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PCT/ USO7/ B§p98R9516 5 Adhesi ves Havi ng RCT/US97/09274

M croreplicated Topography v and Met hods of Maki ng
and Using Sane Field of Invention 10 Thi s

I nvention relates to adhesives having a controlled t opogr aphi cal
surface of mcrochannels and the nethods of naking and using t hem
Background of Invention 15 Pressure sensitive adhesives
are usefw for the joining of two materials. The interfaces between

t he adhesive and the ”%@ﬁésﬁje§§§{]vznsé’j&tﬁkcxiopeﬁlﬁgged To%?%éi@rmance of the

joined materials. The lI'oss of on at ert | nt e’ can doom

t he usage of the materi al sand Methods of Making and Ushng Sataepl e of an adhesi on
interface requiring peak performance is 20 a durable fil mdisplaying
| mage graphics adhered to substrates, where the filmis a backi ng

mat eri al upog.z@i ginvgnﬁ%ghesi ve |layer is added for adhesion to the
substrate. A | arge inmage graphic filmto substrates encounters
the 10 probl em of emntHiaRREICH relabRltYWABRe RS Habin Sddriublied subst rate.
Anyone who has ever attenpted to hang wal | paper can appreciate the

frustration tdpagraphivahsurfasewhencraghannelstand pinechetiiods bémeking aad using

adhesi ve- bacli}eed filmcan not be renoved easily. The nost common

sol utions tofefts problem are to renove and reapply the filmor to
perforate the filmto release the entrapped air. Miltiple attenpts to
adhere the sane filmto a substrate can conprom se the pressure

sensi tive adBesgkgreurmt of Inventioncr ease the probability of uneven or m saligned
filmon the substrate. Perforating 3d0 ca fil mgl?rs 'ts,apge rance. The
removal &1 air bubbl es Fressutessnsififnadhesivesareusetul for the joining of two Pri or

DB oACh=S AR RShac! s el LIRHE AR B8 o 41T L2
the — pr eﬁéﬂﬂdﬁlﬁl@@d&l of the\i6inad hesdriats. Thloey 6f Alhkeyios upeithied intprfaesoane
sensitive ad dggrln\{l?: usage of the materials.
One example of an adhesion interface requiring peak performance is
20  adurable film displaying image graphics adhered to substrates, where the film is a
backing material upon which an adhesive layer is added for adhesion to the
substrate. Adhesion of a large image graphic film to substrates encounters the
problem of entrapped air between the film and the substrate. Anyone who has ever
attempted to hang wallpaper can appreciate the frustration that can arise when
25  entrapped air beneath an adhesive-backed film can not be removed easily. The
most common solutions to this problem are to remove and reapply the film or to
perforate the film to release the entrapped air. Multiple attempts to adhere the
same film to a substrate can compromise the pressure sensitive adhesive or
increase the probability of uneven or misaligned film on the substrate. Perforating
30  afilm mars its appearance. The removal of air bubbles is also labor intensive.
Prior approaches have addressed facile adhesion of image graphics
film to substrate by concentrating on specialized topographical constructions of the

pressure sensitive adhesive. Commercially superior pressure sensitive adhesives



WD 98/ 29516

PCT/ US97/ 09274 for inmage graphics are avail able on inmage graphic
films by 3Mof St. Paul, M nnesota, USA. Pressure sensitive adhesives
havi ng t hi VQO8RIN§ are disclosed in a vari ety of pateREEUSI7/09274
Represent ati ve exanpl es of patents describing such materials I ncl ude

5. 141, 790 ( ol EE g A4Rleo et BRI Py odpdl,

t opogr aphy MinneSothUISA. Pressirt kensitivecadhasieestiel ivpehisthditp dizatibolesedrif at he
rel ease liner. The principal .topographi cal features in the adhesive
surface are i 6rigtyedf natests: Repsessnipivnexamples of patentndaseijling spelmategialsh

identified contac Q A chto

t opogr aphi cal lﬁ‘gﬁéeslﬁr\‘/%?%fegt Nﬁ%’ %’%%6r%7t7| %’ﬁl 50?62161 GACblo ggélsgrgggag@ea%’ges in a
rel ease or 5tr &pf1€790 ((aftouhQt B EMREE@pAeits ARCI03E HoWAROATIRBINY’s topograsiy t he
adhesi ve. For exanple, British Patent Specification 1,511,060 discloses a

heat - and pr edshuidt fsemdshe intesfage hetsieor theradhesivepmt the atleasclimeki Bhe phingipils
formed by appl.i.cat.i on of heat, and pressure and,a rel ease |iper having
L Speci 11 ¢t ofBRAABNOA feetites'in GE e sBiiEereate aniied Brobmeions fom Becace
l'iner, whereup@he 'Ws&?c@%@xihéﬂ%&fedicﬁnéétaréfsmved- Then, bondi ng of the
adhesive to the desired substrate also requires a step of heat and
pressure that adheres thénathérespprach &y®@pographical sihbsivesds ehe fohmation ep

Is al so regui red to i nprove the appearance of the final product. This
conpl i cat 8§  ridges pr ieeHeT B apelegesm e tiansivy lingrto LERE3eHeBIPOFATE ORAEEPIYO t he
backi ng and t - ge ' t : ] i<hal

i m 2ee ut i 1 e afhesh® A deile BREPaR b kit 1.7 LoD IRGRLE. 1
and ot her i ndurhtiafd pressiire 6eftiviedhésivd ieaminermeable badkigg tapidtonhed bg
recesses used to create an effective tenporary topography_on the

nont acky adhedgiPplicatipnfof beatjagd prespurgand as¢lease]liner haning & specéfit tppography oi dt h
of the nece I S Jeast 130 . [ert]lm . . Another
exanple of a tb rﬁ%lalg? §/hetag§osé‘r’ea% ?/t}feorf f lb%er’a‘ﬁh%fﬁﬁpeoﬁ t%rej%ase hélﬁ\" Pace is

di scl osed15n Werdovélpt ThedOBondingd4fithe ddheadii 16 tHAdbshéd sithahie s RquRed

al.). A segnented pressure-sensitive adhesive transfer tape is designed to
pr event steptafrhgpt andpresstretthet adbieres theadpesivg layer tothesitbstratouThig stops

flow after transfer to forma conti nuqus adhesive nd. The smal |
adhesi ve seg e S0 ﬁ%ﬂ}’éreé g%’t’?’?ff’y%g’leélppeamncetog%&ﬁ'éag produgt. gﬁﬂé §9Wﬁﬁtgasf er
tape conpri segrodGR éf Rherlifd tHeWahQRRPSESle Byt RL®S baking Whd thefNE
containing a series of recesses and the other being rel a%lvely snoot h; a
pressur e sensigeheratinglthesidhesidreiorthe finalsmhstratominienizasaniditesf thieicohstarotion

Sg/r ;ggggeqoby for use in large format graphics and other industrial requirements. Furthgrmore,

PCT/ US97/ 09274pe depth £ ﬁ&?&éi ME fof at@u TSt rhﬁﬁafgl | s
wound about itseelﬁ=cp wiot tr e " sur%aces@fcon{{’géétl gr ngﬁ?%lgﬁ]%gl\aglue‘nd,
adhesi ve tr angsibatasky adivesivhsurfae is ar feastd51m, and thentohby iftheewidtiPofther abl y, the

recesses are forned_by enb ing and are i n spaced-
recesses is Xt least ?C?(? p.mg P

Another example of a temporary topography formed on an adhesive
25 . surface is disclosed in U.S. Pat. Nos. 5,344,681 and 5,449,540 (both Calhoun et
al.). A segmented pressure-sensitive adhesive transfer tape is designed to prevent
lateral flow of the adhesive prior to transfer but allows flow after transfer to form a
continuous adhesive bond. The small adhesive segments have controllable
thickness. An adhesive transfer tape comprises: a carrier with two opposed surfaces
30 with one containing a series of recesses and the other being relatively smooth; a

pressure sensitive adhesive being present in the recesses which are surrounded by



apart relati onshl Preferably, they are oval, circular, pol

rect angul e E’ cross section. Preferably, the adheS| ve Ilyc’gﬁg@r 9’?%73 or
rubber resin, pressure sensitive. ) Anot her exanple of a
tenporary tOp;@th’dﬁ@dWe fre¢ afed sach that wHaethe\tgpe is wound ubbwdeselfsvich gl osed in

U S. Pat. No. 268, 228 (Ormy%) A doubl e-si ded adhesi ve- coated tape
has fine gr o@uEfQCQSWOGﬁéU’@E thien ynweyndradhewve E@i@ﬁtré ﬁfoatthelqnatserfamto\/ent i ng

t t Th f, h

that "once: 106 ofRE PRirralfrihe st ¥ R Red b hPRobRRE Rl Selh BBl o ooves

largely or C%?&lﬁﬁifnshlp PrefirSApRaey arelaoamireular %%ﬁfgbhﬁmﬁ r6@hhAiI&dn! | nes
(0]

t hrough a pr tive sheet that pl aced grooves 70-150 mcrons deep in
t he under Byi rogosschetinny Preferdbdie.ghe adhesive is acrylic or rubber resmsmmy segfsitiviee

| nvention 15 Desirable to hi adhesi ves .face three
limting conditions to Another%’@m’i E g’ﬁ'g ‘Pgé yt fogped, gn ap pabestire
material to %%E@sdx&?&?ﬁh%‘g #fagg*gcg 5,268,228 Etbfelﬁgt .@310%81%' LG8 PIURRLRROT Ui NG

substrates having l'arge flat sur i'nterru rivets, seans,
and the |ike:coated tape has fine grooves on o Jor Bothasidesf wiee tapé tmfab:lnditamaleatlng

provi des no effective route for 20 egress . of fluids in the X-Y di nensions
of the inter ftaé@nﬁeltza@ewcmécfa?dﬁpés i his %%ves in the tapgearg fipsepgugh thab 986¢ al | y

i f the bagki

fluid-i rrgie;’r rrentgf)ﬁ% &Bh?ces ¥°a€{§ ann 3!3{'(185{1@8 gors\;ge%%gelg o? ompleft?lﬁi d
egress coul d disappeard/Bxampte adss@hbesnécrm@n?gimn& thidRER 8 prétectivdeshedator ot her
fluids. (2) The backing material, and especially its
out er i magablmacsdigrenvss 795 50 migronscicep in tha vaderdiips adliesivesuriye.t he adhesi ve
t opography chosen, thereby limting the size of the channels in the
adhesive and also limting the nmethod of construction. The backing
materi al needs a flat, @RhiaFdEHE IReRLbRr | Magi ng and ot her
aesthetic reasons. The Tormation o arge channels into the | am nate of
backi ng dAd adhesi ve vabmaxb!ﬁeﬁopegryphiicdradbcsiWsefatﬁd three limitingroonditiohate of

w1 oreate cResftpagms h the 5 hadiEriBR O oM GRRER RSSO Fr6F the O
appear ance of | ;
3 o gfgﬁzi% gf%%é% BB suBfrdtdhaving large flat surfaces interrupted by

PCT/ US97/ 092 #ivets, seams, b.hahtﬂe likebst rate. Such undul ati ons or ot her
I nperfections nmake the | accep abI e nost ¢omrer ci al

hi
mar ket s. d%f’ape ’IY‘%@OH?‘%’&“NQS BERY H‘éﬁ TR Bt act i ng
the subs at & g}p? %ds in the i@GQ' gkﬂé}x fbgt‘rg'?)rf'&{e'm{%rfacf ftﬁvree ﬂga%ﬁgél & S' on)

of the a e5| a bon or mance acking materi
the substrat ethe ktibs&ateh&d’peblhﬂy Ihﬁlthd bﬂ@q@g)mmriali adhesive, and/or the substrate are

fluid-impermeable. But if the channels are too large, a path of fluid egress could
also be a path of passive ingress of the same or other fluids.
(2) The backing material, and especially its outer imagable surface,

25  cannot be adversely affected by the adhesive topography chosen, thereby limiting

the size of the channels in the adhesive and also limiting the method of

construction. The backing material needs a flat, uniform surface for imaging and

other aesthetic reasons. The formation of large channels into the laminate of

backing and adhesive will adversely disrupt the flat, uniform surface of the backing
30 material. Also, adhesive topographies that are too large will create undesired

undulations or other imperfections in the appearance of the backing material on the



too weak or the area of the adhesive contact is too small, or both, the

per f or mance of the adhesive is entirely inadequate. M crospheres or

other |large af surface patterns have been used topp@RiseBodahe area
: . P 092

of adhesi veosu{2 aée on the substrate, either tenmporarily or

permanent |y, which can affect hol di ng power of the adhesive 10 or area of
adhesi ve cont findl.subdtratdreSiwhamdoktibieorsathérampeffections ewmke shd intagegsaghic ai r
channels in the topoqraphy are fornmed but there is insufficient adhesive
interface unacgeitahle f1gnesh COMBrdal 1eakelSt i ve per manent adhesi on.
Wil e the air bubbl e anghihuid. e P ' | e
format graphics are easgz' )tfgllélja%c?e(grsat(agaség‘%%@S?%Eﬁg%ﬂfegsﬂg%ﬁéetgﬁét or snall
graphics 15 helahgdroak §.evhea sdgre ahedop) dfahé adhsive affpgtibondingons Wi t hout
pre-maski ng are Si gni ficant for_ econom ¢ or manufacturing )

consi der atd onperformance of the backing materialrigethe pulistraier &f eithenthe haddiag poper isyen

wh i als. i headhesi
ortecti vely 1 otk o e b ot e andleEnfacPis WO LRGN, o ol IR M ce o
materials. Fupfiighadhdsivells eRfeR inadequate® MidfdsENdrbd & GiBeriBige aBfupt Qurfadel Ui d

i npermeabl e, such as netallic plates, there 1s no avenue that can be
created, pattbums ayedpen usedtto oatiuce the dr¢anfhdbesiessurface on the substrate,

The art needs . different approach . to control_.adhesion at t .
it er f aces. b eS FTaGSTEY Sh PETCRIHY: BCAHLATSFS Rk E RRoverat 18 hesiyp ¢ i n
the thr eel%e or m@@%@%i@ggédt?ﬁg'ggh&&%ﬁthé’ ack PER&GEs islifiGeadel, feeds to

engi neer t geonetry of 2 eslive surface to provide a controlled
t opogr aphy of clidn@ela i ¢@itopograptyare fatned but thegeny imstfftcdern adhesiwer intecfacevher e

particul ar performance is_required. . For this

i nvention, thEMaypgteproxjde BYSRETEEneH 3dhesiamc| ude t he provi si on
for fluid egress in theyXs: i i i I r

wi t hout adversely aff ectvlai}lﬂg% tﬂ%@ﬁ@@é@?%&@%{%@sﬁ g@ﬂo¥ﬁ§ hge% ‘é‘cﬁ?ﬁﬁé‘p#}a %ri al

which 30  shfuindt graphichareleaty @nehdenstdnd] tifededprobleR@ialkd, exbyt forshedllegraphivs
conf ormabl e during o i ] ) 4
WO 98/ 2954%  and decals where speed of application or applications without pre-masking are

PCT/ US97/ 09274 . use. Further. Jflui.d eqress ., should be reconciled with
adhesi ve bondmgﬂﬁg%‘tfﬂr Fopomicor m%ﬂfﬁ‘{t&??ﬁ %Og‘sﬁl‘rsqraéﬁﬂ%si ve interface.

One aspect of the presefhe bfobdth oP luidl€@ydsd Bevdn TRAB AciRt whenéved kid thé
t he topography of an adhesive surface, conprising contacting a

m cr oenbossedmagrialsantasting the adhesiyeseffastivelyl bt enpegressinitha§ axis _
et abl - Shed bt P AL T el Rl Faoe M aRr R M e Rl B 1 ac e,
he adhes on e e B ot enue hat (AR T aremae o
substrate. 10during application, for fluid ggieesi ve" neans any form of adhesive that
has pressure sensitive The art needs a different approach to control adhesion at the
interfaces between a pressure sensitive adhesive and two materials within the three
enumerated limiting conditions. Indeed, the art needs to engineer the geometry of
25  the adhesive surface to provide a controlled topography of the adhesive surface at
any adhesion interface where particular performance is required.
For this invention, that particular performance should include the
provision for fluid egress in the X-Y dimensions of the adhesive interface but
without adversely affecting the desired appearance of the backing material which

30  should remain flat and uniform for imaging, but preferably conformable during



adhesi ve PW%/?EFGS at the time of application to a supportimerEsdrabsat e.

As identified by the Pressure Sensitive Tape Council, a pressure
sensitive adhesive requires firm adhesion to a variety of dissimlar
sur f aces upon user Buntioens figitl egress shonild boreconaied with adhesive band Strengeh for hand
pressure. 15 Anot her aspect of the present invention

provi des a ni cRaiR@ningap adhesive inteifaieesi ve surface formed by

m croreplication froma 'mg} ' . '
coating, or conpressi ngrqléeg%%&%&tefg %?‘g?{e"gﬁt?%‘gﬂ‘i%gﬁ@%%r‘f‘ ¥as ggg?%{et%/dggn%y
at | east any akhe fopbgphy bNgh sdtiesige SuffaR| cdinpisitg aom@ih%armnmebdsaéd ern,
(2) coatin o? an adhesive onto a release |liner having that

m croe nbosged petiemetp a laysr of 3ylhexive andefosning a micoergplicatas| yrfees.suelythabnpr ess

pressure sensitive adhesive, agai nst rel e | i ngr..havi ng.t hat

m cr oenbossed e ag Adhesipn et °8ﬁ%%s@rhﬁgecfﬁ%gﬁqna%ﬁ)lﬁygﬁﬂ?ﬂ‘eswe afld formed in
tools via any sﬁﬁpﬁtiﬁ%‘%&aﬁf thaRbp ot MY b RE NGV E SurfRL!c8at6M thependi ng

in part upon the tool material and features of the desired topography.

Il lustrative performareetofithprihesion intetfacetbehwerg that.aghesive andche suppmirtisg chi ng,
mechani cal etch'n?, or other 25 abl ati ve nmeans such as | aser ablation or
reactive ion SPeH aﬁf‘g etc.), phot ol i t hography, stereolithography,

m cromachiygi ng, knurling:eGye x?x‘é&rﬁs'al?@ form of adHRNvE k9 hRY ;i_%gé\ﬂe saanged
knurling), scoring or cutting, etc. e

m crorepl i cat edhésiveogropgrtiys atehe der ofapplicationsd a euporigsubstrate. Asur f ace of

t he pressure sensjtive adhesive and can optionally reside on both major, 30
opposi ng sur f déesifisd byitke Bemase Vensifveckanedepunpi uprspire seasitive adhsive

;Ef lelr Lgciequ% hgg%&ri Q:g firm adhesifito £ \r/argelt}fr I)F GS Qi TRODR R R ufo% rggr%lcroggcp yt gose

WO 98/ 29516  without need of more than finger or hand pressure. . .

PCT/ US97/ 09274 When a m croenbossed liner is used,
the liner 18an be a rel eadeoth¢npspect of the pr¢sentjinyentiongirevides» mieroraphigatedli ner
for the adhesive or a transfer.liner faqr vi.ng the . dhesi ve f.rom one
| ocation to arfdorers el REd by mforlisaly BBy Sontering RERgH Suctl &7, P00
serves as a |!caﬁfng, Sotingt B@éoxﬁﬁ@sslﬁg%&ﬁﬁ@&%.sSﬂcﬁh’éﬂlﬁ&t%rpéantﬁleach?d%dIB?Ckl ng
5 m croreplicates the surface of the adhesive exposed as the tape is
unwound. at least any of (1) casting Msing adotidsying'a mizzosnizssaipagteap () aatinge

T 0 1 ook LR P LGSR L ™
45[err]m ip Sgiaéﬁﬁgi‘ﬂm@giﬁé nif}ir B RS L RRpress fre SRR B4 adhesivg aBARSS feasd N

pattern can bé interconnected or contindously parallel. 1

"1 nt er connect éiier haamngs thahmiicra¢tmbesasd pattem.t Mesirediembossingriapodrapiyucansbe

in the m croenbossed pattern intersect causing the mcroreplicated .
formation of garmed n toq?lﬁt‘"é"raé’é{é’c i3 Ip \é’eﬁ#\‘?é\“’géecgﬂlqé‘%ﬁelﬁﬁ‘ieé epediRgi onal

features in the pgxq lﬂséﬁ the tool material and features of the desired topography. Illustrative

techniques include etching (e.g., via chemical etching, mechanical etching, or other

25  ablative means such as laser ablation or reactive ion etching, etc.),
photolithography, stereolithography, micromachining, knurling (e.g., cutting
knurling or acid enhanced knurling), scoring or cutting, etc.

The microreplicated topography resides on at least one major
surface of the pressure sensitive adhesive and can optionally reside on both major,

30  opposing surfaces of the adhesive affecting the properties of the interface(s) in the

same or different manners, as desired by those skilled in the art.



surface. "M croreplicated adhesive" neans adhesive
havi ng a topography in 15 at |east one major, substantially continuous
surface that i sentially, but not necessarily perf

i nverse oprﬁéﬁﬁlgr oenbossed pattern to which the adhggcltlj\ll%sggur glce IS
contacted and has a contact area of at |east about 35%

"Pattern" neans any for Miencmidroanbessad liges it hsdd, derlingt cdn Bea fodease liner

t heory of geonetry, including withaut_ limtation, Euclidian geonetry and
fractal 20 (fenitalgasable storage liner for the adhesiveyor pdvapley lingriar mo¥ingdhossed

patterns can b ' PN pl et ). l.ng
patterns are %%Egr F?{)Ogllé g%e g’%éﬁe&l F%irc]“(:ahrer g actrggﬁg%kgﬂ?m% sﬁﬁ%@gﬁ«g‘g&gg{a? ern of
di ffering depilss seveds Ll SichehdeEemitgodmbdseediirbee of the tad bdcRirgpl i cat ed
adhesi ve having a conplex pattern of differing depths or heights. 25

Anot her aspecmigbrephicatps heentfacenidhe pdhesive exposgdias Ehectaprisi wgvoand.

m croreplicated adhesive, pf th resent invention. . .
m croenbossed |iners, toBﬁ%fPe‘&?"’%Fg plgfnllssa@gggr.apgy AR ke lmer.or the casting
m croreplicat Fo@liﬁg REvinY Gn QbR BFRSBRendiBNA PaitOn tﬁalﬁ'keﬁérﬁté's denakiv@sl array

of m croreplicatron conbinations given the nultitude of m croenbossed
patt erns, thediffdrencewf tdspthaniabyputodspemnasfaceg planandiniension dm a2 eoptimiousat eri al s

avai | abl e. 6 WO
98/ 29516 adhesive. The pattern can be interconnected or continuously parallel.

