; e3e$|j6TH*; V1' O 02/ 01377 THERMALLY TRANSFERABLE COVPCSI TI ONS AND NETHC@
in imaging applications. The invention also relates to thermal transfer
articles, to The present invention is directed to thermall ?]r n J abl e
conposi ti BEY%%#37ise S 10 graphic articles conprising a grpé:g V%l/ﬁﬁgée
formed using the thermally transferable conpositions, and to nethods of
maki ng and using such thermally transferabl e conpositions. Backgr ound

G aphi ¢ arti c TEEERMIAJLL ¥ sSTRANSFERABER (GOMBPQGSITIONS AND MEFHODS | i cense
plates, 1S retail signs, on-vehicle graphics, etc. arle w dely used.

Dependi ng upon the application such articles are often sﬂm@mm

demandi ng environmental conditions, including exposure t ‘Hmmmm"
tenperature fluctuations, expos t 19ht i on, sunlight, gnd physi cal

wear from contact with people or objects, chem cal attack by cleaning
fluids or sol verhedresspgingemnion ig fiseatedio theyaily trapsterblesomnosiHaBhior Ués aphi c

ondi1 | ondh TRRENGERAEBLOT QIECBFILRAe FAet Royoa "3BT ¥°ahet and such
nditi . G aphi ticl be f d var,i
et hods | REPRMGR &9 CobPITEs SRR mih BB e Bk R RS e or apn
rintin [ ( ifi t hod
D 0t 0 oG Ron s ACREALNEPBGhs LEPASER IRy (FRgeapRel 1 et ho
| ayer frorgo@[}pfolsilﬁ%s.subst rate or carrier film usual Ijj a plastic film to a

second substrate or target surface. Thermal transfer m"lmg{,’;@ﬁnmmm gt\el ayer

graphic image by selectively transferring only porti
fromthe first substrate onto the second substrate. One agygant age of
therpml transfer nmethods is that tiByckaelduid the color layer to be nmade as a
uni form sheet without a latent imge, and the graphic pattern is defined by
control |i ng t heGmaphikiactidiés) pughras adeatisehinnss, alaffoveigra, bamietsecensd/Alas,
02/ (16- @77 PCTI US(1l /19a82 nunmber of carrier filns to be used to produce
a great vaetadtsignsforevelticaigraphicyreip lare widely ededs Deperdinrgyupdncthe pplivation r ansf er
process it is desirable to have the thermally .. . .
such articles are often subjected to demanding envifonmental conditions, including
exposure to extreme temperature fluctuations, exposure to precipitation, sunlight, and
15 physical wear from contact with people or objects, chemical attack by cleaning fluids or
solvents, and other chemical agents in the environment. Graphic articles used in
exterior applications face particularly harsh 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,
to 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 controlling the application process. This allows a limited



transferable conposition readily transfer fromthe carrier to the target
surface. This can 5 be facilitated, for exanple, by using a thermally
transferallgosREpesi tion that softens at |ow tenperatures o, tddhodsh
readily transters upon application of heat. Unfortunately, ther ma’i'l y
transferabl e conpositions that nelt or soften at | ow tenperatures can al so
be | ess durabl e when exposed to high tenperatures during use. It is also
desi r abl e NUAREr phersedHmalte e predrie PEIdSE & Sreshirsisty Plovvstomized gprhig| eanly t o
produce shar, E?edges along its 10 perineter. This allows creation of nore

precise t ®rs with greater sharpness and detail. It is desirable that
.the thermally transferred conposition h 00 ur,abi |,it and be able to
w Thst andt enpdt St G FROmEL R otedh ok AERTAPla sk e Horgline =

o0 dur atr TR CHRbr ek ey AR AR o Bl L R Bt on
stepss of uaGadftlidd RR¥karkBlelBY GfihPh therAMBMrARPNTE coAPOMI g Welelks &
he

protective layer. Al though graphit articl'es having i mages formed by thermal
transfer newtBhpetadra\sbdia sebhdlyaeinefeys Lﬁfdnrhbf)%h@ibhtoy hedte WnBbrhidayely,and
adhesion, a need remains for inproved thermally transferable conpositions
and arti cltBermal§ t@usfeRble @imposigiohsiheninklobr JdfknpE RSEfimperitaRrs tanalksbdi rect ed
to thermally transferabl e conpositions and articles, and net hods of using

- t he conpodessidnreblawtenetposdd®. highhtenmpersnass durtigispeltis dlsedssirablerthatithe
transfer of color layers to various substrates; and are photocurable to
produce a thermaiy tradstemblecconvpeaitioe trabsfersicieaglky. to PBodike shpinp edgas rbdnigats

thermal ly transferable conpositions of the invention include a

nul t 19 uncticsmster rdhisrblows geratips of wota pIReipalrnpfaab Yithigerater sherppess gnd

t enper at ur

e P By PSS e B
OO SRl T S b ol ROy 1
B T i L e
Lo oo BTt 0 b BB Tk P BT 56y SBE S PP

MoNoR®r  and.kisnd el c SPGRLIMRRRIASRith 2 protective layer.

Although graphic articles having images formed by thermal transfer normally

a%]

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

thermally transferable compositions and articles.

20 Summary of the Invention

The present invention is directed to thermally transferable compositions and
articles, and methods 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 compositions 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



application, and specific applications use a conposition that contains 50
percent or nore by weight rmultifunctional nononer based upon total weight
of nul tifyeesl@ndy nononer and binder. In other inplenment gcaR®/Adse:
conposition contains from60 to SO percent by weight multifunctional
mononmer and from 20 to 40 percent by weight 15 thernoplastic polyneric

bi nder based upon total weight of nultifunctional nonomer and binder. The
invention includes thermal transfer articles containing a substrate, -and a
phot ocurabl e thermal |y transfera pesttian on the substrate. The
phot ocurable thermally transfera n contains a nultifunctiona
nononmer that is 20 substantial Ly oomtenperature and a

bi nder. The substrate can beR éxanpl e, & ribBen or a sheet. The
invention is also directed to various printed articles containing a

phot ocur eq,e0af RNgnd RY E@xﬂgﬁ&%h&thﬁw?%&foﬁ SNRADE ol 1911 OF at 1EWRt dfVRPYH@N
Specifically, the article WO 112/ U(. 1377 PCT/ 115111/ 19582 i ncl ude one

or nore | aysups. Shitsblé Arttrahdtionhl MBERES MofudealiBRSIHek At @RHPoAAY $T3ha

mul ti functional nmononer that is substantially non-liquid at room

t enpéey at urgenaaldfosmiilaer nopl astic binder. The thermally transferable
conposition is applied to the artL&Ie usinngeat to soften the conposition.
After transfer the conposition is tured usi actinic radiation to
crosslink the nmononer at itsRfunc
finished graphic article. The
phot ocured thermally transferreqg
phot ocur abl e conposition conRaNimg a ghctrgnal nononer that is
substantially non-liquid at room 10 tRnBgr atjure and a t hernopl astic binder;
heating the photocurabl e conpositildn; trans®erring the photocurable
conposition.to a substrate; and crosslinking the photocurabl e conposition
by exposure to actinic radiation. QG her features and advantages of the
invention will be apparent fromthe follow ng detailed description of the
invention and tiieréhat ¥Bst tlbcandlgpicalbwaiofood oflR, IR gebmpease fohctidial

di sclosure is not intended to describe each illustrated enbodi nent or every
i npl enment growps cofitaineg gorelatrdrowisscl osure. The drawi ngs and the detail ed
description that follow nore particularly exenplify certain enbodi nents
utili@ing the grlienelapvesmdigsbbmattifivmtions me®nrand higsler depend upon the

cl udes nmethods for formng a
hod i ncludes providing a

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

3



The invention will be nore fully explained with reference to the follow ng
drawi ngs, in which simlar reference nunerals designate |ike or anal ogous
conmponent s throughout, and in which: 25 FIG 1 is cross-segtj JXhew of a
first thetYRY”#¥Asfer article in accordance with an inpl glﬁéjﬁl?@?)i“’#of t he
invention. FIG 2 is a cross-sectional view of a second thermal transfer
article in accordance with an i nplenentation of the invention. 4 WO
02/ 110377 irdudd Stel dr/mdre 382 4 theqmallygiapbfesmblef canfpmsitivnenniaonnge e anenabl e
to various nodifications and alternative fornms, specifics thereof have been
shown by wayltifinctismalmanomer thas ishubsiprigdly aeg-lighid atpeord éeaparyaee and et ai | . |t
. Shoul d be understood, however, that the intention is not . to limt the
i nvent i on thermoplashapinden| Hie themsesdly vansisrabiescompesiionahanpied so fe@aiigle ¢ he
intention is to cover a]}}Jé nmodi fj.catiqns e?ui val ents, and al her‘nati ves
, fall'ing wiusigheahio sofen the compositigne Ader trasieljthesQapasitionss cufiefl 88idBes cr i pt i on
of thg Invention,The present, i,nvention | irected to thermally
Ur ans] er aficHNESANA0 O AessHplghEgranarses bs fuapfonE Ernyhs sbPORIoRS ¢ ne
conpositi ofs q@ﬂ ﬁﬂ%}fﬁ%ﬁhi@aﬁ@{ er articles to create graphic articles. As

[ %bne &7 %

used herein ermal” transfer article" refers to an article having

at |east one t hefuTRldntich aARSHALAR! Ferh@Ur LRRIRA RS ReAReAAQ! OF | ayer),

whereas the term"graphic artic refers to a signage article”containing a

transf err eghrsfRyRH iﬂ@gé.%&é&ﬁ&tﬂ&ﬁ;d@@?ﬂﬁﬁiiﬁg PPBotdasable Bespbati® n. 15 The
conpositions are thermally transferable to permt easy, precise transfer to

subst r at esgontiiviing B adGfuhatidi] hdnpmetheEs sulsstantialy non+tighider rowaat her abl e
i mge. The conposition is first thermally transferred to a substrate and

t hen1@hot oempedtuat and termoplasty Hinders heating thgrphofesumblet doepositivhf unct i onal
nmononer. Crosslinking enhances the durability and weatherability of the
cured conpisisferdng th2@hGoaptabke cantposities tod subserateparedrosshinidrpitie t good
exterior durability, abrasion resistance, flexibility, and |egible

graphi cs. piwtasyisadleeamepasitiondyt expasure tir agbinis ragiatielur abi ity refer to
characteristics_such as sol vent and em cal, resjstance, ultraviolet |ight
resi stance, abr@&epianEes @‘ldzﬁ%(é‘}ta%ﬁ’gt PH”@H%H‘GQ%?W%@“#W% ly

Li ot nescolRRirE st 36s Riptth of bﬁtavreghﬁﬁ BRI AT TS SR SEPY pt
resi 7 anca T eiiat A5 4R 95%3@0%?‘%?%“%9@?%5%%%9?%Zlégﬁﬁ?ﬁdf%f)%%hh%g '
i ronnen? 1Y BTRUH RS Se RO IS, TR SERARE Hire SR %5

description that follow more particularly 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.

