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printable fornulations The invention relates to the application of

novel photopol yners based on specific urethane acrylates as witing
onomer s, ‘ﬁ‘ﬁbﬁhol@ﬁ]‘ér%ﬁm"mﬁshﬁpﬂﬂﬁbl?rf&%ﬂﬁétlo% of hol ographi ¢ nedi a,

in partlcul_ar Tor the visual drspray of Inmages, in printing
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functi ons gﬁ ! afel

Eposur ot SR Y nperdi sl A B RUAIERINR 0 o B BRGYdacor two coherent
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t he begi nnang[sfeuﬁd ltmhsagolaghms ‘Biely ey A bed destriidertmas dlm'aﬂ%tdpﬁbdl atements. The
t hose havin h resolutio have, been ysed,for, this

D1 chr omat e ISP LETHIET SRR A S PRt DA PRGTGEPRRr S e e

or mxed fornms of silver halide and DCG are al so used. Both material s
require a Thietht mlofplﬁcttmotlynmﬁ mﬂlbpoﬁ@bfﬁdh@rafnmfbﬁljnem aplicatidi® iroge fisible range

whi ch | ve e to addj ti on COS for industrial gr%}cggsses
necessi 8°ﬂ H‘gﬁsF N V@H’e 1§I°° VQI%‘B"P SV MEh NG &FE 0l are
wet chem C@dqui’ﬂ&t ftedlshe @pubure tnlightesihéd@e Qng:inxﬁth&ﬂ%ﬁingpMy,Sshﬁérﬂiéﬁ@@ﬁlﬂ{s in

the film whi.c |l ead tq colour shifts in the hol ogranms, which is
undesi r ed. PR @g‘gé@@"d@gé}l?})é‘?dﬂﬂ% OpY Pararisedutr dhis d’b‘FPé’F%tDlC}ifﬁ‘El@F gelatine

alia, of agbey, Hﬁmoaﬁtdsgu c&uﬁﬂmﬁﬁel@:ﬁie)ﬁ\lmﬁwm@é'@ibﬁrﬁseofsﬁ@r'hblidé%ﬁd DCG are also
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trimethyl Okﬁ}{nﬁe N te YR MMiciRRdy REDCH] i

( TMPECTA), g%% or aayl at 6s g’r’ acfra;)%xé)rq# %‘g;s th kﬂﬁ%gg)%ﬁ?{ﬁg%ﬁdesmd'

i ndustry that suchsj)hot opol yners show usabl e hol ograns only after

rel ati vel y US#§928% sdes¢ibesrphotopedapere rivhichocpgsist, | inist alig,. of Aptbérimeplastic, such as
Opti cs, Vobol ‘Hyl aléQate ceil%&eacgé)ﬁut?ltates&cbo ?Llethﬁé}g]%{é%t?&enre%\égﬁ%ers which

article, discuss not only the abovenenti c;neggmat eri
phot opéD y metessoivhlecin caga@mwﬁ@mab photbinitiator laed atolpisaohé vimylaepdlopropane derivative.
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Simlarly, isBinewn hgee indfpryi thag @uchShbiopdlyiners Qs wable balbgBne snly 206 09lativély, long

e T R CE SR DG 8 AU TR ECER Vi TS BRck Pos e AHED, i tei

i nfluence edfvidwi gitle, dikthQ0ioR BBlyGBN alRehéitionddorasets Ry aRY @ﬁ&t@ﬁcﬂyrh@s which are
light into %@/ 091807PCT/ EP2010/ 000618 - 2 - both classes of

subst ances °bt alﬁeﬁff B Usproplastipssandaperyamidecly 1dgtiongP Jg aphiverahlg doxicological

stor age. Hgmxeaﬁacrymm RicR goahds & fot HMowesibhBilskdndngl y col oured and
therefore not suitable for the applications as described above.

Recently, phot opol ymsrs obt ai ned not fromthernoplastics but from

crossl i nkedop8Taphigtly agityeanaterialy whichjigeerporpis dyesyudidibaras tepadgtosensitivity under
descri Bgs thednffirchde JINRROPHS BYAI, @Y Eﬁﬁr@ss, Wi £h eS8, 3065 %lééeﬁ 23)rbr@also known.

Similarly, Bieringer (Springer Series in Optical Sciences (2000), 76, pages 209-228) describes so-
called photoaddressable polymers which are likewise polymer-bound dyes which can be

isomerized under the influence of light. Holograms can be incorporated by exposure to light into



10and read wEOh10081s6” applications in the entire visibl epERAF5010/000618
such fornulations are not suitable. Mreoyver, |owviscosity

phot opol ymer formul ations (DE102004030019, W02005124456) whi ch
contor 3 SRR P8R BB bR B U

oils, a pho?0|n| Ivea

non- pri or - ditkd pehets REDL ERRBO8/AHL 46WnreERND BRI Dodsuithiite @RAAS Zpplichions as
EP 08017273. 7,. 1% EP 08017275. 2 di scl ose formul ati ons of urethane

acryl ates A&°{PI%3PRYG- mononers i n pol yurethane matrices. Starting from
these, it has now been found that printing of such phot opol yner

f or mul at i oRscdndy,pElSRipblymets ubeiined @ot Som thérfnoplaBicABEESom ThRsIINRYE Pélinass were

therefore rel gtes to I cQ sitions suitable for printing,.
conpri s% ng? Sog s¢ bﬂ&ng3@@9@@?@%&‘%@26&@@?10?1&&%&&06'&%%éﬁ igdisgqlved ina
NCO- t er m nabtreihone/ itk NBRO i) NILA0bITIRIsiMbES £ pHIe GhRURSRRMAth polymerizable
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hydr oxy- f ufREPERES Stshpsudtdlonpberng slar firmosorals eyd gfnyinagthglgne. These

2. 05, B) Qe &e [RAGsdel ToPROYELDE BR) ¥RlSe, 2 MlogthRlihaffication in which
acryl ates and/ or urethane nethacrylates having at |east one aromatic

struct ur al MIAT:tbuale Hery aveply dlogemns ersable pulyriwanasps ehelertroniggletgetonGie written
nm  whijgh afeebd %Hﬁﬁtiﬁﬁ%pégc%g%ng fin e N gigf’afér}ﬁnfg,gkgc}gﬂngﬁlﬁgﬂ§ are nof-Jitable.

free radical stabillzers otoinitrators on conbi nations o
borate salts and one or nore dyes having absorption bands which at

| east part Wf@b’vre#OW-WEC%@Etht@Oan@Eﬂmlgﬁbmsz(@@l@@OMQUU}, V0200512445@)which
optionally Al 3065) i Lisati Bt

20107 Oo15h S R XS e it WRE R A (At bhskfifared IS 4 photoipiiaor and an
process f opdditie ag dsdardtedon of printed filnms, in which such

pol yur et hane conpositions according to the invention are applied in

or as printh0god Bt hEd P8/ EP3God e imib Gr : :

the filmstr uc?uplgorop?bﬁga lgrﬁ}rnt ed ((Iﬂi m&;’ e Sgﬁgg?yﬁpﬁlgﬁﬁ%%o&ﬁgmzn 7

A) whi ¢h aFE 088158112 disclogs fohmeulitione nf wmthare erdisesadsrvedtingnmenomersrig polyurethane
matrices. Starting from these, it has now been found that printing of such photopolymer

formulations is possible under certain circumstances.
The invention therefore relates to polyurethane compositions suitable for printing, comprising

A) a polyisocyanate component, at least containing an NCO-terminated polyurethane
20 prepolymer whose NCO groups are primarily aliphatically bonded and which is based on
hydroxy-functional compounds having an OH functionality of 1.6 to 2.05,

B) isocyanate-reactive polyetherpolyols

C) urethane acrylates and/or urethane methacrylates having at least one aromatic structural
unit and a refractive index of greater than 1.50 at 405 nm, which are themselves free of

25 NCO groups and OH groups,
D) free radical stabilizers

E) photoinitiators based on combinations of borate salts and one or more dyes having

absorption bands which at least partly cover the spectral range from 400 to 800 nm
F) optionally catalysts

30 () auxiliaries and additives.



5 well kno the person skilled in t%e art by re |

nononeri cs @P?g%%@%sé?or pol yi socyanat es_ﬁl ) with i socyana?é{r}rﬁgggmﬂ\)/@ﬂs
conpounds A2) in suitable stoichionetry wth optional use of

catal ysts d.solvents. In this wa CO-f unct i anal .pr.epol yners )

Pavi g ur etHArERRLTT B HES 1 g Hobes At PEHRET gf Bipes Hipg which such
prepared. }OSuiecthaid @npotitioms acooddifgd ©shoShyendbearabppliddl indtat penting ink to a film.
cycl oaliphatic, aromatic or araliphatic di- and triisocyanates known

per se to the.perso kKilled in the art, it being.unjpoportant whether

t hese wer e%ﬁf‘ﬁ?ﬂ@&%‘e%ﬁﬁ?%ﬁfs t?)H’Bé@‘B ﬁg‘f‘i“%fﬁogt:he g‘i‘f‘tffjn@gbene- free
processes. In addition, the relatively high nol ecul ar wei ght

secondary [The@tepblymeis ofonapmmEntCA)whicla e /eentldl itd $:0 Gy@iddnese Haih@Ding manner
uret hang, urea, carbodiimde, acylurea,.isocyapnurate, allophanate, .

bi ur ot , >ox SHNAANE P cifeld %@uﬁeé?ﬁi BT cin' P8 o Bk D AIPBRIE oligomeric or
structure, paRisedyaidi@ We) hvith NiGV¥yaied-res@iv QoinBeunad® A9 Nin Sdaitht€ dtoidhidnREy with
art, can also be us§d, in each case individually or as any desired

mi xt ures wioPEPnghse ghetahests anpsly@s ed monomeric di- or triisocyanates

whi ch can be used as conponent Al) are butyl ene diisocyanate,

hexanet hyl en@isdidysRCcpamadiend pkboly} sﬁmaﬁﬁ?&&hgﬂe& SARPNARR! WulePiAi)or amid

tri met hyl hexanet hyl ene diisocyang?é (T™vDI) and/g? " amide STOnpS
i socyanat of®t PRPISPET. oct ane dii socyanate 20(TIN). TIN, TVMDI and HD

are particularly preferred and HDI is very particularly preferred.

