layer 16, or other

m&g)g%%% glh Eﬁ?aﬁtﬁ“c?%n@ﬁldrﬁédéﬁary@f 22 ,ﬁ@dﬁ #He information.

e I nvention: whereln
NR, NSO2RAsr furibep shownhiar EIR ls rawndakgrl filrg 1 thias are @verall layer

thir"clkk%és’ 1(ﬁr%lhxc%rm§lldgég ?ﬁ&ﬁn%gs S&ty J)% ?xﬁcﬂnﬁo il lﬁgd&fay llaye?riq thickness
16l «Q/borealaybr léubmd ithigkeehs al &yof adhdsiiei tawtled8ar ﬂxmd%s of suitable
thlcknésses F:;’- overall lc%nc %ss 10§%ge from about 50 micrometers to about 1,000
micrometers, with particularly suitable thickness ranging from about 80 micrometers to
about 250 micrometers. Examples of suitable thicknesses for thickness 14t of
antimicrobial hardcoat layer 14 range from about 1 micrometer to about 25 micrometers.

Similarly, examples of suitable thicknesses for thickness 16t of core layer 16 range from
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POR , halide or two of a, b, ¢, d, i, j , k, 1, mand
n can be a cyclic fused ring or an extended aromatic
wo eovgo7osbere R is an al kyl, substituted al kyl , PEr/yE2006/047780
substituted aryl and Ar is an aryl. [0014] A second
enbodi nent of the invention is illustrated
bel ow. wherein X is O CH2, NH NR, NSO2R or NSQ2Ar,
where R is an al kyl, substituted al kyl, aryl or
substituted aryl; and Ar is an aryl; and a, b, c, d,
e, f, i, ] k, I, mand n are, |ndependently H,
abahkw mlab;deters tebalicut 368 mlatdxmte;rss Soiteble dhiskinessed for gickness 18t of

ad ’es%e’ Faéf’er ]98 may \flafy ﬁ?p’engt%gjo!ﬁ trl%]g % oﬁ?éﬁggeﬁgt%%@ﬁ IIS’JCed%nd adhesive

prﬁp@ﬁds ddsitgd OExamplestof Bditabla thickates s foridyjcknber BtRfladhesive layer 18
al k ubstituted al k&l ar §| or substituted aryl and

rage Fremavout I mOrBBEET aboitol BRESEIRENG of ¢ he
i nvent i onak Qidchitsed tabdl e hnbiglienvbialhardebs 1Xyérs! COnclifdes antimicrobial
NH, NR3 NSC2R or NSQRAr, is an_, [

al kyi, . .
ag@ntﬁstbﬁtt arecdisparsegd or disyelved i e af%al%ﬁ migiEx A Thegcross-linked

ge s v@d frlgm me @Iypceof polyiesizdble preclitsdR %z{ﬂ i@ E@mpatible with
ehdent H5 , aryl, substituted al ky

thg ubgzrp@ngteédammprobqﬁ am{s) SEramples I sudteple }g@gﬂgrlzable precursors
fo?%gl ip Pa%mlc%@ﬂlcan %Bg layer t4\"’5%1c‘l)cfdealradli)atlo‘ﬁ--cdi‘abl@ mbterihls, such as

a cyc fused ring
pcziwemmw@mcamms,l polvmgzahlhemyrﬂeﬁSsh%ﬂn&IWPcular weights of about

dosti %S%t(F%O%gi%éRqefrgraX Sicr néﬁ’xgﬁ&'ng Soéfje 91?11&1 cRfofiohsSthereof, and

n ary our I ment e rnvention
cdnsbmdatimsttha'eeﬁ Bmtloutarl\)martebln pelymsertyablHpolymers afRtheNygdymerizable

prg?lifforol}avg lﬁxbog%citil%rtvg%;Rh{s f%Bogt Qﬁ' ?r&@%ﬁgﬁd E]%ne%o?el S}Jﬁf'llcularly suitable
pcﬂ@hbﬁmb(tapblgmeb@ ofi the(bolﬁﬂerlzﬁﬂ}b @recRor \hia,w mdlegudaraweights of about

2} K ssS “ﬂmeta';efg‘# %fjaﬂf#gg nddléﬁqlgi’ 9 qub%{cﬁi“t '?‘fldrpacii}’e!cﬂy or indirectly
peridBt fréH tteslbalkdbihe thaw Bsibist(Ue edroaﬁ )hlrﬂ(s}%on@%pcstﬁe RB8a suitable source
CF3, COOR, SABR, .S

oft GUFHng aFNBRY-a SYERPlE f"tfg%tﬂ’nr |°ﬁ‘@ssc}}rs‘§h e)gtr%‘fﬂfetgor 50 e polymerizable
px@&&i@@xrs' ificluld Bpok eg’rSuﬂ% '(&1 a&lyWé ,gr§¢&5(dciylt@m ﬁ{e‘ﬂycicryl groups),

aryl or substltute %p is an ary 0%%‘
olefinich carhprraripeRt depble h '}dﬁvé‘Hb’lq}ﬁ EEOUPF) LR styrene groups,

n\?\eﬁhﬁ\%ﬂﬂﬁfd@' é}ogﬁaé Scyahater&terNstouply, vibAOéRersO rdﬂ'ﬁ@zéid combinations

ere'Ri1s an substituted al kyl, ary
thswa,tltuted aryl and Ar is an aryl; and a, b, c, d, e,

ity &RYERY bnofincabky Itifunctional
aryI substlt}mﬁg l#’k?ﬁr&rsubstltu?ed ar;?o, TR oA, anetion

(e3-RBi-, GF3 andoaRe-) m;ermsseﬁ rpdigi@R-curgble] @ewnmz Exgmplggoof suitable
m?]iloﬁ‘lgctt?ona? &leyrﬁerliablé g)égcurgors iRedag el aaﬁ%ﬁ Iph&hylstyrene,

ext end aronatic ring, ere I'S an
sudistitylted mm,uwml@dteas, Ryty) ethreys, I\bmrs'irasnyrtcutd@de,a(mqth)aﬁrd/lamlde, N-

n 1 et
Subﬁe{éln d|ao n&?és% {yq%]lr at edggtéf OW@:&E&?A@@Q& %)Rﬁ&kﬁn © cthoxylate
(nivéth)abifylathiSO2 E%(xmbnNSOZAmethM@ykatd? [ smahomlykyl (meth)acrylate, 2-(2-
ubsti t u al k S
etgﬂx%eltélcf egﬁ%l m¥ 50?,] e, : ﬁ@“é’héeﬁ‘a )gﬂ% at ,ksﬁu”gl I(1'7ﬁc:t.h)acrylate,
bﬁ@-y:b.nbo&}d&ﬁyll (rudtRYhc il kg 1sobul?$l(mbﬂi)£ﬂyh_teylcyc@ﬁpl@¢rc, epoxide, alpha-
epSole?e’, 2C-:{1:)§droxyetﬁ)’rl énqegtﬁ)ac% at'él; (r%%écr{r]%lnh%?e’, maleic anhydride, itaconic
acid, isodecyl (meth)acrylate, dodecyl (meth)acrylate, n-butyl (meth)acrylate, methyl
(meth)acrylate, hexyl (meth)acrylate, (meth)acrylic acid, N-vinylcaprolactam, stearyl
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NR2, or two of a to n can be a cyclic fused ring or an
extended aromatic ring, where Ris an al kyl,
waamgnidesd ed al kyl, aryl or substituted aryl aPdI/B82006047780
an aryl. Wien d and e are not hydrogen, enantioners of
these |igands can prepared for asymetric catal ytic
reactions. [0019] Exanples of the tetraphosphorus
| i gands of the present invention (LI to L91) are
illustrated bel ow. ANTI M CROBI AL ADHESI VE FI LM5
CROSS- REFERENCE TO RELATED APPLI CATIONS Priority is
(mthaacrmthta,o hydsoxyPr (funcmomahl cmlom'br)&ppbﬂ@lat (wath)esrylate, isooctyl

(43,0 5. L
(’r\ﬁ&‘) ytd s d nc&dﬁg)?}é he el tﬁ)‘&g)ﬁ 2?‘g’f ere 3”%’?"% ‘3'? SRnacrylate,
hy@rixypedpyl F(ERB)EyEIdE | MENEYGbpopel pr@sehlaciylaent i loydroxybutyl

(mrﬁﬁlggég{fatq,nvgwglmrgnw?r bi ? nge%tbflagml 3 pa{?%rag}%rgﬁ,ﬁwﬁ (meth)acrylate,

pehiabPEhfi @ peiftac?iiatey! bérﬂﬁ@?ﬂi@olﬁ@dﬁd‘cﬁylﬁit&rﬂ @Kkntdhations thereof
contam nati on by undesired roar ggni sns. BACKGROUND
- Cont ani R5IMBIRS R Frﬂi“Ef’nbbf‘oFlg‘g\\1 ?“s'}‘fﬁ' nPAX{sTigRblfrppregursors include

ethyTRRCT gQBol U&%ﬁehﬂ)é&ylﬁ&d h@??érfethol Dlﬂi(nﬁkﬂh}é‘éﬁ}léfcgawrxethylene glycol

rout i nes peopl e continuously cone into contact

Wi t
digragthiseyylase, surietrsiylensat @l¥calont SimsEYAYIA: h oﬁgn%ﬂ?‘yblpmpane
trlgm%tﬁ)efcyﬂgt% Of &gamtﬁfﬂéthywpfog% e Wit mBMYacPRate, * glycerol

ogens. Such sdrtaces I’THB/ﬁI nc count erto

tn(racﬂhwrylawdpmm@améwb cs:dmreap@gaqtrmthr@@ltta&@@m@acrylate and
ne8$érﬁ?pg19 Bﬁﬁn&ﬁﬁc A e&ﬁgrcogﬂhﬁfﬁldng tﬁé??(ﬁ‘ processing

"Ities ay applications, and a
varl et y oExanplfeacﬁssumabhemduatm@rsl@et¢lrgg>;mers for the polymerizable

i naty LOR. Wit h oQe h
PR R o et P PRt SRR TR Examples of
corrﬁﬁaetaillgnavaltabpneqmedq)amlao&d ameﬂamonadd npélycserdamgbrds oligomers

unman. | ves. ses h th car, 0
copiimtiay FaiENF srder RS FR RURSE SE AR from Henkel Corp.
H(ﬂﬁikbﬁfmﬂt&iligﬂmﬁdﬂi é(ﬂﬁﬁ?ﬁroﬁlaﬂaf zi\;aﬁiablaldm&er:ﬂeamd d&mgnatlon “EBECRYL”
zed V\h his prqvides an i mmedi a
o LSRR Inse STV e LU ERTERC B S AGs aer the trade
detsllgﬁaﬁé&{ FQARTOMER OR”fRfA Hae@iner de; aﬂﬂdnaPA %ﬁ@bﬂhbx&&d)mmercxally
on a frequent basis to continue to

avaidaleninsder i Be wedenidesisratioan 4fd 1L éﬁ%l@kcrt’% Chepdoals, New

Banf\eRY, 9S; and Lﬁwg%ﬁermmé&fan&edu&lawe RingeOPRh@ | trade designation
contam nation that is easy to use and is effective at

“INJIANE " fraem dfprtan lobratinahiGlasredvly- ext ended peri ods
of tine. BRL Ghp el MMaRYbidceldiher MMENELdNs for the polymerizable precursor

include those disclosed in Craig et al., U.S. Patent No. 6,299,799 (“the ‘799 patent™),

particularly the ceramer composition described in Example 3 of the ‘799 patent.

Examples of commercially available ceramer compositions include the trade designated
“3M 906 Abrasion Resistant Hardcoat, and the trade designated “SCOTCHGARD” UV-
curable film protector coating, both of which are available from 3M Corporation, St. Paul,
MN.

Additional examples of commercially available polymerizable precursors
include the trade designated “UVHC3000” materials from GE Silicones, Waterford, NY.
In addition to the polymerizable precursors, the cross-linked matrix may also include one

or more non-curable materials, such as non-curable polyurethanes, acrylic material,
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The present invention relates to a nmulti-layer film
for reducing contam nation on a surface, by
worr@roowsgani sns, and a net hod of nmaki ng t he nuPCT/UEBYE047780
film The nulti-layer filmcan include a core |ayer
having a first surface and a second surface opposite
the first surface, an adhesive |ayer disposed adjacent
the first surface of the core layer, and an
antim crobial |ayer disposed adjacent the second
surface. The antim crobial l|ayer can include a
pobyestss, | paikieddes | polpmiidesyatpokiesa polyatyrenst {(ea8-c Sabstidpted polystyrene-
ent dis d MAthIn t
cop% 1ng Jha FII‘I%e) gone. cggtn %Hg er}rxét\%%g nﬁh&’lﬁ%tedm Hidterials, and
cofdiydtivk ke, precur sor conpr|3|ng a naterlal selected

fromthe oup consi.stin rrerl able nono

pol yner i ngﬁ%nf,(ﬂlihﬁ@ %’I ﬁlﬁ ;g)? ealpr?/?élfsé)ﬁta oOf includes one or
m&@oﬁrlrrgv_rg%;t@rsubﬁ% , chand eﬁ&ﬁbbﬁadgeﬁﬁsaﬂd‘l eddeafon EtBbEEnlqng agents

DESCRI OF THE DRAW NGS FI G 1|s§€ si de, sect

(e:gi-ephaspinitigions).i - They e pf FHERES (a8t Macdk AEPFNds oM it pO&ymerlzable
pr&vﬂrécg 1438 ﬁﬁo&? théj alveche® &t e fadbRion hREALD @Re the polymerizable
i

ment of the invention, other enbodinents are
pregusepre ontiepiplasedf Auitahde egommertially; availebleo freqradigal generating

ph%?oﬁﬁﬁratctrg lifc104e Bkl%gg&o%:eggr%% teheer) MYE Q&}Hﬁﬁbﬁﬁln\é’aﬂhowlmtxators

representati on a |mtat|on It shou "
suglm@ertbos’@oscbld matentheetrasigsdesigrationnp (IRGAGURIAS alaqthAROCUR from

Cx%g%%k gh(ﬁ} ?@Palp %‘ﬁ){b@ﬁdw His%ﬁ C??&Jsla!nﬁdaxﬁl etsgﬁerglsts may also

art, & scope and spirit o
bepmchrdlemtesnmfowehwnngvamﬂ oﬁultdbllﬁconcenaytlw ofpthedeuaing agent in the’

TALLED 0
era G FRGRE T Jope ALY 400y a8 1) Reighecp Pl g oy weiah, wie
partioigady coitatdé ebaebntmtlemsr fagmglﬂom\/labomt- Z%yby Waxglm tb0about 5% by

weiit Rp Sl F CRaE RBE Sapero e EANE PRPEPTIE. and
ad hesi ve fray QfolﬁﬁenzﬁBleSﬁ&\dﬁrsoﬂ @iy hlaydncliife iimabatieoxide fillers to
p surface 16a B]gottom sur f

16D, .. .
ingiRRYEFBBIcal L AUABIEY PRPEFIcp A iEe ﬁogﬁaﬁgg g iz S 2 hardness,

mb@Ru§ Whiateh ABRrt-a06 aadhefrhvevd 1&&169( ab&ohﬁoaﬁdcﬁ@&&ﬁﬂled systems The
adj acent bottom surface 16b. Directional ‘t_‘ gﬂ such
Presegge OAAROTERRIE 1ol RATHCIGS BRpYr P @agrEatsrbaih $ 8k3Erupon ouring and

th@defiGetUf MREENISSahfoR & f! theibdiMng SUFddaEsmPckitich, Ekamples of
any surface that may incur contam nation_by

suptaleoimogganic wrides illprsaincluds| ecrglate-weaied éﬂll%ae“ﬂc?feéo guch as those
diIGRATATWA R gp riy&c @ﬁten{SN’rof 898%,8b9U 'E;(laﬁ'lp&létﬂﬂ shltibld 28Hcentrations of

ocations and facilities . publictel ephones,
mpm@mcoo:pdarfékm nraﬁh%nrosehakﬁfg IphatEx |Tangs Hogn about 0.1% by weight to

aboﬁ{: Eb%t %ﬁ\%eﬁh‘ W &?ﬂg%hﬁ%l@%gncéﬁ%ﬂo@%Eﬁ& »from about 5% by
welght to about 25% by welght

Inorganic oxide fillers may absorb part of the incident radiation during a
curing process, thereby depleting the available energy to activate the curing agents. This
may slow down the curing rate and may result in poor through and/or surface cure of the
cross-linked matrix. To account for this, a mixture of curing agents may be used to
provide both surface and through cure.

The polymerizable precursor may also include optional additives, such as

heat stabilizers, ultraviolet light stabilizers, fragrances, free-radical scavengers, dyes,
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found in healthcare settings (e.g., bed rails and side

tables). Wile surface 12 is shown as a flat, planar
waen7aneso mul ti -l ayer film 10 may al so be coatBCI/US2006/047780

on/applied to curved and irregul ar shaped surfaces. As

used herein and in the appended clains, the term

"“m croorganism" "m crobe," or a derivative thereof,

is used to refer to any m croscopic organi sm

including without limtation, one or nore of bacteria,

viruses, algae, fungi and protozoa. In sone cases, the )
pighemngosufcians ofd panbinetibes tharee e fixampéest hb suitaigtcommercially

al at hogeni nd .t.he term " v LS. Use j
oSSR b SO0 BB ok R QAR o
whidie | adlesanggennider kR teudd dddignaviber @ ¥BGOENH0Q2drdng BASF Corp.,

the portion of surface 12 that.is gi b ”»
PersabRany) Y6 W ke Sk desgnanet ‘GRASEER BAEI6e fom Cytec
In@RihidON®eof PatélsaRe NIZ. andegnBeit 2 aralls @d3jgrations GITINUVIN 9007,

surface 12 that is at risk”g%’ca%a'namﬁ b%. Is. T NY
“TINENGdY &2 anss TINF ¥ B 1dfth P aSPecialieierisgls, Tamytown, NY.
E)%&%pri&déf @&i'i%?é cBfeRithiib® 8f aRraiolet BiMesabilizérada the polymerizable

e.g., touch-screen di sgl ays). In such enbhodi nents,. cular]

preaiirsar-fange fron [ahput00.d 4n by xveiphl tcrls e bynwrizst gyt particularly

! | s oS M udh 9 CIRPRIBHE &S At 86 B Weight.
s BUGAPFoLfn SR Fff APAEL P A ity g i
adher ed t Bxamgieeof saablefiresuadigalescayengsry tglpde hindered amine light

1.Cr ODi nt an y ON ( 1 u 1 d
sufbified BT sBPBghGY n90icRT ks, T SReRby SHiARGRA honols, an
coftbihdtionsrtaéreef. tFxamphaouof juitable ogmmendaldy iavailgbly &FALS compounds

e i el R AL 2y ARG SRS TR areytow,

NYUshBER tiade dRsignsited SCYRBORBJI W4 froray@ited Industries, West Patterson,

surface, 12 e cl eaned. and/Lar sani t,i .
NGBS T8 BT O 378 R B o apigurt T Golymerizable
pre Qs FaRgd from abblie0.0a%ey adight teabidua0R25%2by meiglit- | ayer

film 10 reduces the risk of _additio %I m Cr.oor fslnicsrrrlv??m_ionic and

cont act | n&xﬁﬁﬂleéd}ft%hlﬁtﬁ“ﬁ%cggﬁn@ﬁ{ﬁ iz“é“%lﬂ%s‘ii’?“fﬂﬁte ’

rleribhitSturfaildhts ahd@Xafulibifbm) d6H Boehdsendisclosed phgehalalet al., U.S.
barrier that prevents m cro_orqanl S from t:q%pﬁ]t a

ti
Pasent boe 5152 1:493s GiseEIIes] OF SUNPPIa FUFPRBRS 6 1o Ry g gylated block

c E)gﬁé}astur%l@éﬁfs, dificohigtolyds,! hy{i8@e 6%ideRMlE/1 and/or aryl ethers and
nttm crobi al agents, biologically attacks
esnérs,ramdrcgmﬁlm’mnﬁ#&tfe@orre_ into contact with nulti-
ayer 11 @, dfe HHitiGRBRI LRGP lusB HShRhicYo U IORAOG layer 14
and bi ol ogi ca Fy attacking ‘mcroorganisnms effectively )
inchulecey inveganis jor ofrgamie rasbinziFrobi tagenh Mhat ds Sipctig fehgeducing or
2a. of Il hiths GBlaap1&0s Yu$taBlk inorganic antimicrobial
re#ﬁ?‘l“ﬁﬁ??‘%ﬁ@%ﬁ%%%ﬁ%? ay{egrr&m are di sperged l]rvlvcj)tghi n a i
aganesinclidekensitenrmstal idn-bdsed ¢brmpanndsalé-g., siesre ging, sppper, gold, tin

argde tp%rti%stimt—gaeseg nctoirnngo%ggi. abxamples of suitable silver-containing antimicrobial

agents include silver sulfate, silver acetate, silver chloride, silver lactate, silver phosphate,
silver stearate, silver thiocyanate, silver proteinate, silver carbonate, silver nitrate, silver
sulfadiazine, silver alginate, silver nanoparticles, silver-substituted ceramic zeolites, silver
complexed with calcium phosphates, silver-copper complexed with calcium phosphates,
silver dihydrogen citrates, silver iodines, silver oxides, silver zirconium phosphates, silver-

substituted glass, and combinations thereof.
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agents from bei ng washed out of nmulti-layer film 10.