4



PCT/ USOL/ 19582 The general configurations of exanple thermal transfer
articles produced in accordance with the present invention are depicted
schematicagl |y i igure 1 and Figure 2. In Figure 1, ther r
article 1 q‘ﬁé’f’%&is a colorant layer 12 placed directly o%l(g/[}a%@ggr%%?er film
14. Colorant layer 12 contains the thermally transferable 5 conposition of
the invention. In use, heat is applied to the colorant |ayer 12 either

di rectly (suchVsidyrirekpesdfithe trventsarr fraemetidblofo woloos motificatiers abd t o
infrared radiation) or indirectly (such as by heating the surface 18 of
carrier filtenativedotins,ispéaifiessiereabihaveibean sroven avay pf exemphelidhe After the
. colorant layer 12 has been heated, it _is brought intg contact with the
surface offrawipgcadwillpesdpserthedtin detatht Iisthowkd)be understogdioaaver. Biagther2 s 10
removed, and the portion of colorant |ayer retajined on fhe,sybstrate is

~ crossl i nkégegtiands aet todinut thednvantign to thegiarticussr & "§n§i‘£ﬁ‘?n£‘38e§)ﬁ‘n‘gfae

th |t f ticle, but al [ d .el |, i 20 ' I

T A S PR
. . su . iti us siti

of the i n%ﬁ%@%?glt%ﬂéaﬁpeé&?&ﬁ %FCZ%SUE% graphi c i mage, the corrposirr?i on can

al so be used as a thermally transferred and radi ati on cured cl ear-coat over
a graphic image. In such inplenentations the conposition does not contain a

pi gment or other col orant.pdhnd beg;rgﬂ{onr@gﬁg fisventigg conposition is the
sanme as colorant layer 12,7 rdentiiled above. us, for such

i npl ement at i onsphegRdsefARVertdYEd ditebtddelthtanlly apdferablabonpositicheald or
substantially clear 20 and | ayers that are not clear or substantially

cl ear0 Weanidldicahdmethwdaofusingethe compysitions apdttharmal {rynsbe aciidlartbesamte The
various ingredients of the conpositions of the invention, as well as their
use and appdphiadrticles. Wb bbedimereib¢hedtess 'ihbauialitransfddarticleh sdferdd¢ am hrticB5 6 WO
02/11(.1377 Multifunctional Mnonmer PCT/USOL/ 19582 The ?hOt ocurabl e

t her mal | y haviagsf lsastising tasmeBy trenderabledayer thereandsunhdancelagilasery waeieayent i on
includes a nmultifunctional mpnoner having a hi ggh_ melting_ or iijofteni ng

t enper at urthe ©fBStaRAIC article'sredarn i afignage|atiche pontppined transtegstlayehmer at ur e.
As used herein i functi onal maﬁl)gi to, have two or nore functi onal

|
groups, a rlg%@g}éﬁb?swpoﬁﬁmwdﬁw Bersis to be either a solid or a
i-s0lid th d . dily f i al .havi hi gh
Vrechity. The Tesvipagunks fieerprlL BndieRs % ofipll dbl Beat Vb Ridhoner
d t i f 1Rl t i h by hel pi
o avord Bt ettt RIEPAMAT Hine ABING Sealiehdsfe ek 1HEDY 1) 61 10

200 10 Ca&%g@ogﬁigﬁrfs NG e ARA t}éﬂg}'e?l.%h Ly agﬁ’lﬁtnﬁf-e%d ftl'ié?irﬂh%@)&%de@a@ car bon

atons, an n 1 nclude cyclodliphatic groups having a total of two or nore
acryi at e foaagtihian@kurtiond Sroubd®nakd MuRifendiionStrhedaer 9 CRoNREnIBAC clibaRE&Al | Y
attached directly to the cycloaliphatic rings. Suitable cycloaliphatic
groups i nahelderabiyiey altewadib&abitifidofape cired campysition. t i functi onal nononers
havi ng di cycl ohexane groups. Suitable dicycl ohexane conpounds include 15

t hos20 of t he gdBaphik aftiviendfahe invention exhibit good exterior durability, abrasion

resistance, flexibility, and legible graphics. Asused herein the terms durable and
durability refer to chafacteristics 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.
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R ~R2 wherein Rl and Rz conprise functional groups containing a total of at
| east two acrylate groups. As used herein acrylate groups include both
acrylate uslomipacrylate groups. 20 R and Rz can each hgyg,@®i)Niase
groups, or t%e acrylate groups can be on one of R or R2. Thus, the

mul ti functi onal nononer can have two acrylate groups on R, two acrylate

groups on R2, or one or nore acryl ate groups on each of Rl and R2. R and
R2 are typi cal ITegeraral enBauigipns efexamile thermal Banshereclesrofygsditxane rings

Tyl at o Gresh aRche B NSRS TRMFORICALS A eIt DR

" posi 11 oned i gt bt BaibasieaR e P Rri Bl A2Plasdl ShETY Wen

di cycl ohe e g i . 10377

FEBERH L, CORy P BOBTEL Soflif 8 By B O (hat
| easts one F; . It ; +ihRg,
t ypi csal |y c{olr'{llﬂg&{dgrg?{tlhg ﬁ%‘?lg&t gquslﬁ’eﬁ%f]%%gg%cgg? Hw%%%aﬁgﬁgwo%ﬂgggne ri ngs.
The nul ti faredy QO adMNOIPREINE Mk dutfaksl U6 ofcdlbaMchpiiaRabmiraBPadRMionf t he
general formulal RO Rg wherern at |east twd, and typically two to four of
Rl to Ro cﬁ%ﬂi{e’bﬁ%{sﬁuﬂ@i bpn@ltinglﬂwmfac@m af grfigr filar M @itk inftaedmdidionnost
i npl enent ati ons the nunber of tunctional groups is |ess than 10. Thus, the
nunber of drarnvedringaat hgad)u pdien dreroeldryntiayegé his lwendested,li0is bFeght into
mul tifunctional nonomer can conprise a uniformmultifunctional 10 nononer
havi ng i dentiacawith theauifassoffaorectiniogisulbattateonat shgwm ke ciorant kayersl2isr e common
to have at |east sone variability in both the number and | ocati on  of
f unct@ onalregpvrdognd By postinnrofl qolosdntdansr FiriBed omhg splsbiaLq Ip frasslikgd sithonal
groups it is possible to influence, the anmount of fr ossl i nki ngpg d the final

proper t | eCHRiCTalatiqn dHgymRdrshams psifpilar sxampisibrsmeal Bepsfes agicde. 520 the
ti f.th d bef ft t fer.. 15, Th
ST uncanHdss ATslkbiednes 2h PEgne Ao 2gn bi 0.0 e tagns ot Rties ¢ he

late f | ibed herein. Therefore R and R- ref |
'6 T he podapBpiegastiREof BRaPloaE Mg Bl bR “Cvciude mol ecul e wi th
0 e possLEt L . ondl S, _ | |
addi t1ona ”“;Ihgﬁ@ﬁhhtt usezng‘stﬁ? %oaneﬁ%mdncdf h%v%ﬁg% n’h{%ffa&%BI%dge“er a

formul a". The onal s S preferab 0 no estroy

crysyal i nidahic %e}@x‘d%o%ﬁoﬁﬁ&n EGOHESHE (8 29 2 LRIRGN Priifisferddd #Mal ch the
conmposi tio econes’ non-ITquid. Thernoplastic Binder The binder is
typically RghdsRéired clebi-cdas o0dital @Rt indger MR eudfimplemhdnedtionk tigoner i c
conponents, and can include m xtures of polyners and oligoners The 25
bi nder carconipokitide deediydt contaicd pibmest sreshen colopdny oledll othereepmds, the
et hyl ene-vi nyl cob

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




. thermally

WO 02/ (1 (.1377 PCT/L1S(11/19582 polymers, ethylene-al kyl (neth)acryl ate
co-pol yners, thernoplastic cellulosic resins, terpene resins, polyketone
resins, polyypyiacetals, polycarbonates, polyurethane resicigysop@bst yrene
and pol ystyrene co-pol yners, polyester resins, and m xtures thereof.
Reactive thernoplastic resins, which include free-radical

phot opol yneri zabl e noieties, can also be included. Preferred binders

i ncl ude vi 1 hl ori de or carboxyl or hyrdoxy nodified

i nyl /vipyl chl ori h h nerci al | i | abl
{rom i on. car kengieaweoRABS PR Do SeR b SR e gy B AP 1 201 €

5 i cul ar) y. preferred.,bi ndef..is.. | i vl
et ate. - inGpiaRibdioet GRSTikRubud HRPHTryBh s Brg R el ™, | nger

the tr adet@ﬁgéﬁs fd o 1 it i %géféamiglgﬁgémiti id BARRLEARk AR MRSk on The

erabl e conp I on e present Invention iInclude a

combigiat! tre ,nﬂilﬁinﬁﬁf&fatrl] 3%2‘3# tg%ggt%o@mrémﬁami @l ahll §fRfanti@PNg W

15 addi ti onal "optiona e relative anbunts of multifunctional

mononer  anpgdnligiienesRREBE cHRQR sohe ofl@ Séhesbliartanaidel 86t réitilyl fiuvendetdas
applications for the thermally transferabl e conposition. Wen greater

cr ossl.i nkignfatefialdR$ing@chigh NisEcas e d'he eRRMEtet ntdtigf ort do&eminip téniperattiieasfal

nononer relative to the %i nder are typically used. Alternatively,

mul t i f unctthomahomenederes tackittead ofi the finishedethennal manbfer arvitlef thersbiy dwkpingyr oups
can be 20 used. When less crosslinking is desired, it is possible to reduce
t he anpuntto afoithblackingn cElicondtifunstientk mospmep netarplly contamsfigm &9 to20& unct i onal
groups on the nononmer. By controlling the appunt of crossli Hki ng, .the wear

resi 8 ance . ' ure

i carbgn#Eaay, GAAMOse BIpigally gortains foah b0l crrbaaigEs and cap ks

and hum dity),. hot, nelt adhesive properties (e.qg., . .nelLti t enperature),
tensile stqyéh)%]t‘ﬂr’l‘,anﬁ(g%‘sﬂsgﬁ‘,’m&ﬁdoqarg%\tﬁ LY il@fﬁ%ﬁ@%@&%%@gma?-fﬁf‘d in sone
instances. In speci.fic applications the. ther I ransf erahl e. conposi tion
cont ai ns %rﬁ%tp g‘é‘}ﬁmﬂé gfr&ﬁ’é‘ A YRR ?“WF??FE%&@%&%W@R@B&&C TJ®Sed upon
total weight, of | t4.functi onal 0 i . g .

i npl enent ‘ﬁltg’ﬁ]sg cg'ﬁlg%lé%l}%%g TIP3 hncgque c@%&%ﬁ%?ﬁ@?ﬁp@ﬁ%&lgﬂﬁﬁ@%&o? (1)nt ai ns
from60 t i i T anelhomn lgqgquf’l@glglggzj, fis AR to 40
per cent by(}ngv\‘gc?rgﬁﬁ?ﬂ;é%%ﬁ}gg%%egﬁu@%eﬁg}bﬁngg ased 0uponnt otal wei ght of
mul t i § unctih,eRalr (IORQERI fafhiPi nder. The thermally transferabl e conpositions
of the invention have a softening or nelting tenperature | ow enough to
permt quick, conplete transfer under high-speed production conditions, yet
hi gh enough to avoid softening or_klockikag garing routine storage, such as
storage as a roll good. The ther abl e conpositions can have a
relatively | ow softening or nelt 2, yet are durabl e because
they are crosslinked after ap S gabodi ments the thermally
transferable 10 conposition has a softening or nelting tenperature between

