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REPOSI TI ONABLE OPTI CAL FI LM Background This invention
relates to optical filns. Specifically, the invention

wo edoabesieg 0 optical filns that are tenporaril yPCT/US2005/031326
repositionable. To apply a polynmeric filmto a screen
of a display device, a wi ndow, or a vehicular
wi ndshi el d, heat and/or (g)hoto curabl e _adhesi ves are
not al ways practi BEFOSTFROPREELHAPpptt Eat ons adhesi ves
(such as pressure sensitive adhesives, for exanple)
are traditionally used to bond the substrates and form
the |l am nate. Pressure sensitive adhesives do not

al wvays require a separatBackground step |ike heat or

Femoved: o GreRfRE R s B0 P SudRAGHETEe Misptignsetaes to

optiWaPAlnisRatsd Sehipdt il g épokifienabl@ssur e sensitive adhesive

| ayer are adhered, 1t is difficult to ensure a firm

and r el i BppRPIyamelymericHEm tar sieen of p dispiaydsvice, 2 window, or a
vehFRAS LSRR R B ot @bl URTRARS: bidfical. In
theter apppieationt adltesivies (sach acpresdnet svasitive hcﬁlead/hsgfon/aamplie)takm

rate d t he esult l.es cau haze a

e EL LR SR OSRetpr BOPET O B TiERUFERan Oy
adHeSived MB{%N@%treqdlﬁsaséépaﬁ{&uﬁﬁE@ieF IHRE heATRE AbtoCRtabl®

wet a substrate with water or asticizer to control
adhgsiMess anthmap e mqr@mmlwappetbdaand/qr @eHﬂSE@DdeQn thetsubsttage.

adhesi ve Ia er a t he s.ubstr.ate,

SO e onHoRE Bher BF sloald il Tod b ot dSen iR b 199r are
adHhetedieltfis diffculinorgsurt B EirdRind ¢ellabtsdnidtih @ 1afmﬁaltte5tfuckm

when the two adhesjve surfaces are pul | ed apar

Repgsitippingrthagolymesis il often dpmpges theisibsirite @nqi»/ag ﬁBée fn addition, air
is t?‘ﬁéﬁp tFaﬁsgeJl tht% lngwlffc'eg b@r%él?{he ahHésgve éﬁquﬁ& ﬁﬁ)%l{m An% the

am nated onto a surface
resultiag bebtdescaansdieazs ahd cmnpmm;e thaopecal pr@left'rmoé greelm1nafe Itis
fluids to the periphery of the adhesive | aye

. yer
incQRCRIFRE MATSY- P SPTRETBRT IMRTICAJO QB SHHGAE Wil e ora
laME%? 18 SHP hdH&ioH 286 aAS %b}‘/e(%lsallct%%ﬁ%l\;&%(lﬁ@ﬁdﬂek’we layer at
reposi tionable, the channels wll close as th
the athdadomeith ghelsahstmaq dd addition, current optical film adheswe will adhere to
itself and damage the optical qualities of the film when the two adhesive surfaces are
pulled apart.

Structuring pressure sensitive adhesives has been described to allow air
and/or fluid to escape while the film is being laminated onto a surface. These channels
can be sufficiently large to allow egress of fluids to the periphery of the adhesive layer for
exhaustion into the surrounding atmosphere. While these microstructured adhesives can

be temporarily repositionable, the channels will close as the adhesive is laminated

rendering the film when removed unusable.
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rendering the fil mwhen renoved unusabl e. Summary
Cenerally, the present invention relates to an optical

wao dosmosfaed i ncl udes a optical substrate and anp@dis®oves1326
di sposed on the optical film This invention also
relates to a nmethod of using the optical filmto form
optical lamnates. In one illustrative enbodi nent, an

optical filmincludes an Slﬁﬁi'nﬁﬁ substrate and an
adhesi ve di sposed on the Ooptical substrate. The

adhesi veGenesally, thermseguma@i@ndﬁl@@ééfe@n optiqahflmp that ingludes a

he_ adh
I o e S e RS
to AHAB6A ¥EudiMEMSJPESal TIMES ifen viral ]ﬁhﬁm in contact

Wi th a second substrate over tine.

enbodi meltane ilpsratiun eabodinmens me@tscab ghﬁl anpludes 38 PRtiga) gubstrate
andsan' RERERCRI \§ekd 61 tﬁq e{ﬁfcgﬁubﬁﬁgt’ zﬂfhléswé hgs @ﬂﬁ?%}fa@e
S avi ng

es silicone tomer ol ar noi eties.
dlspmecﬂ be the&'ijiuoall substtate. aThraeadhesiV@ﬁlcﬁxdemll"ugam@momﬂes ftd sﬂoxane-

| am n osed. . The, net hod I t )
richOePIL TR G B A0PRS el THE AR YR TaR RS PAlSEsgt v g placed in

corﬁé&? %tﬁ%ts%c@f&fjsuﬁﬁrﬁg Besinnse. Na\big eﬁlbf)ﬂﬁ‘&éntss %Hef #@AB6sive includes
di sposed on the optical substrate. The adhesive

penidant] rumm'ah;m m}oann;e moieties. el adher gmbotioyeniee the aghesive mebides
eS|v The sil oxane-rich second

Slh%‘fﬂefekgon?:eé ﬁlaﬁlgg ng l%ﬂlee ¥Sonto a second substrate to

form a fin#filotted BRBsdinfent, athdiédeof fEﬂﬁm@bﬁaﬁbal&Hﬁﬂ@ﬁﬁrtaﬁbs is
| am nate has an initial peel adhesion value. Then

diselpsegx dive mathed peludpsithe siepsiekprpeidig chloﬁlfrb%luﬁlqgﬁan optical
sub%ﬁgekg?ﬁr gchl&ﬂl:sfvg%a§1%§%qgst%ﬂ%éicﬁ%§os£@5n td 'ﬁ%al' h&fa‘f@l The

conposite~l'am nate secon esi on
adhesilvel énchidee sildxaae hioiies at £siloxlane-fiblesecond sndfq:o:ee)lf the adhesive: The

adhesion val ue .is r n the init I
siloxanegrly secoad algfacmgn Eﬁiﬁ@n@a P;? SS?OW'@%F%@ feform a first
corh ﬁ@tﬁrﬁﬁﬁaﬂes TR Firdt '&Bﬁl’ﬂgﬁﬁa ThRirARSIEHs laR ‘?mﬁ@lcﬂ'éeljﬁ(ﬁ{éh@ﬁ &dlue.

odi nent or every inplenentation of the present
Thern vtersiioame-rithesempuylisusface Betlloivied do Moatn inpeontast witd the second

sutgﬁ'gtggorga?%r\gg hrﬁ%wflgl_’fhevﬁrgpcro?n osﬁé a(r:nlilrlla e th A ncppeei Ydhesion value
after the time interval. The second peel adhesion value is greater than the initial peel
adhesion value.

The above summary of the present invention is not intended to describe
each disclosed embodiment or every implementation of the present invention. The
Figures, Detailed Description and Examples which follow more particularly exemplify
these embodiments.

Brief Description of the Drawings

The invention may be more completely understood in consideration of the
following detailed description of various embodiments of the invention in connection with
the accompanying drawings, in which:

FIG. 1 is a schematic cross-sectional view of a microstructured adhesive on

an optical substrate;
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Brief Description of the Drawi nes The invention may be
nore conpletely understood in consideration of the

wo adobosu4eg) det ai | ed description of various enbpdi/IE05031326
of the invention in connection wth the acconpanying
draw ngs, in which: FIG 1 is a schematic
cross-sectional view of a mcrostr uct ured adhesive on
an opti 2ubstrate Fl

o ose. 5o 2L SURRE e en BedpeRodY AL e Bigrostaturegadnesive

on @opitaDgibkteat oSEI LI &tiecditackddGvith a 8&cohd sesafheet ed with
a second substrate; FIG 3 is a schematic

cr oss- seldiG- driap schemtisrrasprseqtiopalodew of therpigrasibetyredadhesive
on ggo@ﬁap&%g&ak o?Fg’gtﬂ ef dBrFllaéluﬁ‘iloi]I t@Eh%%% oq{dvsut,afgt@ ation

e second substrate; enat
Ccr 0ss- sefli. dnsh sctiemvatio fcrdsheednonalasew uﬁ thermﬂrc&dhetmedeldhesive

on o teaba el S L mened Tram S 5o ot and

Cr 0ss- segjd, 3Nah sé’He%YHn@fchsQ@edﬁoﬁﬁl‘:\ﬁé\{/ mﬁerrﬁfér&%aﬁfe\a%dheswe
on an optical substrate of FIG 4 being dry | am nat

on arpontivel sbstoatel 0§ HKs t4 beirg drylathimated do thewseenridomubstsate.

anmenabl ar.i ous. nodi fi i ons .and al.t.ernati .
Forme, - oNaRe YR Righag pmriBl aan0Emin By ey atemaive

fonax,asgredlﬁcs tRetebEhalicbokm Stfovai By Why bf BRNPESEN th® @FhwiR s and will be
detail. It should be understood, however, that t

despribesiinidgiaili 4t sheuldiks undgsstood roweyer Hhat ghe intsntipwis not to limit the
1anﬁfotn' t6 %eﬁfﬁﬁéﬁ?ﬁ%ﬁhﬁeﬁf&éﬁs&%pﬁj etcgﬁtraﬁ nLLnE "f\ftgnt otnhg to

I ntenti IS to cover I ons,
covanall mlotiHicatbnsy equifalents, mgd altérhatives Ifﬂhﬁg)wutlhtn thEl dpisit amascope of
el enents are not_ dr

of the invention. The Figur
the sl « TR ighteiem e T aom a0 a0y BRBROA Salecing dgdividual
cleRERsTNiRS AR Sidsdn®ld BRERe BFillushratidnt ati on. Detai | ed
Description The present invention is believed to be

applicable generally to an optical filmthat includes

an optical substrate gngF Egﬁdhestl.ve di sposed on the

optical substrate. T £ & a first surface

di Sposedl'lﬁ?réii&t Givehtict is bulsiell 86 Be applikaisld peSdri®y to an optical
si

i ncl udes oxane noieties at_a sil oxane-rich second
filng that mehrdgs an ppticghsbsirate andrppadhgpivg disposed on the optical substrate.

The adhesive has a first surface disposed on the optical substrate. The adhesive includes
siloxane moieties at a siloxane-rich second surface of the adhesive. The adhesive
increases adhesion when placed in contact with a second substrate over time. In some
embodiments, the adhesive includes pendant monovalent siloxane moieties. In other
embodiments, the adhesive includes silicone elastomer having polar moieties.

This invention also relates to a method of forming optical film laminates.
The method includes the steps of providing an optical film including an optical substrate
and an adhesive having a first surface disposed on the optical substrate. The adhesive
includes siloxane moieties at a siloxane-rich second surface of the adhesive. The siloxane-
rich second surface can be laminated onto a second substrate to form a first composite
laminate. The first composite laminate has an initial peel adhesion value. Then, the

siloxane-rich second surface is allowed to remain in contact with the second substrate for a
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i ncreases adhesi on when placed in contact with a

second substrate over tinme hi sone enbodi nents, the
w@eolessmes | ncl udes pendant nonoval ent si |l oxanePdDUSI0DEE31326

hi ot her enbodi ments, the adhesive includes silicone

el astonmer having polar noieties. This invention also

relates to a nethod of formng optical filmlam nates.

. Th d d t t f ti

tmg S ol TG TPEB [EPAE A ep P R o R OB he time

intdioali Mhe Sedohd %Eelsaﬁhésﬁ’&ﬁvﬂlheslﬁ @E@¢er Phnt the irfpdlipeall adhesion value.
substrat e. e adhesi ve i ncludes sil oxane noieties at

a sil oxa%ulﬁutmrgmwegmma@et f limited, a0 BpRreciatiompivarious
r B ARS8 S50 Y LT AR RSB S Briac
beldhe first conposite |lam nate has an initial pee

adhesi on_va he sil oxane-rich second surfa

is al | oveft L%?qll%%dwl o S5 thon dantifns shalbprgapplied, unless a
dlfﬁfég?Héﬂlﬁ%ﬁ Rgi Pl il%hd (ﬂﬁlﬁ{ oglelsewﬁgre i Pﬂ s&gﬂ%%& e
"am nat e has Second adhesi on va ter the tine
i nt er val TheT hemé‘eakymd;r iowdl beaui’mbmt@ql to aihalredel olymeraf @polymers,

than th alue Wi le the
olggP e e s Toon BREeatts ol £ hRBETS: lieoms B Fopqhyers that
can®e foAhePS DARPDI Slefd. the | nventl on wll be gained

through a di scussion of the exanples prow ded bel ow.

