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COMPCSI| Wolmedp METHODS Field of the Invention The pregentusoiyywssgion is
directed to thermally transferable conpositions for use 5 in inaging
applications. The invention also relates to thermal transfer articles, to
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thermal |y transferable conpositions. Background G aphic articles, such
as advertisenents, traffic signs, banners, license plates, retail signs,
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such articles are often subje g environnental conditions,’
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arti cl egompBsifiend, %awnﬁmou%fﬁuﬁingamqﬁﬁg siélearmiEleasiémsleude, for 20
exanpl e, screen-printing nmethods, [ithographic printing nethods, and
adhesivegﬁ@egﬁongransfer met hods. One specific nethod of form ng graphic
articles is thermal transfer, which transfers a color layer froma first
substrate or carrier film wusually a plastic film to a second substrate
or target surface. Thermal transfer nethods formthe graphic inmge by
selectively transferring only porBadiggonhidt he col or |ayer fromthe first
substrate 25 onto the second substrate. One_advantage of thermal transfer
met hods is t Hamaphiedyticles, sesh astadvertisepents,teaiic sigpe beaarrsdicensaplatedr m sheet
wi thout a |atent imge, and t-he graphic pattern is defined %x .

cont r ol ITEtaY SigRe efppeiieigEraphics, eece widely us -|1§9R°n&lqgi%°ll gpphication

such articles are often subjected to demanding environmental conditions, including

exposure to extreme temperature fluctuations, exposure to precipitation, sunlight, and
15 physical wear from contact with people or abjects, chemical attack by cleaning fluids or
solvents, and other chemical agents in the environment. Graphic articles used in
exterior applications face particularly barsh weathering conditions, and must be
produced such that they are able to withstand such conditions.
Graphic articles can be formed by various methods. These methods include, for
20 example, screen-printing methods, lithographic printing methods, and adhesive sheet
transfer methods. One specific method of forming graphic articles is thermal transfer,
which transfers a color layer from a first substrate or carrier film, usually a plastic film,
1o a second substrate or target surface. Thermal transfer methods form the graphic
image by selectively transferring only portions of the color layer from the first substrate
25 onto the second substrate. One advantage of thermal transfer methods is that they
allow the color layer to be made as a uniform sheet without a latent image, and the

graphic pattern is defined by controliing the application process. This allows a limited
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be used_to produce a great variety of custom zed graphic articles.

Duri ng t‘FIQGE’H@P%| transfer process it is desirable to haPeTPRIMNE nal |y
transferable conposition readily transfer fromthe carrier to the target
surface. This can 5 be facilitated, for exanple, by using a thermally

t r ansf ermihigeredemoir filae td bansedab peinceh gréadvat@ppEcadttmeteds@apliiat it
readily transfers upon application of heat. Unfortunately, thermally

t r ansf eraatitles.conposi tions that nelt or soften at | ow tenperatures can

al so be I|ess durable when exposed to high tenperatures during use. It is
al so desi r abl Burihgthe thermal hransfet prpcessanisfdesisdbletockmvpdbé theomaly ansf er s
cleanly to Produce sharp edges along its 10 perinmeter. This allows

cr eat i ortrafsiarghle compesitien reedily transferirom the camrier tosthe tagetssurfacel Thistcanl . | t
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durfbi | ihefacilisgted,der exmeple.dniingss hetmallinisensiarable compositignithatsofians at her .
rel ated environmental _exposure. In particular, it is desirable that the
cured cdRpdSMpeEtuNgs s HsbH readilyransiers unanapplicationeofheaty Walosumnateln
excessi v adcﬂtiongql roductiqn s erglesi1 or use additional 15 materials,
such as 'G¢EPUEIDS rﬁﬁﬁ CRMPRSHOPY HpiBelt PB sofigpat lovatemprighires canalso be

St of adet PR e erpp ey T s tsrpreres frHioHes 1R 1 desisable QR 1 or

' t h | 1w t f I i icles. 20 S f

he. | nyaRelBR R HE APmPROBRE MaRFFS Cifeh P RIS B AREy ABPEMET or Jbl ¢
vel BT ESEE PR oL yREAST er

T or e Bl Tl B B e BB Gl Bl SRR 8 oy <

to vari oysaiB URSE §&5SBIe ﬁaglp@ggngﬁg gﬁ &péfccﬁfposﬁ{oﬁg#éﬁgoﬁd%u;m

dur abl e, weat herabl e 1 mag ot ocur abl’e, y.t ransf‘vbrabl e

conposi tarnse stfle ;d\emhﬂymh%rdmlﬂﬁ%aﬁanmciétﬁwraitémhifm&%&n that is
plus a t
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" without the need to perform excessive additional production steps or use additional

15 materials, such as over-laminating with a protective layer.
Although graphic articles having images formed by thermal transfer normally

provide satisfactory print quality, legibility, and adhesion, a need remains for improved

thermally transferable compositions and articles.

20 Summary of the Igﬁntion
| The present invention is directed to thermally transferable compositions and

articléé, and mefhods of using the compositions and articles. The compositions permit
easy, precise transfer of color layers to various substrates; and are photocurable to
produce a strong, durable, weatherable image. |

25 The photocurable, thermally transferable compésitions of the invention include
a multifunctional monomer that is substantially non-liquid at room temperature, plus a
thermoplastic binder. The multifunctional monomer normally contains from 15 to 60 .
carbon atoms, and can include a dicyclohexane compound of the general formula;

2
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carbon atons, and .can include a dicycl ohexane conmpound of the gengﬁa
formula; 2 0 6 _JUN 2005 - WD 02/ 064377 PCTI USOL/ 19582 R Ré ﬁ@ﬁre&g Rl and
R2 conpvgyyﬂpﬁﬁgtlonal groups containing a total of at SEUOUS %rylate
groups. Suitable rmultifunctional nononers include dlcyclohexane conpounds
of the 5 general fornula: R Ro RR9 R 5 R6 RS R4 7 wherein at |east
two, and typically two to four, of Rl to Rio conprise functional groups
contai ning acrylate groups. 10 R : e.anounts of rnultifunctiona
nononer and bi nder depend upo on, and specific
applications use a conpositio 50 percent or nore by

wei ght rmul tifunctional non®y ot atRyvei ght of ‘nmul ti functi onal
nononer and bi nder. In other |nplenentat|ons t he conposition contains

from60 to 80 _ percent b | tifunctional and from20 to
20" per Ve Raght e ComPRCEERTIA BTQunS SPRASPES KRR g Aot o
wei ght of nmul n e invention
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t her mal | %gﬁffekgble conposi tion on the substrate. The photocurable

t her mal | TFRPabl e conposition contains a nultifunctional nononer
that is 20 substantially non-1iogBid at rool
substrate can be, for exangple, ri bbon o
al so directed to various pr {

coating formed fromthe cured

the articles
| R

ot enperature and a binder. The
eet. The invention is
hing a phot ocur ed

t he invention. Specifically,

wherein at least two, and typically two to four, of R, to Ryo comprise functional
groups containing acrylate groups.

10 The relative amounts of multifunctional monomer and binder depend upon the
application, and specific applications use a composition that contains 50 percent or |
more by weight multifunctional monomer based upon total weight of multifunctional
monomer and binder. In other implementations the composition contains from 60 to 80
percent by weight multifunctional monomer and from 20 to 40 percent by weight

15 thermoplastic polymeric binder based upon total weight of multifunctional monomer
and binder.

The invention includes thermal transfer articles containing a substrate, and a
photocurable thermally transferable composition on the substrate. The photocurable
thermally transferable composition contains a multifunctional monomer that is

20 substantially non-liquid at room temperature and a binder. The substrate can be, for
example, a ribbon or a sheet.

The invention is also directed to various printed articles containing a photocured

coating formed from the cured composition of the invention. Specifically, the articles
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3 0 6 JUN 2005 WD 021064377 PCT/USO /19582 incl ude one or nore 0 &ydiNsI05r
a thermally transferable conposition containing a multifunctional
monomer WQA2/06375ubst antial ly non-liquid at room tenper at BEE/ GG 19582

t hernopl astic binder. The thermally transferable conmposition is applied
to the article wusing heat to soften the conposition. After transfer the

conposi tihGRdE D WBF fbré! Hyess o'?'aatﬁéﬂrﬂdl&tf*ﬁﬂfe@éﬂlé’ﬁoﬁa?oﬁﬁ&?&&ﬁt@fﬁiﬁ £ nononer
at its functional groups and providé a durable Tinished graphic article.

The i nvefbki@incdonal mbabmeethatRishbstenttally doALlifuid afrobhtleffperRuretaramal |y
transferred i mage. The nethod i ncl udes providing a photocurable :
conposi tthemnopl@ticinderg TheMhdrival iy ieinsferidle sonpesition i apgiiai fohs baid al |y
non-liquid at room 10 tenperature and a thernoplastic binder; heating the
phot ocungiigehexn i ssitdn the compogitish.c Afientratidfer thb eb@podiabh & qespasihgi on. to
a substrate; and crosslinking the photocurable conposition by exposure

t o J;cti ndctinicacidationno cfaskliatk the abenoeser anits Aicheohal gesupsfant peovideant i on wi | |
be apparent fromthe follow ng detailed description of the invention and
t he cl aidwablgdmistied\grapucramicle. of 15 principles of the disclosure is not

intended to describe each illustrated enbodiment or every inplenentation
of the presenThelinventen plso inthedagmagthedssion furminga ghotaruired wilyption t hat
follow nore particularly exenplify certain enbodinments utilizing the

pri nci pl Eansireed igags. Hdeangthodmehidgsprayiding pebpipgarsblestpmpasitiare nor e
fully exgl ai,ned wt ,refereﬁég to the _foIIowi%r%ﬂ drawi ngs, in which
simlar YOtERMEAIHIHRRGIosabmengmet et isisubgantially negdigid giweerent s

i el {EPizRGER AR PEeRleE S BRI CHRRPREIOR of the.
| nventi Otrr]ansfgrring the photocurable composition to a substrate; and crosslinking the
photocurable composition by exposure to actinic radiation.

Other features and advantages of the invention will be apparent from the
following detailed description of the invention and the claims. The above summary of
15 principles of the disclosure is not intended to describe each illustrated embodiment or

every implementation of the present disclosure. The drawings and the detailed

description that follow more paﬁicularly exemplify certain embodiments utilizing the

principles disclosed herein.

