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1,4-butanediol as a chain extender for the production of PU matrices for holographic media for

optical data storage.

However, a disadvantage of the known systems based on polyurethane, especially for optical
25  applications outside digital data storage, is that the achievable brightness of the hologramé stored
in such media is too low. The reason for this is usually that the relative difference in the refractive
indices of polyurethane matrix and writing monomer is too small. An arbitrary variation in the
matrix polymer, though, is impossible since a good compatibility of matrix polymer with writing
monomer and the further components present in the formulations must always be ensured.
30  Moreover, for processing reasons, the simplest possible mixing and provision of the formulations

is of interest,
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) photoinitiators
F) optionally catalysts
G) optionally assistants and additives.

The inventive prepolymers of component A) are obtained in a manner well known to those skilled
20  in the art by reaction of monomeric, oligomeric or polyisocyanates Al) with isocyanate-reactive

compounds A2) in suitable stoichiometry with optional use of catalysts and solvents.

In this way, it is possible to prepare NCO-functional prepolymers with urethane, allophanate,

biuret and/or amide groups.

Suitable polyisocyanates Al) are all aliphatic, cycloaliphatic, aromatic or araliphatic di- and
25  triisocyanates known to those skilled in the art, and it is unimportant whether they have been
obtained by means of phosgenation or by phosgene-free processes. In addition, it is also possible to
use the higher molecular weight conversion products, well known per se to those skilled in the art,
of monomeric di- and/or triisocyanates with urethane, urea, carbodiimide, acylurea, isocyanurate,
allophanate, biuret, oxadiazinetrione, uretdione, iminooxadiazinedione structure, each individually

30 orin any desired mixtures with one another.
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To prepare biuret group-containing prepolymers, isocyanate in excess is reacted with amine to
form a biuret group. Suitable amines in this case for the reaction with the di-, tri- and
25  polyisocyanates mentioned are all oligomeric or polymeric, primary or secondary, difunctional

amines of the type mentioned above.

For urethanization, isocyanate is reacted with alcohol in stoichiometric amounts to form a urethane
group. Suitable alcohols in this case for the reaction with the di-, tri- and polyisocyanates
mentioned are all oligomeric or polymeric, primary or secondary, difunctional alcohols of the type
30  mentioned above. In the context of the urethane prepolymers, these are preferably ethanediol, di-,
tri-, tetraethylene glycol, 1,2-propanediol, di-, tri- 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, polyethylene glycol, polypropylene glycol, block polymers and/or
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di i socyanat iy Rex LR 8AGarthisSACHARMSerl id

(LPDI), 1, éﬁ dii s%g?anat g_— Zal.(i socyagat oﬁeé'taﬁé;%gg%?%ﬁggg%%g?%@%@ grm ol, and
2,4, 4-tri _rre}ftaﬁwhémfﬁﬁwl en@vadi ioseiapharatee famned Theon )HDE he TMIRimerd difunctional
i $(4, o | SREXARAARICLIRERAhIEL ORGSR 1A 5 HioB T, LRELERN, havi ng

any desired i'somer content, I|socyanatonethyl-1, 8-octane~dil'socyanate,

1, 4-cycl ohexyl ene diisocyanate, the isoneric cycl ohexanedi net hyl ene

di i socyanatig&erablyaths nbavgidesseibes nrensbymanslaye repidyal canfents pf Pecguonopietie frecyanate

di i socyanatd,lest 1rnnNap By Ml enodt f)l%fé%%&echﬁmrzr%édﬁ'a%gﬁeight, most preferably less than

4, 4" - di phenqylomat hane diisocyanate, tripheny
4,41, 4" -triGBpbyusigtte or derivatives thereof having a urethane, urea,

carbodii m de, 35acylurea, isocyanurate, allophanate, biuret,

oxadi azi neti AN appretib@il HAEhE isobyihfO CxAHaHE kg dbang ions of further i
2010/ 03749600 ErB a0 e hPTsabyihtd S ot idy Kbl Qﬁo\ﬁ%}ggnst%eregf.‘socyanate

Pr ef er ece PEPEHepBnint Fldiionyip e prpalyasrshépseibednUssli] glorslis pamosm dreogromatic,

derivati zedfiphSRC MR EmMAMEIGiphA%S i DEED: Fﬁ'ﬁgc Bat&%?cf Et is also possible to use
bl & y %y} ene

dii socyanate by suitable processes, especi those o exame
di i socyanatreixtupgof ol dis trpros bekyispeyvendtes. Graraptestod seitablealii, Gorme pblyisocyanates are