For the Tl teoni“apticabfilmeéar foptipa) subsieated rafers toifilmses substrates
thaléiﬂglg%]edf) ﬁ ?ﬁg&c gll’l%glglasf Séi)tzcea%gé)rhgat?g‘nnsg%ﬁg &, fér € ampf’e window

ﬁlnSep(@Gliaf ¢antol Ghattek peotesiomn dmkatiasﬁ; andvthé lik&eoptivdedisplagdilms
to include pol yners, cap eil‘%‘?mars ol i goners and
(elare fosHiFRA SoEHED piiotsctin, and dheyjge) $§eﬁ§61191ﬁt9f gubshpicy BHBRes light
that can be forned in a m scible blend.
pasgllﬁéqter mggl?i cal filnm or "optical substrate" refers
to fil nsUolessothsrtwisd icadicatied,talbmenmsadmressmgtquamﬁties of

. a Ilcatl tical tions.inclyde, for )
ingEinls Bronges ot 45 e g Bt ey i Cogiohgaad so forth used in
the Bf)éﬂiﬁ@attlbﬁ And GRGRAE Akit®Be uRdtEstbdtlas Beki®) moiBikl ¢hIl msfaﬁbéyoy the
films (glare control, scratch rgrotectl on, and the

tert;“Rlegut.” TAeepadinglysanless indibated to the contraapethé huheriesd eiamgters set
of ndicated. all .nu rs

for{él;l[rl) r?fyeqt%re&g ?usgy{ﬁ'?gﬁson anp aEtacheg cial gre apptoximations QRS can vary

depending upon the desired properties sought to be obtained by those skilled in the art

utilizing the teachings of the present invention. At the very least, and not as an attempt to

- limit the application of the doctrine of equivalents to the scope of the claims, each

numerical parameter should at least be construed in light of the number of reported
significant digits and by applying ordinary rounding techniques. Notwithstanding that the
numerical ranges and parameters setting forth the broad scope of the invention are
approximations, the numerical values set forth in the specific examples are reported as
precisely as possible. Any numerical value, however, inherently contains certain errors
necessarily resulting from the standard deviations found in their respective testing

measurements.
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I ngredi ents, properties such as nol ecul ar wei ght,

reaction conditions, and so forth used in the
wepweolideat i on and clains are to be under st oodPEBUN®DIIEB1326

nodified in all instances by the term "about."

Accordingly, unless indicated to the contrary, the

nunmeri cal paranmeters set forth in the foregoi ng

speci fi catl n and attached CI&%I g} are pr ox TTP{(I ons

that can™¢HnyPHEFEMRATTET BY¥F180h éré‘é’Yen‘ b% ¢ @i synonyms
thaﬁ*@fég b tht QoR&nRiic SEHsuB¥tab ORI SWhigh 6k thﬁ‘t duB§afeldivided by the

utilizing the teachings of the present invention. At
weighteof\les gorhpagtion addnuivplieisbyalPOat t enpt to limt the

appl i cat on _of the .doctr.i ne of nt s

sbope or TATsestenipt MGkt ks PL SRS s pides &l Gyppers

sub8iméPwithinIRat Gt (e et td Mirdchales 1.0f.5t4) e 73y Hb3980 aof, and 5).
reported significant digits and by applylng ordlnary

r oundi ngA$ Beedrn duespecisation ansk the appegdedelaims, ghe singular forms
g WAL ddn‘aa‘lthes %@S@eh@ﬂgﬂ PALRNE LfileSs t?lgtc&lltglgt Jl@a{rfythl&gég Rtherwme

broad scope nvention are
Thusyfoe Ekzﬁﬂi)levmfdﬂﬁﬁze?a@h cﬁmpbshltmnncdnltzenmg éa cémpomcﬁnpdledbs a

are reported as precisel ssi bl rical
mixfure 9 tW e, GTBQE O Hﬂﬁ‘@?%n‘?‘%l weéé!ﬁﬁa 13’1@?%% ?'Pdetge gprended
clalﬁ?sCﬁéié}H +op § S5k al 19 Qnf !c%a RS %@@Qﬁmn{é@é&ﬁﬁo& Oﬁ‘lﬁess the

found In their respect Ive testi ng neasur enents.

© congxmt cl@mﬂydpatesenherb'}semm ght, % by wei ght, and the I i ke

are synopyms t refer t he concent n.o

2 Ubst o ghei gt of fe imiEptah BE Phfich KR iciudbsgy optical
subbtige Wed sihadiebive ARpeeaRMShd btitaPiibsitatk! THE h@tkbsh¥ idddiles

The recitation of nunerical ranges by endpoints

siloxprg melistesat|a siloneerichsigpendhafaos efthe adhestver dhgadhesivy,
1nc%5§eg gghdéslfbﬁ?l \Hﬁ&lﬁpl&ced]m ?ont c%t vath7a58 8§1%(}]§1b§9ate %Veféﬂgf a) In some

Specification an end
embdiEmsnteghé adhesivemas 4 alicrostacturedndfacehe” i ncl ude pl ur aI

referents unless the content. cl ly dictates
ot her wi si&. Som%nbme%%%@mwalrfg% idHaminagesgformed with the

optf‘c?f@%?&atd e %%hé'orf'lﬁ‘% oﬂes%oﬂf%’ WPkss 'Sﬂ/ﬁ bURES 3% 8 KEL6£1% or

two or nore conpounds. used in
less pe@ id 1 YatHazn valuds cdnebeapgsnad ds defmadsn t}nehMetlmdsme'ooph below.

) O BBl o R e AR B e
optgsﬁbfglgz% F%i;lia%e afvidibe 1i'gm/@msh@§@.mnaﬁ aQMgeQﬁMO% Jnrgrbaeﬂ §0%Sor
greater, or 70% or greater, 80% or greater, 90% or greater, or 95% or greater. The optical
film and laminates formed with the optical film can have a total solar energy rejection
value in a range of 30% or greater, 35% or greater, or 40% or greater. In some of these
embodiments, the optical film and laminates formed with the optical film can have a
visible light transmission in a range of 40% or greater and a total solar energy rejection
value in a range of 30% or greater, 35% or greater, or 40% or greater. In other
embodiments, the optical film and laminates formed with the optical film can have a
visible light transmission in a range of 50% or greater and a total solar energy rejection

value in a range of 30% or greater, 35% or greater, or 40% or greater. In still other

embodiments, the optical film and laminates formed with the optical film can have a
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substrate and an adhesi ve di sposed on the opti cal

substrate. The adhesi ve includes sil oxane noieties at
wa2®slsenene-ri ch second surface of the adhesi vECT/Thm®05/031326

adhesi ve i ncreases adhesi on when placed in contact

wth a second substrate over time. In sone

enbodi nents, the adhesive has a m crostructured

oA Fan BT SRR EEOK3r e R oA

valu@inuerange diS90% or preatr, 3590010gredters 5r 44008 lgrdateS VisibleQight
|l ess, or 1% or less, or, O.to 1% Haze val ues can be

transpussipnanddetalisglanfagrgyseiepéonalrs ¢an be separedas defined i the

MeBRIAE s&EBRYLIgRNt s, the optical filmand |am nates
formed wth the optical filmcan have a visible |ight

t ransm sThooptical substaatg earobe A)Mmaterigrthattpesses&l Yheodptical
t .0or. 70% o reater,..80% o reater, 90%o
oS5t BB 9998 o Gk S e Sl g
pollyABHOHaRiafl. OA PafiaMibthg dTehQBbbBalerd inb e 26t &%@%@,‘g%lé//oleﬁn,
0

total solar energy rejection value in a range
pOlM$Cr§ﬁ@atI@ﬂXeS®5§Vd3©%'C@ﬂbe@ﬁtt@r, flueropdlyery angrtbatike.. Oheosmoee

polfisehs 5 B ERRPIRETETn he B PRbERPUA BV i Bi'e T o

transm skisofhel sintodiraags, thd adhediv @ tartiataCleadthhe Indj & st face
sol ar energy rejection value in a range of 30% or

havipesatrapoth 3eacs, Iy pihsr epbodimenispihe pdigsiiaicen be phaysr having at
leaflBAp ol Shacc i ARfrcifhid o BN MATHAGbRRus B the surtace
of the adiesivs $ayencamhaverspenific stfap&O¥atoallogr @éssroff ah‘g)r atHepflaids

I ; rejection yalue in a range of % or
trapped 3} (F imisddge fetvredbe pdhcsive apdp ybsiAdpRical ppsesppd pubstrate)

. : i .

S TS, PRERAR Sl AN RIS
uniforafslanirdteshto; asubstrate gethott f30ning bubblesithet caarhdicause ohpdrfections

in GPHBRE PRl O TGL Rl S onsTe BriBRE0: or Vi i b o

l'i ght t rpmsmicssstaBtuaesthr Bt allhesive Myee (BB Tefioningon
val ues can be neasured as defined in the Methods

MiCERERC PSS AffleaThlinesheanchs mistassenianeatdenst teo dimensions. The
o S o RESAPATE R aRALIS oy e
hursarbsyervetteutaid of @ naingosealey @i use fithd firiiddn ofAnfradscopic is found in

Smi}bﬁiﬁlb&%p ﬁp’titc 'ﬁensé?neggrllg, ??5656)) pna%LsuijO%-{(%r, w )égaql?l\/ghal acuity is defined
and measured in terms of the angular size of the smallest character that can be recognized.
Normal visual acuity allows detection of a character that subtends an angular height of 5
minutes of arc on the retina.

The microstructures in the adhesive layer of the invention may be made as
described in U.S. Pat. Nos. 6,197,397 and 6,123,890. The topography may be created in
the adhesive layer by any contacting technique, such as casting, coating or compressing.
The topography may be made by at least one of: (1) casting the adhesive layer on a tool
with an embossed pattern, (2) coating the adhesive layer onto a release liner with an

embossed pattern, or (3) passing the adhesive layer through a nip roll to compress the
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pol yacryl ates, polyesters, polycarbonates,

fluoropolynmers and the |ike. One or nore polyners can
wheoocoslassred to formthe polymeric optical filPeT/US2005/031326

some enbodi nents, the adhesive can have at | east one

maj or surface having a snooth surface. In other

enbodi nents, the adhesive can be a | ayer having at

S O e R G L T
to dr@t@me@afbob@u?a&mqhi}i be SIB@PRInd A8 kndkinQveIREHRS Suchifas, for
air or other fluids trapped at the interface between

example, shemaical icking medapiselreighing, dases aations phatelithggraphy,
i ngtk nat i Th
storRHANOE R, oioMnil, KPR 0 A RE SRR, TTE

uni f or m ¥ linentaehedispasedos tHesidhedtiee My drioo wiiclostrudtigd adhesive

bubhl es that cpoul d.cause i rfections jnt . )
laypreand B RF Ariateeines gt irensf e L dhessi s_r(flled in the art that in
sorh@&sBP4re able DI Beifs Chitdbicd Gl HELFbaNab e, FHLBALYENR%Epable of

and corresponding mcrostructures on a rel ease |iner)

beiggplaped iniintimatesphiaci witlhan hdwsive and subiseqresilp nemovEdevithout

termpicrLpscopi ¢ as, used. herein refers to dinensions
carpfEifR B SRR R efiry Nes BB bEeriyer Rl drsn ey ai P om M
of 4. Haudf Ménr] Iopagek9 Meillowbok IBS RIS Sidsirates, 1), Sdhoeller Technical

m croscopic is found in Smth, Mdern Optic

Papery InfechssHyomen bwegyat (MBS andl- Wo s, Knpetp & GMBIES yBle liner can be
: , . . | ar

= pEich-Lolef et WA ORAIERMHEER Ao RAER BechaBu BN
terdyichatzt (REBUEM withirdlyasa |cbﬂh@s,dﬁta&ﬁfti polyoddfirafileh az:tita(atrerease

t hat _subtends an angul ar hejght of 5 m nutes of arc on
CoHifg FE?E SIVEARYCRFR Rl ks avipptipralydnelyfs addiigeal non-
adHRbivE BcroQ¥ERikOdIBY, fOF efg?lgﬁeﬁﬁ%sg%%&‘ﬂbgg% s. l#a?‘l%dps).at '

Nos. 6,197,397 and 6, 123, 890. The topography may be
5,206,84T;656B 6265 1t6hanchfihéE79¢ These mitrpstamyured adtesiviedgyers with non-

t echni.que uch as c. [ [ r..conpr,essi ng.
adhefige PSS rucies vl 0ot PRudtignalgr: he fyde
dest@itibm JohfisltrdNesi ve | ayer on a tool with an enbossed

pattern, (2) coating the adhesive |ayer onto a rel ease

| i ner wi The Emirrestisssesmpy fareravegeler ¢13) rapdesiamgy ohpattern.

