- 1 - TITLE OF THE | NVENTI ON Pol yet her - Based Pol yur et hane Fornul ati ons for
the Production of Hol ographic Media RELATED APPLI CATIONS This application
clainms benefit to European Patent Application No. 08017277.8, filed 5Cct ober
1, 2008, which is incorporated herein by reference in its entirety for al
useful purposes. BACKGROUND OF THE | NVENTI-ON The present invention rel ates
to novel pol yurethane conpositions which are advant ageous for the
production of hol ographic medi alTliLit @F T&E BNYENTHN a st orage, but also for
optical 10applications of different types. In the structure of hol ographic

medi a, as de | i { ' tiop. 1 to i . Ter
| ayer which ggﬁgﬁgﬂpp%dllfél@g g?egééméﬂag%% @rth?rgﬁord ?%‘%"élnﬁ‘éf’g' agl-blggji[%dll%e
pol ymeri zabl e nononers present in uniformdistribution therein. This matrix

pol ymer may be pol yur et hane- basRELATED APPLER&TEINStarti ng from
| socyanat e-functional materials which 15are crosslinked with polyols, such

as polyethers or polyesters, with urethane formation. US 6,743, 552, US
6, 765, 061 dhis applicatipgelams banafitite EurapeanyRatensrA pphisatiprAo AR01 7258, fided use i n
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Some of th(p gepul ati ons descri bed there contain PPO having a | ow nol ar mass
(Mh < 1000 g/nmol) as a mxture 20 with poly(THF), also having nolar masses
up to Mh < 1500 g/nol. A very simlar approach is described in JP 2008015154

A 20080124. Here, the matri BALESCROUNY Gy BHEINVENIhal i socyanates and
m xtures of poly(THF) and trifunctional PPO Likew se, US 2003044690 Al

20030306 d ' . . S ' 0,
besmodur (1) TRPIS0S BrHS PINEE|T st SotilelFRhe bimpd R RABEME ldfhgdbid

gl ycerol, 2&rthaptodgctivh dfrhoddgrdfidmetiia, mekdialia 6ot datastoridge BRSO Ay bphcal 0080327,
pol yet her-based PU matrices having relatively high Tg values (> 30C) are
used fdP heprplifatipns of differeat types- WO 2008029765 Al 20080313, pol yester- and
pol ycar bonat e- based pol yol s are used as

In the structure of holographic media, as described in US 6,743,552, information is stored
in a polymer layer which substantially comprises a polymer matrix and very special
polymerizable monomers present in uniform distribution therein. This matrix polymer may
be polyurethane-based. It is prepared starting from isocyanate-functional materials which

15  are crosslinked with polyols, such as polyethers or polyesters, with urethane formation.

US 6,743,552, US 6,765,061 and US 6,780,546 disclose polyether-based PU matrices for
use in holographic media, which are substantially based on trifunctional polypropylene
oxide (PPO) and mixtures of poly(THF) with trifunctional PPO. Some of the formulations
described there contain PPO having a low molar mass (Mn < 1000 g/mol) as a mixture

20  with poly(THF), also having molar masses up to Mn < 1500 g/mol. A very similar
approach is described in JP 2008015154 A 20080124. Here, the matrix was formed from
difunctional isocyanates and mixtures of poly(THF) and trifunctional PPO. Likewise,
US 2003044690 A1 20030306 describes the synthesis of a PU matrix from Desmodur®
N 3400, Desmodur® N 3600 or Baytec WE-180 and a trifunctional PPO based on glycerol,

25  having an Mn of 1000. In addition, in JP 2008070464 A 20080327, polyether-based PU
matrices having relatively high Tg values (> 30°C) are used for holographic media. In
WO 2008029765 A1 20080313, polyester- and polycarbonate-based polyols are used as
components for polyurethane matrices for volume holograms and holographic media.
WO 2005116756 A2 20051208 describes low-Tg polyurethane matrices based on a

30  mixture of polyesters and Surfynol 440 (Air Products and Chemicals, Inc., Allentown,



components for pol yurethane matrices for volunme hol ograns and hol ographic
medi a. WO 2005116756 A2 20051208 descri bes | ow Tg pol yuret hane natrices
based on a 30 m xture of polyesters and Surfynol 440 (Air Products and

Chem cals, Inc., Allentown, - 2 - USA), .a polyether with al kynedi ol starter
for enbossed hol ograns. Furthernore, thé“patents JP 2007101743, JP
2007086234, JP 2007101881, US 20070077498 and US 20070072124 descri be the
use of di- USdeh 2 POl e&w&halkyaeﬁlglpﬁtmé@rr@wﬁedjﬂq%%re@ﬁnecti on with PU
matrices in the area of hol ographic data 5 nenories or as "vol une-type

hol ographi guARthfRl, (heEGREL b#743, TPQ00 ARBY$413P200PIARRENt Used there
was di cycl oHexyrrr%et’hane Afﬂ4m5??§ocyaﬁate ("H12- I\’/gFQ) or a prepolyner of the
abovenent i &rse200760PH98and US 200500 1Q4 describa thewsepif ds-aand érififnctiondl but anedi ol
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to "HLl2- VDL t e " : : Lk ional 15
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and wr i ti n§avipaamEmbesavesgednelpr magy{Mmef 606 gmmal avas, usedas? ehain extondgrandat i on
of the matr] ol & ' ' i hig : e matrix
pol yrrer wi ¢haator ETHIZMER. 1RERERRpS RS, ARRCWACHRE R, A difBliodd

f or nul asi opslyptislyleak WRitde ikeombhEliedwitihekdesthylese difsoty2atepndee Trsmgdirasons,
it is of interest to ensure that m xing and provision of the fornul atiagns

are as_si mpl380Bavapdeseribpdin he patentIFotR0727958ke4s matex eratarial E thopreeuction of he
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However, a disadvantage of the known polyurethane-based systems, in particular for

optical applications outside digital data storage, is that the achievable brightness of the

20  holograms stored in such media is too low. The reason for this is in general that the relative
difference between the refractive indices of polyurethane matrix and writing monomer is
too small. On the other hand, an arbitrary variation of the matrix polymer is not possible
since good compatibility of the matrix polymer with writing monomer and the further
components present in the formulations must always be ensured. Furthermore, for

25  processing reasons, it is of interest to ensure that mixing and provision of the formulations

are as simple as possible to carry out.

It was therefore an object of the invention to provide novel polyurethane compositions
which permit a better contrast ratio and improved brightness of the holograms without

sacrifices with respect to the compatibilities of matrix polymer and writing monomer.

30 It has now surprisingly been found that the abovementioned requirements can be met if

special polyether polyols are used for synthesizing the matrix polymer.



30 It has now surprisingly been found that the abovenentioned requirenents
can be net if special polyether polyols are used for synthesizing the matrix
polymer. - 3 - EMBODI MENTS OF THE | NVENTI ON An enbodi nent of the present

i nvention is a pol yurethane conposition-@onprising A) a polyi socyanate
conponent; B) an isocyanate-reactive conponent conprising at |east 50 % by

wei ght, 5 based on the totgMBOPIMENTS &) THH NavEQTKS her pol yol B1l) having
a nunber average nol ecul ar wei ght of greater than 1000 g/ nol and conpri sing

one or nore oxyal kyl ene units of formul ae il), (re)y, (rrry,  CH2-CH2-0-(1)
C112- CH( R) Am-qmbodimentofitheqpipsent uventiqn is p)jpolsivesthane dompapitiah kgmpysingr y|

radi cal, wherein said alkyl or aryl radical is optionally substituted and/or
optional |y inte)upt agpobyismylnetecoaparnt; C) a conpound free of NCO groups

whi ch conprises a group that reacts under 15the action of actinic radiation

with ethyl enicaB)y uafiaody@iatireabtifRushtbon¥itoRPriviNglat East 0 bPwdigiee radi cal
stabilizers; E) photoinitiators; )
5 based on the total amount of B), of a polyether polyol B1) having a number

average molecular weight of greater than 1000 g/mol and comprising one or

more oxyalkylene units of formulae (I), (II), (III),
-CH,-CH,-O- @
-CH,-CH(R)-O- an
10 -CH,-CH,-CH,-O-  (III)
wherein

R is an alkyl or aryl radical, wherein said alkyl or aryl radical is

optionally substituted and/or optionally interrupted by a heteroatom;

) a compound free of NCO groups which comprises a group that reacts under
15 the action of actinic radiation with ethylenically unsaturated compounds via

polymerization;
D) free radical stabilizers;
E) photoinitiators;
F) optionally catalysts; and
20 G) optionally auxiliaries and additives.
Another embodiment of the present invention is the above polyurethane composition,

wherein A) comprises a polyisocyanate and/or a prepolymer based on HDI, TMDI, and/or
TIN.

Another embodiment of the present invention is the above polyurethane composition,
25  wherein A) comprises a polyisocyanate based on HDI with isocyanurate and/or
iminooxadiazinedione structures or a prepolymer having an NCO functionality of from 2

to 5 and exclusively primary NCO groups.

Another embodiment of the present invention is the above polyurethane composition,



F) optionally catalysts; and 20Goptionally auxiliaries and additives.

Anot her enbodi nent of the present invention is the above pol yuret hane
conposition, wherein A) conprises a polyisocyanate and/or a prepol yner based
on HDI, TMDI, and/or TIN. Another enbodi-dent of the present invention is the
above pol yuret hane conposition, 25 wherein A) conprises a polyisocyanate

based on Hihewid A) haos yeaitluaPéontenn Of fibe MBhOAONATIbEZINRR Gf Q€ tihl(S byes or a
prepol ynmer having an NCO functionality of from2 to 5 and exclusively

primary NC®eighbups. Anot her embodi ment of the present invention is the above
pol yur et hane conposition, - 4 - wherein A) has a residual content of free

monomer i ¢ 1,506x.a Qx{%})gdi?l{enk §§t§e ;Ee%gn&n\%féhgx 15)['@5 IBlve CP,%‘}(’)A‘E%‘Q‘% co‘?r\qlgzoggfoﬁﬁ nt of

the present Invention 1s ove polyuréethane ¢ on,; rerh said

pol yet her Réleyedh sl pBkthBasolRel HBY) &@e arl il drafeadH doadtiohylit9fof Fioain .8 18400 4.0 5
and a nunber average nol ecul ar wei ght of from 1000 to 8500 g/ nol. Modther
enbodi nmént apd a npmber asEage moloatar wrightolfiem L0 te 8580 gmelt hane conpositi on,
wherein Bl) conprises a pol yether polyol based on propyl ene oxide, a random

bl ock . i i . id
having a pr Sy BotBERRf SRR ERRIEenth B bbot ol irpehe dopfidtiohn", G5 9
and/ or a peihetdin BMetdtiipivee a@olydther pdl§oMsbdon propottngerideod randemr dfeRt

invention is the above pol yuret hane conposition, wherein sajid polyether
pol yol of PRepolymer basedpn acapyleacioniiewiippfirtser 1-alkylens oide Iemingarapgrtion

wnerei nsachne s ARG 1 By EELhOR 1 AR BB aBRL SRS PRIm AR, o

1.55. Mot her enbodi ment of the present invention is the above pol yuret hane

conposiipi omnoiter vhbodinientH 1 the Prisidaventivh &f thaabowrgiofyrtthad ebnigoshion] et hane
met hacryl ate based on an aromatic isocyanate and 2-hydroxyethyl_ acryl ate,

hydr oxypr opyhere said apkyethgr polyelnfBilthes a sefragtivg mdepapy Of Isss thae 16X de

nono( et h) acryl ate, pol ypropyl ene oxi de nono(neth)acryl ate, pol yal kyl ene
oxi de nmono( . / . {(S¢ t tﬁggaoé:mg; yacryl ate.
20 Yet anot@&ﬁ%gﬁ%?@%ﬁ% Ogt?‘glp ﬁéée%rlg\géednl%) f ?%@é%%‘?\%ﬁ A proce So@%t%?i
produci ng Regicin fad coppound sRC)Mias uatfrivvive fidermpt afigrdasdiriigan( 1135.appl yi ng t he
above pol yurethane conposition to a substrate or in a nould and (2) curing
sai d pol yur et hane %orr,posi tion. Yet .another 'ﬁrrbodi ment of the present

i nventi on ARoihergmbadinent of the preseridnyandion s the pbrjieedy BrtharcEMRositioRe above

process of vﬁle?éiﬁ'b) comprises a urethane acrylate and/or a urethane methacrylate based on an
aromatic isocyanate and 2-hydroxyethyl acrylate, hydroxypropyl acrylate, 4-hydroxybutyl
acrylate, polyethylene oxide mono(meth)acrylate, polypropylene oxide
mono(meth)acrylate, polyalkylene oxide mono(meth)acrylate, and/or a poly(e-

caprolactone) mono(meth)acrylate.

20  Yet another embodiment of the present invention is a process for producing media for
recording visual holograms comprising (1) applying the above polyurethane composition

to a substrate or in a mould and (2) curing said polyurethane composition.

Yet another embodiment of the present invention is a medium for recording visual

holograms produced by the above process of claim.

25  Yet another embodiment of the present invention is an optical element or image comprising

the above medium.

Yet another embodiment of the present invention is a method for recording a hologram

comprising exposing the above medium.