OH- f ungbi OBaktatled PRIQIES anafd VA NDard lIOHiphatS teh QPAIphitk, Sfomaké &F GFABhdfic di- and
1.9 to 2.01, particularly preferably 2.0, are used as ]

i socyanat elFig¥analFe keewpBrIngso Abp) peron skilisd 4 Hetigs itdeip unfjeportant whether these
pr epol yner s, qutﬁ%%in% 8 ofpbseBRAOR of PONARAL Bk HRELLN B GATTRAH AtlSeRfivel
t he above né%tioned ungtigﬁglity 128 ranggﬁgre?sﬁ?taﬁie for this ° fvey
pur pose, stigh mslecwyy weBkicirrendaneprghuctss Ab monemerion dial dnplen tiiigocyanates having a
aral i phati ¢ . @f:neYelealhBhatlife hRhSea i al iy t 0 - .

at oms. Exarrf)l élg “of esuc?lﬁ 0] 0 lse_’arcg' e?ahff(gcﬁae&gz{%cggwpﬂ%}a%t hb%rgthe&gﬁlgégg tr,mne’
tri et hytf eneregdigneair imineoxyadietingdiem stradtyre ovhictdarp wol khewvrepag lsy toahe person skilled in
tripropyle =P 1.0k - - di.gl . .

1+ 47Dt anediar H3ks kP RRBTE Bl BLORRNEH T uistuenigh oneanother
trimet hyl pent anedi ol , positional isomers of diethyloctanediol,

1, 3- but y| eRecfergd mydpnpmstic deyar] oibescanael which Tant be yeddotsescanpeniéntret 1 ano bytylene

L& reenetliglod? 18 fonCYSLSDRIARSRY, MYALISISL S SRIEnGhon

2, 2- di met hyMm@hiyetrmsthperepiicnaieate (WAL HOA/00 1B07ARETHERA] 106 B0 Gl Bocyanate
4 - Rel,ati i l e r_wei.ght, al i phafi d cycl oal i phati.c
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pol yest er pol yol s, pol yet her pol yol s, pol ycar bonat epol yol s,
hydr oxyf un€H-finetionalceoppoands dmiving , anhYH rfoxyiohaling bf, guetkrafie) Y.arte AN @sticularly

hydr oxy- functi gnal, epoxy resins or _correspondi n yhr i re al so

it el e BRSPRRE A GPE v RoerfSrar oo Pt azbiion o FethSB of e
oxi de, propypelsmeexi de, tetrahydrofuran, butylene oxide, and their

m xed adducts and graft products, and the pol yet herpol yol s obt ai ned

by condensati on of dihydric. al cohols or m xtures.thereof and th o
ol yet her p ol R0t B HEEIe oA R R GRBPER 1 i, 0% abomed Thggonaliy
be nentsonedgasresuicdbledior it pueiopq syl 3 lowuRieetikeweigit shireéHa@ndibhatic, araliphatic

pol yet her pol yol s..are pol y(propyl ene oxides), poly(ethylene oxides)

and conbi n&t ?—%Péhl%ﬂf ﬁ@&seb " epHERIE 2118 AP0} ABEGID P BEuck §9b Fyfretglene

and m xtur @@/c@m@iempfen&@y&ongﬁ@hﬁaﬁtgwcogve@faagﬁeMwm,raﬁﬁaaytéﬁ& WEEd), 2B pylene
nu

and 18 000 g nol, particularly preferably having a nbér aveérage
mol ar mass SEtiwed - mBoIetiel 8ddorgaReiioland-“hatapedel t ineencaty] y glycol,  2-ethyl-2-
8 ; ﬁ; Ier abl y piMkdpanddiol U HRR hyANRHAGR b &tiol P ISHrRE! WE &ifethAQnadd!, 409 0utylene

30 glycol, cyclohexanediol, 1,4-cyclohexanedimethanol, 1,6-hexanediol, 12- and 1,4-
cyclohexanediol, hydrogenated bisphenol A (2,2-bis(4-hydroxycyclohexyl)propane), 2,2-dimethyl-
3-hydroxypropyl 2,2-dimethyl-3-hydroxypropionate.



Pol y( pr opyl of the abovenenti oned functr onality
havi ng num@%33@?%§§9 mol ar 15 masses between 650 g/ nol P{a‘i‘&gﬁglomowm

g/ nmol, particularly preferabl y havi ng nunber average nol ar nasses

bet ween 10 very i.C ef er abl .
navi g nuntet sl LR bhde R R BB a e b kO P egpioned
are parti cdlmtibnalipr sahes, abéhyasuﬁcﬂjzbsaaao%)s pblpethdmoljnﬂggmlyyﬁfeﬁna&pa@hlesmﬁimxy-

I socyanat e .accor din iSs reacted with coh acc rding to A2)
in stoichi WS P?rfag ‘éf%ld‘hﬁetsgls’f hyr i If?‘%‘faf'f%]iy’irﬁfhiﬂ ﬁ%fir q@?‘?ﬁ)’ esins or
form ng. Sublapbiiral GBRG, srelalo si@@blehi s case for t he reactr on with
said di-, tri- and poI yi socyanates are all oligoneric or polyneric,
primary _or second i.funct al cgiiho s of t%g abovenenti oned

¥

Lype. Wt hEPEEEEE diy %@%?%Laﬂ@dﬂr% PIE OXiqfe REPPYIERS BHids: drtigBydjofuran,

et hanedi ol ,bul(jilene okitié,an@ EhelrQﬁlf{@ﬁatdhﬁ(dt@ﬂﬁl @hty pbuctsl al?d the %@E@tﬁ@?dﬂ%ls obthined by
tri-, tetrapropyl.ene glycol propanedi ol , 1, 4-but anedi o
1, 3- but anedpisensagon Osrﬂlaﬂee.akrpﬁola o5, ijtyres Berpefl andyths nolyetis@givels, obtained by

2, 2- di met hyjkolyidioR" 8P FEEHO alcohdld, had-wh lﬁ')éﬂﬁ(ﬁfé&l’ %Cgﬁﬂeﬁcﬂfj@hemolyols Preferred
1, 4- di net hyl ol'cycl ohexane, 1, 8-oct anedi ol 10- decanedi ol ,

1, 12- dodecaHwtional pplaeterpelyele e pgfygmfenylenperlgifﬁa awizsr(@fnséelgloy@sr) angh peyatnations
pol ynens arrréréar lﬂwmﬁr@;@d% £h x% &ns yﬁesrsdaﬁd ahRE 91@%5 gé n%ber average

and/ or ot her ene oxi yester-, bonat e-

and pol yac mwleatrreeﬁbbey\mes 2ﬁ%mdnlg% Q@Orgbecﬂ ravte:uhgepwﬁﬂrdﬂrly haezsg@snuafoewenagﬁ molar
10 000 g/ '

the prepol yist Sy RGO RR 1080 oMok 85, SARLERY pifrhPBR s FIhBE avdhnota
accor di ng noesicjwdes 10@odd800/imhl. an al cohol according to A2) in a
stoichionetric ratio to give a urethane, which is then reacted with a
further is . akl L RQ. a

ol | goner | o o GG Sme BBl of BIARANcEch LN Micib il BectB9 e fier aypragegmoler
of t he 1bypmaskes betivbado Mipive aad d5&Lg/mab bartiadardy p:refemlbly Haging nhmbereaetgeomolar

with said d| r i ive urethane. For. the.
Further redietses evise? HOBPuob 8T AR R0 baas 18 HFb0R Tisetedbiy i¥ing mumber
al | ophanat eyerigeendimeises bétwekn-1900 ghol iY@ patok sre lphiticulddyirefaradly Tsdd as A2).
are preferably added. Preferred prepol yrrers are urethanes or

al | ophanat es obt ained fr hat i c |s e-functi I

and ol i gom?anrr & PEPONTFT SO ok lsog‘é n%fﬁﬁfcé’r \tfés r@%ﬁ‘r%‘o“dﬁﬂ% ohf)ﬁ%‘}c) 4% a2
pr epol yner sn ktaihingetiu mhiel’mta\ﬂﬁ'rthgﬁreﬂiﬁﬂnaa’tloﬁ;&s sleehaﬁf grBQDfdrﬁkaSrﬁﬁBle@fcﬁﬁéls in
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Funct i ORal Tt E8e gt e GReSPsmit s oo e DR aIr ok o L OBE G RpbReric
to 8200 g/ @ﬁhuarypdsremaeﬁryt rdefihctibh4) Niddoh6ls | S ARy abdkRedtioned kyPBAWIth regard to the
conpounds anq@oll ric or pol yneric polyols and all ophanates having
funct i onal PEIREES GFePGPEREePThAF Prgritly Sthangdiolofli-girg ¢rgteiraghyleng; glycol, 12

nunber avepagendail,ati-Mess @&rapfopGiert ta8/c82 003-gropRedioR ERBAESLAIJI,0 'irB-butanedlol
al i phatic |soc¥anatefunct|onal conpounds and olrgonerrc or poly

pol yol s or Aedith ed nil wtRsRi@Redigher eof I-6-BP@NeHD, par t F-&dimegtiy-1, 3'Pf°Paﬂed1°1
pref er ned. lutrﬁﬁﬂ%@%rcmg)laﬂg, NQQI Elﬁ{é&{}do@d}@ﬂohéﬂaﬁ‘é 0f} sloctinkfoi2- 1130Qecanediol,

nunber avera ar. masses of prepared from

al i phatic |1ég@9éﬁ¢aneéwf webeihyleas gl&@ﬂ%ﬁmh&ﬂ?ﬁ@mn@gbmlddﬂ%mws nd/oy penolymers

ol yols an I e e
2o Y05 2 GRS S I0 AE  d Epl 00L 19 P
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t hereof, are ve art preferre repolyners descri bed

above pref erably have resi duaI cont ents of free nononeri c i socyanate

of | es$0t harntht%dpylymt ghthesipdom alophaantizptiqn, é’lfrﬂraaliﬂoyyahlas scdolthmg 10 A%6idneacted

wei ght, ver r larl tably. l.ess .th wei ght O&

course. conBRBRlbRl Bhted bAS RN ot GR L IR it h buHSe SRl difhpnspected
with a further 1socyanate an allophanate forming. In this case, all oligomeric or polymeric,

primary or secondary, difunctional alcohols of the type described above are suitable as alcohols for

the reaction with said di-, tri- or polyisocyanates to give urethane. For the further reaction to the
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i socyanat onet hy1-1, 8-oct ane diisocyanate,” 1, 4-cycl ohexyl ene

di i socyanat t he i.soneric.cycl ohexanedi e diisocyapates,
FPAEAN i T SR e M R A AR o R TR