20 .
Drawings
The invention will be more fully explained with reference to the following
drawings, in which similar reference numerals designate like or analogous components'
throughout, and in which: |
25 FIG. 1 is cross-sectional view of a first thermal ;transfer article in accordance

with an implementation of the invention.

FIG. 2 is a cross-sectional view of a second thermal transfer article in

accordance with an implementation of the invention.
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FIG 2 is a cross-sectional view of a second thermal transfer %ﬁt"pgﬂ@ﬁi n
accor dawoaawisddrzan i npl enentation of the invention. 4 0 BCTWsSI2088 WO
02/ 064377 PCT/USO /19582 Wile principles of the invention are anenabl e
to various nodifications and alternative forns, specifics thereof have

b hown b . Le.in the draw d will . he described i
dotai 1 1T SROMSPRRETAAEE G dptrmt b AvErerap Rdp SEHa™ PAPERERGR 8 mot Lo
limt the i ion to th Lcul di pent jbed, . On the 5
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L Lﬂ%édt%ntiﬁ ﬁgﬂoeﬁrﬁﬂ e dﬁt ﬁﬂ%'t}) e partielitar éﬁﬁdcﬁn{n@ﬁtg deidibeg! bRdse Of

usi ng theé " conposrtions and therna sfer articles to create graphic

ar i cl eﬁoﬁﬁé@y,%@%tg?ﬁ(ﬁ{ 1 tb BSver &1 %S&Iiilil%‘tmb, dquRARNE! afd Alkh@ives ?ilﬁﬁ% to an

article ng at | east one therma transferabl e | ayer thereon (such
as a colyfhid Mueprit MAREERSf thbiBistiBkuFe” gr aphi c article” refers to a
signage article’containing a transferred | ayer derived fromthe
conpositions described herein. 15 The conpositions are thermally
transferable to permt easy, precise transfer to substrates; and
phot ocurabl e to produce DegiiledDpsciiptiobbftheimaehtiombl e i mage. The
conposition is first thermally transferred to a substrate and then
phot ocur ed atTheqiresent invishtitgn it divetted kathegmailysansferebie composifionscaridonal
monomner. Crosslinking enhances- the durability and weatherability of the
cured carjudes ahdmetiRds 6f agihg thespompoisisions ind thermahteansies articlasitpicreatfood
exterior durability, abrasion resistance, flexibility, and | gl%HaI e

o]

gr aphi c graphéc arsigteshérsaised hereinithe tasmd thesmabtransder agtiiabiefers jo an
characteristics such as sol vent _and chem cal resjistance, ,ul trayiol et
light rdeviegahleast %%%MY#@@{%?&@?G%H@%&?@&H&r‘fBE’réﬁyef)hE’Y'f’Wé? mal | y
ranst e o aateid obllF LTS o SHRREE Ao BEfTRL NOARGRAS0 Blyep ! O

derived from the compositions described herein.

15 The compositions are thermally transferable to permit easy, precise transfer to |
substrates; and photocurable to produce a strong, durable, weatherable image. The |
composition is first thermally transferred to a substrate and then photocured at
crosslinking functional groups on the multifunctional monomer. Crosslinking enhances
the durability and weatherability of the cured composition.

20 Graphic articles of the invention exhibit good exterior durability, abrasion
resistance, flexibility, and legible graphics. As used herein the terms durable and
durability refer to characteristics such as solvent and chemical resistance, ultraviolet
light resistance, abrasion resistance, bond maintenance of the thermally transferred
layer to the print substrate, and maintenance of color brightness. The terms

25 weatherable and weatherability refer to the characteristics such as maintenance of
brightness, resistance to dirt, resistance to yellowing and the like, all of these in normal
use conditions in the outdoors, where sunlight, temperature, and other environmental

parameters may affect performance.



25 weat herabl e and weatherability refer to the characteristics g FCJUN%I]S
mai nt enance of brightness, resistance to dirt, resistance to | ow n
and t heWOR¥O643TT of these in normal use conditions in tﬁgrﬂlﬁ;ﬂb'@?%
where sunlight, tenperature, and other environnental paraneters may
affect performance. 5 0 6 JUN 2005 WD 02/064377 PCTIUSO /19582 The
general conf imér%%hbm%oﬁﬁglﬁéﬁéﬂ%hﬂ'ekbﬁbmhe'ﬁﬁﬂM%r articies Ippedueediiiced in
accordance with the present invention are depicted schematically in

Fi gure hcevrdatdeguitiethedpredent fiventien dre depiet:-nmdchtmaticullgrin &Figure 1 and Figurel udes
a colorant layer 12 placed directly onto a carrier film 14. Col orant
layer 12. dnFigired, theembhieansédriaytidle 40 dficdudes|accoloranintppeyi 12 pacedfditeotly

i nvention. In use, heat is applied to the colorant |ayer 12 either

directl y)n'(rsswcarmsﬁhy 1dx fadonagt laper Kucdnains the thérnmdly dransferdtdger 12 to
infrared radiation) or indirectly (such as by heating the surface 18 of
cary i er chmpositionwif tie inwéntiome dnniae hnatmmppb@d@)thapmomtiayehé&@themf ter the
col orant | ayer 12 has been heated is brought into contact with the
sur f ace dgectdy (michiay by gxpedieg ﬂmserf‘@n@w shenlaant layer Ebiconfated radiation)? is 10
renoved, and the portion of colorant retained on the substrate S

crossl i drflivgetly (Sughashiycheating the %lﬁfacqsiéef earpeishid 4 yvitdy infnarad radiaghipn e

thermal transfer _arti

e ) oﬁgaﬂhp;;m&%mas%seé@%e%%%g@é ki
f f th I
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Dy MRS A0, S B pe:sé“n ST ASAPOL MR, o

the corpgs B8R CEiAOL 2 SO BnRl SR Rirnl BSsfEE A
R T e f

ot her regar 03| as co ran "ayer

i denti fi;g fiu@&oé/ﬁsl a5 ¥ier id){lawﬂhgglodv@" ugnt g%f&ﬂﬁmtﬁl Pff‘ﬂforld?ryl%r 12

i ncl udes layers t at are clear  or subst clea 20 and [ayers that
are not eheafe QEieﬁvHﬁﬁﬁEFéﬁhb)ﬁol%l‘ﬁﬁ“layey‘fbeﬂﬂefsﬁl?sda?é’er5 are clear they can

optionally be colorless.
In addition to use of the composition of the invention to impart a colored

-

15 graphic image, the composition can also be used as a thermally transferred and
radiation cured clear-coat over a graphic image. In such implementations the
composition does not contain a pigment or other colorant. In all other regards, the
composition is the same as colorant layer 12, identified above. Thus, for such
implementations, colorant layer 12 includes layers that are clear or substantially clear

20 and layers that are not clear or substantially clear. When the layers are clear they can
optionally be colorless. .

| The various ingredients of the compositions of the invention, as well as their use

and application, will now be described in additional detail.

25



The various ingredients of the conpositions of the invention, Ab M?““%s
their usgoododagpplication, wll now be described in addirgmostingsstai | .
25 6 0 6 JUN 2005 WD 02/064377 PCT/US01/19582 Multifunctional Monomer
The photocurable thermally transferabl e conposition useful in accordance

with t 11 vent i I ncl udes a nul tifunctional nononmer having a high
neltingﬁg—@&%@ﬁ&gg—%ﬁ%t 1 on erature such that it is substantially
non-liquid at.,rogmte r at ur seqd 5 r.ei. Jqf ' reans
Lo have t o cPieiabRTRaE Plstiafing Pl S e0s 2o RERRl B it in AOGRRR T
nmeans t | [ . L= i of ' | ow,
ston as S TRE R EEL il GhnBiGRT kiR ViR o A BRhe f iterlnd

S0f e’ g SHREE B4t iaOf i SuBRAIRIIRR- AV ERokAGk BRI Osuiey | i shed

t her nmal _ r artic t hereby “hel pi to avoi d bl ocking. The
mulg i funghdi@NahitFRnedRa] Med¥ab hiveit 6 Mereffufilichl groupd)@nd eadshialy Ons,
ons,

and nore typically contains from15 to 60 carbon a and can incl ude

cycl oal iphatduid fe@HPfo Bereithiepa SolldPbied sedihi-solid tRdt doed Sotaeddilyaficw,fsuok ks onal
groups. The "acrylate functional groups aretypically attached directly

to the cymbedhl RiMg & hidhhgScositPUTheEleeated Selttlel dilkafibsing tanpsatisredfude

cycl ohexanes, and specifically multifunctional nononers having

di cycl ohtx af@ogied vaiiceStclkiabdsef diecccikindethemen] canyfenartisle] thekabydhelpifg t hose
of the general fornula: RR2 wherein RL and R2 conprise functional
groups conveidblockiag.t Fhamuitifuattidnebmpnomer mrmallpcentappsdige 10 /¢20@ed -
herein acryl ate groups include both acrylate and nethacryl ate groups. 20
Rl and Rartxaretemshandavercaypighliy eontginsfiem by torfiecaghangtems 9@5‘#(5’6}3@@&% be on
one of RL or A R2, Thus, the nultifunctional noponer can. have t acryl ate
groups ofychaaliphatts ereups/having giotelef twa ORE‘P‘%?CT&QE?%PCMW% ﬁ@% gr oups

on each of Rl and,R2, R7 and R2 re typijcall sitioned, para to the

| ocat i orpcRAiatedunetionalgrangs é’f‘i’éyP‘Fﬂg%a égj ‘gﬁr?ﬁgétg € cycloaliphatit ings.
Suitable cycloaliphatic groups include cyclohexanes, and specifically multifunctional
monomers having dicyclohexane groups. Suitable dicyclohexane compounds include

15 those of the general formula;