I s e R e R
Cypi cal 1y S A ETRT AU S iohIEL oty By B E ARG eRRY B oy Chness
of (RS | eyt (bR FLERA A W o SERTAE HBA &R BASHEBER] B CE0 s
tr anat er atie Thhs R RAARLaY mod BBl 08 b Betyloy E0EFHN R, 62, o ro ™ 1Y
transfer | a%yfla& JrOEPEI IR BPORY orSX AR ILFyRatd LITRDs bR efchNTH, HAW,CR,; @hd R,gher

heat source tenperatures. Layers that “are"too
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 muitifunctional monomer 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



20 thick can tend to undesirably increase the thermal conductivity of the
thermally transferable article such that graphic resolution is inpaired.
Layers th 4390 thin may tend to yield graphics that g el /fsks bit
desired dg‘{oa‘gl/l ity, hiding power, etc. The thermally transferable |ayer is
typically fromabout 1 to 10 mcrons thick, nore typically fromabout 2 to
about 8 mcrons, and nost typically fromabout 3 to about 6 25 m crons
thi ck. Adéhafraeanal gpupypensdallyguranged sychhat pdeast pnpfunciicesl 100995 The
thermal |y transferabl ca osi ti,ons qf th.e i nvention caﬂ h@:l ude various
addi t i onaPCHHEReIRNESACE CYIONGERG VRS JpREhaHAPOSII8 PAEY torhe e8P DE¥YFBr mance,
Cdurabilit or atherabi Lity. . For exanple, variou ol grants can be

i ncor por a¥t§eea°y|c 8X3cr}‘?emlgﬁ'eﬁ?ﬁﬁ%ft1@?&?&?@?‘%@8“&9&%@?@ C%(fqolfelzfgmf nventi on.

Col or ant sc&ﬁggﬁﬂd éﬁ’.ﬁl@?&w}eﬁ% pe 5 of the invention include organic
. pignments, ‘Tnorgani c prgments, dyes, netallic (for exanple, alum num

fl akes, glass flakes, and pearles s. Pignent particles tend to
act as fillers and reduce th hRf the thernmally
transferable | ayer as the pigney : pcreased. | ncreasi ng pi gnent
i ve ength of the |ayer, making

i magewi se 10 transfer from a_thexgn ansfer elenent of the invention
easier, but also tending to té e GuUr abi Iit§‘80f the transferred i mage,
This effect varies sonewhat dependgng ?.Jp(?n e properties of the pignents)
and dt her conponents of the layer, Incorporating too nmuch pignent tends to

ield I i . be frj abl uf f.i ci. ly d bl e.
/1 2 T SULEN ATRGE LR, b LASELS, 204 o st el sity durabl e
d t hi bi.t desired st t h, of I . whi ¢h t f I,
AR R RNEE R R
020110 |5 80 1618 UL g RN RIS e . 0

| noor por at ed. | 4@ BRRAGRROS kidiBhet uAiniftse LI GARGRINEASIGRNTL N Of the

| ayer as desire er optional additives that can be 1 ncorporated into
the ppl or phdib@ler hBGihY dentios bo4eBASfor e iAGHMAL Sroupl bRARI Bore@Bintd @ant s,
light stabilizers (e.g., hindered am ne |light stabilizers), ultraviolet

l'i ght absdapestdeaddsat databilalin bSthasimbdrang vatiopoOfactidial giosperBybi l ity
of the color agents in the binder prior to application of the color |ayer

t 0 a substcoatrellingtice wamber apd eetidihel fanaicmbl grotys iofs posebleab mflueayecthe 25
Carrier FilmThe thermally transferable conposition of the invention is

nor mal | y rastoanheficrosslinkingand ére final propeities of thetcheedithérmat tiamsfesr . The carrier
filmcan include a_sheet, ribbon, or other structure. In thermal transfer
articles tcREPOHHPN dyadditiiy toithe propeies ofide pagyrpdlayes batpieqnd after tgnsfyr.

112/ 0G 1377 PCT/US(11/19582 preferably from ahqut 1 tq aboyt 10 m crons
thick nore prefhermBpfuncieRal AQmen caieaBiap e&gﬂenﬂﬂ ﬁl?*éreﬁuenw%&ﬂgif:so%

T o AR A R BR R s
coat Tngs IRGAYE DAL BASERGAERL AL 540k SR Shgdtl (2P e,
mat erial's 4, ngl ydiig T@ﬁ’% ¥ %,lé@ls’&trlgﬂldé%ﬁf)c}fe: t%%@%&%ra? s nglﬁ%ﬁﬁﬁ%g' si | oxane

and silicone-urea-copoly pertluorinated conpounds suc

er f 2uoro j : i ki her nmay be
P ggtgﬁ%ﬂgg ?refelrgbl A0 %ot ast eggﬁag&ugpaﬂdodﬂaé dd RotGBGSRe!thd y

provi ded hermal ['y transter conposition to protect it during
handd ng, t@hperatiPe RRiRthel doRpoEiBibN BEIInEdsGdnAiquidie i nvention are typically
wound into roll formfor shipping and handling and are sufficiently
flexible to be wound around a 2.5 centineter (1 inch) dianmeter core at room
tenperature w thout cracking or breaking. In many instances, articles of

t he i nventihermoplhdtid®indered t o apply graphics to substantially planar
surfaces, but if appropriate application equipnment is used they can al so be
used to apply I1Bhedringariistypicellnpelyplesindit suepionalleormedpf sioaliercarrier film
materials for thermal transfer articles of the invention provide a neans
for handl iO¥gOMBEC cCABPARANLS; patheFrainclyde mixtares of PalyBepyasdalighmerss Ui ci ent | y

25 binder can include vinyl or acrylate resin, polyolefin resins, ethylene-vinyl co-
8
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heat resistant to remain dinensionally stable (i.e., substantially w thout
shrinking, curling, or stretching) when heated to a sufficiently high
tenperatu i eve 20 adherence of the adherence |ayer oQesi red
substr at e%A?ZZO(S’?&?he carrier filmpreferably provides desiprég@]%?iﬁ)esg?on to
the thermally transferable conposition during shipping and handling as well
as desired release properties fromthe thermally transferable conposition
after contPebtmers ethydenspikylfraeth)agndata satrohgerithermoplastigeetludosic repinand ot her
conponents of the article preferably exhibjt 25 sufficient thermal,

conduct i viteipeRgkening olyketane rasiny pakyvinylagetalsy pelyeatbaatesarfywathang resiéat a

. suitable reg;on of the.,color layer in order to.transfer- a graphic pattern
5 Pl g,

DBER5ATGP OGN TR § PRI TSe PR FREST TRHNS ARG PKtipes

of desired®

t . d ti heet ;11 o Th .ef bl
escont ol IoreRan BRMAT Ry kbR Wl e GG phelSho el Rofito 50 s

dd . - 00 A ! idBgxt d
S0y oty B O IR S I W 0

of additi %%kéd}?# Bodifiat vmaaﬁa&@%yﬁ&u&kh%l d@%}éfyﬂ{e?s sufch &S fhds€ Borfd c%dgﬂr“ was

conpleted, t xture was” all owed "to coo o0°'room t enperat ure. tl'
resul ting RIEHIEfromOlHibh TArti@Sumied 86 toqllei ddsigndRinYIC AR Midkinkepone (MEK) was
added to dilute the solution to 20% solids. Exanple 2 - Synthesis of

Ml ti f unctpastivalarVprefeied Birdeaizpl terpblyngs offoiiyf lechdlyvitgl deetatDpicd¥npmt el y

hal f the nolar anmpbunt of 10 isocyanatoet hyl net hacryl ate. 200 grans of 20%
4, 4" - net hichlezite coinnferyiallp emipblarfrore Union Cabidenadeahe tradedesibnaiidth 52 gr ans
of glycidylmethacrylate dissolved in 52 grans of toluene under the sane
condi@ i ons'Va&GHkanpl e 1. The reaction mixture was then cooled to 60 C. 20
grams of MBK was added to the m xture foll owed by 25 grans of

i socyanat oet hyl net hacryl ate di ssolved in 60 grans of MBK. After cooling to
room15 te rans of MEK was added. The resulting nononer

sol ution grablojcomppsitionided to dilute the mixture to 20% sol i ds.

Lyl et hasr DR TR et BT 0P O Qereop i yettigg mehide a

oo SRR S ST KBS 08 e Boa MR BRI T 15°51 oo
ool S adBitforkTicfalnGicBEi e FARnRA I Eo iR Gbhal ERSORK ] © 162
period of ek AcRApoRlind dLsHenpropedic PRt afriafiort bE e BrkMBy B ot
room t enparakferld EmpdithU 'WheerehtBLBrodDALE 198l Sherbased ddsdies of

the multifunctional mono‘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 temperature and humidity), hot melt adhesive
properties (e.g., melting temperature), tensile strength, adhesion, and heat resistance
25 can be modified in some 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



. appr oxi mat %Igyﬁnzl

. dissolved in 4

and the mxture was stirred until all solids had dissolved. Stirring was
di sconti nued and the aqueous and organic |ayers were allowed to separate.

The organ] r..was dried over anhydrous potassium car bq,g%%ﬁs was
subsequen%flzﬁé%@ed by filtration. 15 ~'~~0 02/ 11(nB77 /ﬁ@%&i/ 19a82
Evaporation of a portion of the solution showed it to be approximtely 25%
solids. MEK was added to obtain a 20% solids, solution. Exanple 4 -
Synt hesi s cextaing fiont ¢hhte $Gbpeient/by Bistaht muitidingiicaabmapemerand dresy 2@ thd? i t ut i ng
4.6 grans of nmethacryl oyl chloride dissolved in 15.4 grans of .toluene for
the acryl B?IIC@HIWrW%léXTs‘gPrmqpéﬁﬂ‘c PRlymess }WhBaSﬁ%HB%w?%a’f%ht@ﬁ vas
5%Sﬁlids, \/\hicqrj]#/vas further diluted with MEK to 20% sol i ds.
10 Exanpl & arehronemet A 95 inct i onal Mononer E Exanpl e 3 was repeat ed
with the acid Lorl r tan ing..1l. 0 . r ori de
i Qe EpY FRRTRLS cBpBfdr oy BB P ALY o7 e
di ssal ved .i n: (N r L. s shown
to bg apprnﬁ)eﬁln tegl_?)y gg%‘?ﬁ?’:‘ﬁgﬂgﬁ p{@ﬁ%@‘gg%r"g?‘?%ﬁm%g’g?‘ tulngﬁllalﬁ“ N%_%e%s added
to reduce B}mc‘ﬁ&{ bRtk dhs 206 i R ABRE L oBavoidoftBNink 08 BiovkiRb JLRNP fdutike
Adhesi on Pronoter The fol1ow ng exanpl e describés the synthesis of an
addi tive GRdgeCalthRE IRAR AGAREE LS. f Dhe thefiadlytransRRbdbl@édapositiondb&® can
enhance i mage sharpness. It was designed 20 fo be conpatible with the
sol vent s hgada feditiviehelodosifichigg or Beltiigasmpakiingtyer arbrdaeabobaceideth@nae m ne
(Aldrich Chem cal Co) were dissolved in 144 granms of nethanol and then 54
grans of ecodsslildey lafter yppdicatiqnAlldisowh eGhedineats thejhewasllyadasderabls sol ved i n 90
grans of toluene. The m xture was stirred for one hour at gentle reflux. An
addi ¥0 onalcomposjtiembasos safishingres melsngigapearating between pbrpt vaS Cowdmbeited for one

addi ti onal 205 hour. 120 grans of additgonal t ol uene _was added and. t he
t enper at urld0Wasmerehtelerably seweamabquh 80's61and Abouti 1207 () and Best prsferaply

approxi mately 250 cc_of liquid n cal l.ected. , The m xture, was al | owed
to cool t e'q:@ep&gqlg 7@(3 %@nq,gﬁp%r@gi(ﬁﬁe tm?%@plggrgr Grelting temperature is

