WD 2012/ 082687PCT/ US2011/ 064547 PATENT 33148. 00863. W01 A METHOD FOR

APPLYI NG AND EXPCSI NG COATI NG OR | NK COMPOSI TI ONS ON SUBSTRATES TO

RADI ATl ONyvoADIDR/0BRES7 PRODUCT THERECF [ 0001] Thi s appl i cat i enTalsadmmedshe
benefit of United States Provisional Patent Application No. 61/422, 279,
filed on Decenber 13, 2010, which is hereby incorporated by reference for
all purposes as if fully set forth herein. FIELD OF THE | NVENTI ENTENT
[0002] General |y, the present invention is directed to a HetR883¢BWYpl yi ng
energy curable coating or ink conpositions onto a substrate foll owed by

t wo- si ded exposure of the conposition to inprove adhesion characteristics.
Thi s i nventi oA METH OB ROR ARRIAYINGANDEXPOSINEACOATING OR INIKced by t he

o cant g compossoSHBSSHR S mRAEETERR Rl N ot 2001178
substrates conventional ly gqp ’FﬁFCISI@@DtUCT §¥i@kkek curing only fromone

surface of the substrate. Cenerally, the surtace with the conposition
appl i ed t her[600L]di r @bislapplicitien pbses thedenefiti cditlinited SGrtes- Riodistnalalfitatti on

exposur ffects t nt.. of I rization. [.000 n-.uni form

pol yror R G Nayo 42 B FiedhaidceTee 600 IR Brsry (hPPERs i r ect i on
of a sybgtdmt or ahlfb@}?‘&s@if skaineal et forthRr&ger - Lanbert Law, |ogarithmc
dependence exists between the transm ssion, T, of light through a substance

and the product of the absorption coefficient of the substance, a, and the
di stance the |ight travelsWﬂMi.e., the path length), f.
For liquids, transm ssion of light is defined as: = 10-oe =k , wherein g is
a nol ar abs Vi t ' : ' [ QR ff1.Cl er, cis
t he concent gg@%n o] eﬁe‘mﬁ%@?’ﬁ?ﬁé“" é%ggcqvggmﬁﬁﬁt Ilg&lerrgtme% fngpl,owlfgr %’%ﬁﬁ are the

I nt ensienyregreupdieecoadhg bhimkicoaipdeiribnd orgbh sabxratefellbwadbyriwdé-eided exgputsprel WO

2012/ 082687PCT/ US2011/ 064547
o% the compositi20n to improve adhesion characteristics. This invention also is directed to a

novel, cured product produced by the two-sided radiation exposure method.

BACKGROUND OF THE INVENTION

[0003] Ink or coating compositions applied on transparent or semi-transparent
substrates conventionally are exposed to radiation curing only from one surface of the
substrate. Generally, the surface with the composition applied thereon directly is exposed to

radiation. One-sided radiation exposure affects the extent of polymerization.

[0004] Non-uniform polymerization may result from decreased light intensity in
the z-direction of a substrate. In accordance with the Beer-Lambert Law, logarithmic
dependence exists between the transmission, 7, of light through a substance and the product
of the absorption coefficient of the substance, a, and the distance the light travels through the
material (i.e., the path length), £. For liquids, transmission of light is defined as:

r= L - 10700 = 107

] , wherein

¢ 1s a molar absorptivity (i.e., extinction coefficient) of the absorber, ¢ is the concentration of
absorbing species in the material, /; and [ are the intensity or power of the incident light and

the transmitted light,

™W.E&N020721 1



PATENT 33148. 00863. W01 [ 0005] Free radi cal polynerization induces shrinkage
when C=C bonds react with each other to forma polyner. Ink or coating
conposi t iwoxowmsxismal to the radi ati on source typical |l ypsmnisekiinssse7 t han
conpositions |located distal to the radiation source due to absorption
diffusion and diffraction characteristics of radiation. In addi{i E
nononers of the conposition in contact with the top surface of f NT
substrate are nore likely to react with radicals from t h&148H88¢WOYyr f ace
| ayers already chained to the cured surface |ayers than to react with
radicals fromthe bottom surface of the substrate with a smaller

concentrat i dA0@S] r aBreeahdical polignerizatiorumdbiar xhpotagaevhen &1=4(Obora uses withe
coating or ti[hnk co%osi ions to shrink fromthe edges t owar d. the center of

the substh AT JORRRIPOLANGTY Bk PHEALRE FURROSHIRS REBIPEF ORI SHISTr f ace
towar d%yéi@ﬁl@@lﬁ’i'nk%rg @}{Hﬂ%h{ﬂog’lﬂﬁﬂ%ﬁﬁg@ disHN&S BE UBatidnlsolike @QETPN tO Observe
a thick™layer of ink or coating warp after curing as shown in FIG 1.

Accor diabgdrption diéBeionape defracteonrharmeteristigogpiadgtion f Inagddlitoon, benomiersept

separable fromthe substrate 000611 n e t decade ) t here has
beon arht HUPRRL aaHAR Y arich ety aF B BP §6 St key Gpréadtih

char actgdicft Fos dekuneateappthtedy&oatrty Dhinedko GeRBRYIshifRSapidthanhst r at es
with high glass transition tenperatures, Tg, high crystalline densities
and/ or rRicghvithandicale fron Gagpriem sTHpes afshgrubstite wythar smallsueentenigatidneoft endency
freat ed 58T Ty PO b BUE Bord BeRERicR cqu AL B i sPlbIfigR oA 12 Y
subst r &t@n shelgigan@diard teysitat bf the sesnatetay welWis lf@nadleesitomm, poropgplicdes may be
i nproved, a significant increase in material cost is expected. Moreover,
addi t i GREIPOPiigR 8¥dIcko¥rdp dheapaliedienprasHionyiires: bEheFdgis Hatcommenty Adhesi on
pr onot : ; I i : trerd Sk However ,
hest a e D o B A R IEE LSSy

| ayer s thesedyend aralplgnetto papm@olg bifyned/or béavnddg sdpacable facinaeke arbspatonot ers are

not user-friendly and nmay possibly lead to skin and eye irritations.
Adhesi on pr rs also are prone to, mgration and therefore result in
toxioi ty | salET voRuBOan SaHBar ot piis ot b it tsdT FERAR Pinct  onal
NONONErfarfifet@es th %Erolvé k&hekiodn@hRRcleASHKRhetvded dppRedd@aNBbr RRCKbDONE,
especially near the bottomof the ink |ayer where radiation intensity is

si gni f icompobiyioneaiiderubstivies with high sdass trasetion teatperatyiks, [Tayleeh crpkialingf f ect s
Foo0] ATROBE ¥ RAY QY R T PRy el R e TR B B8 O mance
of coatdoffposifidn ildykrsao PP SffttheAshsapel iPEiched Or ShBpStA1BL Sited laerhir (yerkg or hi gh
crystalline density (high tensile strength). 11‘0009] A need al so_exists for

i mpr oviaRglihente asphyratsyde ardst tq lnreatg sebdifny e tifhoirystdhae dgpity eV ols

substr : - : [ SE Gl W [ ed

dnesi ey APRUELAEF Be IbIREN. (SuRlidt Ber B RUEAICER s SERERE “has

sur pr i SMogbyerbadditidral pebeysirebeeps AUE g dpsehthaduld Worajuited. (i.e., two surface)
radi ati on exposure significantly inproves adhesi on perfornmance of coating
or ink conpqgsjtd.ons l.i ed onto nonporous substr.ates. ecifically, curing
char act or | sAP1ana ARE R Pro iR Sap PE 1R Uo EHEPED BB TTon  ar e

mani pul ahQdetioidl QRS AR frofBlesd B8 sinilfibeal adMBRARRIGSLL Ri#gh t he
depth of the applied and cured conposition. [0012] One advantage of the

pr esentprinmraaperoer dhsmicatly $reated ilagerh. yin @ddition, agthesion promoters are not user-

friendly and may possibly lead to skin and eye irritations. Adhesion promoters also are prone
to migration and therefore result in toxicity issues. Moreover, adhesion promoters include
lower functional monomers and are less likely to be locked into the polymer backbone,
especially near the bottom of the ink layer where radiation intensity is significantly weaker

than at the surface of the ink layer. This affects curing speed.
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radi ati on exposing a coating or ink conposition applied on a nonporous
substrate with i nproved adhesi on. [0013] Anot her exenpl ary advant age of the
present iwoentZmms7s a radi ati on exposed coating or i nkPcorgsesilis4a7 appl i ed
on a nonporous substrate with inproved cure speed (i.e., throughput).

[ 0014] A further, exenplary advantage of the present invention ié ?E
environnental ly-friendly radiati on exposed coating or ink conpo MENT
applied on a substrate. [0015] An even further exenplary Bddan %@%“@?Ohhe
present invention is the reduction or elimnation of deforned coating or

i nk conpositions applied on nonporous substrates via the two-sided

radi ati on e{p088]r e Aechkditltgueord &xtEinThe ap f@seprovimy adttesion pddsiananbe sf a

met hod for inproving adhesion.characgteristics. /or_.curing speeds of an
appl i eOBE Fiink COMARSIUNTARBIiET Ghs trgtemyﬁﬁiggﬁgg &} h\’/%‘cry“g”m‘Ig density

2012/ 08208 1E(fit WUsQldy 064547 PATENT 33148. 00863. W01 substrate exposed to
radi ati on both from an applied conposition surface and a non-applied
conposition surface of the substrate. In another exenplary enbodi nent, a
met hod for dAM3)i ngAancedalsp agistsrior Wikpreving d quripg speedzoi o pust eatng
transpa%%p%gggnsgnﬁéa%gn%£%5§gt substrate exposed to radiation both from an
applie§ conposi ion “sarface “and non- appl i ed conposition surface of the
substrate is described. In a further enbodinent, a nethod for applying a
coating or i[0810jonpAsickd Gurthen egisRAOPOPOUSGt i precedadhagor aliod wad | y
treated substrate exposed to radiation both froman applied conposition
sur f ac@TeRfIP#S nt ed and a non-applied conposition surface of the substrate
is described. In yet even a further enbodinent, there is described a nethod
for applying a coating or GUAKMVGORP I HEAN IRV EATFIONOr ous, transparent or
sem -transparent, non-chefcalty treated or unprined substrate exposed to
radi ati on both froman applied conposition surface and a non-applied
conposi ti on [80tflaceltdfes srerisinplythean éound bydheimvbridrs thoowdisides {he two

above- deaerd bed SIROdLIEDL Sy AL RPSH A% QnSYE! 856, 0@ SUbSEIALE i th
coat i ng UBACY AR EEHSEEP e NBHIb IS DG R Fs 5P e&ﬁgg&ﬁ o R S oA from a
radi at | @mpsoiubaLapPlied OhtoMPolouIBstrhtds. agshiciicany triag bRl 6B &lek hag heof the
substrate that is exposed to radiation froma radiation source one or nore
times. shekaggelistiieniofrthelrAnpRsiiandgys Senw uiechioPreducs At NHYIHErophk

Conposi | . curing
charac€@ﬁ%§?ﬁﬁ@mf%%§@T5ﬁ§§9$§éﬁﬁ§??Qgﬁgﬁp %@3m§%%%ﬂﬁﬁ€ﬁ?ﬁbf t he present
invention, there is described a radiation exposed, porous substrate with a
coat i ng or i[A612onpOsi hivmtapeplf tedpredeat meentpmad aced-fhyndlhencslicelpst of
applying.a.coatin, onto.a fLrEt surface OR éhe substrate e%gosing t he
appl | ed ¢iAlQt SR NGA&0BENG ANk GHEPPsiten RPLiPd N 3MOBRCIBHESF I HEMeMt | mes, and
exposi Nghpf28a@Rdionnon-appl i ed surface of the substrate to radiation one or
nore tine. In yet a further exenplary enbodi nent, the substrate is both
porous and non-chemically treated or unprined. In even a further exenplary
enmbodi ment , [PBB3]subsnpticeciommay hdpantaaet drpresean gyyanteen is grradiation

sem - I ARSPATEN 1o 41 BROLBCEso f HLHAST, SXSIPL ALY, STRAdL RN, (G st rate
IS poroug, non-c¢ nicaf?yp?rea ed or unpri dF And Ty nsparent  or

sem -t rspe&P@e e MroudiPad9] Vari ous setups for applying radiation froma

radi ati on source to the substrate are possible. In a preferred enbodi nent,

radi ati on originates froma radiation 4 WO 2012/ 082687PCT/ US2011/ 064547
[0014] A further, exemplary advantage of the present invention 1s an

environmentally-friendly radiation exposed coating or ink composition applied on a substrate.

