-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 CATI ONS This application
clainms benefit to European Patent Application No. 08017277.8, filed 5

Oct ober 1, 2008, which is incorporated herein by reference inits entirety
for all useful purposes. BACKGROUND OF “THE | NVENTI ON The present invention
rel ates to novel polyurethane conpositions which are advantageous for the
production of hol ographi c medi alTliLi @F T&E BNYENTHN a storage, but also for
optical 10 applications of different types. In the structure of hol ographic
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Some of th(p gepul ati ons described there contain PPO having a | ow nol ar
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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,



-2- USA), a polyether with al kynediol starter for enbossed hol ograns.

Furt hernore, the patents JP 2007101743, JP 2007086234, JP 2007101881, US
20070077498 and US 20070072124 describe the use of di- and trifunctional

pol ypr opyl ene oxide in connection with PY matrices in the area of

hol ographic data 5 nenories or as "vol ufe-type hol ographic opti cal

recordi ng pedia”. The isocyanate conponent used there was

di cycl ohex U3t %H?llé‘eti?ﬁwltﬁialké’%‘ila]rﬁé{%r?mﬂ@qmd'})d‘?ﬂmr&& prepol ymer of the
abovenenti oned conponents, in sone cases in the presence of 1,4- butanedi ol
as a chai npehaRARs e PALROOMS0GADMUALP 90670814l 1P Qops A 88T, the patents JP
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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.



speci al pol yether polyols are used for synthesizing the matrix polyner. -3-

EVMBODI MENTS OF THE | NVENTI ON An enbodi nent of the present invention is a

pol yur et hane conposition conprising A) a polyisocyanate conponent; B) an

i socyanat e-reactive conponent conprising3at |east 50 % by weight, 5 based on
the total amount of B), of a polyether polyol B 1) having a nunber average

nmol ecul ar wei ght of great erEMBODINMERNTS/OPTHETN VENPIO§I Ng one or nore
oxyal kyl ene units of forrmulae (1), (I1l), (1Il), -CH2-CH2-O (I)

-CH2-CH(R-O (Il) 10 -CH2-CH2-CH2-O (IIl) wherein Ris an alkyl or aryl
radi cal , wherembpdiment odthepresant gyvpntionadiadglyurethangrompesitiop cempssing ut ed
and/or optionally interrupted by a heteroatomp C) a conpound free of NCO
groups whi ch codyri saypolyigrgamtd toahpanenigt s under 15 the action of actinic
radiation with ethylenically unsaturated conpounds via polynerization; D)

free radical sta@iliafliscyarale-faeiwl donipoaémicdmphisingt ieastal0l % byateightst s; and
20 G optionally auxiliaries and additives. Another enbodi nent of the

present Si nvention i s based aasbe oot amountei B ef & pelyethier paliiol B ithaviaiga nymber
conprises a polyisocyanate and/or a. prepol yner b n,HDL, TMD. nd/ or
TN Anot her embodi miniaky mpfree Rt edish SPEHAT haR TE PR AR et ige itane
conposition, 25 whemngird ofYalkABRY iriof forifllad @R NR(ANE based on HDI wi th

i socyanurate and/or i m nooxadi azi nedi one structures or a prepol ynmer having

an NCO functionality of from 2_Cm_cﬁ{2@@g excl gﬁl vely primary NCO groups.
Anot her enbodi ment of the present “invention is’the above pol yurethane

conposi tion, -4- -CH,-CH(R)-O- (IT)
10 -CH,-CH,-CH,-O-  (1II)
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,



wherein A) has a residual content of free nononeric isocyanate of |ess than
0.5% by wei ght. Another enbodi nent of the present invention is the above
pol yur et hane conposition, wherein said polyether polyol of Bl) has an
average OH functionality of from1.8 to-4-0 5 and a nunber average

nol ecul ar wei ght of from 1000 to 8500 g/ nol. Another enbodi ment of the
present i nvgietdi®RA) has 4 FeidubPystd® by € ndanBeiO1¥DORinkhie O less WHRI085% bl )
conprises a pol yether polyol based on propylene oxide, a random or bl ock
copol ynmer Bei@d on propyl ene oxide with a further 1-al kyl ene oxide having a
proportion of not higher than 80 % by wei ght of 1-al kyl ene oxide, and/or a
pol y(tri met Xk-de Al I en f S ipvention is
t he above po ghﬁegggxﬁg%lgxe}%%%@g. Pe S%‘J‘r}?ﬁve leggsjitﬁggéﬁ‘% pﬁ)ttlfﬂgeet? éirgerceoggcﬁofgl?égbf B 1)
has a refr adetei@sdidd gedyether pélyoif of BIg hat Adivelage®OH féstiohslity fifei mené 40f the
present invention is the above pol yurethane conposition, wherein said
conpound ofndy nhaberavesdee aeelpqdar wright of dreon H00feSaP@g/melan 1.55.  Anot her

enbodi ment of the present invention is the above pol yuret hane conposition,
15 wherein C | S . J At r crylate
pased on ad ouFE Ebb IR HNARE AR LA e be R o BRI L
acryl ate, A4vheydhi BAYbothpilises a@olylettice polgol bistdyh pripylene dridepnehdsitoy dlock! at e,
pol ypr opyl ene oxi de nono(neth)acrylate, polyal kyl ene oxi de, )
nono( net h) &epslymerbasgdan propxlans opids-witepfusthst gl engwridehay imgadropatien 20
Yet anot her ' o/l r t 1 I ' r 4 ci ng
rodia for o SEAEETR & o0 O REEPA Lok MUATIIRE o a BERTERT AR
pol yur et hane conposition to a substrate or in a nould and (2) curing said
pol yur ghhangotieip@dbdin®ht offitk padieitisventioh actheabdveqiolyurethpiesiositiovgnt i on i s
a medi um for recordi nlg vi sual  hol o%;arrs roduced by,,t he above process of
Ve hargfk

zCor, ( y
claim 25 ydereimsiidgpplyetsopelyelrf B asHEnindex e nof ss thandwopt i cal
el enent or inage conprising the above nedium Yet another enbodi nent of the

Phe- above okt sk mbBagfEL R Sep iRt R R e YA AR 2 oy 0°

rel ates to whetein sl bamporalaiod) Has anefranivp tidek mg™ of greater than 1.55.

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

15  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.

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.



A) a polyi socyanate conponent, B) an isocyanate-reactive conponent
conprising at |east 50% by wei ght, based on 5 the total anpbunt of B), of
pol yet her polyols B 1) with nunber average nol ecul ar weights greater than
1000 g/ nol, which have one or nore oxyal-Ryl ene units of the fornmulae (1) to
(rrr)y, -CHz-CHz-O formula (1) -CH2-CH(R) -O fornula (11) 10

- CH2- CHZ- CHz- O fornul a (11 IDESCRIRIHONORTHE BYWENRYONor aryl radi cal which
may al so be substituted or may be interrupted by heteroatons (such as ether

oxygens) C).,conpound i ch hav r,ou reacting.under the action of actinic
radi ati on Wt e&%%*?’ﬁ\ff?%’ irﬁlﬁéFfp ﬂ%&fgﬁ’?ﬂ? EYREHBOG FALPRPYE pol ymeri zat i on
(radi ation-curing groups) and are thenselves free of NCO groups, D) free
radi cal stabi lAyzgpslyidebyiaed @npdneat ors F) optionally catalysts 20 G
optionally auxiliaries and additives. "Active radiation” is understood to

mean el ectronmagnetic, ionizing radiation, in particular electron beans, U
radi ati on andBal 8bispc¥anetecrep¢tiigtcopRonent cpmpririon apeast A0k byiwveightiibasedPn  Ur ban

& Fischer Verl ag i ch 9 TyDi r ' 0SLil C rise:
25 5 10593, 90096 BY SIB SOt NS HBBherRBlyoH SLOGR niRER A el RIS o,
-6- 1 to 60% by wRight grehteE®ER Q060 E/ndl, wiich BavEoficlyt ikt @Ryalkylehidignig@Mg@nent
C), 0.001 to 10% by wei ght of photoinitiators E), 0 to 10% by wei ght of

free radical stafemuae@O)YII),5 0 to 4% by wei ght of catalysts F), 0 to 70%
by wei ght of auxiliaries and additives G . Preferably, the pol yurethane

conposi tions accgéﬁiz_@izt_g_ the %o@%ﬁ%fét(il)on conpri se
-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,