Additionally, the cross-linked matrix of antim crobi al
whardoomso | ayer 14 is abrasion resistant, whi cPCT/DREING/647780

physical durability to segnent 12a of surface 12 while

multi-layer film10 is applied. Abrasion resistance is

particularly beneficial for use with surfaces that are

conti nuously subjected to wear and scrat chi ng.

Antim crobial hardcoat layer 14 retains its integrity

whi | e being subjected to such conditions to prevent

damage t(ﬁmtabée Icavyrenertﬁﬂlanam;labéﬁj teakyierreonitaiping k@fimdergbial agents

vent [ f “ »
mcdH%% 8 eéb?eo 1 es ?s gla(\t%é)s%m?ot 391??{) g% :ir%gée glg%gﬁatmn 1<\GION from
Agione Tembﬁﬂd)g‘iem[ﬁq., Wikefieldaves; fhokenatfildtde antd the trade demgnanons

ORI LB 0 R AT oS R o

su iddesy i078a Bpedhli €héinsendd, m@t&momquglwal as those available under
aracteristjcs of the surfaces For _exa

i irade. fag@ration! SALBHASANS PaNtThrecH B GPAR dbgogen zirconiurm

phbélma?e% yﬁﬁﬂﬁ@&%ydﬂtm@&{ cnanfca@rrs atiﬁm@ﬁﬁé lgf.ic qualities
t eglventa |t|onal multi-layer film 10
| s parti cEkamplgs ﬂf i &uéﬁblé qréflmlﬁl@fy?%?m& 1386015 igplude those that are
noa%gc ﬁé &vgﬂ Ghs ?%iﬁﬁ&lﬁb&%l@&‘tﬁsoﬂv%d kds@WR4t Feh&%&@clﬁ@ﬁﬁcally bind
e a& ered over an entire screen surface of
witlo tloth mbﬁe@izables pragyrsor-hePemplen noBweaiiva n@rlgﬁdin@r ghinaicrobial agents
maﬁéggn(é atjeé‘net'r? V\%Q@n RERQL §GLA QR @-%ﬁ{e'ﬁZfdimethyl ammonium
m cr dbi-a con am nati on when users oper at
chlmidehpslwnm cdmpmreiplly Alvedabiatundet yhe maide | ddsignetion |“PPRLYQUAT”
10 a.c d, p f u N
trq, Aok e il ey G ERP €% o btdllaBle BHaBPRR!fade, desigarion
“BYeRDAAe dronh U’.J'onpat(ireumitchn (Y/atals aﬂmilmmlané;r pleerohiaraotpeusds such as
to inpart. infaormatio orati tt
P PR AR AT H AR P dBr SR et P BF CadRal Bamuta 2.4
tritMprp’ -Epdrexy aliptiend/b ethef, zQ{thr conimerciAhi aghilablkefrons Qiha Specialty

t hat anti_m crobi al rdcoat | a 14 tects the . .
Chexpigalimt i IRTYIQWD{ url{?%er g%% r%ﬁ’el‘—*}"élgnf? ’rruP?IIYE(‘I“W%‘Fmdocarbonyl'

1nf1d$dﬁl§k91yhﬁ§n&[kx@ﬁ:@ﬂ@lléne| ﬁy&bcﬁlbhakd)esc%rrﬁﬂrmaml &V¥hilable under the
i ncl udes th| ckness antim crobi al hardcoat

tragl, glgReNore SV AR OG5, BoPagEth GREmIERS: dnf-c Rpgyalks bils biguanide

cogipo%q!@@%é e hhmg%ﬁaté& hef@iER!08h @b chwirhallife! bhIGKRKKERS gluconate,
for overall layer thickness 1 range from about _ 50

angi ehierbexiding pestaiph (ol theyametiylangnpigianidesyjangimicrobial lipids such as
thO& Jlé&&gearlmscﬁ&ﬂzte@ By, eU@" IPEKASRRDEE 920@9/60899391W5h 80 ncorporated

m croneters to about m croneters. Exarrp es of
hes@ntlablr@‘etemp@km@@@so%\r aqifly €kgedaity Acidss benzoic acids, and salicylic

acmi :«mtﬁﬁ@%b%l 12%{1155? Q)Zlg (le%y Sa Jtr%er&m} ecmtir él'@}r)@kfﬁﬁtt sekd extracts), and

‘roneter to mcromsters Sim
com&ampioeas tereofii t dlditional cwitelsls eor-paactivg cqm@yg argimigrobial agents

oS0 98 505 LLCPIRR 10 DA BV, st

askBlveiodalts (e.g., silver lactate), copper salts (e.g., copper napthenate), zinc salts, and tin
salts (e.g., trialkyl tin hydroxides and triaryl tin hydroxides).

Suitable antimicrobial lipids include, for example, fatty acid
monoesters/monoethers. In some embodiments, the faity acid monoesters/monoethers
suitable for the antimicrobial agent are considered food grade and recognized as safe
(GRAS) by the U.S. Food and Drug Administration (FDA). Such fatty acid
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adhesive layer 18 may vary dependi ng on the type of

adhesive materials used and adhesi ve properties
waele®rnadso Exanpl es of suitabl e thicknesses forPCT/US2006/047780

t hi ckness 18t of adhesive |ayer 18 range from about 10

m cronmeter to about 50 m croneters. As discussed

above, antimcrobial hardcoat |ayer 14 incl udes

antim crobial agents that are dispersed or dissolved

within the cross-linked matrix. The cross-1inked

matri x may be derived fromany type of polynerizable
mquoestersgoonadibdrs | may depdariviet efromt & t‘l@eCllgc@f%oﬁfa@Seé“m as glycerol

ant|n1cr blal qgté

|
mQ&?F§}ﬁ{§r P cqpr }éllc 2Ad, rag%lp E: a@gﬁé géur?{qaggg,t ﬁt’%?kr o% ig}ﬂ)fcol monoesters of
cafralid aciall cdqﬁ}(edcxd,éhnldﬂmhrmm anidatorrdninationa lthereofia t Eyramgiles of suitable

ot g0 oA eSten ST Gt B ot it te! BBtehR AR otmercially
avAldbiO iR tﬁ@&aa@aé@gmﬂeﬁﬁmumm §iges o) MQBChemﬁSﬂboratones East
t hereof, and conbinatlpnspthereof Par, ul ar |

LagsipgaMile elysriphanonnsppra oo pomeescigly P}ﬁaélﬁB it frpde designation

“P@i‘%@ URBQH0oP S TORKEH| Fitattrd IDEdS, qfok@!B 0 bUap&QO chei‘cﬂ S $nonocaprate
even nore particularly SU|tabIe %ﬂerlz

copwhereiglly aypilae upderythe tiada draeptany M e88bhBeRien Vitamin
Ltéfve ' Efyﬂpﬂ hault m%gglagfaté eﬁx% nyH@ él?f:&‘ n{d%@bﬂir!yﬁfb and propylene

ers to unctlona &b
glyqoaj.mmayrapeemﬂ!ammmemlbhévaa@@ &ﬁél Hﬁ’éﬂum&tgmatwnal Chicago,

IL(#mchcm&BQﬁénétthléﬁg upon exposure to a sui tabl e source

ener gy ui tabl e radi ati on cross-I|inkable .
gr oups foExarhplepoI yfer iseishle prosooenmtions nclafide thpoxyfatty  acid

m ogat%?{mgg? tF IS ral)égéea%gnﬁgaiagkﬁgf 0(0/32% %F ‘?‘g’%n@?’ Bg%fe)féht Examples of
pagf(mllmbj saitpbia- mmde;atrammr efighgr fatlys acx@nmdnpastmwram@ehers in the

cofgRbRarrarRaPet > OThE REyARYs BEMITIR.Lrstr s may

be r nonof The bhmadrokial Agdnt krfaynﬁtsd» dAbde( an gnhamtbr and/or a surfactant

tri-, .and tetra-)..in terns  of i ati opn-cur
forrgse tyits thaE%ﬁWpP%Q TBPRaSSieFAHPRCY ﬁﬁﬁo?ﬁ gl §| in”Andrew et al., PCT
apPREHTTRI NN @ (U PLI83S efitilddneA pidaicsébiaeneticled, plaad ﬁﬁtﬁh}drews et al.,

QSQE mgaq\gq,u%i{,: E létog&z'gt ,{%gﬁlgd (Fgélllt,h}efgéq? hl g,n%/rl&ggeed Disinfectants,”
bo?#mmcﬁa%@ thcoFRraa hEMiPBY fifercity/in R hliasey! at e,

nonyl phenol ethoxylate (nmeth)acrylate, isononyl
(et h) acr §risahle reacsineaiganiy FtmjGePiM 2eents 2n%12de quaternary amine- .
fu?&thﬁﬁgﬁ%ch Wl@ﬁx@éﬂ Qxﬂ?attﬁia%‘ar }ﬂcﬁltoﬁmers? ethlehy | amine-functionalized

acry at e, aury acr

et}bé@rac@lbf bmggtgfaﬁw r(lmmgracqcryﬂmng%cqag ngt&;p in antimicrobial hardcoat

I
oGNS AP A N BB GRR s s e
annahenobladmggrmtpdpg chpminalpibendesd by pplysepsiggtion to the cross-linked matrix,
@F?%E}@ﬁ %xg a&%ﬁﬁ;&%ﬂlal( g@tﬁ\mya% Yieh& IHICP(S‘HK%&IHSHI contamination.
meth)a ryI at g, methy

Examples of suitable quaternary amine-functionalized ethylenically unsaturated monomers

include dimethylhexadecylammoniumethylacrylate halides (DMAEA-C,¢ halides; e.g.,
dimethylhexadecylammoniumethylacrylate ~ bromides (DMAEA-C¢Br)), dimethyl-
hexadecylammoniumethylmethacrylate halides (DMAEMA-C)¢ halides; e.g., dimethyl-
hexadecylammoniumethylmethacrylate bromides (DMAEMA-C;¢Br)), and derivatives
thereof. Exarriples of suitable derivatives of DMAEA-C;¢ halides and DMAEMA-C,s

10
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(rmeth)acrylate, hexyl (nmeth)acrylate, (nmeth)acrylic

acid, N-vinylcaprolactam stearyl (neth)acryl ate,
whyaroxesd unct i onal caprol act one ester (neth)areyiUsi0e6/047780

i sooctyl (neth)acrylate, hydroxyethyl (meth)acryl ate,

hydr oxynet hyl (neth)acryl ate, hydroxypropyl

(met h)acryl ate, hydroxyi sopropyl (neth)aerylate,

hydr oxybutyl (nmeth)acrylate, hydroxyi sobutyl

(rmeth)acrylate, tetrahydrofurfuryl (neth)acrylate,

pentaerythritol pentaacrylate, pent aerﬁthri t ol i
hahéo:ahnchx;dleaieévaﬁh'cbscxf AShsBr trst PMAEMAnG KRB asfdescribed below,

buf u{ 1‘? Ig 'ﬂgﬁhr}deréw 'tl?ﬂaéngﬁgl {/étmploef RhECHMVIREA - Cm halides and
I'n e ene gl ycol nmet h) acryl at e, hexanedi ol
DMiA(HMtAhQ?a;chaﬂaldas are withie they$perieanyl scopé Oﬂtl(emew)ladrsyloam@, and one of

t
orbRHHESHN b Pkl PR B fen s grsapagon b to such
othdrinagl&y/ | ol pr opane tri(meth)acryl ate, glycerol

tri(meth) at ent aery t acry

pent aer ytg f’(yb c?:gtv %Pﬁ)ém%d’ééfn%ﬁ‘é% tg‘ﬁt %}ﬁ owing formula
stidbaeo!l di (meth)acryl ate, and conbi nations thereof.

Exanpl es of suitable radiation-curable oligonmers for

the polynerizable preclfsor inclhuyle oligonmers based on

ur et hane and pol yester hem/st\rml/ Ex@anpl es of

commercially avail abke (n®th)a yI at eﬁ %Pr*ét hanes and

pol yesters incl ude ollgoners connerC|aIIy avai |l abl e

under the trade desi gnatl on "BHOTOMVER' from Henkel

Corp Hoboken, NJ; oligo rs corme CI al, | vai | ey
whiReISHitatE Rlusa foB e GHEE| apticglar 5&:8" F@E%d’r“é‘es for

rah@ifig froRTMBAR 149358, Sﬂch%l@rﬁér-&&m% t}@lahmmnaujmbdm«m derivative to
under the trade designat’ion SARTOE/ER CN' fro

meygr teafagh opithin Etheoprosphinked jryafrir svhilsnakse cl?rsvwmg the DMAEMA

defV R AR S Lephifink AR tERLARAL RIS IR L. T om
cross Chem ca w Brunsw ck, "NJ; and ol i goners .
conmer ci aDMAEMKakﬁhe apddéls deravativasemapshe fi by combining

dl@x%%%}ﬁggg?ggrﬁab%{'ﬂa%n st SLAde! ONBlomdHAkS cfe%rgn? Ihimd optionally, an

rdnmer cofrpositions
anpiokidamt. i Zdiel mixineecuag dre stictdider abosgel @ihoutsosteabéut 35°C and then

gk ure 5o sa roradbmpRyRik . e eyt s aoli Brecittase may then be
isalasd biytftidation, kxahid &itB cold éthgl dcétfe, patl @nied uldanpzicesmat 40°C.

commerci a e 0 tions jnclude . .
thetr aaeS R A AR B (5 IRRRl 48R b o5 by combining
dihﬁﬂﬂ@@ﬂhoet&&lﬂch}hﬁel r weamgnaﬂﬁdmoﬁéﬂlﬁ@bﬁ@[)"and optionally, an
abl,gh i |.m protector. c bot

angggﬁggm ehPp 8P’§F ourg,ggi’igqv\é\fhlé Ckpenaa{lFowed to cool to
robgd kdrhRature X aTiY @setOihe GﬁHWE}lidhl at | emvwad | Bbkétary evaporatlon “under
v NAROUC b EF e <Dt GRS Hencli Bashefa EhrcoN ety aceate 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 comi:;ound, which

disperses within the cross-linked matrix. Typically, the quaternary amine-functionalized
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In addition to the polynerizable precursors, the
cross-linked matrix may al so include one or nore
woorwoussbl e materials, such as non-curable  PCT/US2006/047780
pol yur et hanes, acrylic material, pol yesters,
pol yi m des, pol yam des, epoxies, polystyrene (e.g.,
substituted pol ystyrenecontaining nmaterials), silicone
containing materials, fluorinated naterials, and
conbi nations thereof. In sone enbodi nents, the
pol yneri zabl e precursor al so includes one or nore
etlmnm cejlyageatusted ndnomer oheNidesclston sntinicagfink actiyiy against gram (+)
ba(&ﬁrd?’ oYVhﬁ? suy rgrfcgc}mp%dg Qh&g (§\§er( SutSroader antlmlcrgbxal activity against

curing agent

boﬂﬁ@ﬁﬂﬂ(s—)aﬁdtgﬁen@Ibﬁmha,mhises,;andcfum@or used and on the
wavel engt

pol yrmer | zg‘BFai?le:)ﬁt]‘g‘Grﬁ? grg;rons Trggnigp gz{}leatgtg%lem antimicrobial hardcoat

layep MEhisdiadd YoRdehtlafbhe tHat efte rtagh Ca’mlougler’terafedfngely reduce microbial
photoinitiators |nclude ﬁsnz&ghenone ?n20|n eth t ¢
confaenialiAnp ABS BN FEoPEb eSS R gnumiergbial ageniioss nobplpse separate

froﬁ% cﬁogﬁllm'(&gﬁlaﬁ'ﬁ@' Eﬁﬁhbl@@%f Sblmmo?mai HAROChIentrations in

Ci ba Specialty Chem cals, Tarrytown, o
antiai¢rabial b@rdpgatdwraﬁw%ee@&m aRngedtam @hyutai é&m@elght to about 30% by

wél%}ﬁlc ugsdel G 'tllfg)Enga%#]ecU&ﬂc@ﬂtré@éxﬁ%a@%ﬁ@éﬁendmg on the antimicrobial

entrati ons o e curing agent
agertonsed, i thipedymenizable prasyesof rusasapedittha Wepijedideahtoft gntimicrobial
t 10% by weight, with particularly suitable
concentrations rangi ng from about 2% by wei ght to
about 5% Buitakd¢ gnnceseation gangdse fentinprganisi gmtimierobind agents in
a e o
o el et e 1O, LA 0L BnPLERLE 20 by e
wittephdicilzsly saitdbld woabértiatipnp raopparg frem afout 1386 by weight to about 10%

e SR RN T ———
impadRay atlet propefiids| efl atiihierobial Therdoosts dmee d)# Similarly, suitable

I norgani ¢ oxi de_partic ase.bot h
coB T RRRB o T iguiia-GHSEsh Tt SGT AN A DMAEMA
deﬁ"éﬂw&l iANn@nit08ial BatdcbitNigy Ul £ ehnge ITRAS iabbei 2. 5 ExByTpletght to about
sui tabl e i nor an| oXi fillers_ include

SOa/@ pngqlghtt Pty 15 suitable p%rrcggtra‘%%ﬁaa@ng HErm about 5% to about
20% Sqio?sa@@lrm@ro%l eégeﬁ‘t's thatlpolymBaiz€ RiitNehe Foldréridfble precursor (e.g.,

es of suitable concentrations of |nozgan|c oxid

DA deriy YR e MY e AR P s oR ARS8, dhe mtimicrobial
a Qntl%?r@!')aw Skhd XefidP W 1RO UadhictEhidN nonV¥idel units in the antimicrobial

partlcu arly suitable concentrations ranging from
hagdsoat 12596 I wei ght to about 25@6by wei ght. | norganic
oxi de fi l{)&ﬁ{ﬁ: IRYwRRROG Dsif Etl Er, L BRihidfdiANhardcoat layer 14 may
radi ation during a curin roc ss thereby depleting
altehatizolyi lbab Iderlwrb rfgqmt mudiiple v nelymeniged ulayerg- agkntthis embodiment,
S 5 dfNantimicrobial
ant“onclar gﬁx ougﬁ 3}7(\% sur“? cé&%‘b&reggo a4 g@&é |tn ké dan imicrobia
agemisy whereTbe armeoumist layerst (kloser 2 cmr«tayrsel @ inclwde dggher concentrations

of’ aaggrr}ltigroggy age%téjrse?a(%ivte% the outer-most layers.