| Socyanur atugend kel ARG nBthel A0 BRI AZLNEHO0SS OBl oa0d
i xt ur es thg‘f%ﬂeo?. 517 I's opt | gng{epy a%s%a pggm éS%ﬁ%ogm{ehl_@S?c%%%%%ﬁlgPQ’ 18-
conponent Aljisqoyangtt-Gsarypropetiyarmiedt, 2, sndipanagasmuhylbéxamatel elxediocyanate
partialdgy T, dy, I nat e-reactive thrélenic | .y unsat ur.at ed
conpounds. (Iir efIgr encséglfllécs gﬁ@g%ﬁc 7 Iéaet\?cgdﬁl\é?xﬁgl}le Chi gg@yg%grteﬁl}e@eg& vras any
et hyl eni caldesiredimateucatant iscoypaivmetyl- [8Bedias dtisvcpdned, GAtRMtEkléheaibdtyanate,
derivative§ such as afLX' at es rIeth cryl at es | e tea,, fumar at es,
he 1s0menc cyclohéxanediméthylene duisocyanates, I,4-phenylene 11socyanate, 2,4- and/or 2,6-
toluene diiéocyanate, 1,5-naphthylene diisocyanate, 2,4- or 4,4'-diphenylmethane diisocyanate,
triphenylmethane 4,4'4"-triisocyanate or derivatives thereof having a urethane, urea, carbodiimide,

35  acylurea, isocyanurate, allophanate, biuret, oxadiazinetrione, uretdione or iminooxadiazinedione



26 addi ti onwo ®mogysn@se-reactive oligonmeric or pol yneri cpiigsbdtoatogsbo
. conpounds containing acrylate and/or nethacrylate groups are

suitabl e, alone or in combination with the abovenmentioned nmononeric

conpounds. sf{iguR! SROMENAE BbrehS PetBALES ML GH ﬂangs%cﬁﬁa‘%& gzgé& bﬁ"cluﬁ%meﬁzed

reacted with isocyanate-reactive ethyl enical Ié@u sat'urat ed conpourids”

is 0 to 99%pdisr dleByaiiged disacpngigswhinr Bavsr doar st yofOexcess 2Boamuhteriyt suitable

preferably ﬁoée?se%%%qc%?? %?)SQ Qs h&%m“ﬁﬁfl@{ea&%ézaﬁzgg%Hﬁﬂltar gliefe%eSnlcé id %iver{ to the

optionally  al so possible for the aFo‘ enenti oned i socyanate conponen

A) to cont ailigomend isestygnurases, weidivoestand irsinedxading nxtiomeredf ¢ Iwhd mixtires/dercof.

been reacted conpletely or partially wth blocking agents known to

the person I§f§'obﬁ<_§ﬂll* AR ﬁﬁsiﬁfetforftﬁé)i%c?%ié &%pgl%pﬁgoggﬁ{aiFEﬁ?%logssofqgocyanates

bl ocki ng agents include: alcohols, Tactans, oxines, nalonrc esters,

al kyl acet ogtet bave been partigliy|reasted pridristcganalenieaisive bthyenigally gmzﬁhea@ nohllpounds.

am nes, for i A1 | 1 1 -triazol e

30 di met hy L0 B e, S bR AU oty Suldibfib Somfuncs

acet oacet atop-vambtroekcabdxmig ach] &Gi‘ivaiiwetlltjfllapywr&]zt&k,ﬁnﬁtlae@&m’sghﬂédtedjﬁnnarates,
- ' . ! oxyet ester or an )

oo BTN A g AP RED. 0005 SIS Tt SRLE oo i

2010/ 03049 GRIRin RO P PAAGRIinits dnd-habdatlléuet $he RERY keabiivelibiRar@(s65/8Rdtes; these are

i nvention, isocyanate-reactive groups are preferably hydroxyl, am no

or thi o gr GBS PR SNIAR P anarEEs Eigh guest creru SRt BaH Lsctl
Sui t abl e poiyalfouj‘rlﬁh}bﬁh’hlal ,ai:ﬂyliﬁb@)klﬂnﬁétﬁad%ﬁaésfl, iiﬁh;ﬁld@,o Eﬂ?loékﬁﬁlﬁlg,a'&&}[apcfuﬁﬁsl sucih as 2-
exanpl e, | yester p s, pol yet her polyols, polycarbonate polyols,
pol ;n(n met hf g‘éﬁ';?f‘%f-‘ﬁ?é’l p@’f%ﬁ‘%yl%fﬁdpﬁlw%?l}?u pEide, dﬁ@ogb?%)éqrxlstes Soelyrippsdene oxide
pol yest er peiny@hdih)adrflatef,Or pBKAMPER | HRQAT ROM(EShREyAIS! S Rly(e-caprolactone)
branched pol yester polyols, as obtained in a known nmanner from

al i phatli’c, W(W)F%ﬂa%ﬁ,éor&xalaple FaRg MR (Raw, BISIA) Calrsidorypropy] émiethralcn'iate, 4-
their anh i i t i G_ 16b S i n i 0 i )
of o o EasuchRul RalkaE | B 1eh SRR AT bR QAR Drory
are succi nifenchiena mogpv dixrdr detabiretiacislietss of aclylydripialveldlcsual iasl ;n'lrganlmeolpmpane,
acid, azel gj i LG agi di car. lic aci