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 application 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



WO U2/ UG-377 PCT/ USf 11119s82 MEK and 150 grans of M BK were added to the
m xture. The m xture was cooled to roomtenperature. This solution was

appr oxi ma{\gJ dhePfsol i ds. Exanple 7 - Coating sol ution angdiepioss2
preparation 5 The followi ng exanple is the preparation of a typical coating
solution and thermal mass transfer ribbon coating. 64.7 granms of the 20%

solids solution_ from Exanple 1 was m xed w 19.5 grans of a 20% sol ution
of a thernopl adtedhespe ﬁé’lﬁng?rﬁajér",on‘?ﬂ@-‘lo’ﬂhﬁttgﬁ“’G&Ptl‘)‘?‘lj@)n IPEUREVETIONY t hi s was

dded 4 B, of .a 20% sol ut i in MEK of t ol.hi tiat .ci al
avai | abl & TBATRbiR AR 1o {hRros aehsatrecq s BRLERBIF DY GHOEIE SRR Yand an
a0t onal < SHRRIRY. MECAPRIE ko st BB L R P! Ot
coat ed “S'tﬁl%m%}}ftx%ﬂsf%ﬁferco %siﬁBf%fﬁle‘}nve]ﬁtigﬁm.CbpferR M&%lpvfritlgh H@s‘é’bé&‘ BC 25
slip agent backtoating commerci al l'y availabl'e Trom Toray I'ndustries,

Ameriga of,rNewWnYGHion hTRrYa pAGRES, et g dRS] SRALLOAIICTRS ", The

coated filmwas dried in"a forced air oven a Exanpl es 8-19 -

For mul at i @Radple ldifinu@mpflakes alldse Plafey, biid peaslesventi materigigat i ng sol utions were
prepared as described in Table I: 20 17 WO (12/(1(e377 TABLE I

PCT/ | | S( 11/ 19582ttt sVombiveicBag filbesr Lhghiedt ddhé ooldilietstrength 30t
sol ution) (20 %D spersioninitiatorsolution in(20 % rgacur eExanpl eMEK) sol i ds)

~1850 - 20h&Gially MeKifrmbisl ley As (H8Ghigmentdomiidpisdnoreasb® 7 Decasading pigmedht 4
gransAcryl ated' (11. 6é 19. 5grans)rans) Exanpl e 9B (54. 8 grans) VAGHCyan4
grams8. 2 deating wilbtege dordgqreans the whesiwmsteenpiheof 1day &3 makipgdmeyamierBl ack4
grans8. 1 grans(21.6(11. 1rans)grans) Exanpl e 11C (66.5 grans) VAGHBI ack4
gr am{ 16. d{ansfen framss hagmal apash graqszf@ qlgguent of thertnyephapBRrak AUl wrignding

bt S ey il o i ®

o oat 1 ey S BB A PEATEMR TR o el SRR RS ARR 2" £

o e 10° e 6P rAIRTPAMGERTRRIEIS 6 Ul MR RIS g™
000 cor 1 QB it RGeS i B SR Sty BB G dad (- © 0

Di SpEy Si ONBat\WREEn ! KRB sivE L é%reﬁgm%bbr aN@hrfl RayPh @ TRAL Ry w@il,r}ﬁi'élﬂﬁlg
solvents (NI EK, toluene, and 1VITBK), and other additives were ‘seleCted to

mai nt ai n $imaBéseof poor resolution and quality. Typically the pigment loading 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.

20 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



. follow ng

pi gment di spersion and uniformcoating characteristics. Preparation of the

di spersions 5 followed the nethods outlined in Union Carbide bulletin "Ucar

Sol ution WgwloeResi ns for Coatings”, UC 669B, P8-8429 ( 1QG/8%)so1dessdhe

bi nder in Exanple 8 contained a hydroxy-functional resin commercially

avail abl e from SC Johnson Co. under the trade designation "Joncryl 587",

whi ch was reacted with acryloyl chloride in the prfgs%ncger of tri -etohyl anm ne
glerabty A

as an aci dPrefe@bptiem abgutrhiosabigph Homicsens thigks nesedy @ about 2 t0

hot o-cross| i nking. 3. Tr.is(2-hydroxyethyl). isocyanurate triacrylate
(F:)ormer ci aImWr%éhlgléb%@ OPPBW%(l QHP}[/SH%FC){@B‘? X(B%m%%’bﬁ? Cosg WP%ﬁliﬁy‘fﬁ&er t he

. trade desi ion " SR368" D ' f_col Loi dal, sili icles i
et hy ! ot nyRRBEGHE oD RRAP i DR PR cofbrBoln ARt b R B T oo 1 nc.

of Houst Ondg&tl:?%laigmgcﬂ%eﬂan&ﬁr?%%ll{ag%%rﬁgg{ (ﬂfglﬂé Lu?i]Qler.S Suﬁ@fa %%Ftimﬁ%ee 20 The

WS pri rmal Tyt ranst erable composition on

a varg ety dﬂ%t;:ﬁéi?ﬁkh&fee@ti a}@ﬁotrlirﬂi'?éa%f g éHn%?zﬁ‘%Ha‘?s ﬁ%ﬁdﬂ%ﬁ;d&'ﬁ(ﬁﬂw&o print on a

variety 2 recept of nms using a therna ranst er Inter comercially

avai | abl e_Jlﬁﬂfﬁlgﬁé?fe@sJ&%i}%ﬁﬂn.@t%y@%ﬁne%d Vigeoureh bbSolyhbis @i s under the

trade designation "Zebra Thermal Transfer Printer". After

printing, pgeffudrimadsconpoandssueh asipérfigordpblyetheBC &6 SGihe i3tMesCinadptiynalvai | abl e
fromRPC Industries of Plainfield, Illinois under the trade designation

" QC120233Ableasentineh mawbe3Poddedrovee tieuthgrmadly arankfarabie (c@rpddRDdA)o Potenhder

ni trogen atnosphere. The sanples were run through the processor at about 15
met er s perduringdiaedlitg ktct he sanpl e about 7.5 cmfromthe | anps such that the
sanpl es received a dosage of 560 to 650 miJ/cnR. The results are shown bel ow
in Thbl e 1. TABhemmpl tramsfer apgelesxithe nsamtionare wgigally wopag misgplkforatferr i nt

L5590 i e v Rl oL e T BB e GSdaneslead € R
2888822 |1P gigfggwqugé%é ?t?ﬁ%‘é%&é‘% %%&’Fé@ﬁﬁ@}g%%ﬁn%g i Y08 MAY e 329024
(10009 4(1 PR i en B B e MACY SR bRl PR bt asa ™"
(10099 a( L PN Eren it S R IO RRER L e PSR aR = et i Wb i 1
CM 599 1° “éﬁaﬁlﬁ@&)t%(ﬁsﬁﬁﬁa?%ﬁbslmge@s: 1. Print Head Setting refers to the

tenperature settings for the thermal transfer 5 printheads of the Zebra 170

Xill printer. Hyghele digieilm @aerikls GiahedRI e rbiedes JF the RgRidual ity
ratings - Test inmages include text, solid fill areas, bar codes printed

bot h vertialidyg aanchnb ésr leadiied {hy thetmal toxsédr haile dndage prefShbly puffdgpatlyon t ext
and bar codes, good solid fill.
heat resistant to remain dimensionally stable (i.e., substantially 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, transpareqt or opaque, and

continuous (or sheet-like). They are preferably essentially non-porous. By "non-

12



10 3 = Good I nmage - Sharp edges on text and vertical barcodes, good solid
fill; some roughness on horizontal bar codes. 2 = Rough trailing edges on

text and .1 = Poor printing - severe fill-in on sgfldeghodsext and
bar codesﬁqzﬁﬁ%ﬁZsi on was eval uated by ASTM D3359 95b Tape Adhesi on Test

(et hod B) 20 WO U2/ UG 4377 5B =100% adhesi on4B =95+ % adhesi on3B =85 to
95% adhesi onZB' =65 to 85% adhesion 5 1B = 35 to, 65% adhesion OB = | ess than
35% adhes iPerPusCitiUseart thatsgo paintssnd\pthar ligaid; colofgamegia opsli-titked by ASTM

L1 ppod_ apioPeRt Bl Trisy B PERIEh 461 ERE < Fndots UG L FUDLAR per "
l'i cat i all il able f 1 . d_Product f
@ fora, sRat Raeroisd wra reBreRaer e Bor e e sR oM sl ©

Appl i cator g = effect on image surface and no transfer of color to
. cotton ti 6 gléedgxf)aﬁ}l%%it or. 3 = No visible effect on imge surface, but sone

col ors transf er nagslvt B rime@BPhheAdIOthat greulfhiil Fdlis@hs FRELiPBcRiet e | mage

surface. = Severe pitting or nmarring of the inmage surface, substrate nay

1
be exposegolyesteRReEdpREMRIY BoBBESINE CerMATRECPBI) dordmaiclafill @ail sbdTrdinmesot a
M ni ng ang)ozyg Manuf act u¥?ng’ %grrpanyﬁ?"SM';( ofj St. Paul? M nnesot a under the

trade desifyifint Demodid coafpagiihded tiveiddelebigfatlonCuider Phalyehgbret i ng Seri es
4770 ".. 6. 1PA = Isopropyl alcohol. 7. Reflective sheeting comrercially

avai | abl e daphtimlatd polgarlfdnks polyateemtsspodyrattionates, 3l EiidesSpalyahides, e

Refl ective Sheeting". 25 8. Reflective sheeting commercially available from
3M under tceBulbseeitersissciyantdllotost 30dtSe and bdliviase Refyirge polevifyiichioBees es 280i ".
9. Reflective sheeting commercially available from 3M under the trade

desi ¢hat i @nd'dsﬂmw@s,a%nmmu@gi eragad @perseardeahe bke i The Shdengongrallphpes 3290 .

21 thickness of 1 to 500 micrometers, preferably 2 to 100 micrometers, more preferably 3
to 10 micrometers. Particularly preferred carriers are white-filled or transparent PET or
opaque paper. The carrier film should be able to withstand the temperature
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.