[0015] An even further exemplary advantage of the present invention is the
reduction or elimination of deformed coating or ink compositions applied on nonporous

substrates via the two-sided radiation exposure technique.

[0016] The present invention describes a method for improving adhesion

characteristics and/or curing speeds of an applied coating or ink composition on a nonporous

3
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PATENT 33148. 00863. W01 source and is applied to a bottom surface before
radi ation that originates from another radiation source and is applied to
the top swofar#seds7t he substrate having i nk applied thereons23e¢pessut i on of
radi ati on exposure froma radiation source, either fromthe top or bottom
sides of the substrate, nmay be optim zed to achi eve good adhesi]?n ﬁﬂﬂl or
curing characteristics. [0020]1t is to be understood that both AL

f oregoi ng general description and the foll ow ng detail ed33dé§@p$?ﬁ'W(Qplare
exenpl ary and explanatory and are intended to provide further expl anation
of the invention as clainmed. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0021] The
acconpanpsitrate ekpavedigsadiatiorchothfien acipplied comporitdon defaae hud 4 her-applied
under st andi ng of the i.nvention d are incorporated.in and constitute a
part ofcofqi’ioél%%é‘&rif?‘iecoég?eoﬁﬁl,%sw?'u qgthsr EWFYM@%BWW%W&‘\?QE i on and

toget h?arppwiiﬁ@a &&%n%?? Gfid &Mﬁ%@iti%ﬁ%ﬁ% doﬁp%ﬁéﬁfaﬂsﬂa’i’é‘ﬁt B isé?ﬁi-n?aln“s‘ﬁar%t the
i nvention.” I'n the aw ngs: [0022]Figure 1 illustrates the extent of
war pi ngubsiratexposest ©iraddtiaubath gron] 90gP]iEd gompogitién $wikice andegoragipdied on

characteristi.cs of. an lied ink, film.on a ncoat e oriented

ol yor SVIRSHESE el R RETMaSE Rearu ol SBvitiF P S ms LT RE b e ver sus
an appldpgiddWcddtinBok hﬁttqd@osuilah@ﬁta%np&ohmnFiiﬁll@d of HER cNdGEAIyrdadiel appl i ed
i nk surfpace is exposed first to radiation foll owed by exposing the
non- applubgeteserposecbtotradipties kath Hiom FOWPIPEceupesiBon surisse map@@tegawég nefr
characterj.sti . | | i il n. . Ail.gh- i

pol yet hai) P g?{%&) [’50%5% blgrg?er%fﬁge %%g%rgtleslmée%gj’l@% gg(‘y? %‘évgg r‘?gf %@%fﬁﬁ%ﬁ@ﬁrﬁé ver sus
an applthad id ddscifibddra mbibd ife ppljiect eshting of Wk-cdingeditionoa aweap&ions,t he appl i ed
ink surface is exposed first to radiation followed by exposing the

non- appaneRAreof SeBI-EspagntafPHRheigabsireaterloramprimed substia{ceexPReRTdsi on

char act gr.i. st | ! I A N T BTR-5'd] ricent ed
ooty o S PEALE g AR Sl L0 00 HBESpL B PHbA Rt
ver sus thais@pphteédddsnkbdd. | m t hat is subjected to two-sided cure wherein the

first exposure is fromthe top surface and the second exposure is fromthe
bott om surf 5 012/ 082687PCT/ US2011/ 064547. PATENT 33148.00863. W01

[0026] Fi gur QOBITIF | ut {iRF B EaE e "ERAHE o 9P FI48 Ob ke ApArt BY-Tonic 11 m
on an %W@E@ﬂﬁng%ﬁrﬁdﬂ@%o@ﬁioﬁ&?ﬁﬂéd @8R oA FRposdls riBd R nCRER alrhdstidivo- si ded
curing with exposure first to e non-applied surface foll owed by exposure

to the sapyskioad of mRreimesndeaddtiauy aqiosuruetare pEthesebstiats thpigh Perpsedile sur f ace
fol Owergdig on 53Uk iaEi(o)n gor{lef\cengn%_oar%?olrle %gnessu 'ﬁlg‘ Wo-sided radiation exposure
method of a coating or ink composition applied on a substrate improves adhesion and curing

characteristics.

[0018] In a further, exemplary embodiment of the present invention, there is
described a radiation exposed, porous substrate with a coating or ink composition applied
thereon produced by the steps of applying a coating onto a first surface of the substrate,
exposing the applied first surface of the substrate to radiation one or more times, and
exposing a second, non-applied surface of the substrate to radiation one or more time. In yet
a further exemplary embodiment, the substrate is both porous and non-chemically treated or
unprimed. In even a further exemplary embodiment, the substrate is both porous and
transparent or semi-transparent. In another, further exemplary embodiment, the substrate is

porous, non-chemically treated or unprimed, and transparent or semi-transparent.

[0019] Various setups for applying radiation from a radiation source to the

substrate are possible. In a preferred embodiment, radiation originates from a radiation
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[0027] Figure 6 illustrates adhesion characteristics of an applied black ink
filmon an uncoated OPP substrate conparing single-sided cure versus

t wo- si dedwoune/osedsh exposure first fromthe applied i nkpsunfsaae/ o644t onwed by
exposure to the non-applied surface. [0028]Figure 7 illustrates two-sided
curing wherein the applied ink conposition surface of a substraﬁg Eﬁ,cured
first by a radiation source and the applied ink conposition sur LENL
cured second by anot her radiation source. [0029]Fi gure 3P (98¢ HWL01

t wo-si ded curing wherein the applied ink conposition surface of a substrate
is cured by a radiation source followed by curing of the applied ink

sur f acesobyce andisepplieddi abatm swthce befofd30}iPH ghat erifinhiel Gohr atodsert wo- si ded
curing in which the applied and non- li.ed surfaces.of the supstrate

si mul t dATBYRT SPUERENE h&a “DMsaPp Syrii af OB B In ek App SPRI PTI ON
OF THE {do USTRATER EMBORI VENTS o Q0251 Rl SLRACE MM Hbm AW B0 TRESH fadet ai |

to the enbodi nents of the present invention, and exanples of which are

i || ust rdttledsubstratbenachompamyedty athewe gged adheeidd pidier ¢unngraherastegfticshe
present invention have discovered that two-sided radiation exposure to
coating or i onpasi ti.ons appli n.substrates exhibjts.i.nproyved uniform
crosse i mki HIGIP oLHH B el RR o R LR TSR RS s el e R Y B, o

curi ng foreRitQdiledpERVipGoRikesbaplagngidoixplub@rE har 86 ikendelite provide an
exenpl ary enbodi ment, coating or 1nk conpositions are radiated both froma
t op anduBhgicxpRutingRl the inygRtfancas ciimgd.nonpor ous substrate. |In anot her

exenpl ary enbodi nent, coating or ink conpositions which are radiated both
froma top and a bOttOmﬁkﬁ?FWESS(“iﬁﬁaﬁ?)l@bFaTHEnBR%WfNGSnpri med or
non-chemcally treated substrate (I.€., uncoated) exmorts i nproved
adhesion. In a further exenplary enbodi nent, coating or ink conpositions
whi ch are rd@02kled bt hcdompanyng dmvangs, svhéch\ad: 2ohRlcd 82p®VIER UBRO11/ 064547

PATENT 33148. 00863.. W01 bottom si.de or r.face of .a nonporous, transparent
o semUHFARAgRE SRS bt BT P Rih S6€eTatuE BRT LR ot " aven &

fur t hergpexAERIcAr M1uSidRe dnBBdinen&QAhd @ vaHtidnid ¢6UHRRS WifhQRS d¥RIiftlorRdcve

radi ated both froma top and a bottom side or surface of a nonporous,

non- chefiesplpinthe pongiplgs of thampenter, transparent or sem -transparent
substrate exhibits inproved adhesion. [0033]1t is believed by the inventors
t hat tg§t$¥8ﬁﬁ%9§9 radi ati on exposure technique of the inventors elim nates
t he ne ying prined or chemcally treated | ayers on the substrate
whi ch are commonly used to inprove adhesion of coating or ink conpositions
printed ont d062YubsFigure 1 iBystaeesdod ¢xgeont afl diatpingndbrinpadrerdiddd aoiggs can
dramatically be reduced and/or elimnated. In addition, shrinkage and/or

m gration of cogposi Li.on can redyced upon cure. Lt . | so

under st ood H?bﬁﬁe iﬁﬁﬁﬁfgﬂﬁwpﬁg?a?ﬁ?“ﬁﬁ%@@ﬁ?”ﬁ%ﬁ- ﬁﬂéﬂpyﬁhwgﬁﬁgﬁmngosure
t echni qugosbd, @Went@pholyptdpdyRne (OPRNYubs @41P %t AR & kiioleOididd@ird Versus

i nprovi ng the adhesion characteristics of the conposition applied on

unpr i meadt appligdbimk dHerthatas bubjeateshiodwossidedtonge whereinghsagptsdenierurfaghiesn t he
novel radi ati.on .ex ur echnj que was used to-apply C osi.tions on prinmed
or chergartty M EEREaRLTRIET A bR M F LR Rl I PRItV ea adnesi on
results were exhibited in relation to the adhesion results obtai ned when
conducti ng 803§ meRigre 3nllairated pdhdvath dhiaradeifisGdrestiadabpied ink @il @cbn an
substrates. n t he concej ved advantages of usingFthe i nventive met hod

f
on i nk WEoEh gl iiBaehEIEIree ARDFESt bRt S (hiti sl siEla 19 S eat od
SUbStr gfBgis b} appIfdG AR Bifhn G 'isnﬂlbfegf%QQO tWo-Sided ERYEQUARAH tHe applied ink surface

is exposed first to radiation followed by exposing the non-applied surface to radiation.

