;e3e. **+3, 4, . 11 SEP 2002 Method of Form ng a Thernopl astic
. Layer on a memﬁmummgﬁ’ﬂ[m ve Field of the leumummmmms i nvention rej §EREH0
.to a method of Tarm t her mopl astic |ay L of adhesi ve.
Background of t &M%y ent i on | mage graphics are *oemépresent in nodern |ife.

| rages and data that warn 10 educate, entertain, advertise, etc. are
applied on a variety of interio d exterjor, vertical and horizontal
surfaces. Nonliniting exan&e"&o‘{)?ﬁ%@gﬁr%?ﬁwq?ﬁ AXET ®M post ers t hat
advertise the arrival of a new novig fﬁpye%qgmsﬁ,ggns near the edges of
stairways. A surface of an image graphic filmrequires characteristics that
permt |S inmagiFigd fihednadntifast one of the known inmagi ng techni ques.
Nonlim ting exanples of 1maging techniques include solvent based inks, 100%
solids ul traviol et Jdhisibventionkslatesaa amethoseaf formingta thermeplastc laygeonal
transfer, screen pringing, offset printing, flexographic printing, and

el ectrostatic farygﬁg#q_‘dhe '%E‘gi ng. Electrostatic transfer for digital imaging
enpl oys a conputer to generate an 20 25 electronic digital inage, an

el ectrostatic printer to convert the electronic digital imge to a

mul ticol or tonBdckdrewmsd ofithaldveatisd er nedi um and a | am nator to transfer

the toned inage to a durable substrate. Electrostatic transfer processes
are disclosed in U $nagagraphigsareongypresant in moderalifer Impges and datghaiyearn.chou

Chart s o WO el ERBAAR: aclerlsp, e ot ptiba ofHPhrfely & spteriof B S, 720

process comrer Gemichland\idrizaihEsulfaBés. Wnlﬁiﬂﬂh% @kdrhplgs 6Kinitze @Faphics range
el ectrostatic printing systens include the 30 ScotchprintTM El ectronic

G aphi cs Syst efrofy poste3stharadverisgdheariveloianrew moviesle vaAmipg sigms akardbeput er s
and el ectronicall tored and mani pul ated i mages. Nonlimting exanpl es of
el ectrostatic B‘Fg%to(irsgug’rags'si ngl e-pass printers (Mdels 9510 and 9512 from
Ni ppon Steel Cor por af §ifacObf Aiige gﬁﬂﬁmlﬁiﬂ@%‘iir@ chdracteristics fHaf periir

Scot chprint TM 2000 El ectrostatic Printer from3M and nultiple-pass
printers (Mdeim8gfPusiag atdeasponendfehskiovemimégingtecioriques aNookimatinglezaiples er
NY, USA and Mbde| 5400 Series_ from Raster Ciaphi cs of San _Jose, CA, USA)
Nonl i miting ex8himagingjechnigues insdydgsplventhrsedinks,ci090e sqlisy Mitrayreiet asbles 5

toners from 3M_ ;Non i 1d : mi?r! %ﬁ% [ Aid 8600
media (e.g., 8 1 é,geg%gggg%@l)uﬁ?’r@%n fﬁ’lr’lsén??} ﬁrgljﬁte é%ﬁ%wﬁ hg’
| am nat ors f or flexegrapldc prfting) andliedectraktatt eansfashmging. | nage i ncl ude Orca |11

| am nator from GBC Protec, DeForest, W. . .
Electrostatic transfer for digital imaging employs a computer to generate an

20 electronic digital image, an electrostatic printer to convert the electronic digital
image to a multicolor toned image on a transfer medium, and a laminator to
transfer the toned image to a durable substrate. Electrostatic transfer processes are
disclosed in U.S. Pat. Nos. 5,045,391 (Brandt et al.): 5,262,259 (Chou et al.);
5,106,710 (Wang et al.); 5,114,520 (Wang et al.); and 5,071,728 (Watts et al.), and

25  are used in the Scotchprint™ electronic imaging process commercially available
from 3M.

Nonlimiting examples of electrostatic printing systems include the
Scotchprint™ Electronic Graphics System from 3M. This system employs the use
of personal computers and electronically stored and manipulated images.

30 Nonlimiting examples of electrostatic printers are single-pass printers (Models

9510 and 9512 from Nippon Steel Corporation of Tokyo, Japan and the
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" After transfer of the digital electrostatic inmage fromthe transfer medi um
to 10 a filmor tape, optionally but preferably, a protective |ayer 1ilsSEP 2002
.. applied to the resulting inaged filmor tape. Nonlimting exanples of

protective |ayers jnclpg { gl g- ; " \ amihate filns.
Ronl i mi 1 ng. o SERFRRTSH 2p0d BERGARR bifter RREPINT) Rl nFEBLOR e, | o
Scot chcal TM Pr gf/@at)i 8900 Qéfikd prittbatFori X epbr Eofporatith GRodNester NiYL TUNA gxdanpl es
of protective overlam nates 1 nclude 15 those naterials disclosed in U S
Pat. No. 5, 681 Mdi2] 5400 Sereds fmim RastexdGrapharsaif iSgn Josea €34, d14) PCT Pat. Appl n.
Serial No. US96/Gr079 (Bull et al.) designating the USA and those materials
marketed by 3Mas S Rptingexempdee elerdrosians taness ingludg Aedeti87A@ Serrefer nal

ink jet hargware is.co red ally.avai labl e £rom a _nunber, af 20

il ) nat | orl - CORERPBINY, NoRUHH SHemibitn of FRFich TobR Pk MfiieneRL, q

Cor porati on of nPea;ao(fe_ | 9501 &503 Unfd 86035 &dnf9kpor ation of San Di ego, CA  USA
Xerox Corporation o ochester, NY, USA; LaserMaster Corporation of Eden

Prairie, M\, USA; ahnhtmtibg exanyplescefilamipa@as forlitahsfepiof Thekdigital kigranostalite
nunber and variety .of pri.nt changes rapidl.y as printer kers are
constantly 25 { VFngeg’i‘éﬁelﬁlslﬁFB’éﬁi Tgomggﬁgd’?/ﬁgﬁﬁeﬁg‘%mﬁti ters are made
both in desk-top si ) I 4 i g

fini shed graphic de?ﬁe@%%ﬁ}’cﬁtﬁ}@?@? %&éﬁ% e’?q@%ggg’;?ﬁrg’%qgag%?‘ce?g‘ﬁ"ﬁ tsbgal e
thermal ink0j ek fiki ortt&pes optichalip bacprefdibigJeprokictivp ldyet B pptieditdthe’ s 650C
and 750C printers. Nonlimting exanples of popular desk-top thermal ink jet
printers incl utksuking'imagedfilieer 3pe.pNoplimiting examplas of pretectivlays®igduds6058

3M nar ket s G aphi.c Maker.l.nk ,Jet software-useful J4.n.convertin iqital
“mages. £ rom  hOSVAPIED Y o AR AEF ol R st it
to thermal inkcjegfs iRdlhdd e Mddel BOOMSertesStotdRAES Prbiakiiveedvértginalee al SO
comercially available froma nunber of multinational 5 conpanies,
particul arly 3Mabdriatsfromi3dét NoplimitSg ¢xampd&sif pro@siie: o 8FB8inatelingRgd

el T ow, anth o Hke pBfeels BB IRLLS e oo A 64ER0 BRERG B Rep g & 1 o

the digital inmpg&s; [ ] gﬁfﬁm [ | J |

pol ymers, such as SIfgwﬁaP?E{e}t)éetb?g@ g uncllfe.}' futigemgggt@ L(ﬁggleil’_%}%dreg%%{?ﬁé fe

Al ternativel y, UBA ind thysy métetisls nsvkdiediby AMsad Ssoechprint™ §626Raid. 36M6 .

5,721,086 (Enslander et al.) can be used for reception of inmage graphics.