PCT/ US97/ R?274 “Ir}t%rconnected;’ ﬁxgagfﬂ)tayﬁﬁe%ftt - %Qé-gﬂjﬁé;ﬁ%%&ﬁpfeﬁ&?&g Ves

of the present invention € mcroenbosse tern1s
retained for hnhehiiemlembessed panetndhtetsebica0sing ite microrephidatédfogihiisrabLsh
adhesi ve surface during intended use. The retentiagn of | .

i crorepl i cat WS%wnrogﬂg‘emwréwﬁmht@@ﬂefnm@ fapuedinthe adhesivene

r heol ogy of £ he pressure sensitive adhesive chosen and the conditions
of application. uid egress may only be desired for limted tines.
The invention not only phivicegSicatell AERGHE HRAGS adtdlsive QROBEARBYodrabhy in
pressure sensitive adhesives, but because of the unusual properties of
pressure 15  atleastohe majorasihstantialdy cantimnoud susface that iscaseantislly dtogh be

engi neered. Therefore he 10 .inventdon al so cont lJ)t)eat s the effective
ise of t he pr BEESPRIL LISy e RS Crhe micro SpRER PR RinbiiRafs o¢ o
application tggRivedaTadetis Comtaéted ahdBas Hetdtabt di<aRTat RAst about 35990W | ong
after substrate application the surface of the adhesive remains three-
di nensi onal . The t opogr dpajernémgantoanyfermationeofembossiogs drbeasl wilizeangan be
desired to co)l apse. an ortipon.of the adhesive_interface after, sufficient
fluid egress &‘fog‘l %f%?Bﬁ}?Er@t ’é'ﬁﬁ"amg w‘tgout?im‘?a%lon’eEucq‘d?WHE%yfaé’gt Blof the
m crorepliyatg&ﬁgﬂgsi ve topography is the ability to control the
engi neering of the "adhesive surface for desired uses, such as

Optionally, the microembossed patterns can be multiple. “Multiple”

The

means two or more embossing patterns are superimposed on the liner to create a

complex pattern of differing depths or heights of embossing to form the

microreplicated adhesive having a complex pattern of differing depths or heights.
25 Another aspect of the present invention is an article having a

microreplicated adhesive of the present invention.

The microembossed liners, tools, or nip rolls used to make
microreplicated adhesive of the present invention can provide a vast array of
microreplication combinations given the multitude of microembossed patterns, the

30  multiplicity of embossings, and the variety of materials available.



ai r bl eediyg skhodfs! arge i mage graphics, plasticizer mgrati gremosRszfa om
pl astic materials, and other applications that require fluid

transport in the X-Y dinensions 20 of the adhesive interface(s) rather
than the Z axis from t hé Sefraekbmisroreplicaserhadiesives of the presgnivinNentiagoisds,

aerodynam cs Qf  the .adhesive .interf.ace can.he engi neered as... equi red.
Anot hor f eat uliet bR TEREARee Srapr Pt e BR il R RIS P g me on EY ol
m cr oenbossedpfighidlibsted héhes@ salthdd dutirzAneaidd e, Therdypm &f materials 25
i ntroduced into reCesses of differing depths in the topography for conpl ex

adhesi on usagescrosplibataom qansangednabmintigs tsydanndersndingopen thenrhdoBgyRet ent
Nos. 5,296, 277 and .j, 362,516 (both WIlson et al.) and 5,141,790
(Cal houn et afhe)pPresiyre sensquaée@aﬁé PseAGH F‘E"a‘iqnéﬁl%roif&]?&k‘ﬁm%% g6/ 1687.

An advant age g reE{‘rﬁngﬁé%@tdeEi?é’c?ﬁ}?iﬁﬁte&ﬁ'rﬁé}? creation of an 30 engi neer ed
€ S

adhesi ve surfa rves specific 1ntended uses for a controlled

period of ti me/ when tr amat giveatom holstilg barvides axhfehtimensivedlitépography for
7 WO 98/ 29516
PCT/ US97/ 0927pressure sensitive adhesives, but bepgiise BE theamnpspal Pgepestics ofprpssutsent

invention i s a pressyre.sengitfiyve adhesi ve that provi.des. effective
e borese Sl RdhG RS el ey charpci TS Se ol VG eroRd, S
backi ng nmpg er imlentéi £5o tAREMPRRIThe EFRUNE LSS of Bie Présvieisbifve adhesivg

Anot her advantage of the present invention is the ability of the

adhesi ve surf eeanisiry and sulistrgtstapplicaitios teahnfquas tgemim)] therfonrth didension,

pl astici zers, , or noj sture tromthe plane of the adhesive surface

P dependent - olo¥ e afstRbtate Spplipehun B shisHe e et AT BADS drethe
adhesi ve. dimens%on?IHeThe topogrgﬁﬂpﬁéé@rno@gé’ BHB9enO Fdr I&ﬁarﬁ?l%,s fthn bEVENt 1 on

Is the formation o arre or different adhesive topographies to

each of the ogdpsisidng coligpse asyupdrtiorof dfe dibesivdhimteriive aitersufficieneffaidpgeessone
adhesive jnterface co(liul d provide plasticizer m gration from one
engi neeretP to ¢#¢d-and t he opposing major surface coul d provi de

fluid egress froma SECMtﬁ?%a%gro?ﬁ)etrHRQ&E@P{%%d %dgxlefiiv% ;c/op&grafpfl?g is the

Anot her advantage of the present 1 nvention i

adhesi ve surf abiifsio doptrpbthelehgitedringadfl theladhrgive sarfade fok desiredaises) sdelsas ed
time to affect 15 the adhesive interf_acegsz.,. such as to facilitate
removal , al t ePirdlpedingdremn darae irapgesgraphics, plasticizermpigrationdaytes fsaplasteedi al

advant ages w P bR bd G smplieatons that e sid Yol Glorl BAESCT @Rncices o,
described20 n beihetadRésivedintepcé(@) fatitr HEndheBiaRBSfrom the surface of the adhesive.
In other words, aerodynamics of the adhesive interface can be engineered as
required.
Another feature of the microreplicated adhesive, when using
multiple microembossed patterns, is the ability to control the types of materials
25  introduced into recesses of differing depths in the topography for complex
adhesion usages, such as positionability as that disclosed in U.S. Patent Nos.
5,296,277 and 5,362,516 (both Wilson et al.) and 5,141,790 (Calhoun et al.) and
PCT Patent Application Serial No. WO US96/1687.
An advantage of the present invention is the creation of an

30  engineered adhesive surface that serves specific intended uses for a controlled

period of time when transferred or adhered to another material.



20 Brief Description of Draw ngs Fig. 1is a
scanni ng el ectron m crograph of a double m croenbossed liner that has
been used an adhesi ve surface of the present inventi

Fig. 2is ‘&8382#3%9 el ectron m crograph of the double 25 lﬁ’ré[rlsggm 2075“sed
liner of Fig. 1 at a higher magnification. - Fig. 3is a
scanni ng el ectron nm cr ogmatier efivantagecf tregpesanaimention is a ardbsese semssivef ace of
the present inyention. i anni ng el ectron

. . . Fig. 4. is S
m crograph of 2¢heaIvaithat provideseffestive fluid egg;;ﬁgvgﬁ\?gt %QYF%'SSg’eaf cipgdhe 3 at a

hi gher magni f ] ' . . . :
3 VO 98/ &}éﬂ@e offe backing material which that adhesive adheres to a substrate.

PCT/ US97/ 09274 Enboticradimitape dffivepresean invention is the ability ofthe Fig. 1
shows an exanpl e of the conpl ex togo. raphy that can be created on
liners. TH s adwsiveserfadeéDite sxhavist wgs synk asigaoes. entrapped aroplastigizess, 1

surface 22 with.one ppatt.ern 24 embossin and optignal ly.a.second
pattern 26 of mog?tnegﬁw&@-gipﬁ&e_of%? 3&? B S_ ﬁgce&B??pgﬁg?rﬁﬁgtsP%c#%mg n be added
accordi ng t hecdREdNicHiQY formulatidlsoTtiRsathesive. copendi ng PCT Pat ent
Application Serial No. (Cal houn et al.) (Attorney Docket 52773PCT3A).

A careful view ng of Fi dnotheshdvantagataf¢hepragent orveniisn isghe firmation of the
relatively planar

I s 27, i.e., large squares_that have been depressed
rom the 100 Sie prfh et adnesiys topoeRiitors 19 Gacol e CBPORas BRICK PUBES 8
formed fromthe %ﬁ%?%m examapl@,‘flﬁﬁ%%ﬁés‘?w i@&ﬁfaké‘@&lﬁdé?mﬁ&% bBGidihg embossing
rray o] ns 29.

process. attern fornms an epr essi

If multiple emigratomfropadricamgmeared topedraphy, anidhtke oppusirpahajor sgrface couldpr ocess
reverses the order of enbossings, with the required pattern(s) comng |ast.
15  The manuPR¥idsHHg egress Hemfpinsped enmvsEiopPsiaPh0 actual |y requires

the formation of URaRe AN TR S BRIARERPR thé bitisy bpkoned by

the formation of the required ssing pa , second.

Bet ween t he t hdiRsidt stiEkde(d) td PerniiéBontrolled iggrbaST fRGdPALIRERE tidedeaffead
material can be introduced into optional second enbossi ng pattern 26,
such as glassthsadhbesive intafagelshesuchds i Beilisate getnaval) altsr syrfce charactegjgtics,
5,296, 277 (W et . : . _The resulting multiple
m cr oerrbossedbfogir?eeradggl%nélsreénefi&léﬁeatér?egés’ath,he like. a first area "A" for

| ands 27 created during(erérgeatineg affl adent2es Wil becnsk @pardntomthe "B' for
ri dges 28 created during enbossing of pattern 24, and an area "C'for
embodiments of the invention described in relation to the following drawings.

20  Brief Description of Drawings

Fig. 1 is a scanning electron micrograph of a double microembossed
liner that has been used to make an adhesive surface of the present invention.
Fig. 2 is a scanning electron micrograph of the double
25 microembossed liner of Fig. 1 at a higher magnification.
Fig. 3 is a scanning electron micrograph of a microreplicated
adhesive surface of the present invention.
Fig. 4 is a scanning electron micrograph of the microreplicated

adhesive surface of Fig. 3 at a higher magnification.
30



depr essi OR§3P2éK88i ding in both lands 27 and ridges 28. Fig.p@r/eummeztaow
one 25 depreSS|on 29 can reside in a ridge 28. Thus, T = A+B and all of

areaCremdig Wltgln elther area A or B, or bot h.

The patterns b = VRN ar i ed according to requi rements in t he

art recognizing that th For
g;gg%h%@éné{ HB?H{e’% R@Sgﬁghgﬂ%Q% be

exanple, in Fig. 1, lan are disc t| nuous arate

proj ecti ons asedtéosdUners ODhis Bearhiig éledtfﬂnﬁglclﬁ@grhp'i’f sho%éh dliner 0 Havimgyssect with

one anot her. Likew se,
WO 98/ 29516 surface 22 with one pattern 24 of embossings and optionally a second pattern 26 of

PCT/ US97/ Q9274 eIy re.di scontinyo ause arat e
br oj ect1 ofs dinbaseingsof R, BRB 0B Spondtginpin3 o B el Sis0RERN 38 PR BhC,
wi th one anotfigdlesed in copending PCT Patent A-'ﬁhﬁcdtﬁ)‘ﬁbﬂehapf\lopatter” 24 creates

separated | ands 27 from one anot her and the resuIT of pattern 26

creates separ(ﬁla&nbud@pab)s(sﬁtmmeﬂpoékeoﬁﬁ%m%her The i nt erconnect ed
ri dges 28 are a by- prodg&taéeg{\ t.he. e SI ng of se arg%ed | ands 2%1.

In other words, the top \Vigyi WS R CURRESIpgROY of

the final to : ror i 20
serving as H@Bﬁ@?lﬂéﬂﬁa\r/g}gg@?%ﬁ,el s&trang% epg\fén%&{l r?\eéb{egn’saédg?o rb tmﬁe

tool (s) t16 t haeitix surface@2i afdineri2q &nd addnmmfeadgb’h@% fdrored frdnhéldmmgahphym es)

of the enbossing tool (s) faor_liner 20 is essentially the topography
of the nicrorepysddaemdhélamds 2y during the embossing process. Ppiggmpidoanpariament of

adhesive to b rom patterns 24 and 26, the percentage area
of lands 27 t?dgafeg%i@‘gg%% (Ato T) can range from about 35%to about
99% Desirably, the permﬂﬁlﬁg&&mbsmgwéﬁ@a}ea&@uédEQe/miaﬁufa&unagout 98%
Preferably, the percentage can ran rom about 60%to about 97%

Mor e pr ef er aliirgcesg myeps@ﬁ T8 gfc0 qsang% withothe apputed ToYsmés) Sovums et Most

oeTerabx U RSESEARE o Bl SR TR e B 2%,

tO the &‘{H@%cbhﬂgnﬁ!é?ﬁﬁg pdtem bo ﬁ?éthi%'llo%ﬁ%,thé hemRabE 8PiRABq@fedA tO T
essentially 20 determ nes contact area for the mcroreplicated adheS| ve

on the supporfiishegmbossing Mtbmﬂbtsmonﬁhéep&cmmheagm cfimealdng thedpmct i vel y, of
i nt erconnect ed l;l d%es 28 d dm# 2.(Bto T), are, thf rerr(gi nders,
respectivel y, SMmboss gpattems,a esire eé“’g&% i Q“ to,pptipnat se8idns 29 to

surface 22 (Grhighsdih gﬁﬁemZG sudhtdQass bRAIs2RPY nanier R dBRAY4Ed PP sPpaf erably,
t he percentage can § from 25 about 2%to about 25% Most preferably,

t he per c&lt agéo.df,2%, 2%7 (Widsm etahyle from

The resulting multiple microembossed liner 20 has a total area “T™,

a first area “A” for lands 27 created during embossing of pattern 24, and an area
“B” for ridges 28 created during embossing of pattern 24, and an area “C”for
depressions 29 residing in both lands 27 and ridges 28. Fig. 2 shows how one

25  depression 29 can reside in aridge 28. Thus, T = A+B and all of area C resides
within either area A or B, or both.

The patterns 24 and 26 can be varied according to requirements in

the art recognizing that the patterns are superimposed on one another. For
example, in Fig. 1, lands 27 are discontinuous, because separate projections on the

30 tooling for forming pattern 24 do not intersect with one another. Likewise,



about 3% to about 15% because of a bal ance of repositionability of the
adhesive to final adhesive bond strength. These
per cent agagoQxpsegsed wWith respect to the liner 20 cause  PCTUS97/09274
approxi mately the same percentages on the inverted topography of the 30

m croreplicated adhesiye. However, as described in U S Pg_}. l\f , 296, 277
(W son et al 49PFCSFW§SB¥3 ISCORHBUIUS deeqiise seRarae Pragstions gy the tgoking it ant .
Ther ef or e, 10 WO
98/ 29516
PCT/ US97/ 09274 t MRe fpsels eNpatichy R4 ticates isepaiattd lands 22 trohyoid@nther,

per cent ages concerni n? t he area of depressions 29 when creating the
vol ume of deptkthe sesaltad paitern RE crratassepayatad depressions 29 froqp gpe geothers skie

geomt ri ¢ HestiatbgbeeReas F aRT RS SE P ST BRpR ST MM endsal: 27 cas

5 expressed above. The enbossing of pattern 24 to
create | ands 27 noves material into ridges 28. Like the formation of
mount ai ns from t he novehestheroioidssthetdpagriphy of thertaslés) 35 anr dhkgese igdgeiofe from

surface 22. Wil he depth enbossing of | apnds . .only results in a
depth of a1 ctierinel GRREEPLY of o GRGORRUEHES i SlHer 1t tedifes 28 SHERBHES 10
Lbout g 0 AR e forfhr SRR 2 bR 4fThe KA IICARPIRAEH! 2 T
The dept hilof milesivel igarefove, theptopography(is) ef the 2mbossing wol(s) for iner 20 is  about

4 to about 200 [err] &(rgeferablg( froqmabout 8 to about 100 [err]m and
most pr%ﬁsmﬂl}w@w repy, of the migrozggplicated gdhesive] m  Because t he
enbossing of pattern 26 ! : i 24, the
depths identified here gcgngthee&%&%ﬁegﬁ?%ﬁh\ggbgﬁggpﬁgﬁé%gfﬁﬁgggéég?ﬁgs, not

necessarily tagl 26 @bpertntefdass b arde®Ql to surface 22 (A to T) can range fiddni eover, it
shoul d be apparent to those skilled in the art that the size of the

enbossi ng t oothawg3H%bets aBowHRY Ve xeesablyn thecrsrrentage cantaogs fiom thostt SB% to
because of: Vi SC t | rQpekti f the liner 20 i 0 20
The + st delial | SRUEpE%, pEeeB ol pERebed Pyap BEhn® 20% 0 KRS Ty
any conbi nat i Mbr®prefdiahly, tha pefentdfycaniane: Fi&aiabest 709/ R0AYEL 6 MMogoNst ant
radi us of curvature to anyaqu%gonal shape of at |east 2 surfaces

A 1

wi t hi n t he papueéarablpAthe percentage oft IR penge dpne akavwd BEY tokbewtAHés taf
enbossing, in crgﬂ%s-sec i

n,, inclu urved. regctangul ar,

Craperol dal | PEVEEGURGe Fisates Mo myemrietRiing SEcH0T g Blers
5,296,277 (W é@ﬂnﬁ% sabstiatdl ERGthddSPor8S) e Prcdritfie A RO 8&eh@allle consi der ed
when formng depressions 29 in order to provide pegs in'the
m cr or epl 2& at éetermihes¢ontact area for the microreplicated adbEkive wh dhensuppomrinigossi ngs i n
any of pattern_. 24, pattern 26, or . an . conmbi nati on, of, t can vary
2 needed. | Fofubsiifp Lbe BPiveRtpge areas, rifmecsivaloh SpRterconnecied Aees T ¢ hat
create | ands %ﬁ@éz‘éﬁ% SteONS renthitefs l’t@s?gg_;t;‘)é y uniformfor 30 surface
22. However, the pattern Can vary across surface 22 for fluid egress, not

The percentage area of depressions 29 to surface 22 (C to T) can

forming pattern 26 do not intersect with one another.

range from about 1% to about 70%. Preferably, the percentage can range from

25  about 2% to about 25%. Most preferably, the percentage of C to T can range from
about 3% to about 15% because of a balance of repositionability of the adhesive to
final adhesive bond strength.

These percentages expressed with respect to the liner 20 cause

approximately the same percentages on the inverted topography of the

30  microreplicated adhesive. However, as described in U.S. Pat. No. 5,296,277
(Wilson et al.), the planar adhesive surface of their pegs is important. Therefore,

10



unlike a t\g'g%;z‘gglg-ri ver configuration in a watershed. PCTHR0984229516
PCT/ US97/ 0 For exanple, to create m crochannels

for fluid egress, one could . use ., . %Iiner 20 having .a pattern_24
creating ri dg@s PRESSRADYSRIOR 1§ Pollimifpd by thess perpentages congerning hgsreg of
properties ha AT

preferably fr%erpﬁré%gﬁ'? Qg&q{gg C%LézagﬁFgﬁY%Lm‘l?'ﬁza?|rg%&£?g%ﬁg%$§£%&ﬂa{r@§ag out
100 [err]m SachievedRose depressions. In other words, thY édpirasisions 29 ctuo pssgrrepnycal

formation of liner 20 can be_ achieved . using_a variety of machining
t echni ques. TIRdidmgeemetrc desird by dpse skilled in s, within the percepiaga afedg) t ool s

w th any %attern dg@%r&g by those skilled in the art. Euclidean
geonetric pat?’?f?ﬁé? ?1 be formed with any pattern of size, shape and depth

of 10  enbossing proj eché eMbbsimdVf prkeREI4 B cr&dt€ RSids 27 moves material into
Tool s can range from planar presses to cylindrical drums to other
curvilinear shdgms28. débetidiformasiondunountaiss fiewi the thovementyifdgrge landenbossi ng

st eps. . . nliniti amples of sources of . tooling

i ncl ude comme@ssg, ridges 28 %ﬁ%‘%@’ss"rﬁacﬁﬁ& %‘%@?& 1953‘5‘;’???5931@]@ es and
cylinders, prggiLsi e il I,Red
pl at es and cyﬁ?kggérag S%g%géﬁﬁgf%?ivénﬂ : er@’%ggthggﬁlswrﬂlgié%.ﬁ %J%ﬁgj\%g@a
scanni ng H ectangingrangedfiorapbowt(3 @ dbayet5 36, pfeferably from ebmit Spbiabamte3D
adhesive prepared fromliner 2Q seen in Fig. 1, The
adhesi ve | ayekmzandmestpraizrable Bonpabeyt, ¢ tabout 83 et aphy essentially

replicating the inverse %HE G ?p?g 0
patterns 24 and 26. As gﬁ%ﬁ%‘ﬁggg%gée g\‘/’vp%%g%%{}gaﬁ e%6§ o%%%%gﬁhy from
tooling to |igwiutteo abhie200 aniReRRBS; friigboutls fbodt TMOMndendmekgr aphi c
pr oof of the essential replication of topo&{eaphy during transfer. The
t opogr aphy of piefasally fpm about 19 feptkdus 38 HomnBerause the sgmbopuing eEpattarngo

t opogr ap of surf.ace of, adhesive. | ayer .30 .. that .fill the
recess(es_5 of 0%%%%63%35%%’8*’?*}?_&0%@_ , titopths iderlif3 hereS'ﬁFface 32 has

t opogr aphi cal ciR@kivESRt oPbSBehfddsfihgs, ﬁbﬁs&e@aﬁ@tt_ﬁéheifgm of dldseimgasael s 37
essentially matching ridges 28 and an array of optional pegs 39

essential |y matchi ng deplasesvenritshiomld Fhaprdrangta osaoskilie tanitedtshaand pegs

depend on the.chem stry of. the,adhesjve chosen, and the _.conditions.of
appl i cation. St#eotthe embossing {z’dmg ngeded mayexeesd ‘g‘égﬁﬁ&togﬁrqbﬁsséﬂ%gﬁ‘ﬁeékness

that is greatgdcahfadr \Ii&%leﬁgic pﬁgéﬁ% opﬁ)eﬂﬂn'gﬁ]ﬁbaﬁg Bibbdsegr 20. Desirably,

the thickness can be at |east about 5 [err
12 20 The “sidewalls” of embossings for any of pattern 24, pattern 26, or

any combination of them, can be any shape desired, ranging from a constant radius
of curvature to any polygonal shape of at least 2 surfaces within the pattern 24 or
26. Nonlimiting examples of shapes of embossing, in cross-section, include
curved, rectangular, trapezoidal, triangular, bimodal, and the like. U.S. Pat. No.

25 5,296,277 (Wilson et al.) describes some of the variables to be considered when
forming depressions 29 in order to provide pegs in the microreplicated adhesive.

The width of embossings in any of pattern 24, pattern 26, or any

combination of them, can vary as needed. For example, in Fig. 1, the width of
embossings that create lands 27 and depressions 29 are relatively uniform for

30  surface 22, However, the pattern can vary across surface 22 for fluid egress, not

unlike a tributary-river configuration in a watershed.