R Ry

j wherein R; and Ry compri.;,e functional groups containing a total of at least two acrylate
groups. As used herein acrylate groups include both acrylate and methacrylate groups.
20 R, and Ry can each have acrylate groups, or the acrylate groups can be on one of R; or
Ra. Thus, the multifunctional monomer can have two acrylate groups on R, two
acrylate groups on Ry, or one or more acrylate groups on each of R; and Rz. R; and Ry
are typically positioned para to the location where the two hexane rings are joined.
Preferably the multifunctional monomer has at least one acrylate group on each of R
25 and Ry, Normally the multifunctional menomer molecule is at least trifunctional.
The functional groups can be positioned at various carbon atoms on the

multifunctional monomer. When dicyclohexane multifunctional monomers are used
7



Preferably the nmultifunctional nononer' has at | east one acryl ate Erﬂwgmgn
each of R1L 25 and R2. Normally the nmultifunctional nononer nnlec% é t
| east trMOUBRO6#YAal . The functional groups can be positi JHEHUSRI/NSR2 ous
carbon atonms on the nmultifunctional nononer. Wen di cycl ohexane

mul tifunctional nononers are used 7 0 6 JUN 2005 WO 02/064377

PCT/ USQl {h308etidnaP gidups bi«QiahilPhioitded aheh tatal leyst dhe RNESBnAUGBup Rat  at

| east one functional group is positioned on each cycl ohexane ri ng,

typi cal | positiorfedpsisédch@ycipheant @inghspldalliage position para {otBe HxEd

rings. e nmultifunctional nmononmer can 1 nclude a dicycl ohexane conpound
of the gtheayelohtxuratisgs. AheMdtifiliciOnal ThdXonks cah irkchydees eib?aclaheiae;ast t wo,
and typically two to four of R to Ri o conprise functional groups

cont ai ni egmpound cftthe gemsrpiformulanost i npl ement ati ons t he nunber of
functional groups is less than'1Q. tde nunber of functional groups
normal ly ranges from2 to 10. ¢l onal nonomer can conprise a
uniformmmultifunctional 10 Rg Ltent iRgl |ocations for the
functional groups, but it is nb ave at | east sone
variability in both the nunber functional groups. By
controlling the nunber and _ ah _groups it i s possible
to influence the anount of Ris'Rg and t he ¥inal properties of the
cured thermal transfer conpositi oR4in additRen to the properties of the
uncdred | ayer before and after transfer. 15 The multifunctional nononer

Groups. oSHErAE ek 1, SAERRLANTRLS PR HFR, Ry BSPHE S AOIA
possi bi | g?ﬁ’taiﬂfné a6 atePR 8l p Y IAURSst AP nfiRtf0hs fEChMHR TP AR UbAS b

addi tion
is less than 10. Thus, the number of functional groups normally ranges from 2 to 10.

The multifunctional monomer can comprise a uniform multifunctional

10 monomer having identical locations for the functional groups, but it is more common to
have at least some variability in both the number and location of functional groups. By
controlling the number and location of functional groups it is possible to influence the
amount of crosslinking and the final properties of the cured thermal transfer
composition in addition to the properties of the uncured layer before and afier transfer,

15 The multifunctional monomer can contain additional substituents besides the
acrylate functional groups described herein. Therefore R, and R, refer only to the
possibility of functional groups, and do not exclude molecules with additional
functionality. This is explicit by use of the term "general formula”. The additional
substituents preferably do not destroy crystallinity, and thus do not reduce the

20 temperature at which the composition becomes non-liquid.

Thermoplastic Binder
The binder is typically polymeric, but is optionally formed of smaller

oligomeric components, and can include mixtures of polymers and oligomers. The

25 binder can include vinyl or acrylate resin, polyolefin resins, ethylene-vinyl co-
8



functionality' This is explicit by use of the term "general f or tbl N, 108ne

addi ti ongd 02/86408t 1 tuents ‘preferably do not destroy cryst agdrmnsdiessand
thus do not reduce the 20 tenperature at which the conposition becones
non-liquid. Thernoplastic Bi nder The bi nder is typically polyneric, but

hfx??ﬂegni‘a'f'é%rmedeg%ﬁf@ﬁ@?% Bt SR SRERRAL oo RO aRre)
UN 2005 WO

oS! Y SRR el PAGAL L5 B H%&tﬁfébpoixs?#wn%ﬁﬁshyw plgps fehta

co- pol iy &H@?H&’gbxgﬁ@k&go%ﬁ JJ Jh Rk Cpdif Btsind EAP BRI EThdEor PO Y ket one

resins, I nyl ac yuf’et ane resins

pol ystyrﬁ&%n@@@he?&bpﬁ ¢ RR s%lemuyei@aéﬁe ﬁ@ ?Iscggﬁlgﬁzab?@ let,é{,ures

t her eof React1ve ermopl astic resins, ree- ra I ca

phos opol yafRil iZiFdineluded e Prsredbifidéts ﬁl&ﬁe@nﬁlﬁﬂék&!@eﬂlﬁlﬁl&ﬁ&r&%rﬂaﬂﬂer s

I ncl ude vinyl acetate/vinylchloride or carboxyl yrdoxy nodifiéed

vi ny| acefriyedviymbéified visigaceaneh inyRhforkieRpaiymcnOReh a8 MBRE chmkreyciall
avai | abl e from Uni on Carbi de under the trade desi gnati on " UCAR' res): ns. A

par ti cul avallyblefeine Unésh Qarbitizrunider thetteidp desigmitioa"UOAR! resimsoldol ,  vi nyl
acetate, and vinyl chloride comercially available from Union Carbide
under t hmrnwiehéy pefergedhbinder is & YeiGblymeTlo€vinyl dlgolinl ansyleacatates aﬁ?dmmgbl tion-
The thermally transferabl e conpositions of the present invention include
a conbi eideridmcatmersiallyf avadsble fraim WoivarGarbidadndérshatipledesignatipnder,  al ong
with 15 additional optional ingredients. The relative anmounts of

mul i f untYAGEElI nonomer and binder depend upon the desired properties
and i ntended applications for the thermally transferable conposition.
When greater crosslinking is desired, increased quantities of the

mul tif UWMO the binder are typically used.
Al t er nat nonmers containing a greater nunmber of
functional gr he ﬁlermglly fransferable compositions of the present invention include a
combination of multifunctional monomer and thermoplastic binder, along with
15 additional optional ingredients. The relative amounts of multifunctional monomer and
binder depend upon the desired properties and intended applications for the thermally |
transferable composition. When greater crosslinking is desired, increased quantities of
the multifunctional monc;mer relative to the binder are typically used. Alternatively,
multifunctional monomers containing a greater number of functional groups can be
20 used. When less crosslinking is desired, it is possible to reduce the amount of
multifunctional monomer or to reduce the number of functional groups on the
monomer. By controlling the amount of crosslinking, the wear resistance, dimensional
stability (in response to changes in temperaturé and humidity), hot melt adhesive
properties (e.g., melting temperature), tensile strength, adhesion, and heat resistance
25 can be modified in somé instances,
In specific applications the thermally transferable composition contains 50
percent or more by weight multifunctional monomer based upon total weight of

multifunctional monomer and binder. In other implementations the composition

9



20 used. Wien less crosslinking is desired, it is possible tQ(W%'l@?ﬂﬂShe
anmount of rmultifunctional nonomer or to reduce the nunber of functional
gr oups OMOtR@s437DNonmer. By controlling the anbunt of cros®OWiSongessthe
wear resistance, dinensional stability (in response to changes in
tenperature and humdity), hot nelt adhesive properties (e.g., nelting

t enper at nedins FEMHAA & ﬁﬁe‘?E@{t By ﬁé@ﬂ%ﬂﬂmﬁpﬂﬂ%ﬁﬁ@ﬁ% 20 I%‘? f;ﬁa” be

nodi fied I1n some i nstances. I n speTific applications

t ransfer hithf Al : s wel ght
plakét 69 RIS th&ﬂlo‘g%hégglé'n@m H?ll?&cﬁ'%gecpﬁpdmf)ﬁﬂ %g}ﬁ .

mul tifunctional nonhoner based n total weight of nulti

NMONOMEr @RI AMINRBA} mbRoRbNeld Biggdrenent ati ons the conposition 9 0 6 JUN
2005 WD 02/064377 PCT/US01/19582 contains from60 to 80 percent by

vei ght mul ti f oRCthepmaly FRNNEERbleaRdehokRiEh 87 the idfentBAME 6O sEXenifd ght
t her nopl astic polynmeric binder based upon total weight of

nul 3 i f unatliagatmparannelovassbudhne permil E}@iclgh&frﬂiﬂhﬂemﬁfsﬁ:ﬁﬁlﬁﬁéﬁhélﬁspeed

conpositions of the invention have a softening or 5 nelting tenperature
| ow enougbdiaionaontitions, yek highanohgh e ivoid séfbenintecklofligh delRe foutine
production conditions, yet high enough to avoid softening or bl ocking
during rsomgeeuckaostagpee asachll gsodt Thathermallntramdferableadmpbaionbesnral |y
transferabl e conpositions can have a relatively |ow softening or nelting
t enper atgve 2 rglativelydowsofibhieg o osalting telnperaiure, yatraps dhrabledetcafseehey are
application. In sone enbodinents the thermally transferable 10
conposi t vesslinked afteripplipating. dn spmietembgdiraerge thetthermnablyttvargferstlout 50 C and
abgut 140 C, . pore preferably between about 60 C and about 120 C, and
mosy pr FRRASItON Mosa so8snins siimering tempsratps hetvern abourHe® Gand ebowtg or
mel ting rature 1S ormal 'y nmaintaj ned _above 40 C_ nore typically
above SO{WHHM@\P&#eﬁb}Qb?%F% é‘mﬁ 603 ahouicl 207, md most preferablYof t he
thermal Iy transferahle |ayer w epend on the desired thickness of
the i rrag%et‘é’ﬁe‘? %@“F 3ﬂ| gﬁ’é@ %Pﬁwdg (grfﬁ%? ,E%W% HHEIHRG tgmpesaIreiSmnce,

normally maintained above 40° C, more typically above 50° C, and even more typically

* above 60° C.
15 The thickness of the thermally transferable layer will depend upon the desired

thickness of the image on the finished graphic article, which impacts performance,

durability, and weatherability. In addition, the thickness of the thermally transferable

layer impacts appliczition conditions. Normally, thicker transfer layers require longer

exposure times to a heat source or higher heat source temperatures. Layers that are too

20 thick can tend to undesirably increase the thermal conductivity of the thermally

transferable article such that graphic resolution is impaired. Layers that are too thin

may tend to yield graphics that do not exhibit desired durability, hiding power, etc. The

thermally transferable layer is typically from about 1 to 10 microns thick, more -

typically from about 2 to about 8 microns, and most typically from about 3 to about 6

25 microns thick.