In both instanO¥érlampats Elm$ed coatings are used as the receptor surface on

an underlyi ng subst j 4 i I . i e

qual ity Regar di oss g ol PR Rald R G SEN 7 SyAilB05Eh SHBURES, |

| ayer (and2d5 pludigichaleohpaies dnéludidg witHout linia}ion/HéWRttORRRSMANg sur f ace

of the filmsubstrate. Thus, | maég graphi c films currently are | am nates of
a

somal speci al i zE@RasEiaNRf Palp Alips §A;£ﬂca@ﬁe§qom,iormfcﬁa? Piepedsd, UBher
apeci al 'y for mytRPLGOBliop Bf KIEhesfE Ny DAl Ve BiMaydr S ERog R NG ©

t echni ques andpidifé) MR, 18aL; aAd MiliRkPBXEAEeridg @6, DYE Bf TokS,d8parl Orfeduse t he
powder to nelt and flowto formthe coating. The process may al so include a

curing step tohumbenand vanietyi of printersichangas rapidly es printer makexs@sg congtaniifie
result is coating.with desjirahle visual and functiopal ptoperties., A
i er rmy e, REBGN b s PREHEE S coneuae TRGIS AGA0 ROk ToUHPRSEE Thi s
nmet hod i s gene ; heds i | £y parts
because of theﬁﬁé lév d#%ﬁpﬁ%‘#é%eﬁeg?ﬁggﬁ (tzll’ e neeéciggggi?@ﬂ %%Ega?ﬁfée%ggg%rrpl ete
mel ting and f| disnhimitidg éxaenpesvad populeptommercial sealeithermahiikrjecmrirtens ase
typically have_a rel ati velhg | ow viscosity when nelted so that the powder

5

will be able t&EnF rNgvalshbromibLers pnd H—Bﬁcfépcltq@é% p@aterﬁ_edﬂw;l_imitme powder
cycl e times. ang b get! EbuPE a3t hantl B Bl iR LETH BRSO "

30  printers.




" A conmon net hod of producing pol yneric powders for powder coating is to

melt and m x the desired resins in a twin screw extruder, extrude ahd S@d]

- the pol ynerwoasaeissd grind the mass to a desired size. The resulting
powder, when viewed_m croscapically, has irregularly-shaped partjcles with

sharp, pointed edge3M mpksis CgaPli‘FéX@@Tﬁ‘ﬁ‘yJeé wire usefill Propvergingehigital y when

deposited on a. subst.rat i i . i i eptible to

voi ds. The irr%es?rogn%ﬁéég%%p@%ﬂﬁgf %églﬁaﬁtgvag% tr%g()%n%éfﬁn%ﬁ% %gr{é)e to nmass

rati o as not edipefindl-ink jePpfifets tb‘%ﬁnﬁs&@ﬁm’é ds.that is desirable for certain

types of powder coating. DATABASE WPl Section Ch, Wek 7901, Derwent

Publ i cations Ltd., Inkjetanks £2B8alsClcapsnettially AiilableOfpem aBiugnbEP-oAnSdiizaRna &

Chem cal Abstracts AN: 105: 116201 concerns the fqrm a tack sive
| ayer on a “baseOmPpARS. RATHCHIAT %Mbwwﬁmﬁ%twﬁ Sea%s%qbggft%éé%#ggﬁ%gg

ol yol efi n, I l. . i r e esive
L Byer . fol l'owo et el iR QTF6E ulllor (0f ARRIN BIRy | AR Bbertdl iGN UC
uni f or m coat i nghd EIN& perMitih@formafion BEad mu@NAs 256 collérs Bf Afoedin the\dggital on has

addressed a probl em not recogni zed by the prior art, nanmely: that inage
graphic filns meagd- not have a fil msubstrate to provide structural

integrity between the thernoplastic.filmand.the adhesive, if the

her nopl asti ¢ (11 m CURETamAgs B ClEs Py Ay PN b ahert e As s ent

I nvention pAs satdRd ty BhAM Scdibhdalt® Badd. PXIEENGYRP sltifayRF lisRh
formng a thernoplastic |ayer on an adhesive | ayer by powder “coati ng

wi t hout the usss difcleset welitS Pail INo. 56120 086 Emslaadest abpednivd ysed fectecepednwi t h

conbi nati ons of polymers, that may be chem cally inconpatible or unstable in
processi ng sys?Hmass graphics Inbath instances. speialized coatings 3 wisd as the iegrpiory

shortened and gj 1 £ i o ng UL jng
ovens and conv%'ﬁ%?%aéﬁmkrggn@&yﬁ?)%%tgg%%éﬁg?ﬁﬁ%ﬁ%@é@c%nm:fér%%gdg%%#epcati on
of heat and pr@ssity. eRégardléss, bR tysts 90 hfAddeairaphid filmahae ieadbibsivolaventaadi n

the process neans that capital costs for scrubbing equi pnent and speci al
ventil ati o syproestveseleass fingr watibuse) an divpenposingsheacernfithofilm substrags f ect s

oo s et T AR A Pl RS Ao B e ).
havi ng two naj QibseAPuhiddBestvd, hAE 8 $eleast SinBPariRGise.onpri ses the fol | ow ng
steps: a) providing a thernoplastic powder having a nelt flow index of at

| east about 0.008 ginametheoantipowdes codtingappicallynigvolves appliog atspeeially east one
maj or surface of the adhesive |ayer to forma icle layer: and. . c

Subi ect | ng ¢ helSFRMBRATEMER, bre HP¥EHE bV one pbset] Rnet tnelbicrnh wd i o
until the Z@OV\Q?éatih%tﬁf%“%éf inl 4ol SVeh @Y 6fdel ®o EdhsSE thel powRicAtdRBl LRY A tbayer and

t he conti nuous P 2002 | ayer is bonded to the adhesive |ayer. The
melt fl ow i ndeformfthe ¢oatipgwilbe piosegsieiyealadinghide atdusing atepao fatlow aadhemicad. 008

grans/ 10 m nutes to about .5 rans/ m nutes. As use erein, . "nmelt flow
o ref er's EECUORIBAGtH & e SORRNE: ol bt TPUIL G 4 SABIng WO QE SRR, ViHALAR &
capillary and ¢ ; : 1LAG: r

pol ypr opyl ene.ﬁl'lﬁ'ﬂgﬁﬁ gg@??’é’gg'i %i’g‘ﬁrgﬁaﬁﬁ?"&gg‘r’%ﬁ‘éﬁgg% r%égﬁ%%e%d&rggﬁne{noﬁs-

| ower nelt fl otheisulsherstel Thiscaethod & gdneratly-skd withgnetalorehewt esistant plasticrer t hat

is likely to be relati vel%shi, h in nol ecyl ar weight. "Fused" neans that the
powder par®i cl RaEShscauseaf tg high tempgraturgsthal are Mecesaty 1Qa¢iowe SnMed wit h

adj acent powd i . I Cl y . i " Joi ned"
mean that ad; e eh R S piRler P picht iRed i BV g W Blealy, 27
| ayer when vi eid atbldevel RSN vistsityl wien mélgddt JonHaURe powadtSwillsd abide foamer
covers or surrounds the entire substrate with substantially no gaps or pin
hol es havi ng a8 edntipueusdiimeundenthe appliedhesrt.d 3hile posvder ceginglib @ sblyentafree
particular applicati.on. It is not required that. the continuous |ayer be a
Rompl et el'y hoNBBESEdhESnErAlhnTeaErs stEtiSRab oXen Cpls NiRes Addarésy FREIEYT om

30 intensive ovens.