[0025] Figure 4 illustrates adhesion characteristics of an applied ink film on an
uncoated, bi-axially oriented polypropylene (BOPP) substrate that is subjected to single-sided
cure versus an applied ink film that is subjected to two-sided cure wherein the first exposure

is from the top surface and the second exposure is from the bottom surface.
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[0035] I n an exenpl ary enbodi ment, the two-sided radi ati on exposure process
is performed on porous substrates with a suitable coating or ink
conposi t iwo 2przase@dd t hereon. The suitabl e composition megThS2@na645y7
curable. Alternatively, the conposition nmay be non-energy curable. In yet a
further exenplary enbodi nent, energy curable conpositions cont %ntgg I nert
resins or |lower functionality nononers/oligonmers are applied to q trates.
Such additives in an energy-curable conposition are unde?%f‘%@@g@?ywi%
inventors to reduce shrinkage during polynerization. This is critical to
reduce or prevent the cured |layer from popping-off substrates with high
tensil e strdff24is aRiture §hlladtipsts abhdsive dbarsieristiss. of An\APplied ink film on an
2012/ 082687PCT/ US2Q11/ 064547 P. FENT 33148. 00863. W01 4003.6] According to the
i nvent i BROAFGASRICORO Vpﬁbens&é?; oSGt COMBA RN Oa P SN VIHLHPEPBFi ed
sur f ac & Qf to%ﬁ@ncﬁ#&ﬁﬂi@é&@xf&@%l@éwé@ﬂ;ﬁe;@ﬁo%é t0 Eﬂé%pﬁﬁé%ﬂi‘ﬂﬁ REaRNdrPRt tern of
radi ati on exposure to the substrate surfaces nay be optim zed in accordance
wi t h t leeposmpefict tethb sppladank Qpticaifelinwainbyad posuie pethd noopeplitcharfagpe of
coating or ink conposition. Optimzation may al so depend upon curing speed
and tenper at condi ti ons i.m,zation may .al.so depe on the.
aUbstrate.  dWEInG " BierRh TRl MRl e R SRR R A8k R By 1y
or in conicoatd OPPWubdra@ @ ndneinbeingld S8&/dure vanesd Rer si@xedid aith eepded nent ,
an applied or non-applied conmposition on a surface of a substrate may
si mul tafﬁétofﬂ@whﬂo@paggmkewrf@@ﬁ%wa@ DY §XPOSHE todlg BR-2Plisd svércenay be of a
different type. Alternatively, the radiation source nay be of the sane
type. [0038] et @ Ll , i - Led.: face
ol T el ati ol R m o e T b IR e P RALE e Sp R APl oy
coat i nguderpas ubstmts urduagiefitsoby adidittioasofiico mmdtheagpldd ink comppgtomas been
f ound tofexh.i bit better adhesion. characteristics than if the printed
conposi B 1§ GPed secqnd byiangtheriadifdion sPYCr-adi ati on from a radi ation source.
It is believed by the inventors that radiation curing first fromthe
non-appl i ed [pgzg)aceFurt BeIISREL twbRideassse Wiereld ths ippldahik BdmpPBIIGSEr S 1 N
contact with the substrate to cure first. I—%nce, there is no force pulling
t hese rroreereia whetyate somadiy siadatioaseurce follpaddysnring pethemppliarseins on t he
appl i ed 0s] 1 1.,0n r.fac f. the substrate are nore likely drawn to the
bottomsgﬁg?r%b %né)rtrlf)eg)é? 1‘]‘%0%1 "% i nstead of bei ng pulled away. [0039]1In yet a
further enbodi nent, curing speeds are considerably inproved when a
bot t om fi r st[p030j0- s Fibteate Odltisataicn nwoBideddutisg pewhioh mecthppliedaid worsgmiiedt or
sem transparent substrate with an ink or coating conposition applied
t her eor’ " TRERS AHFIESSURBFAS IRBUABEBN Y, 21¢ FEFS DY PRUHEAYBISUCE conf i gur ati ons
and variations for the two-sided curing nmethod. The three nost preferred
confi gurati onspgre I{iEIs PESRRIPTION DFeTHEaI S PRAGD AMBOPMMENTS! G 7,
the substrate With an TNk printed on a surrace tnereon passes tnrough a
first curing station. The printed conposition surface is exposed to
radi ation filP83L] ThRaferdnge sibbspwarenisigss dstail e fegimbwdgnegvndl beaprasgntst at i on,
exposi g, &8, AR REL RS HFACE AL ADE SHESLA Sl LAdI AL On AS shown in
FIG 8, the SubstTare vvlfW an ‘ink printed on a urface thereon passes
through a first curing station. The non-printed surface is 8 WO
2012/ 082687 RO032YS20Thé G4bbis RATENE S 13 8n 06 Bk3c\BWLbvaxp anedvd-cideddi at i on
first. Then the substrate passes through a _second curing station, exposing
the priAtiaden FIPOSHE QeR_INEST FFRAMAOHitienErpried OR suR RS cxhi@ithinAORe! i nk
printe K Al &H,Zlg - hAas uring
stati oﬂlg%?ﬂg%F frhglgﬁlgt&%%{ﬁg@glte?te ondfg%gos saé%tﬁjzl' g??ur{% ,259?1%1;&3@?%% to
radi at itechnape itnpeovse edhedionandfog cet ahaacepxpos ésant erenpbay pribetiexens,ur f ace t o
radiation. As wll be explained in detail bel ow .each of the
above- rFQﬁ*tl%‘Pfé\ﬁiF%P%Sil a&%ﬁ%ﬁéﬂ‘f@% PHUROPARARREE™ 5 SVBH M esi on over
si ngl e-Rhps@ut afis@hie O SARRTEKEMplaBPdRboiRicht EMRB Y ifkd corposHeAD Ghichf
repetitions) of radiation exposure froma

are radiated both from a top and a bottom side or surface of a nonporous, unprimed or non-

chemically treated substrate (i.e., uncoated) exhibits improved adhesion. In a further

exemplary embodiment, coating or ink compositions which are radiated both from a top and a

6
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radi ation source to each surface of the substrate, in addition to the

radi ati on-curing pattern, can be optim zed as |ong as both surfaces of the
substrat evenei2mspessed to radi ati on at | east once. One facrars2evhioeis4may
affect the repetition and pattern of curing the applied coating or ink
conposition on the substrate may include opacity and col or of tgg
conposition. Another factor may include conposition filmthickn LENAnot her
factor may include the substrate type, quality and text utd 489830 WG Her
factor may include the nunber and type of radiation sources used for curing
the printed and non-printed ink surfaces. Another factor may include the
power (Hottem, sidwditsacgfage affa waphrauadiakpaentsoyemneganspedni subkinee exitbss ded
curing .techni,que. .[ 0042] 1 n one. epbodi ment, the .frequency of radiation
curing lg}RﬁoVﬁQgﬁ]é?Sf#“i' SFEI N @ prgr ﬁéelﬁB{J’W ?fﬁgoq%@ﬁmaﬁ?ﬂuin&?ré‘ﬂ% face and the
appl i eQ:o%{HoEi%ﬁ‘s HRichaet AR doM 6m £p .89 vBRohRRIENRRuARR df%%o%ﬂ&foﬁéi_e I'S
exposed to radiation at |east once before exposing the applied conposition
sur f aceonechemdiady itweated lon uapronérk traespaomit mesemi-ttaneparent-sapyitateckhshitsf ace i s
exposed to radi,ation three times and the applied surface is exposed to

r adi atilglr?r?v\ffgafiﬁ?‘?éoél; as long as the non-applied surface i s exposed at | east
once before exposing the applied surface to radiation. In yet a further
enbodi ment, [0083]nonitappdliewdd BiifHeaa tentsrs Eap @R ot Wdddaddiatiboexgobiee ti nes and
the applied surface is exposed to radi ation one tine, as long as the

non- appEsheius of theciavengors gHadradesghe pesgdfer appdung efigicd osghasically wepdedhppl i ed
surfac j.at i A;w iat] i:n.the

pr esenf.l a’?e?]%é% |e§hi.)£ tee&lﬁggélo r%%ﬂﬂgtu ?%dngoﬁgfy%d’é‘%@% unp%ﬁcoltd ﬁlgg%ﬂu 1§t rate and
coat i ngoatpokifikncpiged diitoarsubg k. | By théoihyrdditdad maetingoseichod. I n this
invention, radiatio y he Actinic. Particularly, actinic radiation my

i ncl udéyngd VgFé‘%‘{]“Fg%?%p?rcFﬁl%P%&d@cﬁdrﬁb‘Fone%Htlﬂa%e BV eEBEr ot Reury
|anps. 9,020 2h0B2RAIRATSROLL/IPRAR LBATENE IH, DRBR I NARLiAGH N ©
radi ation may also include electron beamradiation (EB). Actinic radiation
may ot heowided radieliordex poatre tavhoiqoo hifores far dittle nf anfkcadhesion pewinettisdmaidayn al so

i ncl ude visual . li gﬁut AGt i n} C. éadgrta]é‘% on may. al so .iCEcI ude.infrared. Actinic
radi at i BRTRESR GF BN IS GTART SAPRNTICRAPPHFEOY IR HRTDH My al so

i ncl ude:hBintdaNVaégiel dghsathiec@n. Further, actinic radiation may al so include
ionization radiation. [0044]1n a further enbodi ment, while plural radiation
sources can be used, the type of radiation may be the same. Alternatively,
whi | e pl urall003di at Hewesguraes theapvelaadigien exposureygrlinispue g ivaed lOriPREy be
differe , ' £ e ‘gﬂﬁg ; L g
COITpOSiC{aI}n(S)I’? ng 8@%@@8%& tf81 %%heglgggsl r gt[ageq Sgﬂgrtf'f [ a%tgg&%/ rglgr(llf:‘i%% Hg&%%éﬁ(?appl i ed
sur f aceadhssisractsatselerd ¥ xhibRed Al eREibAtO the layhesidnareaploberheclonpasiohdeningur f ace

is radiated by LED and the non-applied surface is radiated by UY. In

anot her*@AHBERARSR o0 PHBEIMSHRIAWBrGneicly figeied pebstiatss a 88 ObHEEOBSEIY and once
by LED, 5 by 28% 0P u8RE theARTeriE nARId ffink QMPGRInki BRhpSUEbACHplisd bAiAked once
by UV. allr\{ yte zgnot ﬁé; emg)eorfgill@rrent, t ennon-app icegﬂpsurl?ac@p?ls rg%ipglte once
by UV amdhencellpyedt&bDsubistratanis iocrdesed camk $iieed &pplthedghmprposi ti on surface is
radi ated once by LED. [0045]1ncreasing the nunber of radiation sources,

such as W D | s, fromeither the appli.ed,c osition surface or the
on- app! i od D Tace Ty BTG SOy SRS P SHAegrgn FEPREhBiGr 1 | ne
speeds.peMafified GTPSrolBYubrSes REh @%ﬁﬂaﬁl@c&@ﬂn? o fsRioh Printe@Whérdsi out put
or faster curing speeds. In another, exenplary enbodi ment, inproved

adhesi ohherfaifakle cempeyjtief may be erarpughpele. Byteaatigolynge tompasifieismey bej ne

speed. |n urth X ' i oved cur racterjstics

al so afnfogcet%gggy AT 5%%% plglty%gg k%ﬁé{)gﬁ‘@r??gﬂf’@%%gg %Ig%)l{ﬁ ffnﬁ yscbléaeéggog?gqsﬁgonrs adi ation
sour ce.coh@iniex aeplresinddrGowbr fuhttitsiatiat @6n ARl goraérs arcappiied ¢ albstratks. appl i ed
on a non-prinmed or non-chemcally treated substrate of oriented

pol ypr op\fh @AItiyePP)an epgrgy el go Ry itioprg endsgsterst Buthg inygniosnigsedyce3oo

watts. fi . o? t : i '

non- ap pS ;Elnglédgg tﬁi H lgg g 913?‘4“’9% %@Js“u big{t%sr %tacg;rﬁ %I t%cgi@gﬁ/&%ﬁ%t g%{o%%%fagénpkﬁggﬁ rface of
t he sulppakeff Obstrites withaighhtamdle strbiegthd gl hiplaostilohe defsititke sanpl e was
radiated first fromthe applied ink surface of the substrate proceeded by
t he non-applied surface. As shown, al nost none of the |eft hand side had
its coating renoved fromthe substrate after a standard peel test, whereas
the right hand side had an overwhel m ng anount of its coating peel off
during a standard peel test. The |left hand side also exhibited an 10 WO
2012/ 082687PCT/ US2011/ 064547 PATENT 33148.00863. W01 i nproved curi ng
conversion or degree over the right hand side w thstandi ng al nost tw ce as
many MEK doubl e rubs. [0046] Custoners in the packaging industry, especially

.= T )



nodul us(Pa) and/or Melting tenperature. Mchine direction of nodul us
describes the relationship of how easily the substrate filmcan be

st r et chedvoSommsessmmon pl astic substrates used in the pachamgeog/os4sdust ry
are bi-axially oriented pol ypropyl ene (BOPP), |ow density polyethyl ene

(LDPE), nedium density pol yethyl ene (MDPE), high density pol yet %kﬁ&er
(HDPE), pol yet hyl ene phthal ate (PET), polyethylene phthal ate Q%IPETG)
Bt and

and polyvinyl chloride (PVC). Table 1 |ists general t ens}i1ds §8$
melting tenperatures for sonme of the above-nentioned substrate materials.
Table 1 BOPP LDPE HDPE PET Tensile Strength (MPa) 19-42 9-15 23-25 47-90
Mel ting tenj@03G]ur e AcE)rdingAe Ivlntdifion ladibBtn i3y b2GPpRSEHto cfB&4Be Moplied

different ink co |t| can be used in_.the esent invenption.

parti c'aPY aPH]éed?Jgﬂr aswﬁfgle PR EalTETG 05 ST B@eby"?&ﬁsﬁe%}%?ﬁ P"V\F@Frboﬂxsed in

the expgfihfBNE:Hods 8 8Redbdthitd sﬂirﬁcé’s‘ Iﬁgﬁ/ 135 H;St?rngcll-h'!: R8240 itk L YJeA§2594,

FLT5V9483557: Starl uxe intense dition, an experinental ink

cal | ed sRBS8E:. 1QptmizaAGN m@depeﬁébmwnzthdmm bezsmtghn igoepogisitioon of each of

t hese i(gkts.. 11 . . N
ptimization may also depend upon curing speed and temperature conditions. Optimization

may also depend upon the substrate, coating or ink composition, and curing conditions,

individually or in combination with one another.