decanedi car oils’ ’j g}eg%? ) 'lttog’r egﬁg%%%gﬁggi céfﬁcixblga%%*t h&°P %xygaéﬁdd, or  alkoxylated
o- pht hal i ¢ tawethylolpipah ehroph phahdrghitol, dipchexgihyitht op Mdhatidloniaticd ®éreof. In

trimelljati id, id..anhydri des such as o- %}{‘ualic hydri de,

L el 1200 | 2B el @GLE ANIRSRERCS. SN Sa BRI Subebp B il serytae
t her eof wi tahd/onenctinotyher grobpsanmel edtatdé, slowehos i tcadbiativh Cofitoltise aidementioned
et hanedi ol , traet col anedi.ol ,

di-,.tri-_an hyl ene gl L, 2- 0 )
i Cer s meep osiesenEt BRPRdin Sf fe e huth drvd heeh Toteun atnose wit
1, 3- but anedﬁOﬁj’a,nate-?cEncﬁv@etb}ﬂérfz?daﬂjﬂ hﬁdamraﬁecﬁccﬁgﬁﬁrﬁi@ l&ﬁ!r)] @ 99%,, Peframianedi 0bs, more
2,2-dinethyl-1,3-pro edj o 1,4-di L OXYyC ohexane,
1, 4- di met hi’reé ré@%ﬁ peTafid most @P@EPEY%%%%; Yesdciop e SepyaRicsomponent A.
1, 12- dodecanedi ol , trinethyl ol propane, glycerol or any desired

m xt ur &s t lies epfionally Alsopessidledbiie afordneniialey mbﬁﬁataﬁém@h_&t M9 Yo ab184n Rexirely,

i as castor. oil. It is also
based on n%} lfng'oal‘alort{oggv oE’%Eo%%n%!e? ’wﬁcﬂcl'gve %een reacted completely or partlaﬁy with blocking

agents known to the person skilled in the art from coating technology. Examples of blocking
agents include: alcohols, lactams, oximes, malonic esters, alkyl acetoacetates, triazoles, phenols,
imidazoles, pyrazoles and amines, for example butanone oxime, diisopropylamine, 1,2,4-triazole,
30  dimethyl-1,2,4-triazole, imidazole, diethyl malonate, ethyl acetoacetate, acetone oxime, 3,5-
dimethylpyrazole, e-caprolactam, N-tert-butylbenzylamine, cyclopentanone carboxyethyl ester or

any desired mixtures of these blocking agents.

As component B), it is possible in principle to use all polyfunctional, isocyanate-reactive

compounds which have an average of at least 1.5 isocyanate-reactive groups per molecule .



p033| bl e fowotdogo/pPlaygest er polyols to be based on hono-
- of lactones, as can 20 preferably be obta ned by an addlfﬂlﬁ%/%p%@bmgg%

| act ones or | actone m xtures, such as butyrol actone, scaprol actone

and/ or et hy kneSeoRRRY G ACHOREy inntiGh, RpET Q%%

as pol yhydric alocoho sﬁﬁarw n lnan 10—I fg%acfﬁl)ééér?a t%}&%glarf%?{f&gﬁgﬁgdmfﬁ 4mino
of the af oresHEngionprepartigyas pre er@@ehgy‘@hwel%tdequb@inwot@spr ef erably have
nunber - aver age nol ar nasses of 400 to 8000 g/nol, nore preferably of

500 to 400G.gawe! olfr-ﬁhﬁhénag'is&di%ﬂé IQEE%IVE tc)[)mbM.E)eafr@rﬁpleX I? f)&]r/éi‘te?’polyols

nore prefer ablé to 3 Sui t abl e car bonate po
obt ai nabl e Rofyegerialyeky PHlpGene polyds, myly@@fa triigtepolyals red/erapobyorettaes payols.
phosgene with diols or diol mxtures. Suitable organic carbonates are

di met hyls, duabty polpitér gbipdesry! fof:é(raﬁ9léal§r%map%ll‘}e§t@1b&1§15 i RhRned pﬂeﬁt%ygfg%ls as

conprise the polyhydric al cohols mentione n the context of 1
pol yest er <BHHSAILA KRRFHBRTAGEom aliphaticy Araleadinbatic pyarematis dlpﬁ?relfOédcabbwhc acids

1, 4- but anedjrg{elrail,hﬁnd&%ﬁm%ﬁ’h%ﬂ%% hﬁ%%ﬁ%%&gﬁﬁate poI yol's.

