-1- TITLE OF THE | NVENTI ON Speci al Pol yet her-Based Pol yur et hane For nul ati ons
for the Production of Holographic Media RELATED APPLI CATIONS 5 This
application clains benefit to European Patent Application No. 08017278. 6,
filed OCctober 1, 2008, which is incorporated herein by reference inits
entirety for all useful purposes. BACKG[?OJND OF THE | NVENTI ON The present

invention relates to novel pol yl_uret hane conposi tions which are advant ageous
10 for the production of hol ogréHaE@Fn@dEJN ENdPNal i a for data st orage, but
also for optical applications of different types. In the structure of

hol ogr aphi c ) ! I : pf A i in a
pol yoer | 2y SPEp Pl PE G IFAEA Polpldhel® Fiofhii oy LR PG AR SE HBLGEE A
speci al polynerizabl e nononers presentMddia uni form di stribution therein.

This matrix polymer may 15 be pol yuret hane-based. It is prepared starting
fromisocyanate-functional materials which_ _ar rosslinked with polyols,
such as pol yethers or pol yesteﬁgﬁL‘%\fEﬂﬁpfpé{Iﬁéﬂiom mation. US 6,743,552, US
6, 765, 061 and US 6, 780, 546 di scl ose pol yet her-based PU matrices for use in
hol ogr aphi £,i080 I RatiEaInSbhe AL T RBPdatt PadenP ABFCaRBN Nd. DBOLLT8B2filed
iSRRIt ?PP%?e ity afnpgﬁy(aTHE) i PTunct i

pol ypr opyl ene " oxi des and m xtures o with trifunctional

PPO. Sone Ottobére, 2608nwldch Briscazporded heteirebly tefierercedornts @ntireBPfor hHwkefgl a | ow
nol ar mass (Mh < 1000 g/nol) as a mxture wth poly(THF), also having nol ar
masses up RWPHHS< 1500 g/nmol. A very sinmilar approach is described in JP
2008015154 A 20080124. Here, the matrix was fornmed from difunctional

i socyanates and m xtures ofgROKRI Da@ﬁmﬂmvgmﬁl PPO. Li kew se, US
2003044690 Al 20030306 describes the synthesis of a PU matri x from Desnodur

25 N 3400, Desnodur N 3600 or Baytec WE-180 and a trifunctional PPO based on
gl ycerol , Theawiesegt anventiorofelat€3d0 novel patiuirdthae, composiBo20@BBH Gubatlvantagdse 327,

oct 10F 1 Bgrmaptheson R loBRRicygS b anBr el Afl Sopatlsha Aoy Sial) an

pol ycar bonghgchpneds RRtYQlt Syprke used as conponents for polyurethane
matrices for volume hol ograns and hol ographi c nedi a.

In the structure of holographic media, as described in US 6,743,552, information is stored

in a polymer layer which substantially comprises a polymer matrix and very special

polymerizable monomers present in uniform distribution therein. This matrix polymer may
15  be polyurethane-based. It is prepared starting from isocyanate-functional materials which

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
oxides (PPO) and mixtures of poly(THF) with trifunctional PPO. Some of the formulations

20  described there contain PPO having a low molar mass (Mn < 1000 g/mol) as a mixture
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®

25 N 3400, Desmodur® N 3600 or Baytec WE-180 and a trifunctional PPO based on glycerol,
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.

30 WO 2005116756 A2 20051208 describes low-Tg polyurethane matrices based on a



30 WD 2005116756 A2 20051208 descri bes | ow Tg pol yurethane matri ces based on
a -2- mxture of polyesters and Surfynol 440 (Air Products and Chem cal s,
Inc., Allentown, USA), a polyether with al kynediol starter for enbossed

hol ograns. Furthernore, the patents JP 2007101743, JP 2007086234, JP
2007101881, US 20070077498 and US 200700%2124 describe the use of di- and
trifunctional 5 polypropylene oxide in connection with PU matrices in the

area of holmigregdfipolyestess andeSrshineb44) (L Prodycta and Chemidals, bgr. fdkentovapt i cal
di ia". .The i t t h
PTI T

abovenenti oned conponents, in sone cases in the presence of 1,4- butanedi ol

as a chai nFaxhendes, the g RS0G04 RTP 2067086234 ITBCDOPRI 88N, t he patents 10
JP 2007187968 and JP 2007272044 for the area of "information recording and

fixation" USRHOTA) G498 end KIS, 2003007 24 deesgiba b wscios dbrand dgfumetienl al . The
tent JP 2008070464 | bes,. f | at i tri terial
For “hol or ABNPRRYES onERar FuBREadr ARSI SRLEA ' Radh of RoPRuPBiideth g

recordi ng mReiodies of & tWRIEMEATR hoRsHradidptRAEredMig medi@V IThg idcpaHaRer aver age

nol ar mass (M) of 600 g/mol was used as a chain extender and, 15 in
addi tion t eompuznivmied there veasdidyglobeeylaethane §4irdiisooxarate (‘3 20MEY”) ox 2

trifunctional ol opylene oxide in conpination wt.h. hexaneth e

i 1 socyanaberaits st e PertasEeo oG hL Aok BT F AR TR b6
2007279585 bagané@blds’a diaincdxitetldes. AnaldpBuPforuitibANare discldied Rahephresitsr ecor di ng
| ayers” and an "optical recordi ng nediunf. However, a disadvantage of the

known pol ydP 200iHE396hatT 378 1#2044i far themrdacd|“iformmtionzecosding ead fiagiin’cat i ons
tside digital. ta.st is that th hi e br.i h
ol ograms Sebrtgh Ry oRhREtholb febidteonind SRS B BHR TR0 Blsh "Coner a

that the rgbgtib¥ean SHaldRuERERURIIONAS hatiembRlibPGE hyRgapHiciRE @EmBAeyandet hane
matrix and witing nononmer is too small. On the other hand, an arbitrary

vari ati on Ghologrepltia redoxdipg matasials andirecording saddiaZ’. Insthisceasey polyetyhgpatglysol i ty of
the matrix,palymer with witi NONONET. the further 25 .co nent s
pr esent || nbETIRY P GHAFEYeEAEs THSE MRS ob 0 RETh!otFe uBEH e57ErOH BeRig ind,
pr oces$sng i £RBMISto “H12LMMP, HeRhiRbBSlend Bii KR aEe WRAAIsEThEdNA tARMCRERY! Sion of
the fornmulations are as sinple as possible to carry out. It was thergfore
an obj ect pblypropylenv enidedmcornbipatan dith hexamhetiydenaditsobyanatecadfvo Hesmodisr

N3300 was described in the patent JP 2007279585 as matrix material for the production of

“holographic recording layers” and an “optical recording medium”.

However, a disadvantage of the known polyurethane-based systems, in particular for

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

25  components present in the formulations must always be ensured. Furthermore, for
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

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

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

special polyether polyols are used for synthesizing the matrix polymer.



which permt a better contrast ratio and inproved brightness of the

hol ograns wi thout 30 sacrifices with respect to the conpatibilities of
matri x polyner and witing nononer. It has now surprisingly been found that
t he abovenentioned requirenents can be t if special polyether polyols are
used for synthesizing the matrix polyner: ‘-3 EVMBODI MENTS OF THE | NVENTI ON
An enbodi nent of the present invention is ol yur et hane conposition
conprising A) a polyi socyaEMlBé)Q E@rQF TH Elg nat e-reactive
conponent conprising a hydroxy-functional 5 nultiblock copolynmer B 1) of the

type Y(X - e @rﬂ&lt%f mégg}gsrepﬁl‘ﬁ]%ﬁﬂ)% is S'(ﬁ*'gtl?in 11%'8% ifiBh c%% than 1000

g/ nol ; wherein I's an ene un| (R) o
(r)y; 10 i |sa |nte%[ rom1l to 10 nlsanlntegerfrom2t08 Ris a
hydr ogen, al kyl; or 8 gylsrogaziir@qcow&b%tr n said alkyl or aryl radical is
optionally substl tuted,or interrupted by a heteroato and is the
fundament al i ni B)at oAR &QaYanake- ‘ﬁ?‘ifﬁ’@r"@f’ﬁ’ﬁnﬁt CPWB“%‘Q%&:RWEOXXIICPH‘?EE’HB]@{sed on the

total agount of the Y,
wei ght ; SnC):) a corrpoungﬁ?{‘@e of N%%%q rBola0?%%‘2%1?&%'%?”?;%?%%8%%53% ‘Jg%é reacts

under the action of nﬁﬂéduhir@vdi@dioﬁgteamrvhahhoeﬁ) bythelni cal | y unsat ur at ed
conpounds via polynerization; 20 D) free radical stabilizers; E)
photoinitiators; F) @@klegnal |y catalysts; and G optionally auxiliaries and
addi tives. Anot her enbodi nent of the present invention is the above

pol yur et hane conposi i on, : m% i . | a polyi socyanate and/or a
pr epol yner based on l stl%% aﬁ(g’e’(})&re'ﬁ}n&%%ﬁﬁil).
-CH,-CH(R)-O- (D;
10 i is an integer from 1 to 10;

n is an integer from 2 to 8;

R is a hydrogen, alkyl, or aryl radical, wherein said alkyl or aryl

radical is optionally substituted or interrupted by a heteroatom; and

Y is the fundamental initiator and the proportion of the segments X;,
15 based on the total amount of the segments X; and Y, accounts for at

least 50 % by weight;

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

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

25  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,

wherein A) comprises a polyisocyanate based on HDI with isocyanurate and/or



TIN. Anot her enbodi nent of the present invention is the above pol yurethane
conposition, wherein A) conprises a polyisocyanate based on HDI with

i socyanurate and/or -4- i m nooxadi azi nedi one structures or prepolyners

havi ng an NCO functionality of from2 to, 5 and exclusively primary NCO
groups. Anot her enbodi ment of the preseﬁﬁ'invention is the above

pol yur et hane_conposi tion, wherein A) has a residual content of free

nononeri c iBEeysaazinegionesyyCtures o prepobynsys hayinganyNECO Mnetionahiteofifsm ddat  of
t he presengahggggh§§a iEHE%EN%Q?é%uBQIyurethane conposition, wherein at
ey g opyl &n

| east one Segnen e O0xi de- based honopol ynmer or random or

bl ock copol yner conprising oxyet hyl ene, oxypropyl ene and/ or oxybutyl ene
units, whepgibther tmbodifeADG 1 the Presént Smvetltion jsthe plydvepdlyunéthane doagedition, t he
total amount of all oxyethylene, 10 oxypropylene, and oxybutyl ene units,
account s f dtherpin A haga regidyalsonigat ghiree MapemAEIc spHdBAtRwALICSHthap e Yrivsent

i nventign k%“%@e above pol yuret hane conposition, wherein said starter
segnent Y i s based on a difunctional, aliphatic polycarbonate polyol,

pol y(e-caprol actone), or polyner of tetrahydrofuran having a nunber average

mol ar mass Angtheat@bodihrnt G5lie predent inveatibe Biht bisovebDAirgtham conigositiont her
enbodi nent of the present invention is _the above pol yuret hane conposition,
wher ei n saiRersin #tilpashene seepwny feise nEopjlencaxide-hasad Bpmapely mgEOnENEIY PRy

wei ght of . j f -Qr

Mventi on PtRkePdEel Stisiodehens MAPRGRATPE MRS ShGt
C) has a reder@epdrtien bhHshkid oxyp2OpBéneQires] Rised rdthe kotabamafht Afiall beyetieyibmdi ment
of the present i1nvention is the above pol yuret hane conposition, wherein C)
conpri é&s axyprepyienfe and pyybatdeng sy acgout fas ah leaselOnadyWweght. based on an
aromati c i socyanate and 2-hydroxyethyl acryl ate, hydroxypropyl acrylate,

4- hydr oxyb . l. :0X ( .
mor o ooyt S BEEM kAL AR KRN IG0K1 1 IRNRRLPLASEgbsiion

nono( et h) adepdiniaid saney egmenPvliykaed bn 6 difundtidbl aEphatiepo(yreibonae pylyale. Yet
anot her enbodi ment of the present invention is a process for producing nedia
for poly(e-caprolactone), or polymer of tetrahydrofuran having a number average molar mass

greater than 250 g/mol and less than 2100 g/mol.