11



WD 98/ 29516

PCT/ US97/ 09274 Preferably, for image graphic applications on
vertical supporting substrates, the t hi ckness can rang east
about 20 [é’{') ]’?ﬁ%’b‘gabout 50 [err]m Adhgg{r{‘/jegg%@&# be
selected froma variety of conventional adhésive formulations to

achi eve the topography oFosenahgie t32reatefmicrochannels for fluid egridembhetduldgse

exanpl es of adhesives include pressure sensitjve | gﬁdhefli,vi@ts’ hot nelt
or heat activaa bueradhayingapatiar 29 ceeafing Bdgese Sdaaving 3 faal yyidth, gfter tine

R, PP oo oSS R BRI AR G AR f g Bk ORE] flnlded, o
EPO Publ i cat i optefirably fronPdkbi 58:to EROLRLIDIHeGiddesn8 On Bl 1 288abdut 266 wne

sensitive adhes@ ves disclosed in 10 U S. Patent Nos. 5, 296, 277 and
5,362,516 (botwidal| son et al.) and 5, 141, 790 (Cal houn et al.) and PCT

Pat ent [ i ti Seri NO.. US96/ 1687 {( Kel.l { | | d
Patent apol | call on Ser | 2 Mo oSBT I g il 2
randbook of Prgssia GaSe) o biatfinfii@sinigies. 284 nithide 05! iNRkAS dafieidiol d.

N. Y., 1989). 15 em stry and pol ynmer physics of the
adhesi ve can bereatirggitobls with any pastern désiretl @y ftasetskillgd e thei avhh, Ewhladesn on, of

t hree- di nensi onal m.croreplicate ..adhesi ves of the invention.
Under st andi ng gw%%ep%p%cgﬁ&ﬂggew&&nxm%ﬁé%@s ape angdeph ofghesi ve
can assi st d n B4 iﬂ,éoﬂgaﬁﬁ@mn%ymef’f’fg@ihe m crochannel s 37

cl ose after applrca Layer 30 of adhesive can

cover all or a part of s@obRaanzZihgeffrdm plahaiifiesses to cylihificalelrametogthporti ons
of surface can be covered by other adhesive fornulation(s) or left
exposed for a puvilimesr shepef, depsnding erehawyitagidesiied éo emplyihe ambpssingsieps.

coati ng of adhesiv .be | j catl .

W96/ 15715 (Yasis et al. ﬁ%nﬁ%@tlr?g eia?ﬁﬂ]gs dﬁoﬁr%ls g%’gﬂé%g}rég}dg,é&ﬁrg%ﬁ%l desired

to have diff ergriadlofipheligdigeahic?Printing riRes indsylddes, glevieionfdngrave@ne coul d
pattern coat adhesive |ayers, such as concentrically, in order to
control hold qupbletelsynd eykindens, pascr meekined plates and cylinderss pad Hgrdikel s 37 cl ose.

the rel ative inrerior of Hhd SHMF AGEBoE Gey PGP FBRLO LR 3 8h ol ose
of f m crochanngligofeplitatbd SdHedBkPespard frémTinef 26 BRANRIFR. Qf the relative
perineter of 30 the surface 32 permt continued "drainage" of fluids from

the interior of adhesi veThe adhesivetlaydra@eas owarfacet32chavinng atopegraphy
13

%]

essentially replicating the inverse of the topography of surface 22 caused by

20  patterns 24 and 26. As explained above how the transfer of topography from
tooling to liner to adhesive proceeds, Figs. 1 and 3 provide photographic proof of
the essential replication of topography during transfer. The topography of liner 20
therefore can determine the resulting topography of surface 32 of adhesive layer 30
that fill the recess(es) of microembossed liner 20.

25 Surface 32 has topographical features of a series of interconnected
microchannels 37 essentially matching ridges 28 and an array of optional pegs 39
essentially matching depressions 29. The duration of microchannels and pegs
depend on the chemistry of the adhesive chosen and the conditions of application.

Layer 30 can be coated in any thickness that is greater than the
30  height of ridges 28 of liner 20. Desirably, the thickness can be at least about 5 pm.

12



WO 98/ 295
129516 _ _ PCT/US97/09274
PCT/ US97/ (]5\88'? O her nmaterial s besides adhesives can

be used to fill one of the nul tipl e embossed patterns if adhesive is
used to fill G’Ff?é#b(lb)foblm%aﬁegr?ﬁh“{ anpligations on extiead SERPYEHRE BRbsEatesgiicexanpl e,

non- adhesi ve | ferent adhesive
formul ati ons tggcgh%sg%?gp%gg%ﬁ'?%lg%tliag?@stszp&nsEcbgt.)ouégg lﬁée pattern 5 26 is
embossed before patt er nAdHesives eaibes setebted HBmNOVErRE6StotReRb il hahesdve

di fferent adhesive formulation is added to depressions 29 after the

enbossi ng of formulatxgmtp@ﬁhle%ﬂ@ﬁdpmﬂﬁwwftshéam&bss| ng of pattern 24. Then,
| ayer 30 i_s coated over in a layer. 30 of

adhesi ve Raving non- adhlggﬁ’%l%gcﬁx?’agﬁaéﬁg a%@swes ind! 4?e‘?r E3HTE Sesitive

Non- adhesi ve JihebiiaiS hofRelt 8Fh&de a&%%édréa%ﬁdesfth%@BYesE‘Eﬁje%Eﬁs'ﬂlvé Aahe
can utilize the topographical features of the linef 20 and Is conmpatible in

per formance wirhé of ipplizdtierssuch aspressire setesitiveedhesihessdivdosedan INSnPatnNbi ng

Cahoun et al 4 9uhsamEoa ah U § Raie £ e ot Mo oo b sdan 0 |
protrusions 3%70]5515 E?@nPL?AIEQmQFO BW?@% r;ﬁ‘?srsﬂx%%g Qﬁ{gmlﬁsxtvlgs dlscloEec?

Li ner 20 can any rel'ease or trans Pher Known 1o ose

in the ar foy.SuPeteid Nbs. SIS NTend SB[ 318t (both Walsabeteal 9land 8] 149,790
m cr oenbossed. Nonlimting exanples of liners include a variety of

comer ci al meCathogn$t #lr)(ﬁﬂd”ﬁ@'r Patent @PPIS@UOIP&MI Mo. ¥ @s‘dﬁ%@ﬁ&ﬂ dKigHer et

conmmer ci al turer roduc m R ase

Cor por at on' GIcaiAs e e i3 FLss s ST e FARESE dipoloBla ESER Bl

Vst chest er, frhddbaek 8f Pred§ite Bbﬂi@ﬂi\ﬁ: AdigestveR] %l Bd/ (Weh YRishihEREinhOR, ed papers
W th comercial silicone release coati ngs; pol yethyl ene coated

pol y(et hyl eneN.Y., 1989berepht hal at e) fil m; with comrercial silicone rel ease
coat i ngs;, .or cast an, be enbossed with
patter n(sl)5 whi | e maki ng® %ﬁ%gfﬁpﬁ} L%tsﬁ‘ﬁfvaﬁé‘?@ SiYE 2B é‘&ecg}ot h
conmer ci al S'Jdn?r@f‘ﬁerfgﬁrﬁ?‘éﬁl&%h' d\ﬁ%orﬁg@ﬂ{réélﬂﬁljlensmnal mit6icplicatbders are

identified in the Cal houn et al d Wlson et al. patents.
Any filmcan dniélemwstqfahemv'emmhdfmdqmmchng ﬂmcrheaibg)adbeiswaeep comphmmasl te

t he maj or surf ),of adhesive created by t t opogr aphy of 1jner
Because t he f‘? Seql‘é"rﬁ%aﬁs%‘éf 1?(9"%@&3%@8‘”&%‘2‘?5’ PR ‘bﬁ’b"df’ iﬁf adhe5| ve
30 is 30 m&5&ra@@{,?ﬁ§;cggoﬁ.rom liner pattern 24, and optionally, pattern
26, the appearance o an exposed major surface is not adversely

af fected 20y the topogr ajpdper 30 of hdhesive can cover all or a part of surface 22 of liner 20.
ééT/ us9 7y\ggg$ﬁ1ze9r§x%2ining portions of surface can be covered by other adhesive formulation(s)
or left exposed for a pattern of microreplicated adhesive on a film. Pattern coating
of adhesives can be found in PCT Patent Publication W096/15715 (Yasis et al.).
For example, if one desired to have differential rheological
25  properties on a given film, one could pattern coat adhesive layers, such as
concentrically, in order to control how quickly certain portions of the
microchannels 37 close. In the tributary-river paradigm, the adhesive layer pattern
coated at the relative interior of the surface 32 could flow more quickly and close
off microchannels to fluid ingress while microchannels of the relative perimeter of
30 the surface 32 permit continued “drainage” of fluids from the interior of adhesive

interface toward the perimeter.
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m croreplicated adhesive during use. Wth that advantage, filmcan be

I mged usi ng any commercial technique, including electrography,
i nkjet, sgreshqbid nting, f1 exography, electronic cutpifgsediordd her
I magi ng or graphic techniques. Al ternatively, both

maj or surfaces of adhesive layer 30 can be".5 m croreplicated using the
same or different |inerQ8er atterimlppasided @dhdsivesaar bomsed to fill o dfethent
adhesi ve performance properties at the two djfferent adhesive interfaces
during use. multiple embosséd patterns 1 Pi’a‘?esé‘s?dﬁrﬁﬁf‘éi, to fh@F@t&f@%@é‘“&}ﬂefl ui d
egress can be,gesl ERMER xample, ndH-bRiRRlp SERES s\ En LRSI ALRS or NAME! Y,
gaseous egreges at k%ﬁgat{enterfacéargﬁg’?%uﬁsc %(5 egrsess at the of her.

Anot her exanpdiffeient adhesive fomiilatiorafcan bh filed éntbodepyesziping 281 Bebause pattern
interface between the filmand adhesive_in qQrder to specifically create a

pattern i A  261s embessed hefqre pAgen 4 1aambessee. e peprdpiva BakERl @ve t hat
pattern. different adhesiye fomulaft%%ﬁ%&é‘ae o %@?%%a%h?;? Hﬁ&dtpgg&fboésﬁ%ﬁf use of

sanme or differen hesives havi ng {sa eren opogr I es
where two or prdtefh 26iebbafe the embossing dbptlesd 24 ThEgdyer 30 &f wakdasleesi on to
the filmand supporting substrate. Wth the ~ chemstry of the

di fferent adhusfaces2,deswting inclayemi) efadhgsive heing hewadhestieamagngions 39 jn
the X-Y dinensions of the adhesive-adhesive interface without affecting the
adhesi ve bong}igrte?’é'ngth of the adhesive laninate to the filmor the
supporting 20  substr aNgn-adhesive protrusions can be condeitedHrbin Why&¥%aERAEHaO
films useful for contact wth adhesive surfaces of thé present

i nvent i on i nodandsili@e tertopegrepldcal ffedsumn o theflinenB0 eodiserompaitibie in

available from3M filng disclosed in PCT Patent Applicatign.Serial No. WO
061 19663, 1FToRaRgs With e Fopat s aab e P hALIESL® Bl DRBRME ot s,
Vi DI ati on 25 oxaflalEN 1ohofRGS R atgHEISRONAY oS RRIAA itabiATg et Ve

oat e S In tape ac

sheeting, top-c mat eri al s, ustria I ngs,
hypoal | er geni Calhapeetzbdad i soraetchl.qardmits) dfheomapose of usingesuelo protrusions 39
Usef ul ness of the Invention 30 | mage graphic filns are

unexpect ddl y §aHReoByd inflese patentsyi cr or epl i cat ed adhesi ve surfaces of the

present invention. |nage; ' ' ) _
15 WO 98/ 29516 Eindf 30 Bhfud éﬂﬁ%lease or transfer liner known to those skilled

PCT/ US97/ Q9274 the art for (Rawiththdhetiesd and thay'it agmblodf bng: Pliesanbossad.ent i on can
be used to enﬁgrzl?m{tilngiegm%glreg %?' liners include a variety of commercial materials from 3M
of St. Paul, Minnesota and other commercial manufacturers of liner products such
20  as Rexam Release Corporation of Oakbrook, Illinois or Daubert Coated Products
of Westchester, Illinois. Such liners are typically polyethylene coated papers with
commercial silicone release coatings; polyethylene coated poly(ethylene
terephthalate) films with commercial silicone release coatings; or cast
polypropylene films which can be embossed with pattern(s) while making such
25  films, and thereafter coated with commercial silicone release coatings. Additional
useful liners are identified in the Calhoun et al. and Wilson et al. patents.
Any film can be contacted to the major surface of adhesive
opposite the major surface(s) of adhesive created by the topography of liner 20.
Because the film is laminated to adhesive after the topography of adhesive 30 is

30  microreplicated from liner pattern 24, and optionally, pattern 26, the appearance of

an exposed major surface is not adversely affected by the topography of the
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for a predghosmesied period of tinme according to the rheol ogyp@irusdrmsz?
adhesi ves (creep conpliance, nodulus,. etc.). For
exanpl e, one skilled i

n.the art. can confr.ol flujd egress but, 5 mnimze
fluid ingress™oF¥R cateth ew?’éfeidu‘iflégﬂlé%e%& t(‘a‘)a‘é’émég?’i g canche imaged
adhesi ve . qn| : 11RO t r
i nventi on, an%su?%%m( mmﬁle%g%?%&? fﬁ%@g@g‘%@?ﬁg@%{e@gHﬁ@i g\;bgeétﬁc} tﬁg{g’

supporting sufiétdgaiphy, dlbétsoric owttiglg Soradther imagingldreesbhdeitechgiquest al | at i on but

afterwards seals the interface between the adhesive | and the
supporting substrate. 1@lternatively, both major surfgcespivdhesivejayena@ cakbe| ed in

s et - ohe PEEPARHET AL HE ARAAY Berer nerl) BT BRVIES BB o0,
of time after girRidrt alihdshetpkfoathhide fropdtaedhttheulé dif@ertQdRedivd intdrfaeBs onto

t he sanme or different supporting substrate or to nmaxim ze avail able
routes for fldunhguse. egress. 15 One can make i mage
graphic films with two different types of .,adhesi ves i.n.t di ffering
depths of patterns on | FRbraPIetBEaL Spes ofQuidioeses i by desited Trah tmg o
raphic fil m gFhl | I I L Iy :ibed in
grap dx??:\&‘/ﬁt GaRivel el @Bed: %aﬂ{‘t}f‘ egé@éd&@%g%gs RQorfd xﬁgﬁ‘a&é ﬂ]th&

t he Cal houn an son patents 1denti abo ut can ftunction simlar
manners. MO egress at the other. Adhesive surfaces of the present invention
i nprove econom ¢ val ue by reduci n% manuf acturing costs, reducing

o

| abor costs during i nst APOHEr ¥amplsds the Tormatiqn ofadhesivVeiapag@pRY aktheequi r ed
b dhesi i .. . i 0 f
L

t he present 1 nven ower pri1cati ons,

wher e i nconpl giedilhoidhdhe atihasiverdbogiapky toachisdhbdtipatten?S at the | ower
tenperature is a probl em-because the adhesive is slowto "wet" the
substrate surface. Over Yef agothenposgihiegmbasiimentds thinessiof same ot differenin
change, ossibly.entrapping.air, Wthout mcrochannels provided by

i ot or epi 15 at efiRENEShAEEHAOR! &Pt topogtatpits B BIROECRSHVETHE 11 ui o
can not egresgminated together before adhesion\{@‘m%fﬂlﬁf‘ﬁnd@ﬁp?@ﬂidgssuﬁﬁlﬁé.' Wits@e to
apply nurals or graphics to a 30 supporting substrate. These graphics

benefit from ¢heenisiy e thealiffergnipdhgsiyesdetermined, one cpn prowitde thronghtdhennels

because,  sur pri si gl Lhe m o gchannel s, fl ot he. adnesi e, ok 40lhne

PCT/ US97/ 0927 44hesive boRd S#&Higth bF tHeBdREsi S Bntitite RO1RHIASIMEe 8RJokGsY | on of
the graphic to the substrate but al so survive the application process

t hat i nvaWessdbistrhtet r ansi ent pressures to provide routes of fluid
egress for residual air_pogckels. Furt her features,

advant ages, and enbodi finge ersapleseffilms ysgful foncontact with adhesive

surfaces of the present invention include Controltac™ branded films commercially
available from 3M, films disclosed in PCT Patent Application Serial No. WO
US96/19683, foils, metallic plates, ceramic plates, polymeric sheets, vibration

25 damping materials, reflective sheeting, retroreflective sheeting, top-coated
materials, industrial tape backings, hypoallergenic tape backings, and combinations

thereof.

Usefulness of the Invention
30 Image graphic films are unexpectedly improved by the

microreplicated adhesive surfaces of the present invention. Image graphic films
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Exanpl es Sanpl e Anal yses: Li ner and adhesive sanples were
eval uated using a JSM 6400 (JEOL, Tokyo, 10 Japan) scanning el ectron

M Croscopyywd égidk M croscopy with a JENA JENAVERT ( JemaTnisenavuTy)

i ncident |ight mcroscope or Bausch and Lonb stereo m croscope

(Bausch & Lonb, Rochester, NY), or interferonetry m croscopy using a WKO
RST surface phevingaghgsivecoriaeaspf thempreseph invaption gindierysed i ensyre Buyigleggess

fil t Rankd . Tavyl. . .ej . d f
Some 151 nerO L BrAgPoAe: PRRRNShirhccprdnl 8 Hoignbripd Bheingl | P01 O
were a nodifi Q@ygfé;p&, lighed YhoRilingetci3330 (1992) and Pressure

Sensitive Tape Council nmethod PSTC-1 (1989). Caustic etched and 20 aci d
desnut al umi num t est parfor sxqmple,lorEakilleda the arCGean corokfinid egréssdnt) and

inted al ym t. I F f, .1ndi ' J l.eaned with
bupont " pr Spsatmize T Ba RS inPae R 3) idecpng holefie AB sl ve

and fil |4 | ' | I ps. The

rel ease |iner @V}g?,) %%ﬁg‘@ﬁ@%%hﬁaﬁg&gﬁxgﬁét ri % Sk%?r@feg%%rﬁ?ggr(%)o the panels

us :j ng/a ei ]E he{ apﬁb&pﬂégwﬁbpbﬁggw’ th&raﬁhestwadst?rthalf: mp;poft% sabftrmn Mﬁsdrpemf'desbdi& tm 295

an nuf act urin ympan ! : ul, . at a spe abou :

centineter/ se@éﬁ?a dHFm&“Vg‘H{?HP% Rutafiegards seals thFa‘i"FF‘ff%ﬁeche“t’@“dgﬁ H&%ﬁ‘?“f?achi ne

and Manuf acturahg%e%%pg?ﬁiﬂg.su?sﬁ%&gghton W sconsi n) at 40 psi gauge
agou :

pressure and a spee _ cnfsecond. A backing strip of 2.54
centi nmeteqgw de 3M Scot cAfamafivdly) onerskitied HHBR arcddaaskéet dn ddifeyiRé haling a

| am nated in registration onto each sanple strip. The backi n(% film

prevent ed t he differentgheqipay to meaigtaimtheperogsaphy of ebrsadbesive awfaesitora fongay

i);c essivel %DS %)rgll'elt%% gﬁ@r%e Cziiﬂrerl inflial installation to permit multiple reinstallations onto the

PCT/ US97/ 0927 4ame or diffep@ft sufiRetingd fbkirdte or & thekindZe AAHESIe kdutes FR TREANT
tenperature and hum dity room at 22[err] C and 50% relative humdity

or after 7 daysgreas. 66[err] C fol |l owed by 24 hour equilibration in the
const ant nper at ure and, hum di .room peel. adhesi on was asured as
2 180 degfte peel back Snepmakbipae Babon TP Jonvpdirat wees for 5
mnute using qhdspied iPAR diffiiHig EpliRTrPhrtérhl BY Bnki S0 fo¥ BRRIT insBAGRRAWE t h
Far eham Engl and)

. an image graphic film. This construction is an alternative to products described in

—y

the Calhoun and Wilson patents identified above but can function in similar
manners.

20 Adhesive surfaces of the present invention improve economic value
by reducing manufacturing costs, reducing labor costs during installation, and
minimizing maintenance required by adhesive interface problems.

Adhesive surfaces of the present invention can tolerate lower
temperature applications, where incomplete bonding of an adhesive to a substrate

25  at the lower temperature is a problem because the adhesive is slow to “wet” the
substrate surface. Over time, the extent of the adhesive contact can change,
possibly entrapping air. Without microchannels provided by microreplicated
adhesive surfaces of the present invention, the fluid can not egress.

Wavefront motion is usually used to apply murals or graphics to a

30  supporting substrate. These graphics benefit from the adhesive topography of the

present invention because, surprisingly, the microchannels of the adhesive not only
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Creep CO”R#b@Q/Eﬁ desting: A sandwi ch of pressure sensitive dhasoygdrayer
(abo 125 mcrons thick) between two sheets of 48 mcron thick

pol y(et hyl ene 10 terephthal ate) filmwas prepared by coating the pressure
sensi tive adhprompse Buidpgress duripg adhesivstapplication of dheereplie t tharubsraie Ryt at

66[err] C to cgnstant east afford
about 1/2 t heqf%glfwsv ect %%Pr%lc% ﬁ}J%RWCgSS tﬁ% %‘tloéﬁft}}l?)ﬁaa%ﬁl%@ ptr%g?lreg %o coat ed
const ructi on. fgbmetrgﬁﬁes Bf AGRISegHBs ForGebidhd1 QIR gk ssandw ch, and the average
t hi ckness (h) of the pressure sensitive adhesive |ayer was determ ned using

a 15 caliper gauge anfusghértfeatotasnagvantagesankerabediofentsieae gedeyibed arthei | ns.

Two test pjeces of equal size were die-cut and placed in the parall el
pl at e creép c?)’f‘?p‘f‘l ghce rheoneter, one piece being on each side of the
center plate, %ﬁ%n outer plate contacting the exposed surface of

each. One end center plate was connected to a linear variable

transducer, which neasures the plate displacenent (due to 20 mat eri al
fl ow) and ouTguts an el ectrical signal proportional to the displacenent, to
a recorder. ample Apalypesy| at es were placed in horizontal arrangenent and

the two I ess t he
i nterposed | a%/gllréls%d R&@sgéﬁr 0 %?QG%W‘% l{ﬁ)& lig%aéﬂ)o ﬁeg 0t he
opposi te gnd aﬁﬁﬁzaﬁﬁﬂg%lecﬁbﬁlfnﬂcrosco y, Mglithnierdst&psi WitB a\LPEI\Q\ SRAVEHRD
hori zontal |y fromthe hook and then downward over 25 a pulley, the outer

pl at es bei ng Henai Germany) ineidepidight mierosomps or Baiysch andilgimb stereo micmstopeci ent

t o nmeasur abl LSt ance.no greater than its

t hi ckness) W}i;. ‘?’é@n]; P‘?é%gsg’e{&)eﬂﬁ reremetny FucTosqoRy Using 4 Wok Qer  was

started. RST%%EfaE@E&ﬁI&{W@k@SCor?hQ‘u\EEd 9?.22“%%r8m%>9€ﬁ {tylufe stress (f)

was 500 g. Fromt recorder he tine and the displacenent (X,

i . e., strain)pwdil@ncten(RankddayloediolB6n, Inc;ohmbcmm'el K) wasplseusetidopsma ur e

was thele/c Icpl ated according to the equation:
¢ lmer evaluations.