" nonol ayer of particles, or fromnore than one |ayer of stacked particles.
"Bonded" neans that the bond strength between the continuous | ayer ﬁ'?%EP'Z%Z

. Substrate is greater than the internal tensile strength of the weaker

layer. 20 The tefmk%&%@ﬁmeﬁ& bfﬂsroa&ir@rpmyhfeﬂsrﬁéwem‘mspmcc;a@rf en and flow
an StI

upon exposure to heat pressure. Thernoplastic is contrasted with

"t hernpset", wi mbit sreiuixitheatesindtresinsan 8 twih aerew extouder etmdesandicaphthqipon heat i ng
so that subsequent applicati of he . pr - se themto
soften and fIO\RPlymﬁ\ﬁgsaian%r’sntagﬁea’Pass\}ﬁ %@{35?6 éirgé?gez}é%@t"&%eowg%rbgﬁ %hat e means

that the subst kaived Aicrbsopicalin gt irfegulang stapsi parjctes withsissp, poinsedrefigeses t hat is
capabl e of passing through a nip roll co fi,t?uration.. For this invention,
the appl i cati ofihesE PRRESles mayexhihitday packing ‘%Psé SheRAsPosiiet SRAFSEEY by passi ng

the coated subsi@hginddoatiptna i\eRleptbitioRold! TheCifrBiulfuhaptd M9 desiong readi | y
avai | abl e equi pnment”. One sKilled in the art can choose 30 thernoplastic

powder conposi @fhieve thefmaximph chapgedtp gnassiatiquas nojed imb St Batent Moy 23¥¥7. 5 1 1

SEP 2002 having a. vari dfinBRderebiiidgas dirt and stain resistance,
i nk and gr aphi %%a?lrsedggel%%g?r?%?ﬁg%%o os%ctry. I% anot her aspect, the present

i nvention provides pAGABAREI W1 Shesh CREWREL 2b01C ¥RLnE PRTlicAfbn@dRESI Ve | ayer
havi ng two maj or opposi ng surfaces and a 5 therrmg}lﬁstlc | ayer overlying

and bonded to &onf@aiBiokkasyd}dr ANrP0843FF & HB-Arehddtdre & {caler mopl asti ¢

llayer is conti niiat2RAN:1691T20 6 8shcsmd 1 Tomlif}esMP RIS AdnEsiROMHSon aThe powder
has a nelt flow index ranging from about 0,008 granms/10 m nutes to about 50

grams/ 10 ni nut &8se Apest Andf Eeasibpeaysriuepplicjicnngf Tthermppiatties olyolkBBut 35

grams/ 10 m nut §3lyetRyieke hakleY on tHREOPHONP At oStHE Bdhedie AP Elolied t§y Usef ul as
an outdoor sign and the powder conprises, a iononer or a vinyl chloride

pol ymer. A feath§3'0eand preRsing fyensh ot rpller pipvip Bivof B Loqlifg la¥ B posi t e sheet
material because of t geheell Ler;liig;;it ion of the filmsubstrate that was
previously prow

The present invention has addressed a problem not recognized by the prior
art, namely: that image graphic films need not have a film substrate to provide
structural integrity between the thermoplastic film and the adhesive, if the
thermoplastic film can be formed directly on the adhesive.

The present invention has solved the problems in the art by developing a
method of forming a thermoplastic layer on an adhesive layer by powder coating
without the use of solvents. The method can be successfully practiced with
combinations of polymers that may be chemically incompatible or unstable in
processing systems such as emulsions or latices. The method provides a shortened
and simplified manufacturing process by avoiding long curing ovens and
convoluted web lines, instead relying on the combined application of heat and
pressure to the coated substrate. The absence of solvents in the process means that
capital costs for scrubbing equipment and special ventilation systems are
eliminated, along with the environmental effects associated with solvent coating.

In one aspect. the present invention provides a method of forming a
thermoplastic layer on an adhesive layer having two major opposing surfaces. The
method comprises the following steps: a) providing a thermoplastic powder having
a melt flow index of at least about 0.008 grams/10 minutes; b) applying the powder
to at Jeast one major surface of the adhesive layer to form a particle layer; and c)
subjecting the particle layer of step b) to elevated heat and pressure until the

powder in the particie layer is fused into a continuous layer and the continuous

4.



structural integrity rather than for imging. 15 An advantage of the
i nvention is the reduction in cost of the conposite sheet material becFERg])]
- of the elimnation of the filmsubstrate and the attendant production steps
to make that filmsubstrate. Another advantage of the invention_is t he
| ower profile leyenindondadtodhe adhspivedayentldeimelt flewindex afthepaves is

{1 m subst  at GVRIFRTRG Lt ersatonop RO e S Snies kbl s BBRRIG P '

| ayer and the ﬁﬂ.”‘lﬁ‘él.ve | ayer. Another advantage of the invention is the
avoi dance of pollution abatenent equi pmrent because the nmethod of the

i nvention is a sol vasukabiterginotessflovwinddxé refartvia atmeasurefof thearaierofgolyinter i s
t he nethod of the present invention 25 avoids the use of extrusion

processes Wwherwelt flowibseghia qapiflanf andyis mesesurgd ﬁb}P%"eCéléFC@m&& AREM he

h I A t h d t
o the  nvent 1 Ml 1 QS B ra e e SER NG et MR R RE o
continuous | ayxgéasqiexﬁeﬂ@eh%weaﬁ;dmw lﬂabmh@&téwéwaeﬂdmgrmm mous
provi des good dinensional stability in the thernoplastic fil'm because such

filmis 30 forpoymes mbblsﬂlkpb'ltyrbetrclanwly bighaninmleduidroveagit. i n ext r usi on

processes. -6 1 1 SEP 2002 ot her advantage of the invention js that the
met hod uses no t her riised g]t“berB‘W T Rgry vgg)gfght,{gas&agpai[ba ke the

t her nopl astyi € ﬁ._gpp t|on
are furthétr0 deiaé%”%ﬁé@w@t?‘%ﬁfa‘&?rﬁ&:%nggg %gﬁ?mp ) gsogtrlﬁlg dsqnﬁp
Description of the DofiwdhehemmOtiaeadiadesit ;mvsdéapamcle@ n@fl@ﬁ‘g&r B@etd dlataictw ew of
t he met hod of producing a thernoplastic |ayer on an adhesive according to

this |nventuorboundanyulgxnrevl@nuvsevspdslmd@mgmﬁeam sectional view of an

| hod of, pr od hic fil to thi
Cvent; on. F gur e o Gaiag ncanf pia Btark 3BYS ok portFh Bl P OB SBriRlE  he
conposi te sheakieitdndhllPho ghpsSor g BBlek Riving 3 sZR1pAck ¥ RIHnS s Bbndidiged Nventi on

15  acceptable for a particular application. It is not required that the continuous layer

be a completely homogeneous film. The continuous layer may be formed from a
monolayer of particles, or from more than one layer of stacked particles.

"Bonded" means that the bond strength between the continuous layer and
the substrate is greater than the internal tensile strength of the weaker layer.

20 The term "thermoplastic" refers to materials that soften and flow upon
exposure to heat and pressure. Thermoplastic is contrasted with "thermoset",
which describes materials that react irreversibly upon heating so that subsequent
applications of heat and pressure do not cause them to soften and flow.

"Two-dimensional" with reference to the substrate means that the substrate

25  is a sheet having two major opposing surfaces that is capable of passing through a
nip roll configuration.