Core layer 16 is a support substrate that provides mechanical support to

ac

antimicrobial hardcoat layer 14 and adhesive layer 18 during manufacture and use.
Depending on particular applications, core layer 16 may be rigid, semi-rigid, or

flexible/conformable. Suitable materials for core layer 16 include any rigid, semi-tigid,
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provi de both surface and through cure. The
pol yneri zabl e precursor may al so i nclude optiona
W@ed7nioses, such as heat stabilizers, ultravi oP€r/Ub10061047780
stabilizers, fragrances, free-radical scavengers,
dyes, pi gnents, surfactants, and conbi nations thereof.
Exanpl es of suitable commercially avail able
ultraviolet light stabilizers include
benzophenone-type ultraviol et absorbers, whi ch are
avai |l abl e under the trade designation "UVI NOL 400"
anfl rconfd@ABBleCpolymericamsieripinyuchigs themaeplastie materipds (e.g. polyolefins

s\ep 19%§¥1te§$ S}grngﬁﬁ%g?esxv %ar{é&ﬂal{l% es%??%éﬁgteegggg%hmg@St’hermoplastlc

matdi MY a8 Bptical Iyl tMﬂdpMeﬂQ& thambhyeisl MURdiNodAlB0 coferlaprer 16 may be

oo RBEL TSR 0k Ol kS 14 o

adBésid | Mﬁﬁrs 181 (he., p(ﬂcyymrl peblisg praﬁdur&@dmd amgenﬁemm When
about 1% by wei g, f to a

e oo HIRicHB S JORH 1B AEE VAT 16nS I IGIgflm 10 may be

adﬁé&mték&%new/‘s@ﬂfad@?dlﬂﬁhmbﬁs @ab@ Ublan%e Byd ¥ived surfaces). Additionally,
l es of suitable free-radical scavengers include

thm of bidiy r@élowsgmﬂtskaw filmel0 toyRe Syowstiin mar&spmwded as a roll,
thé})éﬁ% ?chﬁ @Sﬁ ?Jn‘had édﬁvéﬁneﬂﬁ{a@&hsﬁ’e?{iﬁhg mu¥dayer film 10.
nat| her eo l es of suitab
CONTEr Ci anyleaﬁmwnaftﬂ %Slﬂgl_egalzf%rsrﬁgtm'(%efl Pﬁ:mﬁdealtewtlvely be derived
S t M:JX Cl
Od[%gl?‘nﬁggf% fag ar°?3 e & hﬁ%fﬁ% t {]uggt?%tgépﬁg@g?g ﬁég% §u\c(‘{h core layer 16
mdyOyASERBa Werion” oﬂanmamﬂ@ocem@mgtrﬂpmes \ABch aPantigprgo antifog, light
Ealllrxzagx mﬁmel ed? for Sé' Qécf“‘ ﬁ)%%le r%arvg 1%%1 mission, reflectivity, and
%di €A scaveﬂbers [ on r'i zabl e "pretursor
cqrrﬂﬁn@mmsmratfout O 05% by wei ght to about 0. 25% by

wei ght . suitahl e.su fac i ncl ud

ani oni c, Eé‘é?c? S%e ?\‘?ﬁ?’er 8?%‘33,"’% zvm t rvY 5 H‘“@‘ Hayer film 10 to be
adﬁbﬂeﬂaﬁkﬁm‘ﬁ&s dng., suifhdesiX) elis sormel eimbaémhehms @s demdbed bdlow, adhesive

in hol z, et al .S, Patent. No. .5 9 3.
layst L8, Rrapides et afbesion fhoRUaes s y‘zﬁim% b, bithSp gigvable under
mERRAkLY fRte SWithaet dtdving d |resigne @OPRKHKOE S12 (e.g., removable and/or

hyl | Ky
re@ésgtgfrtgzb}/ eng%g;rlﬁgr%g?\feoq@egggé g:ﬁxaarng}?% et ?\rgtsabﬁ: g)aterials for adhesive

lafé’x‘t IgMnelei cﬁie AU8BfcSadHRSivesS Based @ﬁédrﬂaﬁé’soﬁﬂeﬂ{aneﬁrsﬂfdﬁbs epoxies,
ayer 14 inc|ude any. inorganic or org

rublpariDapas whheslves Gapiudingaatyral whber pplydsopesiner eefviisphgfylsne, and butyl
ruts@éraa@ua dopQPhRI BAd tk&ﬁngﬁﬂam&ﬁﬂgéﬁﬁ Rhd r&ﬁmbﬁmam gr R,

sui tabl'e i nofganic antimcrobial agents include
tr anS| ti obxameples pHnsuitabled asoylpissintwludee pglymess| g alkyl acrylate

m@(&%ﬁneprf gg&ggé met1 q?etflé& BRd e g@&ﬁéﬂhﬁ&ﬁé&eﬁ lﬁﬂym%gc%llate methyl

sul t"abl e si ver- talnlng antlmcr0|a
acadatrt sthiyhelcndates nthntyl amnylate dso-sétyl eeryiatet spaiony] hemylate, 2-ethyl-

he‘s‘t?i 9511 ‘iiaﬁe ﬁécl[ \feécr{'l%&b%ﬁec Ac\fglra em}Pﬁ ta%ryl&t'e! \f\g)r(yl acrylate, and

ver ot el
CO&‘IH]N&HYODS&hb@Dﬁt eExasmplvslof mptrnMrex,allmavmdable 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

13



10

15

20

25

30

sul fadi azi ne, silver alginate, silver nanoparticles,

silver-substituted ceram c zeolites, silver conpl exed
wowRah/oombeci um phosphat es, sil ver-copper conpl erRerUsEoDé1047780

cal ci um phosphates, silver dihydrogen citrates, silver

i odi nes, silver oxides, silver zirconium phosphates,

silversubstituted glass, and conbi nati ons

t hereof . Suitabl e conmerci al ly avail abl e

silver-containing antimcrobial agents include silver

zeolites, such as those sold under the trade
anda‘shgﬂhmib@traféAfheGHéeif meoterial CONbT esphonsidogitkeut|damage to the substrate

ot 5 5t s e LRE P sBRF LR bR agpopperorsihonr 9

fearthio0r) Wy Rarbssxtl the owﬁnalzml oft leesit.s Up gbinederhlyodiinieats, the removable

Speci al t cal s, t own ;. as | as_those
PRyl HBT v AT s 7 M oS Becl s apginted el substrate
eniléEing ag)@el%{chﬁTB(ﬁS) i) od 16 @innzs Nean, aHd mbaspliatdsrly less than
supplle by MIliken Chemcals, Spartanburg, SC.
8hpl es of suitable organic antimcrobial agents

i nclude tROg€d Ratithsd BPhd fehid® cMirhd) 'trBfositionable” refers to the
pol yneri zabl e precursor and those that react and

abdiferipcls. |8} Ieash diniially. trﬁ@eaﬁﬁgﬂlx, me_ibqtrggﬁpem& gempegsk from a surface or
su@ifa{t@%!qﬁm‘ﬁr@uﬁ&@x‘ftﬁdlvﬁsé)rogae[Hth@ththﬁhgb' a ?(Qﬁé‘teﬁqbodlments the

neric uaternary amoni um salts such
reposiianeblgl memmsbnam@dhwvm hat iadesep sirgngths at feast lmtlally, to the

ARG 818 B Rt e S .
avai | abl eExemaides tdfestitable rdmovgrat amsh ré}BﬁRDA@'ble fpr@nure sensitive
adig%srxrp S dﬂ%‘ggé;bc%)%g gés p%eg I g’g" Ettz qr gfelgdPu H:%th ho. 2005/0249791 and

eno rlva
Cqoptideeas al. auds. tl?ateitoNanS S5®hj6ed, hath bhwhmdi:emecaicorporated herein by

rels R P s e TP PP PG R R 875 SR GcL] rospheres, such

as Ghedd a@élasedTaf SLH/@WU SNPatepaNac m @momx Myirizhel al., U S. Patent No.

3. 0e BT ks orhrer P ) ey AT T —

he{-é}@d?ﬁi@%g@at ion "VANTCCIL P* from Arch Cheni cal s,

I nc., Norwal k, CT; blguanlde ¢conpounds é&.g., . s ch
hal ogenatBcomis FRPAdMaS rdhesive fayehd ] iinfindes an electrostatic charge.

In %Bhferaﬁmcﬂm@ﬁtsgkwmgﬁe 13;19 BN axidlbRera@i@tRArge that can be
pol yhexanet hyl ene an| es, antimcrobial |ipids

it 4o thecuUidnEeT GHBAI0 (o 86 HOY o8 e, 16, SARematively, in some
nﬁgﬁlkx&\&ﬂ e a?@esn%olg%xopéﬁ Qé%ﬁmegﬁah Ceibc'tr%st'aﬂ@ Qﬁﬁ%@a‘%@rﬁj other adhesive

rein y reference, antimecro aci d g. y
cogpiogents. bmgflqudilgg 10imglugling @yplegtrgﬁatgpsgdheswe layer 18 can have a

peﬁﬂgﬁemt feggbﬁgtlgglgﬁgégn@' é(? e&lﬁbg e’lecttI%Qta{lé %ﬁra%'tlt)ﬁ to 3Wide variety of

gr ape rU| see iract mbi nat 1 ons t her eo
suffdctist thercdly sliowinlgl thenfilmr wabei meaglamadheam iteri theotigsired surface.

Pe : gn n% eiec{:r é{gt?c ?ﬂ%gg E&n ﬁ? !%l“?cr o tgrtﬁg%utltx? e’mﬁx@xl ﬁ) %e‘:.sg., to the core

, Qorganoire ¢ an ent
lagir| hﬁerorsxal the a(dhergve Iayelr VI®) dsangd edroha oha:rg}n@ (sgl, trétrogen or air), as

degcnb%d ' in FNREErts e%ptlh%]gt %Lbhczaltlr(])% N& | 50?75/(%?)%6&& Nwhich is incorporated
herein by reference.

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

14



10

15

20

25

30

salts (e.g., trialkyl tin hydroxides and triaryl tin
hydr oxi des). Suitable antim crobial |ipids include,
wo en7exmepl e, fatty aci d nonoest er s/ nonoet her SPCHUSIHNE 047780
enbodi nents, the fatty aci d nonoest ers/ nonoet hers
suitable for the antim crobial agent are considered
food grade and recogni zed as safe (GRAS) by the U.S.
Food and Drug Admi nistration (FDA). Such fatty
aci dnonoest er s/ nonoet hers may be derived fromC8 to
Cl2 fatty acids such as glycerol nonoesters of
20(1%@24}379&. aEixampleapef suitabied antimdcrpbigh jagerisiand ganspyiratipns include
col npe pric acid, and
el PR PR Sl BT AR e e IR L S P e of
sui tabl eIh a;btrye eﬁnbcdimmems,eﬂ)beidhea';ine mederial mftadhesvar btyer 18 exhibits
mtedt I ur af e, col i all .
suttioint Secet sy 5P drepl SAR1 B RRY LR o6 iy Heiorigh does not yellow
withrtife Medpéhernthapeiprbarise s tEdsgratians ‘ﬂgqu quagibyﬁﬁth@lunderlymg
nonocapryl ate _commercjally avail.abl e, under the

SR8 A HTAcS FEENTIA AUSSIVE Fteie RER b PHEd ‘Bieg & Variety of know

coal PENEchrI @R Ruck by G MsBr JERAAE AR R DaGRETIDICE LN, dxe coating and the
avai | abl e under the trade designation CEM M

like.r ohidRiRBH CFaRRIF, of puitable, b?ﬁl‘é?w@aé?fW%lfohﬁ?FoF‘haﬁ%?séve layer 18
1ncﬂfd%ﬁ¥5§%r]&sgh¥&fin DRIk B Ml a@ 8. Pﬁﬁﬁcaﬁiroﬁmfé @3 Aoy 8916. - Several of

nonocapr at e conmmer ci al y‘aval able f ron1Un|quena « .
Sudh’ﬂﬁﬁleﬁla? inaatarials @ cemonerdially ayeilablgrBnderithe iade [desigaations “81417,

«g FSAIRI £33 1%,1”%&111&@%5&&9@&@@5@‘6 > pfpdul@vpat ty acid

nonbest er s/ nonoet hers range jout 1.0 % t o about
30. 0 % byinweldition, d8basiye dayaf l%amny el sytisiangially fliteor comprise a

topo% ﬁéca(l‘ gtﬁ%t%& £ itS oH})?rgRlEx@élt atf % 8{1}? Bgﬁe Sfcf/il if(og%ge%?ﬂée b out from
ber%tlﬂﬂiuhy-la/}er dthtn. lmhmltamapphwrwmmfacagénﬂlemy radhwong the amount of

| d di f
wapRtg F5 G RaE BB BRL B eRat N o SRR oh SGulh¢ fopoerapbical

patfifl§ & diécussed, inFEEr ey, i U’:St.t}?anéntl‘ﬂd)o GAD 10!.)437 1 183

entltled m cr.obi Articl es in et
o o AR BER R et Sonmt o R B G janers to enhance
adhéemt abh@ummﬁblae a&dgém&l lﬁ%’&Cllﬂ@ha/or dd!hiéiiv@ﬂay&hl 18htcaEde layer 16.
|ncorporate ereln y rererence i1 n t e tiretie
Exappleg eswt@glﬂ 11§ daysr gRAtedalsnine de r Girude 'ag@ﬂmer%&%?}d%s ethylene

virg¥ ab&hRAPp Yy iErd) dhbdiglel Qi 1AL ¢l kAR palyimers (modified with acid,
unsat ur at ed nononers, aternary am_,ne-tfunctional.i zed

acry oy | reptcica PRy diidea ink vitealbhBh srsembinationgh énfl Gombipgons thereof.

Thelte 15%%5& " PRIk H’l‘éHcﬁ Rahe laBY G- dikdudles 3URSIE Bi@Nayer materials
may polymerize with the polymerizabple precursor. Thi's

with] thesmeonl psicaprly mESF oﬁpa\wea-‘g textysion qOERg &y %lsq)ﬁwm materials
suckﬁy F%&f{/@ﬁ&l@ﬁélhﬂﬂest Oyhidf oRKe s lb | ephatidll ke adhesion of

pr ov1 di ng t’lmcro act|V|tytoreduce
extmsgcpro@pgtgm kawensonilzamilaysts gan be applied to core layer 16 by coextrusion,

extrusion coating, laminating, or solvent coating processes. Examples of suitable layer
thicknesses for the tie layers range from about 25 micrometers to about 100 micrometers.
Multi-layer film 10 may be formed by initially blending the antimicrobial
agent and the polymerizable precursor. This may be performed with the use of a solvent,
where the resulting blend may be agitated until well mixed to form a hardcoat mixture.
The resulting hardcoat mixture may then be coated onto top surface 16a of core layer 16.

The coating step may be performed in a variety of manners, such as rod coating, knife
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Exanpl es of suitable quaternary am ne-functionalized

et hyl eni cal |l y unsat urated nononers incl ude
walresenimsshexadecyl anmoni unet hyl acryl at e hal i deBCT/US2006/047780

(DMAEA-Ci hal ides; e.g.,

di met hyl hexadecyl anmoni unet hyl acryl ate brom des

( DMAEA- Ci 6Br) ),

di met hyl hexadecyl anmoni unet hyl met hacryl at e hal i des

( DVAEVA- C16 hal i des; e.g.,

di met hyl hexadecyl anr noni unet hyl net hacryl ate brom des
co(amg%EMﬂ(taﬁh cBatjng, gmvatdey icoatingy asllt ¢natingf exmusiop|psecesses, and wet

LIS LT RO PR LI s i o o

beaiitkdwe&h%ﬁxemeaﬁ descri bed beI ow, but it should be

under st oo sim | der | va of. ot her - Ci .

0" hal | docC T B RETR D CSh 64 g T haeh mtkture include
waBl, I dlkorél (§<‘g0p€th@f101t Agd Difsmptmcﬂ) Skétoney €e.ganthetiye @hyl ketone,

or di nary skill in the art Woﬂvg er st and howtg%, I N
cyglohgranons.e aaés'ﬁer%%o ATRIS DY BrosataonE FRAPPRENE dyityrolactone, N-

mectH?/ﬁ)@HjoﬁdSJ&r 'té’t?éﬂyﬂﬁﬁ’u% MAEMR £ 1-B¢atdMe] hb&ates such as propylene

'Oowi ng fornmul a structure: where suitable val ues

or
glyepl %Wthﬂo#hst peetatg dictipdens slycal ppyk aﬂpg@pgta;;a|egggene glycol
i ris6am .
o, S, S Ok rdon S LTSN e (5
isqliexhl mcatite, évobeptyl iapitate, eocht ashiate isprasyprasoiate jippsiecyl acetate,

d Sepal fromthe
B S Ty R R T Vi AR
deri vat | vAﬁendyylbg, ther pelymisyizelatpragurgor may be polymerized to form
oS SRR TS L 0. ey s e o
achiex/tng polymerizeticr |dfréxé fadnatmlnoumram howtisnaity alneytbe38Qinic (e.g.,
n.allowed . to oomte er.ature. .The
B (raviy s Ve ereh B i pRTE AT Rl Beeidl e hs gspectrum),
acB¥lefatdd bﬁlfticlb@ (eViRS BRdirvh tH%aﬁDEzdhzﬁtdmy,l of\Ckdraiad (egndheat or infrared
dri.ed under. vacuum at. 400C. S, m | ar DVAEA- C. Br and
ragiatioR)ar | gﬁli»lgesgumg? qf actin U’r‘%’fq‘? ﬁ)ﬁrcury lamps, xenon lamps,

ca%di’ﬁirb)&rﬁﬁﬂ R elstnl ﬁ'l@.frﬁéhﬁtaﬁapsofasél@ eé1e¢tfon beam energy, sunhght and the
- br omphexadecane, __and Qptional ly, an, anti oxi dant

i xﬁmaWﬁWOW%rﬂailmyaﬂa?le Frayitlesraafatipn sy Sism ﬁ@ﬁswn Systems
Ul bReg ot oMl M@6R N WBHAE R cbiaerdinBy a6REIaNIe B Fusion UV
then be renpved b ry evapor ati on under vacuum at
Swstene, Gpithersbwrg) Mlpg sol ids may then be washed with
cold et hyth@martn@y abdedol St B ARNre YREUY MhfughARE UV B ocessor to

antim crobi al performance of antim crobial hardcoat

enisaxpesubgtantind ypody merizasion i ansigaerobial ingedsopblaxer hly (Ihs tefal radiation
ddiP’d ?gﬁ %Egérﬁlﬁ* g@x‘ic’ignnbt? rtH@rfﬂ ?%Hlac‘t]drpgﬂfrt:g‘;ﬁsed the thickness of

cro exanpl e a sult
angipmienodiad ﬂaaxdcgairipm| 14, end ithecthesaistr ofrbitimivgobial hardcoat layer 14. As

discussed above, antimicrobial agents such as quaternary amine-functionalized

ethylenically unsaturated monomers may also react with the polymerizable precursor.
After antimicrobial hardcoat layer 14 is polymerized, adhesiQe 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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quat ernary am ne-functionalized ethylenically

unsat ur ated nononer, which bonds chemcally into the
wee@3n7lesmked matri x, and an inorganic silver PONPS29NE047780

whi ch di sperses within the cross-1linked matri x.

