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15 Inthe area of optical applications, the refractive index is an impertant material property.
Thus, it plays an important role, for example, for the production of optical components,
such as lenses, prisms and optical coatings (US 5,916,987) or for the production of a
contrast in holographic materials (US 6,780,546). For such and similar applications, there
is a need to be able to adjust the refraétive index in a targeted manner, for example by

20  admixing components having a high refractive index.

For the abovementioned fields of use, polymers of olefinically unsaturated compounds,
such as, preferably, (meth)acrylates, are typically used. In order to reach the refractive
index of 1.5 or higher, halogen-substituted aromatic (meth)acrylates or special alkyl
methacrylates described in US 6,794,471 can be used. Particularly the latter are

25  disadvantageous owing to their complicated preparation.

The class of substances consisting of the urethane (meth)acrylates is well known per se
from the area of coating technology. According to the prior art, however, the extent to
which these are suitable for the production of data media, in particular those for

holographic storage methods, is not known.
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The invention is further illustrated by the following non-limiting drawing in which

15  Figure 1 shows the holographic test setup with which the dynamic range, the M#, of the

media was measured.

DETAILED DESCRIPTION OF THE INVENTION

As used herein in the specification and claims, including as used in the examples and
unless otherwise expressly specified, all numbers may be read as if prefaced by the word
20  "about", even if the term does not expressly appear. Also, any numerical range recited

herein is intended to include all sub-ranges subsumed therein.

The olefinically unsaturated aromatic urethanes, preferably urethane acrylates and/or
urethane methacrylates of the present invention preferably have a refractive index of

> 1.55, particularly preferably > 1.58, at A = 532 nm.

25  The olefinically unsaturated urethanes, preferably urethane acrylates and/or urethane

methacrylates of the present invention are obtainable in a manner well known per se by
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20  Acrylates, methacrylates, maleinates, fumarates, maleimides, acrylamides, and vinyl
ether, propenyl ether, allyl ether and compounds containing dicyclopentadienyl units,
which have at least one group reactive toward isocyanates, are preferably used in
compound B); these are particularly preferably acrylates and methacrylates having at

least one isocyanate-reactive group.

25  Suitable hydroxy-functional acrylates or methacrylates are, for example, compounds such
as 2-hydroxyethyl(meth)acrylate, polyethylene oxide mono(meth)acrylates, poly-
propylene oxide mono(meth)acrylates, polyalkylene oxide mono(meth)acrylates, poly(e-
caprolactone) mono(meth)acrylates, such as, for example, Tone® M100 (Dow,

Schwalbach, Germany), 2-hydroxypropyl (meth)acrylate, 4-hydroxybutyl (meth)acrylate,



3- hydr oxy- 2, 2- di net hyl propyl (nmeth)acrylate, hydroxypropyl
(et h) acrwioezoes/123199y dr oxy 3- phenoxypr opyl acryl ate, the PCI/EP2008/002464
hydr oxyfuncti onal nono-, di- or tet ra'a Fyl ates of polyhydric

al cohol s, such as tr ero thrito
di pent aer y sy 2% 1??8&‘%?%‘0{““” ?fg’ %&88‘“’6‘?}” 6@ rglf‘tgdi iony-
trimethyl olg,qgh@m@pmpglay@ﬁwkhe hy@reRryfadtiphdl friohe! dl-&itmb@wtgstolﬁru tol or

i ndustrial m xtures thereqf. tion, jso yanater ctive
ol i gomer i c PEhpBICARORPlE SH??Psﬂétt ﬁggﬂfpé‘l?ﬁ‘ﬁfoélﬁ chﬁPﬁWﬁ@ acryl ate

and/ or et Rgehb SIS MHRFlaRE Sropsixyiatl or alapRica trihahRoFRipasd, pigeerdtj t h
t he abovenenti oned nononeri ¢ conpounds. The epoxy(neth)acryl ates

known pér $entarrpiriiel, r‘i‘iﬂ‘?@mw&&ﬁm@‘%@’ﬁ\?ﬁ &6?'ng OH 10 contents of
20 to 300 nmg KOH g or pol yurethane (neth)acryl ates containing

hydr oxyl grmmlﬁnﬁomyat@&a@#e% O%Gﬁé?fc%r@$£yﬁ@1&tﬁsa3ﬂ'@teﬂgo @s or
acryl ated pol yacryl ates havi n contents of 20 to 300 {% and
i Xt Ur es. t 1RERABImEAFD HE) o8 S BRGY aier Ui 2% SPEBISAons oL SR ‘é’d’%

pol yest er s (ORGSR e ¥hic SndRsisand m xtures with pol yester
(meth)acrylates or m xtures of unsaturated pol yesters containing

hydroxyl 15 groups with polyester (neth), achI ates can Ilkevvl se be

used. Such Thespoufraehaerajes I 8 §etaipiag hydroxpl errupsend gppg Y

(Ed.), -Ghe T QRS0 koS,
ks & 1oy e oeh a0 SR REaAg TAf’*%%%ﬁE%i"Eg%’&%ﬁ"%ﬁg Eing HEYNIZ,
%

Epoxyacr yI QDS m%.%cmwgp tq30g K awh&daowéwht@a
hydr oxy! q,ﬁagg @)%I;z%ohge}{ts%fgo Rr%b E‘fng@@H/gded Eﬁams(mwﬁ{ Wleah&Ser and

cont ai ni ng groups are based in particular on reaction
product s ofrruat:lreﬁ Iwith uaertefatash oy lpestanetontaining liYérOaJr)ll ggoupp apf BFGIFEith

(gl ycidyl HP.HQ gtgg&% henol
A, bi sphen(ﬂ%%8 hexa?fi%g’1 a%&%&s gﬁétlﬂasne I ol Bg%erﬁgé%ﬁgé%cg?%g

and/ or 18r oppoupk atthqtoldamr\(at‘:ﬂl)ﬂesdattw@mebEeWIE[bsxyfdcﬁil;ﬂh&pl@BOw&%'ilfﬁg a
defined fungtionalit a on of
acrylic 252 rd and; or yddm hacr ﬁ‘?rg%a)(%??f%qﬁ&&?ym%ﬁ?&%th a%féy ate,
are }‘u[t heerhﬂaqnijen’@@dngsZ!rﬁdy?rRaxyeMWIZ wﬂyﬂwﬁ?"ecmmguxwgtpyl
acryl ate | at e C

nmono( net h) é’@?%}qgt ébgpﬁé%ﬁcg ystcrD flttainllrpgtonry %{%cﬁﬁ ugée%éng{)ﬁ%a Aetined by drP}é){Ies
havi ng a hifaigiondlitnat pefatedt y i n doubl e bonds versus OH groups, such
as the reaction product of acrylic acid with glycidyl nethacryl ate,

are preferr /125199 PCT/ EP20 02464 on to

t he con{? eﬁ%y%\/\% q%s °°&§m‘%e’§fé’ﬁ‘§lt%°“r? 5acl% Fs\?g R mx%‘unggg‘%ﬁﬁé

cont ai n no predlicator anyltdbcldngdot skibacrelxd dcyi \wﬂsaabmdat(gurcmgmoh@omn)dé

D), nanoparticul ate fillers and/o bilize an a

concomi t antPSPOFEEE igemerirer ??15]&513‘{? 5‘%""‘ ?\“h klfp%l%hg afl Pes of

tC?e pr esentbutAvEsitdr @e. eﬂﬁxyismay@dﬁ@{;eo;ro&glaﬁed uewammdumd»s Effpbx;mowmase nt
are nDnonerlc or Qmer.i ¢ _conpounds ures of o nor e

t hese conpd@iids a\%ﬁf”?f’ﬁ ﬂf‘l’gﬂ%m‘g)‘%a%‘fa §%’g‘§fﬁﬂ]§ O‘?Téé@?t?c{?eor}myﬁc

functi opal Igcid%dﬁﬂﬂleﬂa@chMid&nb@r}dﬁiyp@ﬂeab&oeylhy abCfuitRdrforeqatfatrédon.

2-Hydroxyethy! acrylate, hydroxypropyl acrylate, 4-hydroxybutyl acrylate, poly(e-
caprolactone) mono(meth)acrylates, pentaerytrityl triacrylate and hydroxyacrylates
having a higher functionality in double bonds versus OH groups, such as the reaction

product of acrylic acid with glycidyl methacrylate, are preferred.

30  2-Hydroxyethyl acrylate is particularly preferred.
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propylene glycol monomethyl ether, dipropylene glycol monomethyl ether, tripropylene
20  glycol monomethyl ether, dipropylene glycol monopropyl ether, propylene glycol
monobutyl ether, dipropylene glycol monobutyl ether, tripropylene glycol monobutyl
ether, ethylene glycol, diethylene glycol, triethylene glycol, tetraethylene glycol,
dipropylene glycol, tripropylene glycol, 4-methyl-5-thiazolylethanol, 2-
(methylthio)ethanol, 4-hydroxymethyl-1,3-dithiolane, 2-methyl-4-hydroxymethyl-1,3-
25  dithiolane, 2,4-dihydroxymethyl-1,3-dithiolane, 1,2-propanediol, 1,3-propanediol, 1,4-
butanediol, neopentylglycol, 2-ethyl-2-butylpropanediol, trimethylpentanediol, positional
isomers of diethyloctanediol, 1,3-butylene glycol, cyclohexanediol, 1,4-
cyclohexanedimethanol, 1,6-hexanediol, 1,2- and 1,4-cyclohexanediol, hydrogenated
bisphenol A (2,2-bis(4-hydroxycyclohexyl)propane), 2,2-dimethyl-3-hydroxypropyl 2,2-
30  dimethyl-3-hydroxypropionate, 2,2’-thiodiethanol, 2,2’-dithiodiethanol, 2-mercapto-

ethanol, 4-mercapto-1-butanol, 4-mercapto-2-butanol, 6-mercapto-1-hexanol, 3-mercapto-
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2-(2-hydroxyethoxy)phenol, 9-(2-hydroxyethyl)-9H-carbazole, N-(2-

25  hydroxyethyl)aniline, 3-(2-hydroxyethyl)indole, N-(2-hydroxyethyl)phthalimide, 2-
hydroxymethylanthraquinone, N-(hydroxymethyl)nicotinamide, N-
(hydroxymethyl)phthalimide, N-(3-hydroxypropyl)phthalimide, 2-(3-hydroxy-
propyl)pyridine, 2-pyridinemethanol, 9-hydroxy-9-phenylfluorene, 1-indanol, 2-indanol,
indolemethanol, ethyl mandelate, benzyl mandelate, mandelenitrile, 2-mercaptobenzyl

30  alcohol, 1-{2-naphthyl)ethanol, 1-(1-naphthyl)ethanol, 4,4-isopropylidenebis(2-
phenoxyethanol], 4,4-isopropylidenebis[2-(2,6-dibromophenoxy)ethanol], 9,9-bis[4-(2-
hydroxyethoxy)phenyl]fluorene, bisphenol A ethoyxlate, bisphenol F ethoxylate,



- 7 -PCTI EP2008/ 002464 benzhydrol, phenoxyet hanol, phenoxypropanol,
1- pheny1- ¥ HrEH4R&1, 2- phenyl -1 propapol, 3- phenyl - 1- prE§JARRGP0S/002464
9- phenyl- 9- xant henol , 9- hydr oxyxant hene, pyri di neet hanol ,

pyri di nermet hano r|d| ed th o}
t hi ophenee:bﬁ %lm Hﬁﬂi élgghgngﬁrgl}oga&oﬂ ﬁg{%& aﬂd# 8hen5 ]koxyl at ed
derivati veprafansal plhaﬁylebprppmljﬁ-phﬁmwﬁpdamhemt 9chyitoajpptapthede ol s are

nmet hanet hi ol ,..etl.i anet hi 0 anet hi et h| oI t anet hi ol ,
hexanet hi olpy“ﬂlgfﬁlgﬁglr dlm m(%@'f“én doF &Jlmﬁtgﬁlg’trlfe %haﬁgganet hi ol ,

oct adecanetthiofeneclranalzing hikylerd ant/hrdnkiptiackd and/bi aikﬂxehtdd derivatives of said
benzenedi net hant hi ol , benzenedi t hiol, diphenyl nethanethi ol ,

tri phenyl mCHEMNEEHi ol , dithioerythritol, 10dithiothreitole,

et hanedi thiol, 2,2'-thiodiethanthiol, furannethanethiol, 2-

mer capt oberixampleslagzsaltshle mronmzrempmmaoethﬁnaﬁlwl,@mpanamol butanethiol,

2- mer capt obenzo toet
3-rner cgpt d’ﬁ?% )ﬁaﬁla{mécanq%gglgﬁqpfﬂne F@ﬁ%ﬁ%lp%‘%fl% o g%‘ { ¥‘}1T101
3- mer capt op-ARGRALISL, 2 ABSIERNneRthimdihng, tlﬂt’ﬁﬁ]iidilalpbmydeﬂimahaﬂtﬁml

2- mer capt o-2- thjazolin, ht hal en

pent aer yt hrieesppedi@iol, &F@F%@etﬂﬂ%@"gttﬂphﬂﬂ 3}???5%8{?&%“ OFERERLr vt hri ty!
t et r al dgy( 3-dmicarBliM2eRLRER) 0], DReleytianand! {ifainethZnethiol, 2-

phenyl et hanet hi ol , 4- mer capt omet hy1- 1, 3- di t hi ol an

4- (2-nerc ap—{lg%app%bpr)mrydgzo%ﬁ TeEIeRIgRe enzothiazole, 2-mercapto %enzoxazole bis(2-
2, 4- di mer captonRi-hy b ehes niny N1 %ﬁ@ﬁoﬁﬂ oﬁat@jsl%&ﬂamwaﬂbﬁljopﬁiﬁe

aI kyl at ed and/ or hal ogenat ed and/or al koxyl at ed der| vatives of sai d
compounds. WM%@P@PYOQWPﬁaHP“éC@FﬁPm@H%P@Y%ﬂ@PW & ATAFRIAREar ni ne,

2-napht hyl g, ng;, %ethgx%z&mrﬁﬂ{tﬁﬂléﬁ%cﬁ pesta & AnRAR BRZREBLAF QLS

1- am no- 4- br ononapht hal ene,” 2- am no’ben2| f ni dazol e, am nochrysene,
cc-am niddi vemsga tmatng'ythgtyé g:tralgﬁfﬁmansppgqm)dﬁﬁwethanethml 2-

2- am no- 5- 0 ] g}@g},t -
(am nomet h)}’pre ét%fnlhtg’)d gfﬁfrﬁatrtrgeytl ﬁ‘ﬁlcg 01&9@‘{] I?n norrcg%hﬁl)gn3agﬁ?cﬁgrlwene

am nonapht - dur&rqapuqmpﬂimﬂﬁhhﬂhmgln@ anérhiﬂlerpm@n@t iol apd ﬂb}dgﬁp

am nonet ot e R aRTRL AR a0 RIS IR, | o1 e

bi phenyl et hyl ar ni ne bi s(2-am nophenyl) sulfide, carbazole,
di ami nonaprﬁ)halbénef suitiblermintoira e, éhnpﬁélwarr@@hy’lfraplﬁhﬂ@mne 2-

di t hi Odi apa%n 0'11é aw%gr}zg{h#g&% %&mgxﬁgﬁrﬁgﬁhal ne, 2-

1-(1-nap thype ar’n ne ypet h hehot hi azi ne,
phenoxazi nemnpdteﬁrﬁm;cﬁmlé mmmocmenawmmydlﬁrmﬂme&@nqaﬁéhyl et hyl ar ni ne,

30 n-phenyl -1 Iam . 1- nyJ.