15 Another embodiment of the present invention is the above polyurethane composition,
wherein said multiblock copolymers B1) has a number average molecular weight of from
1200 to 12 000 g/mol.

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

wherein said compound of C) has a refractive index np*° of greater than 1.55.

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

25  caprolactone) mono(meth)acrylate.

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.



recording visual hologranms conprising (1) applying the above pol yurethane
conposition to a substrate or in a nould and (2) curing said polyurethane
conposition. -5- Yet another enbodi nent of the present invention is a nmedium
for recording visual holograns produced by the above process. Yet another
enbodi nent of the present invention is aé'opti cal element or inmage
conprising the above nedium 5 Yet another enbodinment of the present

i nventi on (Y&t anogher godpodligrent eﬁthemrwgnfanvmm@gn%mmedwnpfqrgmgdlegmsgalng t he
above nedi m rDESCR(i ?l\)' % 'I[)O }\é\égsl'\l'l'l ON The invention therefore relates
to pol yure ﬁémhsé’ﬁ% INEES Hf)P Hfg A) a polyisocyanate conponent, 10
B) an isocyanate-reactive conponent conprising hydroxy-functional nultiblock

copol yner s Yeianothertehtbollinient ¥{ the-prisentindntion $s dn dmicalel@mehtor EnagecomBring
nunber aver;ge nol ecul ar wei ghts greater than 1000 g/ nol, the segnents X;

bei ng co 6ve Medit®h case of oxyal kyl ene units of the for mula (1),
-CH2-CH(R)-O fornmula (I) 15 in which Ris a hydrogen, alkyl or aryl

radi cal Wh'Y(é{1 er%lr%%sln%n‘? ldP ﬁt% éﬁ'éjsteﬁ:tgn%nt %Xs Q ﬁle Ho'atfg{ {eg&glﬁfénepl){olgégﬁr oat ons

(such as et her "oxygens |at or an portion of

t he segmentempisin@agREin@nhé Msove daiuramunt of the segnents X; 20 and Y,
accounts for at |east 50% by wei ght, O corrpounds whi ch have groups reacting

under the action of actinic radiation with et h\yl en| cal ly unsaturated
conpounds with pol ymeri zat i HESGCRETAONSAE dHE DYVENIHWs) " and are t henmsel ves
free of NCO groups, D) free radical stabilizers 25 E) photoinitiators -6-

F) optionalpy; fAh@lY Hkfefore relates to polyurethane compositions comprising
A) apolyisocyanate component,

10 B) an isocyanate-reactive component comprising hydroxy-functional multiblock
copolymers B1) of the type Y(Xi-H), withi=1 to 10 and n = 2 to 8 and number
average molecular weights greater than 1000 g/mol, the segments X; being

composed in each case of oxyalkylene units of the formula (I),
-CH,-CH(R)-O- formula (I)
15 in which

R is a hydrogen, alkyl or aryl radical which may also be substituted or may be

interrupted by heteroatoms (such as ether oxygens)
Y is the fundamental initiator

and the proportion of the segments X;, based on the total amount of the segments X

20 and Y, accounts for at least 50% by weight,

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

groups) and are themselves free of NCO groups,
D) free radical stabilizers

25 E) photoinitiators



G optionally auxiliaries and additives. Typical polyurethane conpositions
conprise: 5 to 93.999% by wei ght of the conponents B) according to the
invention, 5 1 to 60% by wei ght of conponent A), 5 to 70% by wei ght of the
conponent C), 0.001 to 10% by wei ght of _.photoinitiators E), 0 to 10% by

wei ght of free radical stabilizers D), "0°to 4% by weight of catalysts F),

10 0 to 70% by wei ght of auxiliaries and additives G . Preferably, the

pol yur et hane %bn%&n@ubﬁ%talé’é@ordi ng to the invention conprise 15 to 82.989%
by wei ght of the conponents B) according to the invention, 2 to 40% by

wei ght of co n : %.RYit0ed ght of the conponent C), 15 0.01 to
7.5% by wei g% o?ﬂﬁp%@%l%ia%}?%l%lg%sorgaggl}l .001 to 2% by wei ght of free radical

stabilizers D), O to 3% by weight of catalysts F), 0 to 50% by wei ght of
auxi | i ari eSypinal patidir¢tharesco@posifans caprset y pr ef erably, the pol yur et hane
conpositions according to the invention conprise 20 15 to 82.489% by wei ght

of the conpon accqr di to the invention, 2 to 40% by wei ght of
Component R0 O2859% by oug gy iRk neronenth &) sk i Hefnveniony 1% o 506 by
wei ght of photoinitiators E), 0.01 to 0.5% by wei ght of free radical

stabi li zer $td¥0% t9-WA3dhtld? céfpByent@i)ght of catalysts F), 0 to 35% by weight
of auxiliaries and additives G . 5 Suitable conpounds of the polyisocyanate

component A) are all aliphatic, cycloaliphatic, aromatic or araliphatic di-
and triisobyaiitdy weightrofthe casepanent@®e person skilled in the art, it being
uni nportant whether they were obtained by neans of phosgenati on or by

phosgene- 1 361 B AR5 Seigtbe3idobdifMlorsg)e o1 2L1 vely high ol ecular ue ght

0 to 10% by weight of free radical stabilizers D),
0 to 4% by weight of catalysts F),
10 0 to 70% by weight of auxiliaries and additives G).
Preferably, the polyurethane compositions according to the invention comprise
15 to 82.989% by weight of the components B) according to the invention,
2 to 40% by weight of component A),
15 to 70% by weight of the component C),
15 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).
Particularly preferably, the polyurethane compositions according to the invention comprise
20 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),



products (oligo- and pol yi socyanates) of nononeric di- and/or triisocyanates
havi ng a 10 urethane, urea, carbodiimde, acylurea, isocyanurate,

al | ophanat e, biuret, oxadiazinetrione, uret di one or i m nooxadi azi nedi one
structure, which secondary products are 2}9 known per se to the person
skilled in the art, can also be used in each case individually or in any

m xtures Wi th one anot her, For exanple, suitable nononeric di- or

trii socyan‘é@é%5é’rl§’ ‘ﬁﬁhgw drhotninigiaopaBht e, 15 hexanet hyl ene dii socyanat e
(HDI'), isophorone diisocyanate (IPD), trinethylhexanethyl ene diisocyanate
(T™MDI), 1 ) oct ane,

| socyanat Oﬁg?%?@%@ﬂ %aﬁ%f%%?@g%?ﬁ%bﬁle%gwk) 2,4- and/or 2,6-tol uene

di i socyanate. Al so possible is the use of isocyanate-functional prepolyners
havi ng ur ef.fhe 2% Iblyopdigitatf eataBBtsdf), bi uret structures as conpounds of
conmponent A), as can be obtained in a manner known well per se by reacting
t he abovengnt] d di.-, tri- poI yi anates in excess wth hydroxy- or
ani no- f unc? oy é’dYFb%mr‘i’ééux‘hﬂ?e a éSQQ -arting i socyanate can then be
renoved in order to obtain | ownononer products. For accelerating the

Pr €pO! ySTer suifyBld B Rindd'51he hofs MoBd ahifeoonfloherttN9le b ahﬁ?at ceyegRlipide] ed i n
the art per se fro 5 pol yurethane chem stry nay be h Suitabl e

hydr oxy- oaromatioof amhphalmail andnmsuqmwes)knm\impprwpotherwsom)skﬂhdsn thearte

Cyel oal | pHOFEEgRGTRornt WRERET WRMGTS O Q‘%h@dr bR & o aiob e ng 2 1o 20
carbon ato Fg-?%ai‘[?@ It?rgcé%ges +c§hﬁ’(§x€ gfe %é 1@&? hg%'y pQﬂecul?f @’El@“{ fe@&rcﬁ})y col,

triethylene gryco traet ene gl'yco ropyl ene~gl yco
tripropyl epedodty Gdigo- ancﬂpqdymp@aﬁaﬁes)qu nigridnerio @aremdiavltriisdc yanat8s hdvingaedi ol ,

di o ﬁSi%%:?é%&@%w%ﬁtg%pm&% LesRised FoevaritesalleR %@#%B&?Etaaﬁ%h@gmd: ol
1, 4-
v ogenat agak IERRERAiegheRREKRRRR, Bictlsckpn @l plleue BPKARAE ©

2, 2-di net hprér-satmyﬂlpemplsbmw in thedirtirednalto e U d iaachroagd mdazncmallinaths of
suitable triols are trinethyl ol ethane, trinethyl ol propane or gl ycerol.

Suitabl e WPHWEs Withaneiaaher. al cohol s are ditri net hyl ol propane,
pentaerythritol, dipentaerythritol or

For example, suitable monomeric di- or triisocyanates are butylene diisocyanate,

15  hexamethylene diisocyanate (HDI), isophorone diisocyanate (IPDI),
trimethylhexamethylene diisocyanate (TMDI), 1,8-diisocyanato-4-
(isocyanatomethyl)octane, isocyanatomethyl-1,8-octane diisocyanate (TIN), 2,4- and/or

2,6-toluene diisocyanate.

Also possible is the use of isocyanate-functional prepolymers having urethane, allophanate
20  or biuret structures as compounds of component A), as can be obtained in a manner known
well per se by reacting the abovementioned di-, tri- or polyisocyanates in excess with
hydroxy- or amino-functional compounds. Any unreacted starting isocyanate can then be
removed in order to obtain low-monomer products. For accelerating the prepolymer
formation, use of catalysts well known to the person skilled in the art per se from

25  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.

Examples of diols are ethylene glycol, diethylene glycol, triethylene glycol, tetracthylene
30 glycol, dipropylene glycol, tripropylene glycol, 1,2-propanediol, 1,3-propanediol, 1,4-



sorbitol. Relatively high nol ecular weight aliphatic and cycl oaliphatic

pol yols, such as polyester 10 polyols, polyether polyols, polycarbonate
pol yol s, hydroxy-functional acrylic resins, hydroxy-functional

pol yur et hanes, hydroxy-functional epoxy resins or corresponding hybrids
(cf. Ronpp Lexi kon Chem e [ Ronpp Chenisfgy Lexi con], pages 465-466, 10th
edition 1998, Ceorg-Thiene-Verlag, Stuttgart) are also suitable.

Pol yest er pbutgastdiolsngopantly kelyesl, 2-¢thylp2-bpyinrepancdiphttimethylpentangdigbar pol yest er

Cycl onl | praeeNrarkfiR bR sofeR. SR RuPRORGbol EARBAER £o: yari des

such as, f eycléherBmidemethissl] NbhexaHediod 1,2 anddi Lt gclohdRai@lisIChydibimaied,
azel ai ¢, sebacic nonanedi car boxylic, decanedi carboxylic, terephthalic,

i sopht hal i bispkenehfHa2+bis(4thudrexygelohsxyharapane)ha 2 dimerabBtydraxypiopy!
trinellgtiﬁ.ag$q,_ﬁqp aci d . %ﬁhydrides, such as o-phthalic, trinmellitic or
succinit a m/e Xée,yé?xyfr?]?lg? Fe thereof with 20 pol yhydri c al cohols, such
as, for exgpihples 6f H3ABRItAbLs atd trimdthiyloleané, Gfime iy tbipropenediriterol 1Swdtable
propanediol, di-, tri-, or tetrapropylene glycol, 1,3-propanediol,

1, 4- but aneHigber-functionab alcakdsl s d,ltrm,l@l):/ﬁenlpm@d¢meptaqr,yﬁlrﬁ@hﬂme@fcmhntol or

1, 6- hexanedi ol .. 2, 2-di net hyl - 1, 3- propanedi ol , 1, 4-di hydr oxycycl ohexane,
1,4-dineth?FBV@yclohexane, 1, 8-octanediol, 1,10-decanediol, 1, 1
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pol ycar boxyl ates of |ower al cohols or mxtures thereof for the preparation

of the 30 pditigrdd; SeompThientceYertag, Fuittgar) aro alsaistiddhlle for the prepol yner
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sui tabl e di functional and/or higher-functional initiator nolecules, such as,
f or exanpl polyedrboxylliswcivsloe theiirranhyiidgss sush ay; fotiexampdd, sudaihis, ghatatic.adguc,above
as synt hes%ﬁneﬁﬁ@u%ggg,tasielg%t se agilc%%rsletm%ﬁicgrcgo&?fia ‘decanedicarboxylic, terephthalic,
isophthalic, o-phthalic, tetrahydrophthalic, hexahydrophthalic or trimellitic acid, and acid
anhydrides, such as o-phthalic, trimellitic or succinic anhydride, or a mixture thereof with
20  polyhydric alcohols, such as, for example, ethanediol, di-, tri- or tetracthylene glycol, 1,2-
propanediol, di-, tri-, or tetrapropylene glycol, 1,3-propanediol, 1,4-butanediol, 1,3-
butanediol, 2,3-butanediol, 1,5-pentanediol, 1,6-hexanediol, 2,2-dimethyl-1,3-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
25  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

30 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-e-caprolactone, with



Pol ycar bonat es havi ng hydroxyl groups are al so suitable as a pol yhydroxy
conponent for 5 the prepolyner synthesis, for exanple those which can be
prepared by reaction of diols, such as 1, 4-butanediol and/or 1, 6-hexanedi ol
and/ or 3-nmet hyl pentanediol, with diaryl _carbonates, e.g. diphenyl
carbonate, dinethyl carbonate or phosgeﬁgf Pol yet her polyols suitable for
the prepolyner synthesis are, for exanple, the polyaddition products. of
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Sui tabl e ami nes for the prepolyner synthesis are all oligoneric or
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between 200 and 18000 g/mol, preferably having an OH functionality of 1.8 to 4.0 and a

number average molecular weight of 600 to 8000 g/mol and particularly preferably having

an OH functionality of 1.9 to 3.1 and a number average molecular weight of 650 to

4500 g/mol.