Typically, the quaternary

am ne-functionalizedet hyl eni cal |l y unsaturated nononer

provi des faster antim crobial activity against gram

(+) bacteria, while silver conpounds show sl ower but

broader antim crobial activity ai nst both gram (+)
10andygbanmady dfanaeiials an0hus@skra§ndammg'polysthyieanbl epolypropylene,

centrati,ons ,of th [ ob

po%ﬁ[h r%?aﬁo%%n%téoéjattﬂ?aeogr CI&4°| hel®U %B%:r%%@sént F AFica5e, liners are
codtbdtwith’ eorhpasiti@saoptainiog eélémt dgeatsy suddascio] pineridl ﬂhorochemxcals

cqnt am ng‘i}%o ,_and. | ow enog)?htbsgch t hat, thg 1§
OF SHtIORFE T obiCalOVagBHEcBEEER RiAier PEpYifles Lo% P epphE&emoval from
adkdspasStalédiged matrix. Exanples of suitable

antim crobjal agent concentrations in antimcraobial

har dcoat AHgaptively.gamerdhesiye readtid cPEEmiaisbunay ggepyoated with the

anm&tislamara@@&dtmp?%méﬁﬁaﬂ&d However, the suitable
concentrations rmay vary dependi ng on the anti m crgbi al

agent usedulti-tryepbin temaarise inpheda arsend-asearyica milieaier to provide
v1sqgﬂr{d?c%txbﬁ\fa%mp in me' Pfd)tyg"fﬁce"’}ﬁﬁl't Via %ré!r filg 'l%a@xﬁmples of suitable

concentration ani ¢ antimcro
@@érscxs'mmlruhnatmondbdaltlmmumatutvamcaiwsrea\dgeolﬂr ehanging dyes.

npa(r?#{)%%ﬁ vk n‘(@!:fgcht gx}a@ bé e cfgso/&ﬁﬁx-}’é@éxgﬁﬂn IWu%. 'E}be rTt]’orm of a label or

y suit rations’rangi ng
paimbwnhe‘S%myrsvﬁ‘ mhki- Iageraf»kmmtm]ai% yultidiaggrt filnBle s applied on surface

Hcqneentrati ons 0 tabl n r abi al It
wilPHSme 1{11\7:@{ y¥l'|13 1ndic ?{ IS e 1bra{regm8 {u:? tc)ante afgo%r ghanée at about
thaﬁMenvvha&mhead:orlmpdmhag rﬂlﬂyéayétéﬁlrrﬂlmshauﬂdybe spldcadl(e.g., when the

concentration .r s for the ve- di cussed DIVAEA

a“ﬁ‘é‘r‘"lrﬁ?g‘ﬁ[ ?7‘3‘5?’“8’48"%%5\ “Ei%tf“?\ﬁig‘ R?F&e"ﬁ PH/ant i i cr obi al
har dcoat Tl&)&ﬁfcnib%rdtﬁ{&g éndicgBrsabgpicaly 5%&3&&\/\&&)&] héhebhfical reaction
about 50%by.weight, with particularly sui

mechEIgREy SifgHn i Mfy & ??é’ﬂ# R ‘H V?‘G‘&U‘gFHPChamsms }

Ex@ﬂlﬁ)lé@ AT RithBle tﬁﬁ@-'ﬂ%rﬁp&&t@fe iﬁﬁicﬁ&ﬁ‘fs 'a?eedi‘édzlbgbct #EBommarito, et al., U.S.
meri zabl e Erecursor ., DMAEA derivatives and
1

PafoRhiion /& vk \Fesl)mcr?qﬁ@catsﬁt sime-genepAentdndicpiors) and Arens, et al,

U.8NPhighC QP '555673_@3”%3@%1&3&@ qn&ﬁpbﬁ@ed‘"ﬁj’ ggferéi’lfce tiR®heir entireties,
antim crobi al nononmer units in the antim crobi al

anthan déedt ilenfaeyclopediphof Backnging %i@haolsvghg‘ﬁ@) @6 ehohn Wiley & Sons,
199@} urlef BdRliol 84 @@#ﬁztlnél Qe Bavi qijﬁa?ﬁﬂi@g 6ivﬁllit¥.bﬂ%ommercially

derived from nult po ynerized [ ayers.
avatebdel itmegricmpanatireg eferQﬁt@nS inghdeothose a9kt u;nd,ernﬁy: trade designations

“M(ﬁ‘ﬁk I&%\er X t&‘{?% hep C@Hﬁgbﬁ SStof)af?ln 204 1 MARK” from Dry

agent s e inner-nost layers {closer to core
Pak alyndustmﬁs Smdim@btyhl%,ef‘FRESbb@{HﬁKdnfsomf Lifelines Technology Inc.,

Mc?r%tsllﬂ]aﬁnr OIQJ aJ‘V%a[e;{ﬁ’s frogl %tlsuaF Ix%c? c&t@te ng ‘S?fsten%SAB, Malmd6, 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 multi-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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Core layer 16 is a support substrate that provides

nmechani cal support to anti m crobial hardcoat |ayer 14
wa@ee7adleesi ve | ayer 18 during manufacture and BSEUS2006/047780

Dependi ng on particul ar applications, core |layer 16

may be rigid, sem-rigid, or flexible/confornable.

Suitable materials for core |ayer 16 include any

rigid, sem -rigid,and conformabl e polyneric nmaterials,

such as thernoplastic materials (e.g., polyolefins and

pol yet hyl ene terephthal ates). Partlcularly sui tabl e
layetfBmi ) mal misourtetatlnedrio sherific usevetyeydraing thiagtpearmed concentrations

e nspar it
ordB} e PhltpbRERRRY BinRiskbE AHRLR 1l LERafpte mutiteyer
filar 000hsy agthelzi anintiorebidli ergentsaba‘ahrehdf@u&atggh_mﬁe parti¢ular pathogens

and/ or adhesive |a acrylic primng and

(e€or25R ROSLIYE QL BTATY }/‘e%’é’ﬁ pl(“e'}é’%@ﬁ)e/ conf or mabl e
mat eri al syAfge USEQ b@facepBulidlagér W N0! piovidigebothi physical and
10 may be adhered to a variety sutfa %H di mensi ons

antignigrobiad | pspigFtith P Hif AN SWFeSTeshhe AIaTIPR gRsiptagoe pfantimicrobial

hat @ik [zﬂ/@p 4 'ptrd/teétg |tﬁ’é’\§ur@33etﬁroﬂ1%§lcﬁll Jiamu;é% \tvﬁll@%lﬂﬁllébdar film 10 is
provid as a roll, thereby provid g consuners

u
adhgrteﬁ ® th@nwfﬁcent Agditionallyy thesprignicitial. » can |rpdupg, pathogenic
coWEHnllﬁaﬁmé‘Pﬁh@%Bﬁ'a%e :}?)%/agnaﬁl?y &f su1ﬁ9feele{fe§¥ Sf‘ aﬁtﬁnf@éf’blal activity include

ternati romnu ayer s of the

miggehialofoadi n‘eﬁmtm et 19aat @bemtt %%aﬁg atpleasfyeng of oSP gaureus (gram
C
poggéé%g gféi pwerg% ﬂgiadsj&é%{x%%gﬁéj pg%ﬁ%?ﬁé E{(arﬁﬁﬁg%‘?%@mnore suitable
lem}t af amarnicorhiall dctivite mcdudaempxanbﬁeljloaptrcdmnovmé helegttiabout 99% for
ansn1s ion ef i Vi 0
at e DR 380 Rurdh (o hkkile) A0E PR OMDALLD Dikahl RERe) pathogens.
Exmh;iles bﬁpmlcﬁlaﬂm shitable leecladifemtithitbiliratteity ifdude microbial load

f@%@?@@ 1%%9% abi;gt g@’(g\ﬁm gg{ ncgfg% déta‘%u ggz%r(x: trplgg 1vaang P, aeruginosa
(gﬂaZn nBthi\%) phthogdhini rmna_umxadﬁbks widesn moskepatieufaplycaitable levels of

tho eavi n esjdue o urface 12 (e, 9., o ‘
BHEPRIA! Soaviey Bl Bieretia Ben S-ditonspEoClefi 4oyl 9% for both of
S. @ﬂth&ﬁ" (L8 poSiKANURISPRTaesidih sl @raminefitdley phogens. The “microbial

adhesi ve Ia er 18 include one or nore adhesives based
loa reduclipag e Bereiny eferatne gricropial depth gedustions eétan}eébmg?uam to ASTM
gDa9esh adhesi ves (i ncluding natural rubber,

pol yi soprene, polyjsobutyl ene,_ and butyl rubber bl ock

copol yner ¥heargriepwenspitialayee fimolh rasyser gpay peel multi-layer film 10
witl? gt?x‘x&@rétg @érc& rﬂ&ﬁ@@xﬁmnﬁé Q&TEES?\% lﬁ%elsll@ fr&hl e @ﬁ{ﬂéeaiﬁs'l‘he user may

I nclude polynmers of alk acryl ate nonomers such

th%dﬁypseﬁtth%\@wﬁlraw@ laé@rrﬁ/lrn h%tamé@ﬂwrmaesecw%w~layer film 10 to the
supf?it:é1 6199! %J %rﬁler @w?ﬁ\‘ll th%cé (ﬁf of p%tgé(t orpiﬁééﬂ'xﬁt? th@géﬁuﬁyﬂtammatlon

acry ate, 1so-oct acr I'SO-nonyl ~acry
Amem@mydlhe&lylm@l@rlyym Blm dé)oynay dergrieaploa pchlluabtyybf multl -layer films 10
b
pr@g s&aﬁg 'tJ]:‘ler eﬁg é’zlgxaﬁ\gn b@%ﬁ%regg%«?%l ?c]@nlcb and the uppermost
malmalab/abﬁlal B0 dnr khecsbgud gmndrespeeﬂﬂd frdm 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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t hose avail abl e under the trade designation "KRATON
G 1 657" from Kraton Polyners, Westhollow TX As
waele®enidsedd above, in sone enbodi nents, adhesi VECT/Hy®06/047780
18 can include a renovabl e and/ or repositionable
pressure sensitive adhesive. As used herein and in the
appended cl ai ns, an adhesive is considered to be
"renovable,” if after final application toan intended
substrate, the sheet material can be renoved w t hout
damage to the substrate at the end of the intended .
vatiatiensokithinghastdpe| of the pwserdtinventionveidishe appareng o those skilled in the

er s/ hqur 5 t i ' . j | .
o34 N 5 2 ABHE), NG M GRS e ononin
exfihpiRs ure of enweighv basig) adi alkerehgents usBDird thgr eampdesl were obtained, or

stre h (from a. pai.nted steel. sulbst.rat.e enpl oyvi .
ar BRI T 5 SRR ap RS S RERPR e B Hrthesized by
cofdrBiopar tetisibadsly 1 ess than 6 NNcm As used herein and

in the appended clains, "repositionabl.e" refers to the .

ability t %efPH'anr&geseprﬂPgﬁ‘a} pobreyiafiens éé?wsﬁgih’é’ré&e following
ExhRipidd renoved froma surface or substrate w thout

substanti al | oss of adhesion capability. In sone

(3

: LY ) .

“Agh@ddi ments, the reposi HHEREBMEIPRRS s RALIVAs ZeQlge  food-grade
adhesive has a peel ;skLRRHIN agdnt] BRI ATNWHIA tontaih® 2.5% silver,
the substrate surface lower than that for a
conventional aggr es8éhdewpichadkycquanercilbinvelialp under the trade
sui tabl e renovabl e QQQ%’F&QBSI kisQnakp-e QA[IE {fSbial from AgION

u ribed in s

sensitive adhesives I'n e t hose desc Hobb
et al., U'S. Publicaetlowlagics, haonsMakafdeid, Mahnd

“ opri.der et al., U.,S.. No. 6 . .
A 1A dre incor por atA eﬂl‘ﬁg%‘g%ﬂl% R@F@?%%c%oﬁrg%ggﬂyqvmlable under
adhesi ves based on #d itthdenhiesignbfign t S8KPHAS ANt Rfer 5600 from
m crospheres, such t.ho di.scl qsed in Silkmxer, U S
Patent. No. 3. 691, 14DTMSPhemigsls, Fparapbuct, Kot N,
“SAvébglast31, and Baker silverl glasslhrifimicadbddit agdmt, commercially available
4,166, 152; all of i ch e, inc rat.ed herein by
reference. In sone ﬁﬁbgﬁ#@htgc,oqggﬁ’e@i{\'/e | ayer 18
“dogﬁéﬂ'gﬁﬁ”an el ect r ogt adpper ghas @atimidtobalagaitpesthneivisly available
the adhesive layer 18 itself is an el ectrostatic
charge that. can be ﬂ?ﬁhﬁi]?&ht%“tﬂﬁ‘@d. i-layer film10
“S{ICeSnanophRictare |ayeqy 3@k siNdrerdaabpmatle, disheSHHE in isopropanol,
enbodi nents, the adhesive |ayer 18 conbi nes an . .
el ectrostatic char geommercighneavalphle i Wwedeonfisneliede  designation

Mil ti-layer films 1lOgiinggrifiPHEP-(BLEAPT 188 Aldvenced Nano Particles
adhesi ve | ayer 18 can have a permanent el ectrostatic

charge and can exhi bANPyISeouk ot Kereat traction to a
“sgvgxeoﬁé&é’*-ew of surikqegs oglb%f gﬁgoﬁ‘u&a%M%W% e fih | iR of 123.9,
e e desire t

renovably adhered to th i surtace. Per manent
el ectrostati c char geommerdially aymlabledren AlfpAesar, Ward Hill, MA.

“A%Bhi’uk@&g\[bofnia{em 1oA(n§m9ni’un¥ Q:amzﬁafed rs@lt, commercially available from

Aldrich, Milwaukee, WI.
“Triclosan™: Triclosan antimicrobial agent, commercially available from
‘ Ciba Specialty Chemicals., Tarrytown, NY.
“DMAEMA-CCI™: Dimethylhexadecylammoniumethylmethacrylate-CCl

antimicrobial agent, commercially available from Ciba

Specialty Chemicals, Tarrytown, NY.
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| ayer 16, or to the adhesive |ayer 18) using corona

charging (e.g., nitrogen or air), as described in
weeramese et al., U S. Publication No. 2005/ OPOD6E&DN6/047780

which is incorporated herein by reference. In sone

enbodi nents, adhesive layer 18 includes one or nore

antimcrobials to provide an additional source of

bi ocidal activity. This can extend the useful life of

the multi-layer film 10, as described in Hobbs et a

U.S. Publication No.2005/0249791. Exanpl es of SU|tabIe
“Cambeil OQbi al agent Anaadinisndsalt agant ciweniercialiyeavdilsbe under the

di scussed above for 2 ti ale er. 14.

In sone enbodlnents éph é%%veCEﬁ?gﬁggﬁ k?* (%n Ayema Inc.,

| ayer 18 exhibits sumhnmgentDEptlcal qual ity and Ilght

stability such that the adh lLve ma

“VgBiocdF Wi th tinme orfupon B (Hg}mé‘?k?g%@g“glg’%ﬁ?cf‘%’myhm‘n°hexa‘

degrade the view n9nﬂuﬁ}lléx{em@&om@nw)g&%mbf@als}ua\famele under the
(e.g., surface 12): The adhesjve

ma
applied using a var irads dS?‘gRﬁt%w“Y@éﬁ[d%é I @chfﬁ"ﬂh&mb Chemicals,
such as transfer cogfd Ngorwkt fcer.coating, spin coating,
die coating and the I|ke Addi t i onal exanples of
“Myacidp A8 Rlokasi ve minepntipicrobipl ggenti spmmprcialve ayaiipble under the
18 include those de a I »
Publ i cati on No. 200%%%0%%?“%&2?%%D%u%§ g&ﬁésm vﬁ([eom BASE
materials are conneﬂbnaJPyﬂhmamL&H e under the trade
jh.gnations "8141" 81 ¢ 8 y hegj, v 0
Cgr porati on, auI éﬁf\’/ﬁ&'}ﬁ 1 1 |°<r)1rr:i1llr€1 e?[&:\}%ﬁt ' water,
| ayer 18 may be subsdnarrtelrahllly etvlaattblor from”rﬁfttmenaLaboratorles, Inc.,
t opogr aphi cal pattegﬂ Togﬁgraphlcal patterns are
beneficial for blee hg T out from beneat h
“Panddci 205ayer fi |l m 10 Aagudtérnhsy asrpmlonauin t:om,puurichc@nmrcially available

thereby red th )
peneat b mil (11 ayer SR O dsHERRL BRI from Lonza

topographi cal patteGisuBL&l. dvslaisssezdzernanﬁher et al .
U S. Patent No. 6,91 1,243, l\/ultl-gn%/erflllg(}C e¥ il Habl
“Berdas 208Mdi n one or An@ialerpply Fipoplim Gomppund gommetcially available

adhesi on of antim cpafdrathe hﬁﬁéQ@@fgnhtMFBARMC/MM” from Lonza
adhesive layer 18 to core es of

| a er
suitable tie |ayer F’df"é‘ﬂ%ﬂs plais g&’étz%r%"ﬂudabl e

«3RPOYERISdAeN as et DypaPmeKizaie p?&%ﬁs’éi' %orﬁiﬁ{e)‘éiﬁnﬁ avallable under the
nodi fied ethyl ene vinyl "acetate polyners (nodif

with acid, acryl at erade|depignation d?My@067 rﬂshr?ﬁl%&ﬁsgﬁt%}t Hardcoat,
i n conbi nations), a@% ngCGﬁiok&fbi shengphaThe tie
u l'en

| ayer may al so i ncl ds of the above-di scussed
“30M SCGa¢simapasition”ayer Hepelymgrigabif Precurer spmmeseipldy available under the

pol yrer's. Tie | ayer ior detEhAiRlONSOBTCHD ARD 2! B9-curable  film

i nclude materials such as pdl yet hyl enei m nes, which
are commonly used t prafedtancanpdsition fion 3M Gbrpexatians ShPaul, MN.