15 to 82.989% by wei ght of the conponents 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, 0.01to 7.5%by weight of photoinitiators E), 0.001 to 2% by wei ght of
free radical stabilizers D), 0 to 3% bybweight of catalysts F), 0 to 50% by
wei ght of auxiliaries and additives G. 15 Particularly preferably, the

pol yur et hahdo 66¥dysweighine cacponeiti?g, t o t he i nvention conprise 15 to 82.489%
by wei ght of the conponents B) according to the invention, 2 to 40% by

wei ght of nt A) to 50% by wei ght of the conponent C), 0.5 to 5%
by wei ght Sgggﬁrg‘te%'i‘ﬁ?‘gptaq]ig}r‘%“ﬁ?f,’onfﬁy@.’OI to 0.5% by weight of free radical
stabilizers D), 0.001 to 2% by weight of catalysts F), 0 to 35% by wei ght

of “auxili apige$ t@NbsasdhdibMEasT pibtoinifiatoRUt) abl e conpounds of the _
pol yi socyanate conponent “A) are all aliphatic, cycloaliphatic, aromatic or

araliphatic di- and triisocyanates known per se to the person skilled in the
art, it béitead0Wrhynweightofifrestredinarstabilizgrsdd)y, e obt ai ned by neans of
phosgenation or by phosgene-free processes. In addition, the relatively

hi gh ol ecul ar, i ght , secondary.b products (oligo- and pol yi socyanates) of
rmnorrer%c gi“—’“%’n /g’f“gpf?fi'c‘? Vé%]?:ﬂ’es having a urethane, urea, carbodiinide,

acyl urea, isocyanurate, allophanate, biuret, oxadi azinetrione, uretdione or

i m nooxadi §zb neﬂiweighﬂmgnﬁriemmda%mary products are wel | known per
se to the person skilled in the art, can also be used in each case

individually or in any mxtures with one another. 10 For exanple, suitable
mononer i ¢ refergblyt theipobayethanecomnositions gacerdingiioi the tyanterecomprisganet hyl ene
di i socyanate (HDI), isophorone diisocyanate (IPD), trinethylhexamethylene

socyanat ol ihit 397 bhafeiRly FRRLGRTIReRS B WRFPE R BTEABE 576 o1 Lene
dii socyanate. 15 Also possible is the use of isocyanate-functional
prepol yner g thagduty weight @empahémphanat e
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).



or biuret structures as conpounds of conponent A), as can be obtained in a
manner known well per se by reacting the abovenentioned di-, tri- or
pol yi socyanates in excess with hydroxy- or am no-functional conpounds. Any
unreacted starting i socyanate can then bé&- renoved in order to obtain

| ow- nronomer products. For accelerating the prepolynmer 20 formation, use of
cat al ysts Beitablk campounds bfithepetydsoryaiatd tenpanent Apararal]l ahiphatioe cyaleatiphatic,
pol yur et hane chem stry. may be hel pful . Suitabl e hydroxy- or am nofunctional
conpounds FAMAIROT grabipBatFHir mlﬁiemateai@wm Reforthe Pessomiiedindhe ¥ ght
short - chai &, peflol Hi@ht AR Ifer® 4 8akidahabt ShodbHas k¢ ol s and/ or
hi gher pol E}oleg{,gl | .lebblg%nrﬁt éﬁﬁleggég ercg élz)tﬁ%gr bgn %?oﬁsﬁozgaﬁﬁg%{ e}Ls of diols
are et hyl epbosgenystite prbicedshy Ile additony,ahd reldtivelythigh modecglay eeight sexondeay hyl ene

| ycol , dipropyl ene glycol, .tripropylene glycol., 1,2-propanediol,.
%, )?: pr oBangEﬂ %’/t,s (&}399 %@P%&?F Ftegg@eﬁé?u‘t‘%‘%}%ﬁkbi“}d/"” “SOEYanateS ?la"mga
2- et hyl - 2- r Qb5 1 | i .otk i ol
posi ti onal Q%%A#g’rlggg%ﬁgiogh{nﬁéé h@%%’clo@@ggﬁbﬂl&) gﬁ%&?’% ??&?{ﬁ%&hone,
cycl ohexaneasttdiohdramiadinodlkabiabitedioael stohcturd, Which betohdaly pyedustsexcamel kabwn

hydr ogenat ed 30 bi sphenol A (.2, 2-bi s(4-hydroxycycl ghexyl ) pr.opane) .
2. 2-di met hpeLss-tp e ResAsrdlad ip the aryicagalsg pe usddyn Ieecjw\s‘a Hidayidwally argn an anp| es
of suitabl e:triql et hyl ol et hane, tri nethyl ol propane or glycerol.
Sui t abl e ﬂgﬁggjﬁgﬁég?gﬁgﬁﬁalcohols are ditrimethyl ol propane,
pentaerythritol, dipentaerythritol or sorbitol. Relatively high nolecular
wei ght 1al i pbaéxampde)duitahié amhombrt dis op aliyadyanatedart batylgmeldyissdyanate,5 pol yol s,
pol yet her EOl yol s, pol.ycarbonat e IS)O| yol s, hydroxy-functional acrylic resins,

hydr oxy- f uRexdnesthyleneiisoeyanate{EDD. asaphesepe dilsreoypptalPBbbxy resins or
u . ' . Xy resins or |
cages. aon. HAeh RN Ehe SFBERBaLEINION, FRSMSARANRR SO Sart) are ol 5o

sui tabl e. Beboyasitempthlyl)ottane isdcairacoriahylt h&-optand dligorpanasy/ (TING,SI,4- aadér| | near
pol yester diols, as _can be 10 prepared in a known nmanner from aliphati c,
cycl oal i ph&t@@hﬁﬂeéﬂwwaée-di - or polycarboxylic acids or their anhydrides,
such as, for exanple, succinic, glutaric, adipic, pinelic, suberic,

oo i A BRSO R AREBAAL A LR ERL G
trimelliti orbiure stractdred@s Gompaiidd bf c@fporRHCA),as can phibbtainid in 4 mankdrikinbva or

succinic anhydride, or a mxture thereof with ) i )
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.



15 pol yhydric al cohols, such as, for exanple, ethanediol, di-, tri- or
tetraethyl ene glycol, 1,2- propanediol, di-, tri-, or tetrapropylene glycol,
1, 3- propanedi ol , 1, 4-butanediol, 1,3- butanediol, 2,3-butanediol,

1, 5- pent anedi ol , 1, 6-hexanediol, 2, 2-din8t-hyl -1, 3-propanedi ol ,

1, 4-di hydr oxycycl ohexane, 1, 4-di net hyl ol cycl ohexane, 1, 8-oct anedi ol

1, 10- decangghmples of sulbléacioBanetindthylolethaxé, UfigrtHylap@phne Gilycunell Syitabd h
concom tant use of higher 20 functional polyols, such as trinethyl ol propane

or gl ycer ohighey-fungtipnpd alcghels atg difsimegthndolprenape. peatasmlrite], direntaseytiyéipl oy dr oxy
conpounds gﬁgﬁ&]so sui tabl e as pol yhydric al cohols for the preparation of

t he pol yester polyols. Instead of the free polycarboxylic acid, it is also
possi ble to use the correspondi ng pol ycarboxylic anhydrides or correspondi ng
pol ycar box Rehitieslydiigh mokeculat oeipht sliphaticrhnd eyobsaliphaticgaflydlgrsutihes pulggarat i on

of the 25 pol yesters. Polyester polyols also suitahle for the prepol yner

synt hesps Rplolseprlyetber pRadynds.\pobicarbepate palyolsn Brdrowyrfwistignal agrydic desins; y

obtained b | &l ' t ] .. such as
but yr of act SHaOxEAHA LR FARkb ey kG RBASo oS A oot bidiRing P2 S
di f uncti onabradzdch R&ﬂm;gnedxiltd:mmdmiez{ikbmfap Chaistry Tk eoul, pagessasshi66s 1 0thor
exanpl e, the 30 | ow nol ecul ar wei ght pol yhydric al cohols nentioned above as
synt hesi s €ditipnA89%, qose-Thismey ¥erlag, Spistepd) are apgispda®onat es havi ng hydr oxyl

groups are al so suitable as a pol yhydroxy conponent for -9- the prepol yner

synt hesi s, pf e th i L ' |.al.s,
such s 3. Foflr bR ARR o e GRob R SRRERCLE Ml oSt ARk Bl
wi th dijgrylrepafdina&hesn ntangler florAgEpNtics aydialiphgtic 6H s¥grhheyd dicaf bonat e or
phosgene. Pol yet her pohéols suitable for the prepol ynmer synthesis are, for

exanmpl e, t Relypabgudigiacidsror theipgnbydddes, gichas,ioperample.duecinigr glatapg) adiRiCoxi de,
| i de, _tetrah f . but yi i ' . ' d thei
P ot adauBtaelE st RO R nof et G fan BRLERHGRE REph B, "1

condensat i dpRthaldloyphtilice tetlabRitoptithdlic, itxahydi@phthhles 6OkindMitid 4v9d and adilai ned
by al koxyl ation of pol yhydric al cohols, am nes and am no al cohols. Preferred

pol yet her pahxdsides, sheh asod-plithalig yiimalditio or suosinic ar1ydride oy lagnituss theesof wathd
conmbi nations, 10, thereof in.the-.formof randgm of. bl.oc opol.yners. or
ol y( t aF r aRgaPdire ARty st Ay Helh B SRREAR G R e BRRRE B 12y o
1.5 to 6 apgbpanetioTber, tav.eiragieapicydsiel gycolveli Bpfopakafivte €a-Ridheaidtl 118000 g/ nol ,
preferably having an OH functionality of 1.8 to 4.0 and a
butanediol, 2,3-butanediol, 1,5-pentanediol, 1,6-hexanediol, 2,2-dimethyl-1,3-propanediol,
1,4-dihydroxycyclohexane, 1,4-dimethylolcyclohexane, 1,8-octanediol, 1,10-decanediol,
1,12-dodecanediol or mixtures thereof, optionally with 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



nunber average nol ecul ar wei ght of 600 to 8000 g/nmol and particularly
preferably having an OH functionality of 1.9 to 3.1 and a nunber average
nol ecul ar wei ght of 650 to 15 4500 g/ nol. Suitable am nes for the prepol yner
synthesis are all oligoneric or polyrrer|c9 primary or secondary, di-, tri-
or polyfunctional am nes. For exanple, these may be: ethyl enedi am ne,

di et hyl enetthd prapolgmet synehds;sl ﬁmexamplanhdse whixrlncmynlberpeebamd yereaction of diols,