WO 02/ (11.1377 PCT/US(11/1");82 10. This sanple denonstrated sone sticking
of the thermal transfer conposition to the printer ribbon. 11. Reflective
sheeting ¢o rcially available from 3M under the trade degi i "3M
Scot chl i t@’(ﬂ%ﬁﬂﬁt ensity Grade Reflective Sheeting Seri e‘é’%}%&)}.‘?ﬁgz 12.

G aphic filmcomercially available from 3M under the trade designation "3M
Controltac Plus Graphic Film Series 1s0". 13. Reflective sheeting

commer ci aMsthedsai | abl e from 3M under the trade designation "3M Scotchlite
Refl ective License Plate Sheeting Series 3750". 14. Filmcomercjally

avai | abl e fr omThminveatipn inehides a@gmg&réﬁramngﬁ phatocreed ithasmaliy trepsferedsi | m om
. 590". Exanple 21 The neat exanples show the results .of using. several ribbon
f or mul at i &#3e ol s Mpghogninghudg pro ”ﬁ%aBge’tﬁﬂlréweéaﬁ‘éoﬁp?$?‘é}ta‘g@ﬂﬁer cially
avai l abl e from Gerber Scientific 15 Products of, Manchester, Connecti cut

. under the Y Cté%"?f RRPIEHaES SY ar‘é@ﬁ%“ﬁ’?’iﬂ?@r“%ﬂ’é&“ﬁ%ﬁ@ ng§ever al of

th | es f Tabl e | d .t int_on.a fil i al |

el oot e oA e Rile ping ARG Dl LR RGRIIERS: 2 1L L o
avay bl > gnarton - : .
Cre mmael PEPSEERRARGHEh & o sdlishrite, Bid Bt e LERAGSIICESSIRA US| N9
Exanpl e 2%5 e%?osli?@td £silctradiafisn, | IRt ihﬂan%;@?,l@ar#nhrlg thd SubsteCmidediatdly- 4377

TABLE 11 PCT/USI T 1/19582 Ri bbonl mage Qual i t'ySol vent

Resi st ancegghephen a8 chbAtfte HRA9URS(eVAn¥IhentMEK idraGaR o bf e kyasdpl e 164
~4(1 PA)5B (100" % 2( MEK) 4( Gasol i ne) , Exanple 1744(1PA) 'SB ( 100 % 2( MEK) 4
Gasol i ne) ipraghid. CTH:S idsh A SR AN Wi a3 tdirCapor which Goanipaigatibybedixanpl e 21
a 5 An image was printed on Scotchcal 220 filmusing the Gerber edge

pri nt@®r arfdrnred hdskpmificant fhabhad cbndunti@@y.ber Scientific Products under the
trade designation "GPC 707". This ribbon is not photocurable. |nmage

Qual ity = 4 SolGrephicRedilestofibeinventiouErgy be Bwpbisd tamanestpisseds. afher only 1
rub, 10 2(Gasoline) - After 100 doubl e rubs 4 IIZQ, - After 100 dguble rubs
Exanpl es Sugiyiesamaybegator hiays camprongd oniaufs IRNAODRD SYERES | el aser .

The phot d |es (Exanples 21 d_mi ni mal ring after

100 1 ubs FEPIFHHCE (D HES HFST COPHRR WALIS FR Brouiy St Pt W pt By S5
bs. Example 22 An.i ing the Gerber Edge Prj i-n ed

oot cheal 53016 9 ARSI Aol e lfhnd Y7 b BB BULET 7T o

Wi t hl§ he rﬂe@c?n?ﬂtyfv@ﬁrnepend 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



20 Exanple 19 (a thermal mass transfer, photocurable clear-coat), and the
over coat ed i mage was photocured using the nodel QC 120233 AN UV processor
and under V4' O 112/ 0b377 PCT/ USOL/19Sfi2 conditi J<Lbed in
Exanpl e ZWFOHFFH%?W/H coated i mage had i nproved sol vent res?giél%@g/?%% K),
after 100 sol vent double rubs, 4 (I PA) 4(Gasoline) and inproved rub
resistance, with no marring of the inmage after 100 double rubs with a #2
penci | er agepddedoyapp §-piBuipasried pying RieRIfunpeln ihegpixire grmekul ts for
ri bbons fromTaple I, The printer 1Q used was a Zebr. 70 ~i 1. Ther mal

Tr ansf er F’#grﬂﬁlty F‘ng’A@_ﬁde“‘%Pp’Pi apRIae fyRget Wit finged with 50'grams of

- Sul) o S S L SLATGEE Rl Sl L 0
5 2( Nao TR ROl R BT R S B e B A ooy 1 oy
EX SL(G%SE% |4?‘ ?%%?%@Sﬁﬁg@géﬁ%{‘%@@g"?c?ﬁéc?etggo F5 S5 19573 ver) a1 Py 4

Gasol i ne) Exaqp! e 13Scotchlite 47704SB (100 % 4( MEK) 4( | PA) 4( Gasol i ne) Exanpl e
14Scotchlite 47703SB (100 % 4( MEK) 4( | PA) 4( Gasol i ne) 24 WO U2/ UG-377
Exanpl e 24 PCT/USULl/ 1 )a82 The foll owi ng Exanpl e shows the use of a
formulation in thermal transfer by a hot stanp process. This exanple al so
shows t haExuele TuSynihesisofiollificictidndMendieatB conducti ng substrate, it is
useful to preheat the sanple to get full cure. A coating 5 solution was
prepared by m BxagpB0l #8s grdifeeddly using approxireatelydalftthomoler agoéngefans of 20%
VAGH in toluene/ MEK (3:1) and 11.1 grans of a bl ack pignent dispersion at
20% Kbl i dssocTanatoethplmethaerylods 2Afkgrame of 2o el westhlyleae m&m@xylmmebnt o 18
m cronet er Pol yester. The coating did not block in roll form This ribbon
was used twtohesneyrasrpacid with 63 seamsor edvridylmetsarytadissayshing 2\grams of

Scotchlite 4770 Refl ective 10 .sheetin n, al. um nu The i maged pl ates were
phot ocur ecﬂOlH‘%’ier}@" ehihe sane |con(91tions as xagnp?e l.aThe reactgc}n mlf;cture wa thenpcoo}e

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 Monomer 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.

15



QC120233AN 1JV processor and under the conditions described in Exanple 20.
In order to achieve full cure, it was necessary to pre-warmthe inmged

pl ated be{yy B/ fs¥y7vng by warming to 90 C. Wthout the pre-Yhidigios8BXi mum
sol vent resistance was not achieved. 15 Results: Cure w thout pre-warm ng:
Adhesi on = 4B (95+ % Solvent Resistance = IPA =4 20 MEK = 1 Cure with
Pre-warm ng Adhesion = SB (100 % Sol vent Resistance = |PA = 4 MEK = 4 25
The foreg&%ﬁ@f@é@%‘?ﬁ"’eﬁprﬂ@%ﬁihﬁtsp Hon shpvesdiitn t%"saﬂl?é“??%nlﬁ@g’nzsgﬁﬁéfd\sfor clarity

of unders ing qnly. No.unnegcessary |imtations are to be understood
therefro é”ag@ade (S’biaﬂf’éf‘%é"?sf’?‘gé?ll%ﬁ/ 19582 invention is not linited
. to the exact details shown and described, for variations obvious to one
skilled in the art will be included within the invention defined by the

| ai ms. 26, | s : : [ 1501 /19s82 1. A phot bl
ther glly%t&r&%% d’ésqs_ Oéﬁ‘ﬁﬁ%ﬁ’ﬁmbn&%@é (a.) a mitifunctional
monongr t hat '%x%ﬁx@?et?gztaé g_éﬁleyteﬂ%s{iﬁﬂiﬂgQ.@%raﬁ@%mﬁee{m@wm@ﬁd@nd (b) a

t her nopl asti ¢ bi nde e photocurable Thermally trarsferable
conposi ti QksOived irpl I brand ¥ t6luend 2 the acryloylchloride solution. The resulting

monomer solution was approximately 25% solids, which was further diluted with MEK

to 20% solids,

10 Example 5 - Synthesis of Multifunctional Monomer E

Example 3 was repeated with the acid chloride reactants being 1.0 gram of
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 following example describes the synthesis of an additive that can promote

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

20 to be compatible with the solvents used for the coatings. 90 grams of water-free
polyethyleneimine (Aldrich Chemical Co) were dissolved in 144 grams of methanol
and then 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 approkimately 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



. acryl ate:

t hernopl astic binder is polyneric. 3. The photocurable thermally
transferabl e conposition of claim1l, wherein the nmultifunctional nononer

conpri sesyfd PielPst © 60 carbon atons. 4. The photocurabl e gdiaidsghdsn2
transferabl e conposition of claim1l, wherein the multifunctional nononer

conprises from10 to 200 carbon atons. 5. The photocurable thermally
transferabhl e co i tion Qf aiml erein the |tifunctiona nomer
conpr i ses%ﬁi@gﬁgﬁﬁ% &ﬁﬁ%a‘iﬁe\é\?‘ﬁ e S H T ﬁ%?’f%ﬁ}‘r&;wﬁ Cgﬁgd\r}\ﬁerei n R
and R2 conprise functional groups contai.nin 4,0t of at |east two

acryl ate §PYt ?Tlpeé&uplehe?g’ﬁﬁglé}@ﬁ&gﬁf 8pqrﬂ’élfnr%€fq¥ ?/0 °rsgﬁé§'er abl e conposition of

. claim1, wherein the nultifunctional nononer conprises a dicycl ohexane

conmpound of the general fornula: 27 WO 02/ 0(. 1377 PCT/USf11/19582 wherein

at | east %xfaﬂ%@ﬂ bo&’cﬁnﬂolﬁt%rﬂn@ ribBOR bieplratigCt i onal groups contai ning

. photocurable thernmal Ty transferabl e conposition of
claim 1, whereithelfhfodiblekiMpietis manreﬂm;aMaQ@r@allcwﬁafgfgomﬁoa ah@ 4

functional groups. 8. The photocurable thernmally transferabl e conposition
of cl ai m kherwabmakdtraraeer mbbbn Eowiagi endl gramsofthe 20w plids ssufisrofro@ to 10

functional groups. 9. The photocurable thermally transferable conposition
of cl ai m IExanipby Bimas hiiiredowitip d3.5tgrans obmPi% selstibd opetheemoplasticpmtyendry wei ght
mul tifunctional nmonomer based upon total weight of multifunctional nonomer
and bi nderbindef. VAGE @fronCarbads) en MIEE nEb Ihis weaadded dagshas ebap0%i solwionof

claim 2, wherein the conposition conprises from60 to 80 percent by weight
mul ti f unctin MK ofre pbateinitiziar ¢oramerzirlly gvailpblsstrem {tibpyndgsitgHiradener nopl asti ¢

ol ymeric binder based upgn total i ght, of nul tj ctjional _, d

Do nabh 3 destengionn Sieacuie ARPS KT I REL Srarok IR SO O, 0f G ai m 2.
wherei n the pol ri c binder. conprises,vin or. acryl at.e in...12. The
phot ocur atf&mg Hﬁmﬁ QIgIEI}e&hg‘F%‘?rgEW‘ I@"aé Bﬂ%’lgs ﬁthﬁ??'fxwe %‘f@?‘ﬂ‘?‘{l?@% SPEdser