E:)?gcé())’giﬂ ESI -(I)-Ine ! aff(%'ﬁleﬁ%hl@ T)réaoﬁpéo'r ‘égmﬁv&r&igfﬁ aLﬁYa%‘ie under the
trade designation *“UVHC3000”, from GE Silicones,
Waterford, NY.

“3M UV-Formulation™: A polymerizable precursor containing 13.84 parts of an
aliphatic urethane diacrylate diluted with 12% hexanediol
diacrylate (commercially available under the trade
designation “EBECRYL 284” from UCB Chemicals,
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extrusion coating, |am nating, or solvent coating
processes. Exanples of suitable |ayer thicknesses for

W b@707m50 ayers range from about 25 m cromnet erBCT/US2006/047780

about 100 m croneters. Multi-layer film 10 may be

formed by initially blending the antim crobial agent

and the pol ynerizabl e precursor. This may be perforned

with the use of a solvent, where the resulting bl end

may be agitated until well mxed to forma hardcoat

m xture. The resulting hardcoat m xture may then be

coated onto top sur BaqendﬁGA()I Zédﬂepartsyef idBoctFlvacrylate (available

coati ng step may be erfo n var i ner

such as rod coati ng, %lfé%g%rf"?rng?ccmtgf‘% Coa?aﬁ £3.84 parts
gravature coating, kahhydiofirfungacgldie ugilan Waﬂab:lssefmm Sartomer
and wet casting proc sses If a %FI vent i s present

the hardcoat m xtur&®khe c8ated FEPFIRNFAONS hg‘f?eberadlcal generating

dried to renove the pﬁe{ovnﬁﬂat%r (B8N BlEbRl fisH mbtbfher Co.), and 5 -
solvents for formng the hardcoat, m xture inclu

wat er; al cohols (e. @S et hSSHEﬂPYHHH’XP%@BP%paﬁBP‘)"mmator synergist
ketones (e.g., et hykyflbilrdiRURRR c&ﬁfﬁmnﬁma@psnk and,

acetone), aromatic hydrocarbons, isophorone

“Brgagwie|8dBtone, Nmet Hy Rbpsrhing @sife, rhepylahisd(%fGrismethyl benzoyD)
esters (e.g., lact a:p)ﬁﬁto%ﬂat%?et Bgﬁ ﬁl‘f’l? aa%aﬁ tﬁ@yluﬁc‘j@ the trade

gl ycol monomet hyl er acetate, ene ol
ethyl ether acet atedesgha}tiqme‘lgl%GURtﬁJt §19°%t rﬁgswm Ciba Specialty

acetate, dipropyl en%}%lnxgaqé MI}Y{’ acetate),

i so-al kyl esters (e. g hex aCetate, isoheptyl

“PRSfiAt’e, i sooctyl aaﬁetmlngthybomowy&pham:ttat 8]mi sdthe pgfylate-primed

acet ate, isododecy! flglb%%;f{%tg}em%fﬂ? f){;'vg‘?%}ieﬁ eRﬁ{S%LgsBﬁngm.

conbi nations thereo , e pol'ynmerit za
“HOPRFiga0r may be poly neiakiabg-orienfedy muamﬁa-ﬂeated),bip@lypropylene film

hardcoat | ayer 14 secur cqr.e Ia rgy
source used for achla(‘—fe‘l 3 %8 rTYR ’f%‘ﬂ“o?t }ﬁ‘gl M.

“IlaagicRfin’en curabl e f Wgtylc&%ah‘ldn)bldﬂi&}te Bftyodid Romoéfery commercially

radi ati on having a wavgl engt h i n I'travi ol "
visible region of tR¥aid3hleppdgnh eé}gé’taganpgﬁﬁ{lpégm from
(e.g., electron bea'NIE&th@ﬁx'I%brat@ﬁest |E.ﬁ§t'1§é.nsfr% ML

heat or infrared radiati on) Sui t abl e _sources

“LAQBP shfagtamtat i on | rfeAiRgEIsHfosuggnala AROS S}éwngptqrgn?gnmemally

carbon arc | anps, “é@gﬁa{lﬁé‘frﬁid ﬁfﬁmeslua%d I—![nﬂsﬁlf&s
el ectron beam energy, sunlight,

“SalicylabradEommer ci al 14y Zéwdrqwbwqm W@\QHQ%H@%H&W@W formula
systemis a Fusion Syg %}?&ﬁ‘ 19Y 1%?&&&?&5@ Mﬁblé\{%ﬁ@i’g
which is comercial l'y avail abl é from Fusi on
Systens, Gaither sburﬁgdrIMDCh?mecaﬂ Company. Smnifelrﬂgbs dvie. or
nore passes through the UV Processor.to ensure
subst antl al poI ymerl zatl on of antl m crobi al har dcoat

% lhe rla reth atedB u;-;_@ Derivatives:

d e pends o B&, &ylye&zelde%grlm%t I e{hyﬁr%lé{h%rylfatctg d, thbgﬁde (DMAEMA-

t hi ckness

Ci6Br), 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 ethyl
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antim crobial hardcoat |ayer 14, and the chem stry of

antim crobial hardcoat |ayer 14. As di scussed above,
w@nioraissobi al agents such as quaternary PCT/US2006/047780

am ne-functionalized ethyl enically unsaturated

nmononers may al so react with the pol ynerizabl e

precursor. After antimcrobial hardcoat |ayer 14 is

pol ymeri zed, adhesive |ayer 18 nay be | am nated on

bottom surface 16b of core |layer 16 using standard

| am nation techniques. Miulti-layer film10 may al so
acétae] mtedhed ehdmsachument 40RGt ABINMR) analiysis p§ thei sofid qedduct revealed

d I
el Y BB 0E ) BRI NGl D G fre
prior to use. Suitable el ease g* ers for use with
multi-layer filnm0 may errade ng:ﬁ“als such as

kraft papers, polye
pol yet hyl ene, and co inatrons theteof. In sone
se line@y-are coated wth

enbodi nents, the rel

conposi tions containing rele nts
Sigdlptlielr ¢ £adCro aRf GereH el e Q&?ﬁ}%‘hg@re éﬁ% synibgsized pursuant to

thééggv@c&sglwdq*oggduwe l'i ner pr ovi des for an easy
renoval from-adhesive |ayer 18. Alternatively, an
adhesi ve coated core |ayer may be coated with the

%g%gmgg&mek dméimahoﬁ op layer 14 and cured.
ayer may al so include an end-of -service

i ndi cat orSr!‘@rmXGiﬂ suionsufer useidn Exemplest anp 2B rhglawavere prepared
byg 0 blhggrfﬁﬁ%cﬁnmomdm lccat%%gatfe'slamvglﬁm 9%%59 hR2%erOhnd mixing until the

service i1 ndicators Inc
salti was tisagdeedat aioethmdobmoor $ MblS!d:Yﬂfd}*deﬁ&Wgr a@ﬁy@b@ mixture was

serv [
Stlﬁﬁﬁfita?g?c%ryfrr opF 0url tﬁ?%rl?vefrg? ?ﬁeﬁasacﬁg %‘% or paint to
the corners of nulti -I ayer film210 after nmulti-|ayer
£|Im I:1‘0 is applied on surface 12. In sone enbodi nments,
A or is calibrated to indicate a col or change
at about Fhrethei fiFHoWEN mhﬁpmrmsoomoamgvmﬂﬁamﬂlayaﬂheswe layers
film210 shoul d be repl aced,

weIR o enBBies o iRy 9P 98111%@51% R 1be Sl v e oy of the films. The

foﬂ@ﬁfr%aé%)dlscﬁbﬁ BedoWahadsufed Adiithicaibid] Sactiy ftiy Q@L’Uabrasmn resistance,
operate by chem cal reaction nechani sns, diffus

bosik eh achnarincirily dBKRIVE ARS arfrpigErbialihagdcentlaygisy gIt 1S believed that the

usERERARL VB lay &6 FARIEST Qinvemtidritip behdsives WAaIw %bﬁhffé& the antimicrobial
I ndi cators are di sclosed in Bormarito, et

al U S
acpyite af abggsion resistanyey a‘?‘? that mul§i-dayss fi rfl}% Pﬁf@obelow“descnbed Examples

0 NgicAr &esivetl buld: d il
ga?gﬁﬁgfl\égqg?%a 761% Qﬁétbglt%hud\%h%g h ar e$l|v ncgr?%)rosrgt ed E§/O uee similar

resulfserence in their entireties, and in The Wl ey
Encycl opedi a of Packagi ng Technology 400- 406 (John
VVIey & Sons 1986) under the section entitled

j T hilil agd Os V Eeanmiesd an urtable

Conmer Ci a Ldtl-?%% ){E%nelht > ailrla SI gn qreﬁ%oﬁﬁmples A and B

i ncl ude those t1ons o
were each prepared pursuant to the followmg 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 blended. 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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"MONI TOR MARK" from 3M Corporation, St. Paul, M,
"WARM MARK" from Dry Pak Industries, Studio GCty, CA;

WO BRESH6SHECK" from Lifelines Technol ogy | nc. , POD81086/047780
Plains, NJ; "VISTAB" from Visual Indicator Tag Systens
AB, Mal nd, Sweden; and "TT MONI TOR' from Avery
Denni son Cor poration, Pasadena, CA. Milti-layer film
10 may be provided to an end user in a variety of
arrangements. For exanple, nmulti-layer film 10 may be
provided as a roll of tear-away filmthat allows
consuners to renove desired/ddoldits of nulti-I|ayer

IT]IJ: {r: 1|O #gm,;a:fhﬁguﬁiaﬁ d—uses—Aterm etrc;eﬁrtebi_yheiightof
di : ¥ : ) y ntithiErofith Agent

i mensi —=stantart—conponchtSs—such
as touchEsmaeh displaysl  MISEPNor £i1m 10 0
be tail QESMRIY specific ,
concent I ACPobe3F agien
antim cf le t | FORPFFBIESS, ol armi o2
mul ti-| aES¥FHeY m 10 pay Ry AROBAIIES oy obi o105 ot
that ar GEXIMRIES | vo agai nsPEEPYeSPINIOn Loy hoaehs (o4, |
gr am posERRRRE By or am negaPlREM ;b"%(rge 15 ) Ijguse ef a
surface [ AR 2| ayer it H :‘ A tes- ot-h—pizysteat
and ant iHFTRY ol preteeti-on 4R g en—surface—TFhe

i obExemplelo o . CoTriglosan ~ 7 S0 T
abr asi on—Feststance—ef—aptini-cFobtal—hardeoatt+ay 14
pr ot ect EP"?{‘}LPIQ- llr farn frn l««$]herigllqss darinoe J'Vh'il(?‘e——
Pr Ot et i Eagk O[T N Canpge wh
I s i o N TS A R

Addi t i onaH—tHRe—aft-hrrerobtat—agents can—retuce

pat hogeni ¢ contam nati on of the surface. Exanples of

sui t abl e EghaAdrdedat aftkiune o lthenl coatddi otitd ¥ RET filtdersing a Meyer rod
m crobi al | oad red ct'iﬁgps f at. | gast about 90%f or .at
pulopsd

#8, o dbe coRled ol wasy alh HE Y |8} gPOmy ipmperature for 5 minutes,

foRSREDbP8%h d8ARMTERE for 8)mPpatdlGaeRmoveXBOBdIOENtSY. AfteNdrying, the
nore suitable levels of antjm crohial actjvity incl u@g
Processor

hapdcopomibapre) wasiher guradi Gfis PR MErized NS B SYiongysess
opefink ANR0Y pewdUntitR (Mf:amjt?ﬁswﬂﬂﬁ%)ciémﬂ aPSlable from Fusion UV
pa

aer ugi nosa (dram negative) ogens. Exanpl es_of
Systems, Saithershurg,MBb| Ehe prpe¢ssonvag aperaedr wish an Hdyne/pulh. The belt

Loe! ' bal | nady reeducti opsof b g _

spé%:&o? gf;r‘e %]8%%8 gf!fil%gvl'%u?% ufgg ( érra%“%gés)’i etn?%/ é:%v@ Z}%‘gs%sgt‘é;e .ma e, which

pradded a taskragiptiamdosg af 24@middewoyesntimatenalllhjs resulted in a two-layer
ex | es._of r i ;

B PSR R0 S ) BN 1, wer

antiederobiab hardobatdbydreastaimsoan arBBftcfodial lageht afd Scroasttivkeyl matrix of

YR BTEh. Y54 P E a9, P38 BT SEI s A ana b v
catie festedtfor microbial Madlreduttioadud foranmeobf mhitstopur suant

(0,25 EFAO0: S NS0 SBLSELP B hed il AP E2rsor,
whieh ¢gvdlveddibaiiiafieh ©f adhekén@15Pay egarlsturry ovith Astandaddaed culture of
ba%tze'rial-ngeSlsl.JSE rthirrﬁXyer 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 Staphylocbccys 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 into 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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15

t hen di spose of the used nmulti-layer film 10, and
adhere a second nulti-layer film10 to the surface 12
wa o00f7Mrdeber extend the period of protection ageCTEs$2006/047780
pat hogen contami nation. Alternatively, the multi-Iayer
film210 may be one of a plurality of multi-layer filns
10 provided in a stack. The stack can then be adhered
to the surface 12, and the uppernost nulti-layer film
10 in the stack can be peeled fromthe stack to expose
a fresh multi-layer film EXAMPLES The present
dili e NAaNplates W€ invabhted fbeds Jodssic P8H2¢ 1°R. tBecterial colonies from

foll om ng exanpl es that are intended b1l us i.ons .
cacgriton el MR A BHS- YUY PELEF oS Ut b B ecuction of
baliefiD i thorh NBeat&ORErsf UniRafelesmiled Mesnthewmadd.| A mercent reduction

apparent to those skilled in the art. Unl ess otherw se

greattrdban 99.PSYavasseppraskantQiyes, and ratios reported in

the fol | oW NG, EXAMR! BRIt ONed WRE Gtifdp@ed Sby angkephring separate
reagents used 1n the exanples were obtained, or are
solatians abSephitosesaul auetisni ABCCARE) rad Fsulagiqngs peruginosa (ATCC

90?@1::%\%/1 co%ce@ﬁ&%fﬁ%ﬁl‘&&ﬁhgeﬁﬁ 1) EUYER! foﬁfblfglg units (cfu) per milliliter

ques OW ng conposi tional_abbreviations o
in aPlsosphatd Boffefed SalincoPRE) Bxsingplae §:5 "Mgfapimd  Equivalence Turbidity

si]ver-containi ng inQrgani el | = @1 s i
Sl A AoPBants SEpdy O Bipbf RRRTLPIEM, by dipping a seril
coftbh ¥Bplicabdtdniohthe Bolution andrewablaihg yheastaface bf @ tiymtieasetsoy agar (TSA)

pla%tégg g%él:fgge?ntt i’:lﬁggt:iloé%:&Sg#?rgpetdélanﬁ%%g?%ﬁﬁ%gn%f@el’&mrganism. Three

7.SiiliviterZdikleOfbhineoh capipdd evere draneplacedl dnfo dvaishdideeof an inoculated

under the trade designation. "ALP N R C 5000"..fr,
PIAF 101 $35H CHBAFEATS PrUDaP (AT Ar S oy VAP Tyrile {p to ensure
coRlpI4E ot Svitihe gk Ot plageniereahemrictbatetiyat 28°C + 1°C for 24
aval l able from G ltech, Scotl

gnd, UF' ' Coplger 19 ass:i:f bacterial
honrs o e arge agdenand FREPBRTIRE 1A SATPSolR My FRYIneE tor
orGWAH. | PR Sordd Thkiblt RO repeitid| @@NHe didieter 03%he kénevieeluding the 7-mm

nnaannooppaarrttiicclleess"":: A 20% silver
sam@lisk: | dlabled? sprevisies the rmicsehiflopaf otedutismmissylty angl the zone of
._avai ' ' \ Rdkamples A and B.
1%}%?{%{5\?@%?@& fﬁlh% AR AES] -913hi QR mpatdaNe ples A an

rom Advanced 'Nano Parti cl es
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(ANP), Seoul, South Korea. "Silver oxide": Silver

oxide (AgO having a fornmula weight o f 123.9,
weomeres@l |y avail able from Al fa Aesar, Vard PET/US20M%047780

" Ammoni um Car bonat e”: Ammoni um car bonate salt,

commercially available fromAldrich, MIwaukee, W.