pol yester polyols ‘can al so be converted |
WO 2010/ 03 96PCT{)}§§2009/ 006890 - 8 - . Such ‘gol ycar bonat e_pol yol s
pr ef er abl y HaPRlenoimyeh dia gopolisarbapylisacign eisambydsided gig scsinkoml. gluispit acid, adipic

nore pref eraglal YpiRklid ORid 0suB&Q0 zﬁ'fcfmlazela}aﬁ'eacfa'| ;e%lﬁ'é 'aQﬂial h&ﬁ{néafca;blagﬁ?c acid,

polyols is preferabl 1.8 to 3.2, nore prefera

Sui t abll@ pdéksaeed %ﬁfb%&lﬁ/ 6?1@ tﬁﬁeéhtbﬂilcyﬁﬁbllftopbthalwr @@fﬁ@tlﬂﬁhﬂhc @YIGJ teralastdhaphthalic
onto O+ 0rac1|ﬁlkhé(xh!ﬂ}a¥dgﬁﬂ§1 ¢ achl ctitAbiGfic 5@?& F‘aﬁ%%ié;f& anh?ﬁr'iuﬂ:s Qﬁcﬁqygtpﬁthahc grmhp(dnde,

optional Iy havi ng a structure. c ethers-are
exanpl e, stiijnellec bydids or auchipicankydois, eanymeﬁimzlllmn@e@ﬁlecbef with one another.
tetrahydrofuran, butylene oxide, epichlorohydrin and any desired

m xtures thRe@eks of Heh Shidhlee bRokbHE dreTBYakBiol, h&- pf?i‘ yAﬁMd{?&&ﬂﬁheﬁQ h@@l 1,2-

mentioned in connection with the pol yester pdlydls and having an
funct i onal iPFPaeAdiop, diartd- andststrpnp gbieok d Samerangdieln s dutanerdiola ki fhutanediol,

10 al cqRol 9.3 RimR4RO! y?%gﬁz{ne@igi yplﬁ%eﬁ‘h@tfuﬂr ahj. 1&%?&9%%%8%}’35%%&0){&

mol ar masses of 250 , hore’ prefer
g/ ol and wpdeheppnst elrfhétrrythaiolmlghqxanmmogtﬁmiol THE-d@enédjoic t1i, Brduidedayediol,

is prefer atﬁlu}{et}]r)[lé[gfo arfe, gycepg? roFa d%L%ﬁ%m{tXre}th'%re%)un?% Qi i @ddi tion,

sui t abl e const conpon i ona
i socyanat e-reactive 15 conpounds, are also [ow in nolecular weight,
i . e. have rOF@elypsisr nAblHIY g0 bebased pmpatBeh rasnpikteriagh sneh ashesbtar oil., le is also

cont ai ni Ng pssttie 48 HARRAE! 15 & bPRalhCon fi‘tgrﬁtLo h@g&;bl@m%rs of lactones, as can

cycl oal | phatl c di-, tri- or ‘polytunctional
preferably be obtained by an addition of lactones or lactone Imxtures such as butyrolactone, -

caprolactone and/or methyl-e-caprolactone, onto hydroxy-functional compounds, such as

polyhydric alcohols having an OH functionality of = 2, for example of the aforementioned type.

Such polyester polyols preferably have number-average molar masses of 400 to 8000 g/mol, more
preferably of 500 to 4000 g/mol. Their OH functionality is preferably 1.5 to 3.5, more preferably
25 1.8t03.0.

Suitable polycarbonate polyols are obtainable in a manner known per se by reacting organic

carbonates or phosgene with diols or diol mixtures.
Suitable organic carbonates are dimethyl, diethyl and diphenyl carbonate.

Suitable diols or mixtures comprise the polyhydric alcohols mentioned in the context of the
30 polyester segments and having an OH functionality of =2, preferably 1,4-butanediol, 1,6-
hexanediol and/or 3-methylpentanediol, or polyester polyols can also be converted into

polycarbonate polyols.



These nay bgo Jo9o/,08188pl €, ethyl ene glycol, diethylene gb&f/ﬁb2009/006890

- triethylene glycol, tetraethylene glycol _,gﬁl propyl ene glyco

tripropylene glycol, 1,2-propanediol, 1,3-propanediol,

1, 4- but aned @} poly gz@bdﬁ@t@%%ﬁ'pt&iﬂﬁ?mave%uﬁ}bm%reégﬁﬂ{o)ék HLQRa0E OtfHOQJ) 4000 g/mol,

tri met hyl pent anedl ol osi'tiona I Ssoneric oct anedi

1, 3- but yl erfgorg msﬁ&s{!bly égéqodhéﬂ%ﬁ@pbﬂhe @%@V@h@iﬁmﬁtﬁe@u nvbolsain pteferably 1.8 to
1, 6- hexanecgj_nl reraB él_ng ycl ohexanedi ol , hydrogenat ed bi sphenol