1, 5- napht hyl ene diisocyanate, 2,4 - or 4,4 -diphenyl net hane

di i socyanatPesfertedippdpelyleneirdaratharks 4r adbphirates sb@yad b aliphatie isovahdts @fctional
t her eof havi ng ur, et a(ﬁ.e, urea, carbodiimde, 30 acyl ureg, ,

i socyanur at'&* WA M PeT I ROBEIenE JSOQYANIUE e HYSoiPBIPOYdS LAY BigROLygpers having
i m nooxadi azinbeciverage Slolad Glidddee oAPA0 b XD WO@§/nfoh @AE MICAPAlnYii @GR AL 185 to 5.0.
based on ol i%omeri zed and/ or derivatized diisocyanates, which were

freed fPomWEREEshaknesyCy fHeatignaljiesefi 1At &1 3pd praea sverpgs pelar massispf 650 to

those of hexenEhbYy! Sesurdl IFRCYAPRUR, iBERNREEffidR- colpburl | #RAMBlikdmeric or
i socyanur ates, uretdi ones and i m nooxadi azi nedi ones of HD and
m xt ur es t ReVBgHc ml@lwtaﬂlemag_qtps)}laﬁipgftgcﬁi@@!itiesmgreater than 2.0to 3.2 orof 3.9t0 4.2

2010/ 09180 %RET4 FRAU ULRENGar mGises drtesh $o 90 g%@l, Faé b RoR Wighak Fsob hate-
the abovenentioned isocyanate conponent A) conple er or

propor t i ondtnetignal eorapemnds andj digemerratreny]lymgni dolyalseor ran desirdd ouxtpies thetepf, are
or parthy Wi ! - . i i

From cagy by PaBFicRg AR UMD N MIRBRLIATS I 28 ol sbifferAhbrose
of bl ocki ngpokegamsses ofil18ehtl 41001ghndlaprsparaix from siipimtik osvicganetstiencsipnad leérypounds
5 acet oace < ] I . R l.s, & dazal es razol.es and

o nes . sucht Slkombht BERecOFAR die sl MR ETne BYLRERGES o feer then 20 10
1, 2, 4-tri a3dl @,of di%etdy havin@nuinlter b&za@k @joldrmasez of €900dioetl DY b/mvh [pespaitcé from
et hyl acetogacet.ate, acet.one oxinme, 3,5-di nethylpyrazol e .
e- caprol acf g?%azlﬁ\ﬁstoz@?aflgtﬁ'%'fwﬁ%ﬁ 28}11%{’%%@%&}9@%%‘&%%@WBC%P%%% 8% pRy) desired
ester a5 amjxtdesiheed!, Aexetmaticokrly pefeired| ocki Nng agents. Preferably

excl usively the above-described prepolynmers essential to the

i nvention e used in A ., 10Essentia al | polyfunctigonal, -

| Socyanar e PEREPT RS dPTHRIPRE D o e ronPn Loy OB samssisorgenece
at | east 1obldssday d0Rbe-weiihé tjantEulgae phFerfily 160 ea ). 84 G3nwdight Uy paScularly
conmponent Bé"}f. Ibi}zlcés? ate-r gacti e groups in the context of the

present i nVERTINHIEE BN 20 LY 3518 hydr oxy conpounds.  Suitabl e

pol yfunctional , isocyanate-reactive conmpounds of the abovenentioned

t ylpe( ar e,h) ml’cotllrééc@wg}t&.) np@:cyleﬁh @i;]oportiﬁﬁklltéd?llﬁh'&ér i,soc];rg.vﬁa{ayeia5 lapebpﬂa@ﬁ re.described
pol y acryl ate- and/ or pol yurethanepol yols, prefera o
Pyt oxy0f UREPHISRED SN EhEP SHeTots ALPA g AR Jarisia e opcriiaia g -
bl ock pol yaggiigitseysifatcs Wl suftalitd foe ks Wirpdie isfalkd Gbbstdto it afidt@ks of such di-, tri-
nol ecul es. Suitable cyclic ethers are, for exanple, styrene oxides,

et hyl ene off BRYispryaRNAse FeanglssRt sutehls dhwidir OF GPisocyBIASH & duiyleng diisocyanate,

epi chl or ohyghfakdeingRee a@ﬁsc@%b{eecjﬁﬂﬁlﬁt Li%d?)ﬁoﬁoghe r ad ?agatg()l (Mr i C8-diisocyanato-
al | a

0C
al cohol s having an OH function ty o and primary or secondary

am nes and 4disptyendierenibileciang 23¢- andler 2x44-Firqtndesamethylens| diisooynated@MDI), the
are et hanedj - et gs B b - i .

i <, L B0 Spfec Bt ok voma bORLAGH DL ks T ibloped réreff ARG i isomer
1, 3- but anedpni¢nt, isocgangipmptiedti Gtoctane Biigpeyanatne bit-oycloltxBetvedinediad, the isomeric

2,2-dinmeth - Dk | Qf: rdi BYC Ch. oA ]

T4 d et neTenPURRANEA Wisohaisi THHAIIGYIGRATARNE 2 4; andior 26-0luyiene
2_51i 12- do?dii@nm]éihtgl_ Elﬁﬁ—mhp’rﬂtyﬂ'mfﬁldﬁwwsmaﬁ, grtyc ?EOH,%Fipthylm%cne ediis;ocyanate,
m xtures thereq ohe..anot her.. Su 0 er.pol yo referably. .
have nunbePnpzlil\g/n rlnéf\éﬂéanﬁélrﬁ’? %%Is‘?cs)%’%na(tﬁ Orﬁﬁv %’e%‘gﬁfﬁf’fa}%?&s‘g e r%%?ﬁ il %i'lfltioé“m‘je’
pr ef er abl y aofl vic@PBodyamb&ECallgpinmhte digtely @xadiqaBetrioas) luadtdiynapsreifriioakd dyazbdione
1900 to 4500 g/ nol. The OH functionality is preferahly 1,5 t0.4.0, .
parti cul ar PYRPFe 8 aBfAHres éhetrec?%S'.Pﬁg’ 15003 at%\';dBFSF ot Ogg%bﬁ}{lgi:(} @nd/or derivatized
aral i phat i gii@ey-ayted, dalchphuad fréeddiom exéss diifdkyRete b vilGblcQadtessad, GOkGIcS1ar those
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iminooxadiazinediones of HDI and mixtures thereof are particularly preferred.
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1,3-butanediol, 2,3-butanediol, 1,5-pentanediol, 1,6-hexanediol, 2,2-dimethyl-1,3-propanediol,
1,4-dihydroxycyclohexane, 1,4-dimethylolcyclohexane, 1,8-octanediol, 1,10-decanediol,

25  1,12-dodecanediol, trimethylolpropane, glycerol or any desired mixtures thereof with one another.

Such polyetherpolyols preferably have number average molar masses of 500 to 8500 g/mol,
particularly preferably of 1000 to 6500 g/mol and very particularly preferably of 1900 to
4500 g/mol. The OH functionality is preferably 1.5 to 4.0, particularly preferably 1.8 to 3.0.

In addition, aliphatic, araliphatic or cycloaliphatic di-, tri- or polyfunctional alcohols having a low
30 molecular weight, i.e. having molecular weights of less than 500 g/mol, and having short chains,

i.e. containing 2 to 20 carbon atoms, are also present as constituents of component B). The use of
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Suitable hydroxy-functional acrylates or methacrylates for the preparation of urethane acrylates
are, for example, compounds such as 2-hydroxyethyl (meth)acrylate, polyethylene oxide

mono{meth)acrylates, polypropylene oxide mono{meth)acrylates, polyalkylene oxide
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In a very particularly preferred embodiment, the adducts of aromatic triisocyanates (very
particularly preferably tris{(4-phenylisocyanato) thiophosphate or trimers of aromatic

35  diisocyanates, such as toluene diisocyanate) with hydroxyethyl acrylate, hydroxypropyl acrylate,
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separ atlp on groded. Gaastpmgxamrs érevehrlncmrglly dikeibeted aomipandslecke ger 8, £éktireSon being
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usi ng pol yes? %Pé—? OI%C arg] ﬂaniﬁ B O(tl;eflélﬁre qﬁ) bnd?ﬁt?{éﬂ:ﬁﬁg?rﬂo’éedgependmg
pol yners, to amrcbheﬁmiymmge, tliéla Iammtma%a Rﬁ'&‘feEl?ﬂﬂ:’hQ/aﬂﬁ&G 1&),~catlschic (or mixed)
pol ysi | oxage ¥ Ef‘%g obi ¢ sgl |1ds and enul sifiers, polyether-nodified
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be optim zed inline with the printing press. Typical photopol yner
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to 74 7% ht.of the co ent B) 10 to 40% by wei

compond & *aMFEI0% By “HEPGHD BTOTAEEHAHr CAET Ah FFGRE Byreory el
3% by vvel g hdtrabiftylpladbuinniripheailybesyidrgte, | Btr@agMangaiu® t¥OB-fudrdphe¥)Rdkylborate

wei ght of th t hr ee I(lj]}fles E22 which are tajlored in the absaorption
tetrabutylammonium fris-(3-chloro-4-methylphenyl)hexylborate are suitable as ammonium
arylborate. Suitable dyes are, for example, new methylene blue, thionine, Basic Yellow, pinacynol
chloride, Rhodamin 6G, gallocyanine, ethyl violet, Victoria Blue R, Celestine Blue, quinaldine
25  red, crystal violet, Brilliant Green, Astrazon Orange G, Darrow Red, pyronin Y, Basic Red 29,
pyrillium I, cyanine and methylene blue, Azure A (Cunningham et al., RadTech'98 North America

UV/EB Conference Proceedings, Chicago, Apr. 19-22, 1998).