This solution was coated using a # 10 Meyer Rod onto a 4.5 micron polyester film with

BC 25 slip agent backcoating commercially available from Toray Industries, America
of New York, 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



conprising a colorant. 28 R~ Ro V1'O W2/fl (i~377 PCT/t1S01/ 19582 13. The
phot ocurabl e thermal ly transferable conposition of claim 12, wherein the
col orant | [ nt. 14. The photocurable thermally tra

conpositi gﬁ)@{(géﬁg‘ﬁm |, wherein the conposition is subst aﬁ@ﬁé@hd%ar
after being thermally transferred and cured by actinic radiation. 15. A
phot ocurabl e thermal ly transferable conposition conprising: (a) a

mul tifunctional nonormer conprising dABEEdl ohexane conpound of the general
formula: R ~R2 wherein R~ and RZ conprise functional groups containing a

total of at least two acrylate groups; and (bh) a thermoplastic binder _16.
. The phot ¢duxantple#t hbMendmer r andfBingder e cdriigsient on (fhaipai m 15| Additivg n
the thernopl astic bl (e sdutiel)yn@pi%. 17.| Dispeysi ociwitidspe t hermal |y
transferabl e conposition of cl ailmokBjonimer|e28 %he mullrghanet i onpExampbney
. is substgntially nop-liquid at rlodBK)enper aolids).” 18.| 1856 p2oYocusabl e
thermal |y transferabl e conpositilon of claijm 15, wher|gnmvidie mul ti functi onal
nononer f T 9.1 focur anl
t her mal | y%@ﬁ?ir a)%emsgi)?’ %@F)?i Oﬁ?fg afé?tfgi rrq'l % wher gf%ﬁ?%e mul 1?’1‘4%5%??%&
nononer gonprises from2 to 10 fu(rile onal ggrgr%g))s. 29
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 (111
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
(19.5) (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 grams)
Example 19 | A (64.7 grams) | VAGH MEK-ST* | 4 grams
(27.7) (5.0g-
30% solids)

18



WO U2/ U1~377 PCT/ USULl/ 19582 20. The photocurable thermally transferable
conposition of claim15, wherein the conposition conprises 50 percent or

nore by V\w(g@?(ﬂw7tifunctional nononer based upon t ot al V‘Elicgll?fiso?/flglstsli'e

mul tifunctio nononmer and binder. 21. The photocurabl e thernall
transferabl e conposition of claim 16, wherein the conposition conprises
from60 to 80 percent by weight nultifunctional nmononmer and from20 to 40
percent byNates ethTablpdr nopl astic pol yneric binder based upon total weight of
mul tifunctional nmononer and binder. 22. A thermal transfer article

conpri si nd: IPispersionswete pigrareq with gommentycanatable pigresnis) Bipderssobieaisapl e

. iti t b e, t iti taini : [

comesit] RegR, bhers D, S SR b S
L RO R A, DEIRRI e TR S
t ' f ' ' E ' t. 25.
NSt SEhosheyB LA SRl oL el eR fulael 20

i s pol ynergh£oosfheos® 1€LI30H. PE-shes Mdygg photocured thermal ly transferred
i mage, thetbrrgtoﬁto@sdorrpri glﬁ’ng: 18 nqEEr (12/11G-377 PCT/113(11/ 19582

provi di ng 2 AReLRALF MERNGATD @Ehthined a GOHoRY FitEioRal Tedih coHmAkEdiZIRAI nMDONOMer
that is substantially non-liquid at roomtenperature and a thernoplastic
bi nder;  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.

10 This binder can participate in the photo-crosslinking.

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, Illinois under the trade designation "Zebra 170
XiIl Thermal Transfer Printer”. After printing, the images were cured using a UV
processor commercially available from RPC Industries of Plainfield, Illinois 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 mJ/cm®. The results are shown below in Table II.

TABLE IT
19
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temperatures.

)

printed both vertically and horizontally.

4 =

some roughness on horizontal bar codes.

20

Rough trailing edges on 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;

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

Adhesion was evaluated by ASTM D3359 95b Tape Adhesion Test (method B)
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VI h kK& ~
zupkf a\ W ca] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] c”a]
cRa] c: a] calealgsdsal cal ca] ca] cal ca] ca!l _T. ) x} Pc&or 6] wr mhe” deadogadga] cal cal
]ca] ]ca] caj céfca caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] c”a]ca
caljcalcal[I"}!I>AIXI'm
}xsnhcl\YnhE:’\Y}] ca] ca] ca] calU] ca] ca] ca] ca] ca] ca] ca] ca] ca] c*a] ca]ca]ca]ca]calc
a] ca] ca]$ga] ca] B Ta)lOYcadhesion ca] caD] ca
Lgl " O#$S$" &x&&+' N S' ' r' " (O( () y**, +++,a,-..r... | wnhc? ca] ca] ca]ca]ca] ca
cal ca] ca] ca] ca]%Tcaﬁséa’f’@éF‘?,s&?]“ca] cal ca] ca] ca] ca} cal ca] Z]a} ca} ca} ca} ca} ca} ca}
. calcral.. ... </ 11; 3] 3%3325 456566666777A888-99: /;
vv<]<<{ }/ql ]gb] }/\]c] cal aﬁ’ 3]@5:%1 gf%a] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca]
ca] ca] ca]ca] ca o na] ca] cal <="=======@adFAAA? CCDECEEEEEF" FFFCGH
. 1 JgJK} xsni d_zq%cﬁﬁg}’% %dg%egg I:a] I:a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] cad cna] ca] cafeal e\, eb ligal ca] ca] ca! KLOMMMVPRTr UUVWWWKYYT E[ [ [ DI\ \ A] ]
] A~rnt x ~ {vqgl gb] WU ca/f%g)%ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca]gpc1adsqBdc % alikRignal c*a] ca] ca] cal ___ " 6a>aqaabVcccd[ ddf Zf f g
Yg_gpgggh6h| hh"i 1i 4i fiiizupkf [V]]ca]ca]c”a]ca]ca]ca]ca]ca]c”a]ca]ca]ca]cal
ca] ca] ca] o] ca] Suient Resibafia] wal caharl by £STM 2I5d62-93] Salven] mbd wiiel j j J | kkk=m
nmMOn?nAnCnMh] nnnokopqQ srrrrrss”"sxx~ytoje [V]]ca]ca]ca] ca]ca]ca]ca]ca]cha]c
a] ca] ca] ca] ca] gfeabeatd aj cie)inaph aafacalisiap aabtan tpgalapphtaal wakatialtba] ca) ca!l x
X" x4xDxxx>yyyzz-|:| E| || @~~43A{vqgl gb] X] ] ] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c
a] ca] ca] ca] ca] dajtcalvert] che|cotde tiped] apalicadrs ajcanvarcally ay akdbteafidmal V~: GCNIE
el ecm
;/5 <]z ) i(f a} W } ] cﬂqrdap@é]f’m}ué@]@}n@ay ef é?p&ﬁqré,d\@p@apé%qrdbt} Hadecdepigatieq] caj cal ca
ca] ca] ca] ca] ca] caU] ca] ca] ca] cal ca] ca] ga! <l Yr>P' w] $r!, } kg~xsni d_zZkfa\W]]c]
ca} ca} ca} ca} ca} &&I‘f“a@%%ﬁf@&@%{?éﬂ%gw ca] ca] ca] ca] ca] ca] c*a] ca] ca] ca] ca]
ca] ca] ca] ca] ca] c”a ch < &qsv .
(+23]1{vql gb] X ]‘1C Tca]cigéf@gitga]‘%?f‘c%ﬂf@ﬁ pad pofreusfarpfeior 1q eotiondiPRsd ca] caj caj c
a] calca] ca] calcalca tca] ca] ca] ca] cfa] cal cal ] nK
fSF?@?G‘ }M’ m]ﬁc’\WHlf% Ea] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca
cal ca]ca]ca] cajcal]c C ! * e [V]]ca]ca
] ]ca] ia] ]caU% ca}:)?a] ca] ?%E%ﬁg%f?éfgg?g%ﬁ %]]é g%ai]%ggi cai g&i‘%ﬁ?‘éﬁ%ﬁ?@% calca]ca]c
a] cajga] ca] ca : r 2nt ;
| wr nthYj ] c]ca] @g}l%gﬁ]oéal] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] caj ea] criln) sabadhe of e iadgd LEHEL 2Nt ;
| wmhc”Y] ] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca]ca]ca]ca
] ca] ca] ca] ca] ca] ea] chgvesd sistingajr eaking FHhKiBAgOUR aC, suBstARingy) bs 109&' () -
109%&' ()-3yl0%& ()- 910%& ()-10%& ()-=fH* 10%& ()-L10%& ()-109& () -
, YI0%&' () - 3" 10%&pojedr, - 109&' ()-3910%&' ()- 7B
i K Y*T109%& ()-Y*! 109%& ()-3410%& ()-3*10%& S) - _ o
(&10%&' () -F& 10B@flecyive shaetioggomneriaiypvailaplh frompdinnes@oMiomgand) - 109 & () -
310‘@&' ()-3"s10% & ()-s10% & {v} 10 10 10k& ~ L.
0 Manufacturing Company ("3M") of St. Paul, Minnesota under the trade designation

"3M Scotchlite Reflective License Plate Sheeting Series 4770 ".
6. IPA = Isopropyl alcohol.
7. Reflective sheeting cqmmercially available from 3M under the trade
designation "3M 9500 Scotchlite Reflective Sheeting".

25 8. Reflective sheeting commercially available from 3M under the trade
designation "3M Scotchlite Reflective Film Series 280i".
9. Reflective sheeting commercially available from 3M under the trade
designation "3M Scotchlite Engineer Grade Reflective Sheeting Series 3290",
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dEbCY*! 1098! 10% & ()-3l 10% & ()- "10% & ()- 10% & ()-,#10% & ()-
LI 10% & () - _TdEDBCY*1 109% .z 10%& ()- @10%& ()-

% 109% & ( & ()-3% 10% & "109% & () -.) xdEDCY* | 1Q9%R) ‘() - F7-
%5“503632??5% (§)33#10%§& (§) Fl@O%f&' (§) FO)l)((W( & ()-xz{| }%3‘:@%%0%

10% & () -
1 10% & () - 510%1& () -py’ 10%1& () 1094 & ()- 10( 10( 10(y;

10% & () - Pc&dEbCY* ! 10%-F" ! 10% &

f#10% & ( )103 109khes f’(a}npimﬁI@I(S}fateﬂGw& spigkingaofi hegherppl trapsiriseppogigop to
s3" 10%{& F1100§p ) Y/ 10% & () -

-10% & () - Bfi’%?@ I 10% & () - 6{peFY*! 10940%& ()- 10( 10(

NG b T o bR 10

ot () bR IOHS bBE PHR dpayge shes Frr

F. 10 ég(%f‘) ( 29 11 " (ﬁ" éﬂlc 'ﬂx%c&({‘ﬁﬁn(e)rmldﬁ‘f' avdiiiBic(Boh SV OR: (e tra?&%eélgﬁalo%oﬁl\/[
Controltac Plus Graphic Film Series 180",
13.  Reflective sheeting commercially available from 3M under the trade
designation "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",

Example 21
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 QC120233 AN UV processor and under the conditions described in Example 20.
20 The results are listed in Table III.