Additional Ingredients

10



durability, and weatherability. In addition, the thickness of OfndN 2008

t her mal WO ®ez/adIster abl e Il ayer inpacts application conditiRGBUSHNAeIsAIl |y,
thicker transfer |ayers require |onger exposure times to a heat source
or higher heat source tenperatures. Layers that are too 20 thick can tend

o e L5 SRS AL TSRyl LR,

transferabl e ar I'c reso I on i alred.
t hat ar | 1 | j i Didi..desired
st SRR b el SO, 0 B

typi cal lof viémer BYML Fdrfbxiﬁ{)fé% GARRS chlbraits ciﬂ’tﬁ@incé%a@féié’d {n¥o ffeom about 2

to about 8 mcrons,” and nos ypi cal ly from about to about 6 25

mi Crons thirgdily tAdRTdrable abmbBEfied bEike Snvkatin 6CHALRO REAMBRARE 4P
PCT/ US01/ 19582 The thermal [y transferabl e conpositions of the invention

cans i ncldfdie udehdorsinchddicrganiepigiiegisethogitntc pigmiefita] Oyes, AppART doce,
thermal transfer performance, durability, or weatherability. For
exanpl e, exdfiple akimiation) dlakss, giuss fekdsnaal prarietoedt inategialshe thernal |y
transferabl e conposition of the invention. Col orants-useful within the
scope 5 of t hRiginemepartioles tersl tudet arftbend andoiedueerthe cohasoregrrengthpifghent s,
dyes, netallic (for exanple, alum num flakes, glass flakes, and
pear | esdbetmathntearisédrable Rivgnenthepigment lesslingisdnareasadt Inpsedsing pgmenind
reduce the cohesive strength of the thernmally transferable [ayer as the
pi gnent. lpadias millitend ecdesesaseithe cabesbpsitienatli of iimlayen smdingyimage™istend ¢ o
decrease the cohesive strength .qf iﬂf}g I a%(ﬁ{g,, maki ng i.magew se 1 transfer
frot a tURISEREITOmR 3 ShorFRhaREY tras &t of He inyRpbiRRicaHeTe Ru1 @50 1988, so
tending  to,reduce the. duggbility of .the transferred imge., This effect
vari es sOfedyesithe g‘érﬁgﬁ’&:f Hﬁgﬁﬁm#ﬁsd Uregfer TR EUGH VEHES ?ﬂ"g%‘?i’;[( s) and
ot her copponents of the |layer...lncor Ll too nmuch pi ends to
Vield a (BSTTTERPoR teropRUEr ate BERERGEMY Sht Sttt iyt
dur abl e.; Lncorpor at | | ' | . el
Tayer 15pREBHAREd0n Bfoch Heshbde'esis b SRS roblbime SR8 b Gl gl
not tranghehseddtty drbhiel! Bforporating too little pigment will tend to yield a color layer
15 that does not exhibit desired strength of color and which may not transfer well, yielding
images of poor resolution and quality. Typically the pigment Joading is optimized at '
low levels to achieve a desired balance of color and cohesive strength. In some
instances, other materials will be incorporated into the composition to adjust the
cohesive strength of the layer as desired.
zO Other optional additives that can be incorporated into the color layer include
cosolvents, surfactants, defoamers, antioxidants, light stabilizers (e.g., hindered amine
light stabilizers), ultraviolet light absorbers, biocides, etc. Surfactants can improve the
dispersibility of the color agents in the binder prior to application of the color layer to a
substrate, and can improve the coatability of the color layer.
25 Carrier Film
The thermally transferable composition of the invention is normally retained on
a carrier film prior to thermal transfer. The carrier film can include a sheet, ribbon, or

other structure. In thermal transfer articles that employ a carrier film, the carrier film is

11



i mges of poor resolution and quality. Typically the pigment | ofd fgN 2085
optimzed at low levels to achieve a desired bal ance of col or and

cohesi v&VQOM$HHh. In some instances, other naterials w PCTHES01/19582

i ncorporated into the conposition to adjust the cohesive strength of the
| ayer as desired. 20 O her optional additives that can be incorporated

I nt 0 t heprefksHlv e Bbdicl 1 t+83ckS I

ant i oxi ?ant S, Yi ght s? a%i t}élcigg?tgﬂ}(?ﬁeac\é@rﬁ tﬁlicrlg’dgl?g%ﬁgfﬁ?%%y fﬁ%ﬁt@&ﬁ 2106

st abi | i zfiicsons thidk M 6p@dnal hetbticeRiaBEESatinB @k be @8ate8lofito REGIRGIAE S can
I nprove the dispersibility of the color agents in the binder prior to
appl i catdaetierdiint het @iy the dhyeemall P transfetabR doaipsitnd Aasticiresge t he
coatability of the color layer. 25 Carrier Film The thermally

t r ansf ergatisgsngrose hamlingfchhheterivticrifithe artivtea0ISukthble anfilstickhpslese a
carrier filmprior to thermal transfer. The carrier filmcan include a
she®t, rhiterials includgtbine arestot liatitedao, siliconbenarerials inghafigg paly(loskes t hat
enploy a carrier film the carrier filmis 11 06JUN2005 WD 02/ 064377
PCT/ USO alit@ilsipxapesefuch ab pylyfirmethplsidornans abd sidicons-urkd copolyoress,tahdck, nore
preferably fromabout 2 to 6 mcrons thick. An optional

ant i - st i pekflverinsied cepoundy secnasperfecropolyethers. theome destafces he optional i er
filmnot having the thermally transferable conposition. )

Ant i - st | ekeapeliBergaay: bapravided; avsr thechermadly itragsierablexcaraposition to prbtechis
articles, Suitable anti-stick/release 5 materials include, but are not

i nited $Winghandlipgeetfmt erial s i ncl udi ng pol y(l ower alkyl)sil oxanes such

| ydi h i d sili - | , d fl ' d
cohbounds cuck b bi%??faﬁ?rgg%’r 9'@@%35&514‘&%3 aﬁéﬁféﬁaﬂg v ‘ Snwl%ﬁ[fmr% e
| Iy I i {. t it
to prot cUUPRPE 2 P?’ﬁ‘:dﬁ’lr%gﬁ\f‘l&“?%ﬂ{ Gieaty lﬁllsﬁﬁéﬁ%?@%mr pud %Et%e%q%ggl%%?f the
andar e QuPHDIHREED ot P Pt i iR ipe S PrBRGRE, PReRy ™ 1"
| oh) i agihts, SAcfes Y ORVLARIRGIALAA Y LY braphSHb U Shna IS 1"

surfaces, but if appropriate application equipment is used they can also be used to apply

15 graphics to non-planar substrates.

Suitable carrier film materials for thermal transfer articles of the invention
provide a means for handling the thermal transfer article and are preferably sufficiently
heat resistant to remain dimensionally stable (i.e., substantjally without shrinking,
curling, or stretching) when heated to a sufficiently high temperature to achieve

20 . adherence of the adherence layer to the desired substrate. Also, the carrier film
preferably provides desired adhesion to the thermally transferable composition during
shipping and handling as well as desired release properties from the thermally |
transferable composition after contact to the substrate and heating,

Finally, the carrier and other components of the article preferably exhibit

25 sufficient thermal conductivity such that heat applied in an imagewise fashion will heat
a suitable region of the color layer in order to transfer a graphic pattern of desired
resolution. Suitable carriers may be smooth or rough, transparent or opaque, and

continuous {or sheet-like). They are preferably essentially non-porous. By "non-
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i nstances, articles of the invention will be used to apply graphi 6 N 2005
substantially planar surfaces, but if appropriate application equipnment

i s usedwdeyo@atly al so be used to apply 15 graphics to n@¢pUIMARSS2
substrates. Suitable carrier filmmterials for thermal transfer articles
of the invention provide a nmeans for handling the thermal transfer
article r oy : | S : in
di mensi ona s;“?ts g’%ﬁ???%)g&’, P és%%g? g%ﬁeg?iﬂ?h\%%%oﬁ%g?h ﬁ?%ﬁ‘lﬁtﬁaﬁ&rﬁurl ing, or
stret Ch'caﬁbopo\séﬁ%ﬂs Iﬂﬁﬂh@f’réﬂ@ilyfﬂ%&ftﬁﬂo‘agﬁﬂ{é aarrterqag.t,%m%aatm? nlifiigipegve 20
adherence of the adherence 1Tayer to the desired substrate.. Also, the
carrier sbiddd atPrbedppliby visRY, PpesfedBsi leRdharhos naNilié fditedd@raightby
transferabl e conposition during shipping and handling as well as desired
rel ease apphgevidwem) romthe thermally transferable conposition after
contact to the substrate and heating. Finally, the carrier and other
corponent s ofllinkteataret éxainglgsrof neateridly/ thexdre suitablsfos wké aca emtriet nehudel
conductivity such that heat applied in an i magewi se fashion will heat a
sui t abl eolysgters especidlly pidyeshylers/terepthnlade RET xeommerngdlyavailghlafoocEdat t er n
of desired resolution. Suitable carriers nmaybe snooth or rough,

t r ans parleuRons Deppans eomparny unsenthertade degignation Edivian’ keolyetimplene ar e :
preferably essenti al I?/ non- porous. By "non 12 0 6 JUN 2005 WD 02/064377
PCT/ USOmapbtheiate molisytfones, pelysigeaaes, plebicasberatep pohtmidesdpoly maide, qui d -
coloring nmedia or anti-sti

it] i il | h h
t hei ca(rj rqednlose egfers, f‘é‘%lsa;}cﬁﬁl oﬁﬁ?&n&?ﬁ?{“}d ‘%ﬂ;@\é\% F@Fr?a?é : adlllﬂ%lchsprg‘gls; r ougr
i . 0.02 mllili 7
. S5 e st L AR L
ter ept hdP KB R AER Bosaeti s rekrhs o PR bl BigiE itedl
conpany tﬂq(a)%ic}&ﬁ ttefﬁqear@&ﬁér egl%g"c%e?sr are \ﬂﬁeyﬁiégyéﬁ%s?ﬂ@ﬁmﬁ'ﬁbﬁt e,
ol ysty goﬂ ycar

‘pol ysul fones, p ?/ renes, onat es, polyimdes, polyam des,

-+ cell ul 0Sep 6L BhSer. e Raftier 6fhsHO N BeA6R1BAAN] B lettipeRsuut yrat e,
pol yvi ny r ées
encountered during application. For instance, Mylar polyester films are useful for
15 application temperatures under 200° C with other polyester films being preferred for
use at higher temperatures.
The thermally transferable compositions of the invention may be coated onto
the carrier film by many standard web coating techniques, including imprint gravure,

single or double slot extrusion coating, and the like. Suitable preparation techniques

20 will depend in part on the nature of thermal transfer article that is desired.