J(t) 18 WO
98/ 29516

PCT/ US97/ 09274 where t is the time at which the neasurement is taken,
A is the areaTedtsone face of t he pressure sensi ti ve adhesi ve sanpl es,

h is the thickness of the adhesive mass | acenent at tine

t (where Xis Feddestohdhpsiondats ye{q@npgqf@@u%@ﬂ%gT%@ethod Fa841%8 % ached to
the wre connggy ﬁx%félﬂe E%lmedfl%p% (gAﬁ'&;ﬁ me\’%ﬁ%ﬁ%llz(o%ﬂ EREhC btPhedS d, -

cnferr], hincm Xin cm and nes i ance va

given in20 aci@ a{eﬁﬁﬁﬂaﬂﬁmm fast ﬁﬁe@(&@ﬁl'% @-PaR& €. cmmammri@onb)uﬁdiue
calculated at a tine of mnutes is indicated here as J[err]. The

wei ght may bep@e%mnwstmanelswmehauf I@ﬂla@@ﬁ’cﬁg, Wkwgﬁééﬁ@aﬁ‘éws‘éna tive
L ﬁlu?ont rPrepeS%(l)'v d all%fwe%rto %%VESanQﬁESF ofpid pressure sensitive adhesive and

film on liner were cut into 2.54 centimeter wide strips. The release liner was

is

removed, and the strips were applied to the panels using either a PA-1 Hand

25  Applicator (available from Minnesota Mining and Manufacturing Company (3M)
St. Paul, MN) at a speed of about 2.5 centimeter/second or a Vanquisher roll
laminator (Stoughton Machine and Manufacturing Co., Inc., Stoughton Wisconsin)
at 40 psi gauge pressure and a speed of about 2.5 cm/second. A backing strip of
2.54 centimeter wide 3M Scotchcal™ Film Series 3650 adhesive film was

30 laminated in registration onto each sample strip. The backing film prevented the

sample films and pressure sensitive adhesive from excessively stretching during
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time t relax, the conpliance may be determ ned again. As an exanple, if a
weight 10 is applied for 3 mnutes and then renoved, and the conpliance

det er m neqyghksdsian additional 3 mnutes, the rel axedpdrngbievzis
i ndi cated here as J[err] relax). A percent recovery under the test
conditions may al so be cal culated: % recovery = 1009 J[err]-J( t +t

rel ax)]/ J[ er r peel backstesting. j Afterpdshoursin aeppstapbismperatyrg and hpmyigi H 2lg| ass
pl ate was he to 5 2 N thy- yl ket one
Phass "o eS8 L AR 0 or o FLGRPBE M IRRe SRR

i ndi cat ed backiyibratiai Bl $icoRdt@it Yerdpdratife & MurBidRirooMaSpedl adiRdion was f 1 at
onto the glass plate with the pressure sensitive adhesive side down for
appr oxi mat el ymegsusetaral$80 degreccprs] bahkent ofcrasshead sppedeofiadsS ¢entimeaterapdr pul | ed
20 lateraglly. .The test .rat

sanpl e sliY f F)él@.}t? using a Lloy& S5tensife ’t{tjalsstellc (;lléfdl\ﬁxémfzgs,sﬁqgan%’ém g,arﬁ;lztrﬂ 15 ore

resistance  gpoland). 3 sanple slid with considerable
resi stance beca%use of adhesi on to the plate,
but could be lifted w thout danage 25 4 sanpl e stuck

to the plate and coul d, not _be, repositjqned . .
wi t hout damagéreep Complianse Testing: o sandiyiciabpessurs seapitive adhesiverayer fahaud|

gl ass plate 3 - ] | et hyl
ket one ( MEK) W?%S F@%E’Sgglﬁrcgﬁ) [é,g“’%eﬁﬁ rtv(')’?( Fﬁ%& e‘?{/%:i% k&&g.ﬂgc%rél%ﬂg&%%c m was
draped flE} oOttképhitindatg) filss wab piePareti by cobtngithe peestereSenkdtive adbesive ontoadhesi ve

si de down for approximately 10 seconds, and the edges were pressed with
19 WO owe shestigf the polyester film, drying at 66°C to constant weight (at least about 20

PCT/ US97/ 09274. fjnge | t roximaptely 50 +f.orce” to

i form y. confimyeia aferd 781 the RafRREm Pickhdss o poblig 6% e o
inward) to thgodddeshsBhatich. THaestpiRESwsRSCUL ABH BiLHASHich, and the¥vérahé nger
around the periphery and toward the center of the sanple to prevent the

PSA from debothi¢kngssih of the\psessurersenstive adhesiive lgyer ks détemminedusingat o t he
90 01 - % or e AR i BT AR o T TR DR
e ool U 08 et e B G eagpiner oo A
rheometer, one piece being on each side of the center plate, with an outer plate
contacting the exposed surface of each. One end of the center plate was connected
to a linear variable transducer, which measures the plate displacement (due to
20  material flow) and outputs an electrical signal proportional to the displacement, to
arecorder. The parallel plates were placed in horizontal arrangement and the two
outer plates were then clamped firmly so as to compress the interposed layers
approximately 10%. A hook was attached to the opposite end of the center plate
with a flexible wire extending horizontally from the hook and then downward over
25  apulley, the outer plates being held in a fixed position. A suitable weight
(sufficient to measurably deform the sample a distance no greater than its
thickness) was attached to the free end of the wire, then the recorder was started.
For these examples, the weight used to exert the stress () was 500 g. From the
recorder, the time (t) and the displacement (X i.e., strain) were read. The creep
30 compliance at a given temperature was then calculated according to the equation:
J()=24X7hf
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" poor " sarwb?ﬁﬁ'm%d trapped bubbles after the first appli caldraiser/09274
(| ndi catl ng no detectable air rel ease properties)

"fair" sanple did not show bubbles after the first application, but did
show where ¢ is the timéhathwhiels thefmeasursinenb is telkgn, dde thedres of mq face of
reapplication

three applica e PRESSHG sensitive acgf)esr;e samp Ub | ezlée\s%\ﬁiegbssogjivee %@%gw%%asglf he

rel ease pr Opefstth@ﬁxsﬁl%erﬁaﬁ af #ifnlr (Where X is less than h) and f i8R fofRtdueRo and
showi ng retention of air release properties tor

subsequent r empg ataahédrwoghe witke Sonndcksl tmtha nndttﬁel plaxltcs Wihetehé 1qocxps®s¢<é in
sensitive adhesjve |ayer, of sa le& r at "good" were present

after the ¥i r%‘f‘ » & CBb &dRE™ en thez:@mpl%q:qjv (t)c‘étE‘Yﬁ‘i‘ Hest :

7 pe. appr oxt AL AR St %wg Nogof s PERBRbcncd b o5 €,

sanpl es. The ﬁﬁméﬁs irpdichtéd mbay (3%;. It THe (efght m@eie&emv&i afsrdirhé fJned at
the test tenperature for at |east m nutes. The sanple strips were

appl i ed to thalowing the pressupsaseapisive adhpgivsrie redax er @fco'sprPAf@rlsﬁm afgdisioneht or

apeed of - aboulint FSei i coRplthes e be erdtigngd 4ekin. o AEPreni R fBERE by
2 kg, 4 kgy Ofs dpplied f@%&ﬁﬁmfmﬁa @tnGBmb o, qhdmecom hancéﬂét@ﬁ‘ﬂi%d after an

| medi ately, the premask was removed from’'the appli ed strip at a 180
degree angl e adti:ltxma;béenlnnasﬂhofelamdrMumeMwﬂecmamsd(3 mhe + gstinpanel

with the il s was then heated,.at 66[err for es to

devel op any le@f)erAf Pl"dcenfﬁ%""%ry "gﬁdf’éﬂ‘ﬁﬁ"’cft E%déﬂ?nsdfl‘lix ﬁlég’ gF Bisaf%?g rl)a’/as rat ed
I f bli st d 10 b

on a scale o r&o@&?lmliw%ﬁ[z({ J aﬁﬁ/ér{pl N istering an ei ng

conpl ete adhesi on ure The
20 WD 98/ 29516

< Pfﬁr;%%”@mmm AR R T
mass of 2 kg, cl%arﬂsdac;vlth Hléﬂryl @@9]#6‘:&??{2\4@{55 test sam e@.?.gﬁgss%g%gl%lsﬂ'@ St A

circul ar indent was na um nu using a

hem spheri cal adiegive banheindivated tacking) tipprodisatedf 2.3.cm By17.5TdiR, was drapédident
was about 2.8 cmdianeter at the plane of the panel and was about 0.6 cm

deep. A 7.5 chrinptyths gassiplade with mreﬁ%lr@éertsaiy@@éhwé\se géndewndonyer the
| ndent and pro;?i%kt%,\fqg séc%hdé’”’fﬂe érﬂfedgg[%?lzh %ﬁg\ﬁ%ﬁ gun;lébge”t

PA-1 Hand Appf1 cator ive's |l e from
3M was uxed xaqbrgq}esyhédegrs |£eQ§lfoq)10ik@ t he panel using a nmass of about 1

kg. Then the filmwas pressed with a thunb into t he depressed indent.
At least 3 kg of mass wds apphplesliditeeelybi | ity of the sanple

2 sample slid easily with some resistance

3 sample slid with considerable resistance because of adhesion

to the plate, but could be lifted without damage
25 4 sample stuck to the plate and could not be repositioned

without damage

Hot Application/Reapplication Test: A horizontal glass plate was heated to 40-
43°C and cleaned with methyl ethyl ketone (MEK). A test sample, approximately
30 2.5 cm by 7.5 cm, was draped flat onto the glass plate with the pressure sensitive

adhesive side down for approximately 10 seconds, and the edges were pressed with
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to conforminto the indent and uniformy contact the depressed panel i ndent
was rated as foll ows: 15 0 sanpl e woul d not conform

significa ' t he i ndent agai nst the dair
1 sarrpnwgygéég%lg be pressed down into the indent to the exl’tcg‘z@%@?%gout
2

50% sanpl e coul d be pressed down to conformw th nuch of
t he i ndent 20a finger with approximately $80igidorse’blol unaformiyudxsitans the periphery (from 3

sanpl e could he pressed d to conformslowy (greater. than.5

Seconds) and DBRERRRHE fos e e elass b v Saole walumppeesthi o be
ressed down | ds
gnd conpl et el EQP%B&%EE ?#&%Heﬁgééﬁ%ﬁd?&%ﬁsz?e (I:Deélﬁgloﬂlt%essia:mp,&e %oegrtevgrgc%g?e \)Nas

manual |y pres®8A foundeboridingrmdipranett ¢lie dnfire air pockkt Srommmiov iy toghinedye ofi vet
onto a Fruehauf flat panel with rjvets b}( st artigﬁ at the edges of
a8

é he sanpl éBb@e&Wﬂf‘oﬁnﬁM@WiCéﬁn thelashipatwasthen evahsted f%?r%F@fs@d i
, ' ' , ' 750
30" hunb) “at 2NE AR bk TR LR SEITRBGR bR B rfetett,, on 7T

pocket under reappliédi@ thé bdihe proedurt.MAWERd tDPBIRESAA dldd Ednel Mhetede of2 1t he

air pocket towards the
WD 98/ 29516 ratings are as follows:

PCT/ US97/ 09274 " rivet, keepi th t site sides. of .the rivet
and meking hal f - ci rRQfifasample shotpd &Wﬁ{ﬁi‘%ﬁeﬁéﬁﬁg‘% ﬁé“&??@&%‘ﬁ%r(é“ ating
decreasinggradii to keegotdlg@c{ﬁmg’gglsre@éag@ﬁo?gﬁies) mar gi n of the pocket

(approximately 750 g for each thunmb). The force was |imted So as not
to burst the fil m "filrl's spnplealidinet shosbubbiles afier thelfastgpphcationpbitatid whsw 5

formed under the sanple prevented from hejn ushed under the film
to t he sanpl e edg?%eﬁ%ﬁb‘g%‘gﬁﬁe"f’ﬁé Oﬁﬂﬁggﬁﬁg%lﬁ*féﬂg’i‘t i ve adhesi ve.
The tinme r equ LSS | LI fapm ng the
f1im to w thin 2 nbp nodubbles HRAUERURE o) or RS AR AT D

pocket remai ned after 5renpplitagione{shoviing aigrelease prdpafiiesifbmhetfite di anet er of
the air pocket was determ ned. Sanples with best air_ 10 di ssi pation
gener al | y13 equi red | ess 2ppiisatianand shawing regentionespirreleasecprapention fordhe i | m

up to the rivet. Poores . d . air
pocket s after 5 mg%%ﬁéngfeaﬁéiaﬁﬁgﬁaégﬁé %‘6%951%1@ th tﬂea;frgﬂx}e
sensitive adhesive layer of samples rated "good" were still present

after the first and second removal steps.

20  Cold Application Test: Test samples were premasked with SCPM-3 (3M) premask
tape. Sample strips approximately 5 cm by 23 cm were cut from the premasked
film samples. The samples and Fruehauf painted test panels were conditioned at
the test temperature for at least 20 minutes, The sample strips were applied to the
test panels using one pass of a PA-1 Hand Applicator maintained at a constant 45

25  degree angle during application and a speed of about 1.5 m/min. Constant
application force was supplied by 2 kg, 4 kg, or 6 kg masses mounted on top of the
squeegee. Immediately, the premask was removed from the applied strip at a 180
degree angle and a peel rate of approximately 1.5 m/min. The test panel with the
applied films was then heated at 66°C for 5 minutes to develop any blistering. The

30 size and extent of the blistering was rated on a scale of 1 to 10, with 1 being no

blistering and 10 being complete adhesion failure of the film sample. The

20



Air Bl eed wgssireshg Ci rcul ar test sanple 4.4 cmdianeter was appivossdroseish 4
passes 15 of a rubber roI | er (speci fi cati ons as indicated in the specific

exanpl es) onto an ylic pa anpl.e was centered over, a 6.4
mm di amet er hIDEARAACE %thsaﬁeple Parallels Wtrﬁtmaaepagaeﬂﬁ%y grebarsiatingseofdastel was
seal ed onto er a recessed
chanber in aﬁthgl?rakgé‘fa?g%s hgqn&s%fo?%(tg 54 at4kg,%:Ech£§?%{86e é/ was
connected to an air-1line (45 cr‘r{err] total volune) and initially
pressurized to 50 20 inches (127 cm of water as determ ned by a pressure
gauge connectm_ﬁmlgblgs__ ACIWéarendeﬂrmssweenﬂvVammlh@@@dumymanmwe and
the tinme for the ress faI i hches wat er was
det er ni ne bying 3 % rﬁ’r%&hmerwﬂ‘gﬁr‘&%‘ﬁ{n&&f\?éécﬁ rg‘n Wi t h
pressure sensmhee/ﬁn@sdetb%ﬁu@ ck@uehfeté}aavmm of the paiBl 2h@ WA3AB&LD.6 eowed no
air bleed even after several days. For |ower adhegl on 25 pressure
sensitive adh@pv@s? Stdme by 73 cmlteqnsmphrte berme‘sttedmasacqntme(edv&ruhmrtdbmta:tdhe

sanpl e does not ap eci ably degond from g . pane Ri vet / Corrugat ed
Panel Test: ta&@ thepRg anwuﬁamrt finglent. @P&rﬂ M@heator Wil

pai nted al um H[g:tF r{u I Itf)aé( r by 30
2.5 mm hi gh r% cé‘%?@%%% 1 g%ﬁq}egégv}gé Iar égegsgﬁgﬁgﬁejsgo cov %Tgﬁt%
3 g;); tgamél "l the panel using a mass of about 1 kg. Then the film was pressed with 2 zhumb int¥\O

51

PCT/ US97/ 0927the depresseéc;n@%n Agfleashd kg ghanass wasapplipde dhetability of dte q@mei ng
the sanple into the vall onto the ri.vet
pr even'zrp air eNtPYIHEHR @a’f’l(g aad Ealf“mﬂy contaggth Frrgssed panel ifdert w3

Pressure Sensjztddvf fodbgsi ve Sol ution 1 An acrylic pressure sensitive
adhesive solution (described as Adhesive Solution 1 in US Patent
5,296,277 and nodified with 18.5 phr of aresin -- Nrez[err] 2019

fromAri a Chem gal Co. are The verage 2 nut e
creep gt conpl i 4nce, %‘%‘B‘Fr"]o ‘b‘?%%‘g ‘i"gg’f‘? }j}k?éngﬂ%ég?‘\‘}? £ epar ed
fromthis 10 solution gﬁ@a&eégnsq cm/dyne and the 21[err]C, rel axed

creep conpliance, J[err] , was 0.08 sq. cm/dyne.
Pressure Sensiti vel Adhesample Sould begpresed down into the indent to the extent of about
50%
2 sample could be pressed down to conform with much of the indent
20 leaving small air bubbles
3 sample could be pressed down to conform slowly (greater than 5

seconds) and completely into the indent
4 sample could be pressed down to conform swiftly (less than 5
seconds) and completely into the indent
25
Rivet Panel Test: A test sample was manually pressed over a 12 mm diameter by
2.5 mm high rounded rivet onto a Fruehauf flat panel with rivets by starting at the
edges of the sample 3.8 cm from the center of the rivet. The sample was pressed
down, using both thumbs, with thumb pressure (approximately 750 g for each
30  thumb) at the periphery using a circular motion to entrap a large air pocket under

the film. The film was then pressed in at the edge of the air pocket towards the

21



| sooctyl acrylate-acrylic acid (98:2) copolyner was prepared as a sol ution
in ethyl 15 acetate and heptane at a solids content of about 28% The

average 21 3 mnute creep conpliance, J[err], To@7aesasur e
sensitive g@%&bl ve prepared fromthis ~solution was 1. g’% sq. cm/dyne
and the 21C, rel axed creep conpliance, J[err] , was 0.52 sq.

cm / dyne. 2 @ivet keeping thumbs at opposite sidespfghastives agd makinghalfagiradar e Sol uti on

Adhesi ve Sof (EHaB IS e pE G eplon i SR o to RS P Stk e o
the crosslinkegfsrsil df%@ﬁeck\eca@ppmximaag%begdfo%aﬁ tH@hb I STEORE & W aOfimAbeut

25% 25 ressure Sensitive Adhesive Solution 4
Kraton 1107 r esasin¢t20 boest the fElnd Ehiaptazbdwre fenauredthat & lathenr patckeCompany,

West b k, IL), E 131 C (.20 ts), d. tol 60 t

o T T C R RN
h L4 ' : .S b 0.11
T e L e

\C}\bOgg/ Z gSlg M hélyived for dissipating the air pocket and conforming the film to within 2 mu?8f
PCT/ US97/ 0927 Ahe rivet was determined. If a large air pocket emainedraftesd minvtey of wordng ve

2ot 2 Sor e o BB B S LSO IBE SRIESVE bRR o
Pressure $gnsididsipation BerierBy roghivdd 188k than about 36-td 80 SécoRHSHbnforaiheifiliny €
adhesi ve (preparéd according to the procedures of US Pat ent 5, 196, 246

and cont ai ni ngpdb thetrivk2oPbyrestrsampkeis ghtrappied taheutac Syinic(op dlargen) rir pockets

sensitive adhe ivgl corrgonf‘eantl%dwaspixr ePar ed. The average 21[err]C, 3 mnute
creep 10 COR%FW FrRutes; ol wWpRKng AppIAloR: ossure sensitive adhesive prepared
fromthis solution was 0.63 sq. cm/dyne and the 21[err]C, rel axed

creep conpliance, J[err]
Air Bleed Test: A circular test sample 4.4 cm diameter was applied with 4 passes

15  of a rubber roller (specifications as indicated in the specific examples) onto an
acrylic panel. The sample was centered over a 6.4 mm diameter hole in the panel.
With the sample side up, the panel was sealed onto a gasket by clamping to center
the hole over a recessed chamber in an air delivery stage. After 5 mins., the stage
was connected to an air-line (45 cm® total volume) and initially pressurized to 50

20 inches (127 cm) of water as determined by a pressure gauge connected to the
system. The system was closed by a valve, and the time for the pressure to fall to
25 inches (63.5 cm) of water was determined. Poorest samples, such as
representative of films with pressure sensitive adhesive layers having no
microchannels, showed no air bleed even after several days. For lower adhesion

25  pressure sensitive adhesives, the initial pressure must be adjusted such that the

sample does not appreciably debond from the panel.
Rivet/Corrugated Panel Test: A sample was applied by hand onto a 10 cm by 30.5

cm painted aluminum Fruehauf corrugated panel having four 12 mm diameter by

30 2.5 mm high rounded rivets. The sample was large enough to cover a substantial
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, was 0. 08yg9g/ 26575/ dyne. Pr e pgtivesofeosist i ve
Adhesive Resin 7 15 A pressure sensitive adhesive simlar to pressure

sensitive adhesive but wi_t hout added crosslinker, s i.sol at ed
from sol ut i orpoagoqeé%e%mldé‘hﬁﬁgwe%ﬁa%&(}pﬁ%ﬁpmg the samplg ijtp valleys and

ol ution ¢ Adreery R ¥R SR o B 8B e RS RBE0R, T, O e

that the al kyl acryl ate conponent was 2-net hyl but yl acrylate and 1.8
parts of crosslinker solution was added) was prepared at a solids

content of aléxampEs40% 25 Pressure Sensitive
Adhesi ve Sol ution 9 Pressure sensiti adhesi,ve solution 1 (100 phr)
was modi f Ped by adding 5 phfﬁrgfsure §ensﬁ§/"c?a‘¥&§3w€§s?éwoé’bfe fromI1C Anericas,

W1 m ngton, D) acrylidQressure sensitive adhesive solution {JeSSitéd%s 2RIMSsivE K8 nAdRSSi ve
Sol ution 10 24 WO

98/ 29516 in US Patent 5,296,277 and modified with 18.5 phr of aresin -- Nirez™ 2019

PCT/ US97/ 09274 ) | sooctyl  acrylate-agrylic acid 4; 6), copol ynmer was
prepared as aT¥BIAETIVR (ﬁwﬂéfﬁﬁ% was prepare -aﬂe éYFdag?e?dio né THPULE CRAR ds

content of ab % Ao 10 td ded 20
part s of For ARt JF wigl GORE Brihurt REnshRla i ltyg prepareBonP

7.5 part g0of ddtutivl was 05§ sy.am.Alyhe ahd tid 2eCCielf@d ctaep chmpiibfice! /@ paf s of
Pycal 94 5 (available fromICl Anmericas). To 100 parts of the conbi ned
sol uti on was hsdedelax) - was0.88 sarang/dypea sol uti on of 5% crossli nker
(described in US Patent 5,296,277) in t ol uene. 10 Exanpl es 1-4.