25 Yet anot her enbodi nent of the present invention is an optical elenment or
| mge conprising the above nedium Yet another enbodi nent of the present
invention is a nethod for recording a hol ogram conpri si ng exposi ng the above
medi um -5- DESCRI PTION OF THE | NVENTI G -The invention therefore relates to
pol yur et hane conpositions conpri Sing A) a pol yi socyanate conponent, B) an
i socyanat e-reacti ve conponeMESCRIFTIONQF dHHH BYEENFIONby wei ght, based on
5the total anount of B), of polyether polyols B 1) wth nunber average

I I i ghts,. t t 009 a/pol, which.h .
oxyal Kyl end ERt g FRIREor SARP KoPlrytelgns rotmhotictSSeBSot or i a (1)
-CH2-CH(R)-0-formula (1) 10-Cl112-CH2-CH2-0- forrmula (l111) in which is an

al kyl or aryl AnadipeBlisodpartale cotporeity be substituted or may be interrupted by
het er oat ons (such as ether oxygens) C) conpounds whi ch have groups

reacting under _the action of actinic radiation with 15ethylenically
unsat urat ed c&ipauif@syatatehrepdsiveraoripoaent samprisia at least-S0r bnyeiphb bpsed oiind ar e

thensel yes free a{e tN%PaJ%B%po%’B), of polyether polyols B1) with number average molecular
weights greater than 1000 g/mol, which have one or more oxyalkylene units of the

formulae (I) to (III),
-CH,-CH,-O- formula ()
-CH,-CH(R)-O- formula (II)

10 -CH,-CH;,-CH,;-O- formula (IIT)
in which

R is an alkyl or aryl radical which may also be substituted or may be

interrupted by heteroatoms (such as ether oxygens)

C) compounds which have groups reacting under the action of actinic radiation with
15 ethylenically unsaturated compounds with polymerization (radiation-curing

groups) and are themselves free of NCO groups,
D) free radical stabilizers
E) photoinitiators
F) optionally catalysts
20 G) optionally auxiliaries and additives.

“Active radiation” is understood to mean electromagnetic, ionizing radiation, in particular
electron beams, UV radiation and also visible light (Roche Lexikon Medizin, 4th edition;

Urban & Fischer Verlag, Munich 1999).
Typical polyurethane compositions comprise:

25 510 93.999% by weight of the components B) according to the invention,



D) free radical stabilizers E) photoinitiators F) optionally catal ysts
20G) optionally auxiliaries and additives. "Active radiation” is understood
to mean el ectromagnetic, ionizing radiation, in particular electron beans,
UV radiation and al so visible Iight (Roci@e Lexi kon Medi zin, 4th edition;
Urban & Fischer Verlag, Munich 1999). Typical pol yurethane conpositions
conpri se: 25%0 66%thy Waghoxomponeitgh)t of the conponents B) according to the
invention, - 6 - 1 to 60% by weight of conponent A), 5 to 70% by wei ght of

t he conponent ,,.0.001 to 10% by weight of photoinitiators E), 0 to 10% by
wei ght of gg%g@’ﬂ‘@%’gﬁ%@gg‘? ?‘?%%?nﬁ}f 5 0 to 4% by wei ght of catalysts F),

0O to 70% by weight of auxiliaries and additives G. Preferably, the

pol yur et haog)oq:(@@p@%ig}j\paéh‘a&?%g}iﬂgaﬁg ghe invention conprise 15 to 82.989%
by wei ght of the conmponents B) according to the invention, 2 to 40% by

wei ght of conponent A), 10 15 to 70% by wei ght of the conponent C), 0.01 to
7. 5% by welddil 0Brbypheighi ofiftaeaadical s@bjlizers D),

5 0to 4% by weight of catalysts F),

0 to 70% by weight of auxiliaries and additives G).
Preferably, the polyurethane compositions according to the invention comprise
15 to 82.989% by weight of the components B) according to the invention,
2 to 40% by weight of component A),

10 15 to 70% by weight of the component C),
0.01 to 7.5% by weight of photoinitiators E),
0.001 to 2% by weight of free radical stabilizers D),
0 to 3% by weight of catalysts F),
0 to 50% by weight of auxiliaries and additives G).

15 Particularly preferably, the polyurethane compositions according to the invention comprise
15 to 82.489% by weight of the components B) according to the invention,
2 to 40% by weight of component A),
15 to 50% by weight of the component C),
0.5 to 5% by weight of photoinitiators E),

20  0.01 to 0.5% by weight of free radical stabilizers D),
0.001 to 2% by weight of catalysts F),

0 to 35% by weight of auxiliaries and additives G).



0.001 to 2% by weight of free radical stabilizers D), 0 to 3% by wei ght of
catalysts F), 0 to 50% by weight of auxiliaries and additives G . 15
Particularly preferably, the pol yurethane conpositions according to the

i nvention conprise 15 to 82.489% by wei ght- of the components B) according to
the invention, 2 to 40% by wei ght of conponent A), 15 to 50% by wei ght of

t he conpon&nitatly cop&uride ob thelppl yisicgiratotonpiumieni A) dreatlaliphifc, cAdaaliPhaticy 0. 5%

by weight of free radical stabjljzers D), 0.001 to 2% by wei ght of catalysts
F), 0to 33%%1%@@1%?1%%0 20 frisocuanalEs knapainer e thg pérsan skilleddpitheitt.o
conpounds gf r&emﬁ’rﬂ | | |

cycl oal i ph(i.a)[tbies:, aro bﬁf{tz?@%%i?ﬂfg? 216?3’?1%??@9%‘64\)’%%{5%? S:ql)il}ps}gjlg fglr%g%%gr%ovm per se
t o the per pbosgshé-freepracessedrdn addition, tthdelatiyelyri gipoolegnlar wieeghihsecondey wer e

obt ai ned by neans of phosgenati on or by phosgepe-free processes. .In

addi tion, PrRIuFie(algoeen pgliygﬁqcma@émfgpmfmﬁm&s@'5{5%&}%90%%3%{1&a( ol i go-
and polyis t ' - @d}gﬁ trid '

ur et hane, 3%%#‘%‘3?%53%‘1%%2&3@?@?’&%, .s‘gétﬁa%lhd#’g@ éal ogﬁgﬁdé%ig‘?et it et,
oxadi azi neurdtdiose oninghebxadmzimedione stotrd) wiich sehioadary productsiare welktkinohm

secondary products are |l known per se to the person skjilled in the art,
can al so b&eEde therpeéw\rﬂﬁ'f(éh@génrt caualse e uyed;1p eaghycase indiyidaally arin ame

anot her. 1Q. ﬁfB! e L.t abl e nononeric di- or triisocyanates are
but yl ene d%lgfgg?gﬁa e,e %lé))%{aé#fet hyl ene diisocyanate (HDI), isophorone

di i socyanate (IPD), trinethyl hexanethyl ene diisocyanate (TM),
1, 8- di i180oc Fanedample, sqitshide yronainerie il jriilsécyarates &e byl disddyndatd, 8- oct ane
di i socyanate (TI 2.4- and/or 6-t ol uene_ dii socyﬁnat e. 15 Al so possible

) . 2
i's the usehexameéb'}l)éwfhtsecmﬁ@t(m&lsqmwpgﬁﬁcha%% R&Lr et hane, al | ophanat e
or Di uret %r"ixh&ﬁﬂﬁ%?aﬁn&ﬁyl‘ég%%@ aféf('[m?gg%is@%?’angtﬁ-ﬁan be obtained in a
per se I'ng the’a

manner known we y rea ovenentioned di-, tri- or
pol yi socyafisdbsanitdmethybsstaie, isbcharthicamathylor,8-astane dfisovginabn@ING @pamdde. Any
unreacted starting i socyanate can then be renpoved in order to obtain
| ow monome-Siobise disocyarateiccel erating the prepol ymer
15  Also possible is the use of isocyanate-functional prepolymers having urethane, allophanate
or biuret structures as compounds of component A), as can be obtained in a manner known
well per se by reacting the abovementioned di-, tri- or polyisocyanates in excess with
hydroxy- or amino-functional compounds. Any unreacted starting isocyanate can then be
removed in order to obtain low-monomer products. For accelerating the prepolymer

20  formation, use of catalysts well known to the person skilled in the art per se from

polyurethane chemistry may be helpful.

Suitable hydroxy- or aminofunctional compounds for the prepolymer synthesis are
typically low molecular weight short-chain, aliphatic, araliphatic or cycloaliphatic diols,

triols and/or higher polyols, i.e. containing 2 to 20 carbon atoms.

25  Examples of diols are ethylene glycol, diethylene glycol, triethylene glycol, tetracthylene
glycol, dipropylene glycol, tripropylene glycol, 1,2-propanediol, 1,3-propanediol, 1,4-
butanediol, neopentylglycol, 2-ethyl-2-butylpropanediol, trimethylpentanediol,
diethyloctanediol positional isomers, 1,3-butylene glycol, cyclohexanediol, 1,4-
cyclohexanedimethanol, 1,6-hexanediol, 1,2- and 1,4-cyclohexanediol, hydrogenated

30  bisphenol A (2,2-bis(4-hydroxycyclohexyl)propane), 2,2-dimethyl-3-hydroxypropyl 2,2-
dimethyl-3-hydroxypropionate.



20 formation, use of catalysts well known to the person skilled in the art
per se from pol yurethane chem stry may be hel pful. Suitable hydroxy- or
am nof uncti onal conpounds for the prepolyner synthesis are typically | ow
nol ecul ar wei ght short-chain, aliphatic,-8araliphatic or cycloaliphatic

diols, triols and/or higher polyols, i.e. containing 2 to 20 carbon atons.
25Exanpl es EQamflied b siitableatiblsl e 1@ingdtir@iolethadle atifi¢tBMap@p¥todr, glyderslt Hyitadle
gl ycol, tetraethylene glycol, dipropylene glycol, tripropylene glycol,

di
1, 2-pr opanbtﬁhé‘l'f“nﬂit}@ﬁbﬁl?phﬂéé?edhfnnl‘?t lolprananedieataeryiiaipb dinentpepyahyitol or
2-ethy|-2-gﬂ%ﬁ5propanedioI, trimet hyl pent anedi ol , di et hyl oct anedi ol
positional "i'soners, 1,3-butylene glycol, cyclohexanediol, 1, 4-
cycl ohexanedi net hanol , 1, 6- hexanediol, 1,2- and 1, 4-cycl ohexanedi ol ,

hydr ogenat @dlafifelpihsghhmplecular waight dliphade hydicyatoatiphaticsolydl3, Buckpanslyester
2, 2-di met hyl- 3- hydr oxypropyl 2, 2- dinethrl-B-h dr oxypr.opionate. - 8 -
Exanpl ed oPolyals; Balyether nalyals.polycarhonate mlvelse hydasy-functinpal Rerydic sesisane or

gl ycerol . | | i ' C : Ry nopane,

pent aer yt hrﬁwth{())?p .%Sﬁ%’j’ré’}’é‘#ﬂﬁﬁegm@@éﬁ@g?ﬂﬁ@a%‘%’e’ﬁg' ar%{dﬁéﬁ%e? O%r% ecul ar
wei ght al i phisdidsqchRéngipcllexakdndigdnie [RempP ChemissLeksconf I pages 495-4660 1 il s,

pol yet her pol yols, polycarbonate polyols, hydroxy-functional acrylic resins,
hydr oxy- f uRdition 4298, Sigoygrl biemen¥erlag peitaast) arg alsoiseialle.epoxy resins or
correspondi ng hybrids (cf. Ronmpp Lexi kon Chemie [Riinpp Chem stry Lexicon],

o rabt o arsudPbloh Yhed S B arroRh: SARET A AR poB At BRI L 22,

pol yestigr @tephfed iR kadwn Peanher Ro@REPRAic] eyoaoéﬁFsﬁm srene@atid dioat al i phati c,
cycloaliphatic or aromatic di- or polycarboxylic acids aqr their anhydrides,
such as, f oplyeskempylic acidsarithgicanhypdess such aéd%pﬁ)&mﬂi%rﬁéwlél,c, glutsaiei adipigzel ai c,
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n gher 201y onal RELRL S, Uiy R ARORRSR), ElligiRke
al so sui t ahle-@eLleddY OF intxtates BRA0TF, dpfionhlewith concomitant use of higher
20  functional polyols, such as trimethylolpropane or glycerol. Of course, cycloaliphatic and/or
aromatic di- and polyhydroxy compounds are also suitable as polyhydric alcohols for the
preparation of the polyester polyols. Instead of the free polycarboxylic acid, it is also
possible to use the corresponding polycarboxylic anhydrides or corresponding
polycarboxylates of lower alcohols or mixtures thereof for the preparation of the

25  polyesters.

Polyester polyols also suitable for the prepolymer synthesis are homo- or copolymers of
lactones, which are preferably obtained by an addition reaction of lactones or lactone
mixtures, such as butyrolactone, e-caprolactone and/or methyl-g-caprolactone, with
suitable difunctional and/or higher-functional initiator molecules, such as, for example, the
30  low molecular weight polyhydric alcohols mentioned above as synthesis components for

polyester polyols.

Polycarbonates having hydroxyl groups are also suitable as a polyhydroxy component for



preparation of the polyester polyols. Instead of the free pol ycarboxylic
acid, it is also possible to use the correspondi ng pol ycarboxylic anhydri des
or correspondi ng pol ycarboxyl ates of |ower al cohols or m xtures thereof for
the preparation of the 25pol yesters. Pol4fester polyols also suitable for the
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diaminobenzene, diaminobisphenyl, triaminobenzene, difunctional, trifunctional and

® amine-terminated

20  higher-functional polyamines, such as, for example, the Jeffamines
polymers having number average molar masses up to 10 000 g/mol or any mixtures thereof

with one another.

Preferred prepolymers are those based on the abovementioned synthesis components

having urethane and/or allophanate groups with number average molecular weights of 200
25  to 10 000 g/mol, preferably with number average molecular weights of 500 to 8000 g/mol.

Particularly preferred prepolymers are allophanates based on HDI or TMDI and di- or

trifunctional polyether polyols having number average molar masses of 1000 to

8000 g/mol.