[0037] In another exemplary embodiment, an applied or non-applied composition
on a surface of a substrate may simultaneously be applied to radiation. The radiation source

may be of a different type. Alternatively, the radiation source may be of the same type.

[0038] In yet a further embodiment, exposing the non-applied surface to radiation
from a radiation source before exposing the applied ink or coating composition surface to
radiation from a radiation source has been found to exhibit better adhesion characteristics
than if the printed composition surface is first exposed to radiation from a radiation source. It
is believed by the inventors that radiation curing first from the non-applied surface of the
substrate causes the first layer of monomers in contact with the substrate to cure first. Hence,
there is no force pulling these monomers away from the substrate. In addition, free
monomers on the applied composition surface of the substrate are more likely drawn to the

bottom of the composition film instead of being pulled away.

[0039] In yet a further embodiment, curing speeds are considerably improved
when a bottom-first, two-sided radiation method is performed on a transparent or

semitransparent substrate with an ink or coating composition applied thereon.

[0040] As mentioned above, there are many possible configurations and variations
for the two-sided curing method. The three most preferred configurations are discussed in
further detail below. As shown in FIG. 7, the substrate with an ink printed on a surface
thereon passes through a first curing station. The printed composition surface is exposed to
radiation first. Then the substrate passes through a second curing station, exposing the non-
printed surface of the substrate to radiation. As shown in FIG. 8, the substrate with an ink

printed on a surface thereon passes through a first curing station. The non-printed surface is

8
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WO 2012/ 082687PCT/ US2011/ 064547 PATENT 33148. 00863. W01 [ 0049] As shown in
Tabl e 2, each of these inks contain multifunctional nononers. R3590-113-1
however dwe0mmB2480nt ai n contai n ol i gomers and i ncl udes POmAISEU11/064587
thernoplastic acrylic inert resins instead. Table 2 FL N FV5482107

mul tifunctional acrylate nononer and oligoners builds backbone Qf ed ink
film40-70% Pi gnment 12-30% Additives can include, but is not |t to

pi gnent di spersants, rheology nodifiers, defoamers, i nhiiﬁilfl%'logﬁg&éW@%_S%
Photo Initiator Conpound 5-15%

exposed to radiation first. Then the substrate passes through a second curing station,
exposing the printed ink surface. As shown in FIG. 9, the substrate with an ink printed on a
surface thereon simultaneously passes through two curing stations. The first curing station
exposes the printed ink surface to radiation and the second curing station exposes the non-
printed surface to radiation. As will be explained in detail below, each of the above-
mentioned two-sided curing techniques exhibits improved adhesion over single-sided

radiation exposure.

[0041] The frequency (i.e., number of repetitions) of radiation exposure from a
radiation source to each surface of the substrate, in addition to the radiation-curing pattern,
can be optimized as long as both surfaces of the substrate are exposed to radiation at least
once. One factor which may affect the repetition and pattern of curing the applied coating or
ink composition on the substrate may include opacity and color of the composition. Another
factor may include composition film thickness. Another factor may include the substrate
type, quality and texture. Yet another factor may include the number and type of radiation
sources used for curing the printed and non-printed ink surfaces. Another factor may include

the power (i.e., wattage) of each radiation sources used in the two-sided curing technique.

[0042] In one embodiment, the frequency of radiation curing and pattern includes
exposing both the non-applied surface and the applied surface to radiation twice, as long as
the non-applied surface is exposed to radiation at least once before exposing the applied
composition surface to radiation. In another embodiment, the non-applied surface is exposed
to radiation three times and the applied surface is exposed to radiation two times, as long as
the non-applied surface is exposed at least once before exposing the applied surface to
radiation. In yet a further embodiment, the non-applied surface is exposed to radiation three
times and the applied surface is exposed to radiation one time, as long as the non-applied

surface is exposed at least once before exposing the applied surface to radiation.

[0043] Any type of radiation may be used in the present invention. The type of
radiation may depend upon the substrate and coating or ink composition used in the two-
sided curing method. In this invention, radiation may be Actinic. Particularly, actinic

radiation may include ultraviolet radiation provided for example by LEDs or mercury lamps.

™W.E&N020721 1



R3590-113-1 thernoplastic acrylic inert resin(mght be the reason for
better adhesion on BOPP film 15.5-20% nultifunctional acrylate nononer
16. 5- 30%worrofxnseds7onal nononmer 8. 55-15% Additives 5. @6TABWIRI0GHHENT

52. 40- 60% photoi niti at or conpound

PATENT
33148.00863.WO01

Actinic radiation may also include electron beam radiation (EB). Actinic radiation may
otherwise include cationic polymerization. Actinic radiation may also include visual light.
Actinic radiation may also include infrared. Actinic radiation may also include laser
radiation. Actinic radiation may also include microwave radiation. Further, actinic radiation

may also include ionization radiation.

[0044] In a further embodiment, while plural radiation sources can be used, the
type of radiation may be the same. Alternatively, while plural radiation sources may be used,
the type of radiation may be different. In an exemplary configuration, the applied ink or
coating composition surface of the substrate is radiated by UV and the non-applied surface is
radiated by LED. Alternatively, the applied composition surface is radiated by LED and the
non-applied surface is radiated by UV. In another embodiment, the non-applied surface is
radiated once by UV and once by LED, in any order, and the applied composition surface is
radiated once by UV. In yet another embodiment, the non-applied surface is radiated once by
UV and once by LED, in any order, and the applied composition surface is radiated once by

LED.

[0045] Increasing the number of radiation sources, such as UV or LED lamps,
from either the applied composition surface or the non-applied surface may help improve
adhesion and/or cure at higher line speeds. More lamps may also be used to help compensate
for low lamp output or faster curing speeds. In another, exemplary embodiment, improved
adhesion may directly affect throughput by allowing for a faster line speed. In a further,
exemplary embodiment, improved cure characteristics also affects throughput by allowing for
faster line speeds of the radiation source. For example, FIG. 5 illustrates samples of a
commercial ink applied on a non-primed or non-chemically treated substrate of oriented
polypropylene (OPP), radiated at 300 FPM using mercury UV lamps at 300 watts. The left
hand side of the sample was radiated first from the non-applied surface of the substrate
followed by the applied ink surface of the substrate. On the other hand, the right hand side of
the sample was radiated first from the applied ink surface of the substrate proceeded by the
non-applied surface. As shown, almost none of the left hand side had its coating removed
from the substrate after a standard peel test, whereas the right hand side had an overwhelming

amount of its coating peel off during a standard peel test. The left hand side also exhibited an
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7.55-12% FLNFV1482594 mul tifunctional acryl ate nononer and ol i goner

10- 40% nmonof uncti onal nmononers 10-20% Additives 1-3% Pignent 40-60%
WO 2012/082687 PCT/US2011/064547
PATENT

33148.00863.WO01

improved curing conversion or degree over the right hand side withstanding almost twice as

many MEK double rubs.

[0046]

eager to develop good adhesion characteristics between substrates and ink films. Since all

Customers in the packaging industry, especially relating to plastics, are

substrates do not have the same properties, adhesion may vary tremendously depending upon
the shrinkage of coating or ink printed thereon. Accordingly, selecting an appropriate coating
or ink formula is an important parameter in obtaining improved adhesion and reduced

shrinkage of the final, cured product.

[0047] Some important characteristics of the substrate are Machine Direction of
modulus(Pa) and/or Melting temperature. Machine direction of modulus describes the
relationship of how easily the substrate film can be stretched. Some common plastic
substrates used in the packaging industry are bi-axially oriented polypropylene (BOPP), low-
density polyethylene (LDPE), medium density polyethylene (MDPE), high density
polyethylene (HDPE), polyethylene phthalate (PET), polyethylene phthalate glycol (PETG),
and polyvinyl chloride (PVC). Table 1 lists general tensile strengths and melting

temperatures for some of the above-mentioned substrate materials.

Table 1

BOPP LDPE HDPE PET
Tensile Strength (MPa) 19-42 0-15 D3-25 47-90
Melting temperature (°C) 130-170 108-114  |131-135  poo-255

[0048]

Many different ink compositions can be used in the present invention. In

particular, the following inks manufactured by Sun Chemical were used in the experiments

discussed in this disclosure: FLNFV5482107, FLNFV1482594, FLTSV9483557: Starluxe

intense black. In addition, an experimental ink called R3590-113-1 was used. Table 2

describes the composition of each of these inks.

11
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phot oi nitiator conpound 5-12% FLTSV9483557: STARLUXE | NTENSE BLACK
al dehydes resin solution 25-40% nultifunctional acrylate nononer and
ol i goner wO20R20B2¢ddi ti ves 2-7% Pi gnent 15-25% phot oi eCTitstan/oesapound

PATENT
33148.00863.WO01

[0049] As shown in Table 2, each of these inks contain multifunctional
monomers. R3590-113-1 however does not contain contain oligomers and includes one or

more thermoplastic acrylic inert resins instead.