2- phenyl prc?@?%?ﬂg’ﬂgny 05’?@%&’{4&‘%@2& ‘%;‘1%‘?2 ki alflﬁlyfu r i ne,
t hi ophenene(ramyioaﬁwgpyxﬂnﬂ :aﬂnh@yétaﬁmhzala,dv @mlﬂmaieﬂgﬁnaﬂiéﬂlea@d/ or
al koxyl ated derivatives of sajd coagr_%gun

2008/ 125199 ERB o) eI HaeRAguanthrgpe, ?H*’ﬁ‘?dcaé’ﬁ?%}ﬁﬁ‘%émé’&’%(%ﬁ‘ﬂds and
9- (2- hygh oxangh almSJaim Kavharglecamibyetbyyyratidey benap hhina) 2 ne,

N ( 2- hydroxyet hyI) ht enyl. e hanol
(pchl or o) p %ﬁ’&g é’llzhﬁﬂ}élﬁg}l}glalﬁlﬁ ')ajé’fl}‘?al}ﬁ'}yl) sulfide, carbazole,

napht hal ene&ﬁﬁ&l&ﬂ%ﬂrﬁﬂ@ﬁe &ﬂ%fdlt&h@%&ﬁl&&ﬁﬁm&r@hﬁﬁﬁﬁmmé
9- (2- Hydr oxyet h

9H car bazol e, hydr oxymnet hyI en
hydr oxyet hy Y2zl ‘ﬁ]ab%ﬂ‘ )%‘H%If“ﬁﬁnﬁﬁe H@Pﬁsﬁ}ﬁaﬁ&?‘?’l cularly

preferred. phenolhlazme, phenoxazme, phenoxyaniline, phenoxyethylamine, 2-phenylethylamine,

—

30  n-phenyl-1-naphthylamine, 1-phenylpropylamine, 2-phenylpropylamine,
3-phenylpropylamine, pyridinethylamine, thiophenemethylamine, and alkylated and/or

halogenated and/or alkoxylated derivatives of said compounds.



In a preferred enbodi nent, the urethane acrylates are conposed of the
abovenent WodtF/ Z8Honent s and have the fol | owing ideal ER&HFEYS/002464
structures: 10or in which X is oxygen, amno or sulfur and Rin the
respective formul a. conprise g:x %« finically

unsat ur at e&uﬁlﬁr rogéhn?%orgﬁmpglﬁf%%%%dsd D |o°%g?tf‘@ %%(ral%rg%?f\ehg het er oat ons
and not nohedibisamtiihapinhaleref NAShydogetyhphthaladic aipbenyhitishobfit-i onal |y

contai n heteroat.o nd, are free, of .ol efinicall S t gr oups.
90 2008/ 16T R BB 3 G iEn g il Hatiftd S‘F“efnu?]h%éﬁqﬁﬁg

unsat ur at edriplgtylnethsdadarepeedérsdl s opti onal |y cont ai ni ng het eroat ons
are ethyl acrylate, propyl acrylate and/or butyl acrylate radicals.

Preferrgd Ryds ()){Pée?%dj;] %%:Cﬁ‘g!ﬁz%lem’%ayﬁ%dg’lﬁmlhﬂné fpai n het er oat ons

and are free o unsaturat ed groups are 9H carbazol e,
9- et hyl - 9Hhgdwigedol)phthalby it 4ndinephshalensthinmantapeittahepaginalarly preferred.
N- et hyl pht hal i m de, benzene, ethyl benzene, (p-chloro)ethyl benzene

and/ or tri phenydreRhamedhret, 6dluethane NBHRRA td olpdled o ithd BobSerhd)ionEay
optionally al So be added to the urethane acryl ates of the present

i nvent i on. cPepeRenis ARdiYe fhsietiovpes idead chemicnl SEiCHESal fillers are
suitable for this 10purpose. The nonfunctional polymers and fillers
are usually used for establishing necha® cal and optical properties.

Al'l polyners and fillers i ch arancofpalifle_ang honogeni cal | y
m scible with the urethangjacr g according he invention are
suitable for this purﬁa\qie : O NH

N
H
o! 0
YN R
R—X H

10 or

R

,X\H/NH
@

in which X is oxygen, amino or sulfur and

R in the respective formula comprises at least 30 mol% of olefinically unsaturated
hydrocarbon radicals optionally containing heteroatoms and not more than 70 mol% of
15  hydrocarbon radicals which optionally contain heteroatoms and are free of olefinically

unsaturated groups.



15 The fillers can be used either as bulk material or in the form of
particl esWRaaDdHESH®an di aneters in the,range of 1 to 10CCTERINIBOIBAS,
preferably of 1 to 500 nanoneters, pa’r%i‘cul arly preferably 2 to 200
nanonet ers. Sui t abl e nonfunctional polyners are pol yners such as,
for exanple, polyacryl ates, polycarbonates, polyurethanes,
pol yol efi ns, pol yethers, polyesters, polyam des and 20 pol yureas
Met al sal t Prefgirals solefierlly arndttratedethydiocarben | fadicsls nepptiprallys egnigiging
mneral fil i , ilid L L Gerium
i oxt de, | yrieFr Byt kB, pa e oy L Rl e
zinc oxide or tantalum oxide, are %ref erably used. Stabilizers E)

[

whi ch may dacfaetbydrosabesoisals & hihicetieneiaentain hetaenipmernd Grfzeer abl e

25by acts nidiefndditplds@ratdd r@Gd biel oPcak zOX YWOHEH1-O ka1 6 GhafllSalene,
chemi cal stabilizers are suitable for avoiding premature
pol yner i zatmeskyinaphthalpnes Noattphehalignidys bengenorthybenesng{p-chioraistiylipespeo. 1

to 0.5% by wei.okbhed)BRtn@hdldR. amount of the unsaturated conpounds.
Such stabilizers are described, for exanple, in Houben-Wyl, Methoden

der organi schen Chem hods of Qqrganic m str 4t h iti.gn,
ol unre. X1 VRO e SR T oot I9 56 PR oo O 54 A s
Verl ag, St yrég@libveh@6il BoBg@Furkfonpbols@ers and eridepd] Ifeisnge BEkbIaefor this
menti oned as exanpl es: sodiumdithionite, sodium hydrogen sulfide,

sul f ur, %y dShe, phenyl hydrazi ne, hydrazobenzene,

N- phenyl- 11- napht hyl am ne, N-phenyl et hanol di am ne, di nitrobenzene,
pi cri c aci dihemomiahatiosagblyetetsyand fillbrss ae, uswhilp hesd brestabloshing meshanabad| s,

such as paranethoxy-. 5phenol ., 2 5-di-tert-butyl hydrogui none..

o i < o tPHER PR A B s st et ST RG

2, 5- di -t er tmigsylk byt tiequéthoracrylatds medvetifpyb e ibveatiomdirs stlifablddor this

2- mer capt obenzt hi azol e, di net hyl di t hi ocarbam ¢ acid sodi um sal t,
phenot hi aziff®%%- oxyl conpounds, such as, for exanpl e,
2,2,6,6-tetramet hyl pi peridi ne N-oxide (TEMPO) or one of its

der i vat 15vesTheZillgrsDin beeysed gitttey ks Whllmathydl phiaed foamdf pratidesiraving ogprhenol

and 100 Xt Uk s LGN EOL, A & 1L 66 efthner 0 St D PP 1A Wl e

accordi ng (SR MMvVentron are prepar ed by equi val ent reaction of
I socyanat epaaiculatli prefoabyah ot 200 meamtgtere conpounds B or B and C, - so
that the urethane acrylates according to the invention have a content

of is Ocyana§1§tabqg ggﬁ&c(igﬂafpél%crgfarel p%isﬁhers such as, for example, polyacrylates,
polycarbonates, polyurethanes, polyolefins, polyethers, polyesters, polyamides and

20  polyureas.

Metal salts, glass fibers and/or metallic fillers may be used as mineral fillers. Metal
oxides, such as silicon dioxide, cerium dioxide, yttrium(XIl) oxide, zirconium dioxide,

antimony(IIl) oxide, zinc oxide or tantalum oxide, are preferably used.

Stabilizers E) which may be used are compounds which stabilize double bonds curable
25 by actinic radiation. In addition to oxygen-containing gas, chemical stabilizers are
suitable for avoiding premature polymerization, in an amount of 0.01 to 1% by weight,
preferably 0.1 to 0.5% by weight, based on the amount of the unsaturated compounds.
Such stabilizers are described, for example, in Houben-Weyl, Methoden der organischen

Chemie [Methods of organic Chemistry], 4th edition, volume XIV/1, Georg Thieme



than 0.5% by wei ght, preferably less than 0.2% by weight,
parti cul aMO2BEPPabl y | ess 15 than Qp1% by wei ght . FuPCREPAYIBE0246he
ur et hane acryl at es according to the invention have contents of

han 0. 5% 7 WBRONE ARG pEsseT 2 S Ty G M0 be rBh Rl & B0

wei ght . Theodlaadtthomta)ﬁodmmmydnoganwlﬁdn‘ sﬁfumwwmnamuemﬂaniat lhydr& i s a

ur et hani zat i on or r et | zat £a Jor,mt i ter
the reacti GROBFK %E’ ' -naphq'fy aRm\}\/l %Lgan&[ faming & mtmrbglgzg{lggmég
known fr omatidep- mhemd&halyylﬂﬁiutehﬁphhnyimehmmd phmﬁymhae&ran@op@sm bl e,

NP I ELICIE AT T E TR T T

trimerizati cathhGBoer)T dietit-anyandibQiindat, aétfhnamymmmlmﬁda, onally with
further addition conmpounds r ive with,isoc anat es, .such._as
yr oy, e RSO ESHE R S i PG PR PR AT

amounts of ogin odﬁﬁs Tsﬁdhla@qey@da&b@sz ﬂsﬂttem@dlyw&aamémmm@mdrfor a
possi bl e furt reacti on. {ﬁOSSl le to renpve unconverted

di- or tri |0§6€§ﬁ§r¢&fﬂé9§“’537 zééB‘éF‘é‘PP%h“‘ KoL dipagsmetheyyphepgl st e

distillgti Qxudleheldskipffetd. A With B and the reaction of Awith B
and C can be effected with the aid of the catal ysts known for

accel erati %l socyanat e addition reactions, such as, for 30exanp
tertiary arhbaassthape serylateneccordingio te IypRtipRare Rfmcfﬁu“’iﬂﬁmﬁeéfﬂt‘?“cﬁl ar

WD 2008/ 12 ﬁgog%ngé EB@&Q% ?Q?aﬂaﬁ‘éac’cwé—éompoﬁﬁdsg & 2 Qo that the urethane

1, 4-di azabi cyc 2] octane, bisnuth octanoate or dibutyltin
di | aur at e, amiaéqa ae@rﬂ%toﬁhn inyentipy have & coRiert afiisenyarase sowrs (M foéleson,

The reacti g, (bfsc/\b%t:?hﬁplle&r gl on o)gg¥ {,,qut lcdmlgﬂ;u@fc@mﬁ@glce of

stabilizers for b5acrylates an rret hacr conpounds descri bed
above al$ sttbdni0. % by wBIEth'@ﬂ@ler&Bh@HP@PmtaﬁWbﬁ%@F%@ég o the invention have

2,6-D-tert &t&gf?& Q?%Qﬂﬁ b GreRR pRAGAIRRAXMPNhenol
and i xt ur ecopt%%lrnc"eui)%1 5‘}5&:%&1 re gr rnég addzt ?or?pggf 1:’t herm?abi l'izers
can be effékﬁ%dyb%mrwﬁp@mpmlm@%m@rabw lesh thep O2freby welehti on. For t he
stabilization of the reaction product of the reaction of Awth B,

whi ch r eacr’f’h% Deaction of A with B or of A with B and optionaily C is a urethanization or a

thiourethanization or a urea formation.

20  After the reaction of A with B or of A with B and C, further reactions known from the
chemistry of the di- and polyisocyanates are possible, such as, for example, the further
urethanization and/or the thiourethanization, the allophanatization, biuretization,
trimerization, urea formation and/or uretdionization, optionally with further addition of
compounds reactive with isocyanates, such as hydroxy, mercapto or amino compounds.

25  Furthermore, additional amounts of di- or triisocyanates mentioned under A can be added
for a possible further reaction. It is also possible to remove unconverted di- or

triilsocyanates by separation methods such as, for example, a distillation.

The reaction of A with B and the reaction of A with B and C can be effected with the aid
of the catalysts known for accelerating isocyanate addition reactions, such as, for

30  example, tertiary amines, tin, zinc, iron or bismuth compounds, in particular



10 product still contains isocyanate groups, conpounds which
st abi | i zeWPREWWBdE)anat es from furt her rreactions apart PEBAPEINE/002464
desired ones are also suitable. Exanpl'és of the Iatter are in

ot hal oy1 R BAFBES pROEHIOHOUe RN LS ARH S IROL SRl B aci

phosphi ni C,wl'@&]ﬁﬁﬁB@ﬁ]ht(hll&tﬁldfodﬁceﬁhﬁﬁlﬁth&ﬂiitﬁla&ﬁbﬂj and the acidic esters
of the last-nentioned 6 acid types, sulfuric acid and 15its acidic
esters and/or sulfonic acids. The addition of the stabilizers can be
effected before, during and/or after the reaction. The reaction can
be carried out in the presence of an organic solvent which is inert
to starti ng‘hﬁmaemdxﬂdfskﬁmldBprrmdﬁmbsummkdbst mﬂmfpeersarm::yof ahlﬁbze'rsrfert to

i socyanat es coating sol cet
buty - adet 3PS GR BRI e Suruady B ST e Auplipds ERErSa:
but anone o&mhyﬁbﬁ@@ﬂbmﬁ&ht&u&hﬂaSmeyﬂbmﬂ@xﬁﬂﬁpmﬁﬁmbqumetohexane or
i sooctane. After the reaction soI fromthe
b oduct T GRUSERRHS B RGeS s BTl R A PR R Bt

can be exch@ggaﬂmﬂaﬁ”ﬁﬂggQ@mxagbmeakmxhﬂ_a preferred enmbodi nent t he
solvent is renoved by distillation after the reaction. In a 25further

preferred enb dinent,. a cond _sol v s added ter the reaction
PG the. SoIEFONE SRR AT RGP U O HSBeBhaR el » i g on

di still@ti QRedudiiellTeaenslissahvediros, mﬁerc@mmehatasmsmhh@dyambymm
hydr oxy-functional polyner. Suitable polyols are ? pol yol s
having a ndHieF reagions geartrimme by F‘S%“C%?‘aﬁfe al§e spikpble. Eﬁﬁ@’ srotShsdattes 3000

gJnol ,  pr efigpabtitar 48@s boacBvaiveDle.o. RakyMBsridea tﬁegoﬁemaﬂw age
hydroxyl functionality of 1.5 30t 0 § 5, preferably of 1.8 to 3.2,

parti cul ar IRposphispas Bhisyhospusing/or phosphprous agid, phasnbiric gh Oswhré%femrdr?ér ude,
for exanpl gy, sg,ﬁbar@& { EInd LRI SRtk 100 nhliRRakiabid tiks |sQdbricRbRth e
and/ or WD"2008/ 125199 - 12 - PCT/ EP2008/ 002464 aromatic di-, tri-
and/ or 5ol ysasiBiseyteisendler wforip aeidsiThe addition of the stbilizess gas1bs chleied

pol yester qkﬁ,?gb@1 AR08 leaeiapes. Preferred polyester al cohols
are, for exanpl'e, reaction products of adipic acid wth hexanedi ol
but anedi ol or neopentyl glycol or mixtures of said diols having a

mol ecul ar \A@pgmn@rcaséec%mmwthparerqnemfarlroggaprcepléeﬁmhyhesee & 2500.