' t: ' - r ess
RoffERALE ] BHB AL Arlbud b BARRAS S et o
hatplapdteris, ciitecdragrqyttamby Thé patteenst gy beisitthel vithrthatiBedtida of the

nb d pattern be made using any known
car?lgrc\ﬁghsi ga gl%ytsbg AHEn ’ gltfag @angle with respe%t to tge carrier web. The pattern of

microstructures may optionally reside on both major, opposing surfaces of the adhesive

layer. This allows individual control of air egress and surface area of contact for each of
the two surfaces to tailor the properties of the adhesive to two different interfaces.

The pattern of microstructures can define substantially continuous open
pathways or grooves that extend into the adhesive layer from an exposed surface. The
pathways either terminate at a peripheral portion' of the adhesive layer or communicate
with other pathways that terminate at a peripheral portion of the article. When the article
is applied to a substrate, the pathways allow egress of fluids trapped at an interface

between the adhesive layer and a substrate.
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exanpl e, chem cal etching, nechanical etching, |aser

abl ation, photolithography, stereolithography,
wonremsosmehi ni ng, knurling, cutting or scoring.P@/U$2063/031326

can b e disposed on the adhesive |ayer or

m crostructured adhesive | ayer and may be any rel ease

liner or transfer |liner known to those skilled in the

art that_in sonme cases are able of b in nbossed as

descri bethe3H8Res. of Hemiqrofiuciuzss Ith &93 ‘Fr TBRY gy Widely
depPARREO tH2 1bVY] bFRLR & afd pal h&ll@@ﬂ)n%@chﬁl%ﬂ\i@r #pahticular

subsequently renove MAthout dana%lng t he adhesi ve
appligation, asNwell ad theisuifang p@mmssﬁ thﬁf subptrate.s Protmisigdeand depressions

maf) B¢ skosRoh® Feroghurdd gk B bandfuly o MR Egles inpe adnesive

laye_Fe (Shﬂhtﬂa khdpepRicfude hemisphéRS, B Biraiidi¢ &ﬁgonﬁ\ﬂ?ﬁrhmﬁl@ Osqidare

A. Kunstoff GVBH. The liner_ can be
pyrgmd;madta@ateéwr%ﬁérmw ZEOQVES, efa%@aw@apf pytery density, adhesive
per %X@eh¥¢]§f&§?lgg§éﬁglggﬁéfnﬁ}s£YJ Qgr é:rgfsl@oqﬁ%fﬂ q{n%% rE%T zx.yes The
mictéstincarasehBelsesyseatatiogly &’rrencmnhﬂygemﬁaﬂedyer an d/ or

rel ease tlonall incl ude addi.ti ona

o nadnestleh dris fpheRPiie Sliestations) Vi of §mitspaihityred adhesive
120 J}Pasﬁlbgﬁﬁe i et ﬂlu%ré‘tive%ttlcall\ﬂﬁﬁl 109:ir&fdes 2’120 disposed on an

5,362,516; and 5, 141, 790. These m crostructured

Optadkselbstvaée 1 By eThe ehbddimontzstibwaiheea plugalisy of pyramides peateisions

128k ok BBl g7e atenertbest By THEETherfi Sl itgyorrusions

may oarmvadélwiléb@fdncg" orfthe anwxsgy&ffrtﬁe/adrfesmatatyef #hd tRe gppidation
arrays or patterns include, for exanP rectili near

congifiongrand shoidl Re selasted taarovide adegvatedislanse betwigsn adhesion to
sub?tgzg? 8‘.‘; Gl‘[ar gg %ﬁ{{%ﬁne o dRAL LS rtﬂémwn%ﬁ’&betémgﬁ éﬁ%&%h

carrier web al'i gne
pro@0sieumgl 28 ivwp It A(KSmmrbmbmrst hES&W@O&nlcvmiDeterﬂ‘m fp:ﬁhtl@@ to 350
of micros ruct nay optionally reside on bgth )
MiGRMESFLS, %@.?—H 304 Hhemsters H sdf sgxbeglm%ﬁe phe megncheight h

of @R 6tﬁ$§sidﬂsq§§|ﬁoﬁpﬁ‘k @Jneqﬁs %HheeaQB@s?v% 2p& 199/hAGE preater
ar ea Fcontact for g of the two surfates to tallgr

than fhenipropyetertand sipdd 35 ltmcm(mms,we 5tt@ 30 wocrdimfefers. eSxlected protrusions .
o 5 TR e A Ao R 5L or
sur?ﬁ% ]ggtéilg 'aﬂ%ﬁg&eﬂ@y@qaﬁs THE ah@y Bcah b BelédleEFOMIRtngle greater than
5° and less than 40°, or from 5° to 15°, or from 5° to 10°.

An optional release liner (not shown) can be disposed on the adhesive 120.
The release liner can have a topography that corresponds to the topography of the adhesive
120 layer. In some embodiments, the release liner can provide a low surface energy
interface with the adhesive 120 which can allow siloxane moieties present in the adhesive
120 to concentrate at or near the surface interface with the release liner.

Once the release liner is removed, the exposed surface of the

microstructured adhesive layer 120 may be contacted with a second substrate 130 to form

a composite laminate 150. FIG. 2 is a schematic cross-sectional view of the adhesive 120
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pat hways either term nate at a peripheral portion of

t he adhesi ve | ayer or conmunicate with other pathways
WO bab/0s68n nate at a peri pheral portion of thepar/Usmh®031326

When the article is applied to a substrate, the

pat hways al |l ow egress of fluids trapped at an

i nterface between the adhesive |ayer and a

ubstrate The shapes of the mcrostructures. in the
andhgs biG G- ety 1heanipctfiaferspdupErle ht BrorRé qorwpasite
lanfifatd 150.d egress and peel adhesion required for a

particul ar application, as well as the surface

propert i Ege stonhsubstrites 130 may be ogrdusiflemiblankxamples of suitable

subfiEHe 1] RS Bl Fast h ]y BoFenf el Ryl surfaces
oftﬁéHetsﬁbsltﬁt&hﬁRﬁﬁe 1iR6) RegrebiRnitve B%ﬁ’@ subrstr%& inRKid8 Woll@ster,
trigonal Joyram ds, square pyranmids, drangl e

poliyingiahderideastylene-pranylsne slient gronomes ebfPObalmtbms polymethyl
\ | abl
meft 0 el en B0 Hle Be BRI AUEREE nolRc fB oMag ™ 170 ©

politthéretherkeaineg) piﬂycmﬂl)brhe:) S@nﬂtﬂ&n‘ﬁfobmﬁﬂld slasiomendbelsycond substrate
enerat ed. FIG is a schematic cross-sectional view

mabﬁlsa Fnae*fqy@fl rf%hftcbfpgaeda@h@éhr\%dﬂozf@mﬁhe% Qfpdyrabpaterniglg such as,
forg%?gg% cgﬁtfoflaﬁa)‘l&? rQﬁ)tn' ﬁgs {) r defantiO thatddfh. uﬁﬁése@o&@&hbstrate may

n optlca strate 110. e enbodi ment
alss homadhafa norphanmealfatine subh py aiathidivebypofotatursl @rsynth2ge fibers or

blefls/BREpb e ofr i dn reGPRe b3 ingf wlig el SeRas el clear
pol9RRAO tHaRGial andhiBe iK€ OTIRMWptIRA] filREcATHAS Y 8plic 86mpHte laminate
plication conditions, and should be selected to

Whmbﬂncgét%ﬂ@qgm@ﬂgmme bet ween adhesi on to substrate

and f 1 ui

P bet \Neeﬁl t?lg Ill?u frg%vep?rrg?#hﬁ réllerggasdﬂj (ﬂwgive la)f rlrg@ BnP fally contacts
thelSecond¥absrase 13, tl’ﬂb}&ﬂnﬂﬁpprﬁlrﬁil&mmrdbnta@f tht seifackQT thedsecond

350 mcroneters, or from?200 to 300 m croneters

subéts#é 180iradithesreas 135ketweantheerognsions 578 Swrden @fochanr?els for fluid
ESOtTrhlﬂssagg‘% ef!]o%getg bR a;yéﬁ aHlb@%eill%ﬁe &fheglbgl angfﬁju%ﬁttge second

aer e gre than 1 m croneter
suh’sﬁatmléﬁ tore¢ essily transported t34h adhesiveredgr s. Sel ected
protru3| s 128. have.at | east. one Slde

132 .t

akes. an TH GRETiohOr IR, SIS Ty ISAvleC e SUg teh e adhesive
Iay§1UlE @fsorHilylrBRoMbie &ﬁ&ﬁpbﬁﬂﬁ{abpez@om Tﬁ@se@&gi set‘lbst?ﬁe ah&

sel ected froman angle greater than 5 and | ess than
lamjgationr By inperporaping Siloxane froggiies withinlhe pressure sensitive adhesive
such that a siloxane-rich surface can be created on the adhesive layer, the optical film can
be easily laminated and temporarily repositioned without damage to either the second
substrate or the optical film. Adhesion of the adhesive layer to the second substrate builds
over time to near an adhesion level the adhesive possesses without the siloxane moieties.

While not wishing to be bound by any particular theory, it is thought that

the siloxane-rich surface of the adhesive is able to restructure upon contacting another
surface. This restructuring may be driven by the minimization of interfacial energy.