It is, if appropriate, also possible for the isocyanate component A to contain proportionate
30 amounts of isocyanates which are partly reacted with isocyanate-reactive ethylenically
unsaturated compounds. o,B-Unsaturated carboxylic acid derivatives, such as acrylates,

methacrylates, maleates, fumarates, maleimides, acrylamides, and vinyl ether, propenyl



25 to 10 000 g/ nol, preferably with nunber average nol ecul ar wei ghts of 500
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w'th | sooy ArdedSalh e MANEGrUGR b st Nes IFESSgReE ar 11 cul arl y
preferablyjdaRdoles, pyrazoles and amines, such as, for example, butanone oxime,
diisopropylamine, 1,2,4-triazole, dimethyl-1,2,4-triazole, imidazole, diethyl malonate,
acetoacetates, acetone oxime, 3,5-dimethylpyrazole, e-caprolactam, N-tert-
25  butylbenzylamine, cyclopentanonecarboxyethyl ester or any mixtures of these blocking

agents.

Polyisocyanates and/or prepolymers of the abovementioned type based on HDI, TMDI
and/or TIN are preferably used in A).

Polyisocyanates based on HDI with isocyanurate and/or iminooxadiazinedione structures

30  are particularly preferably used.

The use of prepolymers, preferably having NCO functionalities of 2 to 5, particularly
preferably those having primary NCO groups, is likewise particularly preferred. Examples



of such prepolyners are all ophanates or urethanes or m xtures thereof,
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pol yet her polyols are, for exanple, the polyadducts of styrene oxides,
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3 methyl-1/5 nt anedi ol ecari edi ol
adducts and graft products and the polyether polyols obtained by condensation of

polyhydric alcohols or mixtures thereof and the polyether polyols obtained by alkoxylation

of polyhydric alcohols, amines and amino alcohols.

These are obtainable, for example, via an addition reaction of the abovementioned cyclic

20  ethers with NH- or OH-functional initiator molecules.

Suitable initiator compounds having Zerewitinoff-active hydrogen atoms generally have
functionalities of 1 to 8. Hydrogen bonded to N, O or S is referred to as Zerewitinoff-
active hydrogen (sometimes also known as “active hydrogen”) if it gives methane by
reaction with methylmagnesium iodide by a process discovered by Zerewitinoff. Their

25  molar masses are 60 g/mol to 1200 g/mol. In addition to hydroxy-functional initiators, it is
also possible to use amino-functional initiators. Examples of hydroxy-functional initiator
compounds are methanol, ethanol, 1-propanol, 2-propanol and higher aliphatic monools, in
particular fatty alcohols, phenol, alkyl-substituted phenols, propylene glycol, ethylene
glycol, diethylene glycol, dipropylene glycol, 1,2-butanediol, 1,3-butanediol,

30  1,4-butanediol, hexanediol, pentanediol, 3-methyl-1,5-pentanediol, 1,12-dodecanediol,



- 12 - glycerol, trimethylol propane, triethanol am ne, pentaerythritol,
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25  number of 150 to 1200 mg KOH/g is reached and then optionally adjusted to the

abovementioned alkoxylate contents of 0.05 to 50 equivalent% by addition of further alkali
metal or alkaline earth metal hydroxide and subsequent dewatering. Polymeric alkoxylates
prepared in this manner can be stored separately under an inert gas atmosphere. They are
particularly preferably used when the amount of low molecular weight initiator in the

30  preparation of long-chain polyols is not sufficient to ensure sufficient thorough mixing of
the reaction mixture at the beginning of the reaction. Furthermore, certain low molecular
weight initiators tend to form sparingly soluble alkali metal or alkaline earth metal salts; in

such cases, the upstream conversion of the initiator by the process described above into a



oxi de or 2,3-butylene oxide and styrene oxide. Propyl ene oxide, ethylene
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reaction cagit-biraisl), adsordo@ehiroal pollyeththigavalpseimster ateragsmbleenlar Geighhig@iet nert
organi ¢ sol vent, such as toluene and/or THF. The anmpbunt of solvent is

usual | ¥010 thas 590w/ mgl e adricalgyampleon t he anount of the pol yether polyol to
be prepared. Al so suitable as polyether polyols Bl) are trimnethyl ene oxides

2002/ 07043 R e AR hed Phyistbp Kl fiee e alert BRI JroB G E R0 HRUR AR, o
1, 3- pr opanedd alixtafes tigedfNTHe synthesi¥of Hed polyRohatthaiak 8ynalkiodlylation can be carried
out, for example, only with one monomeric epoxide or randomly or blockwise with 2 or 3
different monomeric epoxides. Further information can be obtained from "Ullmanns
25  Encyclopédie der industriellen Chemie [Ullmann’s Encyclopaedia of Industrial

Chemistry]", English language edition, 1992, volume A21, pages 670 - 671.

Preferably used initiator compounds having active hydrogen atoms are compounds having
molecular weights of 18 to 2000 g/mol and 1 to 8 hydroxyl groups. The following may be
mentioned by way of example: ethylene glycol, diethylene glycol, triethylene glycol, 1,2-
30  propylene glycol, 1,4-butanediol, hexamethylene glycol, bisphenol A, trimethylolpropane,

glycerol, pentaerythritol, sorbitol, cane sugar, degraded starch or water.



28 (1985), p. 444-449, by ring-opening polynerization of cyclic ethers. In
Bl), conpounds of the sane type or m xtures of a plurality of different
conmpounds, which in each case have the required structural feature, can be
used. Preferred pol yether polyols Bl) whith are essential to the invention
are those of the 20 abovenenti oned type excl usively based on propyl ene oxide
or random dhokd initlatarapaippredswhiak dalveoactive bpdriogereatomis dad wietdpreparedydor

1-al kyl ene oxides, the proportion of 1-alkyl epe oxide bejng not higher than
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copol yner s toR0@hg/hmel eremdyetthgdoasly, usekypr opyl ene and/ or oxybutyl ene units are
particularly preferred, the proportion of the oxypropylene units, based on
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to 8500 g/ nol and ver articularly preferably OH functionalities of 1.9 to
3.1 and nu%g}er%tg@é 4%?@%@@@%}1%@@@%\%@ I§IBPEHYEFS GF nBIto Po-Rspts

pol yet her : ed;gﬁrg | :
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parti cular Ibg cpmriefl@utin the abskndé/of sl famt dhimrandoers targandnscdveit, subke as toluene

i socyanat e-reactjve_conponent, B), all nd/ NH-f.uncti onal conpounds
known to tﬁ@ggé&%ﬁﬁ&gﬁpw 4 solv e Taproalty 1058 30%ady %gﬁiz%@e@weé%e Uity
particul ar @is rfd‘u)% | | pol yet her pol yols, which do not obey
the formul ggl&tel ! 8@{?)‘8%01%%%@1’8@@ pol yol s, polycarbonate polyols, honp-

or copolymers of |actones, 10 hydroxy- or am nefunctional polyacrylic resins
and pol yanmAlsssuitblehaspelyefher pelyalyB lg ard tiimedleflémnoxides(acyordingad iemmula (111),

am ne-term nated poly s and (.pl ock rs or, m r thereaf. If

m Xt ures ofWr]'B‘i}) arg,qgtag%%ieap%gﬁgégeq " @ S&%?(ﬁog'ga%ll @%ﬁ@@&é? g 8debpecidei ght of
Bl) and:<not 9 h ah i | Qs r | east
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parti cul ar 28 (p985)ep. 3k 44900 sihy-opaiighpolgfeBigtioaret cysdadethdrs.ef er abl y,
conpounds having a refractive index n020> 1.55, particularly preferably >
1.58, are b5 %q ),Ic?)m%)oimds of the same type or mixtures of a plurality of different compounds,

which in each case have the required structural feature, can be used.

Preferred polyether polyols B1) which are essential to the invention are those of the

20 abovementioned type exclusively based on propylene oxide or random or block
copolymers based on propylene oxide with further 1-alkylene oxides, the proportion of
1-alkylene oxide being not higher than 80% by weight. In addition, poly(trimethylene
oxides) according to formula (III) and mixtures of the polyols mentioned as being
preferred are preferred. Polypropylene oxide homopolymers and random or block

25  copolymers which have oxyethylene, oxypropylene and/or oxybutylene units are
particularly preferred, the proportion of the oxypropylene units, based on the total amount
of all oxyethylene, oxypropylene and oxybutylene units, accounting for at least 20% by
weight, preferably at least 45% by weight. Here, oxypropylene and oxybutylene comprises

all respective linear and branched C3- and C4-isomers.

30 Such polyether polyols B1) of the abovementioned type preferably have average OH
functionalities of 1.5 to 6 and number average molecular weights of 1000 to 18 500 g/mol,



I n conponent C), conpounds such as a, 13-unsaturated carboxylic acid
derivatives, such as 20 acrylates, nethacrylates, naleates, funarates,

mal ei m des, acrylam des, and furthernore vinyl ether, propenyl ether, ally’
et her and conpounds cont ai ni ng di cycl opeh?adi enyl units and olefinically
unsat urated conpounds, such as, for exanple, styrene, a-nethylstyrene,
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2,4,6-trichlorophenyl acrylate, 2,4,6-trjchlorqophenyl .5 nethacryl ate,
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2- napht Kyl Jgﬁf@rﬁin&zﬁ;gryoth{ggﬁpmw Yners gng (bloc):/k% copol))/'mersyor mixtures y

101, 4- bi s( zzﬁetrgafonapht hyl) 2- butyl acrylate, 1,4-bis(2-thionaphthyl)-2-butyl
nmet hacryl at'e,

propane- 2, 2-di yl bi s[ (2, 6-di brono-4, 1- phenyl ene) oxy(2-{[3,3,3-tris(4-

chl or ophenyf mixtoreaodBI ] adyBPy e asdddn B),Iprdfeydbdx gtcledisn 86%ahyl welightldf Bl )aad ynbat e,
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uret hane a@lyhatwedcan al so be used as conponent C). Urethane acrylates are
under st ood as neani ng conmpounds havi ng at | east one acrylic ester group
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In component C), compounds such as a,p-unsaturated carboxylic acid derivatives, such as
20  acrylates, methacrylates, maleates, fumarates, maleimides, acrylamides, and furthermore
vinyl ether, propenyl ether, allyl ether and compounds containing dicyclopentadienyl units
and olefinically unsaturated compounds, such as, for example, styrene, a-methylstyrene,
vinyltoluene, olefins, such as, for example, 1-octene and/or 1-decene, vinyl esters,
(meth)acrylonitrile, (meth)acrylamide, methacrylic acid and acrylic acid can be used.

25  Acrylates and methacrylates are preferred.

In general, esters of acrylic acid or methacrylic acid are designated as acrylates or
methacrylates. Examples of acrylates and methacrylates which can be used are methyl
acrylate, methyl methacrylate, ethyl acrylate, ethyl methacrylate, ethoxyethyl acrylate,
ethoxyethyl methacrylate, n-butyl acrylat, n-butyl methacrylate, tert-butyl acrylate, tert-
30  butyl methacrylate, hexyl acrylate, hexyl methacrylate, 2-ethylhexyl acrylate, 2-ethylhexyl



Exanpl es of isocyanates which can be used for this purpose are aromati c,
araliphatic, aliphatic and cycloaliphatic di-, tri- or polyisocyanates. It
is also possible to use m xtures of such di-, tri- or polyisocyanates.
Exanpl es of suitable di-, tri- or polyisbeyanates are 25 butyl ene

di i socyanat e, hexanet hyl ene diisocyanate (HDI ), isophorone diisocyanate
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cyclohexylene diisocyanate, the isomeric cyclohexanedimethylene diisocyanates, 1,4-
30  phenylene diisocyanate, 2,4- and/or 2,6-toluene diisocyanate, 1,5-naphthylene
diisocyanate, 2,4’- or 4,4’-diphenylmethane diisocyanate, 1,5-naphthylene diisocyanate,

triphenylmethane 4,4’ 4’’-triisocyanate and tris(p-isocyanatophenyl) thiophosphate or

derivatives thereof having a urethane; urea, carbodiimide, acylurea, isocyanurate,



- 18 - Compounds particularly preferably to be used as conponent C are

uret hane acryl ates and urethane nethacryl ates based on aronati c i socyanates
and 2-hydroxyet hyl acryl ate, hydroxypropyl acryl ate, 4-hydroxybutyl

acryl ate, polyethylene oxi de nmono(neth)agkyl ate, polypropyl ene oxide

nono( et h) acryl ate, pol yal kyl ene oxi de mono(neth)acrylate and 5
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di i socyanates, such as tol uene ocyanate t’h hydroxyethyl acryl ate,
hydr oxypropyl acrylate, 4-hydroxybutyl acrylate are used as conponent C. In
a further \Suitgbledrytioxyfiactignal @cyytatdseor meathaenyiatds frertbe pragaratos obdrethane

3-t hi onet hyl phenyl isocyanate w th hydrox hyl ac te,  hydroxypropyl
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p- (brononet hyl ) styrene or _1- 15 vi nyl napht hal ene, 2-vi nyl napht hal ene,

2-vi nyl ant Hsaioe meamle,Tone M1 0 aenSchealbach Gesmany)y thydsxypiopynct i onal

ds, as, di vi.nyl benzene. Suit ahl oppounds,.of .c onent D) are,
o) M SSRGS RO 20 BRI .
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(Houben. vy T R M7 2y D Bhdabrob by e, he
20Ver | aiy, Stydrdxyfurtctid 88 morew diadn tetradcadstes ool ghyhlsic almbelsasueh af or  exanpl e,
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2, 6-Di -t er tmixuiryd théreo® DM dlogp@hyl fehgmeHiidesypeopypadiplate) #3tgides@butyl
2- met hoxy- phydr oqui none and benzhydrol are preferred. One or nore
phot oi ni t i sctilate apé polyéaicapsoleeapdmeeno(myth)arndates aredrefetad |1y agditionasor s whi ch

can be gcti.vated tb@%ft i nl:ic radi ati AR and initi %t eogpo!u\éger i zation o tt he
cor r espondi N7 HEFT LoDt & Y G £ PRSI oIt T BT BITEP R AP Y S ol d
conpounds  kR@wp nR@RacBRate Fraifpsiidhd 61Gh cBMbRALNS withdRe ARIVARRHSRAMBoBferkar
(type 1) and binolecular (type Il) initiators. Furthernore, depending on the
cheni cal nabompennds)esssuitable. lhisals possibletedsd the epbxy(meth)acrylates known per se,
containing hydroxyl groups and having OH contents of 20 to 300 mg KOH/g or
polyurethane (meth)acrylates containing hydroxyl groups and having OH contents of 20 to

20 300 mg KOH/g or acrylated polyacrylates having OH contents of 20 to 300 mg KOH/g and
mixtures thereof with one another and mixtures with unsaturated polyesters containing
hydroxyl groups and mixtures with polyester (meth)acrylates or mixtures of unsaturated
polyesters containing hydroxyl groups with polyester (meth)acrylates. Epoxyacrylates
containing hydroxy! groups and having a defined hydroxy-functionality are preferred.