20  Suitable amines for the prepolymer synthesis are all oligomeric or polymeric, primary or
secondary, di-, tri- or polyfunctional amines. For example, these may be: ethylenediamine,
diethylenetriamine, triethylenetetramine, propylenediamine, diaminocyclohexane,
diaminobenzene, diaminobisphenyl, triaminobenzene, difunctional, trifunctional and
higher-functional polyamines, such as, for example, the Jeffamines®, amine-terminated

25  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

to 10 000 g/mol, preferably with number average molecular weights of 500 to 8000 g/mol.
30  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 conponent A to
contain proportionate anounts of isocyanates which are partly reacted with
i socyanate-reactive ethylenically unsaturated conpounds. a, (3-Unsaturated
carboxylic acid derivatives, such as acnyl.ates, nethacrylates, nuleates,
fumarates, mal ei m des, acrylam des, and vinyl ether, propenyl 5 ether, allyl
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agent s custuBeHangl mang dior fejra(meibacrydates omlyléséawm}wlsz%wmaéohcn s, lactarns,
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combination with the abovementioned monomeric compounds, are suitable. The

20  proportion of isocyanates which are partly reacted with isocyanate-reactive ethylenically
unsaturated compounds, based on the isocyanate component A, is 0 to 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
partly blocked with the blocking agents customary in industry. These are, for example,
25  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, g-caprolactam, N-tert-
butylbenzylamine, cyclopentanonecarboxyethyl ester or any mixtures of these blocking

30 agents.

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



Pol yi socyanates and/ or prepolynmers of the abovenentioned type based on HDI,
TMDI and/or TIN are preferably used in A). -11- Polyisocyanates based on
HDI with isocyanurate and/ or im nooxadi azi nedi one structures are
particularly preferably used. The use qfjjprepol yners, preferably having NCO
functionalities of 2 to 5, parti cularly preferably those havi ng primary NCO
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abovenent i oned pol yi socyanat es or prepolyners preferably have residual
contents of free nononeric isocyanate of less than 1% by weight,
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nunber from2 to 6, particularly preferably 2 or 3 and very 15 particul arly
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repeating units preferably being 1 to 50. 20 The nmul ti bl ock copol ynmers Y(X
H)" preferably have number average rml ecul ar_weights of nore than 1200
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nor e than Iarly preferably not nore than 9000 g/ nol.
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oxyal kyl ene repeating units. They may al so be randomy conposed of
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oxyal kyl ene units. Preferably, the segnents X, are based exclusively on
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15  particularly preferably 2. Preferably, i in Y(Xi-H), is a number from 1 to 6, particularly
preferably from 1 to 3 and very particularly preferably 1.

In formula (I), R is preferably a hydrogen, a methyl, butyl, hexyl or octyl group or an alkyl
radical containing ether group. Preferred alkyl radicals containing ether groups are those

based on oxyalkylene units, the number of repeating units preferably being 1 to 50.

20  The multiblock copolymers Y(X;-H), preferably have number average molecular weights
of more than 1200 g/mol, particularly preferably more than 1950 g/mol, but preferably not
more than 12 000 g/mol, particularly preferably not more than 9000 g/mol.

The blocks X; may be homopolymers comprising exclusively identical oxyalkylene
repeating units. They may also be randomly composed of different oxyalkylene units or in

25  turn composed of blocks of different oxyalkylene units.

Preferably, the segments X; are based exclusively on propylene oxide or random or
blockwise mixtures of propylene oxide with further 1-alkylene oxides, the proportion of

further 1-alkylene oxides being not higher than 80% by weight.



further 1-al kyl ene oxi des being not higher than 80% by weight. -12-

Propyl ene oxi de honopol yners and random or bl ock copol yners whi ch
oxyet hyl ene, oxypropyl ene and/ or oxybutylene units are particularly
preferred as segnents X;, the proporti-gn.of the oxypropyl ene units, based
on the total anobunt of all oxyethylene, oxypropylene and oxybutyl ene units,
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1, 6- hexanediol, 2,2-dinethyl-1, 3-propanediol, 1, 4- dlhydroxycyclohexane
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12- dodecanedi ol .or . m xtures t optionally wi th the concom tant use of
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Sui tabl e pol yhydric al cohols for the preparation of the polyester polyols

are of co I | 't
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ol ycarboxyl.ic esters , . . . . -
poly 1;/ lycarboxyﬁc acids or their anhydrides, such as, for example, succinic, glutaric, adipic,

pimelic, suberic, azelaic, sebacic, nonanedicarboxylic, decanedicarboxylic, terephthalic,
isophthalic, o-phthalic, tetrahydrophthalic, hexahydrophthalic or trimellitic acid, and acid
anhydrides, such as o-phthalic, trimellitic or succinic anhydride, or any mixtures thereof

20  with polyhydric alcohols, such as, for example, ethanediol, di-, tri- or tetraethylene glycol,
1,2-propanediol, di-, tri-, or tetrapropylene glycol, 1,3-propanediol, 1,4-butanediol, 1,3-
butanediol, 2,3-butanediol, 1,5-pentanediol, 1,6-hexanediol, 2,2-dimethyl-1,3-propanediol,
1,4-dihydroxycyclohexane, 1,4-dimethylolcyclohexane, 1,8-octanediol, 1,10-decanediol,
1,12-dodecanediol or mixtures thereof, optionally with the concomitant use of higher-

25  functional polyols, such as trimethylolpropane or glycerol. Suitable polyhydric alcohols for
the preparation of the polyester polyols are of course also cycloaliphatic and/or aromatic
di- and polyhydroxy compounds. Instead of the free polycarboxylic acid, it is also possible
to use the corresponding polycarboxylic anhydrides or corresponding polycarboxylic esters

of lower alcohols or mixtures thereof for the preparation of the polyesters.

30  The polyester polyols may also be based on natural raw materials, such as castor oil. It is
also possible for the polyester polyols to be based on mono- or copolymers of lactones, as

can preferably be obtained by an addition reaction of lactones or lactone mixtures, such as



of | ower alcohols or mxtures thereof for the preparation of the pol yesters.
30 The pol yester polyols nay al so be based on natural raw nmaterials, such as
castor oil. It is also possible for the polyester polyols to be based on
nmono- or copolynmers of |actones, as canspreferably be obtained by an
addition reaction of |lactones or |actone m xtures, such as - 13
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2000 g/mol, particularly preferably of 500 to 1400 g/mol and very particularly preferably
15 of 650 to 1000 g/mol.

Suitable polyether polyols are optionally polyadducts of cyclic ethers with OH- or NH-
functional initiator molecules, which polyadducts have a block composition. For example,
the polyadducts of styrene oxides, of ethylene oxide, propylene oxide, tetrahydrofuran,
butylene oxide, epichlorhydrin and their mixed adducts and graft products and the

20  polyether polyols obtained by condensation of polyhydric alcohols or mixtures thereof and
those obtained by alkoxylation of polyhydric alcohols, amines and aminoalcohols may be

as polyether polyols.
Suitable polymers of cyclic ethers are in particular polymers of tetrahydrofuran.

Initiators which may be used are the polyhydric alcohols mentioned per se in connection

25  with the polyester polyols and primary or secondary amines and amino alcohols having an
OH or NH functionality of 2 to 8, preferably 2 to 6, particularly preferably 2 or 3, very
particularly preferably 2.



OH or NH functionality of 2 to 8, preferably 2 to 6, particularly preferably
2 or 3, very particularly preferably 2. -14- Such pol yether polyols

pref erably have nunber average nol ar rmasses of 200 to 2000 g/ nol,
particularly preferably of 400 to 1400 gl4ml and very particularly
preferably of 650 to 1000 g/nol. O course, m xtures of the conponents
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Preferably {?geé'ﬁe EIHB% IQH%P%QEQQQI&SJ%EBOQQ’F%@%@&V??@W ang Bﬁlﬁ'lalhge nor e
than 50% Byyugb8fie BllybRankbaBERErholfRSEId ANUnARQYE. ABroRRINHE HAGHRT i ng 10

the invention and have”a er average nol ar mass greater than 1200
g/ nol . Par humbéravesage meflamasdesodfdeds thampdl0P ggmsl. conpri se | ess than 50% by
wei ght of aliphatic poI yester, aliphatic polycarbonate polyol or poly-THF

and nore than 50% b ht of th 0.bl o cr above a bei ng
accordi ng torUewarly g qp%eﬂtaggtﬁe @PC’&%}I&@?&% %9?2%"5 ater than
1200 ghgrol terBfiy é@&dd g Rkl BB oM PofRstef 615&1'658
t han 50% bye \A/el(ghitwof ayllg{?aglﬁi:ﬂgg l;%la%%g&gl?gh%g? Iélo %Hﬂoﬁ?sgagﬂgl gctone)
or pol y- THpolgmersnafreecaphdact&idhadyyngmaingier avdragdwolar makses)\if ledethani3hedigammdve as
being according to the invention and have a nunber average nol ar nass

Jomr | se. | L85 RGHAm:prsEraRy hE SBRET SSETBRAY DA ok ATBRRS. BOngr
poly(c- Cf’ipg@&@@ove agag%llggaa{y(w% DY 6 é}dgﬁﬂeﬁ@%éﬁéhy%gﬂﬁg eglgg asnpérocks

X; describ g acco | ng to t nvent 1 on” an
average molar masses greater than 250 g/mol and less than 2100 g/mol.

15 Preferably used block copolymers having the structure Y(X;-H), comprise more than 50%
by weight of the blocks X; described above as being according to the invention and have a

total number average molar mass greater than 1200 g/mol.

Particularly preferred block copolymers comprise less than 50% by weight of aliphatic
polyester, aliphatic polycarbonate polyol or poly-THF and more than 50% by weight of the

20  blocks X; described above as being according to the invention and have a number average
molar mass greater than 1200 g/mol. Particularly preferred block copolymers comprise
comprise less than 50% by weight of aliphatic polycarbonate polyol, poly(e-caprolactone)
or poly-THF and more than 50% by weight of the blocks X; described above as being

according to the invention and have a number average molar mass greater than 1200 g/mol.