Adhesives can include siloxane moieties that can concentrate at a low

energy surface of the adhesive and form a siloxane-rich surface. Once the adhesive is
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An optional release liner (not shown) can be di sposed
on the adhesive 120. The rel ease liner can have a
wo opegsiaphy that corresponds to the topographyrof/usioes/n31326
adhesive 120 | ayer. In sone enbodi nents, the rel ease
liner can provide a | ow surface energy interface with
t he adhesive 120 mhich can all ow sil oxane nvoieties
res adhe 120 to concentrate at or npear
tarpiEelinathel ARGt abe SR pioe e EaRierrE qury T BepHgrane-

ricH ﬁ'rﬁé‘@ gnd AIRRY adiRsioRHeNRLN RN POSRCuS S {18 6PbRTd dsNfis
m crostructured adhesive |ayer 120 may be cont act ed

lamjpathcantastsctba dubstrststavar 8me30 to form a conposite

| ami nat e FIG. ¢ Cross-sgect.i onal

viow of TPk VeSS BATCERR S IRG SR%H) Epogtions
are idesceibed ACUS. Bat&ﬁlCNﬁdﬁl ,69805351. s tbBflericR deSiriBed a PESTDAS sérBitive

| am nat e 150. The secgnd substrates. 130 may be rigid

adhgsivg (ESANmomposiignprcduding a sonalwBsrchayingsa Yiaylerplymeric backbone

i 0
0 LB P g0 B EELAR ot
compusitionk &s. miﬁahy egesitahableoph asltstnateﬁu lyedtictait @411 ibaalhded but, once

adhg%hz?‘ﬂ):ﬁlg ﬂ?‘%b‘iﬂy&fnx‘a?gg‘lé‘g mer rubber

pol yur etaig §0p&ﬁh¥ﬂ§%ﬁﬁ‘ Mﬁvé@%ﬁ?ﬁfo‘ﬂnﬁérﬁ) bRRBSIEFRiLAYas been
t her nopl asti cs yphenyl ene oxi de,

chep'@(pa}]gmmﬁ@dqby tb@tadgélonpé pypmal enght pprcentage of polysiloxane grafts.

iSO SO B ATRGARL EGR ke cones on

a s}&yfﬁlhlehhlc‘or(&faclﬂﬂg W iliconided siuifh¢t (8.4 RilRGne-Hoh s@XadPplelops on
cotton, nylon, rayon, %Iass or ceramc material. The
1Y

eXPOEEB A L%gltrfa&f: én?fay switass speh #healle 204 this Prowidlsy &t lowbaitial peel
| t
wr G B8 U PRy SRR Slg i SURIAE, el MRS o

subamate pirifaza) adimesien bailds wsitic timaso ghlasssappedaehing plodsy bblﬁrol

materials.and the |i The o |cal filmcan forma
ma?imlﬁ &%tawsp%%%lr%%ﬁﬁmﬁ BRI ATiSH A Sukptang af ¥esidege pe, the low

1n1t§atl‘E§élraéltle°monléﬁrFaE@cdnl reyiefAd | ve enbodi ment, as the
adhesive layer 120 inrtially contacts the second

subst r at Ehel@®face hlmrgwramcdaf thp cotpohymiaitsdb@dveompsition can

thes rface t sec 130, and t ar ea
be SRR lhso BhotT BePbACEeTB hefiflediien v Sehaidfn EpBeT
siloiketie pdlytheriEfoRSy andlihk Sotall dil0¥EncROateAt ﬁv@éhttp%aﬂﬁﬁge)admhe

bet ween_t he adhesive |layer 120 and the Second
copolymer, with higher siloxane content and/or molecular weight providing lower initial
adhesion, i.e., a greater degree of positionability. The chemical nature and the molecular
weight of the vinyl polymeric backbone of the copolymer can also be chosen such that the
rate of adhesion build and the ultimate level of adhesion to the substrate can be matched to
the requirements of a particular application. Longer-term positionability may thus be
achieved if so desired. Since their siloxane content is relatively low, these copolymers can
be readily compatible with siloxane-free polymers for example polymers of composition

similar to that of the vinyl backbone. Thus, if blending of the copolymer with an

unsiliconized PSA is desired, a backbone composition similar or identical to the chemical
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substrate 130 to be easily transported to an adhesive

edge. The material form ng the adhesive |ayer is
weedoenses such that the adhesive | ayer is tenpp@EUS1095/031326

renovabl e and repositionable fromthe second substrate

after lamnation. By incorporating siloxane noieties

Wi thin the pressure sensitive adhesive such that a

si |l gxane-rich.surfa an be created on the adhesive ...
corfpgrlion A GRITeRZeH PO B byt oy fo e sompgibility and
facnﬁﬁpareaaihgbvélemsdet' dohdpbsiibnglamage to either the

second substrate or the optical film Adhesion of the

adhesi veThesiloxangpelmese moiriics cishe greBedby pelymstiging monomer
Lme.to. ' | i :
o R el A BhBoh B el PR BRI o
siteb ounkik tackbone, paby capol ynerizivgpthy vinyl mosombrisig AL, ahdyathehhsed,
.stjloxane-richs rfaﬁe f the adhesive is able to_ .
et he O R R Y Piedeisy PARGHRE S G dR@iomey; G. Since the
polyRiehé Lifdxdhé S fATR Yn B &b VRiniBMIy bRl iPisPogéibleqB cRémically tailor
interfacial energy. Adhesives can include sil oxane

theRSidecanegpsitioas of tis nuerttontsueh thaha speciftpdegrrerafpositionability is
f ' nd, f -S1J e-ri surface, c
ot 3 SENGEI P S B, AR A R even

highlyl apgedasiverbE Atdoasngsaman e yadédovanaprdadaamgdesf values in a controlled
si |l oxanerich surface.and all ow adhesi on between the .
fashighcatid\he Bsrd forppqiQnal Brogessstep L% steps forjagphiGasips of a physical

spaggllrgt,ﬁlgg@altigwahﬁhﬁgf%&r ate over tinme. Illustrative useful
polysi |

oxane-grafted copol yner adhesi ve conpositions
ar e deschi etk ¢§mbddirBentRahe RS ANompdsi6oB c@BHmcluiihasinyl copolymer

ref.erence,.descri pes a pressure sensitiv d ive .
whicBaSTRBERUS ERRY bR St FmRiie of SBRDicer Bn BRI S kngyyn in the
art7R4 IHERAHZi 0B JE K ROMPatiFIY k4elifding résadof fl8dtRIZAr. PRI¥AE Wlent siloxane

pol ysi | oxane noi eties. An exposed surface of these

polymefie 810i¢tish Hayisg amupibsr axeragspeapeula sl abave500 can be grafted

. E o ‘ .
to BRI HBIHHES relsoltibineP e Eb e sesthay P Bontmerized
repeatjig unite fivnc Aranda moaomens\ahd upltipnatyi, B tewdchens acedidiap to the

has . been cRem’ cally nodified by the addition of a
descRpiion GXeHRTTWer cent age of pol ysil oxane grafts. \Wen

such copghy KBhSndRér JPRfore \dré A1AS b6 MVratin e Peinlbe chosen

copol ynmers) are coated on a sheet naterial or backing,
such tgatlai tedkyi or derkslig eimetefial ig obtagiediupon pokymehizatiarf efce or A and
B).Ci?e\f)%sggtgti\%nexamples of A monomers are the acrylic or methacrylic acid esters of
non-tertiary alcohols such as methanol, ethanol, 1-propanol, 2-propanol, 1-butanol, 2-
methyl-1-propanol, 1-pentanol, 2-pentanol, 3-pentanol, 2-methyl-1-butanol, 1-methyl-1-
butanol, 3-methyl-1-butanol, 1-methyl-1-pentanol, 2-methyl-1-pentanol, 3-methyl-1-
pentanol, cyclohexanol, 2—ethyl-1-butaﬁol, 3-heptanol, benzy! alcohol, 2-octanol, 6-
methyl-1-heptanol, 2-ethyl-1-hexanol, 3,5-dimethyl-1-hexanol, 3,5,5-trimethyl-1-hexanol,
1-decanol, 1-dodecanol, 1-hexadecanol, 1-octadecanol, and the like, the alcohols having
from 1 to 18 carbon atoms with the average number of carbon atoms being about 4-12, as

well as styrene, vinyl esters, vinyl chloride, vinylidene chloride, and the like. Such

monomers are known in the art, and many are commercially available. In some
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exposure to a | ow surface energy surface such as air,
and this provides for lowinitial peel adhesion val ues

wo eoombiasdh | ow and hi gh energy substrate surf apEBUSIONRE1326
applied to a substrate surface, adhesion builds with
time to val ues approaching those of control materials
contai ning no siloxane. Upon renoval after a

W I WISy T
acr{iBRY, polyRisbidryt §crgfatd) NSo1g@soRed W BBHylate)26419@L stRylhexyl acrylate), and

conposition can be chemcally tailored through
copphyimeas plosoastylgetateHeonesylacylate, iedeght a%ylakh@r Hetytheyy!

acr@l‘lnt eﬁp&?&q&){@oh&rgph}%age d the total siloxane

per cen of the copolyner, with
hi gher sRépraseneatice exanmplesoittemforning atarloater Vi) a3& polar monomers
| ower injtial .adhesiao

rovi dj reat
Sucgéﬁ P%@fl%gCIﬁbdg? e y] ‘b?qlii’tlii‘“’“l*ﬁ émghw lagjdey, 5% i‘ﬂﬂldf”htg N-
dxrﬂéﬁiﬁcf‘cﬁl%ld@.’eh&pfonﬁﬁlé Hl%th\ébx@ll/dmtmg YAENLEnPEARIAENE T In addition,

thé copol yner can al so be ¢hosen such that 'the rate of
polmmm@nommsm mAGtPIRONOMErs (agamik be émnb@i hergine8emo haviog a Tg or

Tm {);ove b t r ugeq:u]? rg%!f rm%g n%o%[o}n u r SR ﬁ é‘get: f‘?’xatm)ple% of such

rticu pllca

polymyrid ﬂluﬁomersa@ap@yseyreﬁe) Spblﬁt&@hﬁ-ﬁﬁ.thyﬁ%tmﬁe); Bely(vinyl toluene),
sil oxane content 1s relatively |ow, these cop ologrrers
andepaly(Bisthyd gmthayné@fﬁblaw@m@nwm & pemarRLIGimEN{s ol yRasogers are
LI of
acrilllgcreacstii(n f?ac k’boneaélfhégcq@l R %lgd &Eyﬁ)gi(t)%lg?%/nr?er
polyfstyere) rnanmnhormnmr z hdlllﬁsﬁatlvs edksdummits thepaokinbhe weight of B

t d
moBR st borpoer 1A oEfhei AEIUHER ofefihdBmspssnchipasacessive
fir@s§ 61 B8 PSA i8avéide®Phnl sfékr?e%n%ﬂﬁﬂéﬂt@ lindokporaitsh of B monomer to
facilitate bl ending over a w de rant};e of conpositions.

thevh@n@pﬁMmlw%&ymght@anﬁrmdee@%@ bighgehesivaprpternal strength
eactive sites | ocated on
Wh{%ﬁ Sggéﬂﬁ@o%gogggpeg? (ﬂjlt gtger prefornmed pol yneric
noi et i esTheCshdrened dait hevehhe kdierad foratuldy
copol ynmeri zing the vin mer(s), A and, when
used, reinforcing rmnggé'l)'@q% B”m)zmth pref or med
wh&@l)ii/ {Eeardlﬁylsgrl)lﬁi((%])%lmf%% with thOlANGR B RonBRIWTRT s & dlvalent

| oxane surface nodifier is chemcally bound, it
lmlpos giobpen s@evhemi, cals| ap intggéront ftomel ReAsedrtpaishti ompt efeater

o1 BB Ry B BPBES AR 8o raptarir
subsffusddsihendy,.or ik xiyindi 2ls aafbeshRAt G0 polemehE nRY@M having a
number average molecular weight above about 500 and is essentially unreactive under
copolymerization conditions.