starting materials and products and is preferably also inert to isocyanates. Examples are

coating solvents, such as ethyl acetate, butyl acetate, solvent naphtha, methoxypropyl
20  acetate, acetone, butanone or hydrocarbons, such as cyclohexane, methylcyclohexane or

isooctane,

After the reaction, the solvent can be removed from the product, for example by
distillation, can remain in the product or can be exchanged for another solvent. In a
preferred embodiment the solvent is removed by distillation after the reaction. In a

25  further preferred embodiment, a second solvent is added after the reaction and the solvent
in which the reaction took place is removed by distillation. The second sclvent is
preferably a so-called polyol, hydroxy-functional polymer. Suitable polyols are di- or
polyols having a number average molecular weight in the range of 500 to 13000 g/mol,
preferably 700 to 4000 g/mol. Polymers having an average hydroxyl functionality of 1.5

30 to 3.5, preferably of 1.8 to 3.2, particularly preferably of 1.9 to 3.1, are preferred. These

include, for example, polyester alcohols based on aliphatic, cycloaliphatic and/or



5Al so suitable are polyetherols, which are obtainable by
pol yner i z¥Q% WAS/ER1¥ycl i c ethers or by %gacti on of all cy|lPETERIXISHOBIcH
with an initiator nolecule. The pol yet yl ene and/ or pol ypropyl ene

gl ycol s have an vera ecul ar ..we 0
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exanpl e. Al so, sui |.e ol yest er et her ester bl ock

pol yol s V\ﬁﬁlpé?‘fluetﬁﬁ%ﬁgplﬁﬁ?ém{‘ég ’%9 dﬁ@a@%?lﬁ@ Jp%lny%’tcﬂ%'r%?yﬁ § S EPEEE Pt he
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bi sphengl s,Al a%{%arepelae salipFiuch ge SPpmRAYE bynpolygpsriza GEHig efhers or
carboxylic b%%aféush &3S e oﬁ&&hnﬁﬁandmﬂmeﬂmmemé treeadigetylerdian@bhy |

carbonate. The polyneric carbonates of 1, 6-hexanedi ol having an

15aver age Rob@ERYiERe lgiolhavetn 0Bt Bokeady vt pF00¢2 } MORea s of t he

reaction prﬂ%&eaawu&ﬁm&%%%g%mm%e%&eﬁahla&é@mof sod Boam! ar
ratio of from1l to"0 9&}) be nenti oned exampl e. The

abovenent i aweferably onfé@rtbé’ gy bt @emwpch@/ \ew fé%;éaﬂwj@ Algs) ssitehlagre wei ght
of 650 {4 e
Feacti o prs R R A B oS
rati o of f rpsimols with tROlagoB3. &k@sm@b!ﬁﬁwfefdroxmm@%@#bmeéthlCh

pol yam de al cqhal nd g.
Tegoner ( r) %ﬁﬁ%h r%%y%(%%&riﬁf H}E&g{jeﬁgd rségﬁ*s eg&al%q}l %v&oge be
used. Pol yozlxa;mpie,mmhmohg ‘eﬁhglrosgpngapsaﬂmxehmddlcsmraﬂm}n apdwhenvted. In

a further pr el ferrede ac t he
reaction an(ﬁI e Eafiv venqwbm\}\%e g‘% fh %Ilécagafl on %{sl %%Xﬂggﬁgﬁﬁgﬁa@

t hen rersov &derlaye dblsduildr naighOof. SOSlthDOBanai tha ctrborgted of (he nasticarmodutisiof

exanpl e, the conpounds. known in th 0 iati.on cu i g
(cf. Ronpp k%ﬁ?%%ﬁ‘%ﬁé%ﬁé%fﬁé&ﬁ'ﬂ‘ﬁ R 8% g %‘?%@ﬁlff%qp%@’ebe gt h
ﬁdi ti onI 19:%8&(;ay@?@:|faﬁlpﬂ1ltfﬂérﬂmt Va?&;?gned%ﬁtchga%atehmu ?vmg? am:kigar thOtSﬁ
avi ng | ow y roxyl . conten SS a , _prefera 0 S an
10" g KO groavie eishia cor iy eriaied ot b irae Rl rit ehorties i
mentioned bydBY pRfudeSHTY-RxaibR Githeloprblaaae uorfhe 8lay Htie of Gbfl 13@vv| th
the foll ow ng al cohol s, m)nohtydrl c al cohol s,, such as the isoneric

but anol 29, anpiclerreh dlydrsykicmpiapied priyasidesicohals pad hyfreerhisrainalady
decanol s, gppﬁy ,gratéaﬁﬁm %Mﬁ!:@qdn PIVBLi6m aksPBRbE,; EsSHE BeAsany p@honl |

cycl ohexan cycl ohexanol s, dicycl opent anol ,

aryl al i phatlikewise é@h@ﬂ@olwwﬂn@wrﬂféwé%ymswmoa}ﬁ&y preferred.

nonyl phenyl et hanol, and tetrahydrofurfuryl alcohol. It was
furthernor %Q%&%&e%x%feh@d Hﬁﬁodﬁh&ﬁ%&ftﬁgdﬂﬁﬁﬂ iy Qdd'e&' @ﬁer%e &M@ﬁ?and the
al cohol s, dihydric” al cohols, such as, for exanple ene | ycol
1,2- proparfeliesiin Whlcgif&rfwamhﬁsﬁken G‘aé? lﬁyheeﬁ@mgps}/%ﬁlstﬂ ene
gl ycol, hercac%fa fulefrts DI D @%&Mé the%sapmhyqumhe téehéam@)@@@ﬁht@h
2-et hyI exane and tri I ene ycol , 5or al koxyl ated

derivati vescuomg fqﬁé@enpml@ npp éRféFHPéGX&Ph%Wﬂémdl ReA 67 16thsdition.
hexanedi ol , tai yERKE

al cohol s haV| nRﬁe%P%Jrﬁﬁrﬁ %M%gtb ?ug%%f)l %p%lgﬁ)é‘l (e hg‘!ﬂ%%?oh # b

tri net hyl ol qfrlc;pm;ﬁo dmfﬁrabmpﬁlpﬁdhm kﬂpamKOHg‘m Fﬂlaeqtgrf pfdcniic agid or
i pent aeryt L) A Qi o8 el BE b QXY bg&ggop&%gmr&gé@wssﬁf schf acid
li kewi se be™ use f ters of acrylic aci th trinmet ol propane,
pent aer3t hrwitlothe &ﬂmwmg alcohols, monohydric alcohols, such as the isomeric butanols
pentanols, hexanols, heptanols, octanols, nonanols and decanols, and furthermore
cycloaliphatic aleohols, such as isobornol, cyclohexanol and alkylated cyclohexanols,

dicyclopentanol, arylaliphatic alcohols, such as phenoxyethanol and nonylphenylethanol,



10di pentaerythritol are preferred. The reaction of Awith B or of A
w th B an&0Qop%128f%ect ed ei t her conti rllggusl y, for exanplPETIAP2&0880264 C
m xer, or batchwi se, for exanple in a'suitable stirred vessel. In the

case of the batchw se_procedure, both A and as well a an be
CoTri oy et iR el Euan Rt Py mo i et E B bRl PRk
at 1[00mblt eﬁpg&@tagﬁogolgrdi@hgu@b‘iﬁfilsl@c? @ﬂg@re_aﬁrhb’li.eth?ftﬁe plgadlf1,pn | SB .
refera effecte i nitiall nt r.oducj. n an ering.in an
B O o BTPBTFST. L PP TReion i eleRe H L e AVE0L o oatidi ¢ 1 o
of the conmpangdtcs, Bespastyglycdin s heaatdion2-efhylfeithédiol Bn@tbrépylese glycol,
however, preferably, effected in such a way that first Ais_ reacted
with B, 3t her plkesylatsdrlgrivasives ot sresp oot Pr&%‘%ﬁ? WWVIWBWF@ Lb-cont ent

20 of i socyanatfolod; e g1¥bobaddQridOfo e gRbigRbters Bf AERoallaVing@Nt ai ns
0.6 to 6% by \Aeicéﬁt],g%ggrt igc%IOarl y éf@gr %?‘ erably 0.7 to 4.5% by weight.

The react i bighpiriberiienpaliphiseeh snglycerph Himdhy dpropansirimsthxlolpPPAing | s t hen
ef fected “%%lﬁe%ph&o%r%ﬂbﬂﬁ%ﬁﬂaﬂ AAH EheARERY e BerlvRtitel Sk ddY BALIiRBIsBET NG

obt ai ned. he use of a'plurality of conponents B, these may be
react ed ei bhasedgBheesiefsiof aeraliomid vith nimsthylakprensae esatpamthaltd Pfhousi y to
t he prqged gg‘hj- thed for the reaction of A and B and C.
Wth tﬂg ugg)%%t? p%?%??e%&egf conponents B having different
reactivities towards isocyanates, the conponents B are preferably
react ed i n Thawedtwsif drivifti Blar of A pith 5 and (G pifecindeither gpptinupysly, fy

sequence ol ksl L JGRRYNIS o pREGLBRINLALID o (G0A0RARKRL 1 £ L he

| owest reactiVity. the use’o ura “conponents C,
these nmay beseroétictbedhweist proredass, bothidand Beaswiell s Clvan beiattiallp intodeddict of

A and B or _i u i l.og, I,

2008/ 125106 W EERY) BRA0RP BRIt Oo bl ol REE S alBes |
wi th B 1and t@apetibirh. TheecagSen i breferpiilvieffdcied py afitiadlynmodesing AGnf meterine
different regctiwities towards isocyanates, the conponents C are
pref erabl y '} 58‘%é‘d in succecssion with the reaction product of A and
B, particularly preferably in the sequence of their reactivity

begi nni ng Viihe keatte f@mpitinBand C can bdeffehted bpwixst additent ¢ihe gpmpsngdis B

heati ng and/ xotherm g, re i .t i i 3 ept
't hot ompey G e anbe A oy el Al SRl ERaR: KB
t o 80C. Thehst Gy Aristeadted witldB] the rdsuieol lpyctimn atofdsét sccofdingly bawingrecontent
ef f ect spectroscopi cal L.y, f xanpl.e by recordi. i nf near
infrared s [5’2 BPy3aty E‘toul?stc’f?g o EP%’O 5% reEP g g P %@%%ﬁ%ng%%%é%g’né%gfggﬁgr yses
of sanpl es phakeiarly feferéipiTPtos].5% be viehC Tanahe@ioo pridectwhict wopbiagral | y
ta |hZO C E) ES e Pﬁy%%)%lrg %}%gtg :ﬁtegg{ep gﬁeﬁ%}%ﬁﬁ&' anr\l.:t%an% lélx!:rtyPaPel a%cc?faing tonﬁg's ure of
invention being obtained.

With the use of a plurality of components B, these may be reacted either as a mixture

25  with A or in succession analogously to the procedure earlier described for the reaction of
A and B and C. With the use of a plurality of components B having different reactivities
towards isocyanates, the components B are preferably reacted in succecssion with A,
particularly preferably in the sequence of their reactivity beginning with the component

B with the lowest reactivity.

30  With the use of a plurality of components C, these may be reacted either as a mixture

with the reaction product of A and B or in succession analogously to the procecdure



reaction of Awith Bor Awith B and C can optionally be foll owed by
further aPSVWAERSIWYned reactions knowp,per se from pol y RCGIVERNS/002464
chemistry. In a preferred enbodi nent, ‘the anounts of A, B) and
optionally C

are. sych that .the.reactj .pr.oduct.in. solvent-fre orm
bs o doub o bR g itk B RS MR P ENE A el Y s €
pr ef er abl y halinBdifRhereaftiviteCopards kgoyahass theeomparus ICatrt prefefabdct | on) .
In the present invention, it has proved taq , be.advant ous.if, th
ur et hane (FECHPHTPeqEER Gk tlhﬁéeai’tﬁ\?é’ﬁcf UBW?a“raéld%agf’éﬁﬂg%?%R’ff fably i e
( p- i socyanat@RARMY heirlrbic@Rosphaing with the doppedwit OBtithaeowest reactivity.
4,4 4"-triisocyanate. It is very particularly advantageous if, for

the preparation. thereof, hydroxyethyl acrylate dr oxypr opyl

acryl at @ orPYHRFaHRBAPHAT lOthERiG regeton, ﬁ‘eﬁ?éﬁgrﬁﬁprﬁger%e@ﬁ%‘ﬁ{w %“p%{fltbur?e or
i n conbi nathQR onadel (91 {RChytHi@xystphartnibl9 5bTas 307D Mae conversion is

hydr oxynmet hyl'napht hal ene, N-(2-hydroxyeth I@;ph%qu{I %m’ de pﬁ)r .
napht hal eneklsranet hearalysig<Ides o Ve sifFsiideRtcirescoPsHEy: {95 GLARBIOR EHEFBE or e
al so rel at gga 401 4 RLNANEd FREA B&iVdaaLRE bOBINMIADb L) BARLYsBGT
tris(p-isocyanat thenyI ) thiophosphate or triphenyl net hane

4, 4", 4" -t r iskepleyatvm: Bongranplosheisesyarsit wnieadit PRICTAISIAURATRY V] ng at
| east ope radiati @gﬁ&%@%@ab@é RlmhGakb ¥ HOsRALLEBh 6fine b, brnd.
ate I's preferab

Hydr oxy et hyl acr : : Igy used as isocyanate-reactive
conpounds heachipmyofA with Bsar Aowih Baad Stop prtionrilydiedoiivesd by darthey

unsat ur at edy douflfode Melcionl PRl 126dRBHGIERROABHAG2464 - 15 - For

the production o ographic nedia from the abovenenti oned urethane
(meth)acrylates a), an isocyanate conponent b),

an
i socyanat e-lneaetfined eobagioneinthe apoeitofoheBbnd fBrenagK 6 gedrd it dies )
are_pref er 3ol o b8y 3Eived{ied SATHANUEIE IR, RkyiRe ghoeabl y

conpri ses polylsocyanates. Po yi socyanates 5 wh be used are
al | confpoundshasell] oferibiuprefernbly & G4:% mokeeef feLasnkaslerser e nppyolatile fprctiony
m xtures thereof which on average have two or nore NCO functions per

mol ecul e. T@%@%f%ﬁ(’t i%m%n? MBLE Govdl g bt RRALthEeoudiF iHRh@dihane Bheth)acrylates
cycl oal i phatic. nol socyanat €s and/ or pol yi socyanates contai ni ng
unsat ur at edofgncdnpstiomayre ks on tisdpidornatbyhepd) ticphosphatePHEPhebunt s.
10 For exanpl Lyl ene dilso AL (Lo =Y AR f0iot 8RCYARALES
(1), T sopRerand oy SR daRCR R e ARG ARG RS et RO

1, 8- di i socyheasforydirdxystheleantteipdrhytoyapst sendate or Iydroxybing/agrylage ig uspd

tri nmet hyl hexanet hyl ene . di i sQcyanat s ' oM. 1
bi s(4, 4%- i s%é%ﬂ%{%%tg@cﬁl%“ﬁé’ﬁ}’i %?b%ﬁ%‘;ﬁ@gg g%@?‘ﬁ?’%?fﬁg’?z@ﬁ’ havi ng
any desi r ednyjdsamsthglagibeintene,iN-eialnatyethifhihalinhidg or paphthatenethiomethanol

diisocyanate, 1, 4- cycl xyl ene diisocyanate, the isoneric
cycl ohex anetfed 2s ComPgnen?Ef

The invention therefore also relates to urethane (meth)acrylates obtainable by reacting
tris(p-isocyanatophenyl) thiophosphate or triphenylmethane 4,4°,4”-triisocyanate with
25  isocyanate-reactive compounds having at least one radiation-curable olefinically

unsaturated double bond.