Preferred  photoinitiators E) are mixtures of tetrabutylammonium tetrahexylborate,
tetrabutylammonium triphenylhexylborate, tetrabutylammonium tris-(3-fluorophenyl)hexylborate
30 and tetrabutylammonium tris-(3-chlore-4-methylphenylhexylborate (component E1)) with dyes,
such as, for example, Astrazon Orange G, methylene blue, new methylene blue, Azure A,
pyrillium I, Safranin O, cyanine, gallocyanine, Brilliant Green, crystal violet, ethyl violet and

thionine (component E2}). The combination of one blue-sensitive, one green-sensitive and one red-
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to 3% by wei ght of photoinitiators EI) I n each case 0.01 to 0.2% by

wei ght of t ree dyes E21) whi ¢ tailored in the agﬁgl[h%tion
20spect rum PB‘”E §°F%8ymﬁf?8%ﬁlyﬂﬁl}‘a% %‘ése A EYORRERAS| L AGTRADeH 8% gy catalysts
wei ght of egatabslehengrthe Grdilone GmaionVEingth cafalysts ¥bdl thar hudSos@ B, for example, tin
addi ti ves G The pol yurethane conpositjons according to the invention

part i cuP ar PHRRES oFifb| YOtaRAHsy | diQutyling dillg'éf%ebydlﬁihéms[%fox?q?éd‘??bﬁ]ﬁ%@}f’éﬁ‘ﬁ‘

A) WO 2016{ Y BledbER746. Q4061 ans(etﬂ-ﬁhe)calﬂﬁte? Ozﬂgm@xﬁ%c@t}'/law&lﬁm oroﬂ(ertlary
the conponent B) 25% by wei ght of the conponen to 1% b

wei ght of PPEESr atickal 3t ald¥ | | ¥EMplep) 1141162@1%%3 %leff‘tgm ocflazablcyclononane
phot oi ni t i @ia%b‘fcyﬁo)mdecane, 1,1,3,3-tetramethylguanidine, 1,3,4,6,7,8-hexahydro-1-methyl-2I1-

pyrimido(1,2-a)pyrimidine.

10 Dibutyltin dilaurate, dimethylbis[(l-oxoneodecyl)oxy]stannane, dimethyltin dicarboxylate,
1,4-diazabicyclo[2.2.2]octane, diazabicyclononane, diazabicycloundecane,
1,1,3,3-tetramethylguanidine, 1,3,4,6,7,8-hexahydro-1-methyl-2H-pyrimido(1,2-a)pyrimidine are

preferred.

For the printing application, it is important to use additives G) in order to achieve a printable
15  composition which also gives a satisfactory printed image. These may be, for example, additives
customary in the area of coating technology, such as solvents, plasticizers, levelling agents,
antifoams or adhesion promoters. Preferably used plasticizers are liquids having good dissolving
properties, low volatility and a high boiling point. Surface active compounds, such as, for example,
polydimethylsiloxanes, can be used as levelling agents. It may also be advantageous
20  simultaneously to use a plurality of additives of one type. Of course, it may also be advantageous

to use a plurality of additives of a plurality of types.

The photopolymer formulations according to the invention have, in component A), preferably at
least 10% by weight, particularly preferably at least 15% by weight and very particularly
preferably at least 20% by weight, based on the photopolymer formulations, of the unsaturated
25  urethanes C) essential to the invention, as writing monomers. The proportion of these writing
monomers C), based on the total formulation, is, however, preferably not more than 70% by

weight, particularly preferably not more than 50% by weight.

In addition to establishing a suitable viscosity adapted to the chosen printing process, the surface
tension of the photopolymer formulation should also be adapted for achieving a good printed
30  image, in order to ensure the levelling and the stability of the printed image. This is achieved, for
example, by the addition of suitable additives for separation, defoaming or levelling. These can be
checked in series experiments by experiments familiar to the person skilled in the art using

polyester-modified  polydimethylsiloxanes, fluorine-modified polymers, foam-destroying
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addition, material conposites, such as filmlam nates or

coext r udat @8to aahbpecisedit@sonpiead) film (1). Exanples of materi al
conposites are duplex and triplex films having a conposition

accordi ng of . the. schep ) B/ A or MB/C, such as PC PET,
PET/ PC/ PETBE%%EWH&}{]‘ZQS ra—sg‘g‘gft%ﬁ?ﬁsﬁé)ast i ¢ pol yurethane). PC and
PET are particularly preferably used as support film(l). Transparent

supports (D) twbledy vatight ofihoalifistore E€ar, i.e. not hazy, are preferred.
The haze is neasureable via the haze value, which is |l ess than 3 5%

preferably.less th % rticul arly ef era | ess than 0.3% The .
have val ue itk eaanof b oPTLR T ol liRe ke VRER seitest i dhe sbaSiption
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i s descri béd 239 bhecighiaridatidarASTM 4AditRE3G) WO
2010/ 091807PCT/ EP2010/ 000618 - 13 - than 300 nm The retardation Ris

t he mat hemgt i.cal, product of birefringence An and the thickness of the
suppor t d. DHRAR RIS TR SO apIRASCRREAE L BB EUSp SO ot ar dat i on
is effected using an imaging polarinmeter, for exanple fromilis GrbH,
St ai nMat i c (5 Jo B4 Byt weidielof the Threparettak)dat i on i s neasured in

per pendi cul ar incidence. The retardation values stated for the

15 30 to 56.96% by weight of the component B),

20 to 35% by weight of the component C)
0.01 to 0.5% by weight of free radical stabilizers D)
1 to 3% by weight of photoinitiators E1)

in each case 0.01 to 0.2% by weight of the three dyes E2), which are tailored in the absorption

20  spectrum to the red, green and blue laser wavelengths
0 to 1% by weight of catalysts F)
7 to 20% by weight of auxiliaries and additives G)
The polyurethane compositions according to the invention particularly preferably comprise

17 to 30% by weight of the component A)
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in the rangeo 03% begssighthdnutitareqguad adddives @M preferably | ess than or
equal to 0.5 pm PE or PET filns having a thickness of 20 to 60

pm are pre rabl used..as vering.laye (LLLYy: - a 25pol yet hyl ene
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(1), may be use grrotThe rinting process according to the invention for

t he producf’?SBIHIa ]F‘?‘In “%d coatings and the recording of visual
hol ograns is preferably carried out in such a way that the synthesis

conponent s Paffertéd emApedyiociiieng GoppRes bf MRSupEEOkkirNY 4re bhdfee on polycarbonate
i nvention, %th t he exce tion of ﬁgmgf%}onent A) are hormgeneousl

mi xed wi t h@nePUrSRARE, g ﬂﬁhaé%ﬁﬂ’ tylee éﬂ?ﬁ%&%ﬁ?lyﬁ YAgye, polypropylenc,
2010/ 09180 ¢RfldsEPZREY, 08MGLSEe -hylitkte, cellulose nitrate, cycloolefin polymers, polystyrene,

15 polyepoxides, polysulfone, cellulose triacetate (CTA), polyamide, polymethyl methacrylate,
polyvinyl chloride, polyvinyl butyral or polydicyclopentadiene or mixtures thereof, In addition,
material composites, such as film laminates or coextrudates, can be used as support film (I).
Examples of material composites are duplex and triplex films having a composition according to
one of the schemes A/B, A/B/A or A/B/C, such as PC/PET, PET/PC/PET and PC/TPU (TPU =

20  thermoplastic polyurethane). PC and PET are particularly preferably used as support film (I).

Transparent supports (I) which are optically clear, i.e. not hazy, are preferred. The haze is
measureable via the haze value, which is less than 3.5%, preferably less than 1%, particularly

preferably less than 0.3%.

The haze value describes the fraction of transmitted light which is scattered in a forward direction
25 by the sample exposed to light. Thus, it is a measure of the opacity or haze of transparent materials
and quantifies material defects, particles, inhomogeneities or crystalline phase boundaries in the
material or its surface which adversely affect the transparency. The method for measuring the haze

is described in the standard ASTM D 1003.

The support (I) preferably has a birefringence which is not too high, i.e. typically a mean optical
30  retardation of less than 1000 nm, preferably of less than 700 nm, particularly preferably of less
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20  Covering layers (III) having as smooth a surface as possible are preferred. The roughness
determined according to DIN EN ISO 4288 "Geometrical Product Specifications (GPS) - Surface
Texture...", test condition R3z front and back, is used as a measure. Preferred roughnesses are in

the range of less than or equal to 2 pm, preferably less than or equal to 0.5 pum.

PE or PET films having a thickness of 20 to 60 pm are preferably used as covering layers (II); a
25  polyethylene film of 40 pm thickness is particularly preferably used.

Further protective layers, for example a lower lamination of the support film (I), may be used.