O B 0 b ke SRS b e ORREZE,
for examl ¢yt Jely agahtegﬁ(c?b%g@g;xﬁmw EirBBor PRSERE S having nunber

average nolar nmasse or any mx s thereof wth one
anot her. Preferred prepolynmers are those based on the abovenenti oned
synt hesi s doigetree polyolsisaitablg farrtht pepelyard synthasid avg Hanetampde, oheppol yadditiomumber

e bt i o9 g O ™
Prepol YTer S e A IORRIRA 51 18R SxODaiRiaha TMR pdfitidiung B pdisdfagnct | onal

pol yet her po yol's havi er average nol ar es 0 0 g/ nol .
It is, if Ppphotyobtanhed b)ﬁb(ﬁmlepmsh bf pol&bydricMcolmtsoqrmtmemmoﬁm&théset o]

o Th- Soby SR oy LAl ionoy PAMEGS Yool AR08 SCURpGRRS. Prefermed O
et hacr y1 atoyeits PO AR #&Kﬁ’%‘%"x‘{@ BBB(cifiElk 8Hda5 K Ebribiparions
et her, 10r opkargof in 10 foeh o€ randat o blmomrsmwmmmwm ahdinixtures

dlcyclopentadlenyl uni ts havi ng one graqup reactlve t owar ds
i socyanat edheged *w@g@pébwuw@aﬂﬁ@ pé 1 ésto |6saé‘é3?a‘h‘§tt@f Avsaesq melecwanyeight cal |y

unsat urate R&gﬁ t A
i socyanat e%r eac ?92(18‘? (l)gép;d%/ t"gj’r‘?f? {ﬂﬁt%ﬁfg; erre‘glea)%g@togt%léet%aﬁts(5
hydr oxy- f ungtibenalerqpeniydlad dar Wweight oTH0D ac BQG(ag/ﬁﬁ)l aficepartionlagy prefdrably bevipgunds
such as 2-hydroxyethyl (neth)acrylate, polyethylene oxide
mono( et h) a%erQH étv@gonfﬁay 9b1 939 Bdrndpaumberaheagfenpleselat waightof 639dPyal kyl ene
oxi de nitgno {)g)r&ﬁryl ates, pol y(s-caprol actone) nono(neth)acryl ates, such
as, for “examnp one MLOO (Dow, USA), 2-hydroxypropyl (neth)acrylate, 4-
hydr oxybutyl (neth)acrylate, 3-hydroxy-2,2-dinethyl propyl (neth)acryl ate,
t he hydr ox\Suit@blt umdidsdoiedhe pespotymedisynthésis @t af (oligbmmeAc by pelymsriofpringdry by dr i C
al cohol s, such as
secondary, di-, tri- or polyfunctional amines. For example, these may be: ethylenediamine,
diethylenetriamine, triethylenetetramine, propylenediamine, diaminocyclohexane,
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



trimet hyl ol propane, glycerol, pentaerythritol, dipentaerythritol,

et hoxyl at ed, propoxylated or al koxylated trinethyl ol propane, glycerol,
pentaerythritol, dipentaerythritol and the industrial mxtures thereof. In
addi tion, isocyanate-reactive oligmeric-b}-polyneric unsaturated conpounds
containing acrylate and/or nmethacrylate groups, alone or in 15 conbination
wi t h t he abthesalnldtiereadcompoendsovidcnpmtain dicyaloperstaditmydluaits limang pirlegsor t i on
of isocyanates which are partly reacted with_ j so%ﬁnat e-reactive
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i 0 to 999 0 i | ] 0 d
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I m dazol es : ' | I me,

i1 sopr opyPaRELgfA; B3idd bRl bR e ey fprler AR op Qi AAA AR

di et hyl nabolyatkglene arile panm(athiacryates, poby(oxaprelactdns) wonwideyH)pyrylaws) sach
c-caprolactam N-tert 25 %utyl benzyl am ne, cycl opent anonecar boxyet hyl ester

or any ni xfaferexsmplt:derehMIORI(RW, Bgént Thydigryprenyymetvaaylaisd for

or ot or bl y Py FRURRT el A kB2 SR B o Rerd BRI dbAY 205 o

i m nooxadi Mcﬂ@ﬁﬁlQx'ikﬁlos,td’lu@ﬁt@fr@(%etlﬁ@cr@ra&sw?biyﬁ%ﬁd alyotviefsastady y used. The
use of prepolyners, preferably having NCO functionalities of 2 to 5

par ti cul ar ymetpyleipsepdsieyglyersel perieeryitiritoli dineniaqupibrien] oethexylated, [propoxylated
particul arl referred. les -11- of suych prepol.yners ar.e .all,gphanat es
b ur ot hangt aBPEiiRed ey REbaGRe ayierdh aptlohuBLRR ko REf Ay BND anc
pol yet her - jRRefrial mpalinés Me@dof. BraddRlanCREANAEReifivY Bligmerld6r pllpmenent | oned
pol yi socyanates or prepol ynmers preferabl’y have resi dual contents of free

nmononeri c ussatyraled cempdpundssontainang adyylote and/og methaszylate gooups) alome @sfiar abl y | ess

than 5.0.5% by. wei ght, ver articularl ref erabl y. I ess than.0.2% by

wer ght 15] nepgbinaRes pith e o BRGh ey FonbrRER P mPdindsafe SF RS0 oy be

substitute ?r@%ﬂ[@zyofti%cybﬂﬁt&r\%i% 8t Jar1yPicR@bd BBy Atk réddtifd &RYleMEANGENS) -
Met hyl, butyl, hexyl and octyl radical's and also alkyl radicals whose C
chain is i nhsaturated edmpyureisheasedry therisayanate aorap@reaf g rsdbto 99%, preferably 0 to

50%, particularly preferably 0 to 25% and very particularly preferably 0 to 15%.

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



In the case of the latter, those having one to 50 1 -al kyl ene oxide units
are particularly 10 preferred. The pol yether polyols Bl) which are essenti al
to the invention nay be honopol yners based on an initiator nol ecule and
excl usively identical oxyal kyl ene repeatihg units. Random or bl ock

copol ynmers having di fferent oxyal kyl ene units are al so possible. Such
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propyl éfe glefendd. et hyl ene gl ycol, diethylene glycol, d| propyl ene gl ycol,
1, 2- but anedi ol , 1, 3-but anedi ol, 30 1, 4-butanediol, hexanedi ol , pentanedi ol,
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f or mal dehy Randord or ploek obpaymes! haningedi tierentreeyalkalede MaitsarelaldogwesibleExanpl es of
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di et hanol aj ne, i sopro ol a opr oI a ne, ethylen am n,
hexamet hyl SHEAPFRE: PALFS pigel orteﬁ%mp e poRBRe St P Ene o ereealse PRk
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adducts and graft products, and the polyether polyols obtamed 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,



di am nodi phenyl net hane and having a relatively | arge nunber of nuclei. In
addition, ring- 10 opening products fromcyclic carboxylic anhydrides and
polyols can also be used as initiator conpounds. Exanples are ring-opening
products from phthalic anhydride, succilc anhydride, naleic anhydride on
t he one hand and et hyl ene glycol, diethylene glycol, 1,2-butanediol,

1, 3- but aneglyoérol Irivhethyldpregam, tridtieana aadng Ippnqamytlaiteld Sco:bitolSsumd)sleyl -
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al koxyl ate used in the process according to the invention is usually such
that it coW&@E‘ér?éélff%elﬁﬂmﬁﬁl@ép?mp%ﬁldéI or alkaline earth netal hydroxide
concentratlon of 0.004 to 0.8%by weight, preferably 0.004 to 0.6% by
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which is to repar epo ymeri ¢ al koxylates can o e al'so be
used as separate reaction step by an alkylene oxide addition reaction with the abovementioned