The monomers are copolymerized to form the polymeric backbone with the
C monomer grafted thereto and wherein the amount and composition of C monomer in the
copolymer is such as to provide the PSA composition with a decrease (preferably of at
least 20%) in the initial peel adhesion value relative to that of a control composition

wherein the polysiloxane grafts are absent.
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hi ghl y aggressive PSA coatings can be varied over a

broad range of values in a controlled fashion, and the
wmemdosass an addi ti onal process step or steps POI/US2005/031326

application of a physical spacing material is

elimnated. In sonme enbodi nents, the PSA conposition

can include a vinyI copolyner which is inherently

tacky at

e_.us or whi.ch ¢ .
oo+ o owhes meabaus TRRRBHEP S Romppafion & Wi o g bagking and
appfiedRed iubk@ath a&lfad‘eyloagmnﬁs hdheSion b BfetsuBtZRs is MWBAONE! B level
si |l oxane polyneric noieties having a nunber average

of afhesinansl t1wé4 t@ﬁ ﬂemmfepcsu@né@htme gelated.c least inppart, to both the
moféglﬂgll\}é CPR?WP} pe ze q}:f'ihe | ﬁoﬁ'ﬁﬂe?' é‘b? aneIR

essent copo e eatihg units
conﬁamoin@Omnmmrshaamg a m@lbcmma\k/éxght 1Bssrtharpabeus 5@ e mot veyy

tQ the descri Jon eln The A nomne
eI e RS g i PO PR o Mo R Rayine 2
moRE@Rr \Rf&%ﬁt SrehtBFHhdn 90 Ot)@‘@i’fécftiv@%I pﬁoﬁﬁ& ?{)él%ndbﬁlt9 i A86kh high

upon meri zati on of Repr esent atlve
mommpwggﬁtsf possitiminpempatibilety tofi élea@: rrgplnpmebwnhélnmmamlng
mo@é:rﬂd oI ¢ 61?1%% ?LF? gggggwgﬁnza én p?rg%es% gfa?/hr Sult lﬁuﬁ%ﬁcgé ang}poreﬁlon of C.
C nigtiofer mbigeulip aridht cdn papé A6l abodt J0ONH aBEnt, S0O0E T s6rae ,

2-methyl - 1-butanol, 1-nethyl-1- butanal, 3- rretrrh\{)
emhq%laﬁ%oq molecylar wight %nﬁé?ﬁeafffa’ﬂ about 2e}0Ryp 2baqut 28 f09no |

3- met hyl 1)l BEALAMIGmENS HRNE R Bner & 1ﬁ$d]’%!)rateli iR %ﬁea&‘ﬂb}ymer in

3-heptanol, benzyl al cdhol, 2-octanol
the metohyt of D- 011et|9t5&§)|%)bf th t(ﬁalfmbnonierhwgnmd) pbtain the desired degree of
a nol

3,5,5-1 t
postiogablfp) THeampuE Bl Gronotseg pSia iy Vary dSrEpAREGRRB e
parfiiflart dfoﬁhl:dtfﬁﬁhbﬁthﬁco@ﬂ)&@tﬁkﬁi &f shaly béiﬁerftﬁ%@ol CtBoddm&3HabRB a

atonms with the average nunber of carbon atons being
molgswiat waightin the ahgserspeeified jangp bas haep jounddp prageed, ﬁrngxpthly and to
res&lplﬁlgrﬁn%trglgal a‘krﬁllel% hfo@ﬁﬂ:g eff?gléﬁfre g@?tmfﬂbﬁh% nry 4 gzrﬁ?e‘cy §f‘§1ﬂ)hcatlons
whﬂostmebemgbd,sy effoctivealih genetal, is rdesirdidel ioheave a,decrease (preferably of

S BB Al S5 Spre Semen Lone LTl
sﬂoQQﬁé’ (k %Qﬁ%%ﬂllse ﬁﬁgs‘i’ﬂlé‘tkﬁl\»ev&ohﬁé{ gf)@lts&i/ LiReYin (RE At hAb®wish, for

copol yners of i1sooctyl acryfate, Isononyl
a smrfyal rrpgse] togldersgde the pgricentagdugtion inethiy yihabpekl asmopipated to the
%ﬁﬁh ot her A nononer or nonomners.
control.

In some embodiment, the total weight of B and C monomers is within the
range of 0.01 to 70% of the total weight of all monomers in the copolymer.

In some embodiments, the C monomer and certain of the reinforcing
monomers, B, are terminally functional polymers having a single functional group (the
vinyl group) and are sometimes termed macromonomers or "macromers". Such
monomers are known and may be prepared by the method disclosed by Milkovich et al., as
described in U.S. Pat. Nos. 3,786,116 and 3,842,059. The preparation of
polydimethylsiloxane macromonomer and subsequent copolymerization with vinyl

monomer have been described in several papers by Y. Yamashita et al., [Polymer J. 14,
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Representati ve exanpl es of reinforcing nononer, B, are
pol ar nononers such as acrylic acid, nethacrylic acid,

WO b@eosi468 aci d, acryl am de, nethacryl am de, PCT/US2005/031326
N, Ndi et hyl acryl am de, acrylonitrile,
met hacrylonitrile, and N-vinyl pyrrolidone. In
addi tion, polyneric nononmers or macronononers (as wll

01315857 B SIS E EE5ALH 55 L TP 1950, M QimTERRYFos9 (s

ThiRkeRiRISThaickoto k&paradibn Sl ae BheyABsHi€ pB@ﬁQﬁEﬁtﬁon&ffe
pol eg)é{st yr ene) pol y( al pha nmet hyI st yr ene) ﬁ%w
hexprge X‘fﬁ?l TORADAGEP foray h‘ﬁ’égm 5@@50 ylar

Welg@tr, a amngfﬂaﬂgﬁ ﬁ%kévg?vﬂ‘&ﬂl%%ﬁlﬁn@é )}f’&%&éb g]o%’a

methacrylic acid, Nvin yrro
polmcxy’rztabtd \tlnyll groupa nittep cddyda topodymadrizatien ofvihe ammrofurictlonal siloxane
illustrative en’[)odi nents, the anmount bg.lvvei ght f. B 1 ¢
magramSRYIPCT KR vinyl mopEUmErPTIBeRotery R Vidst siloXAn '&F&ﬂ%é}f“’a? pymer o
wellT BB strustued) i b 86nteIa $&ignLardd MRS Sf Sfaftbd 6ild3aAe bfanches.
avoi ded hi sone embodi ments, i ncorporation of B

mononer $ibicenseclasteraers h@Ymawltabmymbwomsgﬁ@t example, silicone
pol rlg%gh(gg fl@scﬁ@é} QLfU @' 8 Iﬂ7§? Sa!n){ ?a&ﬁtldnnéﬁz{ﬂ@‘glh%rﬂeg ngcsn;scnbed in

SO retai ns good adhesive pro
U.Srﬁmnﬂrw):lmw rsﬂu:ené hrel@lem ﬁiaad:anfdmhmﬂtlate aZmlwhehergx sufag of the

n p co ri bIe th the A and ners,
adh?'swg madg orpin stigra %y H@} wﬁﬁp% IPUTAGERYERSO iHD?HO IfQegn
moieHE§ Bﬁfldsozfdhteﬁleﬁn én&@th%seséﬂ%nte RAkoMERs dre lzﬁx‘i’ltnaﬁa %@Brﬁfther

3; i's hydrogen, |ower alkyl (e.g., nethyl
subettetty,l the s;ioxgn@plpie)tles aélrytlmgr@c gway leanthe sdexanafsichisurfacscand allow

adh%%%? ﬁ%tgﬂegn aéiFem H dllgon%R@g o0 oé?sa %g& ﬁ%l?sérgt}ﬁg %uﬂd over

timee Sﬂi&bn@ﬁ@ét@m@ﬁ%ﬁm@%la@ Rtbidties €&5 6ptidnally YncluideeaaitivéSsuch as,
under copol%ag‘en zation conditions. The nononers are

plagtisizstsy Auioxidants, &Y ovtahtizeas. Syes ptamants HAdsh pad e like he
C nmonomeg pgr I%F&Og% Jﬁﬁi@%&cﬁ@g e fags ﬁh{r i ‘?m@x%gfmétw%g G the
conposli tron o nono e copo mer 1s sucC as
surfaoe pf the |adlaaestxlwda%&etamrrbﬁs sape forva sufffi@erdeimnet@gnaintain the fluid

egréfg rl,pg(fg?ee%tl%e%l% |tlg|';'ea §1¥? %@1@*&&1@? gfétlhg 8 Iefsl&e%?s%l plays a role in
det&RITRIAG thd IBAg-term properties of the adhesive layer. A pressure sensitive adhesive
may be selected with rheological properties and surface characteristics such that the
adhesive forces between the microstructured adhesive layer and the target second substrate
are stronger than the elastomeric recovery forces of the portion of the microstructured
adhesive deformed upon application of the coating to the second substrate. After pressure
is applied, the microstructures on the adhesive layer substantially collapse and increase the
amount of adhesive in contact with the second substrate. .
Referring to FIG. 3, in some embodiments, after adequate application
consistent with techniques known in the art, the channels 135 (shown in FIG. 2), if
present, can at least partially disappear to provide the desired adhesion to the second
substrates 130. The composite laminate 150 can obtain the desired optical property result

described above.
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wherein the polysil oxane grafts are absent.Wen the
above- descri bed PSA conposition is coated on a backi ng
wanmeappts ed to a substrate surface, |ow initietT/US2005/031326
adhesion to the substrate is observed. The |evel of
adhesi on and, thus, the degree of positionability are
related, at least in part, to both the nol ecul ar
wei ght 0[‘:1({:4315@ sthematfel oL sQ&foﬁer\téQ\g S tHe ltf(beand substrate 110 of
copol ymer. Copol yners contal nin nonmer havi ng
FIGv3| being ramowed from thesscondh ambs&rbtmlfi 05 ﬂ)'ﬁllawmgnmtnallmnyact of the

ries )SHL e 1y N
o ) 0 BB L SHBRLS i SRS TED o
withé\a Iﬂlafn@gﬁ@ @heﬁicfh%ﬁ% YY1 &Vchéiﬁzcﬁﬁ’cﬁ élIHsﬁQt@tle' this A can be

at such high nol ecul ar wei ghts, possible
termeh sEOV B‘?P]Pt!%al 8m{he C nonomer with the renaining

res

T, 4510 AR B, T o

FIGndi thgintg laminaltahgehé secoomdfubetratd 080 toofornlbec&iY, &ﬁ}&bosit@lammate

L e
to dbtdi® ﬂﬁ%’hcéﬁ)rbﬁb‘iﬂés‘lﬁrs@ﬁ&ﬁ abbvd. N&s ﬁl@ %g{lyﬂ?ﬂm rBmb rﬁ@ in contact

amount of 01 to 50% of the total nomer wei g
with ﬁteaﬁepprzdrﬁ@bétws 1 & adbepiareofdhe ppsisiat filom ecbihle |Stgond“§hb5trate builds
Ove? nt of C mononer included may vary dependi ng upon

e particular application, but incorporation of such

per cent agesmefen{bodinents; iwHefek BEnd thOmMeGUdtAlcted @ithe laBhesive

t he abqve-specified range has been found to proceed
lay"srr?é%fqtﬂlve r igjtiplapgligation, the patical filmyspr ptilh be tangred and

rele@rﬁlflﬁeﬁ to'tfe @&%‘nﬁ'sﬁ&"ﬁkﬂiel c?eFé’ct FRE Phi¥d h@%l %’é@{can be %ammated again

applications while sti bei ng cos
on e seqoatl substratfsardezhtalablhezd alienfehasaiond eaaposite laminate of less

ferabl t |eas 9% in the itial
thay B SRR L0 P prlfihon 3o s R Yo idetseToed above.
cont ai ni IDeGnllﬁQtlﬁg {he%aeane richisiriife TIN SheBOS Dhid! £second
however, that person skilled in the art m ght w sh,

subgtgpte éanw@mbpr ef e aseyidesandaisiebpesbadhesioparlieetween the
51105(5%"1%11 Qﬁlgacg of Hl% a'dﬂn%swcfaalnd%?&ntd%ﬁb%r% helsd mt ﬁ%ltpggl aghssﬁcgl

val@ mr\xermyslsetfal wlildfmmhtab,efof angelgf. 101;0Q§D dzﬁhn]&% tbf 25t (ktﬁm orlto
nmononers in the co

t ot al ht of.
20 G5 B Fampedits JEmingREeT oSk dimce eeal Shenae vahie bulds to a
sechiftl pHePidHeBdn value that is greater than the initial peel adhesion value. The second

peel adhesion value can be at least 75% greater than the initial peel adhesion value, or at
least 100% greater than the initial peel adhesion value, or at least 150% greater than the
initial peel adhesion value, or at least 200% greater than the initial peel adhesion value, or
least 300% greater than the initial peel adhesion value. The time interval needed to obtain
a second peel adhesion value can range from a few minutes to a few days from the time of
the dry laminating.