"Triclosan": Triclosan antim crobial agent,

commercially available from G ba Specialty Chem cals.,

Tarrytown, NY. "DVAEVA-CO ":

Di et hyl hexadecyl ammoni unet hyl nmet hacr yl at e- CCl

antim crobi al agent, conmmeriGARLER avai |l abl e from G ba

Speci al ty Chemi gat-s—Far+ytow,—NY—Cgsteet+ e
anti mi crobi al agent Miurhirbkesd&eduptiaavai ||abl eg lm,éﬁé aﬁfé,i‘;‘;{;%)

tTade desTgmat i pri,, oral il ealdiomm Avecia, THJ

Growth under

Milplengt on DE. 'VagtQfeld P : psheeruginosa Zone Size
le

pol y(i m noi m dofasrixn rysitive) H qwram bagailynfi nohexangt hyl HEP
EEpRTTT OO [COTREL Tl ATy a0 A0S TTREL TTE ThAN growth
E‘)fa'n E at+of I\I/I*\ I\J.\./I 551“_‘ J|3 UIII I-f\b&bl UI Tl L’]Q‘(I)n%’ ”L’Modera}tegrowth

na\p%k—ef"———he o y—af:ﬁ%séf-\o g loﬁl am i llrﬁ{m(ém T d§e e growth
W‘,J eratty—avaaisg und ﬂi'ﬂ' HeREETEt [ Offoderate growth
Exdples - 2 TV f 791" BAS DO'IHOG) l-’aﬂ ST PRGHEY NIModerate growth
Exdhiple 6 FU”/‘TWTU hexigglgle g UCONgy§F by [WeT Gt | 1| "Wib&hate growth
JRHCT atty—avarapigy f o Xttt U LaboT[@E T T €S, Moderate growth
Exabapte 85'”10‘9U T 36. ) 0 " Moderate growth
SFpunT TomTpou Td—T@gRET CT |t Ty 3vat | Light growth
ELAUE §ESTgrat P BARDACT POSM 757 0 LONZR ofd 0UP LT growih
MahglS1 SW t ZET [ ANt gg.78ar dAC 208k A [AUS GRNAT)Y_ No growth
SR BGRHPRU[Td COgIRET T At Ty —ggal Tan e UBHET [T Neneavy growth

SrififantlBRLERIEB PN~ BgrUAL USM oo OM LONZRore OYP Modbrate growth
val S, SWtTZerland. sM 90b Hardcoat - A

pol ynmeri zabl e precursor commercially avallable under
t he” t r adeThe snigrebial olead IrflwpEn MmEwlsS i aRkes gsthem¢ that the films of

E)Q%;ggé) #9 and 11 exhibited good antimicrobial activity against pathogens in contact
with the films. It is noted that the films of Examples 7-9 exhibited low 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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30

from 3M Corporation, St. Paul, MN. "3M SG
conposition": A polynerizable precursor commercially
w@rarhalse under the trade designation " SCOTCHZARDS2006/047780
UV-curable filmprotector conposition, from 3M
Corporation, St. Paul, M. "UVHC3000": A polynerizable
precursor commercially avail abl e under the trade
desi gnati on "UVHC3000", from GE Silicones, Waterford,
NY. '3M W-Formulation": A polynerizable precursor
contai ning 13.84 parts of an aliphatic urethane
Exdinplerd ate diluted with 12% hexanedi ol diacryl ate

conmer ci
'(' EBECRYL ’gé'h‘}(“‘?‘?‘ m%saﬁg%ﬁ@ §5 ﬂ%ﬁ@;&ﬁg%@g the following
prqeadirs. ofA idispersidry veacpregpated Hyavannlbabh@ 9%5r pantsShyt weight of 3M SG
Co. ,...Exton,.  PA 1 art rofurfuryl acryl ate.
cox(ngxggo%\\}v&hl SdBTIg @g@?ﬁé%sfog %%r%j:g&émbcgtfr?s rl‘yle gard%oe% mixture was
shdl&lﬁzlﬁphﬁm)ﬂﬁ foime e ﬁlﬂﬁdsrﬁrﬁﬂrsga@mhafahdghﬂhegaie&idrﬂ atPBT film using a
al sO . a artoner .), an part .
MABE IPB I B DEIFOAb PORBEG S i FORgeiibg & Fusion Systems UV
PrdRVdr l(@Rb@sstd Qﬁbﬁé}@t <a &Qrﬁeed\lﬁf\MS‘Mg& PR minufdWith two passes, which

"lrgacure 819": h|ne OXIde phenyl bis
prqvided mtotgliradiaton dg%g 0y millifd qﬁn(upﬁqu ThlS resulted in a two-layer

filip OV 'aﬁl AnYmﬁ}fﬂibkaﬁ tﬂa?ddé@fj @efye? ﬁ@mirfa?éaeoﬁi eaSPE"Faédr@ Nayer, where the

"1 RGA E 819", from C ba Specialty Chem cal s,
anﬂm;qrgblgl/\hyen\ppntalpgttafx,/{g{pN ,'mt'y@po}i 1%,11@@@ and a cross-linked matrix of

e e filmw th acrylate-prined |ayer,
3M§bc%m %} y avail able from M tsubi shi, Japan. "BOPP

F| | m': ATimﬁlmldnymwntlédwas: tastaiafarr misreblal load reduction and for
zox% %{P EW ltl.%ﬁg ]%:cilsm a@é/e zlll%qleemf EQ ng rIPor“?txé (}’Pm{ §f ‘Example 12

Cl nonol aur a
exhibited molfrll%tmrqrolmalﬂmﬂmedmtt;onaﬁm lbc&bl& aurehesr (griv pqrsml*@) and Ps.

ae@%zl%o%n tll‘g](r)rgaequf)IL\JrR& " %’é‘%‘ﬂlﬁf’f ;{h? g?ﬁxe. te rArxhl'bz_iltki)(g)r{ %sp rrxé did not show any

gréliaindes thef eansle) NMdiese (dNBSyhow desicitdn perfommanee aifahisycomposition
whae\r/ea!c}leaz?rltlernlfc;o%rlr;lﬁlsfr%ta'lAneedaby the pglymerlzed W%G composition, while also

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

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

agents, was prepared pursuant to the following procedure. A hardcoat mixture was
prepared by combining S 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 discussed above in Examples 1-11. The film of Example 13
exhibited a 100% microbial load reduction for both S. gureus (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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"Salicylic acid": A 2-hydroxybenzoic acid (HOC HsCCaH)
with a fornmula weight of 138.1, commercially avail able
wo cwmoBicgiha- Al drich Chem cal Conpany, Saint LPCI/BES20M047780

Synt hesi s of

Di et hyl hexadecyl ammoni unet hyl net hacryl at e Brom de
Derivatives :

Di net hyl hexadecyl amoni unet hyl net hacryl ate brom de
(DVMAEMAG Br), which is a quaternary

am ne-functionalized ethyl enically unsaturated

pefTBRRAE: a t%o 1tZ'&d badtesajawhilé ahd MAMAENBOWCnEr is chemically
m |

rocedur e. | d bottom f | ask, wa
bogﬁg} QE@OWH?WZ&EO'Z t‘b élpq 1\%556 EP coat to prowée good per%ormance against

E%E&t@x‘?@?cl% PRldbacENb 6r Akt , . 154.7 parts of
gr%g%(%ﬁ% partxs of % br onbhexadecane, and 0. 34
parts of BHT antioxidant. The m xture was stirred for

Ex]a?nr)rfe(:)sl'llrétS 18hnd égmq)g ﬁa | [Elkre]lglg\h&v@ dnd ® cool to room

“Yenperature. ine e30|dc§)e0|p|tate was
| soI at ed Iefplti-ldyer a'nimmfﬁmsm 14-16 apd (CprapasglivecExapples C and D

w%rgl ?ad:impsrgagrg erur\éaC :@ ﬂL ?)r m? ljgk/géhﬂ'@al WS inardRbat RSixture was

UCtute to be pure
E}B&&M%)C cmeuhagl DMAEMA@I&DW Irgaduse 8% and JM yPee Hardcoat in

SRS A SR AL SBAL P08 5. o

haPdQGE Bk iare Waeslakah ito diseblvSithessrlidSand eniScthatoughlySi Tabde 3 provides

oxi de sol utions for nd..28
th\?\éPé’PBP%‘Ba“PQSGWHE’BW? E“‘Tﬁ garéxﬁgp’?gé‘érﬁﬁg% s f(.1:1ar40 O hayamples 14-16
ardiatdmphrhiivBxAaples Owaldap., and mi xing until the salt

was di ssolved. To this sol uté‘gﬂ part silver oxide

was added. The m xture was P d at 600C for one

t-

hpur—untit—the sil vgem % d#a?c% b %gh%ghe%,yegtby Weight
La)éerms For the follo é ket | VEFIrgacure 819
B A FeHresTve tNney oo

op i‘fi“p'ﬁ st-des—ef 'ﬁc co;;eo Hayer or—gpy, of thE TT1 g,
TheXd u“!q]é‘# Ag—t-ests—thSt] .Jz}bcu betow TS5 ed- 100
axﬁrm@_g?;;; getr-ty—agighabrasfonTggiFtance; botl g

of .?%?;:;Vy]j?aﬁ’e Sy Vi e the[amnt iigh g obi ar 100
haCoRRsvs PEPS 1+ et reved—that—tHe use of

adhesi ve | ayers nade of conventional adhesives woul d
not af f ectAppheximatelyrone nb]lmlteraxfttha/harsicqm mifsuae WoR applied by pipette

oS e B S L A SR byl (ot AR08 o
B'Y'K‘—Géﬁﬁlewwbs astieni speeddagherselwtionl ej/ept}odimm tlsd tnngghr of the PET film.
S o ST b P AL g R s,
then adREE ushga GuBion 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
J/em?), UV-B (0.815 Wicm?, 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 belt 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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wer e each prepared pursuant to the foll ow ng

procedure. A hardcoat m xture was initially prepared
whgoocondssmi ng 100 parts of 3M 906 Hardcoat w tPCI/BS2006/047780

parts toluene and 12 parts nethyl ethyl ketone. The

hardcoat m xture was shaken gently until well bl ended.

An antim crobi al agent was then added to the hardcoat

m xture, and the entire m xture was shaken by hand.

Table 1 lists the type and concentration of

antim crobial agent used in the hardcoat m xture for

of D431¥Pk 8%aslprépared drdm rﬁlﬂaf\ai'ﬂught exanmpl(es0® Acaimiy B)ﬂm& Bnits/milliliter
Each hardcoat m xture %et then coated onto

(RGP Ry SN BT BRe s s b GHTREGS PP VB RLATHPT Hifolm sample

suHQc@{rf ti Mnﬁ‘ﬂe& tAWPET-20 depléte). After Moubsting af io@wetémperature'
by oven dryi n%d 700C for 5 mnute to rem;)
t

f°8 govminusgs, the tiim grmplegwas aeth AFRRRGS: MR 20U Hfiseee B evtratizing
e : 445 aNGted, dnéSthen pRitsd BITES ticase S
fer: g%rg%creﬁ v pgeo?gtltls?fygg&ra%ﬁ%ut T e, e PR e ot AlNTrypticase Soy
Agamfmrenualleta}loa\ﬂ&lswa/b‘}’legﬂ)ﬁ@iﬁﬁ@us| on W Systens,
Gai t her sb aﬂg‘@ SuRRr 8 eQuBMEB Nhe bacteri
H type bu?ég ‘%elgtnl ¥ &ggdagﬁsh)ee@cglg%gd I m \/sasng ¢ dacteria
ret@eredfromntha udse fiham dlogm chw) Sriom theramarmg of bwptp@h recovered from the

B2 i) b, CUPRIE ASBEE0 P oo, b, e volumes

plhteldwha 20 ngu an lahldgm' Omm:kohﬁhglyah@maﬂog wfloctionsnéaresspend to higher

aq%%}g Eal #ﬁpewérd igblgnmﬁé\gp%sg aarﬁtin%c rb%ll é’ilﬁcggf EL%P Usults for the

il QST ENampiad 4786 amcefnpai\dtﬁ»e@mpahsdahnd Dhe f| | ms of

Exanples 1-1 1 and Conparat,tégLExlgnpl es A and B were
each tested for m crobi al uction and for zones

of T NN DI T1 0N, [NRreetbé MR £ [l oad re |on" S, ...
tEé%‘Plé%I pur suant t OMSH 131-80 oyHmigEg @ﬁ PRy gl vaigimicrobial Effect
gx' A fFromof ol oY) TaUglhs L Bhdc¥iod M Potal microbial kill

ongepdized—euliture—gfs bacterial owl fducnph L[ TakidVifirobial kil
Feamplc 14 Toctat go—agar st urty (06 95 ] [k dibd ©T]) W8 microbial kil
e ot Brme 1t O LS goeSt TTHUE hilog AHREGLATE | UM ERcRBial kill

ch(})lu 'r%ft}ye'l'iﬁ"nﬁ;'leilf" : oauw(ﬁb VWET l@gé ggreggkng,upl I COUEmicrobial kill
tSt ug Staptyi-ococcus aur eus (ATCC 6538) and

Pseudononas aerugi nosa (ATCC 9027). After 24 hours,
sur vi vi ng Thi: cesutts gafiabls4 whow qopcenteation effestsepf DMyREMA-Ci6Br on
ar. sl.urry imno Honal to th
arﬁ)‘/“@"f\‘g’uqlr ‘ftfviﬁyhg Igr %??lel% dﬁj Q%’}rtglgltc Ié lyﬁégﬁl%g% ﬁjélr)lﬁg and 0 e
cotReiieationgof WAEMAdCh dBrI iortbe B3Af 806 handavatieThamgupsalso show that a

re made of.. d|| o
DRk RERE L5 P RuiFE SEPM B f s 8 TherPielhE Tl hdicing pathogenic
ccfrﬁ&l’ﬁ]rﬁ&ﬁﬁl, ghid atconcersativa ofwrleadt mbout 6Unpedidesda total microbial kill
recor l.cul ati.on of percent reduction of bacteria
(bF}e‘Berllerlé‘B’ctQ dEAEPUQM: unt reat ed sanpl es was then made. A
percent reduction greater than 99.95% was reported as

100% The "zgne of inhipitiagn" Jest was perforned by
E 1 Qaratwe xamples E-

>‘°co‘°-
QD P

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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sol uti ons of Staphyl ococcus aureus (ATCC 6538) and

Pseudononas aerugi nosa (ATCC 9027) at a concentration
w@booappeexi mately 1 x 108 col ony form ng unit SPEDU83006/047780

per mlliliter in Phosphate Buffered Saline (PBS)

using a 0.5 MFarl and Equi val ence Turbidity Standard.

These suspensions were used to prepare bacterial |awns

by di pping a sterile cotton applicator into the

sol uti on and swabbi ng the surface of a trypticase soy

agar (TSA) plate in three different directions.
ﬁhﬁepﬁrl‘a}teenmbaﬂés\%/mdeCpnwpde Bxompdes B andg@injashardouat epixture was

pre@ﬁfe(é l?)hcéorgﬁlrn n&%byggm Efgglu?t?@-'%ltl Wfd’b%lt%@ﬁ‘t ﬁ{g@&ﬁg 819, and 3M
906 Hyat¢ i xd propassle dl el hanﬂgoaagﬂxmmt wiah eheﬂ@artowhisnlve the solids and

sterile forgceps tqQ ensure conpl et ontact wt
i ghoroughle” Pt g ik B PG R el A o ogttrq s by weight of
5% PMAEMASaR! BS [Hidefe ﬁ@daﬁdlwl%ml%g Hahaccmnpl es was

t hen exami ned for bacteri al rowt h, The _ zope of

i nhi bi ti dferitee f’éﬁ‘o‘?ft%‘éfnaéra?ﬁ% E&?‘é‘ﬁ\‘ﬁ By adrarqqeat miffure was prepared
by é&hyﬁlﬂi% it @ur@ m Sﬁm}@V}mmO T@%&hﬁ @ﬂ@’l”l@@@net herhe resulting

m cr obi reduction results and e zone of
hamhatbmm@mrfes Gomeparasive rample Ji hedl relagivg Icencepirptiony, iy weight of

"/Og%%[&t RY® Jr5269.e8vIEdthoB. FoBlike ?ﬁlmeof"E%&Blé' 20 and 21, and

reduction results in Table 2 show that th
Contipafativep Feempl® arahd1], exhiidceatdmjsoee awas mqnatﬂﬁ é’b’ comblnmg a

RNt SRR RRLIARERE PRl S DVERRAD! By i

~ ketome ﬁwuwdamasmgarmwas shradem m@gsssmve tlpraididg@né mixithoroughly. The:

resghtmgﬂl%rlds?%)% a{pn&gbrg% E%c? r?/\é’lhvehgoa{lrc %%Wq 'e%%{ oy 8% DMAEMA -salt,

enera
%amgamrersob; @lds04eg aArviHC300&am negatgl ve pat hogens Not e
t hat 8 and 9
agont _but TEHS i PRRER (e SHEBRETE ATRE® of 1ES BRGERY Pigures for the

filiYREMAa fpldsviat 2 V end Qo atatiat BxamblesB-10% t o 30%
resulted in inproved kill %gi@éﬁﬁt gram positive
bacteria. Wth respect to t I’m of Conparative
Exanpl e [B, The DVAEMA- CC| ant1 m crobr al agg%e;‘éblgot

reactive Ex@de t herefore |ginn9,tcrop;gb¥ggi_z_e Wedusot he BM
906 Har ¢ FC‘&% aranWb?an{p%%Jﬂ ca’n PEUHE | 9@5 hrddblr
llack of b LIE Tk BRIniie FACT | vbMAE,qjg%Sgron, JHE G T PN
resul ts [id] TA0LE Edampibdy” | HENPL LA T3W?dr6[1%'r2c e

growt h gL f g7 rtms of TR@ AEMALCIBr 113 5060 iPdchd
the ant MR I AD[AT agents WepgaAeriAL B0 PY3M B Hardcoat
cr oss- | i[TEKER S 906 Har d00abmAZRAh BEBE 103 S Hakdboar
sol ubi | Mz RparVEERIMNE  {1eY dibsBOT 01 1T USA/HEEBooOT
the ant i Torh AR ERHICOA CAIRMARHENET AUV HEBRNE DI
i nhi bi t ii@dmpdrRtive EkampttaST TaDDRAEMA O] 1 €T Mvucso00
anti m criegRialle ACTUT VITY. AddpidagRed-tyrr t he uviHmBodr
Exanpl eq gkiingle i1 _exhi bi T €d goa@ventisl CI obisluagedo Vify
agai nst pathogens in direct contact wth the

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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films, thereby reducing pathogen contam nation at
| ocati ons under the given filns. Exanple 12 A
woredoriozdesyer fil m of Exanple 12 was prepared pRCBUS2U6/047780
to the followi ng procedure. A dispersion was prepared
by conbi ning 95 parts by weight of 3M SG conposition
wth 5 parts AgION to provide a hardcoat m xture. The
hardcoat m xture was shaken by hand to forma uniform
di spersion, and then coated on a PET filmusing a
Meyer rod #6. The hardcoat m xture was then cured
using a Rusite Hist efEidniteod@sSoand diaupaside: Hxevwles E-G, the

roien B bR e i B By TALE Wpdeh Y HRBREv-A oo
Whnl?, 25308l ﬂsméﬁWVnBt(erSZW Witmr @382 ﬂénh%)nwm@ouwéwcm 0.105
A9 TR S o B e SRS AR #'and 21, and

Coipr i ReExARpRY | 1Y, @lﬁg P%déﬁsbbllﬂblua&ﬁ‘@t Datislb ausing the following four

| k d tr SG t fil
ty s T BRI 65000 Wi nf 2pBaTear GHas (LS L Wis SR 37 emd),
2 ta)
U\fg(& ﬁpf’ﬁ‘ﬁﬁv{% '616‘9431/&:1@{1 an@@\ﬁilﬁ%p@mewl i) ﬁé}gx\ﬁ?%?‘{ué%m ) |
100% ni cr'Bi filmg efidxaneplet i 7-8h apg Copenamateye Bxanapiss Egl were tested in
duﬁ daét%:' (ﬁ% aﬂsPrLd nb atl\%efz&gfd? O tﬁigfraéﬂtﬁﬁﬁ%liléﬂekffect on Staphylococcus

e zone |nh|b|t|ontest|21%ﬂ
epideomidinya Qacmtlhnwm;temonbefmmre humiga s¥kin.e J{firtepch rfdw, a one inch