25  Epoxy(meth)acrylates containing hydroxyl groups are based in particular on reaction
products of acrylic acid and/or methacrylic acid with epoxides (glycidyl compounds) of
monomeric, oligomeric or polymeric bisphenol A, bisphenol F, hexanediol and/or
butanediol or the ethoxylated and/or propoxylated derivatives thereof. Epoxyacrylates

having a defined functionality, as can be obtained from the known reaction of acrylic acid

30 and/or methacrylic acid and glycidyl (meth)acrylate, are furthermore preferred.

(Meth)acrylates and/or urethane (meth)acrylates are preferably used, particularly
preferably (meth)acrylates and/or urethane (meth)acrylates which have at least one

aromatic structural unit.



- 19 - free radical, the anionic (or), the cationic (or m xed) fornms of the
abovenenti oned pol yneri zations. (Type |I) systens for free radi cal

phot opol yneri zati on are, for exanple, aromatic ketone conpounds, e.g.
benzophenones, in conbination with tertiafg. am nes, 5 al kyl benzophenones,

4, 4" - bi s(di et hyl am no) benzophenone (M chler's ketone), arithrone and
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phot oi ni t i akerykite) dedrokgpropyieacaylateor ¢-hydtoxybutyr adrylate @€ esalsasaompbrent Cype 1)
systens and are derived fromtransition netal conplexes of the first row

Chromum salts, such as, for exanple, trans-Cr(NH3)2(NCS) 4- (Kutal et al.,
Macr onol ecuF&amplgs of vipylarqypatios a&St%n?’&aﬁ)@E@ﬁ# d?fB’ﬁE&?P%)sSt*%ﬁ@&%i %Oét al .,
Macr onol ecu ) 2} r r4_ ibrlity of the
ani oni ¢ pol %ﬁé’?@g’%?}gﬁ%ﬁ%ﬁ%gﬁ{oﬁo#ﬂgﬂg&gﬁ g‘?"ﬂg’@i‘,&" %E‘?ﬁ‘%@%@%t al violet

| eukoni tri | eromostpéras Aiiremgsterne | e (thivromethlyHstyseine oft (brammomethytistyrene or 1-

cyanoacryl ates by photol ytic decomposition (Neckers et al, Mcrgnol ecul es
2000, 33; 7my}naph@a}@x;%rz,YVIpM@aemﬁ%}ﬁ@fpRo%yr]?@ TR SR aRhiaReTs. Fhe pol ymer
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used for the n?atl onic pof ynmeri zati1on su%s'?antl a conpri se three cl asses:
aryl di azoniumsalts, oniumsalts (here in particular: iodonium sul phonium

and - 20 - Suitable compounds of component D) are, for example, inhibitors and antioxidants, as

described, for example, in “Methoden der organischen Chemie [Methods of Organic
Chemistry]” (Houben-Weyl), 4th edition, volume XIV/1, page 433 et seq., Georg Thieme
20  Verlag, Stuttgart 1961. Suitable classes of substances are, for example, phenols, such as,
for example, 2,6-di-tert-butyl-4-methylphenol, cresols, hydroquinones, benzyl alcohols,
such as, for example, benzhydrol, optionally also quinones, such as, for example, 2,5-di-
tert-butylquinone, optionally also aromatic amines, such as diisopropylamine or

phenothiazine.

25  2,6-Di-tert-butyl-4-methylphenol, phenothiazine, p-methoxyphenol, 2-methoxy-p-

hydroquinone and benzhydrol are preferred.

One or more photoinitiators are used as component E). These are usually initiators which

can be activated by actinic radiation and initiate polymerization of the corresponding

polymerizable groups. Photoinitiators are commercially sold compounds known per se, a
30 distinction being made between monomolecular (type I) and bimolecular (type II)

initiators. Furthermore, depending on the chemical nature, these initiators are used for the



sel enonium sal ts) and organonetal |ic conpounds. Under irradiation, both in
the presence and the absence of a hydrogen donor, phenyl diazonium salts can
produced a cation that initiates the polynerization. The efficiency of the
total systemis deternmined by the nature pf the counterion used for the

di azoni um conpound. Here, the slightly reactive but very 5 expensive SbF6-,

AsF6- PFG- i5,. ferred. F . | hi n. 4 d
e as o rulee IRV IGAEGRE Tun Bioo® RERU dtihrshe frebfieoq

(pi nhol es) BylylRAzatidnsogen |iberated after the exposure to light (Li et al.,

Pol yneric terials Science and Engi neering, 2001, 84, 139). Very wdely

used and al so conmerci al | ¥ available in all kinds of forns are oniumsalts,
e

especi al | y €lpsHbsuistemsclon tree skival phetapalymerization are, ke ¥ampls, iamatisketonese
conpounds has é?t{”ngpsbeee%#%%%#f%%ﬁggﬁﬁy}lﬁﬁw%ﬂ'twﬁiﬁeg' rst deconpose

honol yti cal F?/m roduce a tree radical and free

radi cal sat hlkplbshidphencnes ! aibis@adethylaiid)bénzaghdnone (Midhtiratietons), pntita@r and
then initiates the cationic polynerization (Delctar et S, J. Og. Chem
1990, 55, 68wl halogepaigd benzaphenangs or mpgures gEsaid types.d Tirpe HaHiltsgtorspashes t he

use of iodopium sal.t. |.so.for, fr di cal . I rization. The
choice of t %nzgghzmdel?sl %ﬁﬁl%éve n‘%eé‘zgg‘Sfaﬂs’ %‘fﬁ%@%@ﬂﬁ%%@?@ eiy' 611’ “ance here; very
expensi ve ShhfiethylbeifyldigheRyphosihind dxidVbiac 6 sHosphige oxide NHewyIgBoxilic t hi s

structure class, the choice of the substitution of the aromatic is
conpl et el y sters, camphrquinanet alphd-aminpalkxinbenansedlphyalphe-dialleaxyaestophegonss 1-

sui t abl e, st LN uiJ di ng, bl oc f.ar nt hesi s. | phonium salts
are cong%un 'E%ﬁ%lﬁllﬁ)@ggﬁlg’gg&ngg?6918%gQﬁég%g?{]?éWﬁ) F'i%wg](??‘%rl vello et al ,
Macr onol ec Uh?&oxfémﬁphéﬁ@nq 8rthrthérinorOSuitBRETRE phdiSinfitidgbemsdsstribed irf 00,
t he choice of the counterion is of critical inportance, which manifests

i tsel f subsERrA0223587iand chesisting ofg mixtwe of an aramepiupmerylhorath and erg oraerd| t s

are obtained _as _a_rulhe with ShEG-. t Sp Si t - tion of

Modont um andv B Abtg Ak A P oiniRirondabie, RSkt .

appropri at etriphefyiabtylBsiste! RirabliflanRA NE-fldsrbpRenyhéty1Bsate ably or _
short-wave 25visible Iight. This is possible by the use of aromatics having
a hi ghedS abttraputylsmmenivm tris(3-chiorodkmatblylohenyliliexalberate amguidale ssammeniunGy et

al., Am Che Soc. o P r Preprints,, 2000 1(2)...1266) .or .phenot hi azi ne
or der i vat  SBLoTRE; LRbIEes ot Rir idelechy mstiblet ut Mame R8I Sa
may be advapinaerflishletids) rhdidnsifie BGXEdlIoRParhe, €h§F Giofd TVRIGHABIUORD EBREtRE ON
the 30 radiation source used for the curi ng, the type and concentration of

phot oi ni t i aBbre, auisalding rediapsyssal vieleta bribiantegreem dvstrazan Oraage by DarrowiRed, ed i n
the art. The abov ti one diustment wi.th r d to.fhe .

phot opol ymePYDRtEa Bt 19 PYHILIEL vt B GRPEDhE Rl e 4 (Gromingpam,
the fornpof ef QURAPAPENOIRKrierdal UV /EB 06nfeRe¥PFRBEdIRIE ChitddsItAfry 19-aR0€es
of -21 - the conponents and the respectively available, in particular the

preferred sy#%lesi s conponents. Preferred photoinitiators E) are mixtures of
t et rabut yl anmoni um t et r ahexyl borate, tetrabutyl amoni um

tri phenyl hexyl bor.at e tetra({) tyl anmoni umtri.s(3- 5 fluorophenyl)hexyl borate
and 1ot anad oF BRI TAS ML PR, BT e at 1o B TRETH LG 46 oo
such as, f OkreQlANEd BomARdnkRioAMERIITVEDIdRes BELND Yir& RewbCHRmiAWaNE shioH &nforbl ue,
azure A pyrilliuml, safranine 0, cyanine, gallocyanine, brilliant green,

crystal vi op¥amplettraps-GrMHae(NYt (ivéal iehd., Macromolecules 1991, 24, 6872) or
25  ferrocenyl compounds (Yamaguchi et al., Macromolecules 2000, 33, 1152) are known

here. A further possibility of the anionic polymerization consists in the use of dyes, such as
crystal violet leukonitrile or malachite green leukonitrile, which can polymerize
cyanoacrylates by photolytic decomposition (Neckers et al. Macromolecules 2000, 33,
7761). However, the chromophore is incorporated into the polymer so that the resulting

30  polymers are coloured through.

The photoinitiators used for the cationic polymerization substantially comprise three

classes: aryldiazonium salts, onium salts (here in particular: iodonium, sulphonium and



Optionally, one or nore catalysts may be used as conpounds of conponent F).
These are 10 catal ysts for accelerating the urethane formation. Known

catal ysts for this purpose are, for exanple, tin octanoate, zinc octanoate,
di butyltin dilaurate, dinethylbis[(1- oxgpeodecyl ) oxy] stannane, dinethyltin
di car boxyl at e zi rconi um bi s( et hyl hexano zi rconi um act eyl acet onate or
tertiary am suc for exa | e, abi cycl o[ 2. 2. 2] oct ane,

di azabi cycl§ BWHH’é‘ SaBF)a?i‘QtS’ir%aﬁ’@W Wunis %&é‘“@é&“@f’réﬁﬁ%b‘ﬁé’ﬁ?ﬁ?ﬁ ne,
1,3,4,6, 7, 8xhexads &o? n%bh&yf)gléﬂym&%nan@aa%srcmfﬁdn@ed Dedidhyhai n

d| | aur at e, di nethy (al oxoneodec oxy]| st annane, dinethylt

di car boxy| dhitiates the-phlanertiiatipo] "HﬁeZefﬁcEimcmfahetotahsasiamlegictbmmméhyethe nature

di bi | d 1 t t . .
s i tarion etk e SREQRHR MBI e e ety eeagive W PR, 1 e
20 O caur %@(Per{sWetgtﬁ% Q) bk pES 1%refe?1@d%r'1@@ﬂ1 $04tiRE tHS %‘I’ms thaseompyurt, for

exanpl e additives customary 1 n the area of coating technology, such as
sol vent s, piraaiamlczmntsrery snible sipedbyentrfaco qualiy esiednced(pmholes)shy tBe ast i ci zer s