Optical films can be laminated to a second substrate with the adhesive to form a
composite laminate. Some embodiments of composite laminates include composite

laminates having a visible light transmission value in a range of 40% or greater and a total
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nononers, B, are termnally functional polynmers having

a single functional group (the vinyl group) and are
WGeomeh3Ies ter ned macronononmers or " macr oner s"PCBUSIN05/031326

nononers are known and may be prepared by the nethod

di scl osed by M1l kovich et al., as described in U S

Pat Nos. 3,786,1 16 and 3, 842, 059. The preparation of

di rret | si | oxgne, cronononer and. subseguent . .
solB ey FEF PR elE APHe O e G RPPORiG S By Paving a visible
light! @86smifesh V4lus ﬁlVeﬁfaﬁlge BESBL Or gbéat\ér an@arRstdlisbRr eherdy rejection

[Polymer J . 14,913 (1982); Pol yner. Preprlnts 5

valyel9f 35%er greagu pr a KaKPOsTS| lm@a@rhavm@ vigblejlighy jransnyipgien value
3

i R 0 AP SR AL AR MRS P o rver. or

coniporideTmihare having hivisibig ligh t;anrexmsstfon cahikeninh rageod ISG%LId»ragreater
and termnpatiqn i i eved via chl or.

and R B NEER I L S op 60 JvePT B b ASgTPGT g e aving

a visBHl 50t aRRRLMOR VAGE thngé of ‘VU% P BRhtAGHd 2 BA4] solar energy

si | oxane macronononer Wt Vi ny nononmer or nononers
rejegtiayvalesok40% e g@a@r aﬁtmdlad bp@lwfeﬂusiratlm olatierfer gpengjection

firfi Bisified i R G ERe S BREA R EP SMIRE I Sharg,

2000019340.noi eti es such as, for exarrpl e, silicone
pol yureas (as descri bed in U S, 475, 124} and
radi at i ohdvanfagss ef @F|lmcea%%area§usarégeérhya€a qliowipgsexamples.

Howeverthd Pé%):ul'ﬁf"ffﬁte?l'ais' 408 AholRs @l‘iér&rcf bl ify Hese exam;i/les as well

concentrate at [ ow energy surface of the adhesi
as cdinat choditrozs aldl dexalseare ite he serpmtd tampplyposrdly in the art and should
f the 51I|cone noi eties, builds

n“i?%%rgéﬁ%‘ﬁ t@f&déWH’é%teth%qu&b% el astomers are | ani nat ed

to another substrate, theppdthéds@ne noieties can
mgrate away fromthe siloxane-rich surface and all ow
LuminnusiTnangmittance anddaghesi ve (non-sil | cone pol ar

Théga\gﬁlt%u%@anﬁﬂgtaﬁ%)ﬂ(f 76 of 1 ?dtx’zhﬂlgs WEm EE%d aﬁ}drhﬁg (o]

stoners havi ng po nol eti'es can o i ona
AniericinSteriag fort Toseing sntMeasyrerndra $ABTMY) dTest, Matmbdd) i0EBes,

U V. I d d
("Smné@ﬁs%ﬁgfrﬁso 'Iaﬁ%aze%?nct hégfapaf E%Pﬁmgtwa@aﬁénmgwé EE’F‘H §usmg a
TCY PRIt G Ht et s B PRIGAESer e [ 1R eRIpASEsY R1d. ay er

retain thelir shape for a sufficient time to naintain
Totah8olar lindrgygRejestipn operti es of the adhesive layer. The

GBS 5 R e ) PR Gy pencs
plub &i¢qart o sPlaL StssdfRicReMEEH {s\teradidtedoureard. We calculate Total Solar
Energy Rejected using the "WINDOW 5.2" program publicly available from Lawrence
Berkeley National Lab. It is available from the following URL.
http://windows.lbl.gov/software/window/window.html
Transmittance and Reflectance spectra of the sample are measured using Perkin-Elmer
Lambda 9 spectrophotometer. (PerkinElmer Life and Analytical Science, Inc., Boston,
MA) WINDOW 5.2 is a publicly available computer program for calculating total window
thermal performance indices (i.e. U-values, solar heat gain coefficients, shading

coefficients, and visible transmittances). WINDOW 5.2 provides a versatile heat transfer
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may be sel ected with rheol ogical properties and

surface characteristics such that the adhesive forces
wheatoseset he mi crostructured adhesive | ayer aneCt/tig2005/031326

target second substrate are stronger than the

el astoneric recovery forces of the portion of the

m cr ostructured adhesi ve defor med upon application of

ana g%llﬁ A f(ﬂ]élsﬁq 5: 3 on(%l 21 t r}?l‘hged%éeve\}féeﬁ %ygllleeNatlonal

Ferﬁstbe&ioarnanag Iqbuseil mme) thadhsi lcaﬁsﬁaaﬁ vithte 3O US09Détandard.
adhesive in contact with the second substrate.

Peekdydbesippg ¢ o FIG 3, in sone enbodinents, after

TSR AT e s Y g,

subptiteiBga glassasubauratb déarsthe ptamllesa ktiegl sdbsimbqoéacribeﬂ iprthasfesle

he desired adhesi on t sSeco str 130.
Adh s SR SR SRt D e 17 BT 67 DS ettt R B asahen
adhRfedRe a1y chﬁwtd) c&lQﬁ&hl &ﬁﬁen@%&%d@lzﬁs céuﬂo’in L@ln?goc{@ﬁ?}dl[ér
cross-sectional view of the 120 and substrate 110 of

paspgdmncg opei theystrigndwie dondesiassanebly dwsHerl afupemtempera@ee for about
|, o
onc ok Bl for 180 AL adier b BB PSS el Gotbtiodel
3MO0, doapnatiallp aedlabiet ﬂr@ut[nmkanagom,gmt hStranhele, \Ghib)eat @arrate of 0.31
120 or the) second subsérate 30. This filmcan be
m/mig (& 4/ Rin) Yehe Bye srsend drtacpllegtionims. 5 i s a schematic
cross-sectional view of the renoved optical film of
FIG 4 being lam nated to the second substrate 130 to
Exdmplesa second conposite | am nate. The renoved opti cal
Mafl Ii]w of FIG 4 can be |am nated again onto the second
e rate 130 to obtain the optical properties
10 AleS§gocty deriey/ €omméreldlly a0ildledrothi Jigha @N@idhs(Jab# 437425)
contact with the second substrate 130, adhesion of the
optical filmto the second substrate builds over tine.
AN DaG P SADAHIRAN; 4 IS0 Bon0SigMia A llh
structures on-th esive ayer are retained
after initial appllcatlon the optical filmcan still

ACKE B e OrpReE Bt MRV M SEmaOana A o 1

on the second substrate and obt ain a haze val ue of the

second conposite |am nate of |ess
14,000 PDMS diamine--an approximately 14,400 g/mol number average molecular weight

polydimethylsiloxane diamine prepared as described in Example 2 of U.S. Pat. No.
5,461,134,

33,000 PDMS diamine--an approximately 32,300 g/mol number average molecular weight
polydimethylsiloxane diamine prepared as described in Example 2 of U.S. Pat. No.
5,461,134.

IEM -- 2-isocyanatoethyl methacrylate available from Polysciences (Warrington, Pa.)

Darocur™ 1173 -- photoinitiator available from Ciba Specialty Chemicals, Tarrytown, Pa.
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than 15% or |less than 10% or less than 5%or |ess
than 3% as described above. Lam nating the
waetdoenamaes ri ch surface of the adhesive onto a BEDUSI05/031326
substrate (any nunber of tines) provides an initia
peel adhesi on val ue between the sil oxane-rich surface
of the adhesive and second substrate. This initia
peel adhesi on val ue can be any useful value such as,
for exanple, 0.1 to 30 oz/in, or 1 to 25 oz/in, or 1

Kuh@:o Mt il is fﬁolp@ﬁw@mmbmalb@mmmlm eppr@miatél'y 0®05”
eel adhesion value builds to a second

thwe!sdweat iadpatiehagdeoataailalle drogpKapote Tgph.tlpe (Cﬁqi%rroawn SEe)
adhesi on val ue. The second peel adhesion val ue can be
at least 75%greater than the initial peel adhesion
APBal Aminaded pelyb@adiencsGi Uespribad ar Uth atehti¥o.i 1)661,%74 peel
adhesi on value, or at |east 150% greater than the
initial peel adhesion value, or at |east 200% greater
SiMdrnd STt Bhdlb@e — HEEdncAHRESHORNOMEE B cofimdrEREY avdliMle from
greater than the initial peel adhesion value. The tine
Shiprfitey, yepanpasdisem 3y.oHtPaph MNsecond peel adhesi on val ue
can range froma few mnutes to a few days fromthe
time of the dry lamnating. Optical filns can be
Exampleriat e Radéatiors€arubde Siliesi¢sat e Wi t h t he adhesive to

A 0y BRER SE0EPDRE Gaminemg ddiond rEReS ieiae s revgted
with sifffit iRt Rotyaahioeth t‘y%@ﬁb&?la@é‘tove%ﬁ%% tha? afl aﬁ%ﬁ@&d@ﬁw&@@acwd

or greater ‘and a fotalsolar energy rejection value of
Daz09s'Yrl 1§3.4hi% by i was edded and maxédawelhaTkis mzivfungywas coated onto

i,.Si |4 r i S. Lq Iue in,ara f 50%,0r
0.0y s FEL ebhRRRCLERS LS s e RT3 8ie conter
set $7% @O0T(O A5 /Im) gp. This QORDP] \ifﬁ doaﬂ’eﬂl ali valabdliger, ScotchPak
visible light transmssion value in a range of 40% or

™ BM%T Fipg 3&)%&9@&?7 davaglable semgpereialh e FomciMa St Raal, MN), to
ox 80 Gucl S34m 13 SpBRRT RS LB By 15
ﬁ/rginﬂa«atﬁect atmb o theotlastormer through etegyrime] PET isivle. \Adfter éhedfner was
t I t h .
remi e ORI O The R R G A R IO A ArEH B e 13mipatgd to

Kirfbt@aifte MRdarkl §t@ﬂea|at @%hﬂ%n?@ﬁf&é‘ uﬁ@u t8§iéd R 180¢ 1 Qdhesion
40% or greater. artial listin illustrative

usiggrmkmasg §Pg’§000e§h@ eebigstet (Ansorsl M/isl)eé“ bc sayeples wetpgested every day

for%d%%.%ggﬁultyare shgwgglr]f T%bl%l U.S. 5,691,838, and WO

Table 1
Application to substrate Average Peel Force
(Day) (gmv/in)
0 (Initial) 3.3
1 18.4
2 20.8
3 30.1
4 40.2
5 Not tested
6 Not tested
7 330
8 322.9
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Advant ages of the invention are illustrated by the

foll ow ng exanpl es. However, the particular materials
waneasmet s t hereof recited in these exanpl esPCEES208$/031326

as other conditions and details, are to be interpreted

to apply broadly in the art and should not be

construed to unduly limt the invention. Methods

Lum nous Transm ttance and Haze The | um nous

transmttance and haze of all sanples were neasured
Exaaples dAngnd 2B ASilidoaaPobageet y for Testing and

Me AST Test thod D_1003-95 ("Standard
Exargig ior A Plepd oL 000 PSS ramiaen SHPRRBAEZ Of
MetHlyieaRai@lled@apiihe 01 n#’aé‘le@\afE@ & #Sm E.L duPont de Nemours,

Spect r ophdt onet er fro Gardner 1nc., Silv
Wl@pngtng,sDelwas Toxed inSaiokutiokof tqjyenlée(pbpartso and” Hﬁprqz;mnob('ﬂz parts)

d
o Gy S A5l Bl nS b A HES e S P! B e,
(Deab@ampw am(mw;dshdxﬂlsfoeyaﬁa@taesnabw a6 Bay¥é PaasbGtd, RAE) The

Total Sol ar  Ener gy {ect ed using the "W NDOW 5. 2"
mix{prsgyasH1pwed FQ:IIC?Cté%li hﬁﬁ]e’-MIPbWﬁi%mS@ﬁé‘é Ber kel ey

al
ExRLIE kool py SR SOOEN € L% oo
RhérdoaisilsFﬂmd (@namblniiiorREHodzt Sihcmes,ferahtuary,aNJ )t h palssmiiﬂ -propanol
rred using Perkin-El mer Lanbda 9
andg’{} S Q¥S¥eter. (PerkinEl mer Life and Anal ytical