For this invention, the application of heat and pressure is preferably
accomplished by passing the coated substrate through a heated nip roll
configuration using readily available equipment. One skilled in the art can choose

30 thermoplastic powder compositions that will yield useful thermoplastic layers



Met hod of Producing Thernopl astic Layer Figure 1 schematically illustrates
a method of producing a thernoplastic |layer on a flexible substrateq{ SEP 2001

- according to this invention. Two-di nmensional 20 adhesive |ayer 10 (which

itself resides on a protective liner with.a sjli.caoni.zed release surface
cont acti ng theh%ﬂﬂ%gge’éﬁw r?&;\%cg’emﬁsoﬂﬁﬁnaﬁgﬁﬂd %?‘81]85’%5"‘:&%&‘\ rfﬁaﬁl'l‘%stn

el ectrostatic i€l Ry ppywder coater 14 so that a particle layer 16 is
formed on one gﬁrwl?tggéeg? Fﬂg adhesi ve | ayer 10. The powder particles in
powder cloud 12 ar ehshmwtiieraspdtt,|the greserit idventon padviddsaecohposité shqeumaesial  of
illustration. 25 Adhesive |ayer 10 may be in the formof a |ong continuous
web (as shown) comprising amgdhesivg layes hpwng pve sw@ifoppasiag suifagesapd 8n a carrier
web. In a techpique well. known.i.n the,art (see, for exanple »Po r

Cont i g et  engpIRgisay VB Pl pBRded B BF enie PR MBAS, Booat i ng
Institute, lggg’dl}eg‘vﬁpt]'ﬁé thePmbplaBRVAGEr i§ cOMthubds hid i@adudg placing a
powder suitable tTor powder coating in the chanber of the 30 coater and
passi ng i oni zetheanhoplhdticqpoyrdet.nEhe powtder has tinteli fiow lindeotiramging Froef aboabl y, t he
powder is predried in a conditioning chanber (not shown) before entering

the -7 1 1 SPO0Bgmmeyhminutestopbaiirfl srgmsflQiainytes andareferably, aboitih or
other like material,.can I behi b t i r ound
potential to afm asé 0 T "élpe%ﬁgra g‘glg%goé\%g?ﬁ?%mﬁ%tggsgée?%%@y’o@e? ﬁfe}%g%ges{}’r@ g[t e.
The coat i n@ Wej@tkiaPfs usbial Badrt b@ti6or sigteindltBie bswe e donirisesla Rynontts ok kne
speed, the voltage applied to the air supply, and the particle 5 size of

t he powder. Bovinybchiérdepolpmer.ne substrate nay be coated by passing the
substrate between two. powder,coaters..qr b Ki t Wo sses, over. t he sane
coater and inverti né %€ 8“‘_5‘3&)@? P'E’FB{'%F\(XB‘QP\{?@?%E}% %‘?Wgﬁﬁ%’e&f H’@%’@Ltatip
fluidized bed poudes ofGRELEMShatidn bf theliiff Sibk@se iRk DAL ptio R BroRiRE$orc0at i ng
of essentially two-dinensional substrates, other types of powder coating
met hods such asineitaal integriat rathes phanfoc omadingg may be used i nstead. Powder
coating eqllui prent is well knOV\f/n and cqonpl ef e s?./‘sterr,s are readily avail abl e
I

commerci al4y. A nonPRREWVRNEECHAhE yeBtonstherrdhComn o8t fdhe pPrmResite

manuf act urer | : i aGhixd d CT,
USA. The coat egneslélu‘&g{e?lgﬁge&t%ﬁ%n&gg%ges tﬁ?%ggﬁE gﬁ @?gﬁ%%%%?lg%ﬁgﬁ&a%“ ned
by 15 heated r ptdducttbnosiebshaehake thalfllmisibstidee ni p configurati on applies heat
and pressure sinmultanequsly to fuse the powder in the Parti cle layer 16
into a continuous thapthspaduantage o herinyentignds bisdewenrrofilafithe sorapdsiisi ve

| ayer 10, thereghy, form C. it ri . ing
Stage s requ o BACER R RS Sufbriabie BoR ieBip Ve jmae BleBRR K

achi eve a 3y gheie 1o the abseBeslof the filiaGubsitate A thé salhdsy Bf thelcbinbiragion of teet al
and its outer surface is preferably covered with a material having rel ease
properties, suthermeplpsiclayestandith givelayeme) comercial |y avail abl e under

the tradenanme TEFLOYN fromE. |. Dupagnt. de Nenpurs a Co.. of. W | m nagt on,
Del aware, to pr evenfs‘“_f’“’ T ?Eva?ﬁgafg&o?g?e IEY?IWQPI_ 2! ceer?‘ﬁcﬁﬂfuggf’?gl’%%&ﬁ&r or
the fused ther gpphReht Hechiik¥ The mEBU F theAHA@tioN s h 8319Entleds prRedsO! | - 25
Backup roll 18 preferably has a resilient surface, such as rubber. The

t enperature of the Aaathedadwintage»f theageention iHthehmethodofithg ipresentinsentiohe
owder intgo a continuous Jayer, yet not so high as to distort qr degrade

!to he adhesi%’e ISLW&S‘PG.“S@#@{%SH?YP’PWS eri)%\%d’@?%"’i‘l‘?bg{a € exiqesipn ature
of the heated . @Q,g L geﬁé} preferably from
about 163C to g%u%t{ngggfg%féﬂﬂ@aég#e%rg’élgaaggter dg'tflrs ?ﬁ%?i;i}g'to soften or

distort at the el evanethet adyamtape wf e invertioa isithe,uss oPp povdariatiflg pcpssovi ded
to the substrate in the formof a 11 S EP 2002 carrier web, liner

or belt systeniqPprepars n@@minws&Y@végitmrgmalﬁtiqfﬂnwn gmadhesiysdaver avhigh ¢ he
heated nip configuyration.. The.ba Joll be .at. ient te rature, or
't mmy opti onaP1ey 8 EpRf pinktrSicdRE b od mpSh Rkic M. SR SETRE s e
substrat e.30The fahRR dRiftoet pSlyRRHVREEntafG RllereRl in eXPrudiof phateksss. roll 18 is
sufficient to fuse the heatéd particle |layer but not soO high as to distort
t he adhesive layer. Skilled persons can adjust nip pressure (usually via an

air pressure valve neasured in kilopascals (kPa) or pounds per square inch
(psi)) to achieve the desired result. 6




As an alternative to the continuous coating process descri bed above, the
nmet hod may be conducted as a batch process on individual pieces of iHeSEP 200
~ substrate. 10 Adhesives Suitabl e adhesives include any adhesive (e.g.,
structural, pressure-sensitive, etc.) capable of receiving a powder coating
and capabl e of wi t hémather adyantage loé the inventionds that theimethed ugasmedbermabscri bed
above. The adhesi.ve can. be used in 15 conjunciign wth supportin el ease
liner, or intey F?fypﬁo&ﬁ%ﬁwa OP?faB%‘é‘?S‘%%mﬁ@%ﬁ’eﬁwmzﬂ%l& { r"é‘ffr’é‘ﬂ’t"iﬁ.’ The
t hi ckness of the.: i is in the range fromabout 10 to about 250
m crons. Pref eérbg%ﬁ?g&%?%s\é%fange is fromabout 25 to about 50 m crons.

Nonlim ting exanpl eEmbddimehe f identioe bedartrakseHirdSMatisteféréscead finsi ves
generally found in Satas, Ed. Handbook of Pressure Sensitive Adhesives. 2
Ed. 20 (VoA RdoHbwing deswiptiond 1989). O t hese adhesives, desirable

adhesi ves include sol vent-based acrylic adhesives, water-based acrylic
adhesi ves, hot nelt adhesives, m crosphere-based adhesives, and

silicone- base%&l\{ﬁm &qg@w‘ﬁﬁ? of their nethod of preparation.
Preferably, the Tnventlion uses acrylate based pressure sensitive adhesives
such as those di sclKigwd liisnascliemdttoposs-skictional yie W f8RE mekterdAH p2eiuing;a Re
33,353; 3,389,827; 4,112,213; 4,310,509; 4,6 323,557; 4,732,808; 4,917, 928;
4,917, 929; andhemopastinlaper ehan adhssive 2E¢AING 1QENS ByYsNtiPhyder s Powder s
suitabl e figr powderp;ganiing A le JELNORiAL) Llvor B3R gEPr | se one
or nore thernoplasti€ pol'ynmers chosen to give desirable propertres in the
t her nopl ast i ¢ pdradiRing the Ghagd @Kt fidh acosrdingao waaidenadn.l i ty, durability,
dirt -9 1 1 SEP 2002 resistance, flexibility, toughness, adhesion to
adhesi ve | ayer, and'igwedps pethematis crefssseetinnal vigwritlustrasingthe compositg ahgst es of
sui tabl e thernopl asti.c .pol yners include polyvinyl chloride (PVQO)),