Hydroxy ethy! acrylate is preferably used as isocyanate-reactive compounds having at

least one radiation-curable olefinically unsaturated double bond.

In addition to the two abovementioned components the components mentioned under C)

30  to E) can also concomitantly be used in the preparation of these urethane (meth)acrylates.



15met hyl ene diisocyanates, 1,4-phenylene diisocyanate, 2,4- and/or
2, 6-t ol ul ¥RSH1288ya- nate, 1,5-naphthylene dii socyanatI’ET/Ez’ZQﬂﬂm?dﬁ“
4,4 -di phenyhnet hane dii socyanat e and/ or triphenyl net hane

sui t.abl e

4,4",4"-1 rlc}il T 8 r att%na(rggolﬂ%'fiphlc gdia ng%tllf'es vemeg{?%nregﬁitekh\éﬁg of

nnnonerlc ISO aV|ng ure ane

carbodiim C{ﬁ}pthmwﬂaﬂés&a, anisHewyan uoxap:mpnta:l),lmpdmamat&;eabulwcenmonent c) and
oxadi azi netri one, Oan / 1 nooxadl azi nedi one structures

"5 11 Kew: spOLat LSRR S PRy AR

yanat es based on aliphatic
and/ or cycloaliphatic di- or triisocyanates is preferred. The

plo! yi socyarﬂm‘ee@cymhateoﬁrpmmemtb) Befenabdy @onpriscsulobidoyyapates Belgisbgyantites or
ol i goner. z i hatlcd or. tri e
251 socy nur“gl"%’s lﬂt}Félfeéllaﬁ%%é °5W8‘}£“‘4r5 i hl NOOXAT azolt}rlle gﬁéfgﬁgasg%% o
HDI, 1, 8- dmusmfeyi&[haéo@wh&hbnsm@gamatﬂmtohyﬁmdﬁmésmmomxﬁmle@m Meseof
are very partlcu arly err

pol yi socyaﬁ%at a&‘&r‘?@%ﬁgﬂ’t“ ‘ﬁ)phﬁtéﬁf’r&V‘g?%’%é&&g@ﬁ?oéstoa?mﬁ anderi |y

bl ocked wi tfalskdaeyanhiecioniehiROeRitoratd SRpBnYy N1 cofiéonifnilybiised . mildrese
are, for exanple, alcohols, |actans, oxinmes, malonic esters, alkyl

acet oacet at"é’é’“ﬂtﬁrl azol es, 30pheno| s, Im dazol es, pyrazoles and
am nes, such as, for exarrpl e, butanone oxi ne, V\D

2008/ 125)19%6&@@2&) 684 BAPdABdcyanat€) hexatheilybzpe diptenate FEDI), isophorone
1,2,4-triaz

i hyl acet EYERS GHET O s O A RuSipt ot By e, o8 Bido Bl R1ALE

epsibl on- Cﬂ.ﬂfiﬁxbta‘}maﬁfaﬂ)etfbﬁehediﬁsoc)hﬂity,l tbcenamyémmmqm‘-isgcgtmp:emlahmﬂe
car boxyet hyl ester any desi.yed m xtures.of these 5blg ts
N1 pol vt et ot TG AP JE S et e T e v L8

av eI:Iag e at dceastiisbcyankis QW&}ﬁasﬁlex}ﬂ@ﬂﬂhkdé?argfepﬂia Bometc o}blohwhehc an be
use per se as .component C Isocyan [ e- reac e

cont ext of BHEY RSS2 tRpet Pl%fﬁylﬁ?%‘?ﬁ?‘é@’éart 14' ‘“ﬁ’?ﬁ& ?&:@lullcnﬁ F}Psﬁﬁy

t hi 0 gr oupsyate, 1,5-naphthylene diisocyanate, 2,4*- or 4,4‘-diphenylmethane diisocyanate and/or

triphenylmethane 4,4°,4”-triisocyanate are suitable.

The use of derivatives of monomeric di- or triisocyanates having urethane, urea,
carbodiimide, acylurea, isocyanurate, allophanate, biuret, oxadiazinetrione, uretdione

20  and/or iminooxadiazinedione structures is likewise possible.

The use of polyisocyanates based on aliphatic and/or cycloaliphatic di- or triisocyanates

is preferred.

The polyisocyanates of component A) are particularly preferably di- or oligomerized

aliphatic and/or cycloaliphatic di- or triisocyanates.

25  Isocyanurates, uretdiones and/or iminooxadiazinediones based on HDI, 1,8-diisocyanato-

4-(isocyanatomethyl)octane or mixtures thereof are very particularly preferred.

The NCO groups of the polyisocyanates of component b) can also be completely or
partly blocked with the blocking agents customary per se in industry. These are, for
example, alcohols, lactams, oximes, malonic esters, alkyl acetoacetates, triazoles,

30  phenols, imidazoles, pyrazoles and amines, such as, for example, butanone oxime,



10Sui t abl e po@gflnictional i socyanat e-reactive conpounds are, for
exanpl e, 8ol yol s, pol yet her pgkyol s, poncarboné?HH%PV@ﬂ@”“4
poly(neth)acrylatepolyols and/ or pol yur et hanepol yols. Suitable

pol yesterpol yol s are, for exanple, linear polyesterdiols or branched
pol yesterpol yols, as are obtained in a known nmanner from aliphati c,
cycloaliphatic or 15aromatic di ol ycar boxyl.ic acids or their
anhydri des WWQH@WB%%“%%%H@F@%&%H@”&W W?Zﬁﬁc‘ﬁlF‘gﬂéﬁlﬁl‘fI&?t of ? 2.

Exanpl es of, 1@9&!@;&@ zcclhe Qﬂhbécﬁﬁ-ﬁﬁfféﬂlyﬂﬁnﬁeﬂe%sxﬂfn @Pmmfawgae@r e

succi ni c, taric, ad I pIc, pirneic, suberic, azelaic, sebacjc,

nonandi car tbmuewlar@m ayRloneaiEpRIeFRIbEXy ety esish oramyidesired S EHIeR A these

o- pht hal.i c, opht hal i ¢, hexahydrophthalic or trinellitic acid
and a0|3 Zéhcﬁ&%gg%gi such as o-phthalic, trinellitic or succinic

anhydride, or desired m xtures thereo one_ anot her npl es
oS4 t abi cAlkPOYEAG Eoeu PR BERSP CoraPRN s Y haion BEPRB EHAFEID
glycol, 1, 350-piaRaBLHVOkouftiper mblebule e LQIPANNQREbBfmeglcy.cOl

1, 3- propanedlol 1, 4-butanediol, 1,3- butanediol, 2, 3- butanedlol

1, 5- pent anedi ol , 1, 6-.hexanedi di ol ,
1,4-dihydr§§V%§@Fﬁﬁ%%§%@nm¥1ﬁaﬁcﬁé%% ?k?gﬁﬁliréﬁéﬁg%ﬁﬁkggég anedi ol ,
1, 10- decanagiu@kyl, dmihd ottbibagaupedi ol , tri met hyl ol propane, glycerol or
any desired m xtures thereof with one another. WO

20001 126199 1 LRCTLEEA005 00346 £ Rk bR b o thoed by an

addi ti on reac ctone ne m xtures, suc
but yr ol act cp’mdyestEpOkyphS,qi0&@’(1‘(9!13@l}ah;dlb@Ycamﬁﬁﬁﬂobﬁlscﬁﬂy(éﬂeg’@%%@epD\Woé%

hydr oxy- f unct such as pol yhydric al cohol s having an
oH functlonéF) B%RB@Qr exanple of the abovenentioned type. 5

Such polyesterpolyols preferably have nunber aver?ge nol ar. masses of

400 to 4000SuAbkePOLYpRarRGLYQly #P4 19T GXPEPler ISPIPOBICSISY %B‘Efdg/ mol Their

?48]: ;" nctio n{?ch;}egt)érp'oﬁfoﬂ r &h.eS @kliYedkn 2 hSvmindmelPdrh bl@;&!ﬁﬁé kycigutighticabl y

15  aromatic di- or polycarboxylic acids or their anhydrides with polyhydric alcohols having
an OH functionality of > 2.

Examples of such di- or polycarboxylic acids or anhydrides are succinic, glutaric, adipic,

pimeic, suberic, azelaic, sebacic, nonandicarboxylic, decandicarboxylic, terephthalic,

isophthalic, o-phthalic, tetrahydrophthalic, hexahydrophthalic or trimellitic acid and acid
20  anhydrides, such as o-phthalic, trimellitic or succinic anhydride, or any desired mixtures

thereof with one another.

Examples of suitable alcohols are ethanediol, di-, tri- and tetraethylene glycol, 1,2-
propanediol, di-, tri- and tetrapropylene glycol, 1,3-propanediol, 1,4-butanediol, 1,3-
butanediol, 2,3-butanediol, 1,5-pentanediol, 1,6-hexanediol, 2,2-dimethyl-1,3-

25  propanediol, 1,4-dihydroxycyclohexane, 1,4-dimethylolcyclohexane, 1,8-octanediol,
1,10-decanediol, 1,12-dodecanediol, trimethylolpropane, glycerol or any desired mixtures

thereof with one another.

The polyesterpolyols may also be based on natural raw materials, such as castor oil. It is

also possible for the polyesterpolyols to be based on homo- or copolymers of lactones, as



Sui t abl e pol ycar bonat epol yol s are obtainable in the manner known per
se by rea®Oi M88/B5tgani c carbonates or phosgene with di ol FCAFELINIS{002464
m xtures. 10 Suitable organic carbonates are dinethyl, diethyl and
di phenyl car bonat Suif.able diols.or di ] deSfest A16h
pol yhydri c °&t ’E:rBﬁfﬂ%lsy l??é’lrtﬁa g%gﬁa%%drdﬁlsoél rfa%hégllo%%%g{)ﬁ%ﬁt E t he pol yest er
segnent s apguiiaviatgna r-cablofattond indfva kiethyl-otprdactqe afidy lidroxy-functional
1, 4-but anedi ol , 1, 6-hexanedi ol d/ior 3-ne F-Ob .o SUCH |
pol ycar bonéf”é‘ﬁ%‘lné%ls ChP 8fe %F)"‘)%E}éc{}sghaﬁﬁl a%wg%\fgcﬁ{a%%nﬁg{“ér’ masses of
400 to 15 4900 apdvahlentidpad typeul arly preferably of 500 to 2000 g/ nol .
The OH functionality of these polyols is preferably 1.8 to 3.2,
parti cular gy or f & putibh ABlge ROkygibar@abye) s are

ot Staf bR SieRa g spctelly A quitl ARE, RoyiRs

pol yadduct s 0 I"c "et Hers OH NH-functional initiator

nol ecul es, 4ab0 g/oh phryiadanlicprsfemplyi 51580 10,20A g/mok ThripORL ngtigaelify &
Sui tabl e cyclic, .e r re,. e Stayf ene oxi des, ethyl ene
oxi de, pr op?)‘;‘ff%rﬁclélyégﬁ ?,'ﬁﬁ%lf‘g%ﬁya%%ggpel'g fo' 3 Y

uran,” butyl ene oxide,
epi chl orohydrin, and any desired m xtures thereaof. Initi%tors.mhich

may be useduitetde pipcagwngpgrilcera PRBRRIS NIRHPIBRETOVR PESHRECTTE wi t h

the pol yesterpol o) 5. @ Rabdsyiaiibhlof aGhieral i ty of 2 2 and primary
or secondary”am nes and gm no al cohol s. Such pol yet her pol yol s

preferably have nunber average nol ar es,of 2 t 10 000

g/ nol , Par t§eahlapiepupFe ‘E"’?ﬁg‘? db‘iﬂetgﬂog?stﬁy Eﬂﬁgiplé?l%ﬁmb%ﬁ%gve_ry o
particularly preferably of 600 to 2000 g/nol. The OH functionality is
p (rj gf erably slh_itaﬁe dioks. @ ,riiqbfqbthi;]mwcmmny' e e pblhyinic pleahods pentignes per e in
addition, aliphatic ra at i j s O Bl

pol yfuncti off 603%‘5%%59 p\?\hlg% 1 vegl{saaﬁﬁg#%o#mr‘?&&mﬁgﬁgfzfI.ng'i.gerabiy
havi ng nol egaibaknedeil,gba-sexafediod asl/ortfametbdpentgoadit, and are
short-chain, i.e. contain 2 to 20 carbon atons, are also suitable as

[
pol yfunctiogal, , kéa%éﬁ%ﬁ&gdﬁ 635k IbYEN-C O HRALHN erah rol Siabdet STHCD O
conponent %% ci'l ese may be, for exanple, ethylene glycol, di thgl ene
gl ycol , 1% r i 480Bgineniepagiopledy prefarely afet0Rye €109 Eéﬂl%%‘}e,m% ﬁ%‘%wi‘%frf’gthc .

gl ycol, tripropyl T Iy 1.81033.0.pr opanedi ol ,

1, 4-but ane an?ylﬁg%g%%lgfgh%%’l;,%n%?fea? gf% b){]% yltpro_panedi ol,

1 5 but y1 eriabpealeePEboR BeaRbaRBrs SLeTEE Ser oL SREAT et s

1, 6- hexanedj gl, or hofecuRf) hiohdrolyad@iehptanrghok a biydsegeanat ed bi sphenol
A (2, 2-bis(4-hydroxycycl ohexyl) propane),

Suitable cyclic ethers are, for example, styrene oxides, ethylene oxide, propylene oxide,

20 tetrahydrofuran, butylene oxide, epichlorohydrin, and any desired mixtures thereof.

Initiators which may be used are the polyhydric alcohols mentioned in connection with
the polyesterpolyols and having an OH functionality of > 2 and primary or secondary

amines and amino alcohols.