Table 2
FLNFV5482107
multifunctional acrylate monomer and oligomers [ouilds backbone of cured ink film{40-70%
Pigment 12-30%
can include, but is not limited to
Additives pigmept dispersants, rheqlqu 1-5%
modifiers, defoamers, inhibitors,
etc
Photo Initiator Compound 5-15%
R3590-113-1
thermoplastic acrylic ineﬁ resin(might .be the 15.5-20%
reason for better adhesion on BOPP film)
multifunctional acrylate monomer 16.5-30%
monofunctional monomer 8.55-15%
Additives 5.65-15%
Pigment 52.40-60%
photoinitiator compound 7.55-12%
FLNFV1482594
multifunctional acrylate monomer and oligomer 10-40%
monofunctional monomers 10-20%
Additives 1-3%
Pigment 40-60%
photoinitiator compound 5-12%
FLTSV9483557:STARLUXE INTENSE BLACK
aldehydes resin solution 25-40%
multifunctional acrylate monomer and oligomer 15-30%
Additives 2-7%
Pigment 15-25%
photoinitiator compound 10-20%

12
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10- 20% 12 T1,.GL-101707'71 1 WD 2012/ 082687PCT/ US2011/ 064547 PATENT
33148. 00863. W01 Adhesi on Test [0050] According to the invention, a standard
peel testwoasiuses7t o quantify adhesi on characteri sticspofi/usb@i1mesui ng or
ink on the substrate. Specifically, 3M 600 Scotch Transparent Tape was
firmy adhered across the surface of the sanple i Mmediately after Eﬁq' ation
exposure. The tape was rapidly renoved using manual force appli T

per pendi cular to the surface of the sanple. The sanple wad 4 -PQ%@-WPM

exam ned for detachnment of flakes. CGenerally, the appearance of the sanple
is classified on a 0 - 3 scale, with O (no ink renoval) being the best, and
5 (conAdiiaianiRest enoval ) being the worst. Adhesion of the sanple can al so
be quantified nunerically by determ ning the surface area of the sanple

t hat showed chment of flakes in relatipn.to.the area . of the._sanple that
W ot sroddifs AR adine o BiiRut thopra RpPRubler 19883 Sado ol ot bog | &

used t odHel&! FlapR tdrRBcISAhE BoRine i itk &f thaGedieN S pkoifitadV3NAEE®scotéle t est

i nvol ves rubbing the surface of 'a cured filmwith a cheesecloth or cotton
pad soakeespaienh TaRkwamiinnly hdhdred across the sukach odihgsampletimenddidtely aftae t ype of
cheesec ot By, LIS SLT ke A SiANGE LhS SLT Qe raler (and. appnoxline jappl | ed
pressure 3PN RPOPYE are peC FAdY TRmP R prot OOt and” Y BorPatea™in its
entir etty thysuiRtesrmne @am{lhﬂl"lﬂ@@&p@d’ ®ac O Bt xamireddorddtechindat oOMekes.ub
forward and one rub backward constitutes a double rub). Extractable Test

[ 0052] Exanegdlyateappesange péhe sgapleds glagsitied oma Ondncplowite 9rpa sk remgeal)

accor oabis e PRGRLREp AR A PUER IR e a2 R Yok AP e ey 2

i n duplalwaieayuaytifiahafmaitat g by determindiey the giiddde@nca of the sample that showed

detachment of flakes in relation to the area of the sample that did not show detachment of

flakes.

MEK Rub Test

[0051] This test method is used to determine the degree of cure of according to
ASTM D4756. The test involves rubbing the surface of a cured film with a cheesecloth or
cotton pad soaked with MEK until failure or breakthrough of the film. The type of
cheesecloth, the stroke distance, the stroke rate, and approximate applied pressure of the rub
are specified in the protocol and incorporated in its entirety by reference. The rubs are

counted as a double rub (one rub forward and one rub backward constitutes a double rub).

Extractable Test

[0052] Extractable tests were performed on the non-food contact side (non-printed
ink side) of the substrate using a fatty food simulant in accordance with the following test

method.

[0053] All samples were analyzed in duplicate by non-food contact side migration
tests. Stainless steel migration cells were used to analyze the samples. The surface area
analyzed for each sample was 51 cm? and the extraction volume was 30 ml. The food

simulant liquid (FSL) used was a fatty food simulant composed of 95% ethanol and 5%
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tests. Stainless steel mgration cells were used to anal yze the sanples.
The surface area anal yzed for each sanple was 51 cn2 and the extraction

vol une wawo02011mis268The food sinmulant liquid (FSL) used wastastatitog4shnod

si mul ant conposed of 95% et hanol and 5% 13 WD 2012/ 082687PCT/ US2011/ 064547
PATENT 33148. 00863. W01 water. The sol vent volune to surface abgg E&L)lj 0 was
0.59 mM/cn2 (3.8 mM/in2). This is nore concentrated than the F el i nes
of 10 mM/in2, allowing for a | ower detection limt. [005115]14’% %@3 (Y
sanples were inmmersed in the FSL and subjected to an extraction period of
24 hours at 40C. After the extraction period, the prints were renoved from
t he FSlwaadTansblyaedofunte tisssfadesaeh J(aa'mlWaa@tféH)ﬂ/anﬁ@o&mMrﬁ) &hif vlnhows: t he

30 M (FSL) extr re spiked of t i nternal standard d10
ant hr ac@h “éfﬁE?dttﬁf’éht?lﬁgﬁée%‘ﬂlﬁ%ﬁr@a °¥M66 5’6%1? o?ﬁm 9 2y OWehhetﬁ%t}%dH%l Lgentle

stream of nitrogen at 75C. The concentrated extracts were diluted with 5.0
n of nethyligpsyichl ohé gandkdSmpIES (RRY infRR&RNK Hiad BSL by cedigmhely 1.0 m

usi ng a gent |l e stream of nit rogen at room terrperat ure. The concentr at ed
ext r actextagitan rmadybf éd# hpyrs gaé0°6h rfbfmttbg expsieyion periesk thmtswel@trﬁmmd y.

[ 0055] [ nt RNLI n.described in de
prefer rfgo e eésﬁ“ yzﬁ%?oeréif? SSO]|—|08 epcte {Commne%té "‘%%‘%r @’ci 238 I{q‘lh@gq hose

ski | | etkxtrictt Reread; kedum@m@mp;ﬂj @t&h@tﬂtﬁﬁanianubnel s esknatendiagkigsur e, may nmake
nodi fications and/or inprovenents on this invention that fall within the

scope aREcHpiatdito apProkiEaitly d i mbysinge seitiesstigpg obnitages b (0dbe] The

fol | ow i i nvention and
are notéagne?é%%ag%ﬁaét% Lvlé?et&l °§d?@@gﬁ’ﬁ%ﬁgoﬁ%ﬁegﬁ?ﬁ@@%e% %d shoul d not
be so aonsintmaed.to quammlnmtdly 1[(D1@Bﬂs]1w§a pértlestreaned mtrngh@troarrmﬁmpdmm bed in
Tabl e aﬁlt_)el ow, a conmerci al xo in MaxD c rom Sun Chem cal

(i.e 2?&73)?“”%%?’6%43@ %Ei’\sgc ?FHS‘@éraP Y]én /9t HaSSFRATARAGX on an
uncoated OPP filmand cured using a 300-watt nercury |anmp at medi um power
at 200 FPM [pg4x38] Wrhé k@&tﬁﬁ&hﬁoﬁgeoeeﬁ dERELR {MdetGPYRIGHNE Mer&¥RAS any
exposure to UV I"i ght, %) | eft side of the print was exposed twice to the
w | amﬁnibOdnn@rhethsmOf &&@VeVSub@wdh@ﬂﬂp}?ﬁcwttﬁbthlaét&lpsmkd@daﬁ thenat, pppmt  was
covered on both side ent exposuy. 0 WV i e the, right
cPde oroBHaSghn S 8 Bres Sy BLSHR e, B iR RPN SosbBa YR redFieis ks °F 't om
t he nonnysmitioh @cht ENKwRbhRE &obb baghrit fehs uhshtiat e. | mmedi ately after
exposures, an 14 WO 2012/082687PCT/ US2011/ 064547

Results and Discussion

[0056] The following examples illustrate specific aspects of the present invention

and are not intended to limit the scope thereof in any respect and should not be so construed.

Example 1

[0057] As illustrated in FIG. 2 and described in Table 3 below, a commercial UV
flexo ink, MaxD cyan from Sun Chemical (i.e., FLNFV5482107), was applied using an 800
line, 1.89 bem analox on an uncoated OPP film and cured using a 300-watt mercury lamp at

medium power at 200 FPM.

[0058] With the right side of the print covered to prevent any exposure to UV
light, the left side of the print was exposed twice to the UV lamp from the surface.
Subsequently, the left side of the print was covered on both sides to prevent any exposure to
UV light while the right side of the print was exposed first from the printed ink surface, then
from the non-printed ink surface through the substrate. Immediately after exposures, an
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PATENT 33148. 00863. W01 adhesion test was perforned using 3M 600 tape. As
showmn in FIG 2, the ink radiated on two sides exhibited significantly
better adNespmmstdsan the ink radiated only fromthe pri rCeaseoid/osasnt ace.

For exanple, the left hand side exhibited |less than 5 % of its coating peel
of f when the standard peel test as described above was perforneg gﬁﬁright
hand si de had about 95% of its coating peel off when the standa %T | test
was performed. [0059] The left hand side withstood 5 VEK -t aBOESGIWOUNd t he
right hand side withstood 10 MEK doubl e rubs. Hence, two-sided curing
exhibits curing speeds twce as fast as single sided curing. Exanple 2

[ 0060] Aslhedidbrusstradsgetriorméd Gin@3sinGD0desc rAsbadwh in FBG! 2 tBe indlradinted oaoworer ci al

wv fl ink,. MaxD white f Syn Chemical . (i.e., FLNFV1482594),
appl i ccUESEGOHCSBEMFHELY bRt AARGRE Bk EiEisean RERER PIHARG cur ed
usi ng &, 390 rlex ARPIE Uh¥ 1dEREh IR TR U2 RQWBHandt 927 s cBMng RABIF Wheh t he

right side of the print covered to prevent any exposure to UV light, the
| eft sitbestohdardpeghtéshas deasriedpbord wanpaéortingdt Hbe Ught lamgd stdediad taheut$5int ed

i nk surface. Subsequentl the left sjde of the int was covered to

br event dRgoRire aT piretre b Besbiet S R imE e wae exposed to the WV
|l anp fromthe printed ink surface and then fromthe non-printed ink surface
t hrough t he (908t r atfge 1dfriRdisalealijhsafodey MEXP@SbIembs at thidipst Rihdiseit was
perfornmed using 600 ta%e. LOOGZ]AS shown in FIG 3, the ink radiated on two
si des é&lmsquﬁ MiEgnd qubkeaiyps. yHpjeaet @yo-giderbeyrtlg axhiyts chang secduiavie ddagnl y
fromt riynt ink surface. For exanple, the left hand side exhibited

| ess t2§39¥kg§%ghﬁ?§gboating peel off when the standard peel test as

descri bed above was perfornmed. The right hand side had about 95% of its
coat i ndbxzmppledf f when the standard peel test was performed. [0063][0055] The
| eft hand side withstood nore than 100 MEK doubl e rubs and the right hand

id I i d t K bl e, . : WO .
2012/ 883gsyﬁb%ggoﬁ%ﬁ%@%ﬂ@%@%%&g@%@a‘%ﬁ ‘@ﬁ%%%%?%ﬁ cgmapercial UV 641
As i || undkbahieMadD Khie fdnpSeh dRSRichiRgd, FnNthhgzsbmamvapFﬁéu eXRes Bpent al UV
flexo white ink (i.e., R3590-113-é%?c0nposed of an acrylic resin,

di - f unditicohaft bamdnalox fonnecoaseraHDEE Ympans qvperorrarsa 30G-patt myireprg hamp at

di sper sani. initiat conpound, and inhibitor, was applied using a 360
i ne, .%ﬁmﬁ ﬁrgﬁgi%ﬁlgﬁAUncoated BOPP filmand cured using a 300-watt

mercury |lanp at nmedium power at 250 FPM [O0065]Wth the right side of the
print cover d061d pr ®Wienthe aiglit @apoisthe @rihiocd¥ired to prevent any exposure to UV

light, the left side of the print was exposed twice to the UV lamp from the printed ink surface.
Subsequently, the left side of the print was covered to prevent any exposure to UV light, and
the right side was exposed to the UV lamp from the printed ink surface and then from the
non-printed ink surface through the substrate. Immediately after exposures, an adhesion test

was performed using 600 tape.

[0062] As shown in FIG. 3, the ink radiated on two sides exhibited significantly
better adhesion than the ink radiated only from the printed ink surface. For example, the left
hand side exhibited less than 1 % of its coating peel off when the standard peel test as
described above was performed. The right hand side had about 95% of its coating peel off

when the standard peel test was performed.