10 and derivatives, alumnumfoil, coated papers, and the |iKke. DT$§ 0
carrier generally has a thickness of | to 500 mcroneters, prefe W@E
to 100 We@PYAeB2rs, nore preferably 3 to 10 mi croneters. PRAAISO 9582 | vy

preferred carriers are white-filled or transparent PET or opaque paper.
The carrier filmshould be able to withstand the tenperature encountered

during q@pﬂhbggtion. For instance, Mylar polyester filns are useful for
15 applicatron tenperatures under 200 C with other polyester filns being

f df [ i
preferred forrhdig@edionTheiiges ﬁx@fﬂéﬁ% %r%ﬁﬁmgﬁg]ﬂu&mmhkﬁnélfyaﬁésﬁrfnﬁbg

conpositions of the invention my be coate to the carrrer

many st 3das dTHE efititls iMdudesBoidnes phﬁtﬁﬁtﬁﬂdﬂle%zﬂg&ftioﬁtcoﬁfaﬁﬁﬁﬁ g single
or double Slot extrusion coating, and the like. Suitable preparation

t echni quggtifidftivhdll mewRLAdhatls Patsstantially h@nmghm & r@ém&@x‘ﬁ?éﬁa{uré aadaf er
article that is desired. 0 6 JUN 2005 WO 02/064377 PCT/ USO /19582
Metshods tﬁé}mdﬂasﬁﬁbﬁmr;imtin%ﬂ& photdraebld esmpesition) Jransfetdomyr ed thermal |y
transferred image. The nethods include providing a photocurable

conposi tphotocoeati@tampesition 1od subbtraes arenabsstimkmgehe phatbcirablswbaipasitioal | y
non-liquid at roomtenperature and a 5 thernoplastic binder; heating the
phot oc urhgtdxposwepo sctinio adidtroan Ihenmiengstarves, wiratiog thesbbstrae mpoeidiatdp to a
substrate; and crosslinking the photocurabl e conposition by exposure to
act i ni c befare ghptosuring caemhangs therrueslevelandi hegee the dudalityaafahs aunedi at el y
bef ore photocuring can enhance the cure |evel and _hence the durability of
t he cur efaplye.aghisds esperially ssefypwbieathesubsiadta upomsichbe dunast hastheenpon

whj ch the i e has been. 10 forned .has significant thermal conductivity.
G 4bhi ¢ fafffli%ﬁ%%m%ﬁ“ﬁﬁféth‘ﬁ?@hﬁ‘?ﬁwﬁﬁw-be applied to many structures. The"
structures may be. flat, or have compound, contqured three-dinenpsional

sur f aces. Foré“’é%kﬁ griicles ghthednystion may eeﬁp%aﬁ?&?ngﬁwgb‘%%ﬁlﬁe gr aphi c

ticl to b ficientl f i bl f t Wi t hout
el aim g6 PP Pe TRLOLAVE Compound.panipEe e Bmes P hERPERTE yF o ||
depend 'i}pli@ﬁt%% tB%ésecfﬂtér%mﬁﬁ%u?fagés, Itkpeegrg;tmﬂig GLHNE neads ftg e sufficiently

flexible to conform thereto without delaminating or lifting off. The actual requisite

15 flexibility will depend in large part on the nature of the structure surface.

Examples
The invention will be further explained by the following non-limiting
illustrative examples. Unless otherwise indicated, all amounts are expressed in parts by

20 . weight.

Example 1 - Synthesis of Multifunctional Monomer A
. 500 grams of 20% toluene solution of 4,4'-methylenebis(cyclohexylamine)
(Aldrich Chemical Co) was placed in a 2 liter flask and 130 grams of
25 glycidylmethacrylate (Aldrich Chemical Co.) dissolved in 130 grams of toluene was
added. The mixture was stirred with heating at 80 — 90°C for 72 hrs. 50 grams of
methylisobutylketone (MIBK) was added to the mixture, which was then allowed to

cool to about 50° C. 130 grams of isocyanatoethylmethacrylate in 200 grams of MIBK.

14



Exanpl es The invention will be further expl ai ned by the foll ow (r}gﬁ JUN 2005
non-limting illustrative. exanples. Unless otherw se indicate }JP
anount sway /@iprressed in parts by 20 weight. Exanple | PCEUSINGEBE of
Mul ti functional Mononer A 500 grans of 20%tol uene sol ution of

4, 4" - met hyl enebi s(cycl ohexylam ne) (Al drich Chem cal Co) was placed in a

2 'iterJakg %@nﬂﬁxﬂﬁ?eﬁ%d% Lamfa;%ﬁgﬁhﬁacrme%méwlhe@ Cheni cal

Co.) disso 30 gra ene added. The m.xture was

stirred rc% I[} fild (e ?thi%ﬁ Th%%ﬁ g HanblWas r@xﬂ‘eﬂﬁﬁt’l‘isﬁ(e\%rams of

met hyl i s M BK) was a edtothe m xt ure i ch was then

al I oved a&dltxoﬁﬁ’l%IEK 18R0oVhs RReFto RAnIEHRES Afkr itRdyition vemtdtiptatdials y| at e
in 200 grans of MBK 14 U 6 JUN 2005 WD 02/064377 PCT/USQO /19582 was
added ovfkture aFallbived BeEdddGo tson (engpeskitorepi Thg résnitig mofitvaemsokitionewasar med
slightly during the addition. The dropping funnel was rinsed wth 50

gr ans oB0%astdidsi 0MethyNABH Kebate WRK perdeadded to dButeitl saletiondtot20P4a t he
addi ti on was conpleted, the mxture was allowed to cool to room

t enper atsglids. The resulti ng nononer solution was 5 30% solids. Methyl

et hyl ketone (MEK) was added to dilute the solution to 20% solids.
Exanple 2 - Synthesis of Miltifunctional Mnomer B Exanple | was nodified
by using apprOX| rrately half t he m)l ar amount_ of 10 '

I socyandixay NYIHTEesIZ | O iV LOIIINGIEN, 4, 4' - met hl yl ene

bi s(cycl ohexyl am ne) in toI uene was reacte rans_of

gl yci dyl met haE*a}llllaﬁé wessgedified by NS0 apPHVATEL liaéqtg'é lﬁrﬂéqunf RE sarre
dit EXx 1. Th t t
20:r a'ngé‘qiyi‘],;maﬁgﬂgmte? JBieins Bt 4 g P iR ® ©
toeth t h. | Y |
o't omin S eRE RS Eiet Rt I B B e Bispdv i £ de3ine 60 | 00

sol uti Ontoluene uncﬂer the same conditions as Example 1. The reaction mixture was then cooled

to 60° C. 20 grams of MIBK was added to the mixture followed by 25 grams of
isocyanatoethylmethacrylate dissolved in 60 grams of MIBK. After cooling to room
15 temperature, 60 grams of MEK was added. The resulting monomer solution was 25%

solids. MEK was added to dilute the mixture to 20% solids.

Example 3 - Synthesis of Multifunctional Menomer C
; 13 grams of glycidylmethacrylate were reacted with 10 grams of 4,4"-

20 methlylenebis(cyclohexylamine) in 50 grams of MIBK by heating the reaction for 24
hours at approximately 70 °C. This mixture was diluted with 19 grams of toluene and
then 4.6 grams of triethylamine was added. The mixture was cooled in an ice bath, and
then a solution of 4 grams of acryloylchloride dissolved in 16 grams of toluene was
added with rapid stirring over a period of two to three minutes. The mixture was

25 allowed to stand at room temperature for 15 hours and then 100 cc of water was added
and the mixture was stirred until all solids had dissolved. Stirring was discontinued and
the aqueous and organic layers were allowed to separate. The organic layer was dried
over anhydrous potassium carbonate that was subsequently removed by filtration.
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solids. MEK was added to dilute the m xture to 20% sol i ds. Exarrphgyﬁj 05
.Synthesis of Miltifunctional Mnonmer C 13 grans of gl ycidyl netha gtzg
were red¥PY%3Th 10 grams of 4,4 20 nethiyl enebis(cycl oRETUAMINE} in
50 grans of MBK by heating the reaction for 24 hours at approxi mately
70 C. This m xture was diluted with 19 grans of toluene and then 4.6
grams ofEddpofition| o i pretivesf td demktion BRowi& it Y6 Be WRsroRRRtEY 259, ddlidsce bat h,
and then a solution of 4 granms of acryl oyl chloride disSolved in 16 grans
of tol ugEKwaas aditdad obtdita 2o sbligs solitiog over a period of two to three
m nutes. The mi xture was 25 allowed to stand at roomtenperature for 15
hours and then 100 cc of water was added and the m xture was stirred
until all solids had dissolved. Stirring was discontinued and the
aqueous Ewuhpie darfvatieasexf MwiafiencibhadddnémesBpar at e. The organic | ayer
was dried over anhydrous potassium carbonate that was subsequently
refoved by fiJExamaple Srwasliepentéd ulistiding 4. W/ﬁmﬂﬂcrﬁﬁﬂchﬁﬂd’cl%sz
Evaporation of a portion of the solution showed it to be approxi mately
25% sol i dissolvelHK haisgratded toloensbioathe arrgoyichloridd sokuibut Tbn restitingpl e 4 -
Synthesis of Miultifunctional Mnoner D 5 Exanple 3 was repeated

substit mewgw Wiygicawasrppietimataly o @Hﬂ@rwlyeh vk Sierthey diluted with MEJK ans

of tol uen%épspr ng acryl oyl chloride solution. The resulting nonomner

sol uti orf oxi mately 25% solids, which was further diluted with MEK
to 20% solids. 10 Exanple 5 - Synthesis of Miltifunctional Mnoner E
Exarrple 3 was repeated with the acid chloride reactants being 1.0 gram of

acr oVl ¢ ns_of..toluene followed by 3.0
gr ams of#&g

i RN as of toI uene. The
15 evaporat| 2%%@% ?'N."%#P#/’%ME?*@&%@&RWE ST L DR R 200"
methacryloylchloride dissolved in 4 grams of toluene followed by 3.0 grams of
acryloylchloride dissolved in 12 grams of toluene.
The resulting monomer solution was shown to be approximately 25% solids by

15 evaporation. Additional MEK was added to reduce the solids to 20%.