The printing process according to the invention for the production of films and coatings and the
recording of visual holograms is preferably carried out in such a way that the synthesis
components of the polyurethane compositions according to the invention, with the exception of

30  component A} are homogeneously mixed with one another, and component A) is admixed only
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product, optionally over several months.

After the admixing of the component A) of the polyurethane compositions according to the
25  invention, a clear, liquid formulation is obtained which, depending on composition, cures at room

temperature within a few seconds to a few hours.

The ratio and the type and reactivity of the synthesis components of the polyurethane compositions
is preferably adjusted so that the curing after admixing of the component A) occurs within minutes
to one hour at room temperature. In a preferred embodiment, the curing is accelerated by heating

30  the formulation after the admixing to temperatures between 30 and 180°C, preferably 40 to 120°C,
particularly preferably 50 to 100°C,
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produce tiny ink drops mnth the aid of a heating elenent whi ch heats

t he watlér Al tebrectivekeus®hmpy pragiog tpsnf:iasaGStlh@weﬂplthrsparwnfskilhﬁtiildw af, sech as, in
tiny vapour 0 eSS

out  of the? ?]rggt?%) éﬁmﬁe\'%at?n {:aspﬁ gglttltl d&ﬁéﬁﬁt‘i’ngt eprg) it grt C] ﬁanp ng, ?Jﬁa WPitable
Deskj et seforagpleapdbmya st stbterfyefzirel @bhcmanm methvbd scine s;:uetas pamtngahdi inkjet printing.
consist of two plates. The pI ate 25 facing the paper cont ains a tiny
nozzl e bor and,the . .vapour opposite t

(o1 deshoot & FERE P tE BOMEss R 2 et RENTe fetcdits 4% oreipe, mrthpds for
econom ¢ aI dimplicatirestwiohitmeis®ad waigirayenoflda plrmrmg Edcdssek.athe [mntmfg i@ transferred

print| ds Exch eahl e |nt| hea are used.in al] ,of then
" s 2§ R USO8 pep el bR e Bl E o Biste e FrerlilEipewer
the nozzl egriding froesedtusatdigitab btint@iggdyesmt dort thes bﬁﬁédenghefﬁmﬁhﬁoned printing

(edgeshoot er The p s is.very simlar to the 30pi ezo proces
except that’r‘%“??éeseirﬁtfﬁ‘é‘fc‘%im& BuRtZPIrE RyRTHSHeR avf ROt 8’{/‘ thE 'producticn phases.

pi ezoel ect Deper@in@Rke fRoiliaby oF tNSRONg PMERDA Bistinthien isnHdY betwain difabhtginting
el enent operates at a frequency up to 10 WO

2010/ 09180PPET¥¥EP2010/ 000618 - 17 - electrical voltage in order to
press printing ink through a fine nozzle. The ink forns drops, the

drop vokumpy Riietfingiig, GRNHriABnE PaHsI0d Qe 1 Aplhite arFBaIdtaHE ea1Qke thB %rmtmg ink to
applied electrical pulse. The operating frequency of a piezo crystal
a@%{pyéﬁlachme

ranges up ths printpgdium. In lefterpress\peingpg, (the pantingpateicanssts obletfers

open when 2o d5ffioh JintO stefB¥Bes zhﬁ ewe&atg,ﬁesafnqnat%meﬁ@f ﬁﬂnmé (Ef@set printing), the
nozzl es. The present invention furthefnore relates to the use of the

i nprinted arptng plteaeensisti Al at éelteﬁélyl fichedt cwed dltetftflelél@tﬁdﬁ“ﬁ@) vp@tgiaplate)' in

hol ogr ans il :
di spl ays an%ﬁfrﬁeﬁtﬁagﬁjﬁk% dl ng eﬁg?olgl?%a ﬂ ;Sa,r?lﬂn olf} rmtﬁlg bber
conposi3fi opktegemtngi thg prigingpéatd qoneists oﬁﬁﬁmbé&mbhdnerpiemca or hoI ogr aphi c
films obtainable therefrom 10Wth the pol yurethane conpositions

In planographic printing, printing and nonprinting parts of the printing plate are virtually in a

plane. The printing plate is chemically treated so that it accepts ink only in the printing parts.
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portraits, bi onetric representations in curity docunents, or
generally es or [mage structures for. adyertisin

abel o 1 MR RS, ISRt b ra e AF AL A< gl of the
el ement s gﬁﬁmrgapla&n&, cleddet Sdghiat bP RS dodi@VBladE, Gaticttapor mgﬂﬁpras@idntlbqamduced
i ke, and I mages whj ch_can regresent digital  data, |nter 25 alia

al so in coMiosEPISHnifElnPHIHiEEh fRRe fine Eféné’egw SFSEPLEBBY &1C)can al so be
produced by nmeans of the polyurethane conpositions according to the

i nventi on. mMigdr@@rRbhe tthExﬁlﬁ‘ﬁlg Y isQirakCedt tRRULNTR t@S$1AtO (stRfchéd screen, for example
t hr ee-di_nensi onal i mage, t they can also represent inmge sequences,

short f#| mSomprising pamsaade sk, 8P\aPEPté'i¥tfr36't?P Brmeans gehuHeRgRyC ?\thFlREmtdﬂile‘En
fromwhich they are illumnated, with which Iight source (including

NDVi Ng onesy phd BintdpCor kit %?atv@x@ prithifig, tEWoREinkIOistthinSfe¥& WhWhOhid of a pad
30design possibilities, holograms, in particular volune hol ograms,

const it ut e (SHPESINE Retons sllipQeHHbReR) fram |one iSenface deenelly 4HBYEFRRNSE@pte) onto
appl i cati 0Qnother, BBexarmtpleAIPL, BSlipoind é{st (MR TR b%ﬂ@@ﬁg&ﬁé deffFession of

2599 is an eggerl mental product of Bayer Material Sci ence
Lever kusen2 dgermpedryint pgdipmal | ophanat e of hexane diisocyanate on
Accl ai m 4200, NCO content: 5.6- 6.4%5 Polyol 1 (Acclainm(r) 4200) is

a pol yppopyl &%1%1{1%&]@1\4{1&‘grn?nr&lb'ig?c%rar@ﬁf@sfs&&%tJ@E %ﬁe nifRAfnP! 4000

g/ mol from Bayer terial Sci ence "AG Lever kusen rmany. Urethane
acrylate 1 is an experinental product from Bayer Material Sci ence AG
Lever kusen]n eftagarihe martde, gzanie Q¢ Hypyens e aeeraigd suthyiemt oriyes #yd block. A moist

acryl ate ag&be} 5v'a§1§19ce'd%9&3{ﬁ1@ fﬁth%glfasm bointig i RN ARRRA FessHARAUGA (ftd the wells of

UL28: Urethani zatl on cat al
di net hyl bi gfe(crgrayadriets @&s;nu)lmwpsp@nh\méamsamvéh g juathepthe wealds rempining white and

Monenti ve E’%{blé)gmgiﬁ_ggﬁﬁwpy”%WIton CT, USA (used as 10%

strength sofutron 1n | idone). CE 909 is an experinental
product marketed in 2009 by Ciba Inc., Basel, Sw tzerland. New
met hyl dhe I pegnierioptepliy, gB)conidsse (¢ i) grietingl defi-gteughetehiog @ Hcreen printing

St ei nhei m n

Sol on, 88%%%% é{'%s:{lﬁ% %QM@ \é{nﬁ%%&l aQXE rid%%e'ﬁh%a 5%8%&9& %?Ik: hlcthe printing
GrbH, St ei temigge hﬁetrghamyo beﬁiyg<b38ADBersst¢m mothe-llﬁa’sadm msfeaascaMtI thc‘/eldlwdual
from BYK- Chent‘t Ger ma sol ution about % stre

xyl ene), ng% 1n[g plates dre \CN% anill ierced in %ﬂX Outt[veﬁ 1\8 Ipﬁ){):?s-s, ifgel%Poesﬁlg)%tto 8?& very

aveérage no nass a
the dif f r a€iné biesehd Hots,6n cgntﬁ& tapdchbeflnal@etpnneng prdesss, pointingniak, cAloured Gigments,
whi,ch, wer e duced in the

Th t t
exgeme ﬁt gﬁ% %ﬁ?‘f@{?‘@h 88%‘8’%&?&%@@'%@?%%@??& ed with regard to

t heir hol ographi c properties by neans of a neasuring arrangenent
accor di ng Babdle-fHtipentdrs produce tiny ink drops with the aid of a heating element which heats the water

in the ink. This results in the explosive formation of a tiny vapour bubble, which, through its
pressure, presses an ink drop out of the nozzle. Two systems are used here: Lexmark and HP in the
Deskjet series employs flat nozzle elements which substantially consist of two plates. The plate
25  facing the paper contains a tiny nozzle bore, and the vapour bubble forms opposite this bore
(sideshooter). The process is very simple to produce and is therefore economical but has the
disadvantage of a limited lifetime of the printing heads. Exchangeable printing heads are used in
all of them. In its printers, Canon operates with a bubble-jet technique in which the nozzles are
present at right angles to the heating elements (edgeshooter). The process is very similar to the
30 piezo process, except that the expulsion pressure is generated not by a piezoelectric element but by

a vapour bubble. The individual heating element operates at a frequency up to 10 kHz.