25  Very particularly preferred block copolymers comprise less than 34% by weight of
aliphatic polycarbonate polyol, poly(e-caprolactone) or poly-THF and more than 66% by
weight of the blocks X described above as being according to the invention and have a

number average molar mass greater than 1950 g/mol and less than 9000 g/mol.



nunber average nol ar mass greater than 1950 g/ nol and | ess than 9000 g/ nol .
- 15 The bl ock copol yners according to the invention are prepared by

al kyl ene oxi de addition processes. O industrial inportance is firstly the
base-cat al ysed addition reaction of alkidene oxides with initiator
conmpounds having Zerew tinoff-active hydrogen atonms Y(H),,; secondly, the

the use of THoLRCER comilahesYRedrdingae Mratndsioq aR\brepatd by alksleneioxide ddeition ng
increasingly inmportant for carrying out this reaction. Hydrogen bonded to N,

0 or S ispusessghitfdadustriatémpovtarica &f firsdy thehaseryaiplysedadditinneiensiion ofl so only

0 o MR e A M AR KD g

conpounds &M, heecandlg! éithd wsefdfdaghle vietal iRy shid@esmpoudds OMIMUN@slydy s s cont ai n
car boxyl, hydroxyl, amno, imno or thiol groups 10 as functional ghr;oups.
The bas&- chéwmisgicaaginglyoimpostaet fopearpfingpwhythis seactien.ddxdrogenchpnded tofh,O

exanpl e, ethylene. oxj de r. ene qgxi.de L th inithat anmpeunds havi ng
Zeroui t1 noPt SAERRIRHE % Lo BRI e MR sp e BB RO TR S
netal hydr ﬁ?fcihdg ”) ifdtigived methafd BPrdaessH WiR nicthylmBgmdskah lodiRit a prsekiss des,

al kali netal carboxylates or alkaline earth netal hydroxides. After the
addi tion r discevemd tyf Zemawitinioly (Terpisalosiatplesiof comppursis daving@ Zesewitinoff-active

pol ymeri zati on-active centres .on the polyether, chai ns. must. be deacti vat ed,
For” axanpl DY EEET R EPmPPBIGRIRY FOP SR InBYP O . Bl on 858 o | c
aci d ono phaspmefibfal gfdufls. BRbasS8RAIyd d8itRn reddidn 0P alklylenB Ox&idk, lsich Ad) fdrhe
process according to the invention, DMC catalysts aré preferably used.

Hi ghl y act exampiiCtindersd gsdsonpropylerr exide sdth ingtoricompewadsdagingi n - US-A 5 470
813, EP-A 700 949 EP:Ah7y§3 093, EP WO 97/ 8

and WO 00/ #5Ex8tingflagiivehydinesp |a§9%%lé/é\£ffz§%4 ;ﬂﬁg BEFSeRgQ %ﬁ%ﬁif@@&%{?@lﬂfﬁ%ﬁ?’lo

catal ysts whiiefy BopREBR tbREalk i ER1Ah @48k Afhetal B 14t O diRaledoubl e
nmetal cyanide conpound (e.g. zinc hexacyanocobaltate(lll)) and an organic

conpl ex | i gatldmetal hydroxides. After sheodddjtical reactionof dieralkylpad gadésds compleegtha

nunber erage nol ecul ar wei ght eater. than. 500 g/ nol .are e a typi cal

exanpl &5 ORPREeREGRtenvR CeHTes opitls pofyethrabaing Jrust (e deactiSisied dorsimplepy 1

such smal | n@ﬁmaﬁ% willRdinde csﬁil@&m RRIKsuéR 39fsu1PH&idoﬁidsﬁ Qfdspmicy&hﬁ ah§ not
escribed 1 n deta he

required. The process Is | bel ow. Initiator polyol”
used is al sepasmtingefiObe résuhiigisaltalln fedrocess accondingtoshe atvensom M Erviatal ystsan

iyl ene. oieqeirEohurper ehbtedye e caftishonanes descrbed, B exdiipie it °"
US-A 5 470 813, EP-A 700 949, EP-A 743 093, EP-A 761 708, WO 97/40086,

20 WO 98/16310 and WO 00/47649 are particularly 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(III)) and an organic complex ligand (e.g. tert-
butanol), also contain a polyether having a number average molecular weight greater than
500 g/mol are are a typical example. Owing to their high activity, these catalysts can be

25  used in such small amounts that further work-up of the polyether polyols is not required.
The process is described in detail below. The “initiator polyol” used is always the OH-
functionalized precursor Y which is present in an amount of less than 50% by weight in the
block copolymer and onto which alkylene oxide is polymerized so that at the end a
multiblock copolymer is obtained. Preferably obtained alkylene oxides are ethylene oxide,

30 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 a plurality of different monomeric epoxides.



mul ti bl ock copol ymer is obtained. Preferably obtained al kyl ene oxi des are
et hyl ene oxi de, 30 propyl ene oxide, butylene oxide and m xtures thereof The
synt hesis of the polyether chains by al koxylation can be carried out, for
exanpl e, only with one nononeric epoxidel6or randomy or blockwi se with a
plurality of different nononeric epoxides. -16- As further constituents of

the i SOCyamtf@xﬂlie;maﬁétmer@mmmﬁebyaﬁi)ne-raédnveb&mpaﬁtd{t@) AWOHE und/bi NHal
conmpounds known to the person skilled in the art can be used as B2). These

are in paﬁmcagmqircompou@@dmﬁwgﬁ@ﬁ ernereoniskiigH inHieyast grarbepised et B2). Thesedhoner s
of which d }ga% cﬁy aﬁcﬂ? ﬁné}rfmfét%ngfo%olyaﬂ&tbo%fléj 3}1&{1&9(& grmcﬁ do not

pol ycar bona ones,

am nef unct bbéyatlhe mhm(lylsueh AEpdlNSterpdlyoly, pf@lmdm@nate p@l?blls alsom(f @r ex arrpl e,
the Jeffam nes(r) or other amine-terninated polymers and (block? copol yners

or m xt or esoRAEneIsof 1actongs, rydraxy- oy armﬂunawam?lymr&haww&aﬁd BY ya@rr@ﬁer ably

part i oul ar o bel LR e RES Ao SR RER R BBy SR AT o

1% by wei gBépadymé or afigtuvedrierdef ti cul arly preferably 100% by wei ght of Bl)
are used. Preferably, conpounds having a refractlve I ndex no 20 > 1.55,

particularly preferably > 1.58, are _used in I n conponent C), conpounds

such as a, Inn%wm%%)cm@aﬁiﬁmuseé laBDquférq%@td%sSO%W%ht 0@1&@11 neft es,
met hacryl apeg, (RbHEA! &ﬁvﬁlgﬂ{rgf ﬁ#)yﬁm’fﬁﬂlﬁ& ﬁ}ng&%%%%gt‘%%f%/dg w.e%’ﬂﬁofﬁf L 4gr more

vi nyl et her, propeny s con

di cycl openhagermythar Mty w@l%ﬁk of'B) iafidl @&yl partitsalyréfefsbl e 000% 'bijld\?elg}ﬁ ech as,
for exanple, styrene, a-nethylstyrene, vinyltoluene, olefins, such as, for
exanpl e, 1B} emnsedind/ or 1- decene, vinyl esters, (neth)acrylonltrlle
(neth)acrylan1de met hacrylic acid and acrylic acid can be used. 20

Acryl at es acr y&hg&@d@hgﬁa\ﬂégapé’f?a f}(,é ﬁgexh Qeﬁf ?mic%f%@[q%ef‘%;abﬁ% ylic

acid or ed as at acryla

Exanpl es oﬁs@cmyh@@&ﬁh@yuj met hacryl ates which can be used are nethyl
acrylate, nethyl nethacrylate, ethyl acrylate, ethyl nethacrylate,

et hoxyet hyl acryl ate et hoxyet hyl nethacryl ate, n-butyl acrylat, n-butyl
met hacr y| aliecompanent), gpmpenidssueh as e prunsatingtedydarbesy hie aei datieativag syeh as

acrylagg, BEXihes TelAG A fralcaicS! AMaPRAY naRShtded! Rry1amflelYdnd HiMhermore

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.

20  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-
25  butyl methacrylate, hexyl acrylate, hexyl methacrylate, 2-ethylhexyl acrylate, 2-ethylhexyl
methacrylate, butoxyethyl acrylate, butoxyethyl methacrylate, lauryl acrylate, lauryl
methacrylate, isobornyl acrylate, isobornyl methacrylate, phenyl acrylate, phenyl
methacrylate, p-chlorophenyl acrylat, p-chlorophenyl methacrylate, p-bromophenyl
acrylat, p-bromophenyl methacrylate, 2,4,6-trichlorophenyl acrylate, 2,4,6-trichlorophenyl
30  methacrylate, 2,4,6-tribromophenyl acrylate, 2,4,6-tribromophenyl methacrylate,
pentachlorophenyl acrylate, pentachlorophenyl methacrylate, pentabromophenyl acrylate,

pentabromophenyl methacrylate, pentabromobenzyl acrylate, pentabromobenzyl



met hacryl ate, butoxyethyl acrylate, butoxyethyl nethacrylate, |auryl
acrylate, lauryl nethacrylate, isobornyl acrylate, isobornyl nethacrylate,
phenyl acrylate, phenyl nethacrylate, p-chlorophenyl acrylat,

p- chl orophenyl net hacryl ate, p-bronophenyT- acrylat, p-bronophenyl

nmet hacryl ate, 2,4,6-trichlorophenyl acrylate, 2,4,6-trichlorophenyl 30

met hacr yl ahfthadsylaté-gheh&tye i B@?Mﬂte, phendxgttayl r'ﬂetﬁaﬁ?'lalté, henvxgboyyethyl
nmet hacryl ate, pentachl orophenyl acrylate, pentachl orophenyl methacryl ate,
pent abr onopéElae. Phenoxyethexyetind imeikacaviaishengphtivdtasedate) Zapephtiyd mettaceieBenzy|

Shenoxyet hit LEerIRARLAY2 ud adLROT S0 piRARIR S S ARRICARE. o1 by
net hacryl apgpade-D 2RV Ibyd[(226-0ibrérhe-4, RplivaptehB)oky (2e{[B Bc3-jtistd €,

1, 4- bi s(2-t hi onapht hyl ) 2- butyl acryl ate, 1, 4-bis(2-thionaphthyl L 2- butxl
met hacr ¥l ap@lprophenyl)propanoyl]oxy}propane-3,l-dlyl)oxyethane-2,l-d1yl] diacrylate, bisphenol

pr opane- 2, 2-.di i -di - - - 4. 3-tris(4 5

chl or ophené*a?ia’?%%abﬁ%?&% T@x@?ﬁ%ﬁ%ﬁ@? éi ﬁﬁgl%)h%ggs fe?%iﬁ)gn%eéléayfé}:ﬁ’yl ] diacrylate,
bi sphenol  fetrabiontdbidphbsol AHEAERSY1ate adldl it dilkedyYidted snaldgiie coipoambitbgbemol A
diacrylate, tetrabronobisphenol A dinethacrylate and the ethoxyl ated

anal ogue cdherasbarelyl eprvlases; fo mnticn only alsslectipnrafiagrydaies and methadqrplates whicha

sel ection of acr Idat es and net hacryl ates which can be used. 10 O course,
ur et hane a8?§ %?%%'can al so be used as conmponent Q Urethane acrylates are
under st ood as neani ng conpounds having at | east one acrylic ester group

whi ch 1eddigficonat, urethaeacrflales 8&t alshBe tedlabab@poiesnd C).| Uretttink B&ryhatdshgd  such
conpounds can be obtained by reacting a hydroxy-functional acrylate with an

i socyanat eundgigtopdasineaniagrp@upeinds bairg atleess one arylie guergredp whicbh can be

used for this..purpqgse a romat i.c raki;phati c | i ghatic and

cycl oal | phatfoINY hay pl feasf opie Birtiae Daid 1618 Knp i tha shelt mptoutifly eon s
m xtures gbtafiled by Feacting allydRixyahotionalcaceylade &th &xiR0B/a8fte Fhndtiohalabl e di -,
tri- or polyisocyanates are butylene diisocyanate, hexanethyl ene

di i socyanarempeimd) . i sophorone diisocyanate (1PDl),
1, 8-dii socyanat o- 4- (i socyanat onet hyl ) oct ane, 2, 2,4- and/or

o 54, 45 Eor RSP DDt R ER i R S HERA s nbP L P Bl RURNG any
desired i sqnpHatic QA8 edloaliphafiy anakio BBpblYisodyaBates BRI fossbléas atemixturés
cycl ohexyl ene diisocyanate, the isoneric cycl ohexanedi net hyl ene
di i socyanapésuchii-4tri- or polyisocyanates. Examples of suitable di-, tri- or polyisocyanates are
butylene diisocyanate, hexamethylene diisocyanate (HDI), isophorone diisocyanate (IPDI),
1,8-diisocyanato-4-(isocyanatomethyl)octane, 2,2,4- and/or 2,4,4-trimethylhexamethylene
20  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-
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,
25  triphenylmethane 4,4°,4°‘-triisocyanate and tris(p-isocyanatophenyl) thiophosphate or
derivatives thereof having a urethane, urea, carbodiimide, acylurea, isocyanurate,
allophanate, biuret, oxadiazinetrione, uretdione or iminooxadiazinedione structure and

mixtures thereof. Aromatic or araliphatic di-, tri- or polyisocyanates are preferred.