Example 6 - Synthesis of Compatible Adhesion Promoter

The foliowing example describes the synthesis of an additive that can promote

adhesion for certain substrates. It also can enhance image sharpness. It was designed

20 tobe compatible with the solvents used for the coaiings. 90 grams of water-free
| polyethyleneimine (Aldrich Chemical Co) were dissolved in 144 grams of methanol

and tﬁen 54 grams of octadecylacrylate (Aldrich Chemical Co) was added dissolved in

90 grams of toluene. The mixture was stirred for one hour at gentle reflux. An

additional 90 grams of toluene was added and stirring was continued for one additional
25 hour. 120 grams of additional toluene was added and the temperature was slowly

raised and the solvent distilled off until approximately 250 cc of liquid had been

collected. The mixture was allowed to cool to 70 to 75 °C, at which point 150 grams of

16



Exanple 6 - Synthesis of Conpatibl e Adhesion Pronoter The foll OWi[PgﬁlUN 7005
exanpl e wesercies t he synthesis of an additive that can pponuse/i1%agiiesi on
for certain substrates. It also can enhance i mage sharpness. It was

desi-gned 20 to be conpatible with the solvents used for the coatings. 90

gr ams, of Ak ha 1565 A6l YK SEE TRA8 o Ml IR ARk ks B 1

-di ssol ve ans of nethano “grans O

oct adecy *hg} (o1 rocal iASy 36 j@dkssolved in 90 grans
of tol ’ue}ncgj.% e%téit%ur ’gh\%ggl%llﬁl rr egpﬁg%l oney%og{’re&at ls'gent le reflux. An
addi tional 90 grans of toluene was added and stirring was continued for
one additional 25 hour. 120 granms of additional toluene was added and the

tenperQtEkﬁnESYSC@éMr_i%soltﬁioﬁ%ﬂdaib@ohbféoﬁﬁki\éﬁnt distilled off until
approxi'mately 2 ccC O I qui ad been <collected. The m xture was

al | swed t o colhe folioifing @xathple.is e prbpacdtiop@ifattypiddl o ting salbtidbandO
021064377 PCT/US01/ 15 A2JUN 2005 MEK and 150 grans of M BK were added to
t he m xt theemalfinessrtracisfer eibbors caating e @417qgrams of thery08s adlids eolufibn frosm| ut i on
was approxi mately 20% solids. - Exanple 7 - Coating solution and ribbon
pr epar at EsampleThwa$ niixedwitly 125 araheof 520%somtiop af athaymoplasac peiymea|
coating solution and thermal mass transfer ribbon coating. 64.7 grams of
t he 20% bindegV AGH fUnien €abide) iax MK e To thinsvasnsded 4gremsrd 2208 spltion o
20% sol ution of a thernoplastic polymer binder, VAGH (Union Carbide) in
MEK. To. ihMEK.aE2 ahieteinitiatgr eommercially 2g9iale fromdpiba uadesethe pde

e iSRSl P B 0 5
Cont ai heBREMBLACELPIBTR SHEBHER MR S R BCHE CPBog 20 08T Rod
o e 0 £y Sl A R O,
a for Ced%;(.:l ?g]gl\lr[;eﬁgé;"?bg%%@n%x&fnp %‘Eﬁd@y fgglm %@%@r%%ﬂ@g %&gﬂn%ﬁ%l

- Coating gphidh/ P88, New York under the trade designation "F53". The coated film was dried

15 in a forced air oven at 90 °C.

Examples 8-19 - Formulation of Additional Coating Solutions

Similar coating solutions were prepared as described in Table I:

20

17



Simlar coating sol utions were prepared as described in Table I: Eé z@ 0
6 JUN 2005 WD 02/ 063377 PCT/USQO /19582 TABLE | Exanple # Mno Ur |5
Pi gment WRMREH3AUdI tive (20 % solution) (20 % Di spersi on PCATYS0a/19582 -

solution in (20 % Ilrgacure Exanple MEK) solids)l 1850 - 20 %6 in Mg, K
Exanple 8 A (56.3 grans) Joncryl 587 Cyan 4 grans 8.4 grans Acrylated 2
(11.6 (19.5 granms) grans) Exanpl eva?L@ﬁfl 8 grans) VAGH Cyan 4 grans 8.2

grans (16 grans) (15.5 grans) Exanple 10 C (53.6 grans) VAGH Bl ack 4
grans 8.1 grans (21.6 (11.1 grans) grams) Exanple 11 C (66.5 grans)
VAGH Bl ag ( T8 ) ar gé)“ erpkan llfﬁohf D80 Adﬂft?%s)
VAGH Bl acﬁ“ﬁl’gr ams Mﬁil% 50 rt‘%rﬁ) zngo gra spersion | initiator
solution in | (20 % Irgacure Example
MEK) solids) * 1850-20% |6 '
in MEK
Example 8 A (56.3 grams) | Joncryl 587 | Cyan 4 grams 8.4 grams
Acrylated? | (11.6 '
(19.5 grams)
grams)
Example 9 B (54.8 grams) | VAGH Cyan 4 grams 8.2 grams
(16 grams) | (15.5
grams)
Example 10 { C (53.6 grams) | VAGH Black 4 grams 8.1 grams -
(21.6 (11.1
grams) grams)
Example 11 | C (66.5 grams) | VAGH Black 4 grams
(16.8 (11.1 -
grams) grams)
Example 12 | D (80.7 grams) | VAGH Black 4 grams
(2.6 grams) | (11.1
grams)
Example 13 ( E (80.7 grams) | VAGH Black 4 grams
(2.6 grams) | (11.1
grams)
Example 14 | A (39.7 grams) | VAGH Cyan 4 grams 8.4 grams
+ SR368° (19.55 (11.63
(16.65) grams) grams)
Example 15 | A (56.3 grams) { VAGH Cyan 4 grams 8.4 grams
(15.5) (11.6)
Example 16 | A (51.7 grams) | VAGH Yellow 4 grams 7.7 grams
(10.5 (24 grams)
grams) -
Example 17 | A (51.7 grams) | VAGH Magenta 4 grams 7.7 grams
(10.5 (20 grams)
grams) -
Example 18 | A (55.4 grams) | VAGH Black 4 grams 8.3 grams
(6.3 grams) | (20 prams)
Example 19 | A (64.7 grams) | VAGH MEK-ST* | 4 grams
1.7 (5.0g—
30% solids)

18




Exanpl e 13 E ('80.7 grans) VAGH Black 4 grams (2.6 grams) (11.1)goukgild
Exanmpl e wé ooés39% 7 granms) VAGH Cyan 4 granms 8.4 granms + &fOp8d/1038. 55
(11.63 (16.65) grans) grans) Exanple 15 A (56.3 grans) VAGH Cyan 4 grans
8.4 granms (19.5) (11.6) Exanple 16 A (51.7 grans) VAGH Yellow 4 grans
7.7 grarﬁ E:_j'glo. &%14 granms) granms) Exanple 17 A (51.7 grans) VAGH
Magent a 4© abler o ams  (10.5 (20 grans) granms) Exanple 18 A (55. 4

(64, 7 or Grijpors ke Bopatp il E0Bmonly it blactis b e Y% in
2005 VOuBLORITL f%;ﬁ@%/;rgs e DR Wt chin@ s 01 vere

avarlabl e pignents

tol uene, gﬂu@n%1|§059rsloﬂ m@gﬂing chiric "s{?cssqirﬁg'}rl or 4 &F tﬁ@‘d&ﬁ:@x‘sﬂ)rﬁt abl e

pi gnent B sper sion an un| ormcoating ¢ racter| Prepafation of

t BgSa?' S H??Jgﬁ% | m ﬁoh?\’}ﬁfﬁnwﬁl Uﬁm@eﬁbﬁ%hn&ﬁfi "U'&alL@él Qo b desayl | etin

yl Resins for Coatings' 69B, P8-8429 °(10/98).

for Coatings", UC-669B, P8-8429 (10/98).

2. The binder in Example 8 contained a bydroxy-functional resin commercially

available from SC Johnson Co. under the trade designation "Joncryl 587", which was

reacted with acryloy! chloride in the presence of tri-ethylamine as an acid acceptor.
b] This binder can participate in the i}hoto-crosslinkin g

3. Tris(2-hydroxyethyl) isocyanurate triacrylate commercially available from Sartomer

Co. of Exton, Pennsylvania under the trade designation " SR368".

4. Dispersion of colloidal silica particles in methylethylketone commercially available

from Nissan Chemical America, Inc. of Houston, Texas under the trade designation

15 "MEK-ST".

Example 20

The following example shows printing the thermally transferable composition
on a variety of substrates. The ribbon from example #15 was used to print on a variety
20 of receptor films using a thermal transfer printer commercially available from Zebra
Technologies Corp. of Vernon Hills, Tllinois under the trade designation "Zebra 170
XGII Thermal VTransfer Printer". After printing, the images were cured using a UV
processor commercially available from RPC Industries of Plainfield, Lllinois under the
trade designation "QC120233 AN", with two 30.5 cm mercury vapor lamps (07-0224)
25 under nitrogen atmosphere. The samples were run through the processor at about 15
meters per minute with the sample about 7.5 cm from the lamps such that the samples
received a dosage of 560 to 650 ml/cm?, The results are shown below in Table II.

TABLE I
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1l ity2 Adhesi
5B (100% 4

D4 WD 02/ 064
bn Sol vent
(MEK, |PA ,

J

g

3% (FOPA)USOL /
ettingl Resi g
Sheeting 5 (

S3soiEKNE)

HPF) Substr
t44Gamwiline)

Controltac 180c
Film 1

26

4

5B (100%)

4(MEK)
4(IPA)
4(Gasoline)

Scotchlite 3750
Sheeting '

24

5B (100%)

A(IPA)

2(MEK)
4 (Gasoline)

Radiant Color
Film CM 550 14

20

OB (poor)

4(MEK)
A(IPA)

10

Notes:

4(Gasoline)

Print Head Setting refers to the temperature settings for the thermal transfer

printheads of the Zebra 170 Xill printer. Higher numbers are higher

temperatures.

printed both vertically and horizontally.

4:
3 =

some roughness on horizontal bar codes.

20

Rough trailing edges on text and bar codes.

- Poor printing — severe fill-in on smaller text and bar codes.

Image Quality ratings — Test images include text, solid fill areas, bar codes

Excellent Image — Sharp edges on text and bar codes, good solid fill.

Good Image - Sharp edges on text and vertical barcodes, good solid fill;

Adhesion was evaluated by ASTM D3359 95b Tape Adhesion Test (method B)



Scotchlite 9500 22 3 OB (poor) 4(1PA) Sheeting 7 4(Gasoline) (6Kl

Scot chl

280i

4( Gasol i ne)

Zebra 170 Xi I3B pri&ftter®3%dhesionnunbers are higher tenperatures. 2.