A (2,2-bis(4- krlri?é%%x%aycl ohex (f)propane) 2, 2-di met hy1- 3- hydr oxypr opyl

2, 2-di met hy1- 3- hydr oxypr opi onate. Exanples of suitable triols are

tri met hyl ol Séletﬁkéﬁ golyethsrraobielsl a5¢ pelisidivien prodysty @fémhc etBeris toatol @H- or NH-functional
hi gher - fsunf‘sldr@f'ﬁbllew 228 SRR Al hdvid @idi.gpane,

pentaerythritol, di peesnt aeﬁr}ythrsl F&(f 03? sor‘ggﬁl&% referred conmponent s

B) are pol yet her pol yol s are pol y(propyl ene oxide)s, poly(ethylene

oxi des) andUdshhi kG sHerst Aer o SFapria estyrenenpiflesy teydne oxids) gedoylene oxide,
copol yIer s, ciaokirahis, hlifeke KRROCNREShy W 51 A7 8esl 0 FBGLLL RIRAT OPY! ene
oxi de and/ or e??lyl ene éf(ll de and pg.ddl tlyonal 'y %o%straén tert{taﬁkogr of ur an,
but yl ene o>g1h1§ %q{ol actone, as_nononer units, and al so m xtures

t her eof 30 \ﬁtﬁjrsa‘ﬁe ay hscir GARhYdr agohals snantorsd 4p gompection with the polyester
nunber - averagelsal aaviness onf fuR@Bndl9y 48> 9084 UsBBLimalYRlr SeRh&h-HEAREY and

havi ng an OH functi onﬁ% ty of 1.8 f{@yo 4.0 and Sanu#gg{r gveﬁ%e no %I} amino
mass of!Y%60@9°8°18000 g/ nol; and nost preferably having an OH
functionality of 1.9 to 3.1 and a nunber-average nolar mass of 650 to

4500 g/ nol .Such\GbIZQA&/ Mmmgaﬁﬁ%&ggage 1910131‘ Raekebf @51) to 1010050 mol,

conmpounds for us have refractive indices of greater :
nore pref el BF Pr erSlgy 9 P 000i9p#Ye gfmatand rost proferalaly () eﬁopotou‘éséo g/mol The OH
conpounds  Fuomitydd Bretistd U5 & £6l nfodd Reembiyc Seiath, derivatives such as
acryl ates, net hacryl at es, mal eates, fumarates, nmal ei m des,

ethers ropen ethers, all et hers,

I d 5 al ’
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ol ef i niigal leympaimay, dfeallvdo® MIPkIdE: wéigh, £ BaRInfol&hlaF §B8Rhts of less than 500 g/mol,
a- net hyl styflene vi nyl t o] uene, olefins, for exanple 1-octene and/or

1- decene, VIqTytheisi %rcgntale%t%r? 28 cybeshatemns, [pEphatierprakiphasiopr ayplegliphatic di, tri- or
met hacryl i ¢oBfindiondCd1d6hbE. aci d. Preference is given to acrylates and
nmet hacrylates. Acrylates or nmethacrylates generally refer to esters
of acrylic ;{m d or, nethacrylic_acid. Exanples 10 of usable acrﬁl at es

and et hacripFstBy b domeserple, ghylgne glyeol, r?éﬁtwnerﬁxqﬁh@fl%ih}é@é ghespl ygtraethylene
acryl ate, ety ?%ﬁip?lﬁﬁé ¥iyadi eﬁnpﬁfp?l@ffé/?%b‘f 1,8 o}fér@&%l l%t é}er ! gt%&yi 4-butanediol,

rrethacrﬁlate n tyl acrylate, n-b acryl ate,
acryl at4 et t glwcq%et%a@wya attﬂpromgapl, aélfﬂp‘;tbxlnentﬂmed@yll posn:wnally isomeric

met hacryl atdﬁethy%ctaﬁémg he?(ﬁ(tltyl@&rg*c%} %{ﬂ&&%t{g&%hq)&ﬂ cl %xgl"f‘e(a[ E{ﬂ%%lgl’ 1,6-hexane-

but oxyet hyl acrylate, butoxyeth acrylaté acr
lauryl met ighr b2t end | éﬁwﬂ?hexa@ﬂryl ath!adrogewbbr bﬂwhemdt h°ac(’2§ﬂ -Eg(d-hydroxyeyclo-

phenyl acr p t ophe acryl at
Y or o Seg rept R 2eRH RO A - LA COIA pBSE By o
met hacr yl atseitab2, ttiolsatertmmtmmrpihanyhmahylylbamme & gnycerol rsiuctdﬂile)hlghﬁﬁém&mnahty

met hac I‘2¥| ataﬁ:bho%s 4k gltfﬁ}:ftét%l&ﬁ}%ﬁ% n entae éozilttﬁpe‘e a %}Ib%r OG}F phenyl