22



7109 ()-59109& ()- F3"109& ()-2109%& ()-!m ! gl xY:/ 1010%& ()- F, 10%& ()-
10%<&! () - 10%<& ()- "10%<& ()-10%& ()- 10g! 1" OH$$" &dE: /

10F, 10% Y=< & 3#! 109%=& L' @10%<&
109%& () - (%&'9 "5&2(&8& NP Q R'()S dYN?lO 10<( )10< 10<; sP1COT(4 Sm/(lfﬂsz
109%& () - F710%<&' () Y5 10%& ()- 4'10%& ()-S'c'r'"' (o((dEYNC 10
SLNMO% & ()- | 10% & ()- y!10% & TABLELOI & () -
3"s10% & ()-10% & () - ()y** +++dEYNC 10 F@O% & ()-3L10% & ()-Fl 10% & () -
#10% & () -RiBbéR% & () - m%gg Q)lahgy, , Sblvdﬁmanatanae 94 @hdséon( ) -
Y@ 10% & | (Bxadpld 1PN & OF4 )& 100 %)
- 2(MEK)
4(Gasoline)
Example 16 4 4(IPA) 5B (100 %)
2(MEK)
4(Gasoline)
Example 17 4 4(IPA) 5B (100 %)
2(MEK)
4(Gasoline)
Example 18 4 4(IPA) 5B (100 %)
2(MEK)
4(Gasoline
Comparative Example 21a
5 An image was printed on Scotchcal 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 photocﬁrable.
Image Quality =4
Solvent Resistance = 1(MEK) - Substrate exposed after only 1 rub.
10 2(Gasoline) - After 100 double rubs
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
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10

eraser.

Example 23

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

used was a Zebra 170 3411 Thermal Transfer Printer.

osle

& &ée{ 339310%& (iz

. 96109%& (

10( 10( 10(y;

. </ 11: 3[ 3dEbC 103!

- Y 10%& ()-"ylo%& () -
109%<& () - 3-#10%<& ()-Y + 10%& ()-V,)!1
$MLO%<& () - 6S66666667uV7 10! 10%<& () -
10\ <\ <! hl
of 10%<& (cpndxtxlons deB
10! 31 4S10%<& () - 0GLO%x

TABLE IV

9" " 10U%<&
doublyomizs, 6)(IP

10%<&' () -S10%<& () -
F S810%& ()- 777A888- 9dEUV7 10! z10%&' () -
d(ip-Exponag2(.) The aveeoatedimagohad imprecapolvent

f’s)o‘g(ﬁamjm) akinnep etk <&' () -
AAJEdV7 103 10%37 ()-

b%e) TURS\ B

10%& () - 3YS
3" 10%& () -

%ﬁl %(E‘dEbC

10\ <\ < 10\ <\ <

109%<& () -

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(IPA)
4(Gasoline)

Examplel0

Scotchlite 4770

5B (100 %)

4(MEK)
4(IPA)
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

QI

5B (100 %)

4(MEK)
4(IPA)
4(Gasoline)
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510%& () -3Z10%& ()-FS, 10%& ()-s* 10%& ()-3# 10%& ()-

| #10%<& () - OEEEEEEEEFLC 10 "10%0% ()- 10%0& ()- 10< 10< 10<;

S10%<&' () wWis@ok@s& () - F710%<& ()- FAFFFGHI dEbC 10" 10%08' (DeT/usoi/19582

SI 10908 () - s10%0& ()- 109%0& ()-10%0& ()- @ 10%0& ()- | JgIKLoMWEDC
10310%0& () - 3f, & 10%0& ()-* 10%0& ()- # 109%& ()- & - #10%0& () -

1 10908 () - 00-\: 10! Hs#109%ZZ& () - & s#10%008 () - & s#10%008 () - & 100
100 100K ; 848D 3710%08 () - OPPKRRST} [ <~\ :

10, 10720 0 I S i R O
; #109% & E g }1%&%8@3@)0%8{ F’HL kﬁ%}%ﬁﬂ)@ QZ%%SQBW@[&%Q EOndd&ed on a heat

o e ()- SO IO BE L) R SO HAT P e M de e pnd )

10! YS1L0% &okudiohr 6o Prépeicd)by YRB4 86,13 grathd b0 WeSmbnomer solution A, 2.6 grams of
20% VAGH in toluene/ MEK (3:1) and 11.1 grams of a black pigment dispersion at

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

10 sheeting on aluminum. The imaged plates were photocured using the model
QC120233AN UV processor and under the conditions described in Example 20. In
order to achieve full cure, it was necessary to pre-warm 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 =I1PA =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
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, 2°10% & ()- FLO10% & ()-x_{_|_}_~_ "6abC 10!'YS:!110%0& ()-'!10%0& () -
"10%08& ()-10%08& ()- 10( 10( 10(y; 10% & () - 6a>aqaabVccdEbC

10! ! 2#10%3%) ach R YO& () - #10%0& () - 310%0& () - z10%0& () -  pCT/USO1/19582
S109%0& () - ccd[ ddf Zf dEbC 10! 3#10%0& ()- @ 10%0& ()-s*-#10%0&%' ()- (10%0& () -
& 10962& () - "10%& ()-ZffgYg\ gl g*g_gpgxnbC 10! 109%& ()- 100 100 1008Sy;

) I A TE R0 (e sl phen bhd BEREREL HENAERR s Buious
Sloves ) praseitd inths gyl oot i HeGaEebh dsfinsd by eelimac

S 10!'s* 1 109%<& ()-3(@

109%& () - &L0%& () - 3$10%& ()-!gl0%& () - 310%& () - k=mmBOn<n=n>n?ndYNC 10!
10< 10< 10<y; 10%& ()-F7! 10%& () - F510%& () - 3! 10%& () - FS,

. 10%& () - 2nM] nnnokodEYNC 10! |, M 10% & ()- " 10%& ()- ~10%& ()- ¢

109% & ()-3"10% & ()-10% & ()-kopgqQ srrrdEYNC 10! Y&L0% & ()- F$S109% & ()- !
109% & ()-3 109% & ()- #109% & ()- !'109% & ()-rrrrrrss"sbhC

10! 3" 109& () - 109%& () - 109&& ()- 10(
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10( 10(y; 10% & ()- s*10% & ()-"s, s4s; sCsJsTseFbC

10! #109X&' () - +#10YX&' () - +#109X&' () - +1#109X&' () - +#109X&' () - +#109%X&' () - +TsUsV
sf sl swssx Y& dQ#F0YXE () - +#109X&' () - +#109X&' () - +#109X&' () pcirdfi0i8ssk) - +/ K&
#55sssSsShChC 10#10%X&' () - +#10%X&' () - +#109X&' () - +#109X&' () - +/ K&<

##109X&' () - +sssssssx"’>bC 10#109X%&' () - +#109X&' () - +#109X&' () - +/ K&<

##109X&' () - +# +555sssssY?bC 10#109%X& () - +#10%X&' () - +/ K&<

#H109X&' () - +#1 ‘8 +#109X&' () - +sssssssbhCbhC 10#10%(&' ()-+#/ K&<

IS () TIONE E Mo e e
t&'t(t)tsY)/ K&

| a#100K& () - +#100xe ) 2 THTREHQR! monoms ey is i%sbat%{%}“( 5‘9‘3:2%%?&“1‘3“3 F)tet+t 3t

Lt t<t=tsY)/ K&g

#H1096@ () 2 +#41 ORI 0omer () - +#100K& () - +4109KE () - +H10UK& () - +=t >t 2t Et

FtG H It x”. /] K& b)a therm(}&)lastlc binder,
HH10UKS () - +HL10UK&' | ) - +HH#100X&' () - +#109K& () - +#109K& () - +#109& () - +1 t St bt gt

lttt~teF. /K&
##109X& () - +H#10UX&' () - +#109X& () - +H#10UX& () - +#109X& () - +H#10UX& () - +~ttttttt
t } AD* | #109&' (.- +#1DROGhA) cutdblOMRNA])y- tratkOYatie COmpatiioNGT dldimtl bAMaeth (Be +/ K&

#ttttttttc|//#tb@%(&)l@s)twb#m%@o@mMO%(&' () - +#109X&' () - +#109X&' () - +#109X&
() -+ K&<

#HttttttsTS// #109X& () - +O#10UX&' () - +#10UX&' () - +#10UX&' () - +#10UX&' () - +/ K&<
#Htttttt} 2/ / #1098, +#109X&' () - +#109X& ().~ +#109X&. () - +/ K&<

##109X& () -+ttdttttt é‘?—l}’l#’ﬁ@%@l? hegmalboiransforable eempantion afielaipds wherein e«
H#H109X&' () - +#1

uuu| ] >) #10%(#1@%%‘#@#1@%@1? yompiigemikom 15 19 R carbon atoms,

##109X&' () - +#109X&' () - +u$u, u- u. u/ UOUX" D) #10UH10UXE' () - +#109X&' () - +/ K&<
#H109X& () - +#109K&' () - +#10%X& () - +Oubu<u=u>u?u@Au”D* #109X&' () - +#10X& () - +
| K&<

#4109 () - w1 bome T3S RIPLOSHERLT (hermaly beansfsrably compositiqn i A, Mh5T5R, 18 hoxe

() -+ K&< multifunctional monomer comprises from 10 to 200 carbo ato s
HHEL0UXE () - +HH10UKE () ~+H#1090& () ~ +HLOOKE () - +Yuhunusy j ©*#1096¢ K&<

#H109X& () - +#109X&' () - +#109XK&' () - +#109X&' () - +#109X&' () - +}u uuuuuuusY)/K&<

5. The photocurable thermally transferable composition of claim 1, wherein the
multifunctional monomer comprises a dicyclohexane compound of the general

formula;

R R,

wherein R, and R, comprise functional groups containing a total of at least two

acrylate groups.
6. The photocurable thermally transferable composition of claim 1, wherein the

multifunctional monomer comprises a dicyclohexane compound of the general

formula:
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HH109X&' () - +#109X&' () - +#109X&' () - +#109X&' () - +#109X& () - +#109X& () - +uuuuuuuu

XN | ] K&

##109X&' (WorthkRIs& () - +#10UX& () - +#109X&' () - +#109X&' () - +#3R%W&Kot hosghluuuuuue

K. /| K&

HH109X&' () - +#109X&' () - +#109X&' () - +%#109X& () - +#109X&' () - +#109X&' () - +uuuuuuu

UPADF/ #109K& () - +#109K& () - +#109K& ()R FH#109K&' Q)5 +#109K&' () - +H#10%X& () - + K&

<

#uuuuuuuucl / / #109%X&' () - +#109%X&' R

() -+ K& #uuuvvv

. VST5/ [ #109X&' () - +O#10%X&' () - +#10%X8
V*V+v, vVEV<vCOVXY: / | #10%X&' () - +#1BYX&'

##109X&' () - +QVDVEVFVOrOvWhC/ / #109K&' g () - +#109X& () - +/ K&<

. HH#L0YX&' () - +#109X&' () - +W\ V] vAv_vj vy : & () - H#109X&' () - +/ K&<

#H109X& () - +#109X&' () - +#109X&' () - +yv~vvvvvVvT: /[ #109X& () - +/ K&

#H#109X&' () - +# 1dededh b least DAa@bE) of R1 0BG coprise/fimutionmCaiotpKEentaining