Pressure Sensitive Adhesive Solution 2
Isooctyl acrylate-acrylic acid (98:2) copolymer was prepared as a solution in ethyl
15  acetate and heptane at a solids content of about 28%. The average 21°C, 3 minute
creep compliance, J; i, ), Of the pressure sensitive adhesive prepared from this

solution was 1.64 sq. cm./dyne and the 21°C, relaxed creep compliance, J(3 min. +

3 min. relax) » Was 0.52 sq. cm./dyne.

20 Pressure Sensitive Adhesive Solution 3
An acrylic pressure sensitive adhesive solution (described as Adhesive Solution 2
in US Patent 5,296,277 and containing 1 part of the crosslinker solution) was

prepared at a solids content of about 25%.

25
Pressure Sensitive Adhesive Solution 4
Kraton 1107 resin (20 parts and available from Shell Chemical Company,
Westbrook, IL), Escorez 1310L.C (20 parts), and toluene (60 parts) were combined.
The average 21°C, 3 minute creep compliance, J(3 min, ) , of the pressure sensitive
30  adhesive prepared from this solution was 0.11 sq. cm./dyne and the 21°C, relaxed

creep compliance, J(3 min. + 3 min. relax), Was 0.004 sq. cm./dyne.
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A release liner consisting of four layers with the core being 97 m crons
pol y( et hyl ene terephthal ate), 21-22 m crons polyethylene with a natte
finish on back side layer, and 21-22 microns polyet i Q a

gl ossy fi n‘i"@ﬁ%?ﬁlﬁhe front side with a silicone relea T?@sg?)ﬁ%

the gl ossy side, was m croenbossed on the 15 gl ossy side by passing the
rel ease liner between an 85 duroneter, 15 cm di aneter silicone rubber
roll and a 15 cm di ameter engraved metal roll. The engr aved pattern
on the rmetal roll was inter sg’éﬁsﬁf}S‘-’@é’é@!gédihﬁlﬁe?:d(uﬁp@ﬁogr ooves) formng a

of the O " e Fr RSB Sh BB PR AR R B  Toed i n

t he tabl e bel qvggng@;g)%Qs re‘bh{-éd(‘é@lggoﬁtmbﬁgol{dgH and the engraved roll were
heated by circulafing 0|F through the rolls. The set tenperatures for

the oil heater are indicated |nthetable bel ow. The rolls were
forced together with about 2 N/mn i ..forc o iy cylinders. The

rel ease |iner was passed thrgaﬁ %@sﬂéﬁ&éﬂmﬁ%ut 1 6 crﬂ sec. This
formed a pattef prdf eQutd ma ea%64d

essentially f?g{}%p %g%ldgygreag twee ﬂ# e ralésfg g{% on the gl ossy

si | i cone- coat ®dtent 8496246 land containingedbeas B2%ibyalry vGEIi@ut loﬁtl&mgdid mrassurer e

al so raised. The ridges .had a curved top and filleted junction with
the base. AveSgRfiiys 3ihesive RRRRPRIY ‘é{@sePrFP%'?‘édTh%a‘teﬁ@eﬂébCé minute RePow, The

[1 dges vei6 ~UagBflallic /AN AR REREIMAUGH BB LARLR e AN KB e"e"

m cr oenbossed escr’l Ne s an yzée secondary

ion 30 nass s§]l%ﬁ6h wmtasysq( Eha7dphdVind tHE RDIC, delRé B &de?Sorlislianied] B4 b ]:pr i mar y

ion beam wth a beam di aneter of about 1 m cron, rastered over an
area of 400X4Q0nin ealax)s was 0.08 sq. cm./dyne.

25 WO 98/ 29516

PCT/ US97/ 09274 uniformsilicone distribution was shown over the |iner
both on and off the M cr peaRAs TR sitive AAhadi 6@ Resin 7 Pressure

Sensitive Adhesive Solution 1 was coated onto each m croenbossed 5
rel ease | lfier Aapidssive eehsitive@@hesived imflar tolmessumﬂeastlv@adhﬁswcdn batiwithowte fil m

about 32 Lcyons. thick. A o] ared usin simlar
per that haddisst rossinkee Sas folstib i S Bimas BPsRsREs fopinutoR ppt e

adhesi ve si de .gftiddrese were | am nated at room terrper ature to a 46

m cron thick placticized, white flexible and conformabl e vinyl (PVQO
filmidentical to that used in 3Merr] Controltac[err] Plus 10 G aphi c

Marking Film Series 180-10. The |am nat. oMsed nqgl sher roll
| ami nat or (St ought on Machi ne *afit} OI‘mP?l St ought on

W i f about
by ; anrﬂs Is 2%% " 81'3?%\?’ %xsgﬁé aﬁﬁgs1'5§§o)lutﬂﬁmu(9ﬁhg§1€§ §HBoRRDS lespﬁgﬁ or abou

5,296,277 modified such that the alkyl acrylate component was 2-methylbutyl

acrylate and 1.8 parts of crosslinker solution was added) was prepared at a solids

content of about 35-40%.
25
Pressure Sensitive Adhesive Solution 9
Pressure sensitive adhesive solution 1 (100 phr) was modified by adding 5 phr of

Pycal 94 (available from ICI Americas, Wilmington, DE).

30 Pressure Sensitive Adhesive Solution 10
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essenti al | yofds@bsgonstruction. After renmpval of the rel ease pamessiobers
exposed pressure sensitive adhesive surface had continuous recessed

m cr ochannel s _and nt er sect i corr ondi n he m crorl d s of
The removed T dmesubary kit fersfigacid et LG BabS aserres Foh S GHSH 11 €571 ot e
in the table Q@ét&t\é’angﬂg%gﬁez&'és%h%lggmgmtd?%out 45%, THQOQ%&HES{”&&E!&%O' arr

bubbl es and |l arge air ts to be easily pressed out and duri ng
or after appl iveatblendedR0 ples 6f Forab86 @vailablafrem Hérgsles,tlhe., Wilmingoay [DE)pe
applied nmuch faster than the_control filmwhile retaini 5g uni form

appear ance of Tihearset Heapplyn-Etiaypiahie Eromfﬂwufvﬁén@mﬁﬂgs Bteefdycak?t to

cont Tl sanp! L2 ERSAD ST Smedsaedy 0980 plls BERERohBinsRESfuton s Mhaed "

application, QqtemyoTa selutioRWIB3EE erosdihkar(duaeien iR DISSRHtéM 3,296, 277? & aphi c

resulted. Trapped air bubbles under the applied control fi 'm could not be
pressed out. toluene. 26
WD 98/ 29516

PCT/ US97/ 09274 Table 1. Data for Exanples
1-4 Exanpl e Exanple 2 Exanple 3
Exanpl e 4 1 Engr aved

Rol | G ooté NExamples 1-4. 75 75 75 0 W dt h
(m crons) Engr.aved Rol | G oove Nomi n 25

25 0 A release lipgrifoRsistingolfquy layers With tIllﬁ QF’T&\,@@E’\%? migpPHve Spaci ng

E [ne?r . é) > po]y{%h;%ne ter%?élg&IaZtZ) 21-2% iBng)nS Holye%@é}g@\fﬁgnﬁ%lf n?%:)ne Rol |

Set Tenp. ([emnadidide layer, add@21-22 mlcroh"k@olyethylenelﬁilh a glo3sy Ani3noa the front Li ner
Ri dge Wdth (mcrons) 220 225 0
Li ner Ri dge Hé&idgtwith afidieenestelease coatinggn the glossy sidg, was mlcrogglbossed on the o

15  glossy side by passing the release liner between an 85 durometer, 15 cm diameter
silicone rubber roll and a 15 cm diameter engraved metal roll. The engraved
pattern on the metal roll was intersecting recessed lines (microgrooves) forming a
square grid with the microgrooves at a 45 degree angle to the circumference of the
roll. The nominal metal roll groove dimensions are listed in the table below. The

20  silicone rubber roll and the engraved roll were heated by circulating oil through the
rolls. The set temperatures for the oil heater are indicated in the table below. The
rolls were forced together with about 22 N/mm nip force by air cylinders. The
release liner was passed through this arrangement at about 1.6 cm/sec. This
formed a pattern of continuous raised intersecting microridges (and essentially flat

25  land areas between the raised ridges) on the glossy silicone-coated side of the
release liner. The intersections were also raised. The ridges had a curved top and
filleted junction with the base. Average ridge dimensions are listed in the table
below. The ridges were spaced the same as the engraved pattern. A similar liner
microembossed as described above was analyzed with time-of-flight secondary ion

30  mass spectrometry (TOF-SIMS) using a pulsed 25 keV Ga* primary ion beam, with

a beam diameter of about 1 micron, rastered over an area of 400X400 microns. A
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PSA Channel Wdth (m crons) 195- 240 150-190 200- 220 0

PSA Channel Depth (m crons) 23-30 23-25 15-19 0
Sli de Te_stwa%;zggm _ 4 (poor) 4 (poor) 4 (pogEpuserbetiroor)
Hot Applicati'on” Test Rating "good" _"good" "good" " poor "

Ri vet Panel Test Results 30 39 Mm

10 1
seconds secaniform sdiseng distributigh twas sgown over the liner both on and off the
m n. Exang)l eb5. . A liner was m croenbossed according to the
general procedtrEeBPOBsed HAEE™AS3 {0 5  afford an array of ridges
simlar to Exanples 1-3, but having ridge di mensions of about 165
m crons w de, 25-30 mcrons high, and ridge spacing of 2.5 mm (froma
15 cm di anet ePressgrefeasitivelAdhesivé Snhition dl way aated ahitoresthi migsoamibogsedri cr ons
w de and 50 m crons degep, groove spacing of 2.5 The set i nt
t enper at ur &s &flease liner d’é‘?‘f gtr?éapeff"% Q@P@tiﬂg’[fgWF&aﬁg‘%}Y 1’%?‘?‘?"&5% roll

(rjrp107[ ]C ke | aﬁlég. Ih .l £ g th
an err ngr : et her
wi th about 22 %#T%Em Bﬁf%rc gfgﬁgf@he%y ﬁ' aerrs?mﬁlgg Sﬁnﬂﬁrlﬁlree;&{eaggledhggﬁer was

passed t hr ouglbethiricroembogedwith ridgeabThe edpdied allsabeRidesslithése were
Sensitive Adhesive Solution 7 was hot nelt coated at a tenperature of
218[ er r] C ont daminated at eom iteapergtyresofagttiminsen thiek plegticizad, Whits flexitleand hi ck

it ' [ . I . t t t
xtruded pr oo SaPFRBRRERITPYGH lmiBiiica B elReT pE M SRt ERIR L o (e
ri dges andgcorgraphieMaRide Bk 8eteaAsh-0.eThé eninhtiafssed & Vidhquisher roll Cr on

pl asticized white PVC film (described in Exanples 1-4) was lamnated to
27 WO d8nimasr@Stoughton Machine and Manufacturing Co., Inc., Stoughton Wisconsin)

PCT/ US971 09274{1’( 200 kPa (30 psi) gauge pressure and a speed of about 2.5 cm/second to afford an
essentially flat construction. After removal of the release liner the exposed
pressure sensitive adhesive surface had continuous recessed microchannels and

15 intersections (corresponding to the microridges of the removed release liner) The
average channel dimensions are listed in the table below. The results showed that
the channels allowed air bubbles and large air pockets to be easily pressed out by
hand during or after application of the film on a surface. Thus, the films could be
applied much faster than the control film while retaining uniform appearance of the

20  applied graphic film. The samples adhered well to the substrates and showed no
signs of undesired edge lifting. The control sample with no microchannels
required more careful application, otherwise air bubbles and an uneven appearing

graphic resulted. Trapped air bubbles under the applied control film could not be

pressed out.

26
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Liner Ridge Height {microns)

28

30

0

PSA Channe!l Width (microns)

195-240

150-190

200-220

0

PSA Channel Depth ( microns)

23-30

23-25

15-19

0

Slide Test Rating

4 (poor)

4 (poaor)

4 ‘(poor)

4 (poor)

Hot Application Test Rating

'Igoodll

llgood"

"goodll

llpoorll

Rivet Panel Test Results

30

seconds

10

seconds

10

seconds

39 mm
after 5

min.

Example 5.

A liner was microembossed according to the general procedure of Examples 1-3 to

afford an array of ridges similar to Examples 1-3, but having ridge dimensions of

about 165 microns wide, 25-30 microns high, and ridge spacing of 2.5 mm (from a

15 cm diameter engraved roll with nominal groove dimensions of 75 microns wide

and 50 microns deep, groove spacing of 2.5 mm. The set point temperatures of

the oil heaters were 113°C for the silicone roll and 107°C for the engraved roll.

The rolls were forced together with about 22 N/mm nip force by air cylinders. The

release liner was passed through this arrangement at about 1.6 cm/sec.Pressure

Sensitive Adhesive Solution 7 was hot melt coated at a temperature of 218°C onto

the liner to afford about a nominally 35 micron thick pressure sensitive adhesive

layer. Analyses showed that the hot extruded pressure sensitive adhesive had filled

the lands between the ridges and conformed well around and over the ridges. A 46

micron plasticized white PVC film (described in Examples 1-4) was laminated to
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PCT/ US97/ 09274 Table 2. Data for Exanples
6- 8 Conf orm Li ner Nomi nal PSA

Ri vet AVP BREAG able Film Ri dge/ Lrﬁlé/r[éw/(;%hannel
Appear - Panel Test i PSA Ri dge

Wdth ance the exposcgftssure sensitive adhesive layer on the liner. Tebfifvibnstrideioght

Spaci ng (m crons) grm) Exanpl e 178
1. 27 50 had a' Hqy Appliggtion Tesgrating of {gpog() and an [ndengBanel Test rating of 4

m cron (excellent) sec. (1759, 5 cm
Teslin ' roller)

(from 43 sec. (2.4

PPG) kg, 4.5 cm
roller) 5 MtﬂSéS% m'cron 2.54 50 0.3 mMm Poor

igc. 65S§(r:n r & 0 ?7 68 g/m’ basis welght pol lrgﬁSt}@% fz Im watggﬁtrﬁpgroeg@omeéroma 2 54

13 0.3 mm
chille@%F60Red metal roll to affordfwd ‘?ﬁtelt'sggt % sets of parallel ﬁd%%s,fozngxgc "

pl asti ci zed

PVC essentially flat square or diamond shaped planar regions between the eildpes: ) The
Exanpl es 9-33. . A rel ease |liner as described in npl es 1-4 was

M cr oembossed TiFEmbResed spiface wassilicogg coated i ngegsﬂw%o R&%W&S@aswae and

doschi bed P O LEAHeE Sbhn 8. A33oRER o e rider @i EinG oh g BOTTR T,

di aneter and hffodPatib6iton 54 GEiCRdnithick l@%ﬂ@fﬁeb@&é £c€itiQt adliMdive. After M Ccron
spacing. A second enboss pattern was inposed upon the rel ease liner by

passi ng the rdamington phike insieajrdeepniornsibledfilng ke pressivg sensitize filpavasr ol | and

an 10 engr ay d ngy ave attern e S | i nes
(m crogr ooves) % ?tﬁnstby the r(ﬁlﬁ%ﬂ@?s ?ﬁ%rt:%gl}sogbmmagg%q\ﬁgn ‘fﬁ gag)?e lﬁeﬂoyﬂ m crons
deep. The gr oQpen¥Rit& the esired propeFy GARA Bledd ol I8 skl Pandddedubbled 1M t h
grooves oriented 45 degrees to'the
15  be pressed out during or after the graphic film was applied. Samples were applied

to glass plates, and after several days at room temperature, the pressure sensitive

adhesive layers did not fully contact the glass in the recessed channel areas (i.e.,

the channels remained open). Samples showed air bleed properties when removed

from the substrate and reapplied.
20
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Test.

array of 8%12 g4 ﬁ{e%ri'osjgﬁr AlicBROLEAE Bde %&ﬂl@%igfﬁlgh ith fine glass beads
according to the procedure described in U.S. Pat. No. 5,362,516. The pits were

10

15

about 70 microns diameter and 18-19 microns deep in a square lattice of 300

micron spacing. A second emboss pattern was imposed upon the release liner by

passing the release liner between an 85 durometer silicone rubber roll and an

engraved metal roll. The engraved pattern was recessed lines (microgrooves) with

dimensions about 80 microns wide and 24 microns deep. The grooves were 1.3

mm apart and formed a square grid with grooves oriented 45 degrees to the

circumference of the roll. The set point temperatures of the oil heaters were

110°C for the silicone roll and 104°C for the engraved roll. The rolls were forced

together with about 22 N/mm nip force by air cylinders. The release liner was

passed through this arrangement at about 1.6 cm/sec. This formed a pattern of

29
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beads corresponding to the pits on the liner. Two types of controls were
used for conpari son: One type of control was prepared froma
"pit-only Wwowyiss{ég .e., the 30 same liner material had onlBCcrtss7foptided
pits of the first enmboss, but no second- .

30 WD 98/ 29516 . _— - .

PCT/ US97/ 9927430“8"““’“S inferer U AES SR PF 88 SLpons-LREE MU b KT pes were
constructions igfer EYREBUES shapes werelsidilRf @RB¢ Hdgds RRrivedda Exambleslilners”
havi ng no first-enboss pits. The resulting film pressure sensitive

adhesi ve | am naversgadinensioas abithedidges weterabout & mi@bnwideet8-19 aricrons
positionability, Hot |.ication/ Reapplicafion Test,. |ndent Panel .

Test, and R veliehadisPREd e rde 1ubr Chatod RAtert b RS DR AP FEEShpl s
to | gdi oL 160® HRRGS H%h 8t 'ﬁ@%’ﬁgegsn(ifs bR 8s@beirhshsBd GRInSHLY bi t ed

with the pressure sensiTive a ives‘used. The sanples renoved after
7 days at 66[ anickéemseed pattern andaditd metisifbatantisliys elmge tdre fabspatieen, @kcdpte

m crochannel s. The results (Table 3). 10 show that the constructi ons nade
wi th the doublWhete irdisidpalgtsavare Friscdde dhayiop ot a ridge o ghgarsd 3 dkg sifepbdl e (as

indicated by Stide Test ralings-af 1- cant.tol. sanm- [ epar ed
rom the ] gl s il P il el bat (R RN FRiER cocondaniof
(Slide Test rahhddGpedtforietry (TOF-SIMShEs ntSntiinigies?] -840 Ashferbd@lidoteer al  (X-Y
di mensi ons) air bleed properties of the m crochannel ed sanpl es versus

m ni mal ailf bldstibuton wes shaarn ¢ver theoliner bathy @5 ansdeefp thesnigragpzhossediridge t he
"pit-only liners." The sanples were al so applied by finger pressure
or by PA-1 Har?&ealippl icator to flat substrates. Sanples with the

m crochannel ed pressure sensitive adhesive |ayer requi red no speci al
application technique, were easily applied, and afforded evenly 20 .

adher ed gr aphiThefinfivatediprésswiersensative/adhosize tvas ppated antp thebdibdys. Any air

G 1 ng appl i cnicgprbosted jerss liaet, Wt theyicd at O cCidar [ORPASS B o
not requing t %onﬁiﬂﬁ?gé t%fl%é’&é@‘?éss%.pressure sgﬁs‘?t?iereéehh@ﬁvé‘lagg}. 9fhd 4 g&ﬁg{?‘cé mto

t he edge of the samp , requiring press ensiti adhesi ve
debond i n adj abizkheszerafsthadried BSAdekers werer 80 micrbine fordBSA 1 S2&insaobfor show

that air bl i | at | (X-Y .di.mensi di ti d djd t
(hat ol ¢ bleeqas Lpeo Ll ge (X e one) ph pestion and g s
hic filmf . : to th

Or B¢ (111 (A0 on o SRR EAGem bl S By BIAT L L 0 7

conpari son, t hesaniatly dhpemiaableSlaxitlp fitmslufing Arslh Rimipator as describediny | i ner”
required areat care to_prevent entrapnent_ of many air bubbles. The 30

trapped b 8ol (ﬁ?‘aﬁ?ﬁespyékg% filma dncleded 46omicran plaginined svhitedh¥e dasaribsthin he
Pitonly . BxeldEl 130960 Sict6h uhek PRRRISA Rlthe WA nibidhthfR e o aphic
transparent poly(ethylene terephthalate), 100 micron thick polyethylene film, and
impervious 15 micron thick aluminum foil. The films were conformable to various
degrees. The polyester and aluminum films did not have sufficient elongation to
25  be evaluated with the Indent Panel Test. The pressure sensitive adhesives had
average measured channel dimensions of about 80 microns wide and about 15-18
microns deep and a uniform array of 8-12 micron high protruding mounds of glass
beads corresponding to the pits on the liner. Two types of controls were used for

comparison: One type of control was prepared from a "pit-only liner" (i.e., the

30  same liner material had only the filled pits of the first emboss, but no second-

30
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PCT/ US97/ 09274 - under the film to the sanple edge by debonding of the
pressure sensitive aghes The | atter process was done with

A
difficulty for ™gRy ‘PSS?‘%HES%?%&%F"éogéﬁeiltml\ﬁépes were gapsacyers of Exagples

Sanpl es of Exappl | rayelX  UDj to the Air Bleed
Teg}t). Exanpl e rlga%rgdeﬁo%gﬁ g(?gﬁxs mﬁﬁagﬁ%ﬁ({ﬁfﬁ%@g%ﬁg 10 showed no
significant pressure drop after 5.26 X 10[err] seconds (greater than 6

days) . A 7.5 cmby 7.5 cmsquare sanple of Exanple 14 was subjected
to the Hot 10 Theysspitingdilavpreasupfensitive adheviystlaminates ayant eealuatedplith thas

peeled of 1 61 408 195 pooonuATH, BUPACERER,n s, CERSAC AR 2t bang, anc
trapped bubbl efest T4 BEVESEdNeETSRNThe P¥E TRHWSd M8 on re resaﬁﬁm%\%fdlp:l]éptgf

Exanpl e 27 was simlarly subjected to 30 repeat applTcations _ _
simlar excel | Budicateetbakange of Bdhesions (fitve madetate ¢o high) exlibitdd whk tld pressuirele of

the | am nate construction of le 9 (Using a liner with
microri dges of SREEYE aé%e-sws Wagﬁg Rpiss YEWSM%‘ﬂaﬁ‘RSg]edﬂyaéhéé Cwere of the
enboss pattern i kdendeHrQy Be e Emr{mﬁ. | Sre VY rab el When
conpared to th%ﬁagtlﬁfg%%g%pé}g?i I é%ogﬁﬁiarrtp}{eghl%&? [ ré yegrg ég (lgg{r#rs. I with
no 20  mi ki or shbgethat thetchesthictiens madewith tid dudly pRQeEAbEMed findrhge frdren si de
of both constructions varijed b%/ about 2 mcrons fromthe | owest to
hi ghest poi nt s¢asily positionable (as indicated by Slide Test ratings of 1-3) than control samples
prepared from the "ridge-only liners" without protruding mounds of glass beads
(Slide Test ratings of 4 - poor). The results also show the lateral (X-Y dimensions)
air bleed properties of the microchanneled samples versus minimal air bleed

15  properties for control samples prepared from the "pit-only liners."