nmet hacryl ate, pen orophe cryra
nmet hacryl ate, pentabronophenyl acryl ate, pent abrom)phenyl
met hacryl aﬂ’eﬁfer{ﬁérwpmpwmmlﬂ%mzwmmwybdy@s apgoly§iromiiee eridys, poly(cthylene oxides)

net hacryl at,

phenoxyet hy a%orrﬂl/ ma{mns SRR, D deormnet radem pratiosk sreolarsrernd dbe blogk senolymers

ate, phenoxpihh m)eyﬁmhgd froed hﬂquyelnat @udeZaﬁtH@hteihylen@CdxideaﬁrﬁL additiadRiy hoshtain

met hacryl a - bi t hi ona ht 2-butyl acryl ate,

1, 4- bi s( 2- %ﬁ%ﬁaﬁﬁéﬁ?ﬁ;‘%‘%ﬂﬁ“%ﬁ? et E@?W&Pé mOBPIBE}y s pang._alsgj myixpprpssthereof

[(2,6 3di bhonme £h GH-fipleeionalignes)10(62mdfa duthbé-avdrage molar mass of 200 to 18 000 g/mol,
more 'preferably having an OH functionality of 1.8 to 4.0 and a number-average molar mass of 600
to 8000 g/mol, and most preferably having an OH functionality of 1.9 to 3.1 and a number-average

molar mass of 650 to 4500 g/mol.
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t et rabr onobi sphenol A di net hacryl ate and t he et hoxyl ated anal og
compounds fieiaf cobolNBr Movh 354 Ahive tAAITE JMIBLER n Bs Sh&E L Slkabiy
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to use urethane acrylates as conmponent C). Urethane acryl at es are
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and addi ti gpal Yidg il higast ona.
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met hacryl atl@ﬁlam’iat% he @ﬂéﬁablampmn}df urelyhtne az4.gidiresophanyl ude meftatrylate,

gé la;ﬂe)![ ﬁyl e% ach gp}%%o (;%3/ a% %g@%ﬁ%’oro %X:Hol hg%:yfén epgﬁa}b&gnophenyl acrylate,

mono( et h) a;@mtybramle;ﬂu,engj omy:ahdrylhten permahmiﬂomb (annzldm), pefbyhdb&Syl methacrylate,

pol y(s- apr I act ( met h acr exanpl e Tone(r) 00
( Dow, ﬁ nox %er % Lr OW ha tteh) aalﬂeypygieglgxyethy acrylate,
4- hydr oxybthgﬂoxf(emhéthjdr yﬂe&ﬂaﬁylaﬁ:- 2Lﬁaphmglr cmwiaze 22@lapﬁﬂiyh1yﬂn§thwgiéte 1,4-bis(2-

SRR N M MOL S T £ S

tetraacryl atyaﬁs[(ﬁs amfoyﬂby@r pli‘enﬁlbﬁé)&@/tzim slmhs(aschrofdpﬁa{ywﬂoﬁixﬁm?@@@ﬁopane-

gl ycerol, pen aﬁ ritol ent aerythritol, ethoxy

pr opoxy! at gd %3’ oé‘\p/’RtBWT?a]t @Hllt F%ﬁtﬁy)é@ﬂﬁ“@ﬁpénéhac@’i%etflﬁﬂheml A dimethacrylate,

pent aengt htdtfaBlomobispRAIART dﬁﬁ&iﬁlh&oletr%roinsﬂkﬁﬁaﬁdlaz& drhethdstBse taﬁf 10 kthoxylated

Preference is given to 2-hydroxyet b[%/ acryl ate, hydroxyg@opy
ac

acryl ate, Avalogcampgpedsyhanedy N-garpgaold acrglaigs, ﬁ@ﬂ%‘{l%m@rabraoﬁle tiqras usable acrylates
nono( met h) agd ¥k@i&Plated. N addition, are suitable as isocyanate-reactive
oli gorrerl c or polynmeric unsaturated conpounds containing acrylate

and/ or gtﬁ!é Iate roups, . alone or. in conbination with the

abovenent i ¢t FEHENEES Bosé@l?pfﬁdﬁﬂ grethape pgrylateg é%\P@EPOﬁ@ﬁsq)bUéﬂtha@e ge@lates are
the epoxy (HekHIACH et BSingoRAWhaPiRE 2518 &%—, 1]
and having OH contents_ of 20 toa %a W g%!01r eﬁ}%%ﬂg ar‘]igglwéig'shavmgat