20  initiator compounds containing Zerewitinoff-active hydrogen atoms. Usually, an alkali
metal or an alkaline earth metal hydroxide, e.g. KOH, is used as catalyst in amounts of 0.1
to 1% by weight, based on the amount to be prepared, in the preparation of the polymeric
alkoxylate, the reaction mixture is, if required, dewatered in vacuo, the alkylene oxide
addition reaction is carried out under an inert gas atmosphere at 100 to 170°C until an OH

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



m xtures. Suitable al kyl ene oxides are, for exanple, ethylene oxide,

propyl ene oxide, 1,2-butylene oxide or 2,3-butylene oxide and styrene

oxi de. Propyl ene oxi de, ethylene oxide and 1, 2-butylene oxide are
preferably used. The al kyl ene oxi des canlbe netered individually, 10 as a
m xture or bl ockw se. Products having term nal ethylene oxide bl ocks are
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advant ageoﬂ’ﬁﬂ)}mﬂ@e%, WO 98/16310 and WO 00/47649 are preferably used. The highly active
DMC catalysts which are described in EP-A 700 949 and, in addition to a double metal
cyanide compound (e.g. zinc hexacyanocobaltate(II)) and an organic complex ligand (e.g.
tert-butanol), also contain a polyether having number average molecular weight greater

20  than 500 g/mol are a typical example,

Preferably obtained alkylene oxides are ethylene oxide, propylene oxide, butylene oxide
and mixtures thereof. The synthesis of the polyether chains by alkoxylation 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.



5 The pol yaddition reaction of al kylene oxides wth initiator conpounds

havi ng active hydrogen atons which is catal ysed by the DMC catal ysts
prepared by the process according to the invention is effected in general
at tenperatures of 20 to 200C, preferabty4-in the range from40 to 180C,
particularly preferably at tenperatures of 50 to 150C. The reaction can be
carri ed outThase indiatdr qompesndsshich h@vetamtizé)hMDgenTatemp@h@mm priepared,dact i on can
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by weight, preferably at |east 45% by weight. Here, oxypropyl ene and
oxybut yl en eklsmsuitabm pobilether pekyelstB Neard ﬁrinﬁhylarwb%daracbmdin@ae femmila (I11),

C4-isonmers. 30 Such polyeth ol fthe ovenentioned type
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In B1), compounds 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,



Such pol yether polyols B 1) of the abovenentioned type preferably have a
refractive index 5 no 20 < 1.55, particularly preferably < 1.50 and very
particularly preferably < 1.47. As further constituents of the

| socyanat e-reactive conponent B), all OHlSand/or NH functional conpounds
known to the person skilled in the art can be used as B2). These are in
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et hoxyet hyl nethacrylate, n-butyl acrylat, n-butyl nmethacrylate, tert-butyl
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B1) are used.

Preferably, compounds having a refractive index np*® > 1.55, particularly preferably >

1.58, are used in C).

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



acryl at, p-bronmophenyl nethacrylate, 2,4,6-trichlorophenyl acrylate,
2,4,6-trichlorophenyl 5 nmethacrylate, 2,4,6-tribronmophenyl acryl ate,
2,4,6-tri bronmophenyl nethacryl ate, pentachl orophenyl acrylate,

pent achl or ophenyl nethacryl ate, pentabreh®phenyl acrylate, pentabronophenyl
met hacryl ate, pentabronobenzyl acryl ate, pentabronobenzyl nethacryl ate,
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dii socyanatcg,sbe 4sed. 30 phenyl ene diisocyanate, 2,4- and/or 2, 6-toluene
diisocyanate, 1,5-naphthylene diisocyanate, 2,4'- or 4,4'-dipheny|nethane
di i socyanate, 1,5- na&ht hyl ene diisocyanate, tri phelrclﬁl nmet hane
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additionally have at least one urethane bond. It is known that such compounds can be
20  obtained by reacting a hydroxy-functional acrylate with an isocyanate-functional

compound.

Examples of isocyanates which can be used for this purpose are aromatic, araliphatic,
aliphatic and cycloaliphatic di-, tri- or polyisocyanates. It is also possible to use mixtures
of such di-, tri- or polyisocyanates. Examples of suitable di-, tri- or polyisocyanates are

25  butylene diisocyanate, hexamethylene diisocyanate (HDI), isophorone diisocyanate (IPDI),
1,8-diisocyanato-4-(isocyanatomethyl)octane, 2,2,4- and/or 2,4,4-trimethylhexamethylene
diisocyanate, the isomeric bis(4,4’-isocyanatocyclohexyl)methanes and mixtures thereof
having any desired isomer content, isocyanatomethyl-1,8-octane diisocyanate, 1,4-
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,



al | ophanat e, biuret, oxadiazinetrione, uretdione or im nooxadi azi nedi one
structure and mxtures thereof. Aromatic or araliphatic di-, tri- or

pol yi socyanates are preferred. Suitable hydroxyfunctional acrylates or
met hacryl ates for the preparation of urethane acrylates are, for exanple,
conpounds such as 2- hydroxyethyl (neth)acrylate 5 pol yet hyl ene oxide
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havi ng a defined hydroxy-tfunctionality are preferred. 25

Epoxy( met h)aseylgie an ﬁoloréﬁamwiaetgnﬁym@kwth@coxlptgs areerefgred In rad@aptl,lat@m ar on
reactio products of .acrylic aci nd/or cré/ a th e des
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propoxyl ated deri vatlves t hereof . Epoxyacrylates having a defined
f unct i onal icompoasds; are spgablbt Ihisedsh fassiblet th @sk thewpox W aeth)asrylafes kopwhiper seci d 30

Pt of or req. COpAARg g oA bRt e Shserberh ot 1) il B KOBESTor of er abi y
used, parti &Wéth)ﬁle (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.



preferably (nmeth)acryl ates and/ or urethane (meth)acryl ates which have at
| east one aromatic structural unit. -18- Conpounds particularly preferably
to be used as conmponent C are urethane acrylates and urethane nethacryl ates
based on aromatic isocyanates and 2-hydropyethyl acrylate, hydroxypropyl
acryl ate, 4-hydroxybutyl acrylate, polyethylene oxide nono(neth)acryl ate,
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photoinitiators a used as conponent E). These are ysyal]y initiators which
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correspondi Rf1carbazole or difunctional compounds, such as divinylbenzene.

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



pol ymeri zabl e groups. Photoinitiators are commercially sold conpounds known
per se, a 30 distinction being nade between nononol ecular (type I) and

bi mol ecular (type Il) initiators. Furthernore, depending on the chem cal
nature, these initiators are used for thegl19- free radical, the anionic
(or), the cationic (or mxed) forns of the abovenentioned polynerizations.
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anm nes, 5 abkyleAparpeenones, 4, 4' -bis(di met hyl am no) benzophenone (M chler's
ket one), anthrone and hal ogenated benzophenones or m xtures of said types.
(Type Il) initiators, such as benzoin and its derivatives, benzjl ketals,
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tris(3-chloro-4-nethylphenyl)hexyl borate are suitable as anmmoni um
aryl bor at e. esefist capiphotirongy alphd-aminealkiriphenonseslpheelnha-dintkaxlyaectophsnens: he,

basic yello L nacynel | or i r ho 1 ne 6 N L ne, ethyl violet,
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green, Astr ﬁ?&ﬂxﬁll@sﬂﬁlﬁén&xe BRr fufthereile suiRBle0ThéghotoinBasdrGsyReshs d8scripyd in | | um

|, cyanine and mnet hyl ene blue, Azure A (Cunningham 20 et al., RadTech' 98

Nort h Ameri ER-AN2EH8Canf spenigingmi@aeixtirp gban anmeniys arxBhoratg gndone ormoa®) . The

phot oi ni ti at,ors _used.for the ani.onic | zat | ule (type 1)
ot o anat9écat 360 s ed fa PRI R TR HpRL o Befpfipht! £, (LYPP 1)
Chromi um sakd HEH [ BSrate] Rirabi@iRffAiurh FaNS-Thd ( Yoratelugal et al .,
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pinacynol chloride, rhodamine 6G, gallocyanine, ethyl violet, Victoria Blue R, Celestine
Blue, quinaldine red, crystal violet, brilliant green, Astrazon Orange G, Darrow Red,
pyronine Y, Basic Red 29, pyrillium I, cyanine and methylene blue, Azure A (Cunningham
20 etal., RadTech '98 North America UV/EB Conference Proceedings, Chicago, Apr. 19-22,
1998).