S

N 2005

' 6 OB (poor) 4(1PA) Reflective Film4(Gsolgj Z[% | es
g‘}cioﬁ‘g’é%lt?chl ite 3290 24 3 OB 4(1PA) Engi neer & adst S&é@%{s#ne)
Sheeting 9 2(MEK) Scotchlite 3870 24 4 SB (100% 4(1PA) High Int

ensity

-Sheeting 11 3 K Controltac 180c 26 4 5B (100% 4(MEK)
Film 12 4(1 PAB #( G9 adlepionScot chlite 3750 24 4 5B (100% 4(1PA)
Sheeting 13 2(Iv1EK) 4 (Gasoline) Radiant Color 20 4 OB (poor) 4(
Film CM 590 M¥B #(IPAY%hadGesati ne Notes: 1. Print Head Setting ref
the tenperature settings for the thermal transfer 5 printheads of

Quality ratings - Test irraﬁ%‘es include text, solid fill areas, bar

printed both

Tt i &5 85aadhesion zontal ly. 4 = Excellent Image - Sh

edgjes on text._and bar 6%%235%%%00' solid fill.

15

20

25

5.

IB= 35to

OB = less than 35% adhesion

Solvent Resistance was evaluated by ASTM D-5402-93. Solvent rubs were
performed on the image surface using a cotton tipped applicator soaked in the
test solvent. The cotton tipped applicators are commercially available from
Hardv;food Products Comp-any of Guilford, Maine under the trade designation
“"Puritan Cotton Tipped Applicators”.

4= No effect on image surface and no transfer of color to cotton tipped

applicator.

3= No visible effect on image surface, but some color transferred to the
apphicator.

2= Pitting or marring of the image surface.

1= Severe pitting or marring of the image surface, substrate may be
exposed. |

Reflective sheeting commercially available from Minnesota Mining and

Manufacturing Company ("3M") of St. Paul, Minnesota under the trade designation

"3M Scotchlite Reflective License Plate Sheeting Series 4770 ".

6.
7.

IPA = Isopropyl alcohol.

Reflective sheeting commercially available from 3M under the trade

designation "3M 9500 Scotchlite Reflective Sheeting".

8.

Reflective sheeting commercially available from 3M under the trade

designation "3M Scotchlite Reflective Film Series 2801".

9.

Reflective sheeting commercially available from 3M under the trade

designation "3M Scotchlite Engineer Grade Reflective Sheeting Series 3290".

21
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10 3 = Good | mage - Sharp edges on text and vertical barcodes, p@JuN 388bid
fill; sonme roughness on horizontal bar codes. 2 = Rough trailing edges

on text MAIB&HP7Eodes. 1 =  Poor printing - severe fill-PETAISOLASRer
text and bar codes. 3. Adhesion was eval uated by ASTM D3359 95b Tape
Adhesion Test (nethod B) 20 0 6 JUN 2005 WD 02/ 06-4377 PCT/ US01/ 19582

58 = _10000.adNehisaampR derfistried d0meisaBKiAL oF titthb A LN EShEBNitiGPHT™ O
to 85% adhesion 5 |IB = 35 to 65% adhesion OB = | ess than 35% aé esion 4.

Sol vent tRegriasteamibbomas eval uated by ASTM D-5402-93. Sol vent rubs were
performed on the inmage surface using a cotton tipped applicator soaked in

the teskl.sol RefitctivEiskearmigtcommdrpiaby acgifibleAbir Mamdecthanridei al | y

avai l abl e from Hardwood Products Conpany of Guilford, Mine under the
trade delssignationBM SuotdhiisaHight Intensily Gipett ReflactioaSheaing Series!887ef f ect on
imasge surface and no transfer of color to cotton tipped applicator. 3 =
No Vi si biZ ef@eaphicohin remmesialiame]labletfren3d ondeithé radesdesignmation 63%he 15
applicator. 2 = Pitting or marring of the image surface. 1 = Severe

pi tti ng Gentrrdiecifhes GraphincFilmdgaes 83"ace, substrate may be exposed. 5.
Refl ective sheeting comercially available fromM nnesota M ning and 20
Manuf actifi ngRMﬁ§h?e¢@&"’}3nWef9@uY puailableframeRdiuadentbetradne tr ade

designation . . .y
9 Aesxgna’aon “3M Scotchlite Reflective License Plate Sheeting Series 3750".
14, Film commercially available from 3M under the trade designation "3M Radiant
10 Color Film CM 590",

Examp. le21
The next examples show the results of using several ribbon formulations to print
on vinyl films using an edge printer commercially available from Gerber Scientific
15 Products of Manchester, Connecticut under the trade designation "Gerber Edge Printer
Model FGP300". Several of the samples from Table I were used to print on a film
commercially available from 3M under the trade designation "3M Scotchcal Film
Series 220" using the Gerber printer. After printing, the images were cured using the
model QC120233AN UV processor and under the conditions described in Example 20.
20 | Theresults are listed in Table IIL -

22



Srteiem -t 3 AL L AL 4 e - o e TR R T ARER T SekAm e st e s AR e st enamAle = - - A - Saniiian - e

"3M Scotchlite Reflective License Plate Sheeting Series 4770 ".0&JUN2085=
| sopropyl al cehol.- 7. Reflective sheeting commercially available from 3M
under t designation "3M 9500 Scotchlite Refl ectl g 25
S. Refl g‘g? %}"g‘q%eetl ng conmercially available from 3M un !@?ﬁ%ﬁrﬁde
designation "3M Scotchlite Reflective Film Series 280i". 9. Refl ective
sheeti.ng commerci al ly avail abl e frrxBBEIMINhder the trade -designation "3M
Scotchlite Engi neer Grade Reflective Sheeting Series 3290". 21 06JUN2005

WO 02/ 5§84 PCT7 USOL 14584 Bhatilp' S SESRvenORENIzA LA S0aRGigh STT cki ng of
t he t_ht lﬁl&l rﬁmﬁlbl BT CYMPOST LT O 1Ot nter Tibb @B(é /geTleCtl e
esi

sheeting™co fcially available from 3!\/# the trag nation '13M
Scotchljite H gh Intensiity G ade Refl ect heet i ng Serles 3870". 5 12.

G aphi ¢—f il m-commercial i er—t-he-t des+ghrat+an
"3M Cqrtxesplado pl us Grghi c FilmSerikg . 13. Ref I%nO\?JZheetl ng
commergi al |y avail abl e |from 3M under t h%(MEK&le desi grlati on "3M

Scot chliite Reflective lli cense Pl ate SheéfGasgli®adri es 3750". 14. Film
comrer digtdnyplayal | abl e [f4 om 3M under t E@([Pp@de desi gnat3iB®(1003) Radi ant
10 Col-qr Film CM 590". [Exanpl e 21 The gyanpl es sqow the results qf
usi ng deveral ribbon fdrnmulations to pf ;4 asoffk)Vi NY nyl fiil ms using an edge

pri nt er=comercratty avgrtabtefromGe CTEentT 1T
NanC‘hes't%’rEfm%BHhecti cut{ “under the tradw B onati on " derber Edde Pri ntler
Model RGP300". Several |of the sanples F ble I werle used to print |on
a filmtcomercially available fromamb i i " 2N

Scotchcal Film Series 220" using the Gerber printer. After printing, the
i mges were cured using the

Comparative Example 212
5 An image was printed on Scotcheal 220 film using the Gerber edge printer and a

ribbon available from Gerber Scientific Products under the trade designation "GPC -
‘707". This ribbon is not photocurable.
Image Quality =4
Solvent Resistance = 1{MEK) - Substrate exposed after only 1 rub.
10 2(Gasoline) - After 100 double rubs l
4(IPA) — After 100 double rubs

Examples 21 and 21a were subjected to rubbing with a #2 pencil eraser. . The
photocured samples (Examples 21) showed minimal surface marring after 100 rubs

15 while the sample 21a was relatively easily removed after 25 rubs.

Example 22
An image using the Gerber Edge Printer was printed on Scotchcal 220 film

using the Gerber Ribbon GPC — 707. This was overprinted with the ribbon from
20 Example 19 (a thermal mass transfer, photocurable clear-coat), and the overcoated

image was photocured using the model QC120233 AN UV processor and under the

23



model QC120233AN UV processor and under the conditions described@ My 2{][]5
Exanple 20. 20 The results are listed in Table I'll. 22 0 6 JUN 2005 WO

02/ 0643W0 fRH¥8801/ 19532 TABLE |11 Ribbon Image Quality BETASA/19582
Resi stance Adhesion Exanple 15 4 4(1PA) 5B(100 %9 2(MEK) 4(Gasoline)
Exanple 16 4 4([PA) 5B (100 99 2(MEK) 4(.Gasoline) Exanple 17 4 4(IPA)
5B (100 c¥nditidhdVBeSeribéd @Eﬁéﬂmﬂﬁbomﬁrc@&eﬂ itheb&Rdd REbrbYOPs¥ent2( VEK)

4(Gasoline Conparative Exanple 2la 5 An image Was printed on Scotchcal

220 fil mesighie J(VEKSHBRr 16018dvélt idBhBE rathid 43P A MeRiRoied izhah J«e&m
Gerber Scientific Products under the tradé gem ghation ngPC _6r Thi s

ri bbon insb mtst@iae,tﬁﬁhmbhmm%mgﬁ itdage bftyr FOOMdcudiy/Aibs wiaSA 52 ﬁ@ﬂtﬁl = 1(MEK)
- Substrate exposed after only 1 rub. 10 2(Gasoline) -After 100 doubl e

rubs 4(lefdgr.- After 100 double rubs Exanples 21 and 21 a were subjected
to rubbing with a #2 pencil eraser.. The
5 _

Example 23
Table IV shows additional printing results for ribbons from Table I. The printer

used was a Zebra 170 341 Thermal Transfer Printer.