(et h) a8r yleaetese sesihens hondglt sskneya et wchg:p@gwdam bspbiaimgd Erireedimeeninysioxy-
Of 20 10 SQhcliBhakidi Br 3 4| RFHhaRANAGL FhGREAVI NG OH content s

of 20 to 300 ng KOH g and m xturés thereo one anot her and

m xtures Wi th unsaturated pol yesters containing hydroxyl groups and
Examples of isocyanates usable for this purpose are aromatic, ~araliphatic, aliphatic and

cycloaliphatic di-, tri- or polyisocyanates. It is also possible to use mixtures of such di-, tri- or
polyisocyanates. Examples of suitable di-, tri- or polyisocyanates are butylene diisocyanate,

35  hexamethylene diisocyanate (HDI), isophorone diisocyanate (IPDI), 1,8-diisocyanato-d-



30 def i ned yypdpoxysfggctional ity. Epoxy (neth)acryl ates /?%56'9@6890
- hydroxyl groups are based especially on _nrgaction products acr

acid and/or nethacrylic acid with epoxides (glycidyl corrpounds) of

MoNOMeri c, (gbgggﬂ%étﬁylﬁ&gﬁ Zwra!nﬁ/gp b%&hﬁﬁ)ﬁ!h{dﬁ‘ﬁcagf %? Tie 81130(: atF he jsomeric

hexanedi ol ut-ane or t et hox
deri vat i vedighérisnsyanaPreldexiosttiagesf asudtﬂueuureg itheggof ﬁlmmmg)mwdeaﬁasdyﬂsah&s::ontent
having a dg i.ned . fromthe kn

[
reacti on of ;dgg&gt Iqlé&%f %g?%l‘ulgnél} S(())Fyarr%%a’ﬂég r Q/“fqﬁalex%{?:rie dlé?ﬂﬁ’aﬁ‘ftﬁrc‘ihaﬁomem cyclo-
(et h) acr y|mxmed1m®yz@a0ﬂn®amam/ EPARAGEA00ARyndts, -2 ClEIeN TS chene

iven tQ usj.n nd/ or . ur hane ryla
gartl culgar dﬁ)l?og E((anraehcé fl%%hig eﬂ% d?lﬁ%“ty 5 éﬁg’/&l@%y ‘?%"t“ﬁa jisocyanate, 1,5-
(et h) acr y lnaplelsyladai diﬂsohﬁmae a'tn;iher@&ﬁletﬁaﬂﬁ a,ﬂ'gllm-hkcﬁ:yéiﬁfeu ﬁﬂidl t@d(p-iBkfanatophenyl)
Particul arl r ef e g va uléeds {hor use as conpon are urethane
acryl at es 5%8151? A QoYY Hogreaf havinga Webang. W gpt ?Fﬁ’cni“ée POBEGR AR agurate,
and 2- hydr (anmﬁiaMé balﬁéty baatde-.zmhwdﬁ@waa@ﬁwbr ﬁﬁﬁdb&&n&meéroﬁwsmw@uﬁdf bnixtures

acryl ate, ene oxi de nono(neth)acryl ate, polypropyl ene oxi de
nmono( net h) é%%f%ﬁ? alJq éjefebiﬂ iy gV te éﬁ’éﬂaé% Prrsaliphptis(dineth PERALiSy EiaERd

pol y(e-caprol actone) mono(neth)acrylates. In a very particularly
pref erried ambidhpdroty-fubfipnglowponensr frthbGttes QFRRE pREarkitd Setkthh@NacHates

products o tIC trjisocyanates, (no referably

PrPs( 4. pherSBo Ry afatble: RGBHOLY Rtk mof PrERy Grelpespiei polsethylene oxide
di i socyanamo@mhaoagaﬂe@bmwﬂpywhelos;m@ma@ﬁih)wmeshw?gw&{ew{de mono(meth)-
acryl ate hydroxypropyl acrylate, 4-hydroxybutyl acrylate

further veR§raiest i RAN(EFAPplastQrel r MIEP(BRtsaTYIRESSE | fOt hexaxpipohenst Bf100s dBow,

ﬁggﬁg; ; gtsh@gﬁibatllba‘éﬂ @eﬁ%?} S2q’1§'dr§x31ppd 9m£nlg?ﬁ TR h%}%ﬁ?%@g{ fﬁn\éfhsg&rylate, 3-

|'at e, hydroxy yI acryl a
acryl atlé. 11/15@2 ?éﬁn%liylﬁfPMI a(g@ﬂ?gacnd@e,ar bydsypropd,  (retlygrayiatee d 2-hydroxy-3-
derivati Ve%h&foxﬁ)tr%;y?wa& Qhe R fgnc%mna(f BloRs-CRt ¥ t&%g%r?flates Q %/orl)glx%nc alcohols,

3-chl orostyrene rostyrene,; rorms Tene onos
4- br onpst y Featieas t@nﬁbﬂbbm}m Elybqrslt yﬂmefthxpel( dipomaertiirigl, phoxyilaaie papoxylated

1-vi nyl napla} hﬁﬂ;&gﬁteg tr}ﬁ'l 'c;[ngal ycefohl ?en aep/i}i%qﬁqt Q{ aﬁ%g%fmgﬂsﬁfc Hndélétnal