The photoinitiators used for the anionic polymerization are as a rule (type I) systems and
are derived from transition metal complexes of the first row. Chromium salts, such as, for
example, trans-Cr(NHj3),(NCS),s- (Kutal et al., 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



cyanoacryl ates by photol ytic deconposition (Neckers et al. Mcronol ecul es

2000, 33, 7761). However, the chronophore is incorporated into the pol yner
so that the resulting 30 polynmers are col oured through. The photoinitiators
used for the cationic polynerization subgbantially conprise three classes:

aryl di azonium salts, oniumsalts (here ifi particular: iodonium sul phonium
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to light (Li et al., Polymeric Materials Science an ngi neering, 2 84,
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et al., J. .. Chem 1990, 55, 639; J. . Chem, 1991,. 56,. 183 Thi s
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synt hesi s. | | ose according to
Norrish(ll) %m?@a?ve F%%}aet%qg% E“%%@S‘&WE@%%&%@@S‘%’%%P 825). In the case
of the sul pihowpsiynssization. tThe choicbef te@batesidn ishodmce agHih of camsidetabld cri ti cal

i mportance,, which mani fests itself substantially in .the curi 2‘8 rate of the
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near UV or sabsuadtidlig\deteZdined bybheavailghility ditsuitabls spehs hlikidyblotle fusthe of
aromati cs having a_hi gher absorption, such as, . .
synthesis. The sulphonium salts are compounds which decompose according to Norrish(II)
20  (Crivello et al., Macromolecules, 2000, 33, 825). In the case of the sulphonium salts, too,
the choice of the counterion is of critical importance, which manifests itself substantially in
the curing rate of the polymers. The best results are obtained as a rule with SbF¢ salts.
Since the self-absorption of iodonium and sulphonium salts is <300nm, these compounds
must be appropriately sensitized for the photopolymerization with near UV or short-wave
25  visible light. This is possible by the use of aromatics having a higher absorption, such as,
for example, anthracene and derivatives (Gu et al., Am. Chem. Soc. Polymer Preprints,
2000, 41 (2), 1266) or phenothiazine 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



for exanple, anthracene and derivatives (Gu et al., Am Chem Soc. Polyner
Preprints, 2000, 41 (2), 1266) or phenothi azi ne or derivatives thereof (Hua
et al, Macronol ecules 2001, 34, 2488-2494). It may be advantageous also to
use m xtures of these compounds. Dependrﬁ@'on the 30 radiation source used
for the curing, the type and concentration of photoinitiator mnust be

adapt ed i n the sempenenknangrthe cespensivplarayaableiin paticilar thedreferred synshesis

abovenenti oned adjustment with regard to the photopol ynerization is easily
possi bl e fof""PPESon skilled in the art in the formof routine experiments
wi thin the bel ownentioned quantity ranges of -21- the conponents and the
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octanoate, zinc octanoate, dibutyltin dilaurate, dinethylbis[(1-

oxoneodecy| Dproradly asrirasienordicarty’isl haybehised 6 eonip&inds of tarfipetiedtF). These are
bi s(et hyl hexanoate), zirconium acteyl acetonate or tertiary am nes, such as,
for exahl ecatalysts fq;iaaczeéme%ﬂh@mthm@]foamtme!(nawafa%lyasépb%w,se are, for

di bi | 3., i di .
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dilaurate, ghtdrebduckogijétaninedinasitin Qixyrbstylae ahfconiinVBis(eydylhekanoate),

di car boxyl ate, 1, 4-di azabicyclo[2.2.2]octane, diazabicycl ononane,

di azabi cycl gieatEmAeylacetomitaor teriaradBIRg IsHeiuts, nexample, 1,4-
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20 O course, ves can optTona “be us e€5e may be, for
exanpl e15 athinkthguanidire B3 W,6,M stiRalddes | GhethPlad HpgribB e Q- OfyrimBlie) as
solvents, plasticizers, levelling agents or adhesion pronoters.
Pl asticizers used are prefer ablg/, | i qui ds havi ng i L
Dibutyltin dilaurate, dimethylbis[(1-0xoneodecyl)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



good di ssolution properties, low volatility and a high boiling point. It may
al so be advantageous sinultaneously to use a plurality of additives of one
type. O course, it may 25 al so be advantageous to use a plurality of
additives of a plurality of types. W t h -24e pol yur et hane conpositions
according to the invention, hologranms for optical applications in the
entire vi sitpflectioamglognars,iedge-Higratergrhologramnepd kadographige@raegyamss reflgetion
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during their wuse, a high refractive index contrast delta n > 0.011 is

achi evabl e, which is not achieved wth the fornulations described in the
prior alt. In@ddiioadanlegraphic iwpgsgoagitgtamsmegaisode ppdused by means ef the be

produced by ans_of the .polyuret.hane Lt cor di
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repr esent atpoRMisits, BioReErid tepyeseRaticiRh SecRfitygddtafthisyor @knéralg 66intiges HFEigge
structures for advertising, security |abels, trademark protection, trademark
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mul ti-journgy. ticket Lmages and the like. .and 15 i es whi n
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solution for the abovenenti oned application.
(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



The present invention therefore further relates to the use of the nedia
according to the invention for recording visual holograns, for producing
optical elenments, imges, diagrans, and a nethod for recordi ng hol ograns
usi ng the pol yurethane conpositions 25 aé@ording to the invention, and the
medi a or hol ographic filns obtainable therefrom The process according to
t he i nvent iwad farmixing. Povguen rppargstises otithgubgsad spaassionwithonhessaglbidadd spages ual
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After the apkidribagmbfingoNguansstent)), te ribkeurpotanbessitred as & SIoRRSstdbbns
according to the 15 invention, a clear, liquid formulation is obtained
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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 curing is accelerated by heating after the adm xing to tenperatures
between 30 and 180C, preferably 40 to 120C, particularly preferably 50 to
100C. The abovenenti oned adjustnent with regard to the curing behaviour is
easily possible easily in the form of rddti ne experinments within the
abovenentioned quantity range of the conponents and the synthesis
conmponent s E/@Q0 mBp.s, nreferabdy below900 mRsess partigulerly preferablyi helgva 00 pPasshean
preferred sg/nt h% iSs conponents. Inmediately after conplete m xing of all
conponents, G Eagfﬁ ur et hane conpositions according to the invention have
viscosities at 25C of typically 10 to 100 000 nPa.s, preferably 100 to 20

000 nPa.s, Pékiretiah@tonipayittimiotihe/abd0énémiohed B9R wHieh sure &5 pEShaddtf 15 g
preferably 500 to 5000 nmPa.s, so that, even in_solvent-free form they have

very good 3@dpwi<§l@@§@,tiakylgt eongasé pf 9.884%|by weighitat 8°Guin lesssthan 4bpersoppient s,
i it 5 o24- 11 . ,
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conpositions of the abovenentioned type which cure in an anount of 15 g and
wi th a cat aFpsdpplidtioand a@hbdralOft%ntoy, meulghdll @bpedtite tuktdreas mhdthsdsknbauins or
at a 5 catalyst content of 0.02%in_|ess than 10 m nutes at  25C have proved
to be advanthggersas skilledin the artiazasuighle; gich as,ip partigular.dnifecoating, powing, al |
respective Ct S . erson skilled in the art are

sui t abl e, sﬁrﬁh%g?crr%{er?r%ﬁa@gtm%&&wﬂltn]i%’}qeertElg?at 1%hg, pouring, printing, screen
printing, spraying or inkjet printing. Al the references described above

ar e i ncor poAlttedrefdrenicet destided hbbbvietase mobdipoeited Byorefeatice i Gis entirietyl fopall poses.
While there is shown and described certain specific structures enbodying the
i nventi bh, wsefulpurposese nanifest to those skilled in the art that various
nodi fications and rearrangenents of the parts may be nmade w t hout departing
fromthe spyhd . . VNG | LV, at. t he
sane 1 s not "Hie RACiSEORA 1 derhEipLR Nt LG b R b BRI
EXAMPLES Tl boombhnifésnp thssegklilisl iantikee arethiat varais irardiféoapibas mdngarrdigements of

phot opol yners according to the invention but are not to be understood as
bei ng |i m t he@artemag e made svdthouhdenarting from thespatand spenecd thawrdsrlying

per cent agesinwnt%icgmept and that the same is not limited to the particular forms herein shown and

15 described.

EXAMPLES

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

percentages are percentages by weight.