The samples were also applied by finger pressure or by PA-1 Hand Applicator to
flat substrates. Samples with the microchanneled pressure sensitive adhesive layer
required no special application technique, were easily applied, and afforded evenly

20  adhered graphic films with virtually no entrapped air bubbles. Any air pockets
purposely formed by buckling the film were easily pressed out during application
or after application. Air pocket elimination did not require that the air pocket be
pressed as a bulge in the film to the edge of the sample (i.e., requiring pressure
sensitive adhesive debond in adjacent areas as the pocket moves). The results also

25  show that air bleed was in a lateral (X-Y dimensions) direction and did not require
z-axis air dissipation through the films or lifting of the graphic film from the
substrate. All samples adhered well to the substrates and showed no signs of
undesired edge lifting. In comparison, the control samples prepared from the "pit-
only liner" required great care to prevent entrapment of many air bubbles. The

30  trapped bubbles and pockets under the control samples prepared from the "pit-only
liner" could not be pressed out without lifting the graphic and pushing the bubble

31
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under the film, to the sample edge by debonding of the pressure sensitive adhesive.
The latter process was done with difficulty for many of the pressure sensitive

adhesives.

5  Samples of Example 9 and Control Example 10 were subjected to the Air Bleed
Test. Example 9 required 139 seconds while Control Example 10 showed no

significant pressure drop after 5.26 X 10° seconds (greater than 6 days).

A 7.5 cm by 7.5 cm square sample of Example 14 was subjected to the Hot

10 Application/Reapplication Test. The applied sample was peeled off of the stage
and subjected to 7 repeat applications, and each time an excellent uniform
application was observed with no trapped bubbles. The pressure sensitive adhesive
backed film of Example 27 was similarly subjected to 30 repeat applications with
similar excellent results.

15
The surface profile of the film side of the laminate construction of Example 9
(using a liner with microridges of about 18-19 microns high) showed no evidence
of the emboss pattern telegraphing through the thin conformable viny! film when
compared to the surface profile of Example 10 (first type of control with no

20  microridges in the liner). The surface topography of the film side of both

constructions varied by about 2 microns from the lowest to highest points.
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PCT/ US97/ 09274 Exanpl es 3442. Fil mconstructions were prepared
according to the procedure of Exanple 9 using di fferent engraved rol
tooling groove di nensions or patterns and enbossing conditions. The
engraved groove pattern on the enbossing rolls used for Exanples 5 34-41
was a square grid oriented as in Exanple 9 and for Exanple 42 was a series
of interconnected hexagons in a "honeyconb"” arrangenment instead of squares.
Spacing for the latter was neasured between parallel sides of the hexagons.

The m croenbossed liner ridges had the sane spacing as the engraved
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A . . [
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PCT/ US97/ OQiy/dhrr0s16 Exanpl es 43-49. A rel ease |iner ceasisorash7af
paper (about 114 nlcrons) pol yet hyl ene (about 25 mcrons) wth a
matte finish on the back side, polyethyl ene (about 25 m crons) with a

gl ossy finish on the front side, and a silicone coating on the gl ossy side
was 5 m croenbossed with small pits and the pits filled with fine gl ass

beads as descri bed in US Patent 5,362,516. The pits were about 100
m crons di aneter, 22 mcrons deep in a square lattice of 300 m cron
spaci ng. The liners were then enbossed according to the nethods of
Exanpl es 1-3 except that the liner of Exanple 43 was not
m cr oenbossed ard—hadr-ro—e9RtHAHoHS—Ft ugco he—-retrs—pf %(ﬂ‘r“ﬁ“) es—4hH, 46,
10 and 49 hacdrldge %gape< s} mjl ar t Exanplgs 1-3 With the sp%@ing and
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pressure sensitive adhesive |ayers after renoval of the |liner. Exanples 44,
47, and WO 9%5 gowed bi nodal channels with shal |l ow cent er pedjimo®0d274 0
deeper recesses. The 20 average channel w dths recorded include the
conbi ned di stance between the outer edges, and the depths of the
channel s were determ ned fromthe deepest valley regi ons of the
channels. The results are summarized in the follow ng table:

38 WD 98/ 29516

PCT/ US97/ 09274 Table 5. Data for Exanples
43- 49 Exanpl e 43 44 45 46 47
48 49 Engraved Roll Tenp ([err] C - 107 111
111 110 11 107 Silicone Roll Tenp ([err]C - 121
116 116 116 116 121 Nip Force (N nmm -
11 11 s 181y | 11 16.5 Engraved Rol | Channel -
76 51 “ |95 127 127 76 Nom nal Wdth (m crons)
Ri dge Angl e f|FomgRoT | - 45 0 0 45 45
45 G r cunf ér ehcd (degrees) Li ner Ridge Wdth 0
150- 100 10p 250 250 150- (mcrons)..
160 ' 160 Li ner Ri dge Hei ght
0 18- 20 "10:'13' 10- 15 15- 20 15- 20 15- 20
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(m crons) PSA Thi ckness (m crons) 32 30 48 33

41 30 25 | iner ridge/ PSA channel 0 0.77 0.77
0.77 1. 200 9812b5187 0.77 spaci ng (nm PSA Chanrndtnid®piobn74

0 14 14 - 9 10 13 . - (microns) PSA
Channel Wdth 170 87 75 220 250 -
(m crons) Eﬁ?meslaér‘f&' Test 40 mm 10 20 sec 30 sec

25-30 30 sec pgfh S&fstructions were prepared.according to the procec ugg ﬁfﬁ){gnpligélg}ngs em

sec

>3600 < 1 4ifferent engraved roll todling groove dimensioms-or pattemB@ﬂxd @ﬁb&ﬁ

Air Bl eed Test - 1235g/_7.5 >1730 <1 50

31 sec mereditigns. (Ef&:f)ngraved groove pattcm on the embossingusils used fod EmameleSTest

888; g\c/)g(rjy 3]:1?4 lrwas d ?duare gnc{ gmentedi asth Exampg( Fr?ﬁ £°§ Exgmple 42 was a series

Lam nated fil %ﬁﬁn&bém@cteﬂnﬁzxdﬁﬁﬁ iP5 CRGHe9 oAb e st gRthehPinkR8d BL SRR,
procedures of 5 qﬁles 9 and 44 using a release |iner nade of either

doubl e- i cr oeniSpaeing for the laftor was mehsmed besweeniparalls] sizleh pf thediexagamshThal at e)
(PET) or polyeth r wth g silicone rel ease coating.
The pressure sé‘Hg’ioﬂT\%@ gltll’é‘g’f V@g"éﬁ‘agﬁ?q §¥fspacing as the engraved roll channels.

39 WO 9812 8dbhe and 1 ti
PCT/ US97/ 09274 g and Jamination procgss was the same ps in Example 3 for Pressure |

ori ent ati oh0 of SbtthW\Adhesu\E Sdlution 1 and Emrﬁplaécfbr Rfesqae Sbﬁs&ﬂwd Ada&asveon t he

i ner and corr<§g uo_rgdl,lng m crochannel s of the
tion
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pressure sensitive adhesive are indicated in the table bel ow. Resulting

pressure wo9sr98aesitive adhesive |ayer channel dinmensions weffysohasnggd
ei ther by changing the 5 groove di mensions of the engraved plate used

for enbossing the release liner or by changi ng the enbossi ng
conditions (tenperature and pressure). The results of the
eval uations are shown in the table bel ow Table 6. Data for
Exanpl es 50-58 Exanpl e 50 51 52 53 54 55
56 57 58 Li ner Type PET PET PET PET PET PET
PET  paper paper Pattern square square square
square square square square dianond square Orientation*
45[ err] 45[ err] 45[ err] 45[ err] 45[ err] 45[ err] 45[ err]
30[err] O[err] Channel 2.5 2.5 2.5 2.5 1.3
1.3 1.3 2.5 . 0.8 Spaci ng (nmm PSA
120 110 100 90 100 95 110 450 75
Channel ( bi nodal
W dth channel)
(m crons) PSA 12 11 8 7 7-11 6-9 5-8
10 6-9 Channel Dept h (m crons) Peg Hei ght
5-9 7-9 7-10  6-10 10-13 8-10 10-13 wup to 16 13-18
([err]m Ho P17 Z -2 T T 2 2 2
1 2 q Reapg Jdst 8 | hddat Panel 2 1-2 1
3 2-3 0% |7 0% |~ R g 1 |~ |g Test | R vet Panel ----
-FE 98 129 196 [© 20 se¢. 30 Test
sec. sec. sect Set- —SH-de—FHest 1 2 2
2 2 2-3F | 18 = |& o1l 10, I3 *Orientation to Roll
Ci rcunference 2% & [|° |- - “ |5 « 40
<& (3] H
-c 1,
E’i - g. : 8 i) -+ =58!) r?i
N (1] _=°
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WD 98/ 29516

PCT/ US97/ 09274 Exanpl es 59-66. The mcroridged |iner of Exanple
9 was coat g WdokigPr essure Sensitive Adhesive Sol ut i onpdTm@s9ei/0v274
Exanple 9 at different thicknesses as seen in Table 7, and | am nat ed

to 46 mcron thick plasticized white PVCfilm All shovved good 5
application prEéfﬁ@PthSé? %gardl ess of the thickness of the adhesive.

Surprisingly, é&s peﬁ%afse 1Hemo%gﬁﬁ9§§ﬂ§%p% gﬁfou Hﬂ %ﬁgﬁﬁsﬁol&&ﬂ?fe%?aboh{fﬂ?r dl ess

of the thickn
Table 7. Data nfn@forEXﬁrﬁh |a&ﬁatf£951€i§h on the bacE&ﬁipr@lyeth) 'Rfe (about 28 hicrons)o 1

62 63 64 Noni nal 18 25 30
36 43 witlyg glossy f;xysh on thq;@ont side, anchq isd;,@ﬁgg goaéqng on the glassypside was
( m cr ons)

' good 8 " mlcroemb'gﬁﬂd/\ﬁgéﬂg?l? 1ts anc?ﬁ'x% pltf @4@8 th ﬁnggﬁ %eﬁsg gg)gelsmbgd)od

Sanpl es wer e %lfus‘ PRSI, S TR THY (&SWER aBSRSIC0 MRraRREh8Y, DD Idicrons
constructions of Exarrp les 9, 13, 18, 21, 24, 27, 29, and 32. d ass

pl ates were cldeepm'da squate lattice of 360emnmmrspa¢mgsé’ue\¥mbﬂs Wede étep eartapsshdi ed wit h
a paper towel. ces 7.5 mb .5 15 C of . th |rst et f I lm
sanpl es were @ﬁ?"r ilbe ggéﬁ‘?’ﬂéeﬁ%@rg‘;@fg‘gﬂt e me“ff $ and
appl i ed onto tfe é GndhaP 36 cntihBuSHEGEE! Bho lider? of ExWafs 45, 46,
rubber roll er% Hg I‘aérf[?da)mne vmhdtﬁ ﬁ%%lcoﬁt gcgﬁg t e %rﬁgss wa Slet er i ned

by ocr cand @lﬁlhad eddgaishayies simildrito lExhmples 163 asih. thd kyacingy avdndrieatatian
represent ed by open, channel.s relative to.the total sanple _ contact

area at the g|1a%x§atr=¢mmb&eé bgiaw.ohe liners of Exaanles Adnd 1 gad 38 ded S1pedal e
channel's, the rﬁ@@é‘%‘ﬁn Sé{-@&{;é‘@ow@ﬂ% LIeRFEr 53 {heqﬁfg%qhat was not as deep as the ridge

height at the edges of the ridge. For Examples 43-48, Pressure Sensitive Adhesive
Solution 1 was coated onto the liner and dried at 66°C and laminated to cast

15  plasticized, white 46 micron PVC film. For Example 49, Pressure Sensitive
Adhesive Solution 3 was used. Microscopy clearly showed both protruding
mounds that provided slide feature and recessed crossing channels in the exposed
pressure sensitive adhesive layers after removal of the liner. Examples 44, 47,and
48 showed bimodal channels with shallow center adjacent to deeper recesses. The

20  average channel widths recorded include the combined distance between the outer
edges, and the depths of the channels were determined from the deepest valley

regions of the channels. The results are summarized in the following table:
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percent of o
adher ed
room (CTH) o
channel s wer

ri ginal channels still open.
rrna 66[ err] C oven.

e exanmned to see if

nost

and the approxi mate area of cHahleel Pafmtor Examples 43-49

41

V\[\OQI’)

Q16

The gl ass plate panels wth the

woggﬁygpé es were placed in either 22[err]C, 50% r ebafjuse sty dity
After the indicated dwell
remai ned open and conti nuous,

times the

r -Ul d LT

PCT/ US97/ 093 742mPIE cal cul atled” For “hdse*exanpi®es| 25 {hecal ciil af ed
percent ared EhgRpidd®sl TtenpBout |{5%- 1070r] liess] nndi vidoal] ¢hannab? {ended
to cl ose off-ﬁ-&ﬁemi-ﬁ%hi-ed% &6 HFHet- t O
measure. A QREIERMAEPREY ndijcates |t it |edd®ndi éfqu n He e Hahnél s
vere left. [THpForce (N/mm) - 1 11 | Tablp g1 bafia TjoneBxanpl e
67 Las—Open—M-crogchannel s at
G ass | nt er f|dngraved Roll Chagagly) o | psa | 78 ||m 2! 3 np ¥ |24 af® § days
24 hr at Noliyas Wadth (microns)  fir om CTH qTH at CTH
66[err] C —.56[errlC Ex-0 1 RVECLAS 14 11 11
11 1} Ridge Angle from Roll © | #erfond) [0 | B |13 | 1% |PET(48
111 11 | Circumfbrknce (degrees) 10 10 m cr ons)
Ex. 18 2 Pﬂg - 10 05 ] ST 55 o 355 53 =5 Ex.
21 2 pfner Ridge Wigith : Lp- 17100 151 02% | B0 gy 24
4 PVC {micrchg).. 12 12 160 7 0 EX602Y 4
PET 10 Ther Riige Hetght 12 g 3'18—20 10-18 ‘rg?-ls 1530 Fis5-26 E_Izrb PVC
12 12 - 10 . 3P () P 12
12 - | (microns)] 1 10 Exanple 68. Sanpl es yere
cut fromthg S.A m ‘ITW ' gatesigert i3i3||| ORs T uGhHT OS5 of

liner ridge/ PSA channel 0 0.77 0.77 0.77 1.27 127 0.77

spacing (mm)

PSA Channel Depth 0 14 14 9 10 13 -

(microns)

PSA Channel Width 0 170 87 75 220 250 -

{microns)

Rivet Panel Test 40 mm 10 20sec | 30sec | 25-30 | 30sec | 20sec

after 5 sec. sec
min.

Air Bleed Test- 175g/5cm | >3600 <l 40 -~ 21 - -

Roller (sec)

Air Bleed Test - 1235g/7.5 | >1730 <] 50 - 22 - 31 sec

cm Roller (sec) 00

Rivet/Corrugated Panel Test | poor "{ very fair- fair- fair fair- -

good | good good good

Examples 50-58.

Laminated film constructions were prepared according to the general procedures of

Examples 9 and 44 using a release liner made of either double-microembossed

polyethylene coated poly(ethylene terephthalate) (PET) or polyethylene coated

paper with a silicone release coating. The pressure sensitive adhesive and film was
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10 Exanpl es 9, 13, 18, 21, 24, 29, and 32 (using 46 mcron PVC or 48

m cron PET films). Pieces were subjected to the Hot
Appl i cat i oRydresipBEg cati on Test and the Slide Test andrawUsIwIeDr ded
as the initial results. The mcroridged liners were removed and the

filmsanples I

ted | at i th I
rel ease |iner m na X tbgtnn & é\(;ﬂ‘élP ; 03%5}13{15%80@3}%5% angager
15  speed of ﬁé&?éé& u?g Earsllrdﬁﬂggs Gt 1Rker &ﬁf%rﬁ‘e’é x?&h&gcﬁahﬁelwoﬂ&“ dged

| i ner were so eval uated for Exanples 1 he sanpl es were
placed in a GQirefsuieGensmvc adhesive afednditated ik thertable ibelmw eihesultthgf pressutche oven
to equilibrate tqg.ro erature The r Iea e&l‘%er was. r egoved

and the pr ess#é“ﬁ'é%gqrne?’\)% ayghehanpel dimensionsvered ange Y ¢hame €nce of
tiall |
Chen subj eot o P57y RliRapbhES GHE BRERA ThE LSRR BRloBscil the heascTRAER oF By " ©

42 WO 98&hafiSihs the embossing conditions (temperature and pressure). The results of the
PCT/ US97/ 09274 err] WO 98/ 29516

PCT/ US97/ 0927 valuations g shevein thotapje below.  pressure Sensitive Adhesive
Solution 9 and Pressure Sensitive Adhesive Sol ution 10 were each

coated separately onto the mcroridged rel ease |iner described in
Table 6. Data for Examples 50-58

Example 50 51 52 53 54 55 56 57 58
Liner Type |PET | PET | PET | PET | PET | PET | PET | paper paper
Pattern square { square | square | square | square | square | square | diamond square
Orientation* | 45° 45° 45° 45° 45° 45° 45° 30° 0°
Channel 2.5 2.5 2.5 25 1.3 1.3 1.3 2.5 0.8
Spacing

(mm})

PSA 120 110 100 90 100 95 110 450 75
Channel (bimodal

Width channel)
(microns)

PSA 12 11 8 7 7-11 | 69 5-8 10 6-9
Channel

Depth

(microns)

Peg Height | 5-9 7-9 7-10 | 6-10 | 10-13 | 8-10 | 10-13 {upto 16 | 13-18
(pm)

Hot AppV/ 2 1.2 1 1 2 2 2 1 2
Reappl Test

Indent Panel | 3 2 1-2 1 3 2-3 0 0 0-1
Test

Rivet Panel | ---- m—n - —— 90 120 195 20 sec. 30
Test sec. sec. sec. sec.
Slide Test 1 2 2 2 2 2-3 I-2 1 1

10 * Orientation to Roll Circumference
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Exanple 9 and dried at 66[err]C for 10 mnutes to afford correspondi ng
pressure v']’;%g%%grﬂéltlve adhesive |ayers of 37 mcrons and 33%dy 6459405274

t hi ckness n cron pl asticized white PVC filmwas | am nated onto
the exposed pressure sensitive adhesi ve surfaces. Control sanples
were simlarl !ﬁxmlﬁr@cﬁﬁjm ng the liner of Exanple 10 with only
filled first- oss its talnthetale

i mproved appl i*8&fH5 ‘5&?‘? BP?F& aRPPlE A Was,68 Q'b#’ref‘%e g?ﬂ‘ﬁaﬁ\‘ﬁ Afhestyeat i ve
to the 10 C@Bhﬁf&h lsa"snfﬁlﬁ%mple 9 atS different thlcknesses as seen in Table Taé?xhe 10. Data

for Exanples 69-7 Liner wmth Slide
| ndent Ri MmEEe:ded) 46e1$1bron thick plasticize@othitei FBC fibac Allcshowed gsod

/ Rea Pane| Test Resul tin
%Et RaIF:) ,pr@ appibﬁaitxﬁa properties regardlsess of the thickness 86@’@ adhesive. Eﬂg'pnsmggfa g
Yes 2 mmroch%xﬁx%&dfpr fluid egresg gmamed regardled? ?&%%&uckness of A °
No 2 g S8 Al o, 71 10
Yes 3  adhesivd. al r 20 sec. 72 10
No 3 " poor ™" 0 36 nmafter 5 mn.
Exanmple 73. 15 A rel ease |iner havi ng no first-emboss pits was prepared
with an array of m cror e | be anples 1-3. The
m croridges were spaced 1.27 rT'IrIr}agI . aﬁatﬁg%{céx ?e aEéut 110 m cron w de,
and about 15[MEERRS NI 05D Tg@ANJI ugent gT apni g4 myr K§310|_ 66
constructi onbwas_prepared by _coatitno.th m rr ridged linerl with

Pressure Sengi tahdhestt e’ sotut ijon38, dr ¥ ng at‘f66[ef"§]C for 10 ¥ niites
to afford a 2@hickndss ofijcr on tihi ck ljayer, land | gm natijng a 30 m cfon ref

transl ucent Vi ”%ls tilm (such as used in Scotghcal [grr] Tgansl utent
Film Series 363 @é) gnto the eqused Serace of the pregsure
sensitive adheénigwnPayer. Ajcontrdl pr epar ed usi ng thg li ne of
Exarrpl e 4. The Btl,n'fi g o dd®! bdﬂuth TV S od? et m I blddhvl 6CBI (7 gty ner
and appl i ed Wi tHh goPA- %Hand Ep%il tor oﬁto ql pochadb nat g
panel s. The ¢d&wpYRsappl - 44!
Test
10
Example 67.

Samples were cut from the liner/pressure sensitive adhesive/film constructions of
Examples 9, 13, 18, 21, 24, 27, 29, and 32. Glass plates were cleaned with
cleanser, rinsed with water, and dried with a paper towel. Pieces (7.5 cm by 7.5
15  cm) of the first set of film samples were cut, peeled away from the microridged
release liner, and applied onto the glass using a 1235 g, 40 durometer, 7.5 cm wide
rubber roller. The "channel” width not contacting the glass was determined by
microscopic examination through the glass. The percent area represented by the
open channels relative to the total sample contact area at the glass interface was
20  calculated from the widths of the channels, the channel spacing, and the estimated
percent of original channels still open. The glass plate panels with the adhered
samples were placed in either 22°C, 50% relative humidity room (CTH) orina
66°C oven. After the indicated dwell times the channels were examined to see if

most remained open and continuous, and the approximate area of channels was
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PCT/ US97/ 09274 sanpl e had bubbl es and appeared nonuni form
parti cul ar igyo sd@Bevi ewed fromthe pol ycar bonat e si de wrdrausd7logamnat ed
fromthe filmside. The sarrpl e of the current i nvention appear ed

f d t bl Th d C
oven 1 or 5. m ARG BTG RS as T T L RSP 7o SREPRLP LR TG
| nvention, m'érqegshﬁdﬁ@ i %azﬁx@ﬁﬁfﬂeﬁﬁ@%@e HHG&‘reQMQHJ ﬁﬁuommn%%pl es on

pol ycar bonate wer e pl ace err] C oven for 3 days. Again the sanple
of the C woveraie diffieult toaneasnpe ak 68 calclation indiviatee thidt essentisliyoho sanpl e
showed | arge blisters. 10 Exanpl e 74. The film constructions
of Exanpl es 1gehagnelpweredett: into 2.5 cm X 7.5 cm pi eces. Each pi ece was

| oosel y, btgt evenly draped onto a clean 40[err]C glass hot plate and

the edges were pressed with a finger with approxi mately 500 g "force" to
uni formy contact the periphery T4ul©8) Dat foflBRarhplerout 0.5 cminward) to
the glass 15 plate. (This was the same procedure used to set up the Hot
Appl i cation/ Reappl i cation Test). Ea¥irexarppen Migsochanrels abflrgigetfaeo remain on

the hot PR THIATPUTEFREATTT i 9:“&’1" ﬁﬁPln' %td'aﬁ” PLERIHIE- 3 & P] ESSUTr €
sensitive adhdsive | ayer was_al l ut ontof the gl ass plate
to provide corjt &M flor the i nd@iH o a‘tQTé'I sarfST€. | ar®eCait bubbles
were trapped ifMELIE Ok OpyG@ED] €34 29 1 Liogy mcragna he
pressure sensiftive hesive | ayer and preven‘[ ed th sarrpl es from
bondi ng uni forlmMy and fl at™&9EY | he gllass pliate. Sanples wth
m crochannel s [I Bx.UB€l PT E$SEET(4§ENSIL 1 V€ agnegsi e | ayeripwet| outioi 1 af and
bonded ygni fornfy ontmmns gl ass |pl ate jafter @ dwell ftime of fess than
10 m nutes.