HH109X&' () - +#109X&' () - +#109X&' () - +#109X& () - +#109X& () - +vvvvvvveF/ / #/ #109%X&

") - +#109X&' ()achyAate BBQUDE.) - +#109X& () - +#109X& () - +#10%X&' () - +vVVVVVVV} ADF/ #1

0IX&' () - +#109X&' () - +#109X&' () - +#10UX&' () - +#109UX&' () - +#109X&' () - +/ K&<

#FYVVVWWWE Cl /[ #109X&' () - +#109X&' () - +#109K&' () - +#109X&' () - +#109X& () - +#109X&

() -+ K&< . . ;

B W w w7ws T5/ / # TGSsedorruablethomally yransfersblesompositipp okeleim 1y wherssesthe) - +/ k

&< H#7TWANBWONDWY] AL | #1OYK&' () - +#10YX&' () - +#L0UX& () - +#10UX&' () - +/ K&
##10%/(\/&' () - +uﬂi‘)&}%ﬁ9\?ﬂi‘%§\?&3¥ }%H%?éi%ﬂ”( %ﬁ%@&@‘(’}aﬁ 25&&’@%(&' () - +#109%& () -
+/ K&

##109X& () - +#109X& () - +anbwewdwow-ww| ] >. / #1096H109X&' () - +#109X& () - +#10%X&

() -+ K& ##10%X&' ( ) 2 0 Ol () o £#1 ! (e H K&
#H109K& () - +#%W&h5tﬁ’1’g%§/‘§?§e(t %&@%ﬁ%ﬁéﬁ&g&%ﬁﬁ P e
##109X& () - +# 10 fanktiontt ARSKel doripri@¥Ai&nd 2 tor YORMMNWMA) ofotipd/ K&<

HH109X& () - +#109X& () - +#10UX& () - +#109X& () - +#109X& () = *Wwwwawwwws Y) / K&<
HH109X& () - +#109X& () - +#109X& () - +#109X& () - +#109X& () - +#109X& () - +WWWWIXX X
XXM K&

#H109X& () - +#1DYX& The-phisioRusalle( thertiall§ WaRs fe)abletbRgRsSition of S1hRAE Svhrein the
XXXXXX" X4XDx}\; [ K& 3" 10%&&" ()- 10%4&& ()- 10%&& () - 10#10#10#" v;

109%#&' () - #10%c@mpysitiDr gempsises |SP pekceht@<more by wasighs. gyl funcioriad vego s

f @109%&& ()-  10%&& (1- C T 10%8&' ()- 310%4.&& ()-z.zﬁ-| TE TN K&
&f 109488 ()- Ipivbanes tptal weighy ebmwltifynctional nomprier pnd bigderood &8' () -

109488 ()- || @~~4|[:}\; /K&

Bo () - +#109X&' () - +#109K&

+#109X& () - + K&< #
) - FRE0UX&' () - +/ K&<

10.  The photocurable thermally transferable composition of claim 2, wherein the
composition comprises from 60 to 80 percent by weight multifunctional monomer
and from 20 to 40 percent by weight thermoplastic polymeric binder based upon

total weight of multifunctional monomer and binder.

11.  The photocurable thermally transferable composition of claim 2, wherein the

polymeric binder comprises vinyl or acrylate resin.

12.  The photocurable thermally transferable composition of claim 1, further

comprising a colorant.
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Y710%&& ()-3 Y5@ 10%&& ()- 3#10%&& ()- Ff, 10%&& ()- *"10%&& ()- F(
1094.&& ()- vU5/"10%&& ()-t "10%&& ()- 10%&& ()-101&101&101& ; 10%4&&' () -
931094.&% Qo hBNeYy/;" 10%8&& () -1) ? PCT/US01/19582
""10%&& ()-t"10%&& ()-t"10%&& ()-t"10%&& ()-t] AvUS/ "10%4&& ()-t)?
""10%&& ()-t"10%&& ()-t"10%&& ()-t"10%&& ()-t!/0: WvU5/"10%&& ()-t&)?
""10%&& ()-t"10%A&& ()-t"10%&& ()-t"10%&& ()-t:; .. . .

=>H YABvUS/ " " 11894 &élf}{e)php)opurable thermally transferable composition of claim 12, wherein
""10%&& ()-t" O‘V%&&'@(i? -1"1094&& ()-t"10%&& ()-tY\ " jar}WvUs/"10%&& ()-t)
2 "" 109488 () -1'® SYORRKIS@RIBMEoq &8 () -t " 10%A&&' () -t} ~"BvUS/"" 1094&& ()-1)?
C""10%&& () -t"10%4&& () -t1"10%&& () -t"10%&& () -tbFvUS/""10%&& ()-t)?
""10%&& ()-t"10%&& ()-t"10%&& ()-t"10%&& () -t WvUS/ " 1094 && ()-t)?

""10%&& () -t " 0% && (ke , " 109 s .+ 109 ()t a0 () -
A O SO AR AT ARG O
~bB*" 10%4.&& ( "0%91%35&&'01(1 Xs %bﬂ%ﬁ didar bher being thermally transferred and cured by
""10%&& ()-t"10%&& () -t " 10%d&& () -t
& uy=*"10%&" 1R¥iesadidtidn. 10%4.&& ()-1)?

""10%&& ()-t"10%&& () -t"109%4&& ()-t' (*67BCz"B*" 10%4&" 1094&&' () -t" 1094 && (

-t1)?

) 12)%1&&' ()-t"10%&&' ()-t"10%4&& () -t COFM\Vaz">*" 109 &" 1094&& () -t " 1094 &&' (

)-1)7? 15. A photocurable thermally transferable composition comprising:
""10%&& ()-t"10%&& ()-t"10%&& ()-tacnmtuuY=*"10%4&" 1094 && ()-t"10%&& () -
t()? (a) a multifunctional monomer comprising a dicyclohexane compound of

" 1094 88! ()-t"10%&& (f) -1"10%4&& () -t ~bF*" 10%&& ()-t""10%&& ()-t""10%4&&
()-t)? the general formula:

""109%4&& ()-t"10%&& ()-t"10%&& ()
W&&' ()-t)7?
""10%4&& ()-t"10%&& ()-ty] A*" 1(13{0
?

09488 ()-t"10%48&& ()-t"10

0v4.88 ()-t"109%48& ()-t()
: 2

"" 109488 ()-t"1094&8& ()-t~bF*" 109%48&&' ()-t"1094&8& ()-t"10%A&& ()-t" 109488 ()
-t)? . . . ..

109488 () - t "LBERE AP RaomPLiss furgianaheraers squsiping 4 total SO BICASMS 1w 100a s
& ()-t)7? acrylate £roups, and

"" 109488 ()-t9%& (}at " 10% 10%4&& ()-t"109%4&& ()-t"10%4&& ()-t"10%A&& ()-t)?
""109d&& () -t (/01238) aberhOphdtoisder() -t " 1094 &&' () -t"10%4&& () -t"10%&&' () -
t)?

"' 109488 () -t 4ABPSU_yY9*"10% 109%48&&' ()-t"1094&& ()-t"10%4&& ()-t" 109488 () -
t)? . . .
""1094.&8&' () -t _¥egwx yRieathotacgsablombermlly)transfeosd @gompositiongsfickagm (15, wheeig &8 () -
t)? e .

" 100488 () - t Zhathermoplastivohinger i3 pelymeiag g’ () -t " 109488 ()-t" 10%A&& ()-1)?
""1094&& ()-t3yX7*"10% (310%4&' ()- F 10%& ()-

3% 109848 ()-"10%A&& ()-t)? ""109%4&& ()-t3AV~|[:*"10%  4: 1098& () -

0, ! - A 0 ! -
@#109%& () 17. Olol/l%qgfah%)cocurable thermally transferable composition of claim 15, wherein

the multifunctional monomer is substantially non-liquid at room temperature.

18.  The photocurable thermally transferable composition of claim 15, wherein

the multifunctional monomer comprises from 15 to 60 carbon atoms.

19.  The photocurable thermally transferable composition of claim 15, wherein

the multifunctional monomer comprises from 2 to 10 functional groups.
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" ostona ()5 RBETIIORITERof e Splptda) mgng%@ i s

5<J] }]=L?210#"10% #' & ()-O0'10% #' & ()-O' 10%# & ()-0 "10%# & ()-
. S10% #' & () -

10% # & () -] fant{ mmc&&%&h&n(ang%%@%&m&&ﬂ pdsltibR%6rEladim (16; Phdi #' & ()
-O#30""10% #' & () - ChDL?210##30"" 10% O'10%# & ()-0O 10% #' & ()-0'10%
#' & () - O#30" htthe 2dpasitiéoompkises frEMIn toBO%e#:e&i 1y weighOffHifidactibndd' 10% #' & ()
-0'10% # & ()-O[ _CL?210#"10% #' & ()-0'10% #' & ()-O#30""10% #' & ()-O0'10% #' &
"()-0'10% #' & ridndDysEaRd 109 20 & 40 patchdby Weliht heGhdfldbtit' pilyherid Hi0d6rbagéd ) - O
30""10% # & ()-0'10% #' & ()-O\8+2"10%#30""10% #' & ()-0'10% #' & ()-0'10% #'
& ()-0'10% # &penta@yBeeight of multifunctional monomer and binder.

22, A thermal transfer article comprising;
(a) a substrate;
(b) a photocurable thermally transferable composition on the substrate,
the composition containing:
(i) a multifunctional monomer that is substantially non-liquid at room
temperature;

(i1) a thermoplastic binder.

23.  The thermal transfer article of claim 22, wherein the substrate comprises a

ribbon.

24, The thermal transfer article of claim 22, wherein the substrate comprises a

sheet.

25.  The thermal transfer article of claim 22, wherein the thermoplastic binder is

polymeric.

26. A method of forming a photocured thermally transferred image, the method
comprising;
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"' 10084 () - q}aE*" 109 1094 () - q" 10%& -q" 10948 ()-q)?
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1008 () () SRR 0 R S s erbd %319%;*1&"&095&‘# 5)9%{]@@ g )=
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?
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1099&' ()-q}aE*"10% 1098&' ()-q" 1098& () 1099&' () 109%9&' ()-q
""1099& () - qy YB3 10%6 0@ B0 htofis10%8& () -q" 1098& ()-q" 10%8& ()-q)?
""1098& ()-qlaE*" 10% 1098& () - q" 1098& () - q" 1098& () - q" 1098& () -q) ?
""1098& ()-q }aE*"10% 10%9&' () - 10%/& ()-9"109%& ()-q"109%& ()-q)?
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" 10998 () - qQXYZL\]}aE* 109% 1099&' () - & ()-q"109%& ().-q"10%& ()-q)?
photocurable composition before curmg the photocurable composition.

30. A printed article containing an image, the image comprising a photocured
coating formed from the cured product of a multifunctional monomer that is

substantially non-liquid at room temperature and a thermoplastic binder.

31.  The printed article of claim 30, wherein the multifunctional monomer

comprises a dicyclohexane compound of the general formula:

R i : R,
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