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%



20 Desnodur(r) XP 2410 is an experinmental product of Bayer Material Sci ence
AG Leverkusen, Gernany, hexane diisocyanat e-based pol yi socyanat e,
proportion of i m nooxadi azi nedione at |east 30% NCO content: 23.5%
Desnmodur (r) XP 2599 is an experinmental pRéduct of Bayer Material Science AG,
Lever kusen, Cermany, full allophanate of hexane diisocyanate on Acclaim
4200, NCO TFathareldf00 isa sommeércidiopBebioefiBASY SKPLadg@shafem Gampry (pobynt al

product of r .Materjal Sci ence AG  Leverkusen, Germany, aliphatic
pol yi socyanﬁ%ﬁﬁﬂg%ﬂm?} CTHERHE n&ﬂl?r%isﬁ%ﬁn%@@bgﬁ%ﬁ?l)'cont ent about 20% - 25-
Terat hana 1000 is a commercial product of BASF SE, Ludw gshafen, Germany

(poly- THF pyydINds BUXARERYE (ﬂﬁ&-éﬂﬁﬁﬁ&t&ﬁﬁ;ﬁﬁ%l‘éﬁurﬁ%@v&a@@h‘)olar'?ﬁ)isyﬁlbo@ is a
di functional poly(e-caprol actone)pol yol (nhunber average nolar nass about

650 g/ nol ) .659 gAbl)ot her pol yols are commerci al products of Bayer
Mat eri al Sci ence AG Leverkusen, Germany and their conposition is described

b ' h les. F 1.28: t i i t
di ot nyt bt 1 S So s SBRT et ARAES of BaFtrar RS RBet At L¥ ke i ve
N—e(rat (r)\;/lnggfﬁ%l i dongymfgwggﬂéglggggsd an e{?peri nen?;%@%%&gdﬁﬁqgsol Zoi ﬁ I2888I lr)]y

Ciba Inc., Basle, Switzerland. Measurenent of diffraction efficiency DE and
refractive Homtex Uba8rursthapigationreatatedi dimgthythig( hgxensodesd)oxyilstannansn and

o moasur | ng BPPaRGLROINAEE e e sRB RS emil P oBS iuth r=ans ©F
hol ogr aphi c1(9s ef&igth &stutickbinN-GthyRpykioligeet ry of a hol ographic nmedia tester

at X =633 rim(He-Ne laser) for witing a reflection hologram M= mrror,
S = shutter, SF = spatial filter = collimtor |ens, = 212 plate,

Sk = . CL = ( )2
PBS = pHl ar¢Gh94%isanenperimensalnsedics pold in 3908 iy CibadnecBagle, Switzeflands
diaphragm a = 21.8 and 0 = 41.8 are the angles of incidence of the

coner ent DeRRRAEANGP BBl IPaciblly GEIRA Relbhfe HBEL Ulha, 20y The beam of an

He- Ne | aser (ém ssion wave was conver ‘he aid of the
spatial filter (SF) and together with the collimtion lens (CL) into a
paral l el  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



honbgeneous beam The final cross sections of the signal and reference beam
are established by the iris diaphragns (I). The dianeter of the iris

di aphragm opening is 4 nm The pol ari zati on- dependent beam splitters (PBS)
split the laser beaminto two coherent 286equal |y pol arized beams. By the
1/2 plates, the power of the reference beamwas adjusted of 0.5 mWand the
power of t ipeodiicgdalgrdsimgroflighOarddank/gtriphwhih\ees perpendiculatte thn angte bisestarsjof he

sem conductor detectars . (D) with s | e remgved. The,angl e of. i ncjdence (a)
of the reft 9%@%&?&1@“2’1‘%@ mﬂ?ﬁr@ﬁgﬁl@@o&g gier&?gﬁg@ 858" Pfie si gnal
beam i s 41.Bedidth is L R85 hAC@LHRAVE indel B BRMU FuhBHIED o behg 490t er f erence
field of the two overl appi ng beans -26- produced a grating of |ight and dark
strips which are perpendicular to the angle bisectors of the two beans

i nci dent orHalhgramamsire wtittef ingo theomediomdy thenfollowing mantiep spacing in the
mediumis -- 225 nm (refractive index of the medium assuned to be --1.49).

Hol ogr a re wjtt into t diumin. the | | awi_ng..anner : ot

shut ters ( SO Bt 81 arqbnth for B pibin® . Thers i coi T BERES (9 B o
(S) cl osed,the tRGIUFPHALMANRR Pih@WES ndnditedRor AffilidH stthestill Ghpdlyhéiteion of the
still wunpolynerized witing nononers. The holograns witten were now read

in the fol wingmoeemers. Thkhwlogrhws maitten fwerdrowirepdah thestohowingamamgr.clhssed.
The shutter of t ref erence beam was apeped. .. The.iris di aphragm of the
ref erence gggt;tﬁr\ﬁ[;fhecqlggaéﬁeqrg r%n%}f‘%m%ﬁ%- Eﬁe sﬂﬂi’ﬁﬁ’fr?ﬁ‘hﬁ ir"astgr@ﬁ%%&@ﬁl & ?W&F&t he
beam was almrYias 8RERIagHEINMNE ReférBcdBeail WaSIOsedtd h R 0781 Al Phis @hduréngl es
(Q of rotation of the nmedium The turntable, under conputer control,

conver t¥d ttha theibdam wasalyays canpletely i the p@Riousiyovniiterhhadegramgbealb angles(fXit h of
0.05. At each apgle r gach th owers of the begmtransmtted in the
eroth or aat Toann fEEERERTE, el e coRald SpRR M ABILLESRID and ¢ he
powers of trHﬁgebl?&H‘(QEfOf" hGex-Ldot Rith AR aﬁglE Slep WidR oM \EUR. APedFRARYIE APplRYCHERANS
of the detector D. The diffraction efficiency 11 was obtalined at each angle

f1 appr oaclthelpasers b€ thgubshingransmitted@p the-zeRith PTdeP eres meisairgsbhyemeans of the

detector of the diffracted beam and PT is the r. in the.detector of the
Er anom t t oSG BPCifE K G ome PrY el Mbaeb O rasied b BT PR BFttgg cur ve
(it despribpsshifd vihdand 6t iHeMetdidk I8 '"I‘Pl@%‘ffry:tidahsefﬁcifeﬂwﬁ WaB oBfaieR Gt &gl € Q of

rotation of the witten hol ogran) was neasure
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



and was stored in a conputer. In addition, the intensity transmtted in the
zeroth order was also plotted against the angle S2 of rotation and stored
in a conputer. The maxi numdiffraction efficiency (DE = ul nax) of the

hol ogram i.e. its peak value, was 25 dé’ernmined. It may have been
necessary for this purpose to change the position of the detector of the
di ffract ed theamasured Bragg duovedeidehervareatiohiof thestrinsmnttedahigesityTasa fueéticaodfi ve

i ndex contras and the thickness d of the photopol ynmer |ayer were now
det er ni ned ﬂ&gﬁ%@gﬁ? odigde H&?E&gﬁ"%ve theory (c: H. Kogel nik, The Bell
System Technical Journal, Volume 48, Novenber 1969, Nunmber 9, page 2909 -
page 2947) ArQMing fo KokORIKTRRSUIEHinB886e fdﬂ&N@B?&%@ chRR 1y@5) G¥tal eflectont he
transmtted intenSity as a function of angle. The nethod is descri bed

bel ow. Accohaogrgmt o Kogel nik, the following is true for the Bragg curve
ri1/(0) of a reflection hologram 5 Tl= 1- (x/(D)2 1+sinh2 cbz_x2 wth: (
aAnd x cos a' cos (a' -2y x = A0 2m sin(a'-W d Acos(a' -2ip) 2 W3-a'
2 x A2 ncos(Wa') n sin(a') :nsjn(_g)_,_;d__sj_nﬁ_(S') =sin(0O AOO0--ASZ 1
-sin2(a) n2 sin2(a) C) is the grati n? thilgl(@ém)ﬁ, xi s the detuning paraneter
and "F is the angle of tilt of the f® ' i

Wex grating which was
witten. a' and (3' correspond to the &fgl Do~ %n (3

with:

O n-An-d
A \/ cos(a')- cos(&'—2\u)
2n-sin(a'~y) d
A cos(a'-2y) 2

=A@

A=

2:n- cos(\p - a')
n- sin(a') = sin(ot), n- sin(B') = sin(B)

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



10 during witing of the hologram but in the nedium AO is the angle
detuning neasured in the nedium i.e. the deviation fromthe angle a'. AC
is the angle detuning neasured outside the nmedium i.e. the deviation from
the angle a. n is the average refractive28ndex of the photopol ynmer and was
set at 1.504. The maxinmumdiffraction efficiency (DE = Arex) is then

obt ai ned f ofransntittéd intengity &€ shotn iBigurddploatad 2¢aihd) tHeasehf2€d angldofirotdiiohiid
nmeasured data of the diffraction efficiency, the theoretjcal Brag& curve and

the -28- trafdfh Bined awinginihegeametrissbripkags apd figraneeindhe avpragsarhiativehe
centr ed angfnge)?ﬁ%ﬂirglﬁg ggtlo#)lpﬁ%riézmofnt the%.lng%ea’t wWhYSHSE § b NGy cﬂﬁ@}s{fhogn a,

shri nkage an an average refractive i ndex during

phot opol y methie xaixiisois certhed aogidethixtshih iThb shift is Sypicsdly Weead 28li ffers froma, the
X axis is centred around this shift. The shift is typically O to 2. 5 Since
DE is known, the shape of the theqgretical Bragg curve according {o Kogel ni k

.