pol yam de, i OHB%E’@%@@E'&%%??“-W yacryl ate, pol yethyl ene, polypropyl ene,
and fluoropol yner. As used herein, a fluoropolyner 5 contains at |east
about 10% by wei ght fluorine. For exanple, in a powder conprising

pol ynet hyllfet Hapbadiments oPtHehvemidna f | uor opol ymer, the PMVA will provide
good adhesion to adhesive | ayer, and the fluoropolynmer wll provide good
weat herability and dirt resistance. In addition, the powler can optionally
i ncl ude ot her y kB ; tii.¢bzers, stabilizers, flowaids to
i nprove 10 co MBALEF %%%Mt raviol et (UV) absorbing agents,
and extenders that RiggreWscherniaivally iliustlages amhethddef grodoking deissrimaplastichas a
conbi nati on of particle_size, nelt flow index, and heat stability that
contributes t daxsyesadiexible pihwtate aceprdingdo thipinvsauerer Twpsdimgnsiongle
fluidizab i f . r 1, C Ldkze .4 S.L0s be used.
A 15 pondd? | SR FTRRIVAI et dhatth PRRARE RDe R Silcnbf T 13

abl e to form aeleasstbarfacd cnthcting thredihesive)hstasnhroagh potiérecloud 12jethshatihpe
particle size is preferably in the range from 10 to 200 Vim and nore
preferably 10 from sigcisestatictfhidigad bed pewder copterdd s thet g particieslayer@ds may al so
be suitable, [apLlf) eéness@éakéasft%t‘gﬁlé{s%e‘iﬁgﬁ% W@;ﬁ&?gﬁgﬁ%i&% iR ds

during 20 powder coati ng, and par es rger t umnmay be §ifficult

to charge and didud! 1204re Shtfien ARicR YA Er)thdmadital e ToDmE Phfposed difllistfaligh. | S
difficult to fuse. Melt flow index should be high enough for the powder to

mel t and £6ow Adhesiveilayer 1§ mayda in gt form of wlongcantinbous web éasshown) oritt he
resultant thernopl astic |ayer to have acceptabl e ysi cal . propertijes. \Wen
L heat od ni p. L REATAler BleCe OhagIaL A bR b cariey BEDIR NG 5o ket hod
of this inventj,a arP Sx¥hbiR <@ bd&loY . ddnes i X can be
used as corrparled to %ggv\%grx%ﬂa l’?i nggﬂ\%\ﬁgre tgh’e pom&g;mhh%ltgégb l!tbglgﬁd flow
under appl i ed pubhshedriyythe Pewperaboanng Igstivate ctDIo@Ehapter 101 epdveder elbud AR lis
surface contacting the powder in the_particle |ayer, preferabl )gshas a

rel ease g oat i rE§nefates bb’IPEQCiQ%P?UQHéP“%lF forrpoveder copting in theehasi EoﬁtBSfer and
30 face. . . . . i
ol ease. cal  igheb A% FShRTchifHa i Frd e B pb Pl iRl RES el BRI IR

adhesi ve | ayerpowdeRGP&RRE)R acbAditioning chamber (not shown) before entering the

(A

7.



"1 1 SEP 2002 powders with a wide range of nelt flow index val ues can beE£
successfully used in the nethod of this invention. The nelt flow i ndidxtEA0L
be as | ow as about 0.008 grans/10 mnutes, and is preferably in the range

pol yrer for standar & etpwerare BRELT i 8F iEBunls of B WEE B TR o2 T
the range fro?l&@@%hi%@ thEsubatrate 35 prchddé™ BRIuRE poldhfiaP@\Hetedct BeQHarhele Stabl e
at the tenperature that wll be applied to the powder coated adhesive

during procesgonder . the surficedfahe subsattes Thowaatmiggmeightadinhe particle layrangés or
ot her evidence of heat deg,r adation. Thernoplastic powders suitable for

powder coat i ngonglleskby thedmssperd: thnyoltsge apphsdtrdhe 3iE serply a9d theapastiel one

of several .product.i.on neth . [oY0) [ vial |

t her nopl as? !Oc Sﬁg\ﬁgél?esp?‘%% fﬁ%@‘hﬁﬁfﬁg‘% %ﬁgér)l%uebdlr%\%& é‘é &s%é% @‘sﬂ’ a%%ng(%e Neut r al
i onomer  powderg,pdifaife BAReET tvid pAWHER dbaiedd) or Qﬁm:«ﬂ@? iAW Vet thelsamed PVC
powders and DURALON nyl on powders from Thermocl a Conpany, polyvinylidene

fluori de powdepatenarel inveming thelsrbstretelietviéenR@ASMSER f r om Cont i nent al

I ndustries, Inc., and THV-500P fl uqr ot erpol yner powder from Dyneon LLC.
Powders are commonlAfthangheiectrapatic &}“‘fé?etdﬁ&d P&Wffgﬁnﬁi‘ﬁﬂ’ed?‘%rrﬂ Weﬁl‘gndi ng

Cas described in. DS, RLGAL & i ngs” Crk
Bnovel oped: a 47" Cnafloldbopin oF &8l wldhsichal dldfarcs. Buld HbeCb ™"
G ayson, 20 V@owdéBcoalinfmadddysuahds SlebBostdiftBspray toating hefyedened appagach,

the powder is made by the follow ng nethod. Each of the polyners) desired
to be i ncl udedomsler peatingpguipment is weld knoywe pad eempletesyrigmsrarbeeadiy | at ex by

enul si on pol yner. zati on_or . ]Iirée t% T"s\l aticlg size of the polyner
'n each | t ex e CAmETidvs b ApaFmiting exeRpiciats péwdertorre it
particle size gfhulcifer &sElQR AR TRhANSEY ﬂﬁokﬁ&rﬁt@g (EPl) SB#Anfrd ATE UBH Y I S

in each powder particle. Arange of 2 tines to 1000 tinmes smaller is
useful . Preferabl y Thelveatedsgbstrate 1@ntpass@d througiea nipnainfiguratidh defimdd yes ar e
t hen m xed_t oget her in i Xin i nt co nly used for |lajices, such
as a | ow $heamenied all 201¢ H@%‘a?f@?ﬁgnﬁﬁe& P Erasipiapp eshest an pressure

ul traviolet ( i t ONverR! St

stabilizers C%gﬁﬁ%ﬁ%ﬂa&?ﬁgg% @r%&r#ra marnu écéfgﬁ%g@ﬁ%ﬁggrgpﬁ@hsl t is

pr ef er abl e f onhdrinepiaati¢c taysr 22and bend the bayentcadhesivedayeh 1 0 therabp fdreting a t he
m xture. "M scible" neans that, in conbining 1 1 SEP 2002 th&lpl atices the
di sper si ons arce@mpasits shegt magriak3ify Na presatiegsagfts requisa Priop e 0. Ot of t he
various | ance i . L Ust i@t 0 m Xing
or by add ng. SHATF SBESTRY BE AR Sl tber ek tS iR B 0T S

pr ef er abl o sprypically wadeisf metal aadlitd yutay airfaeb icprefitaiiyresieré dwith arthdterial

substantial ly spherical particles. Aternatively, the |ances may be punped
separ at el y i nthevinggelgaserepasties, [sachsas pgly@etyafivgregsindens) gemmsraiaily a\tahléglem' X

in the nozzle | iately b a in CYrs, or t vari ous

| ati ces may bémggrf'ﬁg,?ra%r{agme?@%gfgfﬁ{rg%aﬂgﬂwgnﬁg’[?Femng 15*8&2%?@ af t erwar ds
combi ned. Par twin@sstbh Ihecldexe, 109R8vdt BYd @atisfet of efth®dndiedIRérmbpttishié Ng Or
sonme other method may al so be 10 netered into the latex streamat the