Such polyetherpolyols preferably have number average molar masses of 250 to

25 10 000 g/mol, particularly preferably of 500 to 4000 g/mol and very particularly
preferably of 600 to 2000 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

which have a low molecular weight, i.e. having molecular weights of less than 500 g/mol,



102, 2- di met hy1- 3- hydr oxypropi onic acid

(2, 2- di metHy20031EEH oxypropyl ester). BEganples of suit abl RCWEPHDIH0MsGE
trimet hyl ol ethane, trinethyl ol propane or glycerol. Suitable al cohols
havi ng a hi gher functionality are ditrimethyl ol propane,
pentaerythritol, dipentaerythritol or sorbitol. Am no al cohols, such
as, for exanple, ethanol arnine, diethanolam ne, 2-(N, N-dinethyl- 15
am no) et hy| zndararbortrbaiptigygogiagt hiaR8 campmatoms, are also suitable as polyfunctional,

N- et hyl di i anol.aoi b '
N-et hyl di i s%%?%%gﬁa ?%?ﬁg}r;lée},ﬁpoll\lll,f}%-%ixéﬁ(%{%[ﬂsgfr)%}%ﬁﬁﬁ}?ber hydr opyr azi ne,

N- net hyl bi s(3- ani | i.ne, t hyl bi s(2- anj noet h i ne,
NN Cr R TR P Yo Sy PP 5B M
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Phot oi ni t i atqrs..are comercially distributed conpounds known per Sc,
a distinction bel ng made between nononol ecul ar (type 1) and

bi mol ecular (type I1) initiators. (Type |) systenms are, for exanple,
aromati ¢ kefwie aohelyspdnasdier e)@mglebﬁﬁ%bmf@ hanqglamig, 2NPE itk t h

tertiarys aniieSemdlakoyl bﬁ&?ﬂ%ﬂmﬁ&ﬁﬁﬁﬁmﬁ e, N-methyldiisopropanolamine, N-
4,4 -bis(di rret%f/l gran ng) benzophenone (nl\/f chnlwer)'r s11 k%rt%ne) , ant hrone and

hal ogenat edethdtigbprotarons Sl-shylgiseprgpanslagines MiMf-bishes. The (type 11)

initiators, .01 Ry 148 i i )¢ Ketal s,
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aryl borate. Suitable dyes 10are, for exanple, new nethylene bl ue,
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Technol ogy lg)efnzop ex%nle_sl?f-l,tl‘-bis(dimethylmnino)benzophenone (Michler’s ketone), anthrone and

halogenated benzophenones or mixtures of said types. The (type II) initiators, such as the
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al so possible to use free radical stabilizers, catal gsts and furt her
addi tivés. asufuthtsmererspiseble. Jhe ebgtoigitiater st desgrieediin RP 4 923358 oand

ant i oxi dantc%nsﬁﬁg desabingedr amh@ﬁmgx%o@a@é an@ rogé‘&' | RGD8es CHE M Ebe
[ Met hods of Organic Chem stry]™ (Houbén-Wyl), 304th edition, volune
XIV/ 1, pagasabs a@bot@@eflator@ﬁregamnhhémbwlmatgmu&tuphegﬁlh%ﬂme
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zinc, iron, bismuth, nolybdenum cobalt, calcium magnesium and
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zinc octanoate, dibutyltin dilaurate, dineth I n di carboxyl ate,
i ron( DI aG@leiOa@mr%@Pé foricniang, typy a@dﬂogmnéretmnzmﬁbbwpﬁpql@é e
tetraall cyl r l.kal i

Y BB AP i DU Kl dlfitro utl i AbL sfIh ofb4! AP SetaiR ot

metal alco on - chain fatty acids
havi ng 10 td@SGZJ@ed:éorlwﬁnpslG,owE lan (dringdHd), I@hemtm&ﬁecgmiﬁmsof UNegdEB
octoate or i et.h 1A, i 1 he,

di et hyl ber?tzgl]1 Lr}all%rtl?one &mjcyc %éﬂx%%t%yog% %deg;i@ﬁﬁ TCEMOQ%H&%IQ

di et hyl cyglagdseéx 388 ne, N, N, N , N - tetranethyl di am nodi et hyl ether,
bi s(di met hyl ar ni nopropypurea, N-nmethyl- or N 15 ethyl morpholine,

N, N' - diygor @P&Eﬁ&%’oﬁ;&ﬁ&dtex@ﬁf‘é‘ré 2 (4 MBERy bbb LY RIS PR R R R de NG 4-

N, N, M N1-tetranethyl et hyl enedi am ne,

N, N, | NP, M t(ehqnahﬂ@@)nwnwﬂ@%ﬁ@dp?aﬁpw -{O-benzoyloxime) and mixtures of

N, N, N1, Net g ?ﬁfa%nijunpmg %ﬁﬂ&g%)lﬁﬂ%l?%&xyiborate tetramethylammonivm tris-(3-

pent arret hyI d| e enetriam ne | pI perazi ne,
Ndi et hyl amiﬁweﬁ-hw}wlpperml)amy@oraie wmwwmhﬂﬁ&mmnple methylene blue,

N- hydr oxypr(

1, 4- di azabi 3{3 ét%&g% eoacz{]é%ég%r%AB%% é%(lglo a%irb%féh gree atﬁlds
such agstr ivedl¢tandthsgringe, trii sopropanol arni ne, N-nethyl - and

N- et hyl di et hanol am ne, di et hyl am noet hanol

2- (N, N-di mat, hadiod 9 ot EUr)eﬁfsQ?ﬁQi),th%lszosmbIe to use free radical stabilizers,
tri S(dl al I cyl am noal | cyphexahydrotri azi nes, e.g.

N, 1\ 1 ', Nt cpalvets aed Fstheaidigpsopy 1) - shexahydr ot ri azi ne,

1, 4- dlazablcyclo[z 2. 2Joct ane, di azabi cycl ononane,

di azabi cyc |sAUIeF e dical ,saab;ﬁzés bR tRATRE WA AR b9 Sas described in

1,3,4,6,7, 8-hexahydro-1 - %1 2H
“Methoden der orgamschen hemie [Methods of Organic Chemistry]” (Houben-Weyl),

30  4th edition, volume XIV/1, page 433 et seq., Georg Thieme Verlag, Stuttgart 1961.
Suitable classes of substances are, for example, phenols, such as, for example, 2,6-di-tert-

butyl-4-methylphenol, cresocls, hydrogquinones, benzyl alcohols, such as, for example,



25pyrimdo[1,2-a)pyrimdine, are preferred for this purpose.
Parti cul aW@Nﬁ?/éﬁ’SéiWr ed catal ysts are gobut yltin di | aur atRET/EP2008/002464
dirnethyltin dicarboxyl ate, yl acet onat e,
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addi t1ves B STl S 02 e SR AU ALY e BBt
and furt herbeaghygmlinds havi ng functlonal groups, such as, for
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good corrpatﬁoblilﬂltlptlW?W@Wt@cw?ﬁﬂéﬁ%qfﬂheffé?‘ﬂwuatzwwnablé@d@r ng to the
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Wth the pr%%ﬁ‘fggl 2“1%?’9%6’&8?1&91@ cﬁ%gxy Noglbﬁnf\’gture of 0.1 to 75%
by wei ght Otiatr&iﬁ@li)ﬂkﬁﬂﬁina&iétyjd&tmr mmcq&mmnmbp:bﬁylﬁﬁeagmnam% MB99% by

bhotol ni’ 1 stgnEoaRn § &S e fRRGRET 54 PPN eSS ©
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addi ti ves
tetramethyl-1,6-hexanediamine, pentamethyldiethylenetriamine, dimethylpiperazine, N-

dimethylaminoethylpiperidine, 1,2-dimethylimidazole, N-hydroxypropylimidazole, 1~
azabicyclof2.2.0]octane, 1,4-diazabicyclo{2.2.2]octane (DABCO) or alkanolamine

20  compounds, such as triethanolamine, triisopropanolamine, N-methyl- and N-ethyl-
diethanolamine, dimethylaminoethanol, 2-(N,N-dimethylaminoethoxy)ethanol, or N-
tris(dialkylaminoalkyl)hexahydrotriazines, e.g. N,N',N-tris(dimethylaminopropyl)-s-
hexahydrotriazine, 1,4-diazabicyclo{2.2.2]octane, diazabicyclononane,
diazabicycloundecane, 1,1,3,3-tetramethylguanidine, 1,3,4,6,7,8-hexahydro-1-methyl-2H-

25  pyrimido[1,2-a)pyrimidine, are preferred for this purpose.

Particularly preferred catalysts are dibutyltin dilaurate, dimethyltin dicarboxylate,
iron{I1l) acetylacetonate, 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.

30  For example, solvents, plasticizers, leveling agents, antifoams or adhesive promoters may

be present as further auxiliaries and additives, but also polyurethanes, thermoplastic

polymers, oligomers and further compounds having functional groups, such as, for



20i s preferably used for the reaction with the polyi socyanate
conponent W$) 2005125198 ure of 2- 13% by wei ght of ur et hane REGYER28484)02464
conponent a), 86.998 - 97 998% by wei ght of isocyanate-reactive

conponent ht of o at 50. 001 -
T by el it e e e o o o B SN BT Sudp G

- PCT/ EP20o&hﬂ%ﬂiﬁﬂeﬁmpiezwtbyndﬂmp@mﬁﬂﬂenc@nwsysts, 0 - 15% by wei ght
of auxiliaries and additives is particularly preferably used. I n

another | i kewt.96 age%fssrv&ﬁgax%mgﬁy I scﬁveﬁtsmra%g &a‘d c‘é&,ga&mryw{qm
wei ght of uret hane acryl ate conponent a)

i socyanat e-2reappispefocoipiiens secogding @ the mves&%n;gﬁor\ﬁémgm e@f{ fegbut}'l
phot oi nist i . gr,s (0) o) - 3% by weight of radical stabilizers 0 - 3%
by wei gk?t o] ctafja%c;:sotes 10 0- 50% by wei ght of auxiliaries and
additives is used. The nol ar

tig of  , NCO in the produ nof
the hol ogr é’;s?fpréblwaqdaﬂ%ﬁflmﬁmaraﬁawémﬂg@ﬁé%gﬁpweﬁl P@aeraﬁ%agm %Péfﬁ
typically Qun@ahhZofing Bbif; eraRinpl) 18Qe iy Jo BiRobutyl adipate, di-n-butyl adapate,
dibutyl phthalate, non-hydroxy-functional polyethers, such as, for example polyethylene
glycol dimethyl ether having a munber average molar mass of 250 g/mol to 2000 g/mol or

10  polypropylene glycol or mixtures of said compounds.

It may also be advantageous 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.
With the production of the holographic media, a mixture of
0.1 to 75% by weight of urethane acrylate component a}
15 24.999 to 99.899% by weight of isocyanate-reactive component c),
0.001 to 5% by weight of photoinitiators d),
0 to 3% by weight of free radical stabilizers
0 to 4% by weight of catalysts
0 1o 50% by weight of auxiliaries and additives
20  is preferably used for the reaction with the polyisocyanate component b).
A mixture of
2 — 13% by weight of urethane acrylate component a),
86.998 — 97.998% by weight of isocyanate-reactive component c),
0.001 - 1% by weight of photoinitiators d),

25  0.001 - 1% by weight of free radical stabilizers,



The hol ographic nmedia are usually obtained by first m xing of all
conponent VEFHMAFILL) 15 with one anotfier. This can be aHI/ER2EH/MAR4GH
al |l nethods and appar atuses known per €e to the person skilled in the
art fromm xi t echnol uch as, for exanple, stirred vessels or
bot h dynani é_g%abys%eé%?ff&%@’ésfss. The tenperatures are 0 to 100C,
preferably 10 to 80C, particularly preferably 20 to 60C. This m xture
can i nmedi af ell§ e weipht plauxibianesasd eglitsies can be stored as an

i nternedi ate having a long shelf life, optionally over 20several

months. | f Res@ssalypre®e@BastAg in a vacuum of, for exanple, 1 nbar
can also be carried out. Shortly before application, the mxing with
pol yi socyangt e tﬁ&gﬁ){g@ggtm@mi semhpcggengq ec eézlof it al so being possible
to use the cus?omary i K ng technriques. wever, apparatuses w thout
dead spaces or with only snmall dead spaces are preferred. Methods in
whi ch the 2152-%%ﬂ%@nggt¢fe€¢tb@cmrvhieﬁ0@pwrlgﬂ)short time and with
very vigorous m xing of the two conponents m xed are furthernore
preferred. fynapi.e%byxeidht af iCocpaiatelreattias tomppuddt apl e for this purpose,
especially those in which the conponents cone into contact with WO
2008/ 125199, 7 _ - P other only in the mxer. This
m Xi ng can Ea é??béﬁﬁéﬁgfgggér%g@gﬁ?éf@’ of O to 80C, preferably at 5
to 50C, particularly preferably at 10 to 40C. The m xture of the two
conponent s Al af# B eeght gptapisAltiabiizgisso be degassed after the mixing

in a vacuum of, for exanple, | nbar in order to renove residual gases
and t o prevensvibgrwenght ofcacflysbyibbl es i n 5the coating. After the
m xing, a clear, liquid formulation is obtained, which, depending on

conposi {4 ong _ W’%gfﬁggﬁ{mmm%@g&&% ithin a few seconds to a few

hours. The pol yur e systens are preferably adjusted so that the
curing occurs at roomtenperature within mnutes to an hour. In a
preferred i ment, the curi ng is accel erated by heating the
formul ation after the mxing to tenperatures between 30 and 10180C,
preferably T hdarkdQCf NEO ta OHlimthe pradneioe béthe rolbfrapitic tBAEoL the

abovementioned preferred embodiment is typically 0.5 to 2.0, preferably 0.90 to 1.25.

The holographic media are usually obtained by first mixing of all components G1) to G6)
15 with one another. This can be achieved with all methods and apparatuses known per se to
the person skilled in the art from mixing technology, such as, for example, stirred vessels
or both dynamic and static mixers. The temperatures are 0 to 100°C, preferably 10 to
80°C, particularly preferably 20 to 60°C. This mixture can immediately be further
processed or can be stored as an intermediate having a long shelf life, optionally over

20  several months.
If necessary, degassing in a vacuum of, for example, 1 mbar can also be carried out.

Shortly before application, the mixing with polyisocyanate component b) is then effected,
it also being possible to use the customary mixing techniques. However, apparatuses
without dead spaces or with only small dead spaces are preferred. Methods in which the
25  mixing is effected within a very short time and with very vigorous mixing of the two
components mixed are furthermore preferred. Dynamic mixers are particularly suitable

for this purpose, especially those in which the components come into contact with



| medi ately after m xing of all components, the pol yurethane systens
have vi sc¥4( 210842899 r oom t enperatures of typically, 10 tRCIEEROCHD2464
nPas, preferably 100 to 20 000 nPas, 'pérticul arly preferably 200 to

10 000 nPas, especi al referabl.y 50Q t 5 nPas, SO at .d-he
o sauss vorrolehin Ml B L Aty Snde Prectel By Bl ho Y
sol uti on i mprdfesbiytaabteses0) paaithiBrly piefe sy bti 1030 &0°CQx Didmixempefithd twoe

bel ow 10 000 nPas referably belo 000 nPas articularl
preferably %QPBWI‘@OQEWF&%@ 0(??5/[??”@@ aggg%gﬁ&?ﬁ‘gﬁﬁa @Vs’?lélﬁﬁ %Y%/Hun& gk &1 n
Iests thanf 4535%1813%/1 ﬁﬂﬂrhhﬂrd&!’to@émwl Bfresﬁﬁlaﬂgasécg aidi@ pidvelt fornt:dbmbitabbles in
content o . 1% or_cure in less than 1 inutes | n_the case af the
cat al yst® cofit &titinp Py Begirag e °ffﬁb\528‘&21f‘2fmﬁglt‘3’&i\?é’§?5’§%d‘ﬂ%‘%h’ depending
Accordi ng tg @n@&@aﬁ&{, Ei86s REQRERSperhtife Wik kel dethdsl @SClewbBtks] S
applied to a substrate directly after mxing, it being possible to

use all customa t hods known to. .the pers kKilled in the art in
coating tec (ﬂobé??t?aflﬁsyﬁé F%etﬂre@%r?m?ﬁgug%a?oﬁﬁa&%}éeacr‘fn Ocﬁlﬁrﬁlalplgamby

kni f e coat i B@pereagtvithin mnaientd Mcous &f £pafetred trhglimeapiadunge 6r 1 nkj et
printing. The substrates may be plastic, netal, wood er | ass,

ceranmic anoaCE‘H?Fﬁtﬁg i’i’ Eeaﬁgg Wﬁ%‘?é’f”l“ﬁﬁ%n %‘%Fﬁ@?ei RSTR L] mate’b‘P‘Ef?‘Bﬁf’F?@‘”S‘%“ %%haélge

mat eri ales, tg0eC, Pediekblate dRorC) Pattiictailpprfepdblasebaetecin a preferred

enbodiment. In a preferred enbodi nent, the coating of the substrate

with the formul.ation i s.carrd ut i i 959?;‘ : :
rule, the 19% fmnc“'ﬁfagethf ‘%r}iner %@%%aﬁgoﬁgéﬁe %’ tlﬂﬁé(g%%tg%%iggmapp ?égm%dgﬁlte ﬁaet
substrate asom témjemtiressofitypiaalivhi@lori€8 S0&MmPEs, prefarablyl 10§y 2¢ H&T mPasbl y
500,810 S AT RACAMSIAEY g8 GBS ALYl sho B hrtErY
2008/ 125199R&EThdy2608/ve024b6d proc@ding plopertibeinGalsentdfee formheblutien inhe
substrate, flexible, caated sheets which, .in t a of onti nuous
ot hod [ Sar B SRt s e ehgrae by RoaRREed e Bkl
nmanner over208e vifag ipantdiltiis prafepabtticitivnEd. mia, @n beedtdvéishepr ef er r ed

enbodi ment, the fornmulation is applied so that it is covered on both

osi des by %Js{e%@%%mem@é&m Fourd ShaRRGH bifibtinbe B AShivinA cally35S

for this purpose
content of 0.004% or cure in less than 10 minutes in the case of the catalyst content of

0.02% have proved to be advantageous.