Vol at i1 i 5@{@% inbge e e xporte © febuali el obolgmeBa DAt Stigncd ind
si mul taneoq%.{egyn S2@0‘11 #1489, MeYy Q/ide?’)d@ H'aM@ﬁls?fcoﬁﬁféréleﬂ)}eavagablﬁ%‘51?e it

may 25al so tageous to use a pluralit additives of a plurality of
types. Wt rkmdseof;foﬂrmmebhmnesat'asmzspemall)osmp}wmumm dmm@dbmmdmlts rikkent i on,

hol ogr ans tlcal Ilcatlons n the entire visi ean nthe
near UVY rarfg’@ sty 98 ﬁfOIBaWélhﬁfr]BB&%W wesal.ggﬁee% Safis b1

processes !"R’@’?t ed by
met hods knod\’/ién!%&%‘lgd)steEl(e6 pe son S H'Pe[rfc?i&mﬂ Atnrqh% I nc chﬂ d&éllrhr?? g‘fereggaééj
in-1ine (Gaation whidhdgstabilizedby Hoabissadtiohplibenates a prottdn amiethtmn‘ﬂzua:tesahs f:airomc

hol whi telight t ' h bow h k
ol ogr ans, Efymasabon dgdaetebr. & @w‘?ﬁéﬁgﬁ SinEOi0a08 1Bt ol e AE TRl ans
and hol Ograﬁﬁ%ﬁeéﬁaﬂfsﬂ?%a%m%;thé e'o‘?% o 91&%15%%rfr Hid?ééi’k hol ograns and

transm ssi on ograns are pre erre Ical elements, such as |enses,
m rrorsi5 defhoepolyaterizationThe choick effh,e cdushtérion Bronse hgatnof catisfderabls i on
el enents, |ight guides, wavegui des, projection screens and/or nasks have are

preferred. @pprtétaf@émq yerthg@%‘&b saPsEs enBhe aredikswise ReisaRa OMeMEss il t v
dependi ng qnlsﬁ%thﬁkhd&@'tﬁg Whg sRRREH drend Aégﬂﬁaué‘g%g\q@l&&z‘ﬂe%ﬂ& £ns

t he hol ogram has Gret hane conposi i ons descri articularly

advant ageoLmbhmmuyelcteﬁmneﬂgaytthea\raﬂusmty &f suitghie sattirpcidiMing bldeks foothe r ast
delta n? 0.011 i;s achievable, which is not achieved with the fornul ations
descri bed isynthess.grhegulphenium gplts qreqomnounds whish dgeeimpase apspidiag toNorishdPans

can al op bCRROANGEH, RacEfNag Al b BY 26 TR0 GE AFRASLIThSRGRAGRRIL N0 (O

t he invention, suc e aI’TfJ rsona por rail I onme

r epr esent atth@elfoitdofABe Udsurttemdﬂe dieritical pdranes, avllish Mbnifesboiee] faubstamRtly in
structures for advertising, security l|labels, trademark protection, trademark

br andi ng, |th®epriang r@gieqighe 2l mm@ ¢ st Esshkts @A obtained s grralei voiths Ssusalts-  our ney

dat a1 erota e SER e AR bR Rorllhy SRR O AR R ea

Hol ogr aphi th%@@pprﬁ’ﬁﬂat@ly\/s@nélﬁiédl fopihe phbRPolmesizitiirewithl he® sV ensiori-waee but
t hey e%tal So represent i mage sequences, short filnms or a nunber of

di ffer onsibledight. ddiscis @pssable by thecusa o pronratissrhatting  highes absertion) weh aat ed,

the |ight ?Pé%;ﬁg}“ﬁ hﬁ’zgdeﬂg ?xgﬁ)xérﬂgn%sg(‘a}tu e%gl’”f(x%) C\ﬂ‘eﬁahsw 'P%M&Wep?‘fn?s

illumnate
2000, 41 (2), 1266) or phenothlazme or derivatives thereof (Hua et al, Macromolecules

2001, 34, 2488-2494).

It may be advantageous also to use mixtures of these compounds. Depending on the

30 radiation source used for the curing, the type and concentration of photoinitiator must be
adapted in a manner known to the person skilled in the art. The abovementioned
adjustment with regard to the photopolymerization is easily possible for a person skilled in

the art in the form of routine experiments within the below-mentioned quantity ranges of



20 varied design possibilities, holograns, in particular volume hol ograns,
are an attractive solution for the abovenentioned application. The present

i nvention therefore further relates to the use of the media according to the
i nvention for recording visual hol ogr ans,21f-or produci ng optical elenents,

i mages, diagrans, and a nethod for recording holograns using the

pol yur et hani@e compounty andsthe gespectivelyi a’Yglli!hie,tlhéalitlﬁvléhthecm(?feﬁﬁgsmﬁl@%edi a or

hol ographic_fil ns _obtai nable therefrom The process according to the

i nvention f ST RWE™Sr oducti on of hol ographic media for recording visual

hol ograns is preferably carried out in such a way that the synthesis

conponent s Prefdried photoyiti gofalicare aiilpafds tof Giabay eirdomigmt tetrdteeyiboxeeg)t i on, with
t he exception of conponent A), are honobgeneous|ly m xed with one another and

conponent Afetrpbutglammandum frighenyihexylberatey tetpbyixtagmaoniwmitris@t i on to t he

substratg of 10N hd.. Al : t _Known per se to the
person sfi I %(HOP}E]&S Hg8§rr1€or tP 8%1(1 ﬁi“?ﬁ‘@f@ﬁ%@ﬁ%ﬁg@@ Clsfl E‘%ﬁ 4as, for exanple,
stirred tansthgIphesfiihedyIbarite wth dysd, shdhcasiior @kgmple Astb&on Ordipe-G U @by b f

m xi ng. However, apparatuses w thout dead spaces or with only snall dead
spaces are blremew methyleae bhsy amreA, pyrdtismylespippingddsyaniactgaoeyanimenhi ch t he

mxing is effected wthin, a yer hort, Ll with very thorough m xi ng of
the two co %@"%‘Htgée“t“ocra’é%"%?!egzé‘ﬁ“ﬂ Vgé{?'t%ngu lg;ﬁl{ﬁgdynam C mxers are suitable
for this purpose, especially those in 5 which the conponents cone into

contact w t Opaaellgheie@maerelcytaly’dtstrigy be wed as dbvepd@idp of adrp&endBYy. Thgsetdne
procedure are 0 to 100C, preferably 10 to 80C, particul arlé preferabl;f/ 20 to
60C. | f lheceasdusty for aeepderaiing thgfurethane; faamationuknowe sptalyststfer @is puspose gfa, e

' I | ed . . - | e,
roar - Degastipe i GHPbHELYHPAR. chRRMASEIRE SRR AR P T T

preferred i sxonesddcyl)oxysameimt, ditletydid dicarbbkate HrdoaRintibia(etigdbex@nodts), t he
nmedi a obt ai nabl e. I%ri or to adm xi ng of conponent A), the m xtures can be
stored as azisqopiusgacteylagstenatmerderiagy amimes,spch asgforexampleet.4sever al nont hs.

ccor di ng + Sari e 2R Sroteon R Bl R RO R 2 e whi ch,

de]pendihng ORtrEMBMYRukhidihe, €.81466 7 Bthekalplird-8 AGH AL 2 yYikdiio (1,22 )ppimBgeonds t o
a T ew nhours.

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

preferred.

20  Of course, further additives G) can optionally be used. These may be, for example,
additives customary in the area of coating technology, such as solvents, plasticizers,
levelling agents or adhesion promoters. Plasticizers used are preferably liquids having
good dissolution properties, low volatility and a high boiling point. It may also be
advantageous simultaneously to use a plurality of additives of one type. Of course, it may

25  also be advantageous to use a plurality of additives of a plurality of types.

With the polyurethane compositions according to the invention, holograms for optical

applications in the entire visible range and in the near UV range (300 — 800 nm) can be

produced by appropriate exposure processes. Visual holograms comprise all holograms

which can be recorded by methods known to the person skilled in the art, including, inter
30 alia, in-line (Gabor) holograms, off-axis holograms, full-aperture transfer holograms,

whitelight transmission holograms (“rainbow holograms™), Denisyuk holograms, off-axis



The ratio and the type and reactivity of the synthesis conponents of the
pol yur et hane conpositions is preferably adjusted so that the curing after
adm xi ng of conponent A) at roomtenperature begins within mnutes to one
hour. In a preferred enbodi nent, the 20 -2dri ng i s accel erated by heating
after the adm xing to tenperatures between 30 and 180C, preferably 40 to
120C, part ircﬂ¢<&i0n310bxge¢m$,&dgqui®mtm hpbpmmsend kolegraphin sietrogtmsg raflechemt  wi t h

regard to the curi behavi our is sily. oss'(gle easily kn the form of
Fouti ne expRogHAnLSHORR folag RIS hologame At it et

conponent s éflerdts) Susty 4t 168k SmERITE Ql@ﬂéﬁtﬁm&iﬁ@ﬂo_kﬁ, llterst @iffuseheelebty) difﬁa@ﬁﬁh

case, in particular 25 the preferred synthesis conponents. Imrediately after

conpl et e nickémentsilight guidesniroreguides, praiechon sareens hader mosksdwve peryeReedr di ng

to the invention .hayve viscositie t 26C of typicallw 10 .to 100 0O nPa. s,
pref er abh y HBBPUY et Rean s fodRraey MRl TR o0 na. s,
especi al | y iyi&frahaleye SPBsddroHpBPanitR@hith dfiferfsibak thehd?bgrhm Haol BNt - free form
t hey have very good 30processing properties. In solution with suitable

sol vents, iodpuethaneeompositivas Jejcoed are particuleglygdvantfgeoys begause duning theis| ow

2000 nPa. s, part.icularl. ref er abl | ow .MPa. s an, be .est abl.i shed.

Pol yur et han‘gg’c%l?fﬁ@ §?Ffa cgﬁg PQS’EX £ ﬂlgtraﬁggéj@r{g%p ﬁggéﬁaﬁ%"&b@m‘(@ﬁﬁéﬂﬁ% Re anount
of 15 g andyith tH2 fermeahidnédescryetl @theHrioPa®04% by wei ght at 25C in |l ess than
4 hours or at a 5 catalyst content of 0.02%in less than 10 m nutes at 25C

have proved to be advantageous. For application to a substrate or into a
noul d, Hl | lnadgisioni kadographie imagesos dirgtrmsqapwisoths nreduced by sicaskpfthed in t he

; s bl o ol ar - KL b Cnd. printing.
ST T e
descri bed gheisitsabRnditOfepaisaitetond)in B@fuﬁgedtﬁﬁlﬂeﬂtsidr%eﬁé}hlilf 6f indges orfihlagd O

useful purposes. Wile there is shown and described certain specific
st ruct ur es smsERs fagadvedising seaurignlabels, tiademareprotestion drademarkyandingilabelsg i n

e e A PO A AU b SrBOR TRA v
concept | andintagad whith ca@Peprésenttibitd] idalal @eertaia biR6 i 3srhbigbticH with kiEprbd@iced N
shown and described above. Holographic images may give the impression of a three-dimensional
image but they may also represent image sequences, short films or a number of different
objects, depending on the angle from which they are illuminated, the light source
(including moving light source) with which they are illuminated, etc. Owing to these
20  varied design possibilities, holograms, in particular volume holograms, are an attractive

solution for the abovementioned application.

The present invention therefore further relates to the use of the media according to the
invention for recording visual holograms, for producing optical elements, images,
diagrams, and a method for recording holograms using the polyurethane compositions

25  according to the invention, and the media or holographic films obtainable therefrom.

The process according to the invention for the production of holographic media for recording
visual holograms is preferably carried out in such a way that the synthesis components of the
polyurethane compositions according to the invention, with the exception of component A),

are homogeneously mixed with one another and component A) is admixed only immediately

30  before application to the substrate or in the mould.

All methods and apparatuses known per se to the person skilled in the art from mixing

technology, such as, for example, stirred tanks or both dynamic and static mixers, can be



15descri bed. EXAMPLES The fol |l ow ng exanpl es are nentioned for expl aining

t he phot opol ynmers according to the invention but are not to be understood as
being limting. Unless noted otherw se, all stated percentages are

per cent ages by wei ght. 20 Desnodur(r) XP23410 is an experinmental product of
Bayer Material Sci ence AG Leverkusen, Gernmany, hexane diisocyanate-based

pol yi socyansste forpnizing: However, apparatbest adthapt daadisparss ar withasly Suslh deadepaces

. 23.5% XP_ 2599 i i | d
ot ert ol ok Bt FROb ks Hereafhm ool wf ARG TSR B R g s
di i socyanatwitiif aAes} sHoM i@ and Wtk vasy herugh hiixidg 6f (e tdpdoafpoaenis (ohe XP 2580

is an experinental product of Bayer Material Sci ence AG Leverkusen, Germany,

al i phati c poixgdsloppdicalas, dymeavc owxdiesgsuitatile & dhis parpese, Rerociedivitesse mbout 20%
- 25 - Terat 1000 i ; i al t of BASE SE, _ludw gshafen,
Cer nany X polOith ook BomBaE Ghut yBHE fnofHer BN ip e mtiP ) W0 hon yol

2 is a difunctional poly(e-caprolactone)polyol (nunber average nol ar nass

about 650 gfitempefatuitd d@irpethe PRICY@IrS aR/ (BtoCIOOPE] srtfekabidy 00IUCc8C° O parBoylarly
Mat eri al Sci ence AG Lever kusen, Germany and their conposition is described

by name in RrEErabwABIee0°Cronrez(r) UL28: urethanization catal yst,
di met hyl bi s[ (1- oxoneodecDoxyl st annane, comerci al product of Monentive

Per 1 or MncerChENLED! duppild A feliidiB: (HBGHARS AOPARAL BRGLR gl ign 0

N- et hyl pyrro 'S an experinen product so 008 by

G ba Inc., Basteoutntiérzedihcrdreshlaadtfonsamp, 10hbdrl Begdssing Sihfpacticaize witéE and
refractive i ndex contrast An: The nedia according to the invention and

conpar atQ veadgitifinofisoapgaent Hnistniefeanp iy erdenie previsat bublla formationdhy wyidpglans of

a measuring r.ange . rding to Figure 1 with regard to their
hol ogr aphi cgaggfeég‘égﬁr%g&‘a?ﬁt%ﬁ}aglﬁre 1: Ceonetry of a hol ographic nedia tester
at X =633 rim(He-Ne laser) for witing a reflection hologram M= mrror,

S = shut t erPridfo admpéig 8f cdmpdnent A themixolres ot o stdredas a stbPage-stable pl at e, PBS
-= polarization-sensitive beamsplitter, D = detector, | =iris diaphragm a
= 21.80 andintezmediate, i requiredpyvenseyprabmgnthsnci dence of the coherent beans
nmeasured outside the sanple (the nedium.

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

at room temperature within a few seconds to a few hours.

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

20  curing is accelerated by heating after the admixing to temperatures between 30 and 180°C,

preferably 40 to 120°C, particularly preferably 50 to 100°C.

The abovementioned adjustment with regard to the curing behaviour is easily possible
easily in the form of routine experiments within the abovementioned quantity range of the
components and the synthesis components available for selection in each case, in particular

25  the preferred synthesis components.