nozzl e. Sui t alpowdeper the ifurgd dherdiopiastic layer frame thepadhesive layentodbpealht us may be
determ ned_by one ski di.n the art to obtain particles within the desired
si ze rangg?’ Alqaﬁg%wdpgfﬂegr glyg’?ﬁﬂﬁisélbe"éﬁ“’? 'esg‘l‘f“@ﬁ?(fﬂb fe relatively
uniformin size, t ! : j . Eﬁ{&% by
passi ng through si 2@52?&?%&%@5g?ﬁﬁaﬂeﬁgrarrgﬁéf&gs%%dl}%}ygﬁ uti E‘)lﬁ6 tﬁ an

al ternative ngohder into 8 pomynudy iaygr, yiehgot sathigh 88 ot distert de degradethe alibasivenay

be dried into a solid nass by evaporation and thereafter ground into
particl es t hatlaygr d0On6ieneraby fonmoast pgwders ehesen) the tempgretuea 9fahe hegiedsrodly r ed

t her nopl astic _po ¢ [ ne. | at e I r and o

f I uor opol yner ,rgl}ﬁ\%g%ﬁ? g%trmlriréﬁﬁ foo:\%)qu&gégﬁ %}93‘?’8&9%’%%%%’&‘“ 3%58‘%"6“‘
granms/ 10 gpnuti@get O1fHARESivO1ager D ATElelPioEofieh 88 dikistt Mehdkevaied | 0 of
(meth)acrylate polynmer to fluoropolyner is in the range from1:1 to 99:|

The rati o chogempematuresde phewipi suppartishopldrbetprevided pethe sebstrdtesin theiform dflae

i ntended application. For exanple, a higher proportion of {nmeth)acrylate

pol ymer pronotes better adhesion to an adhesive |ayer, while a higher
proportion of fluoropolymer 25 inparts mére dirt resistance properties and
is believed to increase flexibility of the resulting thernoplastic |ayer. A
practical weight ratio range for many applications is between 2:1 and 5: 1.
The particle size of the preferred powder is preferably in the range from
about 10 pmto about 50 Vim Most preferably, the (rneth)acrylate polyner

i s pol ynet hyl met hacryl ate (PMVA) and the fluoropolyner is a 30 copol yner of
nmononers conprising chlorotrifluoroethene and vinylidene fluoride in a

o L, = = - o . o L, o v o 2 o

D}




"1 1S EP 2002 W 99146058 this powder, the weight ratio of PMMA to the
fluoropolyner is in the range from2:1 to 5:1. A preferred 11 SEP 2002
- pol ynet hyl met hacryl ate pol ymer useful for the thernoplastic powder is nade

by Zeneca Resins of WImngton, MA under the tradenane S NeoCryl A-550.
Thi's PMVA r osiCATTICE WaD e8I B Bysiea (It SbeHR A PTeveat distaution o1 gwsvmr&@ of

0. 008465, indi.catin e j vel.y hi i . red

f I uor opol yner 'y g’iﬁhte%gap eéro?%l%fgpgag Pe '%%ﬁ?f&ﬂéﬂ]%%? g?%’ﬂ’%gg’\?g‘rp ?{taab & from
Dyneon LLC of oﬁh-mfﬁéﬂuonmp b&JSIEd1d b eMe ff@ier UhEHfial pfeciiondsnmee KEL-F 3
700. The NeoCryl and KEL-F | atices are conpatible and stabl e when bl ended

in 10 all r at isosstrage. shhewip piessliré betmeent hedtedsdin2() ang backop rotbt § is LBt
eval uation, There are literatyure references to the conpatibility of
oLy ny L1 Sendd Rise i heBieg PORIYC (e PUo L TINERES (A SFOTIBE aRsseldusd. ( o
exanple EM | . I ),
4243, 1985) b\ag'ggtgd%’ﬁ%éf‘ggis" %ﬁgﬁﬁr%ﬁa{ce@p%" t‘é?é‘gméfpr;sgéé%pmgf‘éﬁhe?asgﬁgnds.
PVDF/ pol yrret hackiydpat@ldxkPayler poands e sgiare it (pbi) provdchieva g dwsiiedifsulef t he
crystal line nature of PVDF, although attenpts have been nade to avoid this
result. (C. Tour nuts ap.altgmapvero thagentinupus peating| pyecessdescribed avei thgs
International (3),, 99,,.1995). PMVA bl ended with th .

chi or ot ri {1 LoR5AKHIRE) b FRRHERE PGk PHYesH Mghafual picfes of e sebwtsve.
however, gges not enbrittle with age as happens when PWMA is blended with a
PVDF 20 honopol ynmer because of the anorphous nature of the fluorinated
copol yner. ToAdbh&dvdshe preferred powder, 3 parts of the NeoCryl PMVA | atex
are mixed with 1 part of the KEL-F fl uorqpol r latex to forma | atex

bl end. The | atex bRBIEDIE §5*5158F%F‘& %@begﬁe%r@&wtww% RGBT PAISHIVEy
spherical partj.Gl " . r}ﬁﬂfd t §. jtions
such as nozzl é{cgé:gﬁ%)r]]é,%faljia?élgglg? rrpere gté(ﬁdrt@,% azlgg% ag%brl ¢ gf; g}s{g%%%c!lﬂg hh%q%g{si red
particl e sizeasl pressubiin the pfcessiekcrited apove: aThdaihebivaicaebe bseddnper son
skilled in the art of spray drying. The powder has the proper size range to
be powder 1% oatetiunsjionydthes sunpeningeleaserlingr.diriatemeadly reinfareed in ardesue neagt t her

grinding, sizing or _otherw,.s ifyin he physical structure of
powder - 30° AL PRESreiRFIs) DG kBRIt oRONTe T 4 aEE b el I o
the powder hag aboliE230 hnic@dhs. TEefkraly, taddrbafe & AR /abbutiINdta®sut S nfcraiyder i s

-13 1 1 SEP 2002 especially preferred for use in the coati ng met hod of
this invention desbtenbmitingryamplesced adlgsingstinclude pressure/sepsitive adessiveowder

coati ng net hods wder .t h |t fl owyi ndex @as .l.ow 0. ol woul d be
usel ess becau§31efﬂlé’0f§89\§8‘rg\n%ﬁg‘ M@—” ok of ﬁ-@-@iﬂ@hﬁ—é@ﬁﬁ-ﬁeﬁ&ys ST ARaa : under

appl i ed hgat ood RERhSIdAMSHraRd P980)f IOfhesB@UHES vesdasiraBle AdhésRlindIBAd f | ow
i ndex such as pol yet hyl ene are consi dered suitable for this type of nethod.

| f a conbi nat saventibasasacrdicchdhesives.wateabasasigerndicoatihasi vese bov bk ddiwsivies.e
met hod of the_present Jinvention, howeyver he paowder with | ow el t flow
i ndex will fl BUSTasRReTpased Bék?ﬁsae%ﬁf‘is Ty Pﬁgéﬁﬁg%wnresw s QHMEYi ve 10

that is very i enat; |te sheet
mat eri al 30 naﬁ‘gteﬁog?ggxr‘%?ﬁ%i‘é? b@?ﬁ%@@hg}{e&r{w&gﬁﬁ?‘s&s gﬁ) \Qﬁﬁfaﬁ gpﬂr e Sé.

Ther nopl ast i csdnaigiee a@lesones shictess thoset discldsed de . $.Pateti dosv2IVHEB26; R to form
a continugus coating._ The thernoplastic.layer can be transl ucent)
transpareft o 4’8%(‘18?9331’}15%6pr&2 et 112443 oAb 09133 f1P1888ss in the
range from ab . ils). An exanple
of a prot ectig’gli?ég%%?@@%%? gggylto??%’npghﬁtgqlrﬁ)é%éoégoglr 23”2} ucent and has a
thickness in the range from10 umto 25 7m (0.5 m!l| to | ml). The powder
used in this Erot ective layer conprises a (neth)acrylate polyner and a

fl uoi r opol ynmerow following nonlimting exanpl e provides further

Il Tustrations of tpgwggrs ISLrlll\{a%rl]é fo? rﬁbwgéracrgz)&igg in the method of this invention

30  comprise one or more thermoplastic polymers chosen to give desirable properties

in the thermoplastic layer. Such properties include weatherability, durability, dirt

-9.