is detetm hieee DRy kg‘g/wv,ﬁbe shape ioh tssheprefical Reaggryrepseoiding todyagelnials s

subsequent | i r i i sur enment
and t heory %?telﬁgﬁ%(fﬁﬁéggy\{%egtrh g&l Esg dl @tﬁ%%ﬂ;%ﬁa%@?lgi% gn? ﬁse&bg%egﬁgosi tions
of the firstorfeedndaD¥ fot digiven aliickress d kb el gicastad¢mBitagd tiworywef BBEmbeaysi t h t he

angl e positions of the first secondary maximg of the 10 transmtted

intensity afffeadds npwmdantyd uptdl the pnglapemitionsiof wha firshegeppdasy pinimpyofihs ¢ he
A Ly : o )
i racti on i HERAGH BAAECRIC e Wi HHE S AL IR, ke A0Efary MRl df1e

reconst ggict frasmitied measisy and additdmtiathe falltwitltheat elf egixomunaF WHEI) dorfthe act ed

| ight can detect only a finite angle range, the Bragg curve of broad

hol ogr ans ( thearetical\Bragg elgve anthibie drapsmyisgien seensiyiagresn 15 D scan, but only the
central region, with suitable detector positioning. That shape of the

. 1 edui SR . . ¢
e ot § e BRSHHR S ER SR SRRANRN LpcbAaf PRI G b iEgET Or
Bragg cur veby measCcsfragi (B gcdnpbifiabie ietedtox fba sheatifftacted)lighotar dtecteau faxdte

diffraction efficiency (solid circles) and of the transmtted power (bl ack
sol i d |i ne)anglarange, thoBraggecusvefdrons hptegramaGmati dide notspmitietely detestedanaiet ri ¢

hri nk ) . . . o ¥
oot opolS et s ByCORURE LAehR AR BEN! AU MR PO e,
X axis is cemshifledintnsidy Which is borhplemEh@rsioithe BrfugldpiCia therefOrd flditdnally

used for adapting the layer thickness d.

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.



For a fornulation, this procedure was possibly repeated several tines for
different 25 exposure times t on different media in order to determne the
energy dose of the incident |[|aser beam at which DE reaches the saturation
val ue during witing of the hol ogram Thé&9-average energy dose E is obtained
as follows: E (mJ/cn2) -2.10.50 mW+0.67 MmN t (s) r[ - 0.42 enR The powers
of the partPopaatonefimlwddpt ed so that the sane power density is achieved in
30 the nmedium at the angles a and 0 used. -29- Preparation of polyol 1: 0.18

f zi t 374, | act 74.8 f. [
Punct Fonal CHERSTeRk aRpipaleard SofoEimursor fuf S e i Aafhuldidel equi val ent
wei ght 500 ;Qflﬁ@ﬂra]‘g'fdrofgﬂ}l poBfether @brybiihfeyathme®q@uoe&,uwale% azeﬂghils@d ol and

heated to 120C kept at this 5°tenperature until the sollds content
(proporti onOHP \Memmuiaﬂyuhteodmnct inte adniflejk svakheatd30018Q°C awd kept atothisnor e.
Ther eaf t cool

sl 1o P eamariebie bRt e Solibcanar Grongrudotnonsolff s tuerts) iR B39ty

2,6-di-ter tw&%ﬁﬁ’ér flordETRBFE e %bhng“faéeﬁre&éd Aiddttﬁ ngfotd'u& Wad @dﬁlaé@as(mwr api d
Z, 10 Bayer terial Sci ence AG Leverkusen, ny) and 213.07 g of "a 27%

strength swmlidti on of tris(p-isocyanat ophenyl)th| ophosphate in ethyl acetate
(Desnodur RFE, product of Bayer Material Sci ence AG Leverkusen, GCermany)

were initi I i ntroduced . into a 500 nml round-bottonmed flask and heated to
60C. There atig,0lthe yrethans ac xyet hyl acrylate were added dropw se and
the m xture was sti | kept at 60C until the 15 isocyanate content had fallen

bel ow 0.1 %1 Eheneaiief-butANd-dthyRRnSl 096 st didyItinQilekMe (Deah6laplidez Was

conpletely refoved i n vacuo. The product was obtal ned as a semcrystalline
solid. PFor BdrwrMMSclmeoﬁth@/eMscngwfnmmy)mdQéS 0F o fadddosteengtlC, t he

opt 1 onal |y OISR iR Brtoc i enhany MR SEBP el h etLacelis OrBHOaE Ry aqui red
Wever ton.  hoaye oF Bart MhgastcRast: LSV&‘%‘SCE%‘E“‘??%?B‘S‘AE@‘?E%E@%SH‘F?‘*C i xed.
Ther eaf t er , intdhaeS@bmpowadtboBoined flaslearfddreatedrto 6A° @i Theteafter, 42.37 g of 2-
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



solution in NEP is weighed in in the dark or under suitable |ighting and

m xed again for 1 mnute. Heating is optionally effected to 60C in a drying
oven for not nore than 10 25 mnutes. Conponent A is then added and m xi ng
is effected again for 1 mnute. Subsequé tly, a solution of the conmponent F
is added and mxing is effected again for 1 mnute. The m xture obtained is
degassed widifiersnt formulgtions kavingrdif{erepbstartiog visopsitytand diffgrentsacing date ofitheer -
which it is _di.strihuted gver 50 | ass pl ates,and these are, each
cover ed i R e idknegies f of o fpp gt o ef RETSBUne BEVAMEYS Rt akes
pl ace undersaB@, IR dEhdrmiRid sbpark@lyOl6h tBREMRFRker3ALY & the! Skifdeh hoRgRInN Bhéach | N
sone cases, the nedia are postcured in light-tight packaging for a further
2 hours at sample. The t hickness d of the photopolyner layer is 20 m
resulting fromthe dianmeter of the gl ass spheres used. Since -30- different
f or mul atSi o] havli_ edi;;fe e siiar ing viscosity and different curing rate
of the thﬁM@&ésses d of the photopol yner | ayer which
are not always the same, d is determ ned separately fromthe

characteri §.8¢g opfhetﬂ@l%'ogﬂl iprépRfed | dREdTHEE abéVe (@ PariHATHF ComponeRiBRkéekti Ve

exanple 1 (nedium: 8.89 g of the {)ol }Zol 1 prepared as described above
(conpar i sormixed Wil bhe af uRlhane perylats k fepmpionpnt30)78.1§ goff Grle0Pand RI5yg eft e 1

C 0.1 f 909 d 0.01 o Qf | bl
orther" ehemRiRayRl gsmebREmedaP it sP-qind B2 TR +EShaRolfone o onent
G so that (@orﬁg&g'htG%éliﬂaﬂﬁlclé@ﬁsdmtoﬁhiﬁﬁcbbté[ﬁw gatlegfter, 6N 30T ¥AE was 10

effected, 1.64 of Desnodur Xg 2410 (conponent A) were added and m Xxi ng
was efflectedigctedal 647 EohResmodwy,” 00024 Odrorrpeneal &) werd adzigd andmidngmias F) was
added and mixi was..ef f ect briefly agai The |iquid material obtained
tas then paieeldsr ERghE LI £t Fona® 0T Ak ciMPratrl ) eh B4Ry piiRio
pl at e whi chysagfekRBbridfly agithSTRGGI@ matdialbbiiined M@ﬁ{eﬁfoﬂk'd ntES Elasge Men
was | eft at roomtenperature and cured over 16 hours. 15 Maxi nrum An:" 0. 0101.
Conpar at i veandxawgreé therg wishiaisegondazlass plage whichovagdieptoat @chistpreoeiof 84 Hioby
conponent B) were.m xed w.th 3.7 of urethane acrylate 1 onponent C),
0 185 ot aepdEhd iR apdiney var Teiay et omesates A6 Fr8tSeh 4 B8ponent b
at 60C gnd MaggdrmndAlf o Dk@t hyl pyrrol i done (conponent G so that a clear 20
solution was obtained. Thereafter, cooling to 30C was effected, 4.418 g of
Baytec(r) WE

Comparative example 2 (medium):

6.117 g of polyol 2 (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 a clear
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



180 (conponent A) were added and mi xing was effected again. Finally, 0.030 g
of Fonmrez 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 glass plate3hich was kept at a distance of 20
m by spacers. This test specinen 25 was left at roomtenperature and cured
over 16 houDesmodard X580 (compiped A) Warpddat andemxugnwheefBectadeginini¥inally, 342 g

of Terat hane 1000 (conparison for conponent B) were mxed with 3.75 g of
ur et hane adF930g ef éom@aﬁﬁ%g%icoappnmtfg Wgs aflgf@@ndgwl%‘da#&@%legr/ new

met hyl ene | q | h
N- et hyl pyr lr)i 'aﬁdggiﬁggg%%ﬁ@% sév%)ﬁ%(?}%ogl?(g %ng%iag(%?lﬁgel %{ﬁi %/gregtt)teé? ned.
Ther eaf t er ,witloakécogd glasSplatevslsicle Wae kémtdit a distdde of 2 pmMy spAearsClhis teP 2580