Suitable hydroxyfunctional acrylates or methacrylates for the preparation of urethane
30  acrylates are, for example, compounds such as 2-hydroxyethyl (meth)acrylate,
polyethylene oxide mono(meth)acrylates, polypropylene oxide mono(meth)acrylates,

polyalkylene oxide mono(meth)acrylates, poly(e-caprolactone) mono(meth)acrylates, such



phenyl ene diisocyanate, 2,4- and/or 2,6-toluene diisocyanate,

1, 5-napht hyl ene diisocyanate, 2,4'- or 4,4'-diphenyl nethane diisocyanat e,
1, 5- napht hyl ene dii socyanate, 25 triphenyl nethane 4,4',4"-triisocyanate and
tri s(p-isocyanatophenyl) thiophosphate o8- derivatives thereof having a
uret hane, urea, carbodiimde, acylurea, isocyanurate, allophanate, biuret,
oxadi azi nets, ifemsxamiptes Toheh® 100 (DoivnBehweadbaihi Geghanyy Shydrokyprepydnd  mi xt ur es
thereof. Arommtic or araliphatic di i - or polyisocyanates are preferred.
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pol y(e-caprol actone) nono(neth)acryl ates, such -18- as, for exanple, Tone(r)
MLOO ( Ddw, rsethulolnsepane ey ersply pentacrihaitalxdiperdasyythritatesthoadated, arepoxylated

4- hydr oxybug th)acrylate, 3-hvdroxy-2.2-dinethyl pr.o . (et cryl at e,
vl oxy ot ofy ke TliRy SRFCRRlTonte MY paser b pE A it PE

hydr oxyf ungiiktareathe¥esto2-Hydiroxyethyl 8éryRes hydh@kﬁ;ﬁ'_oﬁf'l RplIMbydhidroyt@Iol s, such
as 5 trinethyl ol propane, glycerol, pentaerythritol, dipentaerythritol,

et hoxy! at edsrylsteomng pplyewaprotactanek mene(mesiaerylatestang pisferedp bnadditifiny aer ol |
pentaerythritol .. dipentaerythritol ;or i.ndustrial mxtures thereof.

D% by dr oxy el enaierto R Mbindtc bEpo et Ghe B colhiits Sontviie Ratets) o o
and poll§( Cafdpr RbMeE9IAe) grabps) Itk b} ardorhtihffonavich the@bBVdrishtiohed Mefbhédn, as

i socyanat e-reactive oligonmeric or polyneric unsaturated conpounds contai ni ng

acryl at e 10ompeiinds, aresuitabley [ts alsgpossde taussrike epoxiytmetbiastyhates knowa pes se.he

abovenenti gned nonomner.i conmpopnds suita o bl S ossible to
dse the epoRyrnERrS AEPYT et R s Phaitinls G oG n sho i AOBIE P 3r oups. and
havi ng OH peRtuRMahe %et%?ac&ﬂat%@@oﬂmnlﬁ@ﬂﬁr&'yl %ﬂ@)@ y iR Raneo Hnehtehwrehas es
cont ai ni ng hydroxyl groups and havi ng contents of 20 to_ 300 KOH g or
acryl at ed é@g mgdk Hég@tsacmslaﬁed@omwmmmg@Hzonueotswaomm@w@gg}l&md

m Xt ur thereof with one another and.m xtur.es with unsaturated, polyesters
cont a1 17 ng kg SO T el R A R R SR Sl oo “or
m xtures ohydBRAlE@IsHAd nRIRMYESKRK PolGeMrahdtH)Scriidibs OX Wix @F QW SintiirBted

pol yester (neth)acryl ates. Epoxyacrylates containing hydroxyl groups and

havi ng a dpblyestetslegutniming liydnexyl graips withaqrodyestee fraethiadrylatep dippkyastylytasr y| at es
containing ccr)] tgi;l%)é)illyd%x%’ij Ersou%g gncP ﬁlasv(largg eii Qet{)n%['lthiygrlé)lx?' "Furictional; ():'taireogreferred.
Epoxy(meth)acrylates containing hydroxyl groups are based in particular on reaction
20  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
and/or methacrylic acid and glycidyl (meth)acrylate, are furthermore preferred.
25  (Meth)acryltes 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.

Compounds particularly preferably to be used as component C are urethane acrylates and
urethane methacrylates based on aromatic isocyanates and 2-hydroxyethyl acrylate,

30 hydroxypropyl acrylate, 4-hydroxybutyl acrylate, polyethylene oxide mono(meth)acrylate,
polypropylene oxide mono(meth)acrylate, polyalkylene oxide mono(meth)acrylate and

poly(e-caprolactone) mono(meth)acrylates.



20 products of acrylic acid and/or nmethacrylic acid wth epoxides (glycidyl
conpounds) of nononeric, oligoneric or polyneric bisphenol A bisphenol F,
hexanedi ol and/ or butanedi ol or the ethoxylated and/or propoxyl ated
derivatives thereof. Epoxyacrylates havithg a defined functionality, as can
be obtained fromthe known reaction of acrylic acid and/or nethacrylic acid

and gl yci dyh a yestgarticulatl yepreferred @nmbodintedt, i sdducsfof aramthticahisodeinbleaveyy t es
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F
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aromati ¢ Sgﬁgofcg%ﬁés 5 & -tol%rﬁ@;@%éﬁgfang% Lith ﬂdxyeﬂpﬁécgglg{%gg{%&g8@g§%@ﬁed as

conmponent ur et hane acry es an ur et hane- met ha on

aromat i ¢ i a68ate) dtiesiranbuid] Aygtaaxxetussd assdmpoatt,C.30 afyiher Xy puptidulaty yl at e,

4- hydr oxybut y| t hyl ene oxi de nono(neth)acryl ate,

pol ypr opyl @fféer&daC%&Q%%émg%ﬁmfﬁr@i@}eﬂ@dpwwpwa Mi&ghydroxyethyl
th - A9- |
B e e R T e

triisocyanates (very particularly preferably tris(4-phenylisocyanato)
t hi ophosph@xemeles lof vimglaomhticradastitene, iildgenatyddaiesivesofdtyrasge, isadhsnfor
dii socyanate) with hydroxyethyl acrylate, hydroxypropyl acrylate,
4- hydr oxyb@k§mplgci-ghlgrastyagne, éscél&pra%yr@mrﬁoﬁ%@mst@tenprﬂ-grmmﬁ@me, very

articul ar [yr i ] 3= thi I
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are styrene, halogenated derivatives of styrene, such as, for exanple,
2- chl or ost yHwitarbazolerr difyaetjoneheomppuads, spdsasdivinglbenzapeonost yr ene, 3-
bronostyrene, 4-bronostyrene, p-(chloronethyl)styrene,
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2- vi nyl ant hracene, y racen -viny azol'e or unc

conpounds, desigibedSotléxaniie, igERIRIeSUet BAtschonaemits|Méthedsai@rgatic D) ar e,
for exanple, inhibitors and antioxidants, as__described, for exanple, in
"Met hoden &demistiydniHauben- Wed idth editiem yelumes XEY/dapage 4331eé pdstGepre Thieme
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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.

20  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

25  distinction being made between monomolecular (type I) and bimolecular (type II)
initiators. Furthermore, depending on the chemical nature, these initiators are used for the
free radical, the anionic (or), the cationic (or mixed) forms of the abovementioned

polymerizations.

(Type I) systems for free radical photopolymerization are, for example, aromatic ketone
30 compounds, e.g. benzophenones, in combination with tertiary amines,

alkylbenzophenones, 4,4¢-bis(dimethylamino)benzophenone (Michler’s ketone), anthrone



such as, for exanple, benzhydrol, optionally also quinones, such as, for
exanple, 2,5-di- tert-butylquinone, optionally also aromati c am nes, such as
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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),- (Kutal et al., Macromolecules 1991, 24, 6872) or

20  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 resuiting

25  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
selenonium salts) and organometallic compounds. Under irradiation, both in the presence
and the absence of a hydrogen donor, phenyldiazonium salts can produced a cation that
30 initiates the polymerization. The efficiency of the total system is determined by the nature
of the counterion used for the diazonium compound. Here, the slightly reactive but very
expensive SbFg", AsF¢ or PFg’ is preferred. For use in coating thin films, these compounds

are as a rule not very suitable since the surface quality is reduced (pinholes) by the
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must be appropriately sensitized for the photopolymerization with near UV or short-wave

visible light. This is possible by the use of aromatics having a higher absorption, such as,

20  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
radiation source used for the curing, the type and concentration of photoinitiator must be

25 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
the components and the respectively available, in particular the preferred synthesis

components.

30  Preferred photoinitiators E) are mixtures of tetrabutylammonium tetrahexylborate,
tetrabutylammonium triphenylhexylborate, tetrabutylammonium tris(3-
fluorophenyl)hexylborate and tetrabutylammonium tris(3-chloro-4-

methylphenyl)hexylborate with dyes, such as, for example, Astrazon Orange G, methylene



this structure class, the choice of the substitution of the aromatic is
conpletely free and is substantially determ ned by the availability of
suitable starting building blocks for the synthesis. The sul phoniumsalts
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preferred synthesis conponents. 30 Preferred photoinitiators E) are
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green, crysieerrad.ol et, ethyl violet and thionine. Optionally, one or nore
catal ysts may be used as conpounds of conponent F). These are catalysts for

accel erating the urethane formation. Known cat aIEﬁ/lsts for this purpose are,
for 5 exargiiceurse; fyrthenaddisivies G) £ameptéinnally baused. dneserpay e fori example: e,
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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

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

20  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
alia, in-line (Gabor) holograms, off-axis holograms, full-aperture transfer holograms,

25  whitelight transmission holograms (“rainbow holograms”), Denisyuk holograms, off-axis
reflection holograms, edge-literature holograms and holographic stereograms; reflection
holograms, Denisyuk holograms and transmission holograms are preferred. Optical
elements, such as lenses, mirrors, deflection mirrors, filters, diffusion screens, diffraction
elements, light guides, waveguides, projection screens and/or masks have are preferred.

30  Frequently, these optical elements show frequency selectivity depending on how the
holograms were exposed to light and which dimensions the hologram has. The

polyurethane compositions described are particularly advantageous because, during their



zirconium act eyl acetonate or tertiary am nes, such as, for exanple, 1, 4-
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hol ogr aphi ¢ 1 mages or rans ca e pro y means t he
diagrams, and a method for recording holograms using the polyurethane compositions

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
20  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

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

25  technology, such as, for example, stirred tanks or both dynamic and static mixers, can be
used for mixing. However, apparatuses without dead spaces or with only small dead spaces
are preferred. Furthermore, preferred methods are those in which the mixing is effected
within a very short time and with very thorough mixing of the two components to be
mixed. In particular, dynamic mixers are suitable for this purpose, especially those in

30  which the components come into contact with one another only in the mixer.
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preferably
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

20  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

25  processing properties. In solution with suitable solvents, viscosities at 25°C below
10 000 mPa.s, preferably below 2000 mPa.s, particularly preferably below 500 mPa.s, can
be established.