" Conti nuous coating, of thernoplastic |layer on substrate A 15.2 cm w de rol
of adhesi ve-coated paper liner (25.4 pmthick |ayer of 25 95/5 11 SEP 2002
i sooctylacrylate/acrylic acid pressure sensitive adhesive on a silicone

el ease Sur! aCRQhnde. HELivMY t#ahg REPEIhdsIoA 6 bkt 1866, MAREGRAYH Unw nd

stand and threa rou ening cut in t e shr

el ectrostatiC jnksiart tbﬁ&sb@lbnhmMﬁg examples of fdiablertharndplastid pelymsdrogicludenc. |
Branford, CT). The adhesivecoated paper liner was then threaded through a
ni p compri si ngpadyViegktahdorids! (Pvﬁidp@b’@@ld?amopler,cﬂql)'%m, plyasrlatgi ndup st and.
The face of the heated ro een revi usl oated with gl@mate i al

cal l ed Ri ch colyethylens, eaiysgppw d foropolymef 33315 heggin: 3 HUPTORGIYMET| s,

M, 49120. A g,t%@q rate. The
ar r angenent wg"'rs%su mzﬁlg"ls Jt%g%)% lﬂ{)‘&ﬁ&?‘ﬁﬂ [ gurgog ioggl@dt%gl i ononer
from DuPont, demrmﬂigqmly@&hymmwafeg(mm)tanﬂIacﬂuompbaymeif tRe/PMEBA Was

then coated on the substrate with the coater VOlta%ﬁ: set at 42 kV and the 5
adhesi ve- coat ewilkprpeide igpad pdhasianig adhesoveslapgrapnd therluosenalymer Wil rRvidgas

ly 2 | e | h h h
hont ed 1ol | Setooliveperauit g Sistu® In BRBONRE pO¥abia beRetly W16
kPa (40 psi). f¢lL8é oﬂ@@m@?erdﬁe:ﬁé ﬁlch%wasﬁ@&efsuﬁﬂﬁhﬁé}g frandRA 16 fnprldee adhesi ve

to formthe thernoplastic |ayer, the |iner was renoved, |eaving a nmaterial
conpri si ng 0t hecohfingdhidsmity, b@mtsamtwm@dt LBV x dbsorttieg mgqntsaamd exteradees thaiThe
material was tested for stain resistance as follows: The word "TEST" was
written on thee ReHABPMALR the Ahyer surface of the material (or uncoated
subst rat o surf ace) i gy SANECRR SR EmbiARR SHAREUE Lk 5 POL0 a0
per manent marking pen er one “m nute e sanple surrace was 1B

with a cloth sadweadssbilifytthat conprituess! toacrebeful poWndericoating) Ihe Ipﬁdrdsﬁxﬁus’t
remai ning after the al cohol w pe was judged a failure of the test because

t he adhesi ve vil$a benfinidizabledfen glparw&iwv@mﬁlzsqh beq pewiencopisnistatbeiged A

et ot ancd St patowdst SAGizaRE € Misk a3 Beesalsled FS.Bh i B BBRIE ATEe e o

was al so eval Lﬁ{mr ERhd ah& bEIRRR substaft iy Mike) IRjuid.ne thernopl astic |ayer as
follows: A multicol ored weat her bar graphic was i maged on a ScotchprintTM

8601 transfer nedi aTr(erpammlsWeuspm@er@dmmﬂprrmemmd@epﬁoomma agdmartpri nt TM
9512 electrostatic,pripnte oned i e.on the,t ansfer was then
pl aced in contpéﬁ’{"’”\ﬁ%f L&foréo’t‘ ?ﬁlr{l} P?"{:'mgélﬁeﬁy‘}&s‘% FH@"%FO‘H%%F? € sheet
materi al prOd%‘ﬁleE lés ﬁamk&nam winlBay Yiescl @RpIDsiMR hazA8S @thet N ough a
Pro- Tech Model 9540 I am nat or set” at 96C and running at 0.3-0.6

m mn. Re2dl tingvderra@emgr mis}ﬁanclthkgdryha)moﬂ firaemazhise diffddudstoi chatgaysed of t he

ped

conposite sheet, material was d visyuall be excel | en The materi al
passed the st vl praduceianqusrly é’%‘F QH]&ﬁ%yaﬁﬁdeaﬁ 1 fg’ﬁH‘éFo ’E‘-@Eept ivity. 30
The ink/toner rece

material could be %g;‘{ qowaigjag%%oghdeg?b bac %‘gh}rtrtrgg ar ap ?’%ﬁfﬁp% -15 1

1 SEP 2002 Thesufffivierily wponileating, whild stidldotvcenbbgls forahd aguh@i tilermbphastid ai s
Fol Tow layer to have acceptable physical properties. When a heated nip is used to fuse the
25  particle layer according to the method of this invention, powders with a relatively
lower melt flow index can be used as compared to powder coatings where the
powder must melt and flow under applied heat only. As previously noted however,
the heated roll surface contacting the powder in the particle layer preferably has a
release coating such that the powder will remain on the adhesive layer and not

30  adhere to the surface of the heated roll. By selecting the proper release coating for

the heated roll and providing support to the incoming adhesive layer if necessary,

-10-



.16 1 1 SEP 2002 What is clainmed is: 1. A nethod of formng a
-thernopl astic |ayer on a flexible adhesive |ayer free of a fil m subgtyr$Epe((?
. having two maj or opposi ng surfaces conprising: providing a thernoplastic

powder having a nelt flow_ index of apqut 0.008 grans/ 10 m nutes or_ greater;
appl yi ng the powders with 2 ndderapgnebmsit floyy index xalpes ¢an besyeeessldy pegdop

f f th dhesi . .o f i : d i i h
St rer o) ayodnE iRy % i iienhch, BAChEL RN nfieCerBels 10808 st P "9 e
particle 'aye:gr&gs/ie'r-mﬁht&gfaﬁd?s refatdby Githe kR Trdm about 3 .(O@M8E: 39 t he

adhesi ve | ayer. ne nethod of claim1, wherein the thernoplastic powder
has a nelt fl @armhsitiexminitesaRolyethylens agoamsdril® usddpalymert for standerd powderans/ 10
mnutes. 3 . The nmethod of claim 1, wherein_ the thernopl astic powder has a
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15 POLYMER from Continental Industries, Inc., and THV-500P fluoroterpolymer

powder from Dyneon LLC.

Powders are commonly manufactured by either a melt-mixing or a dry--
blending process, as described in D.S. Richart. “Powder Coatings” In Kirk-Othmer
Encyclopedia of Chemical Technology Third Edition, edited by Martin Grayson,

20  wvol. 19. John Wiley and Sons, 1982. In a preferred approach, the powder is made
by the following method. Each of the polymer(s) desired to be included in the
powder are first prepared as a water-based latex by emulsion polymerization or a
like method. The particle size of the polymer in each latex should be much
smaller than the desired finished powder particle size in order to obtain the most

25  uniform blend of the polymers in each powder particle. A range of 2 times to 1000
times smaller is useful. Preferably, the range is 50 to 300 times smaller. The
latices are then mixed together using mixing equipment commonly used for latices,
such as a low shear mixer. At the same time, optional additives such as ultraviolet
(UV) absorbing agents, flow aids, colorants and heat stabilizers can be mixed in.