20  According to a preferred process, the formulation described is applied to a substrate
directly after mixing, it being possible to use all customary methods known to the person
skilled in the art in coating technology; in particular, the coating can be applied by knife

coating, casting, printing, screenprinting, spraying or inkjet printing.

The substrates may be plastic, metal, wood, paper, glass, ceramic and compostite
25  materials comprising a plurality of these materials, the substrate having the form of a

sheet in a preferred embodiment.

In a preferred emboediment, the coating of the substrate with the formulation is carried out

in a continuous process. As a rule, the formulation according to the invention is applied

to the substrate as a film having a thickness of 5 mm to 1 pm, preferably 500 ym to 5 pm,
30  particularly preferably 50 pm to 8 pm und very particularly preferably 25 pm to 10 pm.



formul ati on bei ng poured between the substrates kept at an exact
di stance WO 2008/625299"m preferably 1.2 to 1.8 nmm parti cUHCAVEBR008/002464
preferably 1.4 to 1.6 nm in particul'a7T 1.5 mm and the substrates

bei ng kept at the exact distance unti] the farmulation has c letely
S0l 141 11 ol TRr <8501 A GueLRRGoR PRI Dermiiceoriet SPAMO JoBdbeest e
substrate cantiRlouSQMh&E cal eQollM) aftedudinghid ¢in 08 stbRY & Gis rhdnnérSver

possi bl e that the substrate consists of layers of a plurality of

di fferent regverlimgnts aipebtagt, for exanple, it al so has coatings with
addi ti onal properties, such as inproved adhesion, greater water
repel | ency Ian fwtdr pipfeitkd eabddirment,ithefoomdationds giptitd soakat $ttiarmered on both
antireflectipn properties .in certai.n wavel.ength ranges, | oved
evenness ofSléjeﬁE?gH SB%?EH?S‘&SQF. 1€.)'8 PHH ul?‘faq\faesbfga SSIPRTR Wi’rﬁn%%e of the
met hods desffhhambneaing phiead Reweta ek subdirateh gept ecaredan disahcduil1ag 2 ans,.
For this purpose, two |ight beaps ar u interfere i.n the

mat eri al bypréfe‘i‘?ﬁltyﬁc?tfollﬁdgﬁ RagH yﬁé“?‘?@ﬁy ZE?‘?F'EW’WW@WE%I%W’ and
hol ogr aphy ¢ Psubkipdtisbaia Rept @Pthé 6kt diaheg uaginye Rasulkdinthhoamplaepr i dge
University Press, 1996), so that a hologramresults. The exposure of
the hol ogr axieiRd g car pelorgd ¥t h with continuous and with 20 pul sed

irradiation. Optionally, nore than one hol ogram can al so be exposed
i n t he mAanNErl@EheEdadusahd tat subfietesamef @orsetalso hivebgilwelitposbids.dtis 0 use,

for exanple, the angle |.tiplexi met hod Kk to t I

skilled in If“ﬁ%&ﬁf}iaf %ﬁ S‘H’%?%&F%B%."?%WF&’P § %&agp\gégéihf?"é“gg‘a@ﬁ%g 58 am
t he mat eri afor Gampli: k86 Rdsl cpatilps aritheddin@abgdpdritesasush asingrovhd adtdhemd

i ght source and the hol ogram.t hen. used w thout further nece r

br ocessi ng BESISCENS FPHEeR oY BETRH Ea BT SR P bieRa S T T Ra
processed bytopdiidsheterRinGRRsEhAl rAEaPEnprdvel eexAdspbetht nafist,etac ed to
anot her substrate, deforned, i1nsert-nolded, adhesively bonded to

anot her, surf.ace ,or ,CQV.E i - | i e
oL ogr ahe. prTa i SIS phd CrEChBboQ ol Alpd Bl BO7 |
dat a st or agesorting bhielogemseEerthiapimpnseofva lightjeesmppiechussd tosipter fprg in the

obj cet & andF BT PHa SRPRAL T o 1o op et HaRCBL L Rply BPHRAARET
can be usedoptial Hélegrpghydud Exion,landnidgptnieabitydiresseli06) av ihatgp olgram
2111 or, e BieT HEiesm R PSR PO BRI P A B oo paonEghd ol 11
vwavegui ge  apdécahiraliaiss. Optiodilly2 00/ tHixwhe AR6FARRRZOASS BO2H6s4d in B6same
material and at the same point, it being possible to use, for example, the angle
multiplexing method known to the person skilled in the art in holography. After the
exposure of the hologram, the material can optionally also be exposed to a strong,
broadband light source and the hologram then used without further necessary processing
25  steps. The hologram can optionally also be further processed by further processing steps,

for example transferred to another substrate, deformed, insert-molded, adhesively bonded

to another surface or covered with scratch-resistant coating.

The holograms produced by one of the processes described can serve for data storage, to
the representation of images which serve, for example, for the three-dimensional repre-
30  sentation of persons or objects and for the authentification of a person or an article and

can be used for the production of an optical element having the function of a lens, a



EXAMPLES Unl ess noted otherw se, all stated percentages are based on
percent bWOMSDEAS199The refractive indﬁ was neasured at PLCTAERZEISENZcH
of 532 rim Depending on the 5 wavel € éfh of the sanples, the
refractive i ndex n was. obtai ned fromthe transnissi?n and, ref] ection
spectra,  FORTOR A g L3800 SR * OEPeliomplemtiinan RPRGE PRI RIS P i
sanpl es wergasgpplied to quartz gl ass supports fromdilute solution in
butyl acetate by spin coating. The transm ssion and reflection
spectrum of this |ayer packet was neasured with a spectronmeter from
STEAG ETA- Opti k, CD- neasurenent system ETA-RT, and the |ayer 10

t hi ckness and the spectral curve of n were adapted to the neasured
transm ssion and the reflection spectra. This is effected using the
internal software of the spectroneter and additionally requires the n
data of the quartz glass substrate which were determ ned before and
in a blank nmeasurenent. 15 Exanple 1: 0.1 g of
2,6-di-tert-butyl -4-net hyl phenol, and 213.07 g of a 27% strength
solution of tris(p-isocyanatophenyl) thiophosphate in ethyl acetate
(Desnodur (r) RFE, product of Bayer Material Sci ence AG Leverkusen,
Germany) were initially introduced into a 500 m round-bottoned fl ask
and heated to 60C. Thereafter, 42.37 g of 2-hydroxyethyl 20 acrylate
wer e added dropwi se and the m xture was further kept at 60C until the
i socyanate content had fallen below 0.1% Thereafter, cooling was
effected and the ethyl acetate was conpletely renoved in vacuo. The
product was obtained as a semicrystalline solid. 25 Exanple 2: 0.05 ¢
of 2,6-di-tert-butyl-4-nethyl phenol, 0.015 g of dibutyltin dilaurate
and 98.88 g of a 27% strength solution of tris(p-isocyanatophenyl)

t hi ophosphate in ethyl acetate (Desnodur(r) RFE, product of Bayer

Mat eri al Sci ence AG Leverkusen, Germany) were WO

2008/ 125199PCT/ EP2008/ 002464 - 27 - initially introduced into a 250
m round-bottoned flask and heated to 60C. Thereafter, 9.83 g of

2- hydroxyet hyl acryl ate were added dropwi se and the m xture was
further kept at 60C until the isocyanate content had fallen bel ow
3.3% Thereafter, 13.41 g of 2- napht hal enenet hanol were added
dropwi se and 60C was further maintained until the 5 i socyanate
content had fallen below 0.1% Thereafter, cooling was effected and
the ethyl acetate was conpletely renpoved in vacuo. The product was
obtained as a semcrystalline solid.



Exanple 3: 0.15 g of 2,6-di-tert-butyl-4-nethyl phenol, 257.47 g of a
27% st r enYO208B123i%%n of 10 tris(p-i sggyanat ophenyl ) t hi FEAGRIPEL08246H
ethyl acetate (Desnodur(r) RFE, produét of Bayer Material Sci ence AG
Lever kusen, CGernmany) were initially introduced into a 500 m

round- bottoned flask and heated to 60C. Thereafter, 34.30 g of

2- hydroxyet hyl acryl ate were added dropwi se and the m xture was
further kept at 60C until the isocEXaAMMEHntent had fallen bel ow
2.1% Thereafter, 46.03 g of 4,4- 15

i sopropyl i denebicifothdwhic diliamerhene ey hetbhgaohlperedt ey adgad dr opw se

and 60C was further nmaintained until the isocyanate content had
fallen below 0.1% Thereafter, cooling wa ffect and t he, et hyl
acet at e wad g FM3Fierardex MERBERYrAt 'i‘/‘é{f:‘% ."’g'%t?g#ﬁ%‘a ﬁp%ﬁgﬁ%{%i ned as
a semiCrys tv@alvélérfg]ﬁ: §Qhd HSmpi0, tFXRrtRe tidePn Qs Ebtéihed from the transmission and
2,6-di-tert-butyl -4-net hyl phenol, 0.01 g _of di b_utél tin dilaurate and
150. 34 g ofefgepoospestiaeryhis ByPese BAUIL0 r30Q prp.thigl %r?é#&ﬁﬁ‘@ﬁﬁ yere

t hi ophosphat,g; @%hx aCHR HokeBRRAULSomhbuty bty Hin Bayes Th
Mat eri al Sc?%}%?g@oé\ Lgl\?er Ig%%telﬁ, Cer ma}n?/)u \?\ereuisﬁi tial Iyﬁ@i ntro uceed
into a 250 trhsossincnd HiflcetiRadpeategiof 1y ama?e@iﬁtwrewe ghgafter, 25
14.95 g of s&;ct}mﬁ%% Ei‘tAéCWA.@Eﬁ%,ivxﬁf.ﬁeaé&%@m%gmm.@nqna he layer

m xture was" further pt at 60C t he i socyanate content ha
fal | en ¥el ohiciges%nd Hespethl arve of 4 W88 agapitd odhs/eashise spasarssioe pnd the

nonoacr yl atn%ﬂ%g one. M‘aoehif Esre?g&g& ufils tﬁ%ﬁ{te&mﬁ? ng t Sof tﬂ@?)actwe@er agded

dropwi se an Sfurther nmai nt e i socyanate content
had fal | en abdéitiowl]p rehfbresthen dath vthe quois iglasgsubsimteviiicic werd detagningde et hy|

acetate was conpl.ete [ enny i,n 30 vacuo. The product was obtai ned
as a vi scoi’%i:oﬁrr%’&i%?L%ijﬁﬁ&%%ﬂtslggPCﬂ EP2008/ 002464 - 28 - Exanpl e

5. 0.05 g of 2,6-di-tert-butyl-4-nethyl phenol, 0.015 g of dibutyltin
dilaurate and 90.71 g of a 27% strength sol uti on of
tris(p-isocyanatophenyl) thiophosphate in ethyl acetate 5

(Desrmd])r(r REE, ..product of Bayer Material Sci ence AG Leverkusen,
Germany% V\é%rzélf‘n}lgr%-]t‘i ally introduced into a 250 m round-bottoned fl ask

and heated to 60C. Thereafter, 9.02 of 2-hydroxyethyl acrylate were
added dr opwi kg o8 Ad-diftat-titxlt4methylabenplirend @3 Réptofan 2O Girength Folptipa of

i socyanat e cont | 3 1 TheleCRelfidurd RS ol of

9Hcar bazol 3}&%532?%33%%6&\@ éﬁgpc@gg’c}ﬁ{gropwgﬂsea ande%%C.\_Nas furt r?gor_ °

mai nt ai ned Baytd MateniglStBnées ASy dreatrbusennGemmanilatefeq iritéaly batredycet g 2

Thereafter, cool ing,was _ef SHY, s Letel y

removed in Syggﬁégungﬁ\é@%nﬁ%aéj%gEgmﬁiéeg{c%gtt%‘?ﬁgd aséagglgg{r%%?fgyst a ﬁpne_ y

sol i d. Bxargptyiatd wets dddeg dibp\isG-add theertxtivet yis- furthet kgt phei90F , unpl 18 g

of dibutyl tilsoréyagﬂaleaégzqt%ﬁt%ag ?glegggb\%%.lgﬁ.olfhereafter, cooling was effected and the ethyl
acetate was completely removed in vacuo. The product was obtained as a semicrystalline

solid.

25 Example3:

0.05 g of 2,6-di-tert-butyl-4-methylphenol, 0.015 g of dibutyltin dilaurate and 98.88 g of
a 27% strength solution of tris(p-isocyanatophenyl) thiophosphate in ethyl acetate
(Desmodur® RFE, product of Bayer MaterialScience AG, Leverkusen, Germany) were



15 a 27% strength solution of tris(p-isocyanatophenyl) thiophospbate
in ethyl ¥e08¥/&251Besnodur (r) RFE, prqduct of Bayer MNat RGTAEIS0#840G2464
AG Leverkusen, CGermany) were initi al‘&a'l ntroduced into a 500 nm
round- bottorred flask and heated to fte 7.22 f

2- hydr oxy etiBipllaEipfuced i p &> %H%Ié‘ﬂmg'g “geﬁaé ate 't%%ércg jﬁzﬁfgaﬁcr’
further kepfgng oﬁﬂﬁyda ybﬁynéa?ldtéﬁsmaaaéd@x@mﬁma thadixthiad venfubgdraet
2.1% Thereafter, i

t hanedj ol _were ad ed r pvmfs2e
and 60C wast 0% Hétlll ‘Hﬁi‘sﬁ?%f‘ﬁéﬁmﬁ?ﬁtlhﬁd fHenbeto 2A%t dbe ‘ﬁaﬁj" -
fallen bel %ﬂh%&&hﬁﬁ&%&@ﬁdd&%ﬁmﬂ é&@%oeéfv@a@tf@;@leamlﬁtﬂ@edeﬁdﬁy khe

acetate was conpletely renmoved in vacuo. The product was obtai ned as
a sem crystisicysngte coicpihad gallepbrlew £:1%. Sigreattergcagfing was effected and the cthyl

2,6-di-tert ! £2ud- 2rHd pRidublivie oYtainkdad Ll mirnd
349.69 ¢ ofacgg%%%ségggﬁtgyﬁ&g%ﬁghgn %?ht rpl s(p-isocyanat ophenyl)

t hi ophosphaebd.i n et hyl acetate (Desnodur(r) RFE, product of Bayer
Mat eri al Sci ence AG Leverkusen, CGermany) were i ni tially introduced
into a 500 @a ggyg:d- bottomed flask and heated to 60C. Thereafter,
46. 36 g of yet hyl acrylate were added dropw se and the

m xture was further kept WO 2008/125199 - 29 - PCT/ EP2008/ 002464 at
60C until th¥ ¢ sbRadktre-beghf-wmsthylphenol.ali’edy Betfod 277 strenptie peduionept
8.93 g R)f ttﬁb(?q%ota%%]ng Pﬁﬁmgmﬁﬁt@@%%yg laORNE 5(9(3@55&111@ @F@?ré&d&t &er

mai nt ai ned socyanat e" content "had fallen bel ow 0
Ther eaf t er ,BayooMatvgalheisnast 4@ chaverkased. Ghramapy)hytre fddaliytintrogasedeisiopt el y

d €
Sooli d. Exdibf o' Bk ihg aacsth o) rikeeafes MTSOBYGH AhMBSS, o

g of dibut ydctylznc dvdraudfaidedIapl‘le &nd they n@ﬁﬂ@ @?ﬁ/ﬁﬁhﬁeh@thﬂs@"@itmh thesf
tris(p-i soc‘,}(anat é)hgn%ln)t tha AsP e/thI Va6 aLat %Jegegr kof 4.4-