Piezo printers utilize the piezoelectric effect in piezoelectric ceramic elements to deform under



The | am na peel ed of f the filmconposite, and
phot opol yé&ﬂ%{l%’b?ﬁ‘giﬁl s then am nated wth gl ass -so thati’eﬁfeEonwmmms

substrate fil mfaces outwards. 25 The beam of an He Ne | aser

(em ssion h 63 was_ C e a

Spat 1l i FREpeiaBlehe oL PSR e e i el R rop s arop
a parall eI vbin. @€ whith cheioniféliRd vianhé magritde &fakd dpphiad ddctridaByuSdegTIR) operating
and reference bea ar.e estabplishe e iris diaphragns (1). The

di anet er of Y ¢ @%}Péﬁﬁ‘iﬁ%ﬂ%ﬂéﬁ% d‘t"fls 4 mm The

pol ari zati on- dependent beam splitters

2010/ 09 180 TP SRS 1168 valvek %mch(dﬁ&S)vhapal iitop 6 14226 Bk nBLAAre BloBnted on
two coh gl'},e gaally pol ari zed beans. Via the X12 plates, the power

of the ®heam was adjusted to 0.5 mWand the power of the

si gnal beamto 0.65 nW The powers were determ ned using the

sem conductrae peté Ghhon( Blthhiofe &aiaRlt6 the iRV Uhe -ﬂﬂjﬂn@d@lgdrﬁclég according to the
i ncidence (a) of the reference beamis 21.8 and the angl e of

i nci dence (]Y8YHiaHs fof esording,¥isuah dglpgraas, g)rélilie grodygtiop i qpHeahtelegientss iages and
sampl e ( medispRys antdQGmétHEcﬁﬁ)f‘ 6 gh%loﬁaQS Qfing PR polRreM4sE &ﬁxﬂ)%bﬂgnsba%@d?&ng to
produced a grating of ght and dark strips which are perpendicul ar

to the anglh® ipycgiden; éﬁ@h@)meilhér hajpgraphigfmp ﬂ’@i‘l@i@%ﬁt theygfreie sanpl e
(reflection hologram. The strip spacing in the mediumis - 225 nm

(refragpi VWlkH‘tﬂ@%Solg’Ltretﬁaﬂf‘e ?bs‘t‘tﬁﬂn@%&%@% th thellBventidn ﬁ&))%rallﬁp{‘o?g Maﬁ(ﬂ%a%ons

witten into the nmediumin | ow ng nmanner : shutters _
are opened if B¢ eftife visiRlsgangeand infbe pear Yiapueg(3Wr- 80Qmhcanihg pradpepd(b@pppropriate

cl osed, t hunpol y#g]cm@s @Jisluﬁvlﬁg)g?an{s' H.er all }ﬁl%%ﬁcﬂ{ caQ'bUré&%f‘c@@ V\ginethods

the still rized witing rmno ograns witten
now read i Hnavwretof g perapmekilirdninghe art; heclsmnﬁ,tlléf:r fa, inklinedGgbex) htdegrams, off-axis

remai ned ¢ e t e e
iris di aph&lglgﬁﬁqrg?’ t lea%rla}eé%rértréar?gfeer b@%ﬁgaﬁs “qftgslé ngﬁglslglﬁe ogran}s rainbow
mm Thil§ ehslogreunls’ t)hellentsmé: bekgramas ofif- a.myseﬂetﬁomdmbigeaml yadgenhtt thelograms and

pr eyi ous| ygx\f{’)%r},aéllﬁ E)tF gms?l rpetﬁe%{lonahql%%rglgs em(s?n}k hoflo racr)rtlsa rfirﬁ:,nnss Hnthgl%grams are

medi um Th EHNaer o cdn Pt ed
range fr Onpfa:fez:reﬂ ®p11c@1 slerﬁﬂltsg\nsmdh aremeg hérret ateﬂwudg Inibrs,Ofi164s, dﬁusﬁﬁ@&eens

angl e appr the beamtransmtted in the zeroth
order wor e IMERLAP slPEyS IRl Srdientmdrademtiist et e b BAEh T Fgered
powers of Fi‘bﬂuebﬂ@,rﬂléhefobﬁm tleslent sicrea frbqlﬁﬁcyméﬂ&[wmfelﬁbnﬂﬁ'g%ﬂ hee thyholograms
nmeans 6 t he detector @Hﬂ@]e dlffraﬁfﬁ{o ffl ciency TI 20was obt ai ned
at each’ an§FE eép%fﬁé)?‘t?a HRENSiqRg ¢ ZERYN%Sf . PD  11= PD  PT PD i s

the power in the detector of the dlffracted beam and PT is the power

in the det &cidditionf hdldpeaphicamagsstol edplagasich By foreanapleffot fiesoi® tpBARlits, biometric
descri bed above, the. Bra %ﬁ%ﬁurve it des Bog.es the diffraction
I

ef f i ci encyTepfesemajiogy in se PURCHP FreEney 19285 OF [BRage siurtyes fopadvertising,

written hokQgAgMibelasadieRsi pRslectiof], WS nBHOB@RUIng) 18ek 0dMish @lemehi, decorations,
addition, the intensity transmtted in the zeroth order was al so

plotted agHlissationggewgdpasdsy pgses gpdths Hke. anrbimages waich tngeRiwptigial data, inter

The nah mugphidd lmgﬁlb@am%fmpml@pfbﬁu&%smb@b asc)ve Qan a6 bb 9}099&@% nieaﬁs of the
its peak val ue, was determ ned. may have been_necessary f hi's

pur pose t oPelMuAanc empRsEiops @ﬁcq;qlmz He W@etiarenypn.oHolgraplkc dmraquamandgwe the
beamin or Q‘ﬁ:ﬂresrsfan%?g @rfré@ Jlﬁwﬂs%n%l Hﬁéé, Mwaﬂglso represent image sequences, short films

or a number of different objects, depending on the angle from which they are illuminated, with
which light source (including moving ones) they are illuminated, etc. Owing to this variety of
30  design possibilities, holograms, in particular volume holograms, constitute an attractive technical

solution for the abovementioned application.
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WO 2010/ 09388 AB¢d/65Re9 10/ 000618 - 20 - determ ned by ”ea”SPéﬁ‘/li{ﬂ}ﬂlomooms
Coupl ed Wave Theory (cf. H. Kogel nik, ThggBell System-Technica

Journal, Volunme 48, Novenber 1969, Nunmber 9 page 2909- page 2947)
fromthe ., Bragg curve and the variation of the transmtted

i nt ensi tyn%‘%"hl‘l g ction of angle. The nethod is described bel ow
5According to Kogelnik, the followng is true for the Bragg curve

| ASI ) of a Stafingeuatérons: hol ogram 1 11= 1+-i(x/0)2 bk-D2 - X2 ) with:
(') = X Vcos(al cos(aLay) 2Tc sin(ce-y) d x=40 A cos(c0-2y) 2

A2 (a) Pshdtix® X 250 8! i EPbimSld](§Gucr Br BAA HbiTarStiloB)ad L dverkusen,
Germany, full allophanate of hexane diisocyanate on Acclaim 4200, NCO content: 5.6 — 6.4%

5  Polyol 1 (Acclaim® 4200) is a polypropylene oxide having a number average molar mass of

4000 g/mol from Bayer MaterialScience AG, Leverkusen, Germany.

Urethane acrylate 1 is an experimental product from Bayer MaterialScience AG, Leverkusen,
Germany, urcthane acrylate based on 2-hydroxyethyl acrylate and tris(p-isocyanatophenyl)
thiophosphate.

10  Fomrez” UL28: Urethanization catalyst, dimethylbis[(1-oxoneodecyl)oxy]stannane, commercial
product of Momentive Performance Chemicals, Wilton, CT, USA (used as 10% strength solution
in N-ethylpyrrolidone).

CGI 909 is an experimental product marketed in 2009 by Ciba Inc., Basel, Switzerland.

New methylene blue (zinc-free): dye from Sigma-Aldrich Chemie GmbH, Steinheim, Germany.
15  Ethyl viclet: dye from MP Biomedicals LLC, Solon, Ohio, USA.

Astrazon Orange G: dye from Sigma-Aldrich Chemie GmbH, Steinheim, Germany.

Byk 310: silicone-based surface additive from BYK-Chemie GmbH, Wesel, Germany (solution

about 25% strength in xylene), number average molar mass about 2200 g/mol.

Measurement of the diffraction efficiency DE and refractive index contrast An:

20 The media according to the invention which were produced in the experimental section and
comparative media were tested with regard to their holographic properties by means of a

measuring arrangement according to Figure 1:

The laminating film is peeled off the film composite, and the photopolymer material is then

laminated with glass so that the substrate film faces outwards.

25  The beam of an He-Ne laser (emission wavelength 633 nm) was converted with the aid of the
spatial filter (SF) and together with the collimation lens (CL) into a parallel homogenous beam.
The final cross sections of the signal and reference beam are established by the iris diaphragms (I).

The diameter of the iris diaphragm opening is 4 mm. The polarization-dependent beam splitters



n2 sin2 (a)wﬁ'ﬁnb/ﬁ ig§¢ grating thi ckness’ X is the detuning @;ﬁﬁg\ﬁ/@({?ms

and '11 is the an e of tilt of the refragtive 10 index gra I ng
was witten, a' and if correspond to the angl es of a and (3 during

writing of rgf,]%@ Pt tpg{agembeawltntolttr\]n’votcgﬁerg‘? tiuaﬁ@/?r %r}ﬁe eams % e“a'luﬁ.j Slt %Qitlgeqaower

neasured i evi a € ang
t he angl e aéthgnefagnaaasured aguital Wd. 3 MY amdhwqwer ofthe ’319&1 Hewi @t(.65mwW. The
fromthe anleanl t he ,average refr I i nd of. t he
ot boary s el dctertgteg B5E BRGMERARENT ESe R T Pith ki fpmoved. The angle
ef fi ci ency of [Akidenddy) ofitle feRteMcObdamiinedsT 2 the a-ngﬁ,of lnchenoé%Z) of thd sigh8l beam is
DE= t an s al 4_ 41

1

2010/ 09? Sgﬁ%/%%g%ﬁéﬁeg@ggqm%(medém , the mter eren eld of the two ov\t/e\i('Papplng beams

produced a grating of light and dark strips which are perpendicular to the angle bisectors of the
two beams incident on the sample (reflection hologram). The strip spacing in the medium is

~ 225 nm (refractive index of the medium assumed to be ~ 1.49),
Holograms were written into the medium in the following manner:

10 Both shutters (S) are opened for the exposure time t. Thereafter, with shutters (S) closed, the
medium was allowed a time of 5 minutes for diffusion of the still unpolymerized writing
monomers. The holograms written were now read in the following manner. The shutter of the
signal beam remained closed. The shutter of the reference beam was opened. The iris diaphragm of
the reference beam was closed to a diameter of <1 mm. This ensured that the beam was always

15  completely in the previously written hologram for all angles (Q) of rotation of the medium, The
turntable, under computer control, covered the angle range from Q = 0° to @ = 20° with an angle
step width of 0.05°. At each angle approached, the powers of the beam transmitted in the zeroth
order were measured by means of the corresponding detector D and the powers of the beam
diffracted in the first order were measured by means of the detector D. The diffraction efficiency 1

20 was obtained at each angle £ approached as the quotient of:

Pp is the power in the detector of the diffracted beam and Py is the power in the detector of the

transmitted beam.