Exapipl€ DA&ndBXampl3DS waB codvby othb NIANL5 (8.05 snrd) ALk PLcﬂ Him with a
avai |l abl e corrput er programfor cal cul ati ng t ot al

stangapibnife pedterat usies ot hintlgapifor? Aeand(s 15gmil Lmv?eB uBgth examples

o R B O 145801 RSO ot ror 00

pee‘]/ ﬁﬁﬁﬁ‘tnahee dirist plasngfOOriameh us b Surtebh Gﬂd\ﬁﬂll filneta@a teritperiture on
t he dat ed rating Procedure devel gped b%{ t he Nati onal
§u

the elzie Sibsiizte gAC rRAKIFgIaHe arctcmfllmq%@ befats: dihgsesults are

rep¥itddini1®1d BR1dw099 standard. Peel Adhesion The peel
adhesion test Iis simlar to the test nethod descri bed

|n ASTM D 3330- 90, substlt’[ablﬂ@ a gl ass substrate for

E>'<'a°mp R URUE S S A5 v pot e S g ucu@ P hpests
(N/dm) (N/dm) 7 days at 70°C

2A Glass 0.30 IAdhesive IAdhesive
cohesively failed |cohesively failed

2A  [Kimoto Hard coat 0.28 0.93 Adhesive
film cohesively failed

2B Glass 0.15 1.27 Adhesive
cohesively failed

2B [Kimoto Hard coat 0.17 1.05 Adhesive
film cohesively failed

Example3  Silicone Modified Acrylate Adhesive

Adhesives containing 0% SiMac (i.e., 96% IOA and 4% ACM,; Comparative Adhesive
Example); 1% SiMac (i.e., 95% IOA, 4% ACM, 1% SiMac; Example 4); 5% SiMac (i.e.,
91% IOA, 4% ACM, 5% SiMac; Example 5); and 10% SiMac (i.e., 83% IOA, 7% AA,
10% SiMac; Example 6); were prepared as described in U.S. Patent Number 4,693,935.
The adhesives were coated onto 0.002” (0.05 mm) clear PET film at approximately 0.8
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Adhesi ve coated sanples were cut into 1.27 cmby 15 cm

strips. Each strip was then adhered to a 10 cm by 20
wemocheass sol vent washed gl ass coupon using ap@r/ksp00s/031326

roll er passed once over the strip. The bonded assenbly

dwel | ed at room tenperature for about one m nute and

was tested for 180 peel adhesion using an | MASS

eras s oot RES Bk WY e R ouin T E: Takedy et P Yagihen ary
lam@atéd 13%a IR 178’ (@22 mﬁ{)rglm a@éfiobie WindRdws elm@rldmmhan was

collection tine. npl es_Materials | QA - 1sooQcty

accgraplishef by capnvally mlmg eafilntel the Blraé?rﬁ@faﬁ?rﬁn%l%% g hard plastic
Squgé\%%t %‘ﬁé&ﬁ r%grrﬁhﬁ%lm %H }gﬁ@%«}éﬁ acr y a?ﬁls} Jetermined

immeatatelycifiat the aahwweaﬁﬂlnewhs Brst Bonatedfocthe ghts{ Chlte lminated film

wa%t%%%gé%?ﬁ%gyog%?gs@g%w gef %{}i rﬁ%ﬁ%ﬁ({ Iugltliltg ?hey sa%ndé sAcflueegee
teclﬁﬁdmed Ik BMH $rahhi8€16n We%’ﬂe‘i@m%eﬂ%ﬂ&ﬂmgih@ﬁ%ﬁﬁﬁ&ﬁgn | h one

mple 2 of U S. Pat . 5,461, 134. 33,000
casguth@ﬁlh@oq@nn@cbﬁﬂbxdhmwe ifijm 3gas 3erpovdrenid reapplied wathisy migaites of the

I |
50, S L B IR S 5P 0L B RLSR h
andl ;&]:Vkved% reﬁmmy an ma@adsy;hbmtdfa? t¢ haire baf(tmn;)cabg eenfidvethand
Pal ysci ences (Warringt.on Dar ocur ('t 1173
reappidt Jbﬁﬁ?ﬁuifarrersmq%%ﬂ“é lFr%om Ci ba Specialty
Chemi cal s, Tarrytown, Pa.Kjjpte Matte Filmis a
pol y(et th ene terephthalate) (PET) film approximately
0. O(&mplai ck,| witeh ImitiahApplitrtionc d aAfav&)ﬂedbéam[ﬂlcmmll
Ki mInimddiate, || nc %TCedart o%H Ga.|) APBT~ Ani nmateq#l
pol yjo canenes agggescri bedg4n UJ[S. Ratsent [No. 49
3, 6%, Giviael VBc ggd ST VBc aal ogg - {RLICONE 356

MacC rOTTONOMET S are (,Ullllb‘r ciat ty avartabtefrom

e B ol oS54 domos, o 50150 4w H-ondsor
33, mséﬁﬁﬁm nr’rB Z and 14,4’5 o_PI\NE r$:7$9m n \AnQ8'T
r ea®e§iMAC 88.6 4.3 88.1 e| 6.1
(Values represent average of three independent trials)
Examples 4-6 Adhesion of Microstructured Surfaces with Time

Portions of the formulations indicated for Examples 4 — 6 and the Comparative Adhesive
Example were coated from a solvent solution onto both flat, non-microstructured liner and
liners with square pyramidal microstructures. The properties of microstructures
designated as “SS” and “DSS” are described in Table 4. The coated samples were dried
at 70°C for 10 minutes in a forced air oven. APB primed PET film (0.0015”; 0.038mm )
was laminated to the adhesive and the liners were removed to reveal the microstructured
adhesive -- a series of square pyramids rising from the plane of the adhesive with the
same dimensions as the liner structures. The adhesive samples thus prepared were tested
for 180° peel performance against glass at 90 in/min as a function of dwell time on the

glass. The results are reported in Table 5.
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with sufficient

t hat al

w@20%0kipesnt , was added and m xed wel | .

coat ed

I socyanat oet hyl

nmet hacryl ate to ensure

| am ne ends were reacted. Darocur(tn) 1173,

onto 0. 002"

Thi s M ETUS2008631326
(0.05mMm PET film (M tsubi shi

SAC"

two-sided prined film using a knife coater set for a
(0.05mm gap. This coating was covered with a

0. 002"

rel ease |liner, ScotchPak ((’:l]tagl fl ain PET Film Type
860197, (avail abl e comrerci ‘Ty from3M St Paul, M),
to lexclude gjRhent| oxygen. The sanplgeighs passgﬁptevm ce
under a BOQiickdhsFOH" Efndlpet Jidch/ M Nntierdifs) Lt (deF&sPf
t he S[OMeRgd N OpgiT Thg; 5)r| rreo PET Skde. —Af1g

[in was—Tergved; bdllpi | the—cut

nEt ||aur y ut e t reas I UAQAUTITO UUIICQI ‘V’ J\ln\l'el A>3 I ar‘f Ilnlat \4'\.4 t C

Kinmoto Matte filmand stored at

t est ed

Sl p Peel

for 180 peel

I ester

(Accord,

roomtenperature until
adhesigpdsi ng an | mass SP-2000
MA) The sanples were tested

every day for 8 days. The results ar e _shBegl firom Eldsh e
1. Tablje 1Exanpl es 2A|®wkIPBme DSS
Exanpl ¢ 2A - A bl end of t3&1880 [ts
1e- | Metivtnidatigaet Nyl epsyli ani folg/if\ N/dm
Comphlatiyk! 0565 (0 7] de Ngrour|Sy (OS5 5| 983 | 31.4
0% N’Iﬁg n a §9Lut| on otholzuene
Thi-S—aifi-fre— i xt e —wad—reakt ed 422 | 386
parts) (Desmodur W l:l Q(A cycl 5| 40.2 36.7
availafle from Bayer. |Pitt&bur Wad2 | 340
allowed to react until| the&4H 2N 51.2 | 46.8
Exanpl @ 2B-was for nmed [by nigxi ngd 6ES51.0 | 46.6
ER4 10 [partsooy. 47 Vi Ripodor 182 | 16.6
from RYgfh/ACM/SINIRS,| O anbury .
'L_- Pr OPcn I alna £ 1 pdr[b U{ [UI ) 27.2 24.9
S TR M ey QALY 352 | 322
ml gap for 2A and al15 n?l fqrI3dR| Hdih 41§>é§mf11>é 340 | 311
were driied in forced dir dfen f|o80.40 d5RUt4ds) at 4¥.0pél.2 | 37.7
These ganpl es were tedted4Bor 18%/.pael52@BerS8dy hahg.6] 49.2 | 45.0
B33 nst| gl asg1:at5 90 in/ mnoas g Bungti gry| oh.cdyel §.8t Ime 6.9
and t erfgRO AIACRI/SiMac)
1 40.2 | 36.7) 31.2 | 28.5] 18.2 16.6
2 404 | 36.9] 34.0 [ 31.1] 18.8 17.2
5 41.6 | 38.0| 36.8 | 33.6] 23.0 | 21.0
24 562 | 51.4| 444 | 40.6[ 41.8 | 38.2
48 55.8 | 51.0] 524 | 47.9| 424 | 38.8
Ex 6 83:7:10 0 27.6 | 25.2| 21.8 19.9( 20.8 19.0
_(IOA/AA/SiMac)
1 85.0 | 77.7 402 | 36.7( 274 | 250
2 86.2 | 78.8 47.0 | 43.0[ 31.2 | 28.5
5 90.6 | 82.8] 52.6 | 48.1] 36.6 | 33.5
24* 112.4 1102.7 | 76.2 | 69.7] 44.0 | 40.2
48* 107.6 |98.4 [ 85.8 | 78.4| 52.8 | 48.3
Note: Dry thickness of the above adhesives was 25 micrometers as shown in Fig.

3, element 120.

21




the gl ass substrate and on Kinoto Matte Hardcoat ed

FilmCd O substrate. The results are reported in Table
w@20ebsmes Tabl e 2 Exanple 3 Silicone Mdified PCI/ysmbE031326

Adhesi ve Adhesives containing 0% SiMac (i.e., 96% 1 QA

and 4% ACM Conparative Adhesive Exanple); 1% Si Mac

(i.e., 95% 1A, 4% ACM 1% Si Mac; Exanple 4); 5% Si Mac

(1 Byaea91% | OA 4% A % S . EX le . 5) . and %

U o A Ry A, SRR FoRPLE S S0 0
wer@hpsieglafsitbdaimridg sied pdebdst. Mudng. th&péedidhBsivdRinained on both
4,693,935. The adhesives were coated onto 0.002" (0.05

) the liggfrsupfage #nd the glasuppiaski mat el y 0. 8gr ans/ squar e

foot (9.9 g/n2) dry adhesive coating weight. The

coated PET was then dry lamnated to a clean 1/8" (3.2

m) gl asbhefiotegonty detailed ndsonptitn gnd ewampdts leave esn given for

ccC i shed b ual |y appl yi .the filmtaq the
claf}y SE SRt Sfne Y e s SRRy i ftidrd B bofatadetblig therefrom.
TheSiaP&tdn dhottifigitdd tothe BRLCAMiIsRABSHN ARG déscABSIIISISYRHations
were determ ned i medi at el after the adhesive film

obvjeys t¢ ppesskilledhinthe arg wilh be ncluged si§thinthe invertina defingd; byrthe

clags then peeled away fromthe glass surface and
reappl i ed using the sane squeegee techni que. Haze and
transm ssion were determ ned foll ow ng the
reapplication. In one case, the silicone nodified
adhesive fil mwas renoved and reapplied within mnutes
of the initial application. In a second case, the
silicone nodified adhesive fil mwas applied to and
allowed to remain on the glass substrate for 16 hours
bef ore bei ng renoved and reapplied. The results are
reported in Table 3. Table 3 (Val ues represent average
of three independent trials) Exanples 4 - 6 Adhesion
of Mcrostructured Surfaces with Time Portions of the
formul ations indicated for Exanples 4 - 6 and the
Conpar ati ve Adhesive Exanple were coated froma
sol vent solution onto both flat, non-m crostructured
liner and liners with square pyran da
m crostructures. The properties of mcrostructures
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designated as "SS' and "DSS' are described in Table 4.
The coated sanples were dried at 70C for 10 mnutes in
w@2doengles ai r oven. APB prinmed PET fil m (0. 001BCT/US2005/031326
0.038mMm ) was lam nated to the adhesive and the liners
were renoved to reveal the mcrostructured adhesive -a
series of square pyramds rising fromthe plane of the
WE3€D§ ive wth the sane di nensi ons as the |iner
structures. The adhesive sanpl es thus prepared were
tested for 180 peel performance agai nst glass at 90
infmn as a function of dwell time on the glass. The
resbul t s AR @PHEAHEIMEEMPHSIED| e 5. Table 4 Table 5 Note:

Dryant%;i‘églrh%&ré?@ dje above adhesives was 25
m croneters as shown in Fig. 3, elenent 120.*Note: at

24 arafhdgvdbavisg a fingt sarddvesiispesaif onftha npliel Sutstrategtheadbesive

the.flat liner. cohesively failed duri t el.tesf. .
corttRiras Tt Tabieb el RstiStaner st ot Sohok 11Re RSespiscpherein
the $il6:{aA6@ichBELonl Sueth@Sificreblel agiRsiohWheh PIRGQ i Eorflft Mithesecond

description and exanpl es have been given for clarity

subgfrate Q¥ tE8%ndi ng only. No unnecessary linitations are
to be understood therefrom The invention is not
limted to the exact details shown and descri bed, for
varl.at i oAis optical dilra atcording ts kliainh @ dwhereintthe adHesivielcbmipeises
included within the jnvention defined by the clains. \E

penéﬁl}f\lnﬂﬁnoi’?leﬁwsli(%?‘i‘eclﬁpleflﬁ'm conprising: an optical
substrate; and an adhesive having a first surface

di sposed on the optical substrate, the adhesive

C on£r i sifgopiicadiimacemsiliogiteslagn 1awbéreimdhe adhesiyis compoprs

siliéolflref g%s“:t‘orggr]sthgsln?%g?ﬁ irr}/oefetie\é\{her e! n the siloxane- _ri ch
Second surface creases adhesi on when placed in
contact with a second substrate over tine. 2. An

optical film,according to claiml1, wherein the

adhiesi veAR SRPTA §8 Bpeatding o AgHB ¢ at Brreindhe pxigdiat monovalent
siloXREhbRAes have a number average molecular weight in a range from 500 to 50,000.

5. An optical film according to claim 1, wherein the adhesive comprises a

microstructured siloxane-rich second surface.

6. An optical film according to claim 5, wherein the microstructured surface
comprises a plurality of pyramidal projections extending away from the first surface, each
projection having a mean height in a range of 1 to 30 micrometers and a mean pitch in a

range of 50 to 400 micrometers.
7. An optical film according to claim 1, further comprising a second substrate

disposed on the siloxane-rich second surface, wherein the adhesive is disposed between

the optical film and the second substrate, forming a composite laminate.
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3. An optical filmaccording to claim1, wherein the

adhesi ve conprises silicone el astoners having pol ar
wormioensees 4. An optical filmaccording to cl apam/g$2005/031326

wherei n the pendant nonoval ent sil oxane noieties have

a nunber average nol ecul ar weight in a range from 500

to 50,000. 5. An optical filmaccording to claiml1,

o1 o ancht PR B S 85y 7. BhRRRNE i jaminate has o

haza&&1aE ¢ Nehnke of I 89orIessWherei n the m crostruct ured
surface conprises a plurality of pyram dal projections
extending away fromthe first surface, each projection
havdg ng a : [ e ] G
anc o e Aot Bl akodring 1§ 82507 S p ol Coltp SRR AR has o
hazg valda iroptangealf 1 0%mraessor di ng to claim 1, further
conprising a second substrate disposed on the
sil oxane-rich second surface, wherein the adhesive is
di sppsedaR8piee filthRecR@ink@tlafnh 7 vRGEIntthE cSRFEYNE laminate has a

p
substrate, formng a conposite |amnate. 8. An optical
grenergy

visiple| lighh trersmissiep vaue ingd rnge ofd8s er greptspandbarisialise
. ' value in a range of 15% or |ess.
’elé§a%£%§?f§°§4’%1‘ m%é’ccor ding to claim?7, wherein the
conposite | am nate has a haze value in a range of 10%
or Jess. 10. An optical filmaccording o claim7, .
whel n AREPE PEROTHARIH SRR ha¥here g fPTBPesitgHgminate has a
visiblAERI a5l 4l8e il An @Qﬁﬁ)‘%’Fr élQ‘(ﬁ){f%eP%%cgé RA418b1a2BRErBy

total solar energy rejection valu % or greater.
rejettion Yeluopf 33%4lor gidateraccording to claim 7, wherein the
conposite lamnate has a visible light transm ssion
value in a range of 50% or greater and a total solar
eneryy rghoeplitRfilnvakeedo tSOHmR7, §h&dinehe cdmbposite laminate has a
optical filmaccording to claim?7, wherein tﬂe
visig fragsmigsiom ¥alue Hesranee P75 or gicater and atpdatiselar gpergy
reje‘éﬁbﬁ‘@alh@o%d%%g%re\%{e]r-m% or greater and a total solar

nergy rejectio alue of 40% or greater.

13.  Anoptical film according to claim 7, wherein the composite laminate has a

visible light transmission value in a range of 80% or greater.

14.  Anoptical film according to claim 7, wherein the composite laminate has a

visible light transmission value in a range of 90% or greater.

15.  Anoptical film according to claim 7, wherein the composite laminate has a

visible light transmission value in a range of 95% or greater.

16. A method comprising steps of:
providing an optical film comprising a optical substrate and an adhesive having a
first surface disposed on the optical substrate, the adhesive comprising siloxane moieties at

a siloxane-rich second surface of the adhesive;
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13. An optical filmaccording to claim7, wherein the

conposite lamnate has a visible light transm ssion
walowesi4es a range of 80% or greater. 14. An opedTES2005/031326

filmaccording to claim7, wherein the conposite

| am nate has a visible light transm ssion value in a

range of 90% or greater. 15. An optical filmaccording

to claim7,. Wherein.the copnposite |am nat S .a

o o iPietind R BRI SeoB TRk St WP SiGubi e o o firs
conffosité Rinindt6, witerém tthefirse edtpdsite NEnisate Bas &1 inithd] P¥élidAgsion

an optical filmconprising a optical substrate and an
valygihesi ve having a first surface disposed on the

opt élﬁﬁ}ingc'ﬂlke%h{) Ruridh el ?faélceetoqgrqgitil' i? ICQ&&&'\Liﬂﬁﬂl@%econd

noi eties at a siloxane-rich second surface of the
substdie firadirhaimterasli whereheths ifiksd xampesiiedimprtedrd ssconflpeel

ont o sego ubstrate to forma fir conposite
adriie? nQpE SAGRS B SRl miint S apetadhesimEnes i azeates than
the linltidlipak] ddBediomdiigsi on val ue; allow ng the _

sil oxane-rich second surface to remain in contact with

t he second substrate for a tine interval, wherein the

fir co j i S i Qn .

val b sr et EacBilA e SRER ME BloANNE Sl Romprises
progidirgsanapticall filer ¢sngistgd @ opticalsubiteatd @Md dneddhpsiet having a first

dhesi on, value. 17. A nethod according.to claim1l6, .

surfaig fisposeq AR the psical suystEte dhe afhesive semprisivg sl gigng moicties at a
siloRBd-RéH sebbhd}FRRB bF HeRNEh&AN ORhbEH the WSt haBhRSurface

adhesive having a first surface disposed on the
compisecamigrogigtctured surfase. adhesi ve conpri sing sil oxane

noi eties at a siloxane-rich second surface of the

adhesi ve, wherein the siloxane-rich second surface

COMEB.i SeA niethdddcesidinlowlAsh 1S vhaeth thé ProvidiRRsRPEomprises

according to_claim 17, wherein the providing step
pro¥igiRgransapdical fi eanpryising ayantical substrats anshasradbiesige.dhe siloxane-
rictP e BUPRIViAL € piotlg Be BRIERAY BrojoctBn® LLOARELME rom the
firspsufaee bidbeesh @xdjecttbinrigvmgayméandreight én 4 rangt o 10 taB@madrdmeters
and S iR G 0o 13409 400 ISt 1 & range of 10

19. A method according to claim 16, further comprising the step of removing at
least a portion of the optical film from the second substrate after the laminating step to

form a removed optical film.

20. A method according to claim 19, further comprising the step of laminating

the removed optical film onto the second substrate to form a second composite laminate.

21. A method according to claim 16, wherein the laminating step provides a

first composite laminate having a haze value in a range of 5% or less.
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and a nean pitch in a range of 50 to 400 m croneters.

19. A nethod according to claim 16, further conprising
wo bwessigps of renoving at | east a portion of theCDpP$1008031326

filmfromthe second substrate after the | am nating

step to forma renoved optical film 20. A nethod

according to claim19, further conprising the step of

| angnat i the, renpved opt.i ilmonto the second .

sub £ o B RGRAPNEE o SR CA) b BR 1 A SHES Poides o
secofl duagho3€ Rintlhatg hhding h&kie ddue WnaRid LIS, baRNat i ng

step provides a first conposite | am nate having a haze

value in a range of 5%or |ess.22. A nethod according

to £ ai M\ 0 WMRIcSidind R 1diRMe) SiniRbAY i

second co ﬁ[g% s(?Mt1 e C? aclilri]nn %tgt edlﬁav(sip %hggﬁ% e vlg Fﬁ%é ?EE? gl%wdes a
first comgeostié labitate havieg 8.vistide lighttednsmiksmnomheiing ramgecd fa0f6 or

6 erein the | am nat.ing .ste rovides a first

e i B Pk e Mok i Vet FE3 6 BY BEGRE "t ranar s on
value in a range of 40% or greater and a total solar
energy rejection value of 30%or greater. 24. A nethod

acclt-di ndy meshed arcprding tovglrimelion wheisin telanaingiig sfepprovides a
. . . |
firsPIARE Idhhack BB TR Reh SRS AR g o o
greaimciarel 4 totahbolanéreergyerefetyn vaje ef3i%or grehiee of 35% or
greater. 25. A method according to claim 16, wherein
the lamnating step provides a first conposite _
| am91at ep hgathRPacRoMirgy 1l Baifnl lgi“{th{eﬁﬁt%@laﬁﬁihQﬂng’?cEﬁ‘gro‘VMes a
a range of 40%or greater and a total solar energ
first egregatsite lanvinita davihg 304sible lightetzanemissp®. valuerip atrange of 40% or
ccording,to claiml6, .wherein | am pating step
sefPE 0 S R sy TR 10 o BEORRG 2v s bl e
l'ight transm ssion value in a range of 50% or greater
and_a total solar energy rejection value of 35%or
gr e#t er . Azyethod aspxding Qcdamdlon yhewsinthg lamipgting\step proyides a
. F _ e fi : .
firf Qinp RlT 110 15! 90 i A8 Bl Slon AR g, of 503 or
greater anigetotll s@@femergygregrtien vald8of 3$% et predteaccordi ng to
claim16, wherein the |amnating step provides a

27. A method according to claim 16, wherein the laminating step provides a
first composite laminate having a visible light transmission value in a range of 80% or

greater.
28. A method according to claim 16, wherein the laminating step provides a
first composite laminate having a visible light transmission value in a range of 90% or

greater.

29. A method according to claim 16, wherein the second peel adhesion value is

at least 75% greater than the initial peel adhesion value.
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first conposite |lamnate having a visible |ight

transm ssion value in a range of 90%or greater. 29. A
woretohosi4eccor ding to claim 16, wherein the secermusm®ed/ 031326

adhesion value is at |east 75%greater than the

initial peel adhesion value.30. A nmethod according to

claim 16, wherein the second peel adhesi on vaI ue i s at

L S s

at lesC b0, gesater dtdmakeé ﬁmal®lede1dhes1@t vdlﬁast 200% gr eat er
than the initial peel adhesion val ue.

31. A method according to claim 16, wherein the second peel adhesion value is

at least 200% greater than the initial peel adhesion value.
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