[0063] [0055] The left hand side withstood more than 100 MEK double rubs
and the right hand side also withstood more than 100 MEK double rubs.
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light, the left side of the print was exposed twice to the U/ |anp from
printed ink surface. Subsequently, the left side of the print was covered
to preverwoan/msxgesure to UV |ight, and the right sidepraagisexposssd’to the
W lanmp fromthe printed ink surface and then fromthe non-printed ink
surface through the substrate. Inmedi ately after exposure, an aﬁhiﬁi\@ﬂ t est
was performed using 600 tape. [0066] As shown in FIG 4, the ink P ted on
two sides exhibited significantly better adhesion than thd48-QR8¢RWIQltled
only fromthe printed ink surface. For exanple, the left hand side

exhi bited al nost no peel off when the standard peel test as described above
was perExammpd3 The right hand side had about 90% of its coating peel off
when the standard peel test was perfornmed. [0067] The | eft hand side

i t hst ood h 100 MEK .d I d, t i ght. hand sid I

w that ood maPEdnansidggar ingib & biBSAB i Fabth SstsuarRe RIS e 1 n
FI G5 @adidgsid hadle! R53DD4 13, 1pelaiiosdEGr AR R QBRI rdheriofk agl. i
Exanple 1 (i.e., MaxD cyan - FLNFV5482107), was applied u5|38 an 800 I|ine,

1. 89 bdmetivaninerygateamonemess (16Q2.qPEment disperrdntc Uheitiggorapmpo8od-andt t  ner cury
| anp at. nedi um power at. 30 PM 9lln this Exa th the |left and
ront - SPERb P ROl Rhindfeiel Wi SEBY Pl P A BORRIIR ARt i the

pri nt echsingka 300Ffva€ theadidly taie AReddirh Poedr irdsoFPM.ace. The critical
difference is that the left side was exposed first fromthe non-printed
surface of the 16 WD 2012/ 082687PCT/ US2011/ 064547 PATENT 33148. 00863. W01
substrate, dA83nhenVEfpibssght vidmok the PERT GRVEEFdith RIeYERRY SXPIWE 11 GHt si de

was ex [ Rt [ R ' i ce, and
R T S L e R A AR bl N i

f r om t Hubsajueptly, nheeledttiside uld @oe Wasrcetverad hi peedht bey exgrosacthe $iVdhgti and ape
test above-nmentioned in additi to faster cure accaording to the

above. MEHEEEGE W aog 8 Tk P oo e gk B EE T80 HEnCEt Mg peel ed
of f Wh&fbnt fi MK REAEeqRrol Bk t&%ﬁﬁﬁ%.mﬁe@i&@&? 8ol Q& pbadt ahid@Rediod 8t By
contrast, alnost all of the coating peeling off when the printed ink

sur f acevaasriexpedesng 600G @gé.ati on first. Wth respect to curing speed,
curing first fromthe non-printed ink surface exhibited an MEK result of 15

wher eas curi irst, fromth ri i nk. rfac hi_bj. n_.VEK .result
of 7. Hence,[ﬂc uér]i ng %sr Scl)l(rgﬁwtn H%%%g}h%‘%ﬁligﬂ ker 51iafl ) 3}’\% asg%sfs i%%léﬁgdeég?lg{?%né Ya

curi ng wpeedihalion tHantthd @€ rasiattashlydforMitepringd ing stifict Hor exarhple, tpé lofit ed i nk
surface in a two-sided curing techni gue accordi n? to the_present invention.
(v}

[ 0070] I gde exbikited planostpo pacheftwesndhgpianding peed fest potpseRedFPPYR was i nk
f ' : : . FP t0 th
Fosurt oA AR Baf sifle hAPLRLy B0GRA 16 S0P A SR BRI Rt e

howev ertestiwak peHatmadas exposed fromthe non-printed ink surface maintained
good adhesion even at |ine speeds of 300 FPM Exanple 5 [0071] As shown in

and FIG 6 escrib in. Taple .3 below, a c i al itho. ink,
Starluxe bl j@&ﬂyom&gﬁf#@@ﬂis |W1thF08$,m%E%M%%C%“RE¥U§SpﬁHt@&‘] using a
Littl e JehMO98d N REBHSo@MoHNERRY 8FMPFCabidiEaRd cured using a 300-watt
mercury Tanp at 300 FPM

Example 4

[0068] As illustrated in FIG. 5 and described in Table 3 below, The same
commercial ink used in Example 1 (i.e., MaxD cyan - FLNFV5482107), was applied using an
800 line, 1.89 bcm analox on an uncoated OPP film and cured using a 300-watt mercury lamp

at medium power at 300 FPM.

[0069] In this Example, both the left and right sides of the print were subjected to
two-sided exposure from both the printed ink surface and the non-printed ink surface. The

critical difference is that the left side was exposed first from the non-printed surface of the
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[0072] Wth the | eft side of the print covered to prevent any exposure to W
light, the right side of the print was exposed twice to the UV | anp from

t he printwo 20rekossasrf ace. Subsequently, the right side ofCtrhis2@niosds4nas
covered to prevent any exposure to UV light, and the left side was exposed
to the UV lanmp fromthe printed ink surface and then fromthe
nonnon-printed ink surface. Imedi ately after exposures,_ an adhBSTENTt est
was performed using 600 tape. The result, exhibited in 348 §08&HhB0 1t hat
the ink with two-sided curing has nuch inproved adhesion than the ink with
single-sided curing. 17 WD 2012/ 082687PCT/ US2011/ 064547 PATENT

33148. CuBGRtdNA0d tHeQ@XBJsas fiinothe pirinteldlifk sGfact HEhd might saldivetsedpased invhesi des

exhi bited significantl ett.er adhesjon than the ink radiated only fromthe
ey Al T el R RHR K SRBOrand SR Hre i TiL 6 S50t o

peel Oofffid.is Bows 11B® thelifRBxol@d WRRNNKE Rén-BliRRARNdsREEL fileathidRddRaer | bed
above was perfornmed. The right hand side exhibited about 95% of its coating

peel ofddhehenviahepesesinblavedmpeteined es addaaen pdrftarqmelaccpaingioBkanpive-5 i s
representativ t. the -sided curin t hod can be used to.inprove the
hes: anprnsE MR HobRlE RGeS Sxitipr Tl Spr i e ARG g B ! ack

i nk), Wingddl iak SuififeOrds@itpbiedRé Ridieation R Byadvatradhasioonalpsfahe esmindue to
their strong tendency to absorb radiation. [0075] The inks used in the

pr ecedinsglimxefipihes the prins¢diak sprfagekyasargosdito sadpittpmedistedVithkespedii® it is
under st tWO- S| I 0 . ol ored
ke, oonToe S SRRSO AR GO R MO G %
even onyieeusRughe fite trofhihe peiatedrigit jurteatkiigBed AMMEKDFRGebf 2dHendzodi ment ,
the inmproved cure and adhesjon results seen wi.ith two-sided curing nethod
coul d fe¥Eng fiogt @emRa-pigteddnk pyface Ssyrbibithr suiingipesd alnprst HEre 95 K8l in t he
printi C U ' : . 3 i : d at would
Penr i 1T an TR { P nEDERY RRLARICE ib 200 SERE BHe f-Ehdte fobRZ A% 1Y
opaque th¢ pekent ikentiohi ch are notoriously difficult to cure uniformy

t hrough the depth due to strong absorption of radiation. [0076] The exanpl es

in the pres ppl i.cati.an re.prepared usi |.ab hand. proofin Little
Joc pront i ndOhr@Re! i A BPu Rt B S paRad tud i PRRLORL siices:
expedi gpa¥dR&br A hastdpBEl GO0 PPROSyIRM dompated 6 (hNEEKIBLIA P atPRL 1 4th8line

t wo- si ded cure nethod woul d be applicable to prints prepared by any

t r adi t isoeed ofgf00fiPMyr O¢ eeentiourshabwye.| iomes g dphihat wisl expotpddphm ¢he nowr een,

i nkj et, aerospl j.et, gravure Lgital, |letterpress, set, etc.

{0077 PRETERE bl e nlh A Epel LI R sy PAVBPRRR Y 524, G%5 demonst rat e
that cure and adhesion are distinct and i ndependent phenonenon as the

t wo- si dexhmepleiSng net hod provides inproved adhesion (as measured with
standard adhesion tape test) even in cases where cure (nmeasured by MEK

rubs) is eq In addjtion, al f the prints disclosed in Exanples 1-5
passed t he Hﬁéﬂs]t r y%§tg %‘H%Fba‘iad‘rﬁ}ﬁg qwgﬂﬂg“tr@gfi n i‘ag‘%a?’d}i’eﬁ‘?%’r?a‘?‘)%% used in
the 18 U\QROMR/ G8ABRTREH HSRALH QRARAT (PATENTS PRkA85PO8E3 AR using a

Little Joe proofing press on uncoated OPP film and cured using a 300-watt mercury lamp at

300 FPM.

[0072] With the left side of the print covered to prevent any exposure to UV light,
the right side of the print was exposed twice to the UV lamp from the printed ink surface.
Subsequently, the right side of the print was covered to prevent any exposure to UV light, and
the left side was exposed to the UV lamp from the printed ink surface and then from the non-
non-printed ink surface. Immediately after exposures, an adhesion test was performed using
600 tape. The result, exhibited in FIG. 6, shows that the ink with two-sided curing has much

improved adhesion than the ink with single-sided curing.
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W ink industry to test if and ink filmis properly cured. This further
illustrates that the two-sided curing nethod i nproves the adhesion of inks
t hat ar e woeqLeaisedsy cur ed. [ 0078] The two-sided culPCm@Spriomessd7 i s not
limted to i nstances where the ink already exhibits acceptabl e adhesion and
cure using one-sided curing. In these cases, the two-sided curiﬁg E& cess
could be used to provide inproved i medi ate and | ong-term adhes A d cure
as well as inproved inmediate and | ong term chem cal and?Ha2 RS HO01

resi stance properties. Table 3 Exanples Curing conditions Tape adhesion
result MEK doubl e rub result Exanple 1 FLNFV5482107 WV flexo cyan 200 FPM 2
surface expd80Tfy 95%pkekn of FIG. 6, isuink askaxpos twesitled ¢xtmeedBignifidantly om

0 .
Eéﬁﬂos u rbeé\:ttlére as e;[igr?' t ar51 t/ﬁé) i%ﬁlracggt];d %rcl)ly roarnmt)lleepnzntflzzc{_ iﬁ@s%égczes %%r !é%n]cql)lee,xt e Yg?tl te 250
hand side exhibited almost no peel off (i.e., less than 1%) when the standard peel test as
described above was performed. The right hand side exhibited about 95% of its coating peel

off when the standard peel test was performed.

[0074] Example 5 is representative that the two-sided curing method can be used
to improve the adhesion of opaque, dark, energy curable inks (in this case opaque black ink),
which are notoriously prone to cure and adhesion problems due to their strong tendency to

absorb radiation.

[0075] The inks used in the preceding Examples are blue, black, and white
pigmented inks, but it is understood that the two-sided curing method could be used on any
colored inks containing virtually any pigment or dye or combination thereof, or even on non-
pigmented (non-colored) coatings. In a preferred embodiment, the improved cure and
adhesion results seen with two-sided curing method could facilitate the use of more opaque
inks than are normally seen in the printing and curing of energy curable inks. One particular
color that would benefit from the two-sided curing process would be black inks, especially
opaque black inks, which are notoriously difficult to cure uniformly through the depth due to

strong absorption of radiation.

[0076] The examples in the present application were prepared using lab hand
proofing, Little Joe proofing press, or screen printing processes for the purposes of
expediency and for testing purposes only. It is understood that the two-sided cure method
would be applicable to prints prepared by any traditional print process such as lithographic,

flexographic, screen, inkjet, aerosol jet, gravure, digital, letterpress, dry offset, etc.