Polyurethane compositions of the abovementioned type which cure in an amount of 15 g
and with a catalyst content of 0.004% by weight at 25°C in less than 4 hours or at a

30 catalyst content of 0.02% in less than 10 minutes at 25°C have proved to be advantageous.



| f necessary, degassing of the individual conponents or the entire m xture
can also be carried out under reduced pressure of, for exanple, 1 nbar.
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a st or age- opfptication wravadstédteor into 4 awuld; el rapedtive@ustomarynimethbds kifvireto t he
adm xi ng of conponent A) of the pigqlrﬁ{uret hane conpositions according to the

10 i nvent i & peasomskiled in theareare spitablesnedies; 1 pastiGilaeknifhcealng.ROYERS ng on
conposi tion,. . per g i.t:-hin a few seconds to a few hours.
The ratio %Haﬁé%gértef/%érdgﬁp’rsérgg;t%g\?l Erg{](%#)%hgé'synt hesi s conponents of the

pol yur et hane conpositions is preferably adjusted so that the curing after
adm xi ng ofAlcthepeforntesAes@ibedrabove ire iqpetpirated by egfereaceanintitsi entirsty fdrad t o one
hour. In a preferred enbodi nent, the 15 curing is accelerated by heating
after the &éﬁﬁ-‘&ﬁ‘ﬁ@oﬁe‘é t enperatures between 30 and 180C, preferably 40 to
120C, particularly preferably 50 to 100C. The abovenenti oned adjustnment with

regard to g CHELNG IR d? st d%@ﬁﬁih%})@é?ﬁ@ Et%c?u:e?%té%#&%th%fr{'r?\{ehfgSﬁpipf

routi ne experinents wthin e abovenenttonéd quanti
conponent s vallde hiwmifestnd kieste skitledfinthe aft sha vati hwirhedifiodtione lard tdatmangemenacdt
case, in particular 20 the 1tl)referred synt hesi. s conponents. |Inmediately

af ter conplttaRrartinayke medeayithews departng Fomthe spit gag wonaAbthe sRALIRS ons
000 rpa. 3, st R RTINS RRHA TR G periPlle] YPEBrich 3oh3d ",
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m nut es at iRkGlibabet ¢ avew Gearrdersaddaasthapgdimiting Z8nlefoniotedplhesatd, all stateda
substrate or into a nould, all respective custonmary nethods known to
percentages are percentages by weight.
15 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

20  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%

Terathane® 650 is a commercial product of BASF AG, Ludwigshafen, Germany (poly-
25  THF having molar masses of 650 g/mol).

Terathane® 1000 is a commercial product of BASF AG, Ludwigshafen, Germany (poly-
THF having molar masses of 1000 g/mol).



the person skilled in the art are suitable, such as, in particular, knife
coating, pouring, printing, screen printing, spraying or inkjet printing.
Al'l the references described above are incorporated by reference in its
entirety for all 5 useful purposes. Whi2é-there is shown and descri bed
certain specific structures enbodying the invention, it wll be manifest to

t hose skil pelgol mistd'tﬁﬁﬁfc_tioﬁeh@blygﬁbép?bﬂﬁctﬁﬁ@béliyﬁﬁﬁhﬁib&; atfadeanslapmasbonts of
the parts nay be nade without departing fromthe spirit and scope of the

under | yi ng65Q gkt i ve concept and that the sane is not limted to the
particular fornms herein shown and 10 described. EXAMPLES The foll ow ng
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Mat er i al ScoeaimabldGy thd proeedsutesuribe@int BRY 70@H4Phat i ¢ pol yi socyanat e based on
hexane diisocyanate, NCO content about 20% Terat hane(r) 650 is a commerci al

roduct of _BASF. AG, _Ludw gshafen, Gernan oly- 25 T hayi ng nol ar nasses
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Mat eri al Sci ence AG the preparation is

CGI 909 is an experimental product sold in 2008 by Ciba Inc., Basle, Switzerland.
Irganox 1076 is octadecyl 3,5-di(tert)butyl-4-hydroxyhydrocinnamate (CAS 2082-79-3).
Measurement of diffraction efficiency DE and refractive index contrast An:

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

their holographic properties:

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, a
20 =21.8°and B = 41.8° are the angles of incidence of the coherent beams measured outside

the sample (the medium).

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

25  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
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



described below. 5 Polyols 3 to 5 are polyols according to the invention.
Their preparation is described below. DMC catalyst: double netal cyanide
catal yst based on zinc hexacyanocobaltate (I11), obtainable by the process
described in EP-A 700 949 Fonrez UL28: u2Bthanization catal yst,

di et hyl bi s[ (1- oxoneodecl ) oxy] st annane, conmmerci al product of Mnentive

Per f or manc esiff e sealicondW¥tbi detectéss (DYSAh (stimpld ramovdd) The Ungle fof irglidenso{a)of on i n
N- et hyl pyrrol i done). CQ i's an experi nental duct sold in 2008 by Ci ba
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per pendi cu e angle bisec
the powers of the beam transmitted in the zeroth order were measured by means of the

corresponding detector D and the powers of the beam diffracted in the first order were
measured by means of the detector D. The diffraction efficiency 1 was obtained at each

angle Q approached as the quotient of:

20 17:

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

the transmitted beam.

By means of the method described above, the Bragg curve (it describes the diffraction
efficiency 1 as a function of the angle ) of rotation of the written hologram) was measured
25  and was stored in a computer. In addition, the intensity transmitted in the zeroth order was

also plotted against the angle 2 of rotation and stored in a computer.

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

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



5 the two beans incident on the sanple (reflection hologram. The strip
spacing in the nediumis - 225 run (refractive index of the medi um assuned
to be -1.49). Hologranms were witten into the mediumin the follow ng
manner: Both shutters (S) are opened for2&+he exposure tinme t. Thereafter,
with shutters (S) closed, the nediumwas allowed a tinme of 5 mnutes for
di ffusi on he tefiactive indexioqtaytven hizdthe Wickress d ngthemhompbsymemeyémﬂ/@gnm
witten were ngw read in the foll ow ng manne shutter of the signal

r
beam r enmi AdETAned by meansofdhe equaledyyavertheqry (efy: éﬁd@oaﬁéalm TheBdbewtam  The
iris diaph r I t Thi s
ensar ed bl Gl aEhEENIaLANDSS, Naitl § pp T Hee o T

hol ogr am f the nadaksured Pragy (e amf the @hﬁéti(mrbf(ﬂﬁe fraismiweti mtanﬂ')h& 1 ﬂmaﬂi@béfe under
conputer control, converted the angle 15 range from0O =0 to Q=20 with an
angl e s? epawlﬂt%edﬁetbo®§ depgribed bRlodfigl e approached, the powers of the beam
transmtted in the zeroth order were neasured by nmeans of the corresponding

det ect or ' wer e
measur ed by(’algrrkg(a}fr?rg’EE E&) \léﬁlélﬁ(d(ﬂ% p g‘r&%qg#ﬂ%ff% %ﬁcgﬁ; e&? |c(§§lrg§£%%5

obt ai ned aholegfalh: angl e 0 approached as the quot| ent of: 20 PD r7PD+PT PD
is the power in the detector of the diffracted beamand PT is the power in
the detector of the transmtted beam By neans of the nethod descri bed
above, the Bragg curve (it descrihes the diffraction efficiency rl as a
function of the angle 92 of rotat on of 1U'(§/¢)d)2|tten hol ogram was neasured
25 and was stored in a conputer. Inl# > intensity transmtted in
the zeroth order was also plotted agémhsw@he)(ar[gl e 0 of rotation and
stored in a conmputer. The maxi mumdiffraction efficiency (DE = Amax) of the
hol ogr am its peak value, was determned. It may have been necessary
for this pﬂ’l‘tgose to change the position of the detector of the diffracted
beamin order to determne this maxi mum val ue. -28- The refractive index
contrast An and the thickness d of the phatogplyner |ayer were now

determ ned by nmeans of the coupl e@w&vWH Kogel ni k, The Bel |
System Technical Journal, Volune 484} e¢os{@6dy ) Nunber 9, page 2909 -
page 2947) from X
= AD- 2n - sin(a'- \p)i
A-cos(a'—2\p) 2
_Bl_al
10 Y=
3 A
2-n-cos(y —a)
n-sin(a') = sin(at), - sin(p') = sin(p)
AB = —AQ- 1-sin a)
n —sm( )

@ is the grating thickness, 7y is the detuning parameter and VW is the angle of tilt of the
refractive index grating which was written. o’ and B’ correspond to the angles a and f3
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 a’. AQ is the angle detuning measured

15  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:



t he measured Bragg curve and the variation of the transmtted intensity as a
function of 5 angle. The nethod is described bel ow. Accordi ng to Kogel nik,
the following is true for the Bragg curve 11/(S2) of a reflection hol ogram
1 rl=1-(x/(D2 1+ 3inh2 (D2 -x2 wi2-nAnd x 7cos a cos a'-2yi X =
AO 27c sin(a'-yi) d A cos(a'-2y) 2 p'- a 10 W2 A= Ic 2 ncos(yi-a') n
sin(a) = sin(a), n sin((3) = sin(P) = Aft , 1z S|n2(E) nsinz2i(a Ib

is the grating thi cknessDEmﬁnh’r(@)d,egaﬂ}m ng parhiftt & and is the angl e of
tilt of the refractive index grating Ach/cm(sn)vwos(ckem) and (3'
correspond to the angles a and (3 during witing of the hologram but in
the medium AO is the angle detuni ng neasured in the nedium i.e. the
deviation fromthe angle a'. An is the angl e detuning measured 15 outside

t he nmediu ém% %u%0p0¥§¥fﬁ% aEtrl&{réﬁ" %n?}p%lxegtggore{?.%dl%na%e el ef ract ive

I ndex of t ep yner was se Faction
ef fi ci encytraddmitedintenkity sretdhewmﬂi)Fagur@m plotted ¥gaind) thd cexﬁtred\&)gle oﬁrotzaﬁm Q29- DE
r=tanh2(b)=tanhZl 'Tc - An - d 1 cos a' cos a -2w)
a shift. Since, owing to the geometric shrinkage and the change in the average refractive
5  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°.

Since DE is known, the shape of the theoretical Bragg curve according to Kogelnik is
determined only by the thickness d of the photopolymer layer. An is subsequently
corrected via DE for a given thickness d so that measurement and theory of DE always

10  agree. d is now adapted until the angle positions of the first secondary minima of the
theoretical Bragg curve agree with the angle positions of the first secondary maxima of the
transmitted intensity and additionally the full width at half maximum (FWHM) for the

theoretical Bragg curve and the transmission intensity agree.

Since the direction in which a reﬂection hologram concomitantly rotates on reconstruction
15 by means of an Q scan, but the detector for the diffracted light can detect only a finite
angle range, the Bragg curve of broad holograms (small d) is not completely detected in an
Q) scan, but only the central region, with suitable detector positioning. That shape of the
transmitted intensity which is complementary to the Bragg curve is therefore additionally

used for adapting the layer thickness d.

20  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
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 o, the x axis is centred around this shift. The shift is typically 0° to

25 2%

For a formulation, this procedure was possibly repeated several times for different
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:



The measured data of the diffraction efficiency, the theoretical Bragg curve
and the transmtted intensity are shown in Figure 2 plotted against the
centred angle of rotation Q@ a shift. Since, owing to the geonetric
shrinkage and the change in the average ¥efractive 5 index during the

phot opol yneri zation, the angle at which DE is neasured differs froma, the
x axis is centred around this shift.2.ns0mW #0.67mWpi(epl Iy O to 2. Since DE
is known, the shape of th {mYee) Fcal Brgag QynLye according to Kogelnik is
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for adapting the layer thickness d. 20 Figure 2: the Bragg curve t)
accor di ng tant¢tgeopoitiof dd abmdlitile ednstibfentshwasBaSUr dweighf drractei Dheredffer,ci ency
(solid circles) and_ of the transmtted power (black solid |ine) against the
angl e det uﬁ?@@gm.effgwﬁﬁé{ldﬁwm ‘tcb“iaﬁegtﬁ@ﬁ%é?Wéx¥ﬁ?lﬂ41kage and the change
in the average refractive index during the photopol ynerization, the angle
at whi ¢l DbrebhgratibBappsIo6l Fiffers froma, the x axis is centred around this
shift. The shift 1s typically O to 25 2. For a formulation, this procedure
was possibly repeated several tinmes for different exposure tines t on
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2[ 0. 50mostﬁ¥iﬁy\lﬂ vt 70 rpm. By application of a vacuum and pressure equilibration with

nitrogen three times, air was exchanged for nitrogen. After the stirrer speed had been

15  increased to 300 rpm, nitrogen was passed from below through the mixture for 72 minutes
with the vacuum pump running and at a pressure of about 0.1 bar. Thereafter, a pressure of
0.3 bar was established by means of nitrogen and 242 g of propylene oxide (PO) were
passed in for starting the polymerization. The pressure increased to 2.03 bar thereby. After
8 minutes, the pressure had fallen to 0.5 bar again and a further 12.538 kg of PO were

20  metered in over a period of 2h 11 min at 2.34 bar. 17 minutes after the end of the PO
metering, a vacuum was applied at a residual pressure of 1.29 and complete degassing was.
effected. The product was stabilized by addition of 7.5 g of Irganox 1076 and obtained as a
colourless, viscous liquid (OH number: 27.8 mg KOH/g, viscosity at 25°C: 1165 mPa.s).