(Desnodur (r Uct ayer ter| a ence AG Lev usen,
Ger many)s vveis@rmpyihﬁerabib[;l (Eﬁtdlhldtuqétlnomldﬁlaaolﬁf 5@reddded drogwisotand f8°¢ Whsask

d h d 60C.. Th I
an eat e @gh%{ dﬂ%’ﬂta&ﬁ%éea é%le’ 15803,%16%6 %onte?t {ﬁ%gﬁlgﬁ( ){Jcl%wp B%Q’OXIMQ{BQ{P&T he

acryl ate el nt ar néd un

i socyanat e @ohite Rias rbaﬂdctécalmemdaahﬂm&taﬂd)/waér kenpgettlyeremogsbin magrunathe
ef fected and he et(ﬁji cet ate c etely renoved i n vacuo. The
15pr oduct W48 “(‘}bi”aﬁ adn%?SQS?é‘WE fine solid. Exanple 9: 0.06 g
of 2,6-di-tert-butyl-4-nethyl phenol, 0 02 g of dibutyltin dilaurate
and 127.80 g of a 27% strength sol uti on of tris(p-isocyanatophenyl)

t hi ophosphate in ethyl acetate

20  Example 4:

0.03 g of 2,6-di-tert-butyl-4-methylphenol, 0.01 g of dibutyltin dilaurate and 150.34 g of
a 27% strength solution of tris(p-isocyanatophenyl) thiophosphate in ethyl acetate
(Desmodur® RFE, product of Bayer MaterialScience AG, Leverkusen, Germany) were
initially introduced into a 250 ml round-bottomed flask and heated to 60°C. Thereafter,
25  14.95 g of 2-hydroxyethyl acrylate were added dropwise and the mixture was further kept
at 60°C until the isocyanate content had fallen below 3.3%. Thereafter, 44.33 g of poly(e-
caprolactone) monoacrylate (Tone M100, product of Dow Chemicals Inc.) were added
dropwise and 60°C was further maintained until the isocyanate content had fallen below
0.1%. Thereafter, cooling was effected and the ethyl acetate was completely removed in

30  vacuo. The product was obtained as a viscous liquid.



20 (Desnodur(r) RFE, product of Bayer Material Science AG Leverkusen,
Ger many) Was2008i251 |y i ntroduced intq _a 250 m round- batdiaerdosidoask
and heated to 60C. Thereafter, 25.41 ‘9286'? 2- hydroxyet hyl acryl ate
wer e added dropwi se and the m xture was further kept at 60C until the
i socyanate content had fallen below 0.1% Thereafter, cooling was
effected, 40 g of the polyol containing ester groups were added and
the ethyl acehaties:was 25 conpletely renpoved in vacuo. The product was
obt ai ned as a clear solution. WD 2008/125199 - 30 - PCT/ EP2008/ 002464
Exanple 10: 0.0 2, 6-di-tert-butyl-4-ethylphepol,., 0.015 f

G bubyt i n 43 6o aparrpih iy Teiedey SOl L or AR ctpis e Gyl e or
tris(p-isocyamat aphghyidutichi 6P hR&PREdvendtdpheryly thicphedphtte icDaryiDsbatater )
RFE, product of Bayer Material Sci enceErAﬁ% ,Leverkgbsen, Cer ng%{ were 5
initially i(®es REEprdut 955 ayer MR ioet S boT TSR, SRHUATEE ¢ o
60C. Ther eghiglly inRodRedi®d a 250%8 FQai Bbiothedofasl hidt Beat¥a!t6 60€Y] GUereafier,
dropwi se and the m xture was further kept at 60C until the |socyanate

content had-$%8 plchhyarasinl asoglatqiygreedqdgropwiseznd ghegpixture was further kept

2- (par achl of; gpsre i Mt 95 atd\EdnEenP HALHI A QN 5892 NHedehierMOY3UE 6f 91RS
further kept at 60C until" the isocyanate content had fallen bel ow

2.1% Ther eaftaeqlyl-Stethayl yexsf addeds dropgyise and 60°C was further maintained until the

| sopr Ogydm;gk@cgg%aﬁlec%a&&h@a ¢iRE %Q@ﬂ%&%ﬁ&%lmﬁﬁﬁdﬁ%@gﬁ&jﬁgQt‘ﬁ@lse

and 60 r nmai ntained unti I'socyanate content had
fall en bel caelte s cahgetelyireiapved dovicha gl hpaedudtivag obigingh o a $emiayiglline
acetate was ﬁ{i’.”pl etely renoved in vacuo. The product was obtained as

a sem crystS§ ine solid. 15 Exanple 11: 0.01 g of

2,6-di-tert-butyl - 4-net hyl phenol, 0.004 g of dibutyltin dilaurate and
28.88 g of a 27% strength solution of tris(p-isocyanatophenyl)

t hi ophosphdbsaniple &t hyl acet ate (Desnodutle RFE, product of Bayer

Mat eri al Sci ence AG Leverkusen, Gernany) were initially introduced

into a 50 rd.hsr pupsls BoLhaBALald ARMpIRRS, @.?@%%@ldimy@%ﬂa&%raﬁ@fss@rgg8@
2.87 g of 2-hydroxyethyl acrylat'e were added dropwi se and the m xture
was furthera Répt steangtbo©ltion pf {riséo-isevyapaierhenyllc Sherbatphpgdins athylepeelé ow

3.3% Ther e(gfe &h]ré R%‘f%, ?rogltlct %’f ﬂ?&%&%ﬁﬁéﬂé& b&@,‘ Q,Temrﬁ.llsew&mw Qékre
n u | the

dropwi se a C was ther mai htal ned unti i socyanate content

had fal | en ibabyningodwsed TierSEP mbroundboitomes Hask aed hestadctd 687 Theeakarhy |
acet ate was t i PLAPME L } S
a semcr ystdél' :%Ae&f?‘s%) ﬁr%ﬂiﬁé}(@%ﬁ%ﬁé&%&&d 9%9&89 Ehisife “gpmg%p@
2008/ 1251 99PGIHERZ(0B: 3046ae content had fallen below 2.1%. Thereafter, 6.31 g of 1,2-

20  ethanediol were added dropwise and 60°C was further maintained until the isocyanate
content had fallen below 0.1%. Thereafter, cooling was effected and the ethyl acetate was

completely removed in vacuo. The product was obtained as a semicrystalline solid.

Example 7:

25  0.15 g of 2,6-di-tert-butyl-4-methylphenol, 0.15 g of dibutyltin dilaurate and 349.69 g of
a 27% strength solution of tris(p-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,
46.36 g of 2-hydroxyethy! acrylate were added dropwise and the mixture was further kept



60C. Thereafter, 12.84 g of 3-nethyl pentanedi ol were added dropw se
and the mW%Q #8138 further kept at 604 until the i socyabhEk/BPI90%iH0a4m
had fallen below 24. 5% Thereafter, 100.94 g of 2-hydroxyethyl

acrylate were ded. dr opwi se and 60C further i nt.ai ned il the
i socyanate &0 P n‘f““ﬁé%ﬁ ?Sgﬂa&?\tebcé’fﬁw Ba\_,@%llezr t?ép’@’a?gg“r %6"8%?%&%&50%
Seffected atfighetiyRlfRomdel Glersvasdded bdrapwied add 60°CS @b fiethys haaldtaingl il itick
Exanple 13:, 0.15 of 2, 6-di-tert-butyl-4.nethyl phenol., and 95.41 g
of 2-i socyaridPerie %’meﬂ‘i I?aggrf}feﬂﬁ?'ﬁ e‘hgénﬁh%ﬁg’ ?°r?¥‘f‘ :(in #fﬁcﬁ?lral}‘aﬁ’f@%‘yl
into a 250 4rbtateottiRdoRBlklcBiTeflofddas kacBOThkGrotRat R cbRirA 6s 2 Lt gaillied
54.44 g of 2-hydroxyethyl acrylate were added dropw se and 60C was
mai nt ai ned WHEi | the | socyanate content had fallen below 0.1%
Thereafter, cooling was effected and the product was obtained as a
semcrystalline solid. Exanple 14: 150.1 g of

2,6-di-tert-butyl -4-nethyl phenol, 0.05 g of dibutyltin dilaurate and
189.52 g of _a 27% strength solution of triphenyl nethane

4,4 4" trikesmledst e in ethyl acetate (Desmodur(r) RE, product of
Bayer Material Sci ence AG Leverkusen, Germany) were initially

i Rt r od]thced .08 Qoﬁ2,5Q@;e&tbuﬁﬂlgﬂﬁctbﬁlﬁI?]dﬂlliled.OfS lgskdiaxﬁtglltih@aglgdtgtagd 65Q g of
Thereafter, 48,68 g of 2-hydroxyetkt acryl ate were e L OPW Se
and the mixd dré WEDehyipm R’gﬁﬁ(&%ﬁ%@fm%s%eﬁﬁl iﬂrmalﬁﬁageoeya}?a acetate
cont ent jhadfeahb®ine TR Brddudi%r Beyer BadetigiBeoicee QlG, M@vivassetf Gaahey vand
the ethyl acetate was conpl et e[é% rempved in vacu&) The p g% t S
obt ai ned asmiialemtaycst intp a0 & rpepd-hottamed Baskand begted)ig ‘{9 f L hereatter,
2, 6-di -tertadmt ¥l st mRtRYLNRAMYprddyORrflatefwedd Badet! drbpwidd laadi ot wand
213.68 g of a 27%strength solution of tris(p-isocyanatophenyl)

t hi ophosphafugh¢rnmaintayied Judt ke iSOEXASAB RIRERY ?@F@}le‘bﬁ’ﬁﬂ’ﬂt £-15%- fer,

Materi al SCi gRGR; Ads JHBUES KHE &b o&pT BRI wﬁerc@mfgleéetgi Alloyed M MAGMCERe
into a 500 mM round-bottoned fl ask and heated to 65C. Thereafter, WD

2008/ 1259 99PSsTycEP200GY g 24  sericystalline solid.

Example 9:

0.06 g of 2,6-di-tert-butyl-4-methylphenol, 0.02 g of dibutyltin dilaurate and 127.80 g of
a 27% strength solution of tris(p-isocyanatophenyl) thiophosphate in ethyl acetate
20  (Desmodur® RFE, product of Bayer MaterialScience AG, Leverkusen, Germany) was
initially introduced into a 250 ml round-bottomed flask and heated to 60°C. Thereafter,
25.41 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%. Thereafier, cooling was
effected, 40 g of the polyol containing ester groups were added and the ethyl acetate was

25  completely removed in vacuo. The product was obtained as a clear solution.



21.25 g of 2-hydroxyethyl acrylate were added dropw se and the

m xt ure wWa9 F01REY kept at 65C until Bhe i socyanat e CORGIVEP2bis02464
fallen below 3.3% Thereafter, 20. 91'8 of 2- thiophenenethanol were
added dropwi se and 65C was further maintained until the isocyanate
content hadxpmpledd: pel ow 0. 1% Thereafter, cooling was effected and
the ethyl 5acetate was conpletely renoved in vacuo. The product was
(ZJbE3 ai(jpe? af)_og gtsgllsridﬁfeﬁ%ﬁ,ll-:d,im&hﬁ;ﬂkh% O.Exsagrp]f eigﬁtgltmﬂililﬁ&ag @l 82.35gofa

, 6-di-tert-bu -4-net hyl phenol ,. 0. 05 0 i.hu in dilaurate and
223.31 g of*7fps en@*r‘b/osglt‘%‘hgftr}h“? "a?‘ﬁyﬁ‘i?“g‘ihe‘tyr‘)i é*&%"%épg‘é&?aﬁéteg‘é’Leaﬁﬁ}?‘f

t hi 0phoSphabeniotues REk, S6RicabEBERe MIHIScichod KB, Liveeidhie, Gofmdgy Stre
Mat eri al Sci ence AG  Lever kusen, many) were initially oduced

o .
Do & 800 sl uEE Pens ast bk ed Ttk 4 hsied 1o Ao ThRereAten
34.16 g of 5?¢6fgy&rz%nﬁ$xg&iuyl%gxak@&&e WEde8 ke 8 aRWhiSRraRs: ffiger kept
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15 Example 11:

0.01 g of 2,6-di-tert-butyl-4-methylphenol, 0.004 g of dibutyltin dilaurate and 28.88 g of
a 27% strength solution of tris(p-isocyanatophenyl) thiophosphate in ethyl acetate
(Desmodur® RFE, product of Bayer MaterialScience AG, Leverkusen, Germany) were
initially introduced into a 50 ml round-bottomed flask and heated to 60°C. Thereafter,
20  2.87 g of 2-hydroxyethy! acrylate were added dropwise and the mixture was further kept
at 60°C unti] the isocyanate content had fallen below 3.3%. Thereafter, 4.31 g of 2-
naphthalenemethanethiol were added dropwise and 60°C was further maintained until the
isocyanate content had fallen below 0.1%. Thereafter, cooling was effected and the ethyl
acetate was completely removed in vacuo. The product was obtained as a semicrystailine

25  solid.

Example 12:

025¢ of 2,6-di-tert-butyl-4-methylphenol, and 13597 g of 4,4'-diphenylmethane

diisocyanate were initially introduced into a 500 ml round-bottomed flask and heated to
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60°C. Thereafter, 12.84 g of 3-methylpentanediol were added dropwise and the mixture
was further kept at 60°C until the isocyanate content had fallen below 24.5%. Thereafter,
100.94 g of 2-hydroxyethyl acrylate were added dropwise and 60°C was further
maintained until the isocyanate content had fallen below 0.1%. Thereafter, cooling was

5  effected and the product was obtained as a semicrystalline solid.

Example 13:

0.15 g of 2,6—di-tcr't~buty1—4-methylphenol, and 9541 g of 2-isocyanato-],3-
diisopropylbenzene were initially introduced into a 250 ml round-bottomed flask and
10 heated to 60°C. Thereafter, 54.44 g of 2-hydroxyethyl acrylate were added dropwise and
60°C was maintained until the isocyanate content had fallen below 0.1%. Thereafter,

cooling was effected and the product was obtained as a semicrystalline solid.

Example 14:

15 0.1 g of 2,6-di-tert-butyl-4-methylphenol, 0.05 g of dibutyltin dilaurate and 189.52 g of a
27% strength solution of triphenylmethane 4,4’4”-triisocyanate in ethyl acetate
(Desmodur® RE, product of Bayer MaterialScience AG, Leverkusen, Germany) were
initially introduced into a 500 ml round-bottomed flask and heated to 65°C. Thereafter,
48.68 g of 2-hydroxyethyl acrylate were added dropwise and the mixture was further kept

20  at 65°C until the isocyanate content had fallen below 0.1%. Thereafter, cooling was
effected and the ethyl acetate was completely removed in vacuo. The product was

obtained as a semicrystalline solid.

Example 15:

25 0.10 g of 2,6-di-tert-butyl-4-methylphenol, 0.05 g of dibutyltin dilaurate and 213.68 g of
a 27% strength solution of tris(p-isocyanatophenyl) thicphosphate 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 65°C. Thereafter,
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21.25 g of 2-hydroxyethyl acrylate were added dropwise and the mixture was further kept
at 65°C until the isocyanate content had fallen below 3.3%. Thereafter, 20.91 g of 2-
thiophenemethanol were added dropwise and 65°C was further maintained until the
isocyanate content had fallen below 0.1%. Thereafter, cooling was effected and the ethyl
5  acetate was completely removed in vacuo. The product was obtained as a semicrystalline

solid.