By means of the method described above, the Bragg curve (it describes the diffraction efficiency n
25  asa function of the angle Q of rotation of the written hologram) was measured and was stored in a
computer. In addition, the intensity transmitted in the zeroth order was also plotted against the

angle  of rotation and stored in a computer.

The maximum diffraction efficiency (DE = Mmsx) of the hologram, i.e. its peak value, was
determined. It may have been necessary for this purpose to change the position of the detector of

30  the diffracted beam in order to determine this maximum value.

The refractive index contrast An and the thickness d of the photopolymer layer were now



owing to 9%551{?56/391%55i nkage and the change’i n the aver agep&?f]fﬂﬁi%@f(ﬁ)as
p

i ndex during otopol'ynerization, the anghe at which DE is reasure
differs froma, the x axis is centred around this shift. The shift is
typically . i nce i .S~ Kn t sh t e i cal )
oY hog cur verkBfe N B Okl PR N Thad R kol AE Py 8h Tecica
t hi ckness dowhalf Vielujpk 68,03ctyibee 1 969% WemberApags 2909bgage2947) frora dlemsaieel Bragg

via DE for a giv t hi ckne so.t hat asurenent and.theory of .
b ways agr S8t e egTsR S e oo S ABTLAY! GARGGIA PO 137 MG fsdpgpived
secondary mklivie of the theoretical Bragg curve agree with the angle
positions of the first secondary maxima of the transmtted intensity
and addi_tiognal l.y t full width at, half i mum (F or .the

theor et Pcal e aig Dparti 1 URviRE s oo P iy ab? Edectipp &plpgram:
the direction in which a reflection hol ogramconcomtantly rotates on
reconstruction by neans of an 12 scan, butjthe detector for the
diffracted light can detect only "&=fimit 6& RE Tange, the Bragg

curve of broad hologranms (small d) ijs-not Fan ely detected in an
12-scan, but only the central region (sH? ®Gli_t—)@? | e det ector
positioning). That shape of the transmtted intensity which is
conplenentary to the Bragg curve is therefore additionally used for
adapt i ng tmatht ayer thickness d. 15For a fornulation, this procedure

was possibly repeated several tinmes with different exposure tines t

on different nedia in order to determ ne the average energy dose of

the incident |aser beam at which KE=r-eache& Vi ¢ ar uration val ue

during witing of the hol ogram The avefcsle'kres(gi-2ugse E i s obt ai ned
as follows: E (mJ cn2 ) = 2[0.50 mVW+ 0.6/ &\]’_-wtd(s) 20 The powers

of the part-beans were adapted so xhaﬁe-ﬂ—g%z&—%o' wer density is

achi eved in the medium at the angles a dhdfoS\®se¥) Breparation of the
urethane acrylate 1: 0.1 g of 2, 6-di-fe&'t-butyl-4-nethyl phenol, 0.05

g dibutyltin dilaurate (Desnorapi di’Z,_gﬁyer Mat eri al Sci ence AG

Lever kusen, CGermany) and 213.07 g of a 27‘;/?(3 strength sol ution of

tris(p- 25 isocyanatophenyl)thiophaesphate*in ethyl acetate

(Desnodur (r) RFE, product of Bayer M#-ercad(Sci@®hce AG Leverkusen,
Germany) were initially intragd L ) _ d- bott omed fl ask
and heated to 60C. Ther eafte??ggllg&&%ﬂg?’é-g 5‘3 t'hyl acrylate

were added dropwi se and the nixt u‘é&%f nt-hea’(kgpt at 60C until the

i socyanate content had fallen bel 0.°1% Iﬁm@er, cool i ng was
effected and the ethyl acetate was conpletely rehtoved in vacuo. 30The
product was obtained as a semcrystalline solid. WO

2010/ 09 180&PQT|€€E5~2@;§1%0M&Q&§§;8;1 is tiR2letunil [pBAGKCPANEYRERR aREIE At BF BF M8 Jeflddtive
t he conponent C) and optionally the conponents G and F are di ssol ved

i n t he lRonmpuleatatipg whish vep aritten. & awb@ cogrepond By bagrales afioxead 8 during writing of
Thereafter 4.t 0. P J 0 0 i AN .
NEP, 15 vl e TR tnemed;thn PAOG: W Mo pobifh il 3 e R4k, ic. the
m xi ng i s dévidgonedonadg meleOpt iAdhil thy angle desiningata@shrédbputside thromedigmhaie. the
20, 2 S P 0N M PR S BEs was st
formul ati on.504us obtained is applied to the prepared screen for

screen printing and then processed in a sem automatic or fully

aut onatkLc erat.i.on. ..kor.thi.s.pur e, the.printin ar anet ers, such
2s. f of exang atmpnsiEatien MR B ne Bl il deo R Prie RPE 0 &

i mage. The fornmulation is pressed through the tenplate (nmesh) by

means of the squeegee onto the substrate to 10 be printeg on.
Thereafter, the screen i BEf+ tanktd8gaianh od squeegee
and a new cycle is started. After the pristjoogle'tbes(suBgijate is

renmoved fromthe screen printing press and is dried. This can be

The measured data of the diffraction efficiency, the theoretical Bragg curve and the transmitted

intensity are as shown in Figure 2 plotted against the centred angle rotation Q-ocshift. Since,



one of the abovenentioned 15covering Iaygfg and packed in

| ight-tight packagi ng. The thickness d of the photopol yner |ayer is

obt ai ned frQF ' glﬁﬂﬁ S, Of rres ' [ .
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being lim talrorlluglf@ﬁﬁnﬁﬁ]llefggh?lso %éf%g%‘%aélm g’e‘% "all stated percentages 20of

t he photopol yners are based on per cent by weight. Preparation of the
printabl e fSorcenlEais koewr] theEkareplif ¢helthedt@icalBrggmnurvr etdrding takogelmk & détermined

hen 0. f 8 2.75 g of Byk 310 and fin .
Sor ut i of o A Bt bt Rk [t aRisn bR L 82 i fgarven

g of ethyl thitloketd @ntat ntasilerisdB ag théorAst DB20MyOagBgd iSndwn adap&fﬁ ugtilqule flngle
N- et hyl pyrili.done re. added stepwise jn the dark to 26.1 g o ol yo
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squeegee speed with the AT-80 P. The foll owi ng neasured val ues for An

wer e oBfai Kega dermujpsionothis ;Epce@(rarprﬂsgmisﬂgy 3epeated several times with different exposure

times t on different media in order to determine the average energy dose of the incident laser beam

The i nprintywe yYHeérzgyes are dried at about 80C and then cpyengo1d/bdde1s
a

at which DE reaches the saturation value during writing of the hologram. The average energy dose

E is obtained as follows:

_2-[0.50mW +0.67 mW]-£(s)
n-0.4% cm?®

E (mJ/em?)

20  The powers of the part-beams were adapted so that the same power density is achieved in the

medium at the angles c¢and 3 used.

Preparation of the urethane acrylate 1:

0.1 g of 2,6-di-tert-butyl-4-methylphenol, 0.05 g dibutyltin dilaurate (Desmorapid Z, Bayer
MaterialScience AG, Leverkusen, Germany) and 213.07 g of a 27% strength solution of tris(p-
25  isocyanatophenyl)thiophosphate in ethyl acetate (Desmodur® RFE, product of Bayer
MaterialScience AG, Leverkusen, Germany) were initially introduced into a 500 ml round-
bottomed flask and heated to 60°C. Thereafter, 42.37 g of 2-hydroxyethyl acrylate were added
dropwise and the mixture was further kept at 60°C until the isocyanate content had fallen below
0.1%. Thereafter, cooling was effected and the ethyl acetate was completely removed in vacuo.

30  The product was obtained as a semicrystalline solid.

For the production of the holographic media, the component C, the component D (which may
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press. V\chrglg'c())rfegtglg' E%r(l) Eﬁqén%laozr% 1/1199 (s)o &t?on-m %I%P,- is weighed in in the dark or with suitable
illumination and mixing is effected again. Optionally, it is heated for not more than 10 minutes in a

5 drying oven to 60°C. The mixture obtained can be devolatilized with stirring at < 10 mbar.

The photopolymer formulation thus obtained is applied to the prepared screen for screen printing
and then processed in a semiautomatic or fully automatic operation. For this purpose, the printing
parameters, such as, for example, the squeegee speed, can be adapted to the printed image. The
formulation is pressed through the template (mesh) by means of the squeegee onto the substrate to
10 be printed on. Thereafter, the screen is filled again by means of the flood squeegee and a new
cycle is started. After the printing, the substrate is removed from the screen printing press and is
dried. This can be carried out in the downstream tunnel drier or separately in a rack trolley or

oven.

The imprinted substrates are dried at about 80°C and then covered with one of the abovementioned

15  covering layers and packed in a light-tight packaging.

The thickness d of the photopolymer layer is obtained from the coating parameters of the

corresponding coating device which are known to the person skilled in the art.