30 From a manufacturing standpoint, it is preferable for the various latices to

be miscible with one another in the mixture. “Miscible” means that in combining
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_ A particularly preferred thermoplastic powder comprises a (meth)acrylate

polymer and a fluoropolymer, and has a melt flow index ranging from about 0.008

20  grams/10 minutes to about 0.02 grams/10 minutes.jThe weight ratio of
(meth)acrylate polymer to fluoropolymer is in the range from 1:1 to 99:1. The
ratio chosen will depend in part upon the properties desired in the intended
application. For example, a higher proportion of (meth)acrylate polymer promotes
better adhesion to an adhesive layer, while a higher proportion of fluoropolymer

25  imparts more dirt resistance properties and is believed to increase flexibility of the
resulting thermoplastic layer. A practical weight ratio range for many applications
is between 2:1 and 5:1. The particle size of the preferred powder is preferably in
the range from about 10 pum to about 50 pm. Most preferably, the (meth)acrylate
polymer is polymethylmethacrylate (PMMA) and the fluoropolymer is a

30  copolymer of monomers comprising chlorotrifluoroethene and vinylidene fluoride

in a weight ratio of about 45:55 chlorotrifluoroethene to vinylidene fluoride. For
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fluoropolymer for the thermoplastic powder is commercially available from

Dyneon LLC of St. Paul, MN, USA in latex form under the tradename KEL-F
3700. The NeoCryl and KEL-F latices are compatible and stable when blended in

10  all ratios as shown by differential scanning calorimetry (DSC) evaluation. There
are literature references to the compatibility of polyvinylidene fluoride (PVDF)
with polymethacrylate polymers (see for example E.M. Woo, J.M. Barlow, and
D.R. Paul. J Appl. Polym. Sci. (30), 4243, 1985) based on glass transition
temperatures of the polymer blends. PVDF/polymethacrylate blends tend to

15  embrittle with age because of the crystalline nature of PVDF, although attempts
have been made to avoid this result. (C. Tournut, P. Kappler, and J.L. Perillon.
Surface Coatings International (3), 99, 1995). PMMA blended with the
chlorotrifluoroethene/vinylidene fluoride copolymer as described above, however,
does not embrittle with age as happens when PMMA is blended with a PVDF

20  homopolymer because of the amorphous nature of the fluorinated copolymer.

To make the preferred powder, 3 parts of the NeoCryl PMMA latex are
mixed with 1 part of the KEL-F fluoropolymer latex to form a latex blend. The
latex blend is preferably spray dried to form substantially spherical particles. With
the proper selection of spray drying conditions such as nozzle design, air

25  temperature, and air pressure, the desired particle size distribution of 10 to 50 pm
can be obtained by a person skilled in the art of spray drying. The powder has the
proper size range to be powder coated by the electrostatic fluidized bed method
without further grinding, sizing or otherwise modifying the physical structure of
the powder.

30 At a weight ratio of 3:1 (PMMA:fluoropolymer) based on solids, the

powder has a melt flow index of 0.0128 grams/10 minutes. This powder is
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10(! ! 10%&'5)( ) - be aqlg%: gLW(S}xfﬁq\q@zy@.ggd@ app(hed heat to form a continuous fi ﬁm Powders
having a higher melt flow index such as polyethylene are considered suitable for
this type of method. If a combination of heat and pressure are employed as
described by the method of the present invention, however, the powder with a low
melt flow index will flow and will form a continuous layer, even on an adhesive
10 that is very soft at the fusion temperature of the powder.
Composite sheet material 30 made according to this invention is shown in
Figure 3. Thermoplastic layer 22 overlies and is bonded to adhesive layer 10 to
form a continuous coating. The thermoplastic layer can be translucent, transparent
or opaque in appearance, and generally has a thickness in the range from about
15 10 um to about 65 um (0.5 mil to 2.5 mils). An example of a protective layer for
outdoor sign substrates is translucent and has a thickness in the range from 10 pm
10 25 um (0.5 mil to 1 mil). The powder used in this protective layer comprises a
(meth)acrylate polymer and a fluoropolymer.
The following nonlimiting example provides further illustrations of the
20  invention.

Example
Continuous coating of thermoplastic layer on substrate

A 15.2 cm wide roll of adhesive-coated paper liner (25.4 um thick layer of
25  95/5 isooctylacrylate/acrylic acid pressure sensitive adhesive on a silicone release
surface of a 127 pm thick paper liner) (3M) was placed on an unwind stand and
threaded through an opening cut in the shroud of a C-30 electrostatic fluidized bed
powder coater (Electrostatic Technology, Inc., Branford, CT). The adhesive-
coated paper liner was then threaded through a nip comprising a heated roll and a
30  backup roll and onto a windup stand. The face of the heated roll had been

previously coated with a material called Rich Coat supplied by Toefco
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After the particle layer was fused and bonded to the adhesive to form the

thermoplastic layer, the liner was removed, leaving a material comprising the
10  adhesive layer attached to the thermoplastic layer.
The material was tested for stain resistance as follows:
The word “TEST” was written on the thermoplastic layer surface of the
material (or uncoated substrate surface) with a SANFORD Series 30000 SHARPIE
Fine Point red permanent marking pen. After one minute, the sample surface was

15  wiped with a cloth saturated with isopropyl alcohol. Any residual red stain
remaining after the alcohol wipe was judged a failure of the test because the
adhesive will have become stained with the red ink indicating a discontinuity in the
thermoplastic layer.

The material passed the stain resistance test.

20 The composite sheet material produced in this Example was also evaluated
for ink/toner receptivity on the thermoplastic layer as follows: A multicolored
weather bar graphic was imaged on a Scotchprint™ 8601 transfer media (from 3M)
using Scotchprint™ toners in a Scotchprint™ 9512 electrostatic printer. The toned
image on the transfer medium was then placed in contact with the thermoplastic

25  layer of the composite sheet material produced in this Example and the two sheets
were passed through a Pro-Tech Model 9540 hot roll laminator set at 96°C and
running at 0.3-0.6 m/min. Resulting image transfer quality onto the thermoplastic
layer of the composite sheet material was judged visually to be excellent. The
material passed the stain resistance test and showed good ink/toner receptivity.

30  The ink/toner receptivity results indicate that the composite sheet material could be

useful as an adhesive-backed image graphic film.
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substrate having two major opposing surfaces comprising:

providing a thermoplastic powder having a melt flow index of about 0.008 grams/10
minutes or greater;

applying the powder in the absence of solvents to at least one major surface of the
adhesive layer to form a particle layer; and

subjecting the particle layer to elevated heat and pressure until the powder in the particle

layer is fused into a continuous layer that is bonded to the adhesive layer.

2. The method of claim 1, wherein the thermoplastic powder has a melt flow index of about

0.008 grams/10 minutes to about 50 grams/10 minutes.

3. The method of claim 1, wherein the thermoplastic powder has a melt flow index of about

0.008 grams/10 minutes to about 35 grams/10 minutes and comprises an ionomer polymer.

4. The method of claim 1, wherein the adhesive layer is a pressure sensitive adhesive.

5. The method of claim 1, wherein the heat and pressure are applied simultaneously by
passing the adhesive layer coated with the particle layer through a heated nip configuration

comprising a heated roll having an outer surface and a backup roll.

6. The method of claim 5, wherein the heated nip configuration further comprises an
unheated roll proximate to the heated roll and a belt passing around the heated roll and the
unheated roll such that after the coated substrate passes between the heated roll and the backup
roll, the belt contacts the continuous layer for a period of time sufficient for the continuous layer
to solidify.
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8. The method of claim 5, wherein the adhesive layer is supported by a carrier web through

the heated nip configuration.

9. The method of claim 1, wherein the powder is applied by electrostatic fluidized bed

powder coating.

10. A method of forming a thermoplastic layer on a flexible adhesive layer free of a film
substrate having two major opposing surfaces comprising:

providing a thermoplastic powder, which comprises a (meth)acrylate polymer and a
fluoropolymer, and having a melt flow index of about 0.008 grams/10 minutes to about 0.02
grams/10 minutes;

applying the powder in the absence of solvents to at least one major surface of the
adhesive layer to form a particle layer; and
subjecting the particle layer to elevated heat and pressure until the powder in the particle layer is

fused into a continuous layer that is bonded to the adhesive layer.
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