Ex. 18 | 2 PVC 10 <5 0 0 0

Ex. 21 2 PET 11 5 <1 0 0

Ex.24 | 4 PVC 12 12 12 7 0

Ex.27 | 4 PET 10 12 12 10 <5

Ex. 29 6 PVC 12 12 - 10 9

Ex. 32 6 PET 12 12 - 11 10

Example 68.

Samples were cut from the liner/pressure sensitive adhesive/film constructions of

10 Examples 9, 13, 18, 21, 24, 29, and 32 (using 46 micron PVC or 48 micron PET
films). Pieces were subjected to the Hot Application/Reapplication Test and the
Slide Test and were recorded as the initial results. The microridged liners were
removed and the film samples laminated onto relatively smooth silicone-coated
paper release liner using a Vanquisher roll laminator at 200 kPa(30 psi) and a

15  speed of about 2.5 cm/sec. Control samples retaining the microridged liner were
also evaluated for Examples 18 and 24. The samples were placed in a 66°C oven
for 1 week and then removed from the oven to equilibrate to room temperature.
The release liner was removed and the pressure sensitive adhesive was examined
for the presence of essentially continuous interconnected microchannels. The

20 samples were then subjected to the Slide Test and the Hot Application Test.
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PCT/ US97/ O9RY48/29516 Exampl es 75-77. Sanpl es were pregpteshioors
according to the nmethod in Exanples 38, 39 and 10 respectively. 2.54
cmby 18 cmstrips of material were cut fromof the sanple with the

| ong di nension of the strip corresponding to the machine direction of the
5 sanple. Approximately 7.6 cmof the liner was renoved froma strip, and

t he adhesive side was applied to rigid substrates using a 3M PA-1
Hand Appli cator. The application technique is nore representative of
actual field technique for appl yi ng i mage graphics. The substrates
were Al odi ne Al, Fruehauf white painted Al, 3Merr] Controltac[err]
Plus Gaphic Marking Filns Series 180-10 Mounted on A, 10 and 3Merr]
9720 W Ink printed-on 3Merr] Controltaclerr] Plu aphi ¢ Mar ki ng
Films Series 180-%0 I\/bu~nt§d on Al. |Dafa hre giveh iln Table 11. The results
show t hat gssent a‘l‘lyﬁ"the sgme pe% qd resi or)s yere obtained for
sanples with - cmcgoéh@nel ed [PSA"al&l [Congr ! |Sanpl es.
Table 11. Data fdg BEgafplds 75-77 )
Peel Force per 2.8 cen Wdrh—7—Std"
Devi ation (N) 2 3 T
= g ] :
Cont r ol _S'ESubs_grﬁe ' |sDvel kst Gonditt | ons Ex. 75
Ex. 76 Ex. 715 & S &  Alurdingm No agi ng
36/ 3 36/3 |2 S3TrT . 21 [err]C, 24
hr. 38/1 |E 32 &5 40/3, ¢, .. i1, 1"
66[err]C, 7 daysS 40/® & 239/1 40/ 4
[=2] 8 ~ . on |= 2 = = = =
© |& 5 o o B 588151l |9 |3
slE EEFEGIEEBIZBIERE
g o
§ E % 8 o
sBE 8 [BiElelelelege
[}
SIEE S&
] > O
Q ‘:‘_'J [*] = .%D
. @ =] g
j—,‘\ g .{7). g 2 Ao A S A A A A b g £
G
E—' 4] -~
%D E E [-1)] = = H H s = H
S < q 8 § § g E FRERE
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§ =] v |l |w a v |a
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(=] . . .
g & AR ERERERE

43



32/ 90% RH, 14 days 38/1 39/ 4 39/1 Pai nted Al um num

No agi ng 24/ 1 24/ 2 25/ 1

21[ err] C, 2dJsnosis6 28/ 1 29/ 1 29/ 1 PCT/USY7/09274
66[err] C, 76} 33/1 32/ 3 _35/1 "
32[err]C/90%RH 14 d 29/ 1 28/ 3 30/ 1 Controltac[err]
Plus Film Exaggpl 24/ 1 26/ 2 24/ 1 "
21[err]C, 24 hr . . . " .

66C, 7 days Péﬁsgr%oéejnsxtwg f}d}}%ﬁ&é 80%1/05296%% Pressure watlxvrc]akA%%eg{veegolunon

No agi ng 10 were k&étlcoated sepdrately onto the ﬂn?iérbnd%ed releaséindr’dekdretseldanr] Pl us
Film 21]err]1C 24 hr. 21/1 19/ 1

21/ 1 »  Example 9 and dried at 66°Cffg{ &0 n}lmltes?tqj@fftgd corresponggygjpressure 28/ 1

B ol os 38 S Ruebiv BaRR o micsRR S mito RieRBAs ARSI g

79, and 80 t hegjdstiied avniteatvad filA wégqaxﬁﬁme%dodw BRS exfBSed pBssurd &hbigeL! ve
sheeting used in 3M[err] Scotchlite[err] Reflective Sheeting Series 580.

For adhesive surfaces. Control samples were similarly prepied using thédin@86£9516
PCT/ US97/ 0927 he filmu was ref|ective

ampl es .81, .82, and 83, S
sheeti ng used%r’ﬁ”@llﬁ }e&xwgpon?y ﬁﬁ%‘tgf%ﬁm%éﬁ@ﬁ] Mﬁ%&&?@ﬁﬁé@ﬂ”ﬁ@ digatej es
690. A sanple;
al um num panelﬁgﬂat ggﬁ%é%%tplfe }rﬁgnﬂ ceﬁgfaﬁéec?ﬂ%% &M@&@R{‘%ﬁ%ﬁtg@ tEE J;ltt}%eet hane
pai nt. ThéOpaicohtrblosampdesn del i beratel y undercured. The painted 5 panel s
with the filmon were allowed to age and cure overnight, which allowed the
urethane paint to release Cerr]. After 24 hours, the nunber of blisters

t hat had formed under thﬁabflé f’g{?‘é@c%ﬁ%@?t count ed. An

excellent result would be zero ‘b are shown in the
fol |l owi ng tabl &x. PSOUt|gamswig] {RHE Indent Rivet Panel Test
Solution Second Test App/Reapp | Panel Test Results
Emboss | Rating { Test Rating Rating
Ridges
69 9 Yes 2 "good" 1-2 20 sec.
70 4 No 2 "poor" 0 36 mm after 5 min.
71 10 Yes 3 "fair" 1 20 sec.
72 10 No 3 "poor" 0 36 mm after 5 min.

Example 73.

15 Arelease liner having no first-emboss pits was prepared with an array of
microridges as described in Examples 1-3. The microridges were spaced 1.27 mm
apart, were about 110 micron wide, and about 15 microns high. A translucent
graphic marking construction was prepared by coating the microridged liner with
Pressure Sensitive Adhesive Solution 8, drying at 66°C for 10 minutes to afford a

20 33 micron thick layer, and laminating a 50 micron red translucent vinyl film (such
as used in Scotchcal™ Translucent Film Series 3630-33) onto the exposed surface
of the pressure sensitive adhesive layer. A control was prepared using the liner of
Example 4. The resulting constructions were peeled from the release liner and

applied with a PA-1 Hand Applicator onto clear polycarbonate panels. The control
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results show that the sanples with m crochannel ed pressure sensitive
adhesi ve im)gd,@\gm af forded excellent results, while the coprCTASIB@IM es

showed bl i stering. Tabl e 12. Data for

Exanpl es 78-83

82 g3  sample had B‘E‘%é’?%%)an?nappmﬁs& “‘é’“!é“f"mE%a’?ﬁ“Iaﬂy 2fidn yiewsd fiffh the oo
Ex. 10 Fb19e8Bondté1sile whif€$lluminatedFFom the filbiPside. The sa¥sie of the X&fent

No Refl ective Film 580 580 580 680 680
Series inBentsaneappeared uniform and visuglly acceptaldlg0 G‘he samples were placed th a
4500- 8000 anpl e 84.

) . 8000
15 AfilmcoldS amrgaﬁg%lm‘éﬁanla’%h@aﬁa‘gassﬁs? i e B A BB E Rl | bt § o
Test. For g4 inveide WHIRMhe Ebr%RD Ea[rﬂ%le WhéNatinord St theLSs ed &St ed.

Filnms of the invention can plied at | ower tenperatures w thout
sacr.i fici ng appelgcabomatovetedaced in a 668C loveag for Bhdaysagamrthe samplerafzied i n

Tabl e 13. . . . . 47
WO 98/ 29516  current invention appeared uniform, while the control sample showed large

PCT/ US97/ 09274y s tore

10  Example 74.
The film constructions of Examples 18-23 were cut into 2.5 cm X 7.5 cm pieces.
Each piece was loosely, but evenly draped onto a clean 40°C glass hot plate and
the edges were pressed with a finger with approximately 500 g "force" to
uniformly contact the periphery (from the edge to about 0.5 cm inward) to the glass

15  plate. (This was the same procedure used to set up the Hot
Application/Reapplication Test). Each sample was then allowed to remain on the
hot plate without additional application pressure. The pressure sensitive adhesive
layer was allowed to wet out onto the glass plate to provide contact for the
remainder of the sample. Large air bubbles were trapped in the control samples

20  without microchannels in the pressure sensitive adhesive layer and prevented the
samples from bonding uniformly and flat onto the glass plate. Samples with
microchannels in the pressure sensitive adhesive layer wet out flat and bonded

uniformly onto the glass plate after a dwell time of less than 10 minutes.
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Tabl e 13. Data for Exanple 84 and Contr ol Application Tenp

Application Mss Col d Application Cold Application ([err] O
(ko) WO 98/29516 Test - - Test - - Cont r ol PCT/US97/09274

Ex. 84 10 6 . 1

2 10 4 1 3
10 Exanéples 75-77. 1 7 44
6 Sam4ple§-were prepared accordxﬂg 4o the method in Examp’res 38,39 and 10 1

5 Exanpl e 85.

A 12.7 cm X 3.@spaetivelppl.84 om @(elihﬂrre strglswésnaamﬂl iweege cltt frongofithedample M 5
Nal | | bottl f R hest t
oinec 1 Padkfetong Hﬁpexﬁl%@é RgReurieg0 dumertia® rrioBil g

gasol i ne.
fornmed under t f r a
control sarrpl e SR{RE r0 mmatel glg(f err ?ﬂem&ﬁkﬁwe@ﬁg@rﬁ@g@gﬁ?l m

(having no recath'eﬁde sﬂdamaslapphesd tohrégif selsstrates usmgsu:{MvEAdded Applicator.
| ayer). Sanples of Exanples 71 and 72 (50 cmby 75 cn).were tested in a

simlar 10  nhbgaapl wﬂtf%ﬁ%@l@&@ RofE f%%tﬁi?%a“dF ofactiy| fisld echnighe tPronl y one
I bl i I I f
o0 ol LSt e Bfing imose bt STRL LBl 5k Aokl A bRENGAVA iR © ©

The next four Axamwsoxachvemt(&IaphM Mirkidﬁluﬁesaiesarsodmmu@tﬁed on Al, the

i nvention in various i rrz)gj ocesses, A sanpl e
Inig»rmd S VEY Giantroftas P o Crinkbia Mackiog 20

of Exanpl €036 amds3MFY A7

process. A pr I n e hp err . 8601 nsf.er

placed print eﬁﬁmsg ﬁlféfsmg %i@ %‘e‘&(/ﬁ%ﬂ Vr?}“ lq’ﬁé&§§ﬁd\;§hfﬁe%ﬁtsmﬁ°w
m croenbossed hhiQEentRAP ¥he 1 adhesiols We?é“thlBMé £drls i%@qmﬂ{ inted
silicone paper was fed through a Scotchprint[err] "C' hot

| ami nat or ( 3M Brychafiheled BRAI andeostrof samipdesl ani nat or wer e:
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Table 11. Data for Examples 75-77

Peel Force per 2.5 cm Width / Std.
Deviation (N)
Control
Substrate Dwell Conditions Ex.75 Ex. 76 Ex. 77
Aluminum No aging 36/3 36/3 37/1
" 21°C, 24 hr. 38/1 39/2 40/2
" 66°C, 7 days 40/1 39/1 40/4
" 32/90% RH, 14 days 381 39/4 39/1
Painted Aluminum No aging 24/1 2472 25/1
" 21°C, 24 hr. 28/1 29/1 29/1
" 66°C, 7 days 33/1 3273 35/1
" 32°C/90% RH, 14 days 29/} 28/3 30/1
Controltac™ Plus Film No aging 24/1 26/2 24/1
B 21°C, 24 hr. 30/1 28/1 26/1
" 66°C, 7 days 2173 21/1 2172
UV ink coated No aging 1271 1272 12/1
Controltac™ Plus Film
" 21°C, 24 hr. 21/1 19/1 21/1
" 66°C, 7 days 28/1 28/1 28/4

Examples 78-83.
Samples were prepared according to Examples 38, 39 and 10 respectively, except
that for Examples 78, 79, and 80 the film laminated to the coated liner was

20  reflective sheeting used in 3M ™ Scotchlite™ Reflective Sheeting Series 580. For
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PCT/ U597/Q%Zé}i9516 tenperature 96[err] C, gauge pressure otcedg$H7Pms and
a feed rate of about 1 cm per second.. Once through the lanminator, the

| | ed off I b h
S one Paper e D o o g A% g reeq e Bl RONGEA Lo e,
the pressure §8&§meemaeg9¢gt h\‘Sg}ekﬁfgeH&dé% n@rgarﬂaig OBty ﬁfecnée 80

m crons, and an aver age m Ccr ons ata In |cat ed that the

hot | antaastinefiopvas bendeditd anelturfinghi parehthat KadbdeprirashBpsainted with a
di mensi ons of the m crochannels. The i ma%ed vinyl filmconstruction
had a Hot two- Ap@lurﬁhmmrﬂeaTWma@éthaéhe%éQh sate;lmgmdﬁrcu@fdodfhe mainteder

t he m crochannel nQt adye af fect the transfer or
hesthet 1 oo of PEHES Ml gusifilsp g ec SGvERt adtiab Eure Npighl Wt MRHEEfe
sensi tive adhggknecREes rdeaARTE,. fAﬁéf\ﬂfho@(@'ﬂlKH ﬁnab&amu&te?s&hsmdw

30 cm) was screen printed using a 390 nesh séreen with 3Merr]

Scot chcal [ er r foriéd under tllsd'ﬁmewnmmranngerb gkuBed.i An e@z€ilent fasoltsvanld bel Wit h

an Anerican U trayjolet _Co, 15 ure it ay Hll, NJ) at 0.168

J/sq. cm, sc?%réﬁ’g’lsfeﬁ% e’EIh‘?Aﬁlaltﬁ %85’& rﬂi‘%}lﬂ’%o‘”“gg taH ahe optgassingdest agai n.

The resul ting ce.
réstRY SEb o i1 grap Igﬁ&kre ev uatﬂgﬁl H%ﬁ@éure sen, 119@9&%@@@

Sanpl es of the I mage exce ent

applicati b piaypesaffordsd eXdetient regults] ediilenkd corgroleamples slxevddiblistering.
Appl i cation/ Reapplication Test rating was "good", the Indent Panel Test
rati ng was 20 4, and the Rivet Panel Test required only 25 seconds.

Exanpl e 88. Thi s exanpl r to the procedures of
Exanpl e 9 except that a %%r@gé\ﬁppg%fgbg%ﬂ et imageable film

havi ng the sfne Bxakpie:ET | eCEPpl 0 COadol ng[as sgM e r [g2SCof chpai nifjerr |
8501 d ear | hk—Jet—FEilm d——‘l'aﬁe lcopstruetion %d_on a
Hewl ett Packéar 't889HYR Jpt ﬁ,?@ CNFY 3Tk je%x'lﬁri ht %38 th E’b:téasng X of
"Best" and " emcrgecﬁfmm I\/ deres An aecept able cpl Oves Melge Yems prodsced] The
filmwas eval 5@;2 ~ ﬂr vEzp—Hpt Sﬁpp! i{:ﬂgdieﬂ Degg?}ph \,atéiggn Testﬁgar atd{ ng of
"good" élg % '?ie TesrRati ng qf § 30
49 Series :
Blisters per 0 0 4500- 0 0 4500-8000
m? 8000
Example 84.

15 A film construction of Example 9 was subjected to the Cold Application Test. For
comparison, a control without microchannels was tested. Films of the invention
can be applied at lower temperatures without sacrificing appearance of the

marking. The data are summarized in Table 13.
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PCT/ US97/ 09274 Exanpl e 89. Letters (3 and 4 cmtall) were

cut into tReopsssssre sensitive graphic film of Exanpl ec®ns07/09274
flatbed knife cutter. The weight was set so.that the knife also 5 made a

slight surface cut into the e Th rea.around the letters
(weed) was easily re t?lajP%% ‘EfeE’fagb‘g géﬁf‘%ﬁ”f‘ S-2) was

| am nat ed by hamEd GG Tem Awmoqmagsne Ttbmbﬁkatﬁ)ﬁs TEeTd kb ﬁauowa
removed, and the 1P| Imlettgrs wth prespace t apg adher ed ed onto

clear, smooth pol yc&fBonat & panef8by hand wit A&t a Tﬁ§1“§§{“f°é sdueegee.
(This process itn usual praqtice results jin pogxsan applfication.) 10 The
prespace tape wWwas—peeled-off—and éhe letlt ers—were-pres and to
afford a unifonm apprq catidn with®no obslervabl € bubbl €s trapged undgr the
letters. I'n a procesy that asual Tyl woul d iaf ford jpoor appli cafijon
results, |ettenrs—were—also app-ed-w-thout—usi-ng-t-he-prespacet ape.
Agai n, uniformjcontact of tlhe pregsure sgnsi tive adhesi've agaiinst the
panel was achi ¢ved, 4#sultilng i n applied markings 15 jthat were uniflormy
applied. Al so, fHre—bupples—ere fcg red—att-ef *hel parel—was padqed in a
66[ err] C oven flor 2 hours. Exanpl e 90. The genéral pracedure
of Exanples 1-3 was 44ed tq enbos3 the pIoI ycoatled PET [20 rel-ease |i|ner
with a netal roéH—heavinrg—art—engravet—patterr—of—parattel—non
intersecting 90 degree V-grooves (1.3 nm apart) orlented parallel to the
circunference pkahpe 850! | . This afforded a release liner with triangular

ri dges about 80 m crons wide and 17 mcrons high. Pressure Sensitive
Adhesi ve 1 wasAclda’le,th38cmsmn1ﬂetoIﬁ€xhn‘npbr4&wals dppliedat ededled 8@ milcron white

pl asticized, PV escrib es 1-3 to afford a snpoth film
constructi gﬁn ﬁf‘@&? ﬂﬁ‘?"'ﬂ?cﬁa mﬁg? gP Raehester, NY) containing gasaling.j ve
adhesi ve | ayer r rons
adhesi ve | 2V mhagaRAnAab, i AEBEo TSR A Bl Btr e e

SI i de Test r at whije tirgelblistersihnd ﬁqrpiedmﬂéméd?embpdxhplatdfGMTFEIScbntfcﬂtalcﬁgPﬁfs

"good" with theﬁg crochannel s oriented across or down the | ength of
the strip, an PHifEIE0PHMhagipe notecesed shanpelym the praspurg segsitive galgENe Test
time of 85 sec T 0, was
applied ar oundﬁpﬁ@' p%gﬁg@&g@{%g?tgﬁd 7?«-&50 E%rb? 7 &ﬁ} w@reﬁ?&?dﬁmiyﬁzh%?

50 WD 98malkek6 After 3 days the sample of Example 71 showed only one large blister and
PCT/ US97/ 09274 , .
a few smaller blisters while the control sample of Example 72 showed many large

blisters.

Examples 86-89

15 The next four examples show versatility of the use of products of

the invention in various imaging processes.

Example 86.
A sample of Example 36 was printed using the Scotchprint™ hot lamination

20  process. A preprinted 3M™ Scotchprint™ 8601 Transfer Media was placed print
side down onto the viny! film. The sandwich of microembossed liner, adhesive, 46
micron viny! film and printed silicone paper was fed through a Scotchprint™

Model "C" hot laminator (3M Co.). The conditions of the laminator were:
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bubbl es, indicative of air escape, forned at the two edges of the sanple
connect edwogsnoshy the m crochannels to the circul ar i ndent PCTUS97/09274
Exanple 91. 5 The procedures of Exanple 90 were repeated, but the

| i ' d t | | i d i bed
| Exanpl o 4STRGRRYS I putgcrrrsle of 440 KB, LB eRERF tha 19 B Cc it oo
pressure sensiidug efRearyE e 1860aRREHE silicone p F@va@B&HEd 8f 18V W de

and 18 m crons 3eep, and the protrudi ng posts we about 14 ™ crons
hi gh. Eval uat celor uﬁagdimnﬂedlmﬂnewmyl tidrhi mbmuentaWSIG@RSTed;tm sladweutjhao of
1, a Hot Application/ Rea ation Test rating . of "good' wth

ni cr ochannel sth em“’m@ﬂ"-@"ﬁg Hyihg presge sensitiergdhesiye }aaF’il??&aolPomlf“éf prdthiof t he

m crochannel s gy liehe b hverage defdi5 e # 3RO ThGE hiiRateudidfont: Pane!