The following examples are mentioned for illustrating the method according to the invention but
are not intended to be understood as being limiting. Unless noted otherwise, all stated percentages

20  of the photopolymers are based on per cent by weight.

Preparation of the printable formulation 1:

Example 1:

13.75 g of urethane acrylate 1, then 0.028 g of Fomrez® UL 28 and 2.75 g of Byk 310 and finally
a solution of 0.825 g of CGI 909, 0.028 g of new methylene blue, 0.028 g of ethyl violet and

25  0.028 g of Astrazon Orange G in 1.95 g of N-ethylpyrilidone were added stepwise in the dark to
26.1 g of polyoll and mixed so that a clear solution was obtained. Thereafter, 9.45g of
Desmodur® XP 2599 were added at 30°C and mixing was effected again. The liquid material
obtained was then printed onto 175 pm thick polycarbonate film, dried for 10 minutes at 80°C and
laminated with a PE film.

30  Printing example:

The above printable formulation was pressed through a screen comprising the fabric
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Claims: PolywearRihasa@esonpositions suitable for printing, cepRig®oidlooos1s
A) a polyisocyanate component, at |east ggntaining an NCO-term nated-

pol yur et hane prepol ynmer whose NCO groups are primarily aliphatically
bonded and [ [ - ] : oung: '

G anct | ofari e Y g SHbaagihy BUGLRHY of HRalaNRLIRROUAR, DA 29502 rom
pol yet hei pdiS{oTke @en serednragren tercydeatf gas bk s mbant 1% aln ehenmpdranpmys] Aitvas found
havi ng at Itegsl'%t ne_ar ogm%i ¢ structur al, ,unit an% @tr efr.aé i.ve index thi
of greater 2R S SHURr 2 AW FUCHERT &Bred PEs PRAIERS f PEUCT ipiRtd JpaggoRowever this
groups and nfist o owdpsd il BElktida eacer thidi ic abpentiaibiil alrcasén the entire interplay of the
phot oi ni.ti at or. ased on conbi natj.ons of borate salts and one aqr nore
s had ndBH B ones AR RS B 5 B ABSS R paPe
range fromp&QQcd n@RQalpattdns Wil 4 Bedhhifastabqleyst ?e@ wathi el ATag0 Bs and
additives. 152. Pol yuret hane conpositions according to Claima1l,
characterized_in that urefhanes or allophanates of aliphatic

i socyanat eﬁﬁ%gWBWd?eaﬁ%ﬁ%@iﬁﬂzoré\’fd”e& ‘?@%?Fé’raf ﬁ‘eSPse I yneri ¢

i socyanat e-reactive conpounds are used as prepolyners in A), the

prepol yners havi ng nunber average nol ar nasses of 200 to 10 8% g/ nol
and NCO functy jti fo k9 1O ol yur et jane conp i ons
according to %ﬁg@h‘ 1 %‘?re%,mc ar actgc}uigezggagqeﬁft hat difuncti onatmya@z)

pol yet her pol yol s based on propyl ene oxi de and et hyl ene oxi de, having

a proportion pof ethyl engeide of 2ess than 10% by oeigght, bagsed on

the total mass of the parent polyether, and a nunber average nol ar

mass of 2000 20 4200 gymedh fasrR used in B). 4. Pol ypgoet hane
conpositions according to any of Clainms 1 to 3, characterized in that
adducts of arpmatic tgomsh@tat esgor trinmers of arggmtic

di i socyanates with hydroxyethyl acrylate, 25hydroxypropyl acryl ate,

4- hydr oxybutyl acrylate are used as urethane acrylates in C. 5.

Pol yur et hane conpositions according to any of Clainms 1 to 3,

char act eri Zaé vhlled foahd & ADardOfie R¥quived dble PbwithR (ROPRAGRNMeR acdBrdl to the
56. 96%§y wei ght of the conponent B), WO o
2010/ 09980 et rPaE 1 vrp Gigeble 29 dolographic media in the context of the above description.

Particularly good holographic media can be obtained if low squeegee speeds are set on a screen

printing press.



20 té 35% I t he conponent C) 0.01 to 0.5% by wej f
free radi c;‘?&(’;@%@m‘.“@zrs D) 1 to 3% by wejght of photoini t?g?@@ﬁg'{w%l&

in each case 0.01 to 0.2% by weight of the three dyes E2), which are
tailored irbt.hes_ absorption 5spectrumto the red, green and bl ue |aser
wavel engt hs= 8% 1% by wei ght of catalysts F) 7 to 20% by wei ght of
auxiliaries and additives G . 6. Process for printing on a substrate,
i n whi ch pdojuregtahacenmpekipesuitibtmfer prixting domngritisg any of Clains 1 to 5
are applied as a constituent of the printing ink to a support |ayer
(). 107. Process) acce

rding.to Claim®6, .characterized.ln that the

Subport 1 ayer (7)) T SoRkoRah BpE Bbidet PR SN iPRhe? Folvurcthane
t er epht hal at e ( PETrepgighatbitoyd §Q© g&(ﬁjlpleﬂriatﬁﬂiaiaﬁty&,lipmgdﬁﬂfbl)ﬂﬂﬁlr’@d which is based

ol ypropyl ene, cellul ose acetate, ce 0se te, ce ose
ﬁi t?/gt el,gycycl ool ef ?Ihﬂyﬁlls'ﬁ"y' cg?nagsqwﬁéﬁé@g 5%8%@5599@‘%1'6% 2.05,
pol ysul fone, cellulose triacetate (CTA), polyam de, polynethyl
met hacryl ate, pd)yModiphatsteth@ive gelyeth@polydlnryl butyral
pol ydi cycl opent adi ene or 15m xtures thereof, optionally also in the

formof filmlamnates or coextrudates, 8. Process according to Claim .
6 or 7, charact &Pi BEHA, “HAIS HSPHETBES PREPTVAGS HayRE) Saipl el Byt
printing has a totatucludd Qnitt 4hdCk nefestiaf inded of LAteP Man91.5PHOEESHm, which are
according to any of d ?i m;r 6@1 , Characterized in that a covering
layer (111) is appitrageiyesies %@%E%ﬁ?ﬂ@ﬁ&%r (1'l) after the
printing process. 2010. Process according to any of Clains 6 to 9,

charactieri zed i m)t fedradiba staBiliggrs al of the covering layer (I11) is the
sanme as that of the support layer (1). 11. Inprinted article

obt ai nabl e by a_praqcess. .accqrding to _any of ainms 6 to 10. 12, e. .
of inmprinted ar tES cP §°1’HB@855313?F& Ctg“ocoé}béﬂaﬁ?rflc’ff atg é"t!téra&&r?ﬁe 9t 898 ‘%’Ses having
hol ograms, for theaR6RHCEAnewEL 2PdakiGRIIYEoErRIY sectiaMRFLSontl HERb 8YGnm
and a nethod for recordi ng hol ograns using 25t he pol yur et hane

conposi tions acc¢ordin o the invention, and the nedia or hol ographic
filnms obtainabl g:?t%‘l”gﬁltyc?ﬁ’ia ysts

G) auxiliaries and additives.

15 2. Polyurethane compositions according to Claim 1, characterized in that urethanes or
allophanates of aliphatic isocyanate-functional compounds and oligomeric or polymeric
isocyanate-reactive compounds are used as prepolymers in A), the prepolymers having number

average molar masses of 200 to 10 000 g/mol and NCO functionalities of 1.9 to 5.0.

3. Polyurethane compositions according to Claim 1 or 2, characterized in that difunctional
20 polyetherpolyols based on propylene oxide and ethylene oxide, having a proportion of
ethylene oxide of less than 10% by weight, based on the total mass of the parent polyether, and

a number average molar mass of 2000 to 4200 g/mol are used in B).

4. Polyurethane compositions according to any of Claims 1 to 3, characterized in that adducts of
aromatic friisocyanates or trimers of aromatic diisocyanates with hydroxyethyl acrylate,

25 hydroxypropyl acrylate, 4-hydroxybutyl acrylate are used as urethane acrylates in C).
5. Polyurethane compositions according to any of Claims 1 to 3, characterized in that
15 to 30% by weight of the component A)

30 to 56.96% by weight of the component B),
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10.

11.

12.

-25.

20 to 35% by weight of the component C)
0.01 to 0.5% by weight of free radical stabilizers D)
1 to 3% by weight of photoinitiators E1)

in each case 0.01 to 0.2% by weight of the three dyes E2), which are tailored in the absorption

spectrum to the red, green and blue laser wavelengths
0 to 1% by weight of catalysts F)
7 to 20% by weight of auxiliaries and additives G).

Process for printing on a substrate, in which polyurethane compositions according to any of

Claims 1 to 5 are applied as a constituent of the printing ink to a support layer (I).

Process according to Claim 6, characterized in that the support layer (I) is based on
polycarbonate (PC), polyethylene terephthalate (PET), polybutylene terephthalate,
polyethylene, polypropylene, cellulose acetate, cellulose hydrate, cellulose nitrate, cycloolefin
polymers, polystyrene, polyepoxides, polysulfone, cellulose triacetate (CTA), polyamide,
polymethyl methacrylate, polyvinyl chloride, polyvinyl butyral, polydicyclopentadiene or

mixtures thereof, optionally also in the form of film laminates or coextrudates.

Process according to Claim 6 or 7, characterized in that the photopolymer layer (II) applied by

printing has a total layer thickness of 3 to 100 pm.

Process according to any of Claims 6 to 8, characterized in that a covering layer (IIT) is applied

to the photopolymer layer (II} after the printing process.

Process according to any of Claims 6 to 9, characterized in that the material of the covering

layer (IIT) is the same as that of the support layer (I}.
Imprinted article obtainable by a process according to any of Claims 6 to 10.

Use of imprinted articles according to Claim 11 for recording visual holograms, for the
production of optical elements, images, displays and a method for recording holograms using
the polyurethane compositions according to the invention, and the media or holographic films

obtainable therefrom.