Immediately after complete mixing of all components, the polyurethane compositions
according to the invention have viscosities at 25°C of typically 10 to 100 000 mPa.s,
preferably 100 to 20 000 mPa.s, particularly preferably 200 to 10 000 mPa.s, especially
preferably 500 to 5000 mPa.s, so that, even in solvent-free form, they have very good

30 processing properties. In solution with suitable solvents, viscosities at 25°C below



20 The beam of an He-Ne | aser (em ssion wavel ength 633 nm was converted
with the aid of the spatial filter (SF) and together with the collimtion
lens (CL) into a parallel honbgeneous beam The final cross sections of the
signal and reference beam are establi she‘d?4by the iris diaphragns (1). The
dianeter of the iris diaphragmopening is 4 mm The pol arization-dependent
beam spl i ¢t K 800 mBay, prplerably heowa00p i phTiedarlypresoRbldiow S0RaRAR| Gan

pol ari zed bl?a”ga'ngB/ the 212 plates, the power of the reference beam was

adj ust ed of °0%® hd the power of the signal beamto 0.65 MAN The powers
were determ ned using the sem conductor detectors (D) with sanple renoved.

The angl e opolinivethdfe Eampesiticis of g dbelananivhed §pawiticidurd imadambentafigh g of
i ncidence (3) of the signal beamis 41.8. At the |ocation of the sanple

(medi un), tand with 2 eatalysieoatent f 0.084%tbyeveight a6¢&TQ Hplgssthama aaurs or ate -

q . i b . . th
gl o bi btk Sn i Sl Blies el AhbEs ML ANE PRSP B b afhedols e
hol ogranm). The strip spacing in the mediumis - 225 nm (refractive index of

t he nmedi um Pesippiéehation tH@ sublstrdf) or iniol g6 EdFalVREsective tiistdinarytrlethdds koo i n
the follow ng manner: 5 Both shutters (S}1 are opened for the exposure tine
t. Ther eaf t &g pesgpr pkillpd in e artagy suitableesiichapdn padiculer asfe £opHge BOWIRG ne of 5

m nutes for_diffusi he i J jzed writing nonomers. The

hol ogr ans v t{nghgé\/r\/é;ér}'epq;lné%g’rsé)z%?’l#émofﬁg%éﬁﬁ%ﬁ?ng manner. The shutter of the
si gnal beam remai ned cl osed. The shutter of the reference beam was opened.
The iris di Afihiegferoicet desciibtdalsiveardmaiporseddyoetderios initdientiretyefor alt <l mm
This ensured 10 that the beam was al ways conpletely in the previously
writtenlhol gfdPUmesesal | angl es (n) of rotation of the medium The

turntabl e, under conputer control, converted the angle range fromU -= 00 to
f2 =20 wt i : -t h
power s of tﬁ’e}ﬁ%é@?!sﬁ%ﬁgﬁnﬁpﬁ‘gggﬁﬁ{l ﬁgehag@?poﬁﬁcor gtrl]%v%gérngo O?Qﬁ%ﬁﬁée:@%%;/u&r?égns of
t he cor r espwiltbeganiéése at thosekalhed ihhlee grothat carivfus hivelificationdardd reatirpdments bfie
first order were 15 neasured by neans of the detector D. The djffraction
ef fici ency hEPaBHIAY hemade wathont engrimg) from the piratried sseperdfdhgundlerlying of - PD

the det eot o Sl rgnd P AL e B € thd G T aRTARAR St Rnl RO L o

above, the Bsefedcurve (it describes the diffraction efficiency as a
function of the angle Q of rotation of the witten hol ogram was neasured
and was stored in a conmputer. In addition, the intensity transmtted in the
zeroth order was al so plotted agai nstWQa@e f2 of rotation and stored in
a conputer. The maxi num diffraction efficiency (DE = rh.) of the hol ogram

i.e. its pe 1 V, . this
pur pose o i noHie Ml e ERAbREtor dipldite SR ORI RES SRRt W 0the |
order to deinsemtioncbut hiesnotrexberumdevsabadeas bEeg lirmitingctndess notelbatherwise, al stated and
the thickness d of the phot opobyrrer | ayer were now determ ned by neans of

t he coupl edPSRERAEAEEH ATSTRPIqERfAgES 1Y “WRIGE| ni k, The Bel | System Techni cal
Journal, Volune 48, Novenber 1969, Nunber 9, page 2909- page 2947) from -

27 - 20 Desmodur® XP 2410 is an experimental product of Bayer MaterialScience AG,
Leverkusen, Germany, hexane diisocyanate-based polyisocyanate, proportion of

iminooxadiazinedione at least 30%, NCO content: 23.5%

Desmodur® XP 2599 is an experimental product of Bayer MaterialScience AG,
Leverkusen, Germany, full allophanate of hexane diisocyanate on Acclaim 4200, NCO

25  content: 5.6 — 6.4%

Desmodur® XP 2580 is an experimental product of Bayer MaterialScience AG,
Leverkusen, Germany, aliphatic polyisocyanate based on hexane diisocyanate, NCO

content about 20%



t he measured Bragg curve and the variation of the transmtted intensity as a
function of angle. The nethod is described bel ow. According to Kogel nik, the
following is true for the Bragg curve i/(12) of a reflection hologram 11=1
- (x/c1:0)2 1+ sinh2 (102 _2) cl) - A -¥éos(ce) cos(ce-2y) 2m sin(a' -y) d
x = A0 A cos(ce-2t) 22 A A=2. n cos(tv - a) n sin(c)=sin(a), n
sin((3") ”Eeiratt(lzl’uﬁ:jE 1800 in@comsiervidl p(q;yuctlof BABP SEal.udwigskafeldieymany (qyply-

t hi ckness, the dehunl n?aéﬁa nmet er Or()ég/raﬁ?,lat he angle of tilt of the

refractive %Vlbgﬁtup %”W?Sts‘f'st correspond to the
angles a and (3 10 during witing of the hol ogram but in the medium A(r)

IS the anglmdRbysh AguARAHHI f&y(afbabﬁﬁac@&{ébpmol'(nﬁnbér*b@eﬁgt\!hﬂ)‘ldr%hs@ kgt t he
angle a'. An 1s the angle detuning neasured outside the nedium i.e. the

devi ati on f656rg/mhb. angl e a. nis the average refractive index of the
phot opol yner and was set at 1.504.

5  All other polyols are commercial products of Bayer MaterialScience AG, Leverkusen,

Germany and their composition is described by name in the examples.

Fomrez® UL28: urethanization catalyst, dimethylbis[(1-oxoneodecl)oxy]stannane,
commercial product of Momentive Performance Chemicals, Wilton, CT, USA (used as

10% strength solution in N-ethylpyrrolidone).
10  CGI 909 is an experimental product sold in 2008 by Ciba Inc., Basle, Switzerland.
Measurement of diffraction efficiency DE and refractive index contrast An:

The media according to the invention and comparative media produced in the experimental
part were tested by means of a measuring arrangement according to Figure 1 with regard to

their holographic properties:

15 Figure 1: Geometry of a holographic media tester at A = 633 nm (He-Ne laser) for writing a
reflection hologram: M = mirror, S = shutter, SF = spatial filter, CL = collimator lens, A/2
= M2 plate, PBS = polarization-sensitive beam splitter, D = detector, I = iris diaphragm, o
=21.8° and B = 41.8° are the angles of incidence of the coherent beams measured outside

the sample (the medium).

20  The beam of an He-Ne laser (emission wavelength 633 nm) was converted with the aid of
the spatial filter (SF) and together with the collimation lens (CL) into a parallel
homogeneous beam. The final cross sections of the signal and reference beam are
established by the iris diaphragms (I). The diameter of the iris diaphragm opening is 4 mm.
The polarization-dependent beam splitters (PBS) split the laser beam into two coherent

25  equally polarized beams. By the A/2 plates, the power of the reference beam was adjusted
of 0.5 mW and the power of the signal beam to 0.65 mW. The powers were determined
using the semiconductor detectors (D) with sample removed. The angle of incidence (o) of
the reference beam is 21.8° and the angle of incidence (B) of the signal beam is 41.8°. At

the location of the sample (medium), the interference field of the two overlapping beams



The maxi num diffraction efficiency (DE = iniax) is then obtained for x = 0,
i.e. AD=0, as: DE =tanh 2 (0) =tanh 2 7c.An.d 15 X Vcos(a')
cos(ce-2y)1 - 28 - Y

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

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

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

10  that the beam was always completely in the previously written hologram for all angles (€2)
of rotation of the medium. The turntable, under computer control, converted the angle |
range from Q = 0° to Q = 20° with an angle step width of 0.05°. At each angle approached,
the powers of the beam transmitted in the zeroth order were measured by means of the
corresponding detector D and the powers of the beam diffracted in the first order were

15 measured by means of the detector D. The diffraction efficiency n was obtained at each

angle C approached as the quotient of:

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

the transmitted beam.

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

also plotted against the angle Q of rotation and stored in a computer.

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

detector of the diffracted beam in order to determine this maximum value.

The refractive index contrast An and the thickness d of the photopolymer layer were now
determined by means of the coupled wave theory (cf.: H. Kogelnik, The Bell System
Technical Journal, Volume 48, November 1969, Number 9, page 2909 - page 2947) from



transmtted intensity are shown in Figure 2 plotted against the centred
angle of rotation Ca shift. Since, owng to the geonetric shrinkage and the
change in the average refractive index during the photopol ynerization, the
angl e at which DE is neasured differs fro-a, the x axis is centred around
this shift The shift is typically 00 to 2. 5 Since DE is known, the shape of
t he t heor et the aleaBirad) Braggroneveaaichel vargption o thpetkamiskitiesl idtensityndsreefiinetdnyofby t he
thickness d o e ot opal yner yer. An is subsequently corrected via DE
for a gi ven®8 -5@5&@5“Hﬂ§36%ﬁ§?dh§a%hrenent and theory of DE al ways agree. d
is now adapted until the angle positions of the first secondary m ni ma of
the theor et A\e@rdiRE APHoEHENE tTRALASWINgifitrhd for OB R1gP Qe IS SFfa rbfi&tibhr St
secondary nmaxina Of the 10 transmtted intensity and additionally the ful

wi dt h at hahdlogrami nrum (FWHM) for the theoretical Bragg curve and the

transm ssion intensity agree. Since the direction in which a reflection

hol ogram concom tantly rotates on reconstryction by neans of an Q scan, but
the detegctor for the diffracted I'ghL_Qan;HeLenL_only a finite angle range,
the Bragg curve of broad hol ograns (snalh-diﬂbﬁ not conpletely detected in
an 15 11 scan, but only the central l&gi N Wt pui t abl e detector
positioning. That shape of the transmi t¥ed ﬂhréﬁs'ty whi ch is conpl enentary
to the Bragg curve is therefore additionally used for adapting the |ayer

t hi ckness d.iﬁjgure 2: Plot of the Bragg curve n according to Kogel nik
(dashed Iing},'of the measured diffraction efficiency (solid circles) and of
the transmtted power (black solid |ine) against 20 the angle detuning Aft
Since, owng to the geonetric shrinkage and;.tApegchange in the average

refractive index during the photop@lynegﬁﬁijﬁfiéiﬁffngle at which DE is
measured differs froma, the x axis i< oSA\PdeFO3%uA this shift. The shift
is typically 0 to 2. For a formulation, tzlﬂi.gin(wngydgre was possi bly repeated
several tinmes for different 25 expdsﬁlﬁ@'ﬁ—nETT—U:j'gifferent nmedi a i n order
to determine the energy dose of the inci8efit\*3¢¥/ Beam at which DE reaches
the saturation value during witing off-ihhe hol ogram The average energy dose
E is obtained as follows: E (mllcn)=2% . [0.50 nW+ 0.67 M t (s) - 29 -

Preparation of polyol 1: 0.18 g of zinc octanoate, 374.8 g of c-caprol actone
and 374.8 g of a di functional polyggtLahyzroLULan pol yet her pol yol

(Terat hane(r) 1000, equival ent meight2500xgbmbkﬂbf OH) were initially

introduced into a 11 fl ask ang"m@'ﬁgSiWr?é%%P%m@g at this 5 tenperature
0 nvol at’i |l e

until the solids content (proportro nstituents) was 99. 5%
by weight or nore. Thereafter, cooling was| efkmé{e)d and the product was
obt ai ned as a waxy solid. Preparatfbﬁ‘é 't ne acrvlate 1:

n° —sin (o
O is the grating thickness, y is the detuning parameter and ¥ is the angle of tilt of the
refractive index grating which was written. @’ and ’ correspond to the angles o and 8

10 during writing of the hologram, but in the medium. A® is the angle detuning measured in
the medium, i.e. the deviation from the angle o’. AQ is the angle detuning measured
outside the medium, i.e. the deviation from the angle a. n is the average refractive index of

the photopolymer and was set at 1.504.