Test rating o secon

Exanpl e 92. lmmnaﬁorppdoymaiﬁctdotm&glﬁﬁcamlb/&dﬁﬁsﬂabéQf dmsan@iohabftm the rel ease
| i ner m croenbossed in npl e 44 except that the first-enboss pits
were not fill gucmphwnghas’@eb@aa@i viggkfilm constri¢tigrokadipodeled t o afford

i de, about 1APRRER L R FLGFrling of AR EpaBe t rigmcggnnels 8s°T O
ci rcunf erencengf a&v'%fkefyoiffect the@rahSfAhRcEls a@itﬁéﬁés omﬁ-, itrlalgBa gRIpRIL UCti ON was

prepared fromthis liner by the procedure of l e 44. "Surprisingly,
anal yses 10 showed both recessed nlcrochannels and protrudi ng pegs of
pressure sensitive adhesive. The sanple showed positionability at
room t enper at ampléd7a Slide Test rating of 3. The Hot

Appt i cat on/ RaopRldcaldndivi Gafes Al tafled Brapnid 9 of Exdfpld 8 BHouPSs cmigne!

Test rating wa e R vet est tine vva 20" seconds.

Exanple 93. 30 cm)kvefslsbmenpnatedunsingmrﬁ%ethsemn&dﬂﬂﬁ\dmscomhmw UvExanpl e
9 except a 13 mcrg | exi bl e oI yet | ene film (the backing for
Tegadernf err] SP’&BEPFIF‘E}%?MS% 9§@ cﬁthbﬁp&mwaﬁwggw@ sitive

adhesi ve k%yer J}ur‘ehﬁnd@gs : nﬁ}lﬁgﬂﬁﬁ?&?éfg/sq cm. scrﬁénﬁﬁﬁ@dlwlﬂxegn O&YESHII rol

sanple w out Cror] I'ner m CtoC
o5l WO 9R4#)Ahd Gured again. The resulting imaged graphic showed excellent visual

PCT/ US97/ 09274 .
appearance. Samples of the imaged graphic were evaluated and had excellent
application properties. The Slide Test rating was 2, the Hot
Application/Reapplication Test rating was "good", the Indent Panel Test rating was

20 4, and the Rivet Panel Test required only 25 seconds.

Example 88.
This example was prepared according to the procedures of Example 9 except that a
58 micron white PET ink jet imageable film having the same ink jet receptor

25  coating as 3M™ Scotchprint™ 8501 Clear Ink Jet Film was used. The construction
was imaged on a Hewlett Packard Design Jet 755 CM ink jet printer with settings
of "Best" and "Clear Film Mode." An acceptable color image was produced. The
film was evaluated and gave a Hot Application/Reapplication Test rating of "good"
and a Slide Test Rating of 3.

30
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in the pressure sensitive adhesive) was prepared using the sane film

Sanmpl es 5 cmby 5 cmwere adhered onto the skin of a person's back.
After conpyweidgansigl a strenuous sweat - produci ng wor kopcr/usewomanpl es
were exam ned for water accunul ation 5 mnutes later and rated on a
scale of 1-5 with 1 being the best. The 5 sanple with m crochannel ed
pressure sensitive adhesive had a rating of 2. The control sanple had
a rating of 5 d water blisters between the pressure

sensitive adhedive | 'ayer and the skin. Exanpl es 94-96. 10

Hi ghl and [ err JLeBes sl addb 6 onball) semd dunéntd dreprépateyyensifiyé gnehicifiimofi th a
rubber resin PS rom 3M was | am nated onto the_ doubly m croenbossed

A f
microridged r &xample 9 on a flathgd knife cptierndihe vepightivag sat sodhat thekiifels with a

wetal backip POREareh afibe it meseidh AT R BE MMCR N BN ]

16 Nmm and speeskiBfreRdeedERREpdEE Mpeq3M™ STIFE-D Pwad BfihA¢d byl Band &gtot ape
was |amnated to two tfypes of control release liners wthout mnicroridges:
one havi ng t heomawétheifoylefterse Tiha lingt wis wgrioyed,iant dhk Him ietiefs witlke prespage

c1ioss " R e A SRR AL ik
Tabl e 13. Dat a1dsg¢ squedp®. §Thi¥Pr8&ss in usuaf;??ﬁéﬂ@e‘%esuﬂ‘ﬂs%ﬁ%‘éﬁligatﬁrﬁysxdi ng

Slide Test t Application/ = R vet Pane
Pegs in P$A Ratipragpace tajpawad pechktd affiand the Teftetrs were pressed down by hand to

Test Ratin 9 Yes Yes 1-2
" good" d aﬁgrcg%@gﬁggl application yith no observahig,bubbles trapped unger the letters. 1
m'p(rjl?r | 34 éfgﬁ]p?(fcte%r thétl\l%sually would affori{lgoor application resillts, letters were al"sgoor

-- Ex amppléedwithout usind tisapreace tapd MAgain| ufidtrin edritact o€ the] pré¥suse G aphi ¢
Mar ki ng Fil mwas _ placed fil nmside down_onto a gl ass plate. A wooden
styl us was pr &eusitiveiadhesivhegainshthe panglewasachievederesuiiing fibapplied nagrkings

it er sect § 89 Rk lehElnibdr S af AN G buBHEEerARIMbd 46 ATHARIUas! N 2

placed in a 66°C oven for 2 hours.

Example 90.
The general procedure of Examples 1-3 was used to emboss the polycoated PET
20  release liner with a metal roll having an engraved pattern of parallel non-
intersecting 90 degree V-grooves (1.3 mm apart) oriented parallel to the .
circumference of the roll. This afforded a release liner with triangular ridges about
80 microns wide and 17 microns high. Pressure Sensitive Adhesive 1 was coated
onto the liner and laminated to 46 micron white plasticized PVC as described in
25  Examples 1-3 to afford a smooth film construction. After removal of the liner, the
pressure sensitive adhesive layer had parallel V-groove microchannels about 85
microns wide and 17 microns deep. Evaluation of the film construction gave a
Slide Test rating of 4, a Hot Application/Reapplication Test rating of "good" with
the microchannels oriented across or down the length of the strip, an Indent Panel
30  Testrating of 3, and a Rivet Panel Test time of 85 seconds. During the Indent

Panel Test a soap solution was applied around the periphery of the sample. Fine
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PCT/ US97/ QR d¢hosts manner as generally described i n Exanpberiisofiosddzf.
Pat. No. 5,268,228 (Or). The filmside of the | am nate showed visible

rotruding ri . The sanpl.e. was applied onto a.glass plate at room
Ito enper at _u?e aﬂ‘g)ebi‘i?p f‘}dé‘_ff“ivg%ga‘ﬁ F%“@_Bg’sfogpﬁcﬁ‘)tébe ?‘60 eéges of ﬂ? Sﬁgffﬁe Eorihelted
Appl i cation/ Rﬁﬂpig%'ﬂlﬁ%dh%ewﬁtthe rrgém%t}gg%&_s were trapped in the sanple 5

and many channels were seale Mo es formed after 16 hour dwell at
room t enper at ur e. Exanpl es 98-100. Exanpl e 98 was nade
usi ng a shape_nenory pressure sensitive adhesive 10 consisting of 90 parts
i sooctyl acryEsaaplefd. parts acrylic acid, 0.05 parts hexanedi ol

| sooct 0.0 nedi ol
(ot horng  TEE PRGN KERGHT, 08 RO MR AN elh e Bhibned g

cured bet weenwas HEgilycoated pﬁpéﬂirﬁﬂﬂ@scﬁbﬂ&fn Bhuiniled43-99 evigfilfdlfifstd m backi ng
by the nethod disclosed in U S Pat ent Application Serial No.

08/ 660, 219 ( Smicreembessed pits.f Themedwred Fessugo®nsisiveradhesivg miczochapeelyi t h

ahout 520 m oGRS IRl R B AR B B ana

enbossed rel egsfit 9% microns hﬁglﬁzrﬂovaﬁaaﬁgn Wﬁxe‘ﬁﬁfjc&r@tr@&m;%ﬂ: Q%lfcfeeleesﬂé'iihgc e of

t he adhesi ve by pressing the war m adhesi ve agal n t he room

t enper at ute eabhssHot Appleaten/RieapplicatiomToiE3@ing of "goddnwitha theer midRodimntelk .
Geig Co., Stoyghton, W) with the tqop.rqll. at 65[err] C and. the
bottom rol | aP“g‘EEf‘g?QPPE REIPy 3 FAHNG péﬁl@d{l@}&f%@ﬁﬁ igRd 43R 1 ol |

and t he enbos [ j lln; [ # ure
onthe.runs. wal tgugth of bl e, ARARUGRPARAReNIafhL LY ol RiyEEud ToRERS
showed a patt ef 90 sdcoificr ochannel s in the adhesive 25 surface and posts
above the surface corresponding to the pattern of the rel ease l'iner.
The di nensions were not neasured. The Hot Application/ Reapplication

Test gave@ EQ&E rﬁti ng when done quickly. A sanple heated to about

40- 43[err}C pl1"’or‘10 mns. | ost the enbossed topography and had a Hot

Appl i cat i on/ Ragiitydoatd paperi@ihasd lider\W8milhr foRBOfeleasélifié il cRodrEbdseel it
25[err]C had a 30 rating of "good". The Slide Test Rating was 2 to 3.
53 ~ Example 44 except that the first-emboss pits were not filled with glass beads, was
microembossed to afford continuous intersecting microridges 1.3 mm apart, about
100 microns wide, about 17 microns high, and oriented 45 degrees to the
20 circumference of the roll in a square grid array. The film construction was
prepared from this liner by the procedure of Example 44. Surprisingly, analyses
showed both recessed microchannels and protruding pegs of pressure sensitive
adhesive. The sample showed positionability at room temperature and a Slide Test

rating of 3. The Hot Application/Reapplication Test rating was "good", the Indent

25  Panel Test rating was 3-4, and the Rivet Panel Test time was 20 seconds.

Example 93.
A film construction was prepared as described in Example 9 except a 13 micron
flexible polyethylene film (the backing for Tegaderm™ tape from 3M) was

30 laminated onto the pressure sensitive adhesive layer on the double-microembossed

release liner. A control sample without microridges in the liner (no microchannels
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PCT/ US97/ 09274 Exanpl e 99 was identical to Exanple 98 except an
enbossed Kyhosg14i ner from Exanpl e 73 was used. TestPCRUYRBIH®2MES €
the sane as in Exanple 98, except the _ Slide Test Rating was 4. 5

Exanpl e 100 was_ identical to | e 98 except a ngnwovern..fabric (as used
in 3M elythe meewsa?r@fté\fer%ég?gb@wmr?% usiRg §@%3&%3§%§5 Used as
a m croenbossj 5 £3356 ) V. f (e a
random pat t er%lﬂgjly Drﬁ%%egﬁg%}ﬁé%a;&t{)% onoffgé rg gg#ye) @fjbrr fcg{% ?&I%E?qgarrpl e
gave a "good"streabigsweat-phetiuciig workout, teshinphisivesré Beapipkd éatwaer Test when
performed at 25[err]C. But when heated to 40-_ 10 43[.erré’C, t he

ni cr ochannel sacEPBRAtOR SSRINBYRS latseandorated i 3 scale ¢fnl-Revithol being therbesesthe

rati ng was "pgor.'’. These r r nhi R Qw.an hesi ve

{opography’ cottale S ErIAGREIT BN RERES e MR MA R o TSR 02, o
of tine. controb¥@fipleiad @katiddof 5 and showed water blisRCbARBE ke piésggRdur e of
Exanpl es 1-3 was used to prepare both silicone coated pol ycoated PET

and pol ycoat estnpitiye adhesivsdeyerianddhesskimyvi ng a paral l el array of
triangul ar ridges about 4-6 mcrons high and 54 mcrons w de spaced
1.3 mmapart. These liners were placed onto the adhesive side of 3Merr]
Scot chcal [ er rgxddeates Hgiggvat ed Transl ucent Film Series 825 and passed

t hrough a hot 20 nip lam nator at 93[err]C, 30 cmmn, and 1.7 NNcmnip
force. ShHet sHighband ™3Branch35¢5 box sealifig tape)(polyptdpylene filintwitlya mibbeordsannel ed
material and of control nmaterial w thqut .m crochapnel s were pl aced

adhesi ve si deP¥dAFPBAM) i laminatesopte fhexdoubly misserpiogsed microridgsdpeleaseys
GPS in a hot {am lev@géiﬂg}x?&mdnﬁgﬁtgf \Jﬂp‘i s"l{oréﬁ[s%r&lrﬁneé{-‘ ¥h3froll
vacuum di aphragm was closed. ter a b mnute vacuumcycle, the tenperature
25 was i ncrsasesh ttmplAhee ahdCa bmooth metalbaeRup fdlkataasimperatire bfratexii bi t ed
significant air ment caused by the edge of the tacky film

beconi ng adhe?¥&.edip firea o L4 N, and Speedf pn@mtﬁg/miamteaﬁpﬁiné&f%@hl%i or to
removal 0{5 al &eﬁ%ﬁ’e%%@%ﬁ?n&t@toﬁ%ﬁ&%&ps o-EQSntrol e afeﬁl%ksewm&&} ngi:c%ég&?g‘nnel S

showed no air ‘entrap and the earance 0 e ap iTmon

t he subst r at eon@lsavingd theea@e Pinebinytefibl Witk enB)fillddeifrofsientet &hbedsr 30
rel ease channel s. 54
(Example 95), and one having no first-emboss pits (Example 96). The results are

shown in the following table:

20 Tablel3. Data for Examples 94-96
Example | Microchannel Protruding Slide Test Hot Application/ Rivet Panel
s in PSA Pegs in PSA Rating Reapplication Test
Test Rating
94 Yes Yes 1-2 “good” 75 seconds
95 No Yes 1 “poor” 34 mm after 5
min.
96 No No 4 “poor” -
Example 97.

A sample of 3M™ Controltac™ Plus Graphic Marking Film was placed filmside
down onto a glass plate. A wooden stylus was pressed into the liner side to scribe

25  two sets of intersecting parallel lines (square grid array) about 1.6 mm apart in a
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PCT/ US97/ qgg;é#'lgsm . The invention is not |im tweisTidesabove
enbodi nent's e clains fol |l ow.

manner as generally described in Example 1 of U.S. Pat. No. 5,268,228 (Orr). The
film side of the laminate showed visible protruding ridges. The sample was
applied onto a glass plate at room temperature and applied in a process similar to
the Hot Application/Reapplication Test. Air bubbles were trapped in the sample

5 and many channels were sealed. More bubbles formed after 16 hour dwell at room

temperature.

Examples 98-100.
Example 98 was made using a shape memory pressure sensitive adhesive
10  consisting of 90 parts isooctyl acrylate, 10 parts acrylic acid, 0.05 parts hexanediol
diacrylate, 0.30 parts Irgacure 651 photoinitiator from Ciba-Geigy (Hawthorne,
NY) and 4 parts of poly(octadecyl acrylate) prepared and cured between a smooth
release liner and a 50 micron PET film backing by the method disclosed in U.S.
Patent Application Serial No. 08/660,219 (Silver et al.) filed June 3, 1996 to make
15  atape with about 120 microns of shape memory pressure sensitive adhesive on a

backing.

The smooth release liner was removed from the tape and an embossed release of
Example 39 was used to emboss the free surface of the adhesive by pressing the
20  warm adhesive against the room temperature embossed release liner in a WG36
laminator (Robert L. Greig Co., Stoughton, WI) with the top roll at 65°C and the
bottom roll at 25°C. The tape had a 90° wrap around the top roll and the embossed
liner had no wrap on either roll. The air pressure on the runs was set at 80 psi (550
kPa). Examination of the tape showed a pattern of microchannels in the adhesive
25  surface and posts above the surface corresponding to the pattern of the release
liner. The dimensions were not measured. The Hot Application/Reapplication
Test gave a “fair” rating when done quickly. A sample heated to about 40-43°C
for 10 mins. lost the embossed topography and had a Hot
Application/Reapplication Test rating of “poor”. A sample tested at 25°C had a
30 rating of “good”. The Slide Test Rating was 2 to 3.
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clainmed is: 1. A nmethod of controlling the topography
of an adheghygresys f ace, conprising: 5 PCTAISOA0327dg a
m croenbossed pattern to a | ayer of adhesive and formng a

m croreplicat h i ve . urfa suc en_an adhesion,interface is
st abi | Shed HECIER op s AgPiieaE R Bty DE Bl & sBBre e ot Fare. t he

t opogr aphy OfEMiﬁplédb%s\(ﬁeéUTEﬁGé‘suﬁ@WeEé)th% shid@ aP 8 E BOR, e,tce meadheSI on
i nterface between that adhesive and the supporting substrate.

2. The met hodSlxbcbestiRaing waghai m 1, wherein the contacting step is

sel ected fromthe group consisting of casting techniques, coating

t echni ques, and conpressi ng techni ques. 15 3. The

met hod acaor dlE 10 16b Yallidentitieb s d&rx%?kt%g:@fcte In 5&9 nQHbric {as usEPPT 1 ses

usi ng a tool aving a m Ccroenpnosse ern ere n e Ccoa

t echni que conjvirs dficropatd™™garss) sﬂ;&bﬁsret&seameda Wa&lusa@es 4 nﬂemeimwsm a
m cr oenbossed pattern wherei n the conpressing techni que conprises passing
through a ni piopbl The isleasmenasednonvasen febricanads 2 rradammasierneofagior Is

rel ease |1 N€T on the adhesive surface. The sample gave a “good” rating on the Hot

Application/Reapplication Test when performed at 25°C. But when heated to 40-
10 43°C, the microchannels disappeared and the Hot Application/Reapplication Test
rating was “poor”. These thermomorphic adhesives show how an adhesive

topography can be controlled in the fourth dimension: an effective period of time.

Example 101.

15 The general procedure of Examples 1-3 was used to prepare both
silicone coated polycoated PET and polycoated paper release liners having a
parallel array of triangular ridges about 4-6 microns high and 54 microns wide
spaced 1.3 mm apart. These liners were placed onto the adhesive side of 3M™
Scotchcal™ Heat Activated Translucent Film Series 825 and passed through a hot

20  nip laminator at 93°C, 30 cm/min, and 1.7 N/cm nip force. Sheets (about 30 cm by
60 cm) of the resulting microchanneled material and of control material without
microchannels were placed adhesive side down onto 3M™ Panaflex™ Substrate
Series 945 GPS in a hot laminating vacuum applicator bed at 46°C, and the
vacuum diaphragm was closed. After a 5§ minute vacuum cycle, the temperature

25  was increased to 93°C for 2 minutes. The control film exhibited significant air
entrapment caused by the edge of the tacky film becoming adhered to the substrate
during initial application prior to removal of air from under the sample. The
sample with microchannels showed no air entrapment, and the appearance of the
applied film on the substrate was not perceptibly altered by the presence of air

30 release channels.
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on a tape backigmgyw 6. The nethod according to any of
Claims 1-5, wherein the m croenbossed pattern is a multiple

m croenbossed pattern. 30 56
WD 98/ 29516

PCT/ US97/ 09274 7. The nmethod according to any of
Clainms 1-6, wherein rheol ogy of t he adhesive retains the

m croreplicated adhesive surface for an effective period of time.

5 8. The method according to any of Cains 1-7, further
conpri si ng the step of contacting the mcroreplicated adhesive surface
to the supporting substrate to provide controlled fluid egress from
the interface between the adhesive surface and the supporting
Substrate. 10 9. The nethod according to C aim6,
wherein different types of materials are introduced into recesses of
differing depths of the multiple m cr oenbossed pattern.

10. An article conmprising a | ayer of adhesive having an 15 interconnected
m croreplicated adhesive surface. 11. The article

according to Claim 10, wherein the mcroreplicated
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adhesi ve surface has a conplex pattern of differing depths or heights. 20

12. The article accordin 10-11, wherein different

types of nRbekLH1s ' esi dﬁlml lmmlmlumﬁw li cated adhesive sycirase7/09274

13. The article according*to aty 8¢f € atns 10-12, wherein rheol ogy of

t he adhesive fiu n§ th«=a .m croreplicated adhesive surface for an effective
O]I:‘ﬁ hsecalme

period 25 14. The article according to
any of Clainms 10-13, further conprising a supporting substrate and an
i nterface between the supporting substrate and the mcroreplicated

adhesi ve surface, wher eilnAtethni of copllingthe dofR@raphydif agiadbesiva fuafaee,
controls fluid egress fromthe interface.

57 WO 98712884188:
PCT/ US97/ 09274 contacting a microdmbosSe 5&1:99&9{115}@} %cﬁle 1%33@6 l'iner
having a m croenbossed |§ tern, corrp sing t

(a) contacti ngorhisg antiteespiioatsd ddhmwee;nffaé@ sacH thgewheai azaﬁlﬁsuonéntaﬁdce is
(b) formng a mcror egl i cated adhesjve surface. 5
established between the layer of adhesive and a supporting substrate, the
topography of the adhesive surface controls the performance of the adhesion
interface between that adhesive and the supporting substrate.
10
2. The method according to Claim 1, wherein the contacting step is
selected from the group consisting of casting techniques, coating techniques, and

compressing techniques.

15 3. The method according to Claim 2, wherein the casting technique
comprises using a tool having a microembossed paﬁem, wherein the coating
technique comprises coating an adhesive onto a release liner having a
microembossed pattern, wherein the compressing technique comprises passing
through a nip roll to compress pressure sensitive adhesive against a release liner.

20

4. The method according to Claim 3, wherein the microembossed
pattern on the tool is formed by etching, photolithography, stereolithography,

micromachining, knurling, scoring or cutting.

25 5. The method according to any Claims 1-4, wherein the

microembossed pattern resides on a release liner or on a tape backing.

6. The method according to any of Claims 1-5, wherein the
microembossed pattern is a multiple microembossed pattern.

30
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7. The method according to any of Claims 1-6, wherein rheology of

PCT/USS7/09274

the adhesive retains the microreplicated adhesive surface for an effective period of

time.

8. The method according to any of Claims 1-7, further comprising
the step of contacting the microreplicated adhesive surface to the supporting
substrate to provide controlled fluid egress from the interface between the adhesive

surface and the supporting substrate.

9. The method according to Claim 6, wherein different types of
materials are introduced into recesses of differing depths of the multiple

microembossed pattern.

10. An article comprising a layer of adhesive having an

interconnected microreplicated adhesive surface.

11. The article according to Claim 10, wherein the microreplicated

adhesive surface has a complex pattern of differing depths or heights.

12. The article according to any of Claims 10-11, wherein different

types of materials reside on the microreplicated adhesive surface.

13. The article according to any of Claims 10-12, wherein rheology
of the adhesive retains the microreplicated adhesive surface for an effective period

of time.

14, The article according to any of Claims 10-13, further
comprising a supporting substrate and an interface between the supporting
substrate and the microreplicated adhesive surface, wherein the microreplicated

adhesive surface controls fluid egress from the interface.
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15. A method of using a release liner having a microembossed
pattern, comprising the steps of:
(a) contacting the microembossed pattern to a layer of adhesive and

(b) forming a microreplicated adhesive surface.
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