S def ; ﬁ?%‘l?%bl g g?gc? %‘a&g El'léesqgmg F( th‘PHlSﬂ’n@[ ?usggﬁsmn of bacteria

yneri zed

wisoppsed Form ambiéreight soltweds O of il 009 Aad FopYigtoliters was of the

sopine A5 iR 1905 A G PApile' Pl i Bl et gonerally 15-20

drofpleth Afek itdﬁﬂaﬂim@atambmnempekatade fag 46 nsiputeasthefdpasastple was then
oS Aot U BB BEE (RSl for 2 it
diBk&E SandLiheRaplhed DMAENA- ClryBricasanSoy8 Agay tfsr shluBtion of surviving
rdcoat The hardcoat m xture was then coated on a
baperiaf j | m and cur ed pursuant to the procedure di scussed
above f or TEXaifn@grobial éfﬁcme vds! aalefilafodamyl eubkthciig the bacteria
al so tested for mcrobial |oad reduction %d fqQr zones

regqverehirpmt the fiest Mmailoel s&i) K9wv thejameapi pf pagiena fecpvered from the
co-g gurl.\tfga%fd) AP e LidmAXdY &Et&&ﬂ)naofiﬁﬁg/qmtﬁdi@ bheatd lopaghe volumes

tron for both S. aureus (gram p05|t|ve? and Ps.
plafedugram 388ty gr drd IegatAeydinglynbigher lagrasiuctions ¢esespay! to higher

arﬁllilrﬂ@ﬁ)@xdq %fﬁEaQ: hTH@lgeé p%\ﬁd&afﬂél SnthichobPal SMHCREAS test results for the

derate h w . aer% nosa, and no inhibition
ﬁlmmfs‘smm ¢sd1e7—2hen@é1¢mr@ranvg amplesddr esul t s
denonstrate the synergistic performnce of the
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conmbi ned system where the silver has sonme nobility out

of the filmw th excell entperformnce agai nst gram
WEo®TNT0680 bacteria, while the DMAEMA-C Br is cPeniUsmibé/§47780

bonded by pol ynerization to the 3M 906 Hardcoat to

provi de good performance agai nst gram positive

bacteria for extended periods of tinme. Exanples 14-16

and Conparative Exanples C and D Multi-layer films of

Exanpl es 14-16 and Conparative Exanples C and D were

each prepared pursuant to the follow ng procedure. A

hardcoat m xture was prepafré*tﬁlb@‘sconbi ni ng DMAEMA- Ci

Br—trgacure 819, alfmiesidbadP0 |Har dcoat | L 1 SOpr
tB¥aP8f m a har dcdat magkstr e ( 4098 BGT R iﬁft%lP

fﬁﬁph:%@w@%ﬁ@h) - Thendwer dcogt  ghXLbd eduéfiéh SNakRB middobial kill
B omp@ratfve Exhtple P! T M AAMATG B ([N0098 06 ¥ducthdP! € SNo microbial kill
%Ma'ax‘aﬁv% L ¥apIC TP PREAEMAIBE N T glob 0bSredlctidnN€ | NANG Gikddbial kill
TEEMBE§P 1 O TNg PMABMALL ,BXANDL8S Ldghedlti@Nd| Low microbial kill
T Ve EXanDipREMARHBD. | TABY EogdreRiddnOX | MabLAI Microbial kill
Nample b TTTTEr af pMreEMwcdepal TR LEE @ddsien appluo@dnibigbial kil
e fafiveExbpleR (ACT YI1éne- Pr1 NEed ok lod deliddtionA M I' Ro Yidddtehl kill
T AR Bah Qg 1| (MEAEMRELBRS |F T 0N Byfsedstiéhnel ) Wasicrobial kil
IS hatafiveiRbRgé) TNONOEMAIRE: EVEDNY LeOMHuctifie | engb hidébial kill

BXample2of 11 M THephalEigoal, M XT Use Lv@@ddchan @l PaiiR chidrébial kill
ympl¥ 2€vapor at 1jopvafeM Bl enpeérai by @ducsid | haBtaCicRBial kill
using a Fusiton Systens UV Processoerl scussed above).
The- Processor incl uded a D-bul b using the fol |l ow ng
four typeEhefresylts| ingrablep. ghew how %?ecri’f lymergghain” length of the

MA@T@)\ cfc’Mvgtn(e%C ﬁgt‘éctw ﬁ{éﬂ,a?%n%oirébtll CAWRivi nt%UV-A?s( 4l DMAEMA
deumn@)s ofﬁﬂMAEMﬁ Br gad swepllen a6 ddh Wﬁ@ewae%s@rtheawb/meﬂzable

h
preQ: d5[0r§ %ﬁt%?%%ﬁ% %Q%{%S&i nBeintﬂ%l@ b?alv‘%cftnx 4r§gc§xﬁ§a§@sthe DMAEMA-

C éBmﬁurmln pelyE)campblesor@tmms lswvbpre)w@sit thd highegtisveLaf antimicrobial
acté\%?yén%hlc% %[%g%%} €SO rtl?é p el g&gm%pt% frlgﬁ%tﬁ]l for DMAEMA

ococCus eprderm
derdoarivesl \AdcordinglgnDMWENIA kierivatives hewing pfoﬂj'rmr chairn engths similar to

ONBEACEREE 451 Bl 2 LRSI, AR, SR e crostince
mddiepaidedte bisoshain enveghniogh évam:l phaseasepardite frofrﬂﬂmy cross—lmked matrix.
formng its/mlliliter 50 mcro
was of 1 hEn BB SRR Brpbhi itk a8 Sk alpr el for abrasion
re%ﬁﬂi’&tileepﬁ?ﬁeﬁﬁct@ ASTN/II F%Sd%@m&tﬁ sh@eRefikh |vyaslyﬂat2@f ina iG-ounce jar
ropl ets ter i ng roomte ure )
angficRyered Wifth 0 er gﬁ#ﬁﬁ@ e a?@pgp\?ﬁﬁaﬁflambc&) The jar was
thdf plaédd ﬁaedrso@itam;akéradeu{n WDPBIHOE froOF W Béiistol, CT), which was set
for m nut es, dlluted and then plated in

vi gor ously
at %@&nemrfybpn% agtér SHRe DegsendtEnswTiAR o the femplesyips egryred before
anf3%leLdsfing 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.

.?t%?]rlobial Effect

31



10

15

20

25

The antim crobial efficacy was cal cul ated by

subtracting the bacteria recovered fromthe test filns
W@ bmg/o1@secf us) fromthe anount of bacteria recPUBUSM06/047780

fromthe control (untreated) filnms. The limt of

detection of this nmethod, based on the vol unes plated,

was 20 cfu or 1.3 logs. Accordingly, higher |og

reducti ons correspond to higher antimcrobia

efficacy. Table 4 provides the antimcrobial efficacy

test results for the filns _of Exanples 14-16 and

Conparati ve Exanples C and TABHARLE 4 The results in

Tabl e 4 show conCeNt TGOl TGCTS ARINEV- Q) BT @Hnge
TEBARE T O0Talr " aCTlT ¥t ¥ rrahdhniGiol § Niebze | ritinsiSSidn | 5420 P rAhsmission
S T LI ralr— Ly IGTTTU Ul

£ A0 N Ak R AT PR 7 AL A X T R

g r—that—a 'Lff%ﬁ\g%r C'f"’er“.t%ags‘ A ej{.?\av,‘ 0.0

52T DM 02 NI ORI N 7 R i i X1 -0.3

i ST OMRNNMAI A LB SONC 0  El PL ZA  ECEN

5% provides a total mcrobial kill (belowthe |imt of

getaef\:/b : Omhlae EmnplllasHmF 2 E;aad ﬂfﬁmlil;é gtiéluﬁgEX@HTBV£$he DMAEMA
- t1-layer fi 0 an
detiypiyes b pet B%arfrtﬂaegs Y impacidhe aamgionfedisianesof sy As a result

thd SnitrARrdifhl RMHEht PAREELHEHR . miTBL1ay&efifrhd BF fe present invention protect
Conpar ati ve Exanpl e E, a hardcgat_ m xture was prepared

ungerldngBfree frany abysieal demagmwhirpbiogedusipg Bathogenic contamination,
I sopropanol . The resulting hardcoat m xtures for

Conparative Exanple E had rel ative concentrations by
Mg&lﬁof 1% | rgacure 819 and 99% 3M 906 Hardcoat. For

each of t % %ﬁ@g ﬁﬁﬁ@mxﬁ yzz'tgvagr}qeggg@gpar h Je‘g the following

Exanpl es rdcoat “m xture ‘was pr
Prmdmem r%ghardmamctd@r wasipraparegnby reoorhdbing| 5.8 grams of DMAEMA-
r 3 0
C O3B TR 0P Sobn 008k kBRSO ligs Wdporopanc,
where 1¥haf thagslmlhyls whlsdrgaesgl 81|90,ga1’rda4ﬂ¢ @amsnofﬁmpe@ahau The hardcoat

B ERE T e e R RE At b
miffurésomolea &95\t€tl(E?&ﬁDM£EMA-€I§BH td SO 090G Herde cat.Wa s
d
bt ot T Rt o Roint WS e SoRtr i AT I nagh width) with
a xﬁ@t&re@@ B&ﬂ:ﬁs@bm vR foatifplroddsh dadiibad i \dey eiclannt baki mitBometers. A

g 4 B e B i i

1015 k- éentanaafsﬂﬁmte NTh daBed\@liEn Wal BadnSshsad estiphn ﬁ’@)-zonc oven
a DMAEMA- based anti m crobi al agent, |rgacure 819,

and
andprietomeed ©F et 5t ParRIpMIG cEethezonsref 1ha QYED Avaspsipliined at 120°C
anéll\_ﬁv%s ShARDs 1P 1B OTHE cbdied ARldeEst ANRGurd Wad theh QUEHA Ysing a Fusion

Systerens UV Processor (discussed above). The Processor included an H-bulb using the
following four types of UV light: UV-A (1.696 W/em?, 1.049 J/em?), UV-B (1.561
W/em?, 0.994 J/cm?), UV-C (0.206 W/em?, 0.137 J/em?), and UV-D (0.965 W/cm?, 0.606
J/em?),

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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resulting hardcoat m xtures had relative

concentrations by weight of 5% DMAEMA-salt, 1%
WO e@aousso 819, and 94% UVHC3000. Tabl e 5 provi PEBEUS1966/047780

conmponent listings of the hardcoat m xtures for the

films of Exanples 17-21 and Conparative Exanples E-J.

TABLE 5 Approxi mately one milliliter of the hardcoat

m xture was applied by pipette onto a PET film A

wi re-wound rod applicator (nodel AR4108 from

BYK- Gardner) was used to spread the solution evenly
CTowhidthwas setgatOSf rpmh doPerre hpwnmn Tiih bazsannit dransmissionraf the sample

was_ 1t hen i B-4725).

wefS saraed et pianieiyTHER TERL AR Pl @IR- Gurang, HB-4723)

Tableog pssides(tile slatbéléy tastingejesullh@.ef,ilare wad tx;aasmesdlon) for the film of
thr? 251 the Processor at a belt speed of 30 feet per
‘Wi th one pass, under nitrogen. For the filns of

Exanpl es 17-19 and Conpar atfABLEganpl es E-G the

Processor i ncludeda-D-bulbusingthe—foH-onngFtour

types of I\ L] thef?W/Tﬁt(j hnn W ??ﬁ?"es‘bh_ 32Lﬁ}lf€n Hhange
\ERmple 577 W) ﬁm Tranpmissiay | réaﬁ Tigosmissign 2 Hazg) | Transmission
O BOmpBRlea?) . | and |UV- P22, 3 8394 ¢ 92.6130 | J2&HD Eqf.!

t hexafriple?8B of FR&#1| es 920 ang 23! and @nparalitie 0.3
ExBrmpipeg2¢t J t 61 Broc®36or ilnéReided £2@ bullb2@8i ng t hd2

followi ng four types of WV light: UV-A (5.000 Wcer

i TR R

CiBo8d nb‘tsrgﬁ)ﬁcanﬂh émpadtritbe dbraﬁ;oamﬂm@c@bfzne fhus. As discussed above

o SR AL DGR By R S0 e i

ofehd peberRinBhaph ptaeaasidsrigipderiatadifoom phpsicaletamage.
comonly found on human skin. For each film a one
i nch sanple was die cut and placed on gl ass slides

Ega@gﬁzﬁg.petri di sh. A suspensi on of bacteria was
prepared from an over

ht ~1 08 |
cfu/milli Mu[lté-llz)yer é‘Hams C]glp,? #ée?si( wete g3ch, prgpared pursuant to the

fofl BWRETLOOWE SFH Rh iR, W@ﬁﬁn&f&wﬁlak%ﬁﬁm&led% 530650 blend of
intiny droplets (generally 15-20 dro plets). Afte

tojugne/mstihy geﬂ@xl ketons s Mpndy atd sanirged 4 omt&nmaegm My dispersion.  3M
906 RAUAGRI 8 tl’(@tsmfﬁﬁrln%lﬁpﬁﬁ%léﬂ&ﬁo@% f9rid 4 hbﬂd@éﬁ Rixture. Table 12

Neutralizing Buffer, vortexed vigorously fo
pravides the cominonentdistingelof therhagicep@ixtares &x tb?#%‘ﬁ o€ Examples 23-25.
Soy Agar) for enuneration gfamutybving bacteria. The

antimcrobial efficacy was calculated by subt rarLu ng

the bactdria recovered fﬂefiﬁﬁtf’hg’etg?s PeF‘ief“rPé"X% dercen{b);/\:dziht

crgranle f r qn‘?ﬁ‘ﬂ@r%ﬂ%ﬁﬁ‘i’“ qf © ‘f“é“F‘? & recofet cpat §3e‘;‘t‘men d

%%%W (3 s — F=r=t—ot ,ylcg eCH oo 236

tﬁiﬁlgp E%:i Ho Ya ) he vol-Ores .

Example24 | ' AglON | 3.8 72.3 24.0
DMAEMA-C sBr /

Example 25 AZION o 3.0/1.8 71.4 23.8

For each film of Examples 23-25, the hardcoat mixture was cogted 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 5 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 milliJ. oules/centimeter’.
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plated, was 20 cfu or 1.3 logs. Accordingly, higher

| og reductions correspond to higher antimcrobia
webdorozesye Table 6 provides the antim crobial BPET/USH0§047780

test results for the filns of Exanples 17-21 and

Conparative Exanples E-J. TABLE 6 The results in Table

6 show how the polyner chain |l ength of the DVAEMA

derivatives affects the antimcrobial activity. As

shown, DMAEMA derivatives of DMAEMA-C Br and smal |l er

at 5% concentrations in the meri zabl e precursors
ef f ect i veMipltplayer d‘)émmf wm%ﬁéﬁilawe@c@qc i Rrpparpgh pursuant to the
fan [ : . :
fol%w ﬁiréer:escfwigé eg%ﬁsrg%é\% ting ?f?ﬁﬁgg@l %{gg{t v?ﬁkﬁl?eotly mixed with the
3Mrﬂ(]6nﬂarch:baalarmlcthevrwyltmmm@ﬁurgewgs alileds mﬂqslspp@panol to form a
t i mal,
88" ‘a‘i"htgfey %%roa/éégsqg% P:\(/)e goH%ﬁr%?AEQ ﬁg :j(rﬁéeraflérﬁggat mixtures for
théﬂﬁ&bﬁEﬁdrﬁplbﬁQG-BQ DVAEVA-C Br are | ong enough to be
sufficiently nobile withinttP3 ss-linked matrix
and are al so short enough (%) ;lftcs nt phase separating
frpmthe crjoss-Tinked nmatrix. The fi [[mPerednt bxxdnpl es
17} 18, 20, and 2 1 wer ¢ Rerosu by dtight] f(We'ﬁlefaql orPercent by

repi stance puMUa'ﬁ‘tOb‘?‘o \SPRARTEGeEY | Eqe I eI;F'FiB‘?h"gl
V\B_‘\ _....._._.:=__.2___:_____..-_____.__..__...____.:__'_ ........

of | Bxpnly 265sh CommasihgQsand (\MAR-Bristql, 5#@ The | 240
wagExdmte 27| [acedadteril®n og bi tallshaker (\/\/\ﬁzﬂﬁﬁ- QQE_31.0

f r pExannR 28| dyagide ASTHlus which_3#d8s. sgt__af 289 rdm fofA3.0

ongExampte 29T he haGH6 and fransnB®sion df_t 38 ca,npl_e_\&éﬁg___
nme hExampie 39af oBardag i@ t er fQQPiGﬁ{‘I usi ngél_&la,;ﬁ:@&a_ﬁa_o___
Pl @xagrm‘lmé.ldhr @ﬁ@iﬁzomir)ﬁl $§h|&7 pr 9‘?".'%!%8 t he. 434

durability testing results (i.e., haze and
transm ssgQndshofiing e Ef)daHersoﬁG BxafRl Rtdddat xﬁi‘?ttur@Qvas coated on a
and 21. TABLE 7/ The results in Table 7 show that th e
PEThdilus insing od qurh@dd%ﬂ\a\mh@@pmét ﬁ%sw%ﬁ dlloiyed to air dry at room
Lanifi Y2 r [
tex?ilp?rq{ljré f@ng n¥m'u il]ugﬁ av%% (?\n%g?dgbelrd:act @a?}g‘%g asglﬁlllﬁalgisr SThe coating
wagf curérb usimf tai FﬁmSyﬂcmw\éﬂ’rWresqgr(és%msed nb@rﬂ)wuﬁw an H-bulb (1.98
t ge while
o FRLARAPEn( 58 el LRV aLSal damoe v,
mul ti-| ay@he fr'eshmimg niviaApyee Blnsvat Baopde €3- %wamnarthen tested for

fo.t n i r )
i UG, A AT LB BRIV Prh yo provides
mitEbbidl lgadﬂsdltdtloa rBMl@OﬁdHasubd appeaahast teswlty T .th&dilms of Examples
23 ﬁgl ds in isopropanol, where 1% of the solids was

r

acure 819), and 47.1 grans of isopropanol. The

hardcoat m xture was shakeTARLEli14sol ve the solids and
m fhnr r'\LLﬂh_LA _ Tha rac-nl t | no hardeaat

%Reduction "%Reduction

Example S. aureus Ps. aeruginosa Film Appearance

(Gram Positive) | (Gram Negative)
Example 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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m xtures had a 5:95 ratio ODVAEMA-C Br to 3M 906

Har dcoat. The hardcoat m xture was then coated onto a
wW@EM7H07d6s0 (4-i nch width) with a netered, preci BCDOSH0E047780

coating process to achieve a dry thickness of 4

m croneters. A syringe punp was used to set the flow

rate of the hardcoat m xture into the coating die at

10.5 cubic-centineters/ mnute. The coated fil mwas

t hen passed through a two-zone oven and a belt speed

of 15 feet per mnute. Each zone of the oven was .
mai nt ai netheatesebpircTahle Idhshow thatdhe films) ofigrampley, @3-31 exhibited

A rfethi BRI OB VILX LESIRSVBRLASR GHIcBHaEE IvAigh GhEUSILRAN  The fil
£0 gst e%lzsl ﬂuw’rgéless%rgildlst\g@ussed abq\?e) N Tﬁg Processor ¢ _lm
contaiingl ddyastdeHAR) Phus §Exappln 28) shihiledgng eatimigrpbial @ftivity against

el R L0 UGS RSl O e o

gramn tegAlivd athd@6bs W thefestdl @d6eniratioR) . The fil m of

Exanpl e tes fo lon _resistanc ur suant.
Co- ASTI AT 3 BamBleint 6T oFisndiey A NCPRF agfiform, and
trah§padént A, TiBs shows @atwhe antdidioliblaggaits wefe démpatitde widy the 3M 906

and covered. w th. 50 grang of 20-30 nesh Otawa sand
Ha(f\iﬁﬂﬁt’&“ﬁﬂg#’,‘te%%“?e ?%%0}’ SRR pl aced in an

orbital shaker (VWWR, DS-500E, from VWR Bristol, CT),

whi ch was_ set at 400 rpm for one hour. The haze and
E on of the sanple were neasured before and

af ter tesymngidiet fimd dfazemaned3 pl3gsweRYsackaphepatd pursuant to the

HB- 4725) . Tabldg%S provides the durability ??;t?ﬁé p
follewingtrsoqeduee.  Forpagh film. te aptimiarebishpemy antsrbéerﬁieg it the SMUV-