The maximum diffraction efficiency (DE = nmax) is then obtained for x = 0, i.e. AQ =0, as:

DE=tanh2(<D)=tanh2( mAnd J

15 A - yJcos(a')- cos(a'-2y)

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



0.1 g of 2,6-di-tert-butyl-4-methyl phenol, 0.05 g of dibutyltin dilaurate
(Desnorapid Z, 10 Bayer Material Sci ence AG Leverkusen, Cermany) and 213. 07
g of a 27% strength solution of tris(p-isocyanatophenyl)thiophosphate in

et hyl acetate (Desnodur(r) RFE, product 0¥ -Bayer Material Sci ence AG

Lever kusen, Germany) were initially introduced into a 500 m round-bottoned

flask and heatsadttédintdCity dleshewh ieFiguf22 plétted adairst theyantey aidly bf medtiphdd-e
wer e added dropwi se and the m xture was still kept at 60C until the 15
i socyanat e €8hifleBinceayinglq be geemeificohrnkagyaad tigrahange indhe avrgrERdsirastivect ed

and the et hy]| : L

obt ai ned as%ge)ggﬁl&@@gygﬁoﬁﬁ&m S o%i;tg?ﬁ ’ E§%¥%§it W&cﬁg??%ﬁz%?“ﬁ‘g%&%’gf?g’phi C
nmedi a, the therpxikiseired dieurriotiisahEn The shifthis eypically (8lto @&dy be predi ssol ved
in the conponent C) and optionally the conponent G are 20 dissolved in the
conponent B, if_required at 60C, after which 20 pm gl ass_ beads (e.g, from
Whi t ehouse SiareRE is kaownghe mspww,th@xét&aﬁlsrag@@msor@m&t@&%e Bm) are

added and t i T f t AE:d rmor in
e sol uiEAtAn s B IARESH diihe phdGoPARGR: Alrid SpBHREM P! T OF 10
and m xed agatestedoria DENfony igiven itisisknesgd k6 thapineasuadrhyntahd eobedof DEGDBGYsN a

drying oven for not nore than 10 25 m nutes. Conponent A is then added and
mxing i s efdreeddsnayadapted pntil the angle postignsed ths sy secandasy minigh ofthe e

conmponent Fgj g(}z i J . i ] i.xture
obt ai ned i sthgérgeggésiga%] s?érrgglvdrlltg tﬁ% @%ﬁ%ﬁtyﬁ grtﬁe(r]\%rtsgsﬁo%@é%)ﬁglﬁl %ga (gietéonds,
after whno chtradsmifedlinSdnkity b sl ditidiallp Chextull widih 4 lhaf sngxlirate FAHEM) faske ar e
each covered with a further glass plate. The curing of the PU fornul ation

t akes pl acethgpigtigal Hyaggeuyre andthe fnymisgior intensit¥@gieehour s (usual |y
overnight). In sone cases, the nedia are postcured in light-tight packaging

for a furth {mgtﬂgodf{eétiﬁiéﬁg}ﬁch mgﬂetcmpr? Fﬁl@ﬁ%frfjco(gcop grrltggl%ttﬁgsg&y %?(?]%slgﬁxt_%nsgs_

20 pm resul'tirhg from anmeter o ass s use

di fferent fbymehstdfAN) bean, b tHe Bétectentor sHeadiffraegedMighe ogi detectodlydi fidirr ent
curing rate of the matrix lead to Ia(tlyer t hi cknesses d of the photopaol yner

| ayer whi changlerange, the Reaes cuRee of biead hplograma {ssrali dids netgeaietely\detectsehin pr

h teri sk ' h 3 | e j
Charr o4 Syt A5 8 SO0 T L o063 TR e BB
(conpar i sontrirmitepeeity wBichvie templerRatany folthd Brdpgtuefe ivtigréforeadditionhiy e 1
(component C), 0.15 of CA 909 and 0.015 g of new net hyl ene bl ue (together

conponent Eylseétfompgﬁ*ﬁjﬂﬁl% thjckgtessd.et hyl pyrrol i done
Figure 2: Plot of the Bragg curve n according to Kogelnik (dashed line), of the measured
diffraction efficiency (solid circles) and of the transmitted power (black solid line) against
20 the angle detuning AQ. Since, owing to the geometric shrinkage and the change in the
average refractive index during the photopolymerization, the angle at which DE is
measured differs from a, the x axis is centred around this shift. The shift is typically 0° to
2°.

For a formulation, this procedure was possibly repeated several times for different
25  exposure times t on different media in order to determine the energy dose of the incident
laser beam at which DE reaches the saturation value during writing of the hologram. The

average energy dose E is obtained as follows:

)= 2-[0.50mW +0.67 mW]-£ (s)

E (mJ/cm?
( 7-0.4% cm?

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

30  the medium at the angles o and B used.



(conponent G so that a clear solution was obtained. Thereafter, cooling to
30C was 10 effected, 1.647 g of Desnodur(r) XP 2410 (conponent A) were added
and m xing was effected again. Finally, 0.009 g of Fonrez(r) UL 28
(conponent F) was added and mi xi ng was effPected briefly again. The |iquid
mat eri al obtained was then poured onto a glass plate and covered there with
a second glBrsparptiaat &f pottyali: was kept at a distance of 20 [ km by spacers. This
test specinen was |left at roomtenperature and cured over 16 hours. 15

Maxi Al 1 t | 2 d | | 2
(conpar i sor? ?%gogawﬁeﬁ Sy ESFr PR bRE a8 ot 3 findion®EL) V) afe 1
(component. Ghyclutiestut 85190 BoBRU Refthhed 10b0at RAbLARESH) ol bpact her

conmponent N-eth yrroli done nponent G so that
a cl ear 20 QH) wereinitisdly mtbm@eabmto Eﬂnérihak aIE}heateddblla@ @mde&Dtmatblsef fected,

rs 0B o SRR SRR SR s o

m xi ng was @&fgﬁ@aﬁﬁo@rm&r&aﬁe@%bnng wa@efféc%a ﬂld"tﬁé Bfddabt WA GitA1RcH Meswihen
poured onto a glass plate and covered there with a second glass plate “which

was kept atsoliddi stance of 20 pm by spacers. This test specinen 25 was | eft
at roomtenperature and cured over 16 hours. Maxi nrum An 0 0063. Conparative

exanple 3 (ﬁdi ug: 5!342 !g of Tﬁrag hane 1000 (conparison for conponent B)
wer e m xed crylate 1 (conmponent C), 0.15 g of CGQ
909 and 0.015 g of new nethyl ene blue (together conmponent E) at 60C and
0.525 g of (ﬁ\‘l%tdm|69bhtt%ﬁlﬂu@'ﬂﬂﬁn{e R&IND.0S o?QhEdi'ﬂhn%ﬂa&afé'(@%Eméﬁ }fitZ,On Was

obt ai ned. Thereafte cooling to"30C was effected, 3.193 of
Desnodut( r ) Bager Mﬂfnz(l%@cmmﬂ%@l LeNerknsers Gediianly )aand 203 97 rgg)ﬁﬂ@Zﬂ‘Vefstimgﬂed agai n.

ci ot b0 b SOUHoP o RCe A rEr D P BPAPR g £ et W OSSRk ot o a

gl ass pl at %@&&bt%?léﬁ&&%&t@ﬂﬁl@cf@h&é%@ E@@&Meﬂ'@&&aﬁ&ﬁ%@re"mhﬁhy WasdkeRt at a
di stance of 20 ptm by spacers. This test 5 specinen was left at room

t enper at ur eintmal> @umé tbundéhottdtret flasls and\isateduontdIC. Thetehfior, 423 ewfad-i ve exanpl e
4 (medi um “hydroxyethyl acrylate were added dropwise and the mixture was still kept at 60°C until the

15  1isocyanate 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.

For the production of the holographic media, the component C, the component D (which
can already be predissolved in the component C) and optionally the component G are

20 dissolved in the component B, if required at 60°C, after which 20 um glass beads (e.g.
from Whitehouse Scientific Ltd, Waverton, Chester, CH3 7PB, United Kingdom) are
added and thoroughly mixed. Thereafter, the component E in pure form or in dilute
solution in NEP is weighed in in the dark or under suitable lighting and mixed again for 1
minute. Heating is optionally effected to 60°C in a drying oven for not more than 10

25 minutes. Component A is then added and mixing is effected again for 1 minute.
Subsequently, a solution of the component F is added and mixing is effected again for 1
minute. The mixture obtained is degassed with stirring at < 1 mbar for not more than 30
seconds, after which it is distributed over 50 x 75 mm glass plates and these are each
covered with a further glass plate. The curing of the PU formulation takes place under

30  weights of 15 kg over several hours (usually overnight). In some cases, the media are
postcured in light-tight packaging for a further 2 hours at 60°C. The thickness d of the

photopolymer layer is 20 pm, resulting from the diameter of the glass spheres used. Since



7.726 g of Acclainm(r) 1000 (pol ypropyl ene oxide having a nunber average

nol ar nmass of 1000 g/ nol) (conparison for conponent B) were mxed with 3.75
g of urethane acrylate 1 (conmponent C), Q.15 g of CA 909 and 0.015 g of new
nmet hyl ene bl ue (together 10 conponent E)r39t' 60C and 0.525 g of

N-et hyl pyrrolidone (conponent G so that a clear solution was obtained.

Ther eaf t er ,diferont fngntll@n@mlm iffewsot warting voosity anfl dijéeramichuring yatxpf the 10
(conponent Xi;n cte Fi nal | 0, 0309 g of
oo T R e 0 o S TP Bt B Ao e

agai n. The shingud & dBRrRfinedl sepithRly 6 WRScHahRBerRALY GCth® WiritteR holoafansfoptfhand
covered there with a 15 second gl ass plate which was kept at a distance of
20 um by spamgles. This test specinen was |eft at roomtenperature and cured
over 16 hours. Maxi mum An: 0.0065. Conparative exanple 5 (medium: 1.129 g
of pol yet he xi de having a nunber average nol ar nass of
200 g/ mol ) <Ok —COt it B) were mxed with 3.081 g of urethane
acrylate 1 20 (corrponent O, 0.12 g of CA 909 and 0.012 g of new net hyl ene
bl ue (toget8)gy gepPiRPaBR 1ptepatedid@esdtibed abke (@ombari¥oatfbyddrdneht BoReEre

(conmponent G so that a clear solution was obtai hed. Thereafter, coolin to

30((1: was ef fre@pémtfhﬁ wgogu@fhagegm&l!ﬁlrtfqommnmﬁ 0.4 8Bk 908) andedk @ 5
F
(Corponent "M BELvEaeTRRefherriritnstt Br 28T ot fisze RPraGeibovraidons || qui g

mat eri al 01{&%13&(&’#‘@? sé tHaPa BREF ffutRiit Wasobidifed TRERhRer2B6blg e RO Wvaere wth
a second gl ass plate which was % E at a distance of 20 umby spacers. This

test spdci rréfﬂrﬁmdsl b&f g ofiDesrodnr 18t(aprapeneat A)mste aslded andmiving svas Maxi mum

i by one iSETERAREGE: oA oY & o Fregh U aftefiamips B b fltcd ad hifing! "V

N- et hyl pyr rgid éffé@t%d(b‘il@ﬂg@gﬁﬁt T lu?ﬂd atdriaPolthi®ad was 'tﬂéh';féﬁrémwﬁ)%ﬁbsf;ﬂﬁlte
Thereafter, coolin was effected, 2.792 of Desnod uoﬁr 599
$0 um bp4s5 g of

( conponent aﬁ)i oprered theeeiwitha@ SﬁmdrgjawthaWh@ti@d pledtia. digtineg|

Fonrez(r) UL 28 cO0 ent adde and m x ted briefly
hga - The AGE dhiERRPRMSB e [ AR BRI B e G BO8 ot 6 and
cover ed;st heyiexividnbhAg: ¢ee@nNd gl ass plate which was kept at a di stance of 20
pm by spacers. This test specinmen was |eft at roomtenperature and cured
over 16 hours. MaX| mum An: 0. 0158 Exanple 2 (nmedium: 10 7.264 g of

Pol yet her ROPArs amplé H(mediwm)cer i ne- based pol yet her mi xture of

et hyl ene oxi de and propyl ene oxide with a total et hyl ene oxi de fraction of

win oL T o BN @R wﬁaiogsfser SrgRui Ve mbESIREETS o B uigfiafe 1 5

015 g of ne&é’r;‘lﬁ%hl(h&ﬂﬁo&hﬂ@) @ F&ngf‘@GI 00IRRNE 015 Ebof abw dteh bt lﬂu@@é%@hé?f
N- et hyl pyrrol’i done n&onent G "so that a clear 15 solution was obfai ned

Ther eaf t er ,coopohemd tat)6 52§ g o€ Neathylgyrzalgloge ¢onranentdy) §a thatérclear
20  solution was obtained. Thereafter, cooling to 30°C was effected, 4.418 g of Baytec® WE

180 (component A) were added and mixing was effected again. Finally, 0.030 g of
Fomrez® UL 28 (component F) was added and mixing was effected briefly again. 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 20 pm by spacers. This test specimen

25  was left at room temperature and cured over 16 hours. Maximum An: 0.0063.