Example 16;

0.10 g of 2,6-di-tert-butyl-4-methylphenol, 0.05 g of dibutyltin dilaurate and 223.31 g of
10 a 27% strength solution of tris(p-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 65°C. Thereafter,
34.16 g of 2-hydroxyethyl acrylate were added dropwise and the mixture was further kept
at 65°C until the isocyanate content had fallen below 1.4%. Thereafter, 5.40 g of 2,2’-
15 thiodiethanol were added dropwise and 65°C was further maintained until the isocyanate
content had fallen below 0.1%. Thereafter, cooling was effected and the ethyl acetate was

completely removed in vacuo. The product was obtained as a semicrystalline solid.

Comparative Example 1: Desmolux VP LS 2308 (urethane acrylate based on a low-

20  viscosity hexane diisocyanate trimer and hydroxyalkyl acrylates, dissolved in 20% of
hexanediol diacrylate, experimental product of Bayer MaterialScience AG, Leverkusen,

Germany)
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Refractive index Double bond
Example at A = 532 nm density eq/ kg

(FE)

1 1.584 3.65

z 1.629 170

3 1.606 1.97

4 1.550 2.58

3 1.637 1.55

6 1.595 271

7 1.590 2.66

8 1.596 2.63

9 1.584 3.65

1o 1.618 0.94

1 1.650 1.65

12 1.550 348

13 1.514 3.13

14 1.594 4.20

15 1.610 1.83

16 1.592 2.94

Comparison 1
Desmolux® VP 1.496 2.80
LS 2308

For testing the optical properties, media were produced and optically measured as

described below:

Preparation of the polyol component:

0.18 g of zinc octoate, 374.81 g of e—caprolactone and 374.81 g of a difunctional
polytetrahydrofuran polyether polyol (equivalent weight 500 g/mol OH) were initially
introduced into a 1 | flask and heated to 120°C and kept at this temperature until the
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solids content (proportion of nonvolatile constituents) was 99.5% by weight or more.

Thereafter, cooling was effected and the product was obtained as a waxy solid.
Medium 1:

7.913 g of the polyol component prepared as described above were mixed with 0.500 g of
urethane acrylate from Example 1, 0.015 g of Darocur TPO 2,4,6-Trimethylbenzoyl-
diphenyl-phosphinoxid (commercial product from Ciba Specialty Chemicals, Basle,
Switzerland) and 0.050 g of benzhydrol at 50°C so that a clear solution was obtained.
Thereafter, cooling to 30°C was effected, 1.522 g of Desmodur® XP 2410 (experimental
product of Bayer MaterialScience AG, Leverkusen, Germany, hexane diisocyanate-based
polyisocyanate, proportion of iminooxadiazindione at least 30%, NCO content: 23.5%)
were added and mixing was effected again. Finally, 0.004 g of Fomrez UL 28
(urethanization catalyst, commercial product from GE Silicones, Wilton, CT, USA) was
added and mixing was effected again briefly. The liquid material obtained was then
poured onto a glass plate and covered there with a second glass plate which was kept at a
distance of 250 pm by spacers which were laid out. This test specimen was first left for

30 minutes at room temperature and then cured for two hours at 50°C.

Medium 2:

7.982 g of the polyol component prepared as described above were mixed with 0.500 g of
urethane acrylate from Example 5, 0.015 g of Darocur TPO 2,4,6-Trimethylbenzoyl-
diphenyl-phosphinoxid (commercial product from Ciba Specialty Chemicals, Basle,
Switzerland) and 0.050 g of benzhydrol at 50°C so that a clear solution was obtained.
Thereafter, cooling to 30°C was effected, 1.453 g of Desmodur® XP 2410 (experimental
product of Bayer MaterialScience AG, Leverkusen, Germany, hexane diisocyanate-based
polyisocyanate, proportion of iminooxadiazindione at least 30%, NCO content: 23.5%)
were added and mixing was effected again. Finally, 0.004 g of Fomrez UL 28
(urcthanization catalyst, commercial product from GE Silicones, Wilton, CT, USA) was
added and mixing was effected again briefly. The liquid material obtained was then

poured onto a glass plate and covered there with a second glass plate which was kept at a
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Comparative medium:

20  7.913 g of the polyol component prepared as described above were mixed with 0.500 g of
Desmolux VP LS 2308 (experimental product from Bayer MaterialScience AG,
Leverkusen, Germany, based on hexane diisocyanate polyisocyanate, refractive index
(532 nm) = 1.496), 0.015 g of Darocur TPO 2,4,6-Trimethylbenzoyl-diphenyl-
phosphinoxid (commercial product from Ciba Specialty Chemicals, Basle, Switzerland)

25  and 0.050 g of benzhydrol at 50°C so that a clear solution was obtained. Thereafier,
cooling to 30°C was effected, 1.522 g of Desmodur® XP 2410 (experimental product of
Bayer MaterialScience AG, Leverkusen, Germany, hexane diisocyanate-based
polyisocyanate, proportion of iminooxadiazindione at least 30%, NCO content: 23.5%)
were added and mixing was effected again. Finally, 0.004 g of Fomrez UL 28

30 (urcthanization catalyst, commercial product from GE Silicones, Wilten, CT, USA) was

added and mixing was effected again briefly. The liquid material obtained was then
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Thereafter, . .
produced a lattice of bright and dark strips which were parallel to the angle bisectors of

20  the two beams incident on the sample. The strips spacing in the medium was ~ 550 nm

(refractive index of the medium assumed to be ~1.49).

61 holograms were written into the medium at different angles (W) of rotation of the

turntable (DT) in the following manner:
Shutter 2 (§2) was always open.

25 € was set to -30°. Shutter 1 (S1) was opened for the time t1.
() was set at -29°. Shutter 1 (S1) was opened for the time t2.
) was set at +30°. Shutter 1 (S1} was opened for the time t61.

Thereafter, with closed shutters (S1 and S2), the medium was allowed a time of 5

minutes for the diffusion of the still unpolymerized writing monomers.
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(DT) in the fol'l ow ng manner: Shutter 2 (S2) was al ways open. 25f2

was set to 613Bhis SwrdervaesEs theasheopbd M acerrdippio the phove formula (1).
20  With 61 holograms, the maximum M# of 19.28 was to be determined under the given

boundary conditions. If the dynamic range of a medium were to have been larger, it
would have been possible to increase the number of holograms. At the same time, the

angle increment between two successively written holograms would have had to be

reduced from 1° to the correspondingly smaller value.

25 Mt is linearly proportional to the thickness of the medium. The thickness of the media in
the abovementioned examples was 250 pm, owing to the spacers used in the production
of the media. To ensure comparability with media having another thickness d, M# was

scaled to a medium thickness of 200 pm by means of the following formula.

M#/200 pm = Mi# " 200 pm / d.
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Mf/200 gm= M¢ 200 p.m/ d. WO 2008/125199- 38 - PCT/ EP2008/ 002464
If a nmediumwas very thin, so that 61 hol ograns coul d not have been
witten and read separately from one another, the nunber of hol ograns
coul d be reduced. At the sane tine, the angle increnment between two
successfully witten hol ograns had to be increased from 10 to the
correspondingly larger value. 5 The foll ow ng neasured val ues were
obt ai ned for MAROO Exanple Dynami c ragige (M 4/200 pn) Medium 1l 6.73
Medi um 2 6.98 Medium 3 7.33 Conparative nedium 2.09 The val ues found
for t hgEviaeCaividggs.Show that the urethane acrylate used in the
conparativ | having a refractive index of < 1.5 is scarcely
suitabl e for use in hol ographic nedia, whereas the urethane acryl ates
i n t hel médrepess fprpreparingepistinisalbeymeaiueied aromefciagtiaass, B procass sompgisiag (g sigp of
suitable for the production of hol ographic nedia.

A) reacting one or more aromatic polyisocyanates with

B) one or more isocyanate-reactive compounds having at least one radiation-curable olefinically

unsaturated double bond,

C) one or more isocyanate-reactive compounds which contain no radiation-curable olefinically

unsaturated double bonds,
D) optionally one or more nanoparticulate fillers and
E) optionally one or more stabilizers,

wherein the olefinically unsaturated aromatic urethanes have a refractive index at A = 532 nm of > 1.5
and wherein one or more compounds selected from 9-(2-hydroxyethyl)-9H-carbazole, hydroxy-
methylnaphthalene, N-(2-hydroxyethyl)phthalimide, 2-phenylethanol, (p-chloro)phenylethanol, 2-(p-

chlorophenyl)ethanol, triphenylmethanol and/or naphthalenethiomethanol are used in C).

2. Process according to claim I, wherein one or more compounds selected from the group consisting of
I,4-phenylene diisocyanate, 2,4- and/or 2,6-toluylene diisocyanate, 1,5-naphthylene diisocyanate,
2,4°- or 4,4-diphenylmethane diisocyanate, triphenylmethane 4,4°,4”-triisocyanate and tris(p-
isocyanatophenyl) thiophosphate, one or more secondary products of the abovementioned monomeric
isocyanates having a urethane, urea, carbodiimide, acylurea, isocyanurate, allophanate, biuret, oxadi-
azintrione, uretdione or iminooxadiazinedione structure and mixtures of the abovementioned com-

pounds, are used in A).

3. Process according to claim 1, wherein one or more compounds of the group consisting of acrylates,
methacrylates, maleinates, fumarates, maleimides, acrylamides, vinyl ethers, propenyl ethers, allyl
ethers and compounds containing dicyclopentadienyl units, which have at least one group reactive to-

wards isocyanates per molecule, are used in B).
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-39 - WHAT IS CLAIMED IS: 1. A process for preparing olefinically
unsaturated aromatic urethanes, the process conprising the step of A
reacting one or nore aromati c polyi socyanates with B) one or nore

i socyanat e-reacti ve conpounds having at | east one radiation-curable
ol efinically unsaturated double bond, C) one or nore

i socyanat e-reacti ve conpounds which contain no radiation-curable
olefinically unsaturated double bondsgqgD) optionally one or nore
nanoparticulate fillers and E) optionally one or nore stabilizers,

wher ei p tprb%esela&%famgqahlm p%afewoa& &%&é Bﬁrﬁls Bf 61 RRRESHRNANE ofe-
refractive index at = nmof> 1.5 wher ei n " one or nore

conpoundSYEerEhy 193&’5‘114% M@OXG’EWWGF%?%‘{ W‘)"Y oityl @gryigigy el Wes-caprolactone)
hydr oxy medoyinapdetadsepratacinfizdt higelian wed By lehdibh El%lilhdﬁbﬂa@ryhc acid with glycidyl

2- phenyl ano p 9 o)phenylethanol 2- (pchl or ophenyl ) et hanol ,
trlphenyWWﬂF %@F‘ﬁﬁ B% naphthalenethionethanol are used in C). 2!

Process according to claiml, wherein one or nore conpounds sel ected
f r om t hie Qlgfwispllconginsted agmeaiic ulsthanphabiminabla eccdidingoc yrgnat of clidme i toaind/ or
2, 6-tol uyl ene diisocyanate 1, 5- napht hyl ene dii socyanate, 2,4 - or

4, 4 -dip

4,4 4§-?$?¥§0 y %?g%%%%ﬂ;%?@ &??§€§%%§§@%Lgﬁ§ﬂﬁﬁ%ﬂ?@ghosphate one
or nore secondary products of the abovenenti oned nononeric

i socyanates havi ng a urethane, urea, qsllnide, acyl urea,

i socyanurate, allophanate,biure duﬂi L 3¢, uretdione or

i m nooxadi azi nedi one stru ure i xtures @ e abovenenti oned
conpounds, are used i ~ﬁ% PrQeess  af or dimrg=%to kfin]l, wher ei n
one or nore conpounds of" theggroup c { sting of ac&y at es,

met hanyl ates, nal ei nates, fumarates ei mdes, a am des, vinyl
et hers, propenyl ethers, allyl exher nd conpouﬁ@s céht ai ni ng

di cycl opent adi enyl units, which at |l east oneggroup reactive
towar ds i socyanat es per nnlquLR, dfe used in B). - 40 - 4. Process
according to claim1, wherein one or nore conmpounds of the group
consi sting of 2- hydroxyethyl acrylate, hydroxypropyl acrylate,

4- hydr oxybut}| acryl ate, poly(s-caprol actone) nmono(neth)acryl ates,
pentaerythrityl triacrylate and the reaction product of acrylic acid
with glycidyl nethacryl ate fare used in B). 5. k{)eflnlcally

unsat urated aromatic uP eS £ e~QCe any one of
claims Ito 4. 6. Urethand (net onp;ﬁgnng t | east one
structural unit of theRtgqnuI‘

in which X is oxygen, amino or sulfur and

R comprises at least 30 mol% of olefinically unsaturated hydrocarbon radicals optionally containing
heteroatoms and not more than 70 mol% of hydrocarbon radicals optionally containing heteroatoms,

which are free of olefinically unsaturated groups.



NRXHin which X is oxygen, amno or sulfur and R conprises at

| east 30 nol % of ol efinically unsaturated hydrocarbon radicals
optionally containing heteroatons and not nore than 70 nol % of
hydr ocar bon radi cal s optionally containing heteroatons, which are
free of olefinically unsaturated groups. -41- 7. Urethane
(meth)acrylates according to claim®6, wherein the olefinically
unsat urat ed hydrocarbon radi cals optignal |y containing heteroatons
are ethyl acrylate, propyl acrylate and/or butyl acrylate radicals

and the @Yéﬂlﬁaﬁ&@ﬁe@r@&r}lﬁé’é £r&inORLIN 8 iGNt AbfiAGy BRLERLAAN arboR kAN
are free of finical y unsat ur at ed groups, are hcar bazo

9- et hyl - o3 %P%% éqargamlﬁ%_%qrﬁaéqr@sﬁée et%gqg&lptﬁwhaéryéqﬁ%andfor butyl acrylate radicals
Net hyl phihehé RddRarbbBRdieNes t16ﬁahly l:&ﬂﬁ@gl@ter&aﬂmﬁhmemr@trlsafdffa@ﬂmm unsatu-
and/ or trhﬁhg%¥lnet ane r a}g Ureth th%@ éhﬁtes

accor di nFUFEPHAIREc2prE %%P yhyH F%ﬂa ‘Pﬁ‘?‘(’ﬁm‘it 6pteny! )

t hi ophos Bthﬂbl&hﬂlﬁ’rddeobenkénbﬁ@m&hm t}ﬁdﬂﬁoré)ﬁt‘ﬂylbéhzeﬂel’ahtﬂ/&(lﬁyl&ﬂﬁhethﬂbietridicais.

i socyanat e-reactive conpounds having at |east one radiation-curable

ol ef i n$ C%étyany&%{)é&ﬁ&t%%c%mp%ﬁ cpﬁ?ﬁ‘@l pre%arem f%gcl:tﬁgmsﬁ)-l %ﬁtoBﬁeﬁg@{hﬁg

froma) olefinically unsaturated yrethanes according to clalm
ur et hanePfeqﬁﬁltalé?)aaéfﬂvrlahe@slrrmha@% fh-Blisopyangip wi5 seramit wadignprmmenrds hgyng
an i socy anakseont AL AL ANRNOREALY uRdRtraldd ddibRRE@I Ni ti at or.

9. Holographic media prepared from a) olefinically unsaturated urethanes according to claim 5 or ure-
thane (meth)acrylates of claim 6, b) an isocyanate component, ¢) an isocyanate-reactive component,

and d) a photoinitiator.