Preparation of polyol 4:

25 2475 g of Terathane® 650 were weighed into a 20 I reaction tank equipped with a stirrer
and 452.6 mg of DMC catalyst were added. Heating was then effected to 105°C with
stirring at about 70 rpm. By applying a vacuum and equilibrating the pressure with
nitrogen three times, air was exchanged for nitrogen. After the stirrer speed had been

increased to 300 rpm, nitrogen was passed from below through the mixture for 57 minutes



Tc.0.42 cn2 The powers of the part-beans were adapted so that the sane power
density is achieved in the nmediumat the angles a and P used. Preparation
of polyol 1: 5 0.18 g of zinc octanoate, 374.8 g of c-caprolactone and 374.8
g of a difunctional polytetrahydrofuramBlpol yether polyol (equival ent wei ght
500 g/mol of OH) were initially introduced into a 1l 1 flask and heated to
120C and kejth tigs vdchin® pudifoifing afd drd plessufeofaboutls.1 banmherdaltén b @pskire off of
nonvol atil e constituents) was 99. 5% by melght or nore. Thereafter cool i g
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metering, 8636x0PRaE).Was applied at a residual pressure of 1.29 and conplete
degassing was effected. The product was stabilized by addition of 7.5 g of
| rganox 1076 and obtained as a colourless, viscous liquid (CH nunber: 27.8
nmg KOH g, Yrepason of pelyolse: 1165 nPa.s). Preparation of polyol 4: 25 2475 g
of Terathane 650 were weighed into a 20 1 reaction tank equipped with a
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nitrogen. After the stirrer s eed had been increased to 300 rpm_ nitrogen
was passedWeiehed B a&04 Feastiom tank squipred with p stirretrang; 32irag of BMC catalyst were

15 added. Heating to 130°C was then effected with stirring at about 70 rpm. By application of

a vacuum and equilibration of the pressure with nitrogen three times, air was exchanged
for nitrogen. After the stirrer speed had been increased to 300 rpm, nitrogen was passed
from below through the mixture for 85 minutes with the vacuum pump running and at a
pressure of about 0.1 bar. Thereafter, a pressure of 0.2 bar was established by means of

20 nitrogen and 174 g of PO were passed in for starting the polymerization. The pressure
increased to 2.26 bar thereby. After 6 minutes, the pressure had fallen to 0.55 bar again and
a further 8.826 kg of PO were passed in over a period of 1h 32 min at 1.36 bar. 22 minutes
after the end of the PO metering, a vacuum was applied at a residual pressure of 0.674 bar
and complete degassing was effected. The product was stabilized by addition of 5.27 g of

25 Irganox 1076 and obtained as a colourless, viscous liquid (OH number 24.8 mg KOH/g,
viscosity at 25°C: 1659 mPa.s).

Preparation of the urethane acrylate 1:

0.1 g of 2,6-di-tert-butyl-4-methylphenol, 0.05 g of dibutyltin dilaurate (Desmorapid Z,
Bayer MaterialScience AG, Leverkusen, Germany) and 213.07 g of a 27% strength

30  solution of tris(p-isocyanatophenyl)thiophosphate in ethyl acetate (Desmodur® RFE,
product of Bayer MaterialScience AG, Leverkusen, Germany) were initially introduced
into a 500 ml round-bottomed flask and heated to 60°C. Thereafter, 42.37 g of 2-



wi th the vacuum punp running and at a pressure of about 0.1 bar. Thereafter,
a pressure of 0.5 bar was established by neans of nitrogen and 100 g of

et hyl ene oxide (EOQO and 150 g of PO were passed in sinultaneously for
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liquid (Okdldnber 27.1 ng KOH g, viscosity at 25C. 10 1636 nPa. s).

Preparation of polyol 5: 1707 g of a polycarbonate di ol having a nunber
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5.27 g of 25 Irganox 1076 and obtal ned as a col ourless, viscous liquid (CH

nunber 24. Bigkje.Kbeymixturg pbletnsi isdegassed @ithissisdng s §nbapfospat morahand0 t he

th lates1: 0. .1. f -di -t —hut vI 5 4- hyl . 0.05 f
i but g1t nsasond gt ichs Blauter el 3 73 e 9 PR A B AR ate ol D o
Gernmany) apsheZeBwidll a Gurtter @add g]fba&i TRE Biirh 36 thOP UL foAul@fion takes place under
0

tris(p-isocyanatophenyl)thi ophosphate in ethyl acetate (Desnodur(r) RFE,
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 um, resulting from the diameter of the glass spheres used. Since
20 different formulations having different starting viscosity and different curing rate of the
matrix lead to layer thicknesses d of the photopolymer layer which are not always the
same, d is determined separately from the characteristics of the written holograms for each

sample.

Comparative example 1 (medium):

25  8.89 g of the polyol 1 prepared as described above (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 solution was obtained. Thereafter, cooling to 30°C was
effected, 1.647 g of Desmodur® XP 241 0 (component A) were added and mixing was

30 effected again. Finally, 0.009 g of F omrez® UL 28 (component F) was added and mixing
was effected briefly again. The liquid material obtained was then poured onto a glass plate

and covered there with a second glass plate which was kept at a distance of 20 um by



product of Bayer Material Sci ence AG Leverkusen, Germany) were initially
introduced into a 500 m round-bottoned flask and heated to 60C.
Thereafter, 42.37 g of 2 -32- hydroxyethyl acrylate were added dropw se and
the mxture was still kept at 60C until-3he isocyanate content had fallen
bel ow 0. 1% Thereafter, cooling was effected and the ethyl acetate was
conpl et el yspaeersVEds test specimten Witdlefiaptbioad tewipsratrt ahdedgreddver Iehoues.yst al | i ne
solid. 5 For the producti on of the hol ographic nmedia, the conmponent C, the
conponent Maxippan: 903 ready be predi ssol ved in the conponent C) and
optionally the conponent G are dissolved in the conponent B, if required at
60C, after hea .e.g. from Witehouse Scientific Lt d,
Wavert on, Wﬂ ﬁllﬂin&iKi ngdon) are added and thoroughly m xed.
Thereafter, the conponent E in pure formor in dilute 10 solution in NEP is
wei ghed i n611m7tgh>épd@bk2qrommd1@0n fozicomipbrent BY Inereymixasddvith X &4 gag”emrethzfmr 1

m nute. Heati is optionally effected to 60C in dryin oven, faor t nore
than 10° nﬁwﬁges B ), f& ‘.qufi?&i Wad8d OdHg &9 %ieiibmF ylene Bieé@ga & n for

1 mnute. | 951,04} N Xi ng
is effected €ai n PC%]nggtS‘gtS Q[@P@Ho@ﬁ aq ﬁ%gg?ég%gﬂggggég'aféa{”
stirring atolatidn wbsaasbtﬁméd Mdiereabie cbdsimg 86016 wae effoctsd, 44 18eg ofBaytdt ™ WEi s

di stributed over 50 x 75 rrmgl ass plates and_these are each covered with a
further gl 48&(comppaentryavergadded and migmepypsredfesisd agpignt nalbe - GPOgef under

wei ghts of g 8§19V I es, the
nedia are %ng%%cégé%g %?/Ii%é] tt 1i’t{}?’b%[?tsd1 %%E(f; gril%glg gé@%ﬁ{l{ﬁd q{ieﬂy}%gﬁu’fgéat 60C.
The t hi@kntiqsid @nadridl bbtalmhoﬁaspbéxypmlred anten giss glateandreesedet ithege vithrn t he -

di aneter of the qul ass spheres lL;sed Since 20 different fornulations having

di fferent 8cand glags Rlalsluch Yaskept gt 2 distassg o2} kmpyrspagers I igst SpediER | ead

Same.q i s ae B talierblE AOCMRRUNEETE o MaMET AR EO0RY o e T e

hol ograns for each sanple. Conparative exanple 1 (nmedium: 25 8.89 g of the
pol yol 1 pCepfpaeativsexd@nsle 3akdahnxe (conparison for conponent B) were
mxed wth 3.75 g of urethane acrylate |I (conponent C), 0.15 g of CA 909

and 0. 015 new net hyl ene bl ue (together conponent E) at 60C and 0.525 g
of N- et hyl g.}}ﬂ 819f J§Fathane’1000 (comparison for component Iggwere mlxed with 3.75 g of :

15  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, 3.193 g of
Desmodur® XP 2580 (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

20  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 was left at room temperature and cured over 16 hours. Maximum An: 0.0106.

Comparative example 4 (medium):

1.129 g of polyether L800 (polypropylene oxide having a number average molar mass of
25 200 g/mol) (comparison for component B) were mixed with 3.081 g of urethane acrylate 1
(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
30 Fomrez® UL 28 (component F) was added and mixing was effected briefly again. The



(conponent G so that a clear solution was obtained. Thereafter, cooling to

30C was effected, 1.647 g of Desnodur XP 2410 (conponent A) were added and

m xi ng was 30 effected again. Finally, 0.009 g of Fonrei UL 28 (conponent F)
was added and m xing was effected briefd4-again. The liquid nmateri al

obt ai ned was then poured onto a glass plate and covered there with a second
gl ass pl at Bquillinedterisshdbtaaed veds thenopairaiaro afglad®phitdand-cd3ered plascewdth aThi s t est

specinen was |left at roomtenperature and cured qver 16 hqurs. Maxi mum An:

0. 0101. Co?PﬁaP‘ggliawléB‘?é’?‘RiFléwﬁs kert @t aidystange eh20 wmdyy ﬁBSW%IT%zS fetRpAMFR on f or

conponent 1 j . \at conponent C),
0.15 g of %é?}@8%%r@r%?%n%gféﬂﬁe%gé%ﬁgeﬁqﬁggF}@P@%gqg?ﬁe Et(%gé?'gégrd' conponent E)
at 60C and 0.525 g of N-ethyl pyrrolidone (component G so that a clear

sol uti on whksampleal (mreldiuier eafter, cooling to 30C was effected, 4.418 g of
Baytec(r) WE 180 (conmponent A) were added and m xi ng was effected again.

Fi |1 0 f UL E dded 1 Xi
cf foct 281 bbA3s e BekehS Crraponsn B TGN A5 of HEBRETHET pour ed ont o
a glass pl e&)@pgﬂ@}u y@.%% JFtRE 19904 4nhl o?owsge&f%%ﬂmmlgbﬁ{nggam%h was kept at

a distance o 0 m Dby spacers. This test specinen ft "at room
t enper at ur eorapsheat/Epat 609€ rand 6.326 \gr of N-bthylpymolidone @omPoient Gleotat atclear

le 3 di . (.34 f Terath 0 i f B
er & mh xS RAH Besaptined. Thercane haplihede )l s SHPRBSoHbTE OTBRES B of

Cd 909 an : the t 60C and
0.525 g of N A RRPEs 4] BB B s L . B L0 o o s
obt ai ng@l. Fheredfile?s (@wagonsg F)ova3ddedadahixdng was effeci@dbripflyfagaideThodur ()
XP 2580 (ci)irrponent .A) . were added and m xi ng was, effect ed 3%%%%1 JFinally,

0.030 g of Ipgamaterigl ob@ined syasdhapoursd QpiQ a glpse platgandRoxets Wiihect ed
briefly 20 i T | 1Ll rial: J : . gl ass
ol at e and 2008 Bt e Lk Bl RL Tl Fishk AbERTLIRY Aol THALER BRER,

di st ance ofva2ftrat byors peagrstureldndsutedsdver $RoursEVaxiasunh aht 0.8196.oom
tenperature and cured over 16 hours. Maxi mum An: 0.0106. Conparative

exanple 4 (nmedium): 1.129 g of polyether L800 (polypropyl ene oxi de having a
nunber ave £ : of

15  7.711 g of polyol 3 (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
solution was obtained. Thereafter, cooling to 30°C was effected, 2.823 g of Desmodur® XP
2599 (component A) were added and mixing was effected again. Finally, 0.0389 g of

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

was left at room temperature and cured over 16 hours. Maximum An: 0.0125.