Comparative example 3 (medium):

7.342 g of Terathane 1000 (comparison for component B) were mixed with 3.75 g of
urethane acrylate 1 (component C), 0.15 g of CGI 909 and 0.015 g of new methylene blue
(together component E) at 60°C and 0.525 g of N-ethylpyrrolidone (component G) so that

30 aclear solution was obtained. Thereafter, cooling to 30°C was effected, 3.193 g of



2599 (conponent A) were added and m xi ng was effected again. Finally, 0.0480
g of Fonrez(r) UL 28 (conponent F) was added and m xing was effected briefly
again. The liquid material obtained was then poured onto a glass plate and
covered there with a second gl ass pl ate-dhi-ch was kept at a distance of 20
gm by spacers. This test specinen 20 was |left at roomtenperature and cured
over 16 houDemodard X580 (édnfjbaent AxaepladdRl dndadixing was’efidededopgain. Ballgpi n(r)

4220 N (ethyl ene oxi de-gapped pol ypropyl ene oxide of . nunber average nol ar
mass of 40000398 9@@0%&@@1%%%%& rmixingswas effecisddriztie

acrylate 1 : f n?]_r%g)rgf‘% ne

bl ue (togetaﬁg@@g@lg@ﬁ&g%%%r%lé)ﬁtag}teg%a%en .92 tga%?aéﬁl-ggt y pyrV ?%P:a?f{gﬁe
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30C was effected, 2.983 g of Desnodur(r) XP, 2599 (conponent A) ded and
M Xi ng Was saFcrlaepwsgsfaiﬂrfpomitﬁlap?rﬁlt,urm&%efbow 1 zMaymemz%lvrA?@é onent
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obt ai ned WaSyhbs ek Y BnédidhAss plate and covered there with a 30
second gl a{?‘p‘pa'['e—wm-ﬁ‘nwarﬁgmr@‘[ a distance of 20 pm by spacers. This
test specinen was |left at roomtenperature and cured over 16 hours. Maxinmum
An: 0. 0141.7.72680f Atolaimd] K009 (palygiapyiene 6x1d8 haying f nDedwD@eeagernol20BAssRD

Va1 he Ko 0B elaal focturstiotn BiroBpoRaR & more g Wiy 78 et retaishie |
acrylate 1 (cs,ﬁ r ng%, 625 %Qfé@lgoé’fanﬁ%é?g%fﬂga rRethiiendbigé pg Uhdet hyl ene

bl ue 5 (toget onent E) at 60C an .525 g of” N-ethy rrol i done
(component d@mpeaerititat 80T aad 0.525 g ot Direthvdpyblidune échmpdnene@j scethat £dedri ng t o

30C was effected, 4.453 Desnodur (r > 2599 (co nt wer ed
and ni xi ng loafwaé@P@ane%giL?r?a rn%qqlé?,g)tfoﬁéé\gaﬁe tag Aro0) @@)Qqemggur@%
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total ethylene on o e equl we
was left at room temperature and cured over 16 hours. Maximum An: 0.0065.

Comparative example S (medium):

1.129 g of polyether L80O0 (polypropylene oxide having a number average molar mass of
200 g/mol) (comparison for component B) were mixed with 3,081 g of urethane acrylate 1

20  (component C), 0.12 g of CGI 909 and 0.012 g of new methylene blue (together
component E) at 60°C and 0.431 g of N-ethylpyrrolidone (component G) so that a clear
solution was obtained. Thereafter, cooling to 30°C was effected, 7.525 g of Desmodur® XP
2599 (component A) were added and mixing was effected again. Finally, 0.0259 g of
Fomrez® UL 28 (component F) was added and mixing was effected briefly again. The

25  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 20 pm by spacers. This test specimen

was left at room temperature and cured over 16 hours. Maximum An: 0.0096.

Example 1 (medium):

7.743 g of Acclaim® 4200 (polypropylene oxide of number average molar mass of

30 4000 g/mol) (component B) were mixed with 3.75 g of urethane acrylate 1 (component C),



15 984.2 g/ nol) (conmponent B) were mxed with 3.75 g of urethane acrylate 1
(component C), 0.15 g of CA 909 and 0,015 g of new net hyl ene bl ue (together
conponent E) at 60C and 0.525 g of N-ethyl pyrrolidone (conponent G so that
a clear solution was obtained. Thereaftes2-cool i ng to 30C was effected,
1.906 g of Desnodur(r) XP 2580 (conponent A) was added and m xi ng was

ef fect ed adhlhg oFCREING and0025% of now rireshylenq blpe mg%emmmm@@mﬁoﬁ andas

added and s effected brief The u mat er bt ai ned
re e han T8 ol R B p G0l Lehnoha Bl B i otear SO oS b ined” L
pl at e whi chriasafiéERboRg @ FEtdicEfetled 20791y BYDERRGRIS XPTIN® (t@fporeREA) MEN
was left at roomtenperature and cured over 16 hours. Maxi m An 0 0150.
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(conponent A 30, wer e add g)mm was ef f again. Finally, 0.0360 g
of Fonr ez ( rifMpEravie pd,cHi BYﬁr HBané}{H(BrCRHSgng was effected briefly

again. The liquid material - 34 - obtained was then poured onto a gl ass

pl ate and cm/ﬁﬁ@ﬂ(?ﬁd@um':th a second gl ass plate which was kept at a

di stance of arn by spacers. This test specinmen was left at room
tenperature and cured over 16 hours. Maxi nrum An 0 0205. Exanple 7 (nedium:
5 6. 56310y of.264cg pEPelyethert¥ 3870 (ivifynstional lgdyserinsbared palpiethsr mixturendrethleneage

| f.,4000 h
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Thereafter, COO|I 2.472 P 2599
(conponent ¢ &%}ﬁg@%ﬁﬁéﬁ ?%Q}g%h}glpyrgglg ﬁ‘ﬁpﬂonefi‘ﬁﬁéfg {lﬂ 3°l§%02 g of
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again. The liquid material obtained was then poured onto a gl ass plate and
cover ed the25é’9\£mmp<ales‘eébwdregaddséamamx:lng\mas:hffm@mm Fanally, 4048G@of of 20
um by spac

um by spacecs, Thjs Jest specimpn vas,Lety at,room 15 fsppeRatune And cured
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 20 pm by spacers. This test specimen

20  was left at room temperature and cured over 16 hours. Maximum An: 0.0120.

Example 3 (medium):

7.554 g of Acclaim® 4220 N (ethylene oxide-capped polypropylene oxide of number
average molar mass of 4000 g/mol) (component B) were mixed with 3.75 g of urethane
acrylate 1 (component C), 0.15 g of CGI 909 and 0.015 g of new methylene blue (together

25  component E) at 60°C and 0.525 g of N-ethylpyrrolidone (component G) so that a clear
solution was obtained. Thereafter, cooling to 30°C was effected, 2.983 g of Desmodur® XP
2599 (component A) was added and mixing was effected again. Finally, 0.0071 g of
Fomrez® UL 28 (component F) was added and mixing was effected briefly again. The
liquid material obtained was then poured onto a glass plate and covered there with a

30 second glass plate which was kept at a distance of 20 um by spacers. This test specimen

was left at room temperature and cured over 16 hours. Maximum An: 0.0141.



CLAI M5 1. A pol yuret hane conposition conprising A) 2 to 40% by wei ght of a
pol yi socyanat e conponent; B) 15 to 82.989% by wei ght of an

i socyanat e-reacti ve conponent conprising 5at |east 50% by wei ght, based on
the total amount of B), of a polyether pdByol BIl) having an average OH
functionality of from1l.8 to 4.0 and a nunber average nol ecul ar wei ght of
from 2000 tExaamle 4dimediumitd conpri sing one or nore oxyal kyl ene units of
formulae (1), (I1), (I1Il1), -CH2-CH2-0-(1) 10-CHz2- CH(R) 0- (II)

cai o al kyl Gk b1 DrsmdiRER® oo, aapraiehs SHce O elimbrhBrect e 5t

sai d al kyl
i nt errupt ey gAnHChRPIREIM thé KOH PrdRssh (06nbYondRi Igfﬁvel‘éfm&e@wm ourgly bf ee of
er

NCO groups whi ch conprises a group that reacts un the action of actinic
radi ati on vurctlhax@tavy}'lem lc(&bmomé?t)m Y gof €6111968 aug 0:0i14 gpdingwemnéthplenablue D)

0. 001 2% f 1 7 h
of phot o niQTEREBF semperieny Bl fdE a8l 23 el Bilsbimetitope (hriepode & gl O
G opti onal |ay019art581u5igr{W oBRifEat Tﬁéreﬁ%@f'dobﬁﬁg 8530w addtdctodes 452 g bhe

pol yur et hane corrpo®3| tion of claimi, wherein A conprises a pol yl socyanat e
Desmodur” XP 2599 (component A) were added and mixing was effected again. Finally,

0.0338 g of Fomrez® UL 28 (component F) was added and mixing was effected briefly
again. The liquid material obtained was then poured onto a glass plate and covered there
10  with a second glass plate which was kept at a distance of 20 um by spacers. This test

specimen was left at room temperature and cured over 16 hours. Maximum An: 0.0137.

Example 5 (medium):

8.628 g of Polyether L 5050 (difunctional polyether mixture of ethylene oxide and
propylene oxide with a total ethylene oxide fraction of 50% of the equivalent weight of

15  984.2 g/mol) (component B) were mixed with 3.75 g of urethane acrylate 1 (component
(), 0.15 g of CGI 909 and 0.015 g of new methylene blue (together component E) at 60°C
and 0.525 g of N-ethylpyrrolidone (component G) so that a clear solution was obtained.
Thereafter, cooling to 30°C was effected, 1.906 g of Desmodur® XP 2580 (component A)
was added and mixing was effected again. Finally, 0.0255 g of Fomrez® UL 28

20  (component F) was added and mixing was effected briefly again. 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 20 um by spacers. This test specimen was left at room

temperature and cured over 16 hours. Maximum An: 0.0150.

Example 6 (medium):

25  6.640 g of Acclaim® 4200 (polypropylene oxide having a number average molar mass of
4000 g/mol) (component B) were mixed with 5.25 g of urethane acrylate 1 (component C),
0.15 g of CGI 909 and 0.015 g of new methylene blue (together component E) at 60°C and
0.525 g of N-ethylpyrrolidone (component G) so that a clear solution was obtained. |
Thereafter, cooling to 30°C was effected, 2.394 g of Desmodur® XP 2599 (component A)
30 were added and mixing was effected again. Finally, 0.0360 g of Fomrez® UL 28

(component F) was added and mixing was effected briefly again. The liquid material



and/ or a prepolynmer based on HDI, TMDI, and/or TIN. 3. The pol yurethane
conposition of claim1, wherein A) conprises a polyisocyanate 25based on HDI
wi th isocyanurate and/or im nooxadi azi nedi one structures or a prepolyner
havi ng an NCO functionality of from 2 t o 3 -and excl usi vel y primary NCO
groups. - 36 - nononeric isocyanate of |ess than 0.5% by weight. 5. The
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of claim 1, teiperafird aRtd bure@ GRér Fifouss. REYRLMEAn: 208! based on propyl ene

oxi de, a random or bl ock copol yner based on propyl ene oxide with a further
1-al kyl ene oxide having a proportion of not higher than 80 % by weight of

1- al kyl ene Exaniple Tm¢diuma: pol y(trinet hyl ene oxide). 10 7.The pol yuret hane
conposition of claiml1l, wherein C) conprises a urethane acrylate and/or a

ur et hane ne b matl c anat and 2-h oX et I
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2010. An optical el enen i mage conprising the nmed |ug1 of claim?9.

10  Thereafter, cooling to 30°C was effected, 2.472 g of Desmodur™ XP 2599 (component A)
were added and mixing was effected again. Finally, 0.0302 g of Fomrez® UL 28

(component F) was added and mixing was effected briefly again. 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 20 um by spacers. This test specimen was left at room

15  temperature and cured over 16 hours. Maximum An: 0.0200.



11. A nethod for recording a hol ogram conpri sing exposi ng the nmedi um
of claim 10.
235-

CLAIMS

1. A polyurethane composition comprising
A) 2 to 40% by weight of a polyisocyanate component;

B) 15 to 82.989% by weight of an isocyanate-reactive component comprising
5 at least 50 % by weight, based on the total amount of B), of a polyether
polyol B1) having an average OH functionality of from 1.8 to 4.0 and a
number average molecular weight of from 2000 to 8500 g/mol and

comprising one or more oxyalkylene units of formulae (I), (II), (III),
-CH,-CH;-0O- I}
10 -CH,-CH(R)-O- (1D
-CH,-CH,-CH,-O-  (II)
wherein

R is an alkyl or aryl radical, wherein said alkyl or aryl radical is

optionally substituted and/or optionally interrupted by a heteroatom;

15 O 15 to 70% by weight of a compound free of NCO groups which comprises a
group that reacts under the action of actinic radiation with ethylenically

unsaturated compounds via polymerization;
D) 0.001 to 2% by weight of free radical stabilizers;
E) 0.01 to 7.5% by weight of photoinitiators;
20 F) optionally 0 to 3% by weight of catalysts; and
G) optionally 0 to 50% by weight of auxiliaries and additives.

2. The polyurethane composition of claim 1, wherein A) comprises a polyisocyanate

and/or a prepolymer based on HDI, TMDI, and/or TIN.

3. The polyurethane composition of claim 1, wherein A) comprises a polyisocyanate
25 based on HDI with isocyanurate and/or iminooxadiazinedione structures or a
prepolymer having an NCO functionality of from 2 to 5 and exclusively primary
NCO groups.

4. The polyurethane composition of claim 1, wherein A) has a residual content of free
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-36-

monomeric isocyanate of less than 0.5% by weight.

The polyurethane composition of claim 1, wherein said polyether polyol of B1) has
an average OH functionality of from 1.8 to 4.0 and a number average molecular
weight of from 1000 to 8500 g/mol.

The polyurethane composition of claim 1, wherein B1) comprises a polyether
polyol based on propylene oxide, a random or block copolymer based on propylene
oxide with a further 1-alkylene oxide having a proportion of not higher than 80 %
by weight of 1-alkylene oxide, and/or a poly(trimethylene oxide).

The polyurethane composition of claim 1, wherein C) comprises a urethane
acrylate and/or a urethane methacrylate based on an aromatic isocyanate and
2-hydroxyethyl acrylate, hydroxypropyl acrylate, 4-hydroxybutyl acrylate,
polyethylene oxide mono(meth)acrylate, polypropylene oxide mono{meth)acrylate,
polyalkylene oxide mono(meth)acrylate, and/or a poly(e-caprolactone)

mono(meth)acrylate.

A process for producing media for recording visual holograms comprising (1)
applying the polyurethane composition of claim 1 to a substrate or in a mould and

(2) curing said polyurethane composition.
A medium for recording visual holograms produced by the process of claim 8.
An optical element or image comprising the medium of claim 9.

A method for recording a hologram comprising exposing the medium of claim 10.