[0077] The MEK rub result tests as illustrated in FIGs. 2 and 3 demonstrate that
cure and adhesion are distinct and independent phenomenon as the two-sided curing method
provides improved adhesion (as measured with standard adhesion tape test) even in cases
where cure (measured by MEK rubs) is equal. In addition, all of the prints disclosed in

Examples 1-5 passed the industry standard thumb twist test, a traditional method used in the
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2 surface exposure 95% peel
exposure Less than 1% peel
Experi merwal20imig2¢830 FPM 2 surface exposure 90% peel
lsurfaceexposure followed by 1 bottom exposure 0% peel
FLNFV5482107 WV flexo cyan 300 FPM

of f >100 1surfaceexposure followed by 1 bottom
of f >100 Exanple 3 R3590-113-1 WV flexo white

of PCEABR011/064547

of f >100 Exanple 4

PATENT
33148.00863.WO01

UV ink industry to test if and ink film is properly cured. This further illustrates that the two-

sided curing method improves the adhesion of inks that are adequately cured.

[0078]

The two-sided curing process is not limited to instances where the ink

already exhibits acceptable adhesion and cure using one-sided curing. In these cases, the two-

sided curing process could be used to provide improved immediate and long-term adhesion

and cure as well as improved immediate and long term chemical and mechanical resistance

properties.
Table 3

Examples Curing conditions Tape adhesion result | MEK double rub result

Example 1 2 surface exposure 95% peel off 5
1 surface exposure | Less than 5% peel off 10

FLNFV5482107 | followed by 1 bottom

UV flexocyan | exposure

200 FPM

Example 2 2 surface exposure 95% peel off >100
1 surface exposure | Less than 1% peel off >100

FLNFV 1482594 | followed by 1 bottom

UV flexo white | exposure

250 FPM

Example 3 2 surface exposure 90% peel off >100
1 surface exposure | 0% peel off >100

R3590-113-1 followed by 1 bottom

UV flexo white | exposure

Experimental

ink

250 FPM

Example 4 1 bottom exposure | 100% retain 15
followed by 1 surface

FLNFV5482107 | exposure

UV flexo cyan 1 surface exposure | 100% peel off 7
followed by 1 bottom

300 FPM exposure

Example 5 2 surface exposure 95% peel off n/a
1 surface exposure | <1% peel off n/a

FLTSV9483557 | followed by 1 bottom

UV flexo black | exposure

300 FPM

19

™W.E&N020721 1



1bott omexposure foll owed by 1 surface exposure 100% retain 15
lsurfaceexposure followed by 1 bottom exposure 100% peel off 7 Exanple 5
FLTSV94838620108bdsexo bl ack 300 FPM 2 surface exposure ®b%use@l/oefsh7 n/ a
lsurfaceexposure followed by 1 bottom exposure <1% peel off n/a 19

PATENT
33148.00863.W0O01
Example 6

[0079]

white experimental ink used in above-mentioned Example 3 through 380 mesh onto a corona

A series of duplicate prints were prepared by screen printing the UV flexo

treated, uncoated BOPP clear film. The duplicate prints were cured using LED lamps in

various configurations and line speeds as shown in Table 4.

[0080]
used in this example. The LED lamps’ specifications were as follows:

Irradiance: §W/cm?2

Total UV Power: up to 360W

Phoseon Fireline System high intensity water-cooled LED lamps were

Peak irradiance: up to 72W/cm2
UV Output: 380-420 nm

2X bottom, non-

1X top, printed

1X bottom, non-

—

Cure X ton. printed ink surface/1X printed ink printed ink
Configuration ik suI; ,fzfc R bottom, non- surface/1X top, surface/1X top,
(in sequence) printed ink printed ink printed ink

surface surface surface
Lti‘f/;fﬁ;’i» 15 | 35 | 60 | 15 | 35 | 60 | 15 | 35 | 60 | 15 | 35 | 60
Tape
L
Adhesiom™) 5 | 5 | 3 | o |2 |2 [ 1 |12 2 [ 1|1 |1
Results*
[0081] Experiments for each of samples 6A-D were performed at lines speeds of

15 m/min, 35 m/min and 60 m/min, respectively. The tape adhesion results were evaluated
on as a scale of 1 to 3. Adhesion was performed as similarly described above for each of
Examples 1-5. Specifically, 3M 600 Scotch Transparent Tape was firmly adhered across the
surface of the sample immediately after radiation exposure. The tape was rapidly removed

using manual force applied perpendicular to the surface of the sample.
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T1,.Gl'101707' 71 1 WD 2012/ 082687PCT/ US2011/ 064547 PATENT 33148. 00863. W01
Exanple 6 [0079] A series of duplicate prints were prepared by screen

pri nting wbeollostdsexo white experinmental ink used in abecgAseotioetset

Exanpl e 3 through 380 nesh onto a corona treated, uncoated BOPP clear film
The duplicate prints were cured using LED |l anps in various Conffg%ﬂl ons
and line speeds as shown in Table 4. [0080] Phoseon Flrellne S

intensity water-cooled LED | anps were used in this exa @ﬁ@iﬁﬁ)qlanps
specifications were as follows: Irradiance: 8WcnR2 Tot al UV Power: up to
360W Peak irradiance: up to 72WcnR2 UV Qutput: 380-420 nm Table 4

[ 0081] Exper i[A882]s f Arvabacdf 3ofuggestploed irﬁqdremowmlradphusfiodimtds filuld nes speeds

of 15 mMm 35 mMmn and 60 rﬂmn r pectivel The tape a S|onresults
vere eViSFUSingdo dir dre yhepign feshr A yafus 023 SREFEE S, rﬁ@‘ro%]rar?g& Ws simlarly

descri qg&ic@t@@fﬁﬁuf&fec%ﬁ& BfhEAARbL Fesd- R Val%g%@'lfshggés{s}{berﬁm P8: meRkeh
Transparent Tape was my adhered across the surface of the sanple

i mredi art:mbyalalhdeermdadm‘eﬁt oforsagppothar passchiibe a@psowmt r Bpitek.ya vadueowegingsi ng
manual rce a I ul ar rface. of .the sample. 20
T e B 2 BT o B0 e et A st R g bR o He

adhes1on test.

[0083] The LED lamps used as the source of radiation for the two-sided curing
process in samples 6B, 6C and 6D produced prints with improved adhesion versus one-sided
curing performed in sample 6A. In sample 6C, for example, the ink film is cured first from
the non-printed ink surface and subsequently from the printed ink surface which exhibits

improved adhesion compared to samples 6B.

[0084] Table 4 also suggests exemplary embodiments wherein the two-sided
curing process cures one or both of the non-printed and printed ink surfaces plural times. In
sample 6D, for example, the ink film is cured by exposing each of the bottom, non-printed
ink surface and the top, printed ink surface twice to radiation. Sample 6D shows improved
adhesion results over each of samples 6B and 6C which cures both the printed and non-

printed ink surfaces only once.

[0085] According to the inventors, it may be necessary to cure either or both
surfaces one or more times, in any order, based on various factors including but not limited
opacity and color of the ink, the ink film thickness, the specific substrate used, the power of
the curing lamps. Some curing techniques may include: non-printed ink surface 2X / printed
ink surface 2X; non-printed ink surface 3X / printed ink surface 2X; non-printed ink surface

3X / printed ink surface 1X, etc..

[0086] The use of the LED lamps in Example 6 also highlights the fact that the

two-sided cure method is not limited to traditional mercury UV curing lamps.

21

™W.E&N020721 1



33148. 00863. W01 [ 0082] A val ue of 3 suggests total ink renmoval and thus
indicates failure according to the tape adhesion test. A value of 2
suggest s weanvi2zis2ésnk renoval and al so indi cates fail urepratasediingssd t he
adhesion test. A value of 1 suggests very slight or no ink renoval and is

i ndicative of a sanple that passes the adhesion test. Further, ﬁg\*fﬁﬁfe
rangi ng between 1 and 2 suggest partial ink renoval and jndicat r-gi nal
failure according to the adhesion test. [0083] The LED I%ég'gg%@'WQthe
source of radiation for the two-sided curing process in sanples 6B, 6C and
6D produced prints with i nproved adhesi on versus one-sided curing perforned
i n sanflxanfle 7l n sanple 6C, for exanple, the ink filmis cured first from
the non-printed ink surface and subsequently fromthe printed ink surface
whi ch exhi bi j.mproved adhesion compared fo_sanples 6B. [0084] Table 4 al so
suggest s exéh@tﬁa{ry EW&S&WE@PEIIW«&Q % S?WBfef\Xg-ag’B d e P Barﬁﬁd%ess cures

one or fpkh QfMémC%ﬂxsﬁ{ghdhtSﬂtﬂblﬁfégl.BQ ibBfn@@ aloR bon&Hdf BDPE UM Ble grit®@s. I n
sanple 6D, for exanple, the ink filmis cured by exposing each of the

bot t omfilpowaguired esdng aROGwaftaecscepdampen mediunp ppwieed ailink speadfdddé0fkRMe to
radi ati on. Sanpl e 6D shows inproved adhesion results over each of sanples
6B and 6C whj cur . ri - pri - only
once. [0082?2@%8rdi ?ge F Igﬁ@%glﬂ]ﬁr?\%’eﬁg %)(felfs}?é?@y%%l glg t%?&&%ﬁ@%‘%&%g%mei t her
or bot hweuepaaeexposareslof OV Helitl MhS printedailsh 1B das cubasied fom shaboaos, f act or s
including but not limted opacity and color of the ink, the ink film

t hi cknd¥8;Privgd iak spifagecand sphserwansly suesd frem dhegopertingsd inksudagei Wi Pdps.  Sone
curing i S i i RO PR d ink surface 2X / printed ink
surfaceﬁ@g(?wr?g{ril&?bg}ﬁ%%eeﬁﬂlg%llll%q)gﬂvrlggglgp% %g'pri nted ink surface 2X;
non-printed ink surface 3X/ printed ink surface 1X, etc.. [0086] The use of
the LED | anps in Exanple 6 also higHlablghis the fact that the two-sided cure
met hod i s not—+mted—to—tradi-tionat—ereury—tN—ecutingtanps—23 WO

2012/ 082687HCT/ US2011/ 064547 PATENT 331¥ET . *Q‘QEQQFE v“?ﬁ[oos?] Two
sets of duplficate prints, sanples 7A and 7B 7hwere pi epar e hy griinting a
MaxD cyan usliyareé 800 |ine, 1.89 bcm|anpptox [org/enan BPPE| figkem” [The printed
filmwas cur|edkBirngEatra3dbiay@bte FEOEUNy 119%4dp |on, Ivedi| Bn828owe2, 238 |a | i ne
speed of 150 FPM [ 0088] The printed film7A was cured only fromthe
top, printed ink surface with two separate exposures of WV light. The
printed film7B was cured first fromthe bottom non-printed ink surface
and subsequd@®8Y cudbeconcenirating of sptragiphle puguits k1 RaytstRge Bilkpn (PRBY for ght

eXpOsSuUrGen gpsean{p?ésuﬂﬁt EndF 8 waS QVA15Ea Wikn 538 BTOH 588 8nutant extraction solvent.
As shown in Table 5, 1,176 ng/cm?*and 2,258 ng/cm” of the surface area of samples 7A and

7B, respectively, were exposed to the extraction solvent.

[0090] Specifically, the two-sided curing technique produced cured ink films with
lower amounts of extractables, and thus lower migration. The amount of ink-borne
extractables from the two-sided curing technique in 7B was about 50% lower the amount of
ink-borne extractables from one-sided curing in 7A. The reduction of extractable
components in 7B renders the energy curable ink more user-friendly with regard to toxicity

and FDA compliance guidelines for direct or non-direct food contact.