2 u [ e ; .

o R P o (I ATy Rk pE oREPHRA' ), Il tmfoRR dispersion
Tablegh$ frrevides yhe ppmpenantdistibgnof dhe blended seawositionhter the films of

' .2~A8< di scussed above for the filnms of Exanples
Exffl}{pg%,nﬁsé anti m crobi al hardcoat |ayers of the

mul ti-layer filns of the pré®ddi 13 nvention protect
ungertynrg—str-fHaces—romphystcat—tangg Exatptes
23-31 Multi-layler filnms of Exanplds 2 + ker e| ealdreent by
prldFaPRE pur sudnt tASUPREPRLAEBW nd paseEtdsiE. F E%é’éeﬁw
fillm the antinicrobial agent was laddedsto_a 53% ormufation
bl jlemdmpt 32 ol uene/ nebalEvet-0ydBr ket gne soksent, And 95.2
sgrExampless t o ot ain a wgidror m di spgersi ono 3M 9D6  97.1
hareleapt 34vas t Hen nbxagmMMmcwsih t He di spersion]to feopm
a |edaeas m xtiuDMAENKCE6Hr2 ApIodvi|des 1.hel.&onppnent90.9
listings of the hardcoat m xtures for the filns of

Exanpl es Igo?i'_e%gh ﬁTr'ei,B%h% gigpersion 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
milliJoules/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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For each film of Exanples 23-25, the hardcoat m xture

was coated on a PET filmusing a Meyer rod #8. The
weoaremeso | m was allowed to air dry at room t ePQEDS1006/@17780
for 5 mnutes, and then was oven dried at 700C for 5
m nutes. The coating was cured using a Fusion Systens
WV Processor (discussed above) with an H bulb. The
coated fil mwas passed through the UV processor tw ce
with a belt speed of 50 feet per m nute, which
provided a total radiation dose of 240
mlliJoul es/centimeter 2 MEABLY h@/er films of Exanples
26-31were- °°"!f‘ "%‘"i’c uu@ﬁémtﬁohu the—fottowmg
dlgocedure For Pgrf‘r“igg?n SS ANkA cr obi al Fgg,gﬁ(ypea\pﬁge

BR¥I 'y mi xed iR &I\gvgm kfgopt, and th

Pt e e ot ed T SO %isw,%fm,arﬁfgmssy
?E@iﬁlp 31 e o 8300 ~ 12, Hboldu ucb Ul IR Sith slight haze
cExappledd S o7 | AT ATUR920 | forrt "Clédr, diffort, and glossy
Erble 35 e pror hoonttl0 oo QoD T O ol SIS St slight haze
= Ae—Aat T A-Xtdre—was bUdl C Ol a JP | | |_| 144]

-~ :P\
(¢p]
i
q

using a Meyer rod #9. The coated filmwas allowed to
air dry arhé aemiliserhewat ir eTdbde B rillnsitats , thande¢chdor a minimum
was oven dried at 800C

oSSR, SO0 2 L BB o o

re@RQN8) NokdbvaR dtditipdridoh. SIBEEIE) 33'fmd(331atoeﬁxﬁmbm 3@show that a
passed thr ough the WV proces The, resul.ti.n

sy heABEHe affie 40 PrngbTIeA A oI et % (gl By SPELIHRY o differen
ty éyofrgn@l;,gglog alh@@fis reduction, as discussed above in
anples 1-1 1. Table 14 provides the microbial |oad
reducti on results and vi sual appearance results for

EE@‘E'?’%”B of Exanpl es 23-31. TABLE 14The results in
4 show that the filns of Exanples 23-3

exhi bi t engmdeIant iofi Cr@mqhylb@ga,dgq:xlymg@gpﬁg@thylacrylate bromide

BT DAL A RO e o
baatvin rreantmbl fhskaoas Viitgd sgH nsmeghaaxmab@slmer,v@mperature probe, and a

c énat ho? 63% 5Th|1§glt agl§ %ts%ﬁ g&&‘mM’ %?ﬁgﬁ'ts%?f & ﬂéﬁ#lémﬁﬂ)le%ylacrylate

am negat i ve gens at
6 t7epdredofcap ) $@0 pants ofl hé)rémbha;{adécaﬁx,aar{ﬁ @§ p2gts®IBHT antioxidant.

Tﬁ{rgxtgl}:%%ggtsgg{:g hlléz‘i:lilfe)?‘{ﬁ %( &orﬂe reg?tlcg nﬁ%ﬁ?@é %rs ‘then cooled to

ral “'agen
roefi TR pRhtararahd atsh\@hﬂM )&ﬂGWI-HBaiCﬂﬂimoramdts e)bhalbed edhe solution was
A o FRtyR Ttk b dbe 45500 )9 PR by dgtary graporation

uriér SHARIM BP404E The resultlng sohds 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-C¢Br. The DMAEA-C;¢Br 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-C4Br over its methacrylate based version (DMAEMA-
C1¢Br) 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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foll owi ng procedure. For each film the antim crobi al

agent was bl ended with the 3M UVFornul ati on. The
whbk@ndagsconposi ti on was soni cated to obtai n aPCHUSH06047780

di spersion. Table 15 provides the conponent |istings

of the bl ended conposition for the filnms of Exanples

32-35. TABLE 15 For each film the dispersion was

coated on a PET filmusing a Meyer rod #6. The coating

was then cured using a Fusion Systens UV Processor

(di scussed above) with an H bulb. The ¢ @FtEd film

wap dissalyet h 28yt tbﬁ duid sohptinnewaprorgbined with$0%e gEhe t mixture
de&:ﬁ' gé@ if ERAmPRE 101 lngtee IOW%RE‘ oPBW9@@ﬁaﬂicBé’ct@ith 12 *garts toluene and

i ati on dose of i Joul es/ centi neter

12 rpesa meithyd et kietongys eFhef ¢qm®n@d sEtEerpves sqatgsamie@@ed pefdescribed

BB 1%, T Ay b 018 gl goReh. e et

mmﬁidm)ab ifidin Waretthen wtﬂdtfpnmicrrebial teed aedhictios e deamiﬂ@alrme in

Ex %‘g‘i L‘%{S\ﬂ;gg\efﬁfl t}é);%;lsrglc (g) ci e%u?t%oxf’ ﬁor-léﬁagl'g %o% gv ggthogens and
99m%1trm:mbm hmln’ednattioarfoograhhm@nw pathbgdrisal agent in

the hardcoat for effective mcrobial |oad reduction.

Mor eover, a conparison of Exanples 33 and 34 to

E>k()arT'_p| ed3ﬁneséiﬁtdbdlﬂlahtlsaie§dﬂdtﬁﬂ @Ssﬁé @ncﬁﬂlﬁleﬁ&teﬁb antheefigure are
obt al_ ne I N Cropla re UCtI GO |n|n t
pregeated DY yYas %W. erotntante %&ﬁ%@ ipitation woggthe concepts

ancﬁléﬂhéiﬁﬁs%f@ﬁe geéﬁft WeRasRdas ¥hisH ORI ILbEighrbased baloe having
brom de ( DVA i Br) was prepared pursuant to

t he
ordigary shilthi the setdbirfr@riops ehanges Indormapd dgtalore aﬁ$51ble Without
depRAfE HOM {He%%ﬁ'lt%ﬁ su)ﬂet &qh%fe@eﬂ iSRRI 8Blricak FA@Es and aspects

tenperature robe, and a condenser. The reaction flask
of thesnventiogede agttfarth 3 thefpHewisrg claims.
di met hyl am noet hyl acryl ate, 617 parts of acetone, 500
parts of 1-bronohexadecane, and 0.5 parts of BHT
antioxidant. The m xture was stirred for 24 hours at
35C. The reaction m xture was then cooled to room
tenperature and a slightly yellow cl ear sol ution was -
obt ai ned. The solution was transferred to a round
bottom fl ask and the acetone was renoved by rotary
evaporation under vacuum at 400C. The resulting solids
was washed with cold ethyl acetate and dried under
vacuum at 400C. An NWR anal ysis of the solid product
reveal ed the structure to be pure DMAEA-Ci Br. The
DMAEA-C Br was believed to provide simlar
antim crobi al
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activity to DMAEA-Ci eBr when used in a nulti-I|ayer
filmof the present invention. An advantage provi ded
whyoDhAE#e Ci Br over its nethacryl ate based veP&I/U82006/047780
(DMAEMACI Br) is faster radiation curing. This is due
to the lack of nmethyl group near the ethylenically
unsaturated bond (i.e., the reactive site of the
nmononer). 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
CIAMSre until the Lauricidinwas di ssol ved. 20% of the
fluid solutj i ' 3 f . t
L it ur o doenaRE0s, SATATRIANE InbloG A" cduityiBR6T8Ra surface, the
mufi-13pdr bd delatsosg: Wi th 12 parts tol uene and 12 parts
nmet hyl et hyl e). T onhi |yt C e
and eur od S dRANR ing F e HRERE 2 % WoR Aol BFhRRe the first
resul ti ng nul tswiaager fil mwas clear and transparent.

The resul ti mul ti-1gyer fil.m then tested. for
i cr ob; al GGV IAYeE ASHose e BEPLABRRS Prine core layer; and
Exanpl es ah- lantimisrubifavugyet 0Q¥pabet ofdjadent otk rdod | Siitface, the
for gram positive path qens and 99. 4% m crobi al | oad
reduction for Eﬁ’r"é‘h‘f’ﬁé’@%tﬂ%“ﬁ’@?ﬁ&‘é‘gns. The enbodi nent s
descri bed abovge @peh-fihndds a2 dddrivelih ol QIR IAhErizable precursor
presented by way of exanple only and are not intended ~_ .
as a limtation upofPmpdsiagadegedalselecind fiempthegroyp consisting of
the present inventi@noiyAferfMd6I} mbhotiéd, b oy ABRLAbH B&l@%er having
by one having ordinary 'skill in the art 't hat various o
changes in form anda sealegularaye ghigefsbione 1LA0P 96 dess, and combinations
departing fromthe ﬁ@gdflmﬁnd scope of the present
i nvention. Various features and aspects of the
i nventi on ar e aeantimicrdbidl@genialifpgrdedwitigjn the cross-linked matrix.
claims. CLAIMS: 1. A nmulti-layer filmfor reducing
m crobi al contam nation on a surface, the nulti-I|ayer
2. fi | m conprhiesnnlji-laygectle of ala@m Havhengindhé antdhicsobiflaggent comprises
a0 n{aarsecol{]eqﬁls%gggaleze ggg]siot eythe first surface; an
E: T3} esﬁ//gmllayel‘n I'Spos agjlé%e'nt the first surface of
the core layer; and an antim crobial |ayer disposed
adj acent .the second rfac the ant.im crobi al l.ayer .
3. Conpri oi e BufErBe: i el i, I PR b AP piSoBiaY agent comprises
a sfOtydoRtdigiaklcontpoaadr sor conprising a material sel ected
fromthe group consisting of a polynerizable nononer,
a polynerizabl e polymer having a nol ecul ar wei ght of

4, about 1, OGR Mnltl-RSer fiRAGf eRARI IN3HHePdIh 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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t hereof; and an antim crobial agent dispersed within
the cross-linked matrix. 2. The multi-layer film of
W@ b@i7/rhs0 wherei n the antim crobi al agent conpP@BHES2086/047780
quat ernary am ne-functionalized conpound. 3. The
mul ti-layer filmof claim1, wherein the antim crobi al
agent conprises a silver-containing conpound. 4. The
multi-layer filmof claim1, wherein the antim crobi al
agent conprises a fatty acid nonoester or a fatty acid
nonoet her. 5. The nulti-layer filmof claim1l, wherein
7.t he anti nifhe obalétapgdiin obolaim tlywderab o adttmizyobiel lghér exhibits a

t o about 20% h i ght of . t td m.crobial |ayer. 6. .
mﬁ%blﬁﬁrqafi_rrzzgvz%n}l\ﬁ %q%q;s? 81)%41%9?; f%%l T erqm éaosXWe or gram negative
paahd e O RdH @bted §RATAAA0 W STMIES] 88kIt 4% by wei ght to

about 10% by wei ght of the antim crobial |ayer.7.. The

mul ti-layer filmof claim1, wherein the antim crobial
gl ayer exhitpbtua-1y& MR 8f clafad, MR iBNatimRtobifeRYer exhibits a

about 99% for either gram positive or gram negative i
misaebiahltaad rediprtiontai ot depshabaiti AP0 for bestreram ppsiivg andggram negative
palSdl] Whed RYEH phiduh@h AdPRAigoher ef n the

antim CI‘O%I a gyer exhibits a mcrobial |oad

reduction of at |east about 99% for both gram positive

and gram [IV1: t . Whe : to .
9ASTM 2 1502 SRR AIRCER aint1C oS} Ble BHIePBE e bolymerizable
- prebeseai sonpresesma nasltidhnafonahacrplakeyner i zabl e precur sor

conprises a multi-functional acrylate. 10. The

multi-layer filmof claim9, wherein the
10rul ti - f un@he anealti-lageryfilm efi daiar 05 svhergik abd enulpefanctional acrylate is

ex ure to ultraviolet radiation. 11 The nulti-I|ayer
b R e YR PO R &7 BISPgIE TEPEPPal of t he

pol yneri zabl e precursor further conprises treated

i norgani c_particles. 12. e, multi-layer filmof _claim .

1} 3uherei Fﬁ@lladwgiﬁ]}@ P%‘%}é‘r‘nn}énmhﬁﬁé%%‘ftmﬁ@% obile Relymerizable
précliSsN AL EcARhRES Weated iNGRASE bhARAR! € adhesive, and

an el ectrostatic charge. 13. The multi-layer film of

claim1, wherein the adhesive |ayer includes an

1antimecr Ob’}l@hmltl-?a}ieﬁf%%@gtﬁlﬁmrvb@r&g tRe Qélﬂé_rsﬁjeiﬁ%’er%cludes at least

the nulti-layer fi aim1, the plurality o

onpafta rempyablefadhesives preprpétipnablerpdhhsive.tand andiretiogiatic charge.

| ayer of a first multi-layer filmis positioned

adj acent the antimcrobial |ayer of a second
1Jul ti -1 ay&he fiiltrlager Alnmeftdlaibay e whicrdimthomdhesiieec laygr includes an
m{Hn%PJ%kf}' contam nation on a surface, the

14, A stack comprising a plurality of the multi-layer film of claim 1, the
plurality of multi-layer films arranged such that the adhesive layer of a first multi-layer

film is positioned adjacent the antimicrobial layer of a second multi-layer film.
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mul ti-layer filmconprising: a thernoplastic core

| ayer having a first surface and a second surface
wopposTieso t he first surface; an adhesi ve | ayerPdi/ERmeee7780

adj acent the first surface of the core |ayer; and an

antim crobial |ayer disposed adjacent the second

surface, the antim crobial |ayer conprising an

anti m crobial agent chem cally bound to a cross-Ilinked

matrix by polynerization. 16. The multi-layer film of

claim 15, wherein the antimcrobial agent conprises a
15quat er nar 4 muitilayey Abnifonmdusiag RisEpRiahentarpinatipe on a surface, the
il erlfﬂxjegorflglllmagf clai m 16, wherein the quaternary

anmohi um conpou is derived froma nmateri al

conpri si ny thenpoplastinagoye dayerchdving ta Snst| $urfage and a second surface

et hyl enical |y r. 18. The multi-[layer

filmof claim %Q?&vﬁéﬁéeﬁ%t%g&g?oss linked matrix is

derived famadiespellyye n:ll@ahﬂdea@ac&nuﬁ:@d'rrsmnﬁace of thg care layer; and

material selected fromthe gf.ou .IStIn of a

pol yrer i z&b| BNYFBHEHRNAL lﬁy?{olgc{??\%dgte gc'f)n&l 3]?%r s4690 n Surface the

a nol ecul ar V\Bh@ﬂiﬁndﬁéblﬂlbﬁxykr &oﬂx@ﬁsmg areaftimégidbial agent chemically

conbi nations t ere 9. i-layer film of

18, aher oWt (s rttvate Yyt o

precur sor corrprl ses a multi-functional acrylate. 20.

The nmulti-|layer filmof claim19, V\,herrien the nater| al
l6of the polyeremutichiver philee uels staimy ke egntlmwroblal agent

co&{ﬁ%ﬁ:?g qh&@ﬁﬁﬁ?hﬁur&aﬁﬁmbﬁ&ﬁ&z@corﬁp%{dwd Of making a

['ti-layer m for reducing m crobial contam nation
on a surface, the nethod conprising: |amnating an

jpdhesive irpyen,pdi, ggle Himaof 'c‘iaﬁn Sl‘ér f\ieGeipfl 1R §@%tBmary ammonium

I'ayer; coating an antim crobial |ayer adjacent a
cosgrmund Sudériied Gfom He niateréal | copeprisingien spalerTY LArpigedunctionalized

et%ﬁ%“ﬁ]ﬂ?@rgssa'hﬁgﬁe nddignd:i st surface, wherein the

ayer conprises an antim crobial agent
and a pol yneri zabl e precursor conprising a mat eri al

el ect ed if,o ﬁ?}ﬁ% gixlﬁ ocf% $i,51s 9 e?eln ?hep CTo {P&%ﬁ%"’m&t‘%x is derived

noner, yrrer’ avi ng
ﬁNVﬁlagﬂsﬁlymﬁerlﬂhﬂelbréau%@ comphemg a mlatérxab Bd:ieaacﬂ ifimns the group consisting

t%%rogg{;ﬁ azagpogg)%%gélq?&r{l?r%ag% 0 ymer ba'vxengD b SRl Mar weight of

about 1,000 or less, and combinations thereof.

19. The multi-layer film of claim 18, wherein the material of the polymerizable

precursor comprises a multi-functional acrylate.

20. The multi-layer film of claim 19, wherein the material of the polymerizable

precursor further comprises treated inorganic particles.
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wherein the antimcrobial agent is dispersed within
the cross-linked nmatrix. 22. The method of claim 21,
WO anvh®resconpri sing chem cal |y bonding the PCT/US2006/047780
antimcrobial agent to the cross-linked nmatrix by
pol ymerization, 23. The nethod of claim 21, wherein
the antimcrobial agent conprises a quaternary
am ne-functionalized ethyl enically unsaturated
mononer. 24. The method of claim21, wherein the
material of the polynerizable precursor conprises a
o1l ti - f unst iggetbd aof y haking 265. nitité-layet h&dmoffor| sdwcing, microbial

cofpgp&'fliggtgq;f é)rtrrg Eélﬁ%%ﬂm%f’rﬁétﬁé@ g?nz%?ﬁif(?lag{ of -service

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; 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.
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