(conponent A) were added and m xi ng was, effected again, Finally, 30 g of
Font ez( 1) Gpe%le{le‘@ﬁg%ﬁn@rrpom)temagra el erfilﬁglomslv@m@%léﬁv 8&3@ 1y

again. The liquid materi al obtained was then poured onto a glass plate and
covered t hefSmpitdiivedximbi ¥ (Hb&S)P! 2t € Whi ch was kept at a distance of 20
m by spacer':—q#'rrgﬁ—é—qr&mewlwas |l eft at roomtenperature and cured
over 16 hours. Maxi mum An: 0.0106. Conparative exanple 4 (nmedium: 7.726 g
of Accl ai m7LT2¥0g ¢HAtglaindhi08(polypiopslenavkidg having aimembey evesage molaemassads of

1000 0 o) TR e o SRR oSy S S
bl ue (tOQEt(%ﬁhg%&tn g?,’Rgfﬁg?Bf Eblgg? Qﬁ’@o.@ﬁ‘gg% néw ngetﬂ%lex%ﬁg?gtggé{ﬁérc" i done

(conponent ear uti1on S obtained. T ter, cooling to
30C wasllef feomipotdentE)20 60 add D825 diiN-otRylpetdldddne dopopomeht @) sonthaea deted and

m xi ng was effected ain. _Finally, 0.030 of onrez(r) UL 28 (¢co ent
F) was addé@“ﬁ#ﬁ’& ‘Yﬁsﬂ%%g“%gﬁ%‘ﬁll@‘ét %@?lsg itqe?@"g? ‘é@%ﬁfjﬁzﬁcteﬁhé%o% igqifﬂfswé@g%&?

obt ai ned : : r h 15
cecond gl ac DRETRRE BBl Rednit R s B A S F N Qo

t est speci romrex®ELI 28 (compornen ) vaspddedtand eniring veasreffécted driefl$ againrEhe Maxi num
An: 0.0065. Conparative exanple 5 (nmediunm): 1.129 g, of polyether L800

(pol ypr opy | lisvid mategial ohtgingd was therpenred watosslasslate apd §avesed thersovigh ap) )

20" borbonaar ) SRTEE P ke il 22 MR by o llbr TRGIERSEREE =

(toget her 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),



conponent E) at 60C and 0.431 g of N-ethyl pyrrolidone (conponent G so that
a clear solution was obtained. Thereafter, cooling to 30C was effected,
7.525 g of Desnodur XP 2599 (conponent A) were added and m xi ng was
effected again. Finally, 0.0259 g of FoRdez UL 28 (conponent F) was added
and m xing was effected briefly again. The 25 liquid material obtai ned was
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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

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.



Exanple 3 (nedium: 7.554 g of Acclain(r) 4220 N (ethyl ene oxi de-capped

pol ypropyl ene oxi de of nunber average nolar mass of 4000 g/ nol) (conponent
B) were mxed with 3.75 g of urethane acryl ate 1 (component C), 0.15 g of
CGE 909 and 0.015 g of new nethyl ene bl ué3(together 25 conponent E) at 60C
and 0.525 g of N-ethyl pyrrolidone (conponent G so that a clear solution
was obt ai ndikanijpleddafedium):cool i ng to 30C was effected, 2.983 g of
Desmodur (r) XP 2599 (conponent A) was added and m xi ng was effected again.
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et hyl ene O)(E*jﬁn@@% E(n{ymé:ene oxide with a total ethylene oxide fraction of
50% of the t of 15 984.2 g/nol) (conmponent B) were m xed
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(), 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



20 (conmponent F) was added and mi xing was effected briefly again. The liquid
mat eri al obtained was then poured onto a glass plate and covered there with
a second glass plate which was kept at a distance of 20 m by spacers. This
test specinen was left at room tenperattdde and cured over 16 hours. Maxi mum
An: 0.0150. Exanple 6 (nmedium: 25 6.640 g of Acclain(r) 4200 (polypropylene
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of Fonr ez UExsApleTcmedine: F) was added and mixing was effected briefly
again. The liquid material -34- obtained was then poured onto a glass plate
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A) a pol yi socyanate conponent; B) an isocyanate-reactive conponent
conprising at |east 50 % by weight, 5 based on the total amount of B), of a
pol yet her polyol B 1) having a nunber average nol ecul ar wei ght of greater
t han 1000 g/ nol and conprising one or more oxyal kyl ene units of fornul ae
(ry, (rn)y, (rery, -cH2-CH2-O (1) -CHz- CH(I§) G (Il) 10 -CH2-CH2-CH2-O
(111) wherein Ris an alkyl or aryl r&did wherein said al kyl or aryl
radical is optionall y substl tuted and/ or optl onally interrupted by a

het er oat om; O . .oups whi ch conprises a group that
reacts undelr 15 }tg X on e %851?{)?1% Plgsrgé;ti on with ethylenically
unsat ur at ed corrp/gunds Vi a, merization; D) free radical stabilizers; E)

ol
phot oi ni ti at or s;:F) ()ap?‘?l?ﬁlﬁ%&ai}gtﬁﬁi”élwg@é’ and 20 G optionally auxiliaries

and additives. 2. The pol yur et hane conposition of claiml, wherein A
conprises a pol yBlsocydraeeyanaieragaskvecneqnsnl sRmprisieat lest Bve byrweight, and/ or

TIN 3. The pol yur et f

pol yi socyanate basegﬁg {H&qgﬁat&ﬁ@ggygﬁbfr at éjjo%gk?ﬁ)gb}%l ﬁé%ﬁagg)%zﬁ‘%ﬁb I one
structures or a 25 prmf&gymiﬁﬂedwaﬂmgm@f@@@efrurmtuooogymblyanafcofrrpﬁ goh@oﬁ and
exclusively primary NCO groups. 4. The pol yurethane conposition of claima1l,
wherein A has a resﬂéﬁréloxé'é]ﬂfb’@ﬁ?u@lﬁs @frfégnm%ﬂérﬂa[ﬁﬂ(é D.socyanate of |ess t han
0.5% by weight. -36- 5. The pol yurethane conposition of claiml1, wherein

sai d pol yet her polyol of Bl) ha$FwrCHy€-age OHIfunctionality of from1l.8 to
4.0 and a nunber average nol ecular weight of from 1000 to 8500 g/ nol. 6.
The pol yur et hane conposition of-GHaCH(R)-Owher gfll) B 1) conprises a pol yet her

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.

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
based on HDI with isocyanurate and/or iminooxadiazinedione structures or a
25 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

monomeric isocyanate of less than 0.5% by weight.



5 pol yol based on propyl ene oxi de, a random or bl ock copol ynmer based on
propyl ene oxide with a further 1-al kylene oxide having a proportion of not
hi gher than 80 % by weight of 1-al kylene oxide, and/or a poly(trinethylene
oxi de). 7. The pol yurethane conposition-éf-claim 1, wherein said poI yet her
pol yol of Bl) has a refractive index nD20 of |less than 1.55. 10 8. The

pol yur et han® conPespalyusethene edrapasition oftelaimi In whatein saidrpolypthenpolyl afdy) has
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net hacryl at e basgglgRibfarorl 00®id g5005AGy¥RNat e and  2- hydroxyet hyl acryl ate,
hydr oxypr opyl acryFate 4- hydroxybutyl acrylate, 15 polyethylene oxide

nmono( et h) acryl ate, pol ypropyl ene oxide nono(neth)acrylate, polyal kyl ene
oxi de nono(fret h)Blt,ermlmrethammmposwq@mfﬂaamclamreacBéh@gmprm@ne@ﬁbﬂ@ﬂlﬁacr ylate.
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nmoul d and 20 (%m@@ﬁvitﬁq fedhé 1pﬂky1@ﬁ@&ﬂaﬁﬁaﬁ@grppﬁjpbnm of hbt hidhererani0 ¢or
recordi ng visual holo ramsdﬁwoduced by the process of claimI0. 12. An

optical el ement byrwe leng prigednd/aradolitirsnetbylangoxide). 13. A net hod for
recordi ng a hol ogram conpri sing exposing the nedi umof claim12.

7. The polyurethane composition of claim 1, wherein said polyether polyol of B1) has

a refractive index np° of less than 1.55.

10 8. The polyurethane composition of claim 1, wherein said compound of C) has a

refractive index nD20 of greater than 1.55.

9. 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,

15 polyethylene oxide mono(meth)acrylate, polypropylene oxide mono(meth)acrylate,
polyalkylene oxide mono(meth)acrylate, and/or a poly(e-caprolactone)

mono(meth)acrylate.

10. 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

20 (2) curing said polyurethane composition.
11. A medium for recording visual holograms produced by the process of claim 10.
12. Anoptical element or image comprising the medium of claim 11.

13. A method for recording a hologram comprising exposing the medium of claim 12.