10

TABLE IV

Ribbon

Sheeting
Substrate

Print Quality

Adhesion

Solvent
Resistance

Example 7

Scotchlite 4770

3

5B (100%)

4(MEK)
4(IPA)
4(Gasoline)

Example 8

Scotchlite 3870

5B (100%)

3(MEK)

4(IPA)
4(Gasoline)

Example 9

Scotchlite 4770

5B (100 %)

2(MEK)
4(TPA)
4{(Gasoline)

Examplel0

Scotchlite 4770

5B (100 %)

4(MEK)
4IPA)
4{Gasoline)

Example 11

Scotchlite 4770

5B (100 %)

4(MEK)
4(IPA)
4(Gasoline)

Example 12

Scotchlite 4770

5B (100 %)

4(MEK)
4(IPA)
4(Gasoline)

Example 13

.| Scotchlite 4770

5B (100 %)

4(MEK)
4(IPA)
4(Gasoline)

Example 14

Scotchlite 4770

L2

5B (100 %)

4(MEK)
4(IPA)
4{Gasoline)
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phot ocured sanpl es (Exanples 21) showed m ninmal surface marring gfz‘@‘ﬁr 00
rubs 15 while-the sanple 2la was relatively easily renoved aftep rzﬁ S

Exanpl e wa@ ofsssi0e using the CGerber Edge Printer was pripH®gsiiRoss2
Scotchcal 220 film wusing the Gerber R bbon GPC - 707. This was

overprinted with the ribbon from 20 Exanple 19 (a thermal mass transfer,
phot ocuri_bl e c= gar-coat), and the overcoated i nage was photocured using
t he nodet: 33AN LTV processor and under the 23 06JUN2005 WO

Ao U S RS S
L
S, RO 0 S BN AR T
Soryent Ly Fisprref O mixce Sy PSRN F et gDl A 2 LB

4(MEK) - 40bPRIAGH2610bA? RIEK X3 @1151%9%&6%&5&13@%%&15 ér3gR% 3(MEK)
4(1 PA) 4(Gasoline) Exanple 9 Scotchlite 4770 4 5B (100 % 2(MVEK)

20% solids. This material was machine coated using a #10 Meyer Rod onto 18
- micrometer polyester. The coating did not block in roll form. This ribbon was used to
| hot stamp print on embossed license plate blanks with Scotchlite 4770 Reflective
16 sheeting on aluminum. The imaged plates were photocured using the model
QC120233AN UYV processor and under the conditions described in Example 20. In
order to achieve full cure, it was necessary to pre-warmn the imaged plated before curing'

by warming to 90 °C. Without the pre-warming, maximum solvent resistance was not

achieved.
15
Results:
Cure without pre-warming;
Adhesion = 4B (95+ %)
’ Solvent Resistance =TPA=4
20 MEK = 1
Cure with Pre-warming
Adhesion = 5B (100 %)
Solvent Resistance =IPA=4
MEK =4
25

The foregoing detailed description and examples have been given for clarity of

understanding only. No unnecessary limitations are to be understood therefrom. The

25



4(1 PA)  4( Gasol i ne) Exanpl el O Scotchlite 4770 4 5B (100 % 4( ME)s AN fgy
4( Gasol i ne) 11 Scotchlite 4770 4 5B (100 %9 4(MEK) 4(1PA)_
4( Gasol W@Pﬂ“@ﬁ%pl e 12 Scotchlite 4770 3 5B (100 9% 4( I\/ER%ZT’A‘%SPﬁ 582
4(Gasoline) Exanple 13 Scotchlite 4770 4 5B (100 % 4(MEK) 4(]PA)
4(Gasoline) Exanple 14 Scotchlite 4770 3 5B (100 % 4(MEK) 4(1PA)

4( Gasol iifiegntictfis Boblishiddkl 201K exWD JeB4i18 GHS alkETLIIHOA, BP Saridtiongdbeiodd The
foll owi ng Exanpl e shows the use of a forrmulation in thermal transfer by a
hot st anp opeckitled.in The at exthbeirehaled wvithin i inhaitionizfined biy nige ¢laimonduct ed
on a heat conducting substrate, it is useful to preheat the sanple to
get full cure. A coating 5 solution was prepared by m xing 80.75 grans of
t he nononer solution A, 2.6 grams of 20% VAGH in toluene/ MEK (3:1) and
11.1 grams of a black pignment dispersion at 20%solids. This materi al
was nmachi ne coated using a #10 Meyer Rod onto 18 mcroneter pol yester.
The coating did not block in roll form This ribbon was used to

26



hot stanp print on enbossed |icense plate blanks with Scotchlitﬁ]clﬁ?@ 2005
Refl ective 10 sheeting on alum num The inmaged pl ates were phot H

usi ng the nmodel QC120233AN UV processor and under the conditions
described in Exanple 20. In order to achieve full cure, it was necessary
to pre-warmthe i naged plated before curing by warmng to 90 C. Wt hout
t he pre-warm ng, nmaxi mum sol vent resistance was not achieved. 15
Results: Cure without pre-warm ng: Adhesion = 4B (95+ % Sol vent
Resistance = IPA =4 20 MEK = 1 Cure with Pre-warm ng Adhesion = 5B (100
% Solvent Resistance = IPA =4 MEK=4 25 The foregoing detailed
description and exanpl es have been given for clarity of understanding
only. No unnecessary limtations are to be understood therefrom The 25
0 6 JUN 2005 WO 02/064377 PCT/USO /19582 invention is not limted to the
exact .details shown and described, for variations obvious to one skilled
in thevatkis || be included within the invention defined by the clains.
26 0 6 JUN 2005 We Caim 1. A nethod of formng a photocured thernmally
transferred i mage, the nmethod conpri sing:

1. A method of forming a photocured thermally transferred image, the method f.;b'mprj sing:
providing a photocurable composition containing a multifunctional mc';)ﬁiom'cr that is
substantially non-liguid at room temperature and a thermoplastic binder; - '
heating the photocurable composition;
transferring the photocurable composition w a substrate; and
crosslinking the photocurable composition by exposure to actinic radiation, wherein rhe
step of crosslinking the” photocurable composition i after the step of trznsferring the

photocurable composition to the substrate.

2. The method of claim 1, wherein the mulhtifunctional monomer comprises a dicyclohexane

compound of the general fermula:

R Ba

wherein R, and R; comprise functional groups containing a total of at Jeast two acrylate

EIoups.

3. The method of claim 1, wherein the multifunctional monomer comprises from 15 to 60

carbon atoms.

4, The method of any of claims 1 to 3, further compgsing heating the substrate and

photocurable composition before curing the photocurable composition.

5, The method of any of claims 1 to 4, wherein the thermoplastic binder is polyreeric.
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provi di ng a phot ocurabl e conposition containing a nultifunctionﬁlhDJ Q@Eer
that is substantially non-liquid at roomtenperature and a the gﬁ iC

bi nder, heating the photocurab)e conposition; transferring the
photocurable conposition to a substrate; and crosslinking the

phot ocur abl e conposition by exposure to actinic radiation, wherein the
step of crosslinlcing the photocurable conposition is after the step of
transferring the photocurable conposition to the substrate. 2. The

met hod, offhe hnddthadles MWiesailfindshg 4rmb ts, iaein G atulifdRoita] SRAMhESESHpRises

di cycl ohexane conpound of the general formula: R;R2 wherein .k, and R2
conprlseﬁPHhEQFbﬂgf*ﬁ@ﬁﬁ%@“&ontalnlng a total of at |east two acrylate
groups. 3. The method of claim1, wherein the mul tifunctional nononmer
conprises from15 to 60 carbon atons. 4. The nethod of any of clains .1
to 3, 7f uffﬁuh@vcrwrw.qﬁglanﬁahﬂn@dtfhévhwaisfhr—'a%uéhfaﬁefwnﬁh@%@mrmmes a
conposi tiy Cﬁﬁgg&gcgmhdﬁﬂ5p@cgagggqaﬁﬁpie conposi tion. 5. -The nmet hod of
any of clalnms rein The thernoplastic binder is polyneric. 27
0 6 JUN 2005 6. The nethod of any of clains 1, 4 and 5, wherein the

mul tifunctional nononer conpris froml0 to 200 carbon atons. 7. The
met hod of any of clains 1, 4 and'5, mher-ﬁh the multifunctional nononer
conprises a dicycl ohexanek A gefigral formula: RR Ro R Rg
12 R5 R6 Re R7 wherein at B -er) of Rt to Rio conprise
functional groups containigg : ;

wherein ar least 2 (number) of Ry to Ry, comprise fonctional groups containing acrylate

groups.

8. The method of any of claims 1 to 7, wherein the multifunctional monomer comprises from

2 o 4 functional groups.

9. The method of any of claims 1 to 7, wherein the multifunctional monomer comprises from

210 10 functional groups.

10. The method of any of claims 1 to 9, wherein the composition comprises *')0 percent or
more by weight multifunctional monomer based upon total weight of multifunctional .

monomer and binder.

11. The roethod of claim 5, wherein the composition comprises from 60 to 80 percent by
weight mulifunctional monomer and from 20 to 40 percent by weight thermoplastic
polymeric binder based upon total weight of multifunctional monomer and birder.

12. The method of claim 5, whereln the polymeric binder comprises vinyl or acrylate resin.

* 13. The method of any of ¢laims 1 o 12, furthex comprising a colorant.
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groups. 8. The nethod of any of clains 1 to 7, wherein the

mul tifunctional nonomer conprises from 2 to 4 Junctional groupsQBdUNm@
nmet hod of any of clainms 1 to 7, wherein the nultifunctional nononer
conprises from 2 to 10 functional groups. 10. The nmet hod of any of
claims | to 9, wherein the conposition conprises 50 percent or nore by
wei ght rmul tifunctional nononer based upon total weight of multifunctional
nononer and binder. 11. The method of claim5, wherein the conposition
conpr ilde§ht mothBDoft aaiB0l Jp evhereirt thipyoloveit fhet pipmbati f uncti onal nonorer and
from20 to 40 percent by weight thernoplastic polyneric binder based
upon total weight of nmultifunctional nononer and binder. 1.2. The nmet hod
of cl asmThe métescebharyhel Qailngnerol b1, bitRelet theapipiosiEion ¥d sublstagmizl BCsydr afer
resin. %3.. The r;gt hod of c??r)% of clains, 1 %'0'12’ further conprising a
col or ant PSP WBFB Ay eodeBed W PRS2 YPIW ai m 13, wherein the
colorant is a pignent. 15. The nmethod of any of clains 1 to 14, wherein
t he conpgsition i s _substant.i all }/ clear after _being thermally transferred
and cdPedPByneBed Gf @Y £ At o162, Thgenebh FHOOFVARY Bermallyi FnstErdl 15,
wherei n thRpBNRbREWaRb& dhgkimirh. transferable conposition is provided
on a substrate. 17. The nethod of claim 16, wherein the substrate
conprises a ribbon. 18. The nethod of claim 16, wherein the substrate

CONPr 135 h8 nSdIE&S of clAM 16, wherein the substrate comprises a ribbon.

18. The method of claim 16, wherein the substrate comprises a sheet,
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