[0091] It will be apparent to those skilled in the art that various modifications and
variation can be made in the present invention without departing from the spirit or scope of
the invention. Thus, it is intended that the present invention cover the modifications and
variations of this invention provided they come within the scope of the appended claims and

their equivalents.
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Source Average of Duplicate Cured Prints 7B 7A ppb ng/cn2 ppb ng/cn®

| nk- Borne Extractable, 95% ETOH 1,994 1,176 3,828 2,258 [0089] The

concent r avpoan120i82@%t r act abl e anounts in parts per billi eaT(UsRPB)/064317 each of
sanples 7A and 7B was eval uated with 95% ETOH food sinmul ant extraction
solvent. As shown in Table 5, 1,176 ng/cnR and 2,258 ng/cnR of % i %rface
area of sanples 7A and 7B, respectlvely wer e exposed to the ex P i-on

sol vent. [0090] Specifically, the two-sided curing technﬂﬁﬂé HRYEY lcur ed
ink films with | ower anounts of extractables, and thus | ower nlgratlon. The
amount of ink-borne extractables fromthe two-sided curing technique in 7B
was abowWHASDYS ICIweMEDReISanount of i nk- borne extractabl es from one-si ded
curing in 7A The reducti on of extractable conponents in 7B renders the

b] e f dl ith d to toxicit d FDA
compl ] ance gh A EEAIRG BBl HoRtPruET Tobbo et b o001 1t wil)

be appalbaiprising: those skilled in the art that various nodifications and
variation can be nade in the present invention w thout departing fromthe
spirit or scoplingsaicheomppseiom ante a fikngsurfaoe of said mpeprreds tubsirate:he present

nvent i on CoY et RSB RS AN AR OISR L) P hegE g b Vi ded
they come witRIH ¢ he 8To € appende iT equival ents.

more times; and

exposing a second surface of said nonporous substrate to radiation one or more times.

2. The method according to claim 1, wherein said applied first surface is exposed to

radiation before said second surface.

3. The method according to claim 1, wherein said second surface is exposed to radiation

before said applied first surface.

4. The method according to any of the preceding claims wherein said applied first

surface is subject to less aggregate exposure of radiation than said second surface.

5. The method according to any of the preceding claims wherein said nonporous

substrate is unprimed or non-chemically treated.

6. The method according to any of the preceding claims wherein said nonporous

substrate is transparent or semi-transparent.

7. The method according to any of the preceding claims wherein said nonporous
substrate is selected from: polypropylene, polyethylene, polyethylene terephthalate,
polyethylene terephthalate glycol, polyvinyl chloride or mixtures thereof.

8. The method according to any of the preceding claims wherein said composition is an

energy-curable ink.
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22 WD 2012/ 082687PCT/ US2011/ 064547 PATENT 33148.00863. W01 WHAT | S CLAI MED
IS: 1. Anethod for applying a coating or ink conmposition on a nonporous
subst r at ewoan(ss4sng: appl yi ng sai d conposition ontopraTfuse&iti/os4snf ace of
sai d nonporous substrate; exposing said applied first surface of said
nonpor ous substrate to radiation one or nore tines; and exposinﬁéiEﬁ%pond
surface of said nonporous substrate to radiation one or nore ti —~ 2. The
nmet hod according to claim1l, wherein said applied first %ﬁiﬂ$&8§ﬁi¥¥ﬁ§%posed
to radiation before said second surface. 3. The nethod according to claim
1, wherein said second surface is exposed to radiation before said applied
first <urfackhe methodhonknhadclaoc@vdiengn kaid@ngrggfcutdbée ink eomgiisgg onkar ns
wherein said app]ied first surface is subject to | ess aggregate exposure of
radiatFBWBﬁW%HmB%¥ﬁ3@%@&MT%Hﬁ*%be. 5. The nethod according to any of the
precedi ng cl ai ns wherein said nonporous substrate is unprined or
non-chemcally treated. 6. The nethod according to any of the preceding

cl ai s Mher éihe method acsepbnotesany b she preeeding ¢laians pheremt groatestban ot ¢quabkivar ent .

7. The t according t.o any of the precedi | ai s rein sajd
monpor deueihEe atd <oBPoufal e biRaRLRTER AT Bl TR Refl

pol yet hxbednd tb edd@ptvhhal at e, pol yet hyl ene terephthal ate glycol, polyvinyl
chloride or mxtures thereof. 8. The nmethod according to any of the

precedi ng clains wherein said conposition is an energy-curable ink. 23 WO

zo12 5o T oKL RO SRRSO M SR DI |, o

t her noplarisdongodtioq latiGereN@rshidr @ditige. 10. The nethod according to any of the
precedi ng clains, wherein greater than or equal to about 95 % of said
conposition adheres to said substrate after both said first and second are

exposedt o rall Iﬂét.h&[]flccofld}n %{Bhﬁaiggf ]?%Q\g'F?eglg gf&g{e? thah Qr %h@aﬁ 9 é%é:r‘g ¥H96 @} By .

greater t han or equal to about conpositron a es to said
subst r abh®l composition adheres to said substrate.

13. The method according to any of claims 3-12, wherein said composition has less than
2,000 ppb of extractable monomers from a surface area of 51 cm” when immersed in 30 ml of
a food simulant liquid after both said first and second surfaces are exposed to actinic

radiation.

14. A radiation exposed, nonporous substrate with a coating or ink composition applied
thereon produced by the steps:
applying said composition onto a first surface of said nonporous substrate;
exposing said applied first surface of said nonporous substrate to radiation one or
more times; and

exposing a second surface of said nonporous substrate to radiation one or more times.

15. The product according to claim 14, wherein said applied first surface is exposed to

radiation before said second surface.

16. The product according to claim 15, wherein said second surface is exposed to

radiation before said applied first surface.
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12. The method according to claim 11, wherein greater than or equal to
about 99.99 % of said conposition adheres to said substrate. 13. The

met hod acworadirg2dso any of clains 3-12, wherein said comrpodistéionedsas | ess
than 2,000 ppb of extractable nononmers froma surface area of 51 cnR when
imersed in 30 mM of a food sinulant liquid after both said firﬁé ﬁ&&
second surfaces are exposed to actinic radiation. 14. A radiat A posed,
nonporous substrate with a coating or ink conposition apﬁﬂﬂ%80§%%W@3H
produced by the steps: appl ying said conposition onto a first surface of
sai d nonporous substrate; exposing said applied first surface of said
nonpor as sulistpradiet barording at anyrofeheme 41161 ehéreimesaid gptied Kipo sutfiggeas second
surface of said noqporous substrate.to radi.ati on one or nore tinmes. 15.
The pr &&Efft AT PEFREAE SXRYSHTeRT Fadiatigethan ﬁa@ SFY9NAPpPIaEd first surface is
exposed to radiation before said second surface. 16. The product accordi ng
to claim 15, wherein said second surface is exposed to radiation before
sai d apll i edl'teipreducs aecoading tRah WD cRih2/1 682 68 HENEIT sasRhpd OB 4 SUbR tRIRTIENT
33148.00863.3@01 17. Th@%Prﬁngt according to any of clainms 14-16, wherein
sai d apPPlBEdEr PR CRYPFAlLITAY hj ect to | ess aggregate exposure of

radi ati on than said second surface. 18. The product according to any of
clains 14-17, wherein said nonporous substrate is unprimed or '

non- chel®i cal The rredust aesordingto anyeof|stapasi d #- 1&cwberdinrrgid rongaipus fulstiaiens 14- 18,
wher ei I 0 trate is transparent or sem -transparent. 20.
The prgrE@#ﬂggg%?%%ﬁgapgggﬁy of clains 14-19, wherein said nonporous
substrate is selected from polypropyl ene, polyethyl ene, polyethyl ene

t erepht hal ate, pol yet hyl ene terephthal ate glﬁcoj, pol yvi nyl chl oride or

mi xt ur - t hekggrroducpacconding for By pfclad@e didPnyhersingidid rnperoys sebsiratedy

wher ei ' 4 j Y5 | uct
accord?ﬁ%g?gf%ﬁgp@?&@?ggﬁgéfﬁgﬁﬁgﬁﬁ%éﬁgyﬁﬁggﬁﬁkgﬁgﬁﬁé%%nggﬁgk@gk conpri ses
one or teepkthblbhergipgl.gelywindchloride or mextires elsdirerd.  23. The product accordi ng

to any of clainms 14-22, wherein greater than or equal to about 95 % of said
conposition adheres to said substrate after both said first and second

surfaces ar er4RORAadRrdiREIAIdyUT claidé 14-POEWRERHUGT] @GR RINGs hiPerfek&)-m 23,
wherein greater than or equal to about 99 % of said conposition adhéres to

sai d susthleaink, 25. The product according to claim?24, wherein greater
than or equal to about 99.99 % of said conposition adheres to said
substrate. 25 WD 2012/ 082687PCT/ US2011/ 064547

22. The product according to any of claims 14-21, wherein said energy-curable ink

comprises one or more thermoplastic acrylic inert resins.

23. The product according to any of claims 14-22, wherein greater than or equal to about
95 % of said composition adheres to said substrate after both said first and second surfaces

are exposed to radiation.

24. The product according to claim 23, wherein greater than or equal to about 99 % of

said composition adheres to said substrate.

25. The product according to claim 24, wherein greater than or equal to about 99.99 % of

said composition adheres to said substrate.
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PATENT 33148. 00863. W01 26. The product according to any of clainms 16-25,
wherein said conposition has | ess than 2,000 ppb of extractable nononers
froma suwbaoe/meea of 51 cn?2 when inmmersed in 30 nl of paTfused1864mut ant
liquid. 27. The radiation exposed conposition according to any of the
preceding clains is a conponent used in plastic naterials 28 T E

radi ation exposed conposition according to any of clains i NT
conponent used in food-grade materials. 29. The radlatFSH %QB@@&QYOOl
conposition according to any of clains 1-26 is a conponent used in cosnetic
materials. 30. The radiati on exposed conposition according to any of

cl ai ms 2b- 26 Tie modwenpaneditg tsey dfrlaimsi6-L5] aheredahidgpnnmiseiondlas less 8hn  The
radi ati on _exposed conposition cordi to any_of clains 1-26 s a
conponent O4RARPL] eﬁ“bﬁ%ﬁ&&’é‘ﬁﬁeﬁg OfPr&tSB& o agea ofgyl cmwagy lﬁm@ﬁede%psﬁ&%]o‘)f
nonporquogg@@h&ﬁqﬁuﬂgth an energy-curabl e bl ack and/ or opaque ink applied
to a surface of said nonporous substrate, wherein greater than or equal to
99 % of sald i nk adheres to sald nonporous substrate. 33. A radiation

expose ro s.substrate an en cured. ink a d _t hereon
et ng Tess TRERI3GHETEHE Srifgstisprenraate h 8tk PhrtRBreiErt A om a
surfacQoﬁﬁggmgﬂm&ﬂmqmgugﬁnﬁgmgsnonporous substrate when imersed in 30 m

of a food sinulant liquid. 34. A non-porous substrate with an ink or
coating conposition applied to a first surface thereof exhibiting inproved

adhesi o uDOﬂle ARt L.358ed AR LERIRY"S by bf LHALRTD 54 R BriRroNd

sur f ace.
used in food-grade materials.

29. The radiation exposed composition according to any of claims 1-26 is a component

used in cosmetic materials.

30. The radiation exposed composition according to any of claims 1-26 is a component

used in industrial coating materials.

31. The radiation exposed composition according to any of claims 1-26 is a component

used in pharmaceutical materials.

32. A radiation exposed, nonporous substrate with an energy-curable black and/or opaque
ink applied to a surface of said nonporous substrate, wherein greater than or equal to 99 % of

said ink adheres to said nonporous substrate.

33. A radiation exposed, nonporous substrate with an energy-cured ink applied thereon
having less than 2,000 ppb of an extractable amount of monomers from a surface area of 51

cm® of said nonporous substrate when immersed in 30 ml of a food simulant liquid.

34. A non-porous substrate with an ink or coating composition applied to a first surface
thereof exhibiting improved adhesion upon two-surface radiation exposure initiated from a

second surface.
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