Example 3 (medium):

25  8.827 g of polyol 3 (component B) were mixed with 4.5 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, 0.958 g of Desmodur® XP
2580 (component A) was added and mixing was effected again. Finally, 0.0255 g of

30 Fomrez® UL 28 (component F) was added and mixing was effected briefly again. The



25 200 g/ nmol) (conparison for conponent B) were mxed with 3.081 g of
urethane acrylate 1 (conmponent C), 0.12 g of CA 909 and 0.012 g of new
nmet hyl ene bl ue (together conponent E) at 60C and 0.431 g of

N- et hyl pyrrol i done (conponent G so that3% clear solution was obtained.
Thereafter, cooling to 30C was effected, 7.525 g of Desnodur(r) XP 2599
(corrponentllq\)ldmalaadblﬁmeawhsnheﬂpaglre&a@t@ﬁfgmi pldteagdicovered miedr¢ with@. 0259 g of
30 Fonrez UL 28 (conponent. F) was added and_ m xing was effected briefly

agai n. Thesecgud glIaFSqRIPTG vﬂv%wake«m Bt afisteaceRi2G wa by spaceEs Ton §Stsredines pl ate
and covereg,{ féﬁra%rrcm eratffend cme%%%ep f‘fé@nWM&ﬁrﬁ%@éAhe@b o@. @ distance of

20 m by spacers St speci nen room tenperature and cured
over 16 hours. Maxi rmm An: O. 0096 Exanpl e 1 (medium): 5 8.293 g of polyol 3
(conponent ERymphky £(miediah)wi th 5. 25 g of urethane acrylate 1 (conponent C),
0.15 g of CA 909 and 0.015 g of new net hyI ene blue (together conponent E)

at 60C nd Q, of N-et hyl pyrrolidone ent . G .so t a clear
sol ut i gstozﬁpﬂ]éfal“ﬁ%‘ﬂé’é‘?’?@ ), Werg K tggs%cg vﬁge@ﬁlﬁeeﬁfgla elp. 743 g of

Desrmdur(r ) g@so cted again.

Finally, c8ﬁ8ng[ﬂ%9 (%9 mez 98635 (:1 onent f\kggggggﬁﬁg{é}% m xi ng was
ef fect ed bcora}fadn,eneﬁ)aatm%taﬁd 01526 @i of Nmﬁlgrpyaiollddﬁtee(lcmﬂomG)tselthapaureeﬂ onto a
gl ass plate and covered there with a, se d gla pl ate which wa kﬁ;eﬁt at a

di st ance o0 Qtepww%a% rﬁwreﬁﬁprs coqling tg é@c@ e efsfﬁ%tgd 141 geof P%smﬁd
(ot TSR R Sherd Bl US miB WO Bedln Mo CORIG of

uret hane aEomteaP eJL128 (dbﬁfmﬁ&ﬁrﬁ) vigs ad@edlindomixingGizhs &B&t@lrbhe&)ly&gangﬂ@é new

met hyl ene hl ue (together corrponent &mat 60C and 0.525
N- et hyl pyr Hewd aeaterial ebtapisdavas tgn to a glaseakate apg) cmff«r@ﬁ th%%W&btaau ned.

Thereafter f ) 599
(conponent Se,&§&\?\gre agtg‘%ﬁ ﬁ@?ké{ ﬁggg\/g%n%% ect%‘%bg' sg%e%@q‘ tng%)r.nS%% g of
20 Fonv ez (whs ldit & Bodrm estipseistate dnji corsl v e6iheurs. Maxintugn WaSO0. etszect ed 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

m by spaceExamplg S(medinmdneci men was | eft at room tenperature and cured
over 16 hours. Maxi mum An: 0.0125.

15 9.611 g of polyol 5 (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
solution was obtained. Thereafter, cooling to 30°C was effected, 0.924 g of Desmodur® XP
2580 (component A) was added and mixing was effected again. Finally, 0.0300 g of

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

was left at room temperature and cured over 16 hours. Maximum An: 0.0185.



Exanple 3 (nedium: 25 8.827 g of polyol 3 (conponent B) were mxed with 4.5
g of urethane acrylate 1 (conponent C, 0.15 g of CA 909 and 0.0 15 g of
new net hyl ene bl ue (together conponent E) at 60C and 0.525 g of

N- et hyl pyrrol i done (conponent G so that3t clear solution was obtained.
Thereafter, cooling to 30C was effected, 0.958 g of Desnodur(r) XP 2580
(conponent A) was added and m xi ng wa<leAIMS$t ed again. Finally, 0.0255 g of
30 Fonrez(r) UL 28 (conponent F) was added and m xing was effected briefly
again. The -35 [liquid material obtained was then poured onto a glass plate
and cover ed t hePPOHRhane cupRATHION CRBWTISINGt & whi ch was kept at a di stance of
20 pm by spacers. This test specinen was left at roomtenperature and cured
over 16 hours. RMxi napelaisocyameeo®mpprentpl e 4 (medium): 5 9.533 g of polyol 4
(conponent B) were mxed with 3.75 g of urethane acrylate I (conponent C),
0.15 g of CA 9BY anehn Bobydnag-rehctivewompbinit ecraphsing a by dalyfenctionalnponent E)

ol Ut oh was obt al neERIKREdPber ESPF I 5 S0k MadhuPE SctBther SEtEE g of

Desnmodur XP 2580 (Cpiehivefdht WELS @pg,?glg@@l igfi ng was effected again.
Finally, 0.0342 g of 10 Fonrez(r) %La28 corrpoﬁ/glt’ F) was added and m xi ng

was effected bri eflnggginn. 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. specinmen was |eft at room
t enperature and cur e%i oves"iléyx%%?'g"m%% ?#fﬂ%ﬁ?(a: 0182. Exanple 5 (nmedium:
15 9.611 g of polyol 5 (conmponent B) were mxed with 3.75 g of urethane
acrylate 1 (conponent C), 0.15 g ofCeCHiBYOand oIb15 g of new net hyl ene

bl ue (together conponent E) at 60C and 0.525 g of N-ethyl pyrrolidone (
conponéht G so thatia cl ésem inegénfrorond tod§; obt ai ned. Thereafter, cooling to
30C was effected, 0.924 g of Desnodur(r) XP 2580 (conponent A) was added

and m xi ng was effeched againrintegérfédrh2,to@; 0300 g of 20 Fonrez(r) UL 28
(conponent F) was added and m xing was effected briefly again. The Iliquid

materi al obtai ned wag thefy DEEENORKPL 8r SYPSRidAl, WHRrNchig ANS! Sichrjinere with
a second glass plate which wWas kept af a di stance of 20 pm by spacers. This

t est specinen radical is optionally substituted or interrupted by a heteroatom; and

Y is the fundamental initiator and the proportion of the segments X,
15 based on the total amount of the segments X; and Y, accounts for at

least 50 % by weight;

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

polymerization;
20 D) free radical stabilizers;
E) photoinitiators;
F) optionally catalysts; and

G) optionally auxiliaries and additives.

2. The polyurethane composition of claim 1, wherein A) comprises a polyisocyanate
25 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



was |eft at roomtenperature and cured over 16 hours. Maximum An: 0.0185.
-36- CLAIMS 1. A pol yurethane conposition conprising A) a polyisocyanate
conponent; B) an isocyanate-reactive conponent conprising a ‘
hydr oxy-functional 5 multiblock copol yme¥? B1) of the type Y(X;-H" having a
nunber average nolecul ar wei ght of greater than 1000 g/ nol; wherein X, is
an oxyal kyl ene pmepolymefs HayingdneNCO) functiofebity@(Rm Dto { lapd exdsively prismaryi nt eger
from1l to 10; n.chz) an integer from2 to 8, R is a hydrogen, alkyl, or aryl
radi cal , wherei a#'QUBY kyl or aryl radical is optionally substituted or
interrupted by a heteroatom and Y is the fundanental initiator and the
proportiongof tige sAgHRMHase Lompdsdtidipsdaitn, WiRrdiR 48 hagipdsiuaPéorfidif 0B REETENE S
Xi and Y, accounts for at |east 50 % by weight; C) a conpound free of NCO
groups whi ch comonomeric mogyanats of hess thapdkd %o bpneeight.t he action of actinic
radiation with ethylenically unsaturated conmpounds via polynerization; 20
D) free.radical.stabilizers: E).photoinitjators; ptional | at al ysts;
ahd G bt tronal T BevEfERs bempdsfater el W3t alad ot SErem & Bifiposi ¢ on
of claiml, M%Pweﬁé oRiAEMAERIGHbPRBYEr 9P FANABAL & bldck @pelyRler BoRpRaRY Y Mer
based on HDI, , and/or TIN. 3. THhe pol yuret hane conposition of claiml,
wherei n A) conpexsthylenepoxypremydsrereatiéor opplneylennumiB, whetein the poopartionaafe and/ or
I m nooxadi azi nedi.é)ne strLict ures or =37-

said oxypropylene unifs, based on the total amount of all oxyethylene,

oxypropylene, and oxybutylene units, accounts for at least 20 % by weight.

10 6. The polyurethane composition of claim 1, wherein said starter segment Y is based
on a difunctional, aliphatic polycarbonate polyol, poly(e-caprolactone), or polymer

of tetrahydrofuran having a number average molar mass greater than 250 g/mol and

less than 2100 g/mol.
7. The polyurethane composition of claim 1, wherein said multiblock copolymers B1)
15 has a number average molecular weight of from 1200 to 12 000 g/mol.
8. The polyurethane composition of claim 1, wherein said compound of C) has a

refractive index np?° 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
20 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.

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

(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.



prepol yners having an NCO functionality of from2 to 5 and exclusively
primary NCO groups. 4. The pol yurethane conposition of claim1l1, wherein A
has a residual content of free nononeric isocyanate of less than 0.5 % by
wei ght. 5 5. The pol yurethane conpositi-&8-of claim11, wherein at |east one
segnent X; is a propylene oxide-based honopol yner or random or bl ock

copol ymer £nprA shelgod fMY@bfﬂihgaﬁolo@MDé@ﬂyﬂiﬁﬁgi‘eméi’ngfth@?ﬁhﬁ@iuhlvéfeﬂtﬁmulrﬁ. ts,
wherein the proportion of said oxypropylene units, based on the total
anount of all oxyethyl ene, oxypropyl ene, and oxybutyl ene units, accounts for
at least 20 % by weight. 10 6. The pol yurethane conposition of claiml,
wherein said starter segnent Y is based on a difunctional, aliphatic

pol ycar bonat e pol yol, poly(c-caprolactone), or polyner of tetrahydrofuran
havi ng a nunber average nolar mass greater than 250 g/nol and |ess than
2100 g/ nol. 7. The pol yurethane conposition of claim1l1, wherein said

mul ti bl ock copol yners 131) 15 has a nunber average nol ecul ar wei ght of from
1200 to 12 000 g/ nmol. 8. The pol yurethane conposition of claim1, wherein
said conmpound of C) has a refractive index n 20 of greater than 1.55. 9.
The pol yurethane conposition of claim1l, wherein C) conprises a urethane
acrylate and/or a urethane nethacryl ate based on an aromatic i socyanate and
20 2-hydroxyethyl acrylate, hydroxypropyl acrylate, 4-hydroxybutyl acrylate,
pol yet hyl ene oxi de nono(net h)acryl ate, pol ypropyl ene oxi de

nono( et h) acryl ate, pol yal kyl ene oxi de nmono(net h)acryl ate, and/or a

pol y(c-caprol actone) nono(neth)acrylate. 10. A process for producing nedi a
for recording visual holograns conprising (1) 25 applying the polyurethane
conposition of claim1l1l to a substrate or in a nould and (2) curing said

pol yur et hane conposition. 11. A nediumfor recording visual hol ograns
produced by the process of claim10. 12. An optical elenent or imge
conprising the mediumof claim1l. -38- 13. A nethod for recording a

hol ogram conpri si ng exposing the nedi um of claim12.