9-vi nyl ant hr ac Vi ny zo’I unc
di vi nyl benzextetes 20er&ii Pacb‘drelcgomgomnde Dhydeongayl esiyld), Eﬁdeoxyfampyl acrylate 4-

“Net hodln SerSbbE S alie AP e PR G B Bt . o ey e shtable as
(Houben V‘éy is):c;yaﬂztth-r@dn\tel cﬁlgpmbf@d tiTPpolkindticl unspi geed4cddpBiinds &dntainfa@ Ucylate and/or
Thi eme Verl a SH,J art .1961. Suitahle SH nce c|asses are, for
exanpl e, pﬁlgﬁ%?rga % p&’)f‘é‘??ﬁloé in,cogbjgjatipn, it aﬁlﬁs VERICBHANF IgRRmRESIC compounds. It
cresol s, hysdileyiseponste tcbﬁazwé eikg GhethRicryfalh kBXRATBerSe DERBNEY Bldroxd D Broups
opti onal | y 4 qglsjbﬁgnes gg (ﬁf @xanpl e 2,5-di-tert- buﬁg_/ll gui none,

and opti on&t gavéﬂ Pt & Hhihad wg O o nobypsthsps I(mplservistes containing
phenot bf az hjkexyr; §Qﬂ&ﬁ\h OIE 86htdr@s of 20 to 300 mg KOR/ lated
2,6-di-ter j?tgut)g)ﬁgmugrnet h ] 1Egenol hengt hi a02| nem fgor ypl aéenoPOIYacrylates

met h oxy- p iCAYRRs g_ @e’,’tQQ gH/g apﬁémétgmgw@qf wa og%mg)ther and mixtures
conprises Qe @hsalR4&d RHeR thAbRIre hIASSR fdapd YgHaC %k%re'sn'u}lfhatp%fy%ster

whi ch 30 can be activated by actinic rad| ation and 1 ni
pol yner i zatMyWagylatener biwes p%wmtn@tqda:tmws zaiikining rhmrp&'l groups with polyester

Phot oi ni ti

Tt e s EROR AR, ORERERAES 1 ot ) Bk 1 Bl EAUBRHI AP UL BEn g o
(type BY afefingd oy | fanctippalie Enoky i (mieth)agtydates, cmmtgmm@l Q‘amsndb ngsed
on the chem it e d f.or the. . .
free-r adi cgﬁp?(%lhga{a%%%ﬁflﬂ ?@? S,Oq a%fgﬁE 2 1lﬁoaﬁ§/§r %t%acrﬂ' lkcemdquP FROXifesy (glycidyl
af or ement i cmarbupds) phmphanzeric.odgomeric or polymeric bisphenol A, bisphenol F, hexanediol and/or

butanediol or the ethoxylated and/or propoxylated derivatives thereof. Preference is further given

to epoxy acrylates having a defined functionality, as can be obtained from the known reaction of

35 acrylic acid and/or methacrylic aéid and glycidyl (meth)acrylate.
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. free-radi cal photopolynerization are, for,exanple, aromatrc one

conpounds, e.g. benzophenones, in conbination with terti ary am nes,

al | cyl benzogbgpone; Lo I no).ben

ket one), anthrone g Jé?]ffh %S(i:]n%égl% @g@%&ﬂ&z@gﬁ‘ 8rn%r%1easne %f eéspalitfcu 5|pffferen°°
types. Mor goswingalrhahacrglaies yapdiot lujethane t(nmﬁlancgzlatesuwhwhshabe A7 Q¢adt 3fél aromatic
its deri vatgnsl1 5 benzil ketals, acyl phosphine oxides, e.g.

2,4,6-trinethy ale%nzloyl di phenyl phosphl ne oxi de, bisacyl ophosphi ne

OXIde phen Igl oxylic esters, canphorqui none,
al pha- am ndéw av eneeressl, coaipptmls dbrpig -ad Icahlk@)eyta@)salﬁ pinetlmn @crylates and urethane

144- ( phenyl oct 0 ben [0)4]
al pha- h?gr ol{ié}gl il g%rlﬁgeérﬁloo(h i ﬁS%ﬁﬁf‘oan? 8?%“&;191%‘3’8503‘5?"8?3’1 acrylate,
descri bed I%hﬂﬁ?wb@ﬁZB@Bﬂatanobo@mﬂMese oiuda Ii’ﬂonb(umél)&f'ylﬂé] POPRipYEne  oxide

aryl borate can al.so be as a 10

phot oi ni ti arﬁégnro(rg%@ afrplpgg%& b OFT amﬂﬁf‘ﬁg?‘ﬁlﬂﬁerﬂpflhe‘?&lﬂ(fj"ﬁ?%{?lé?tone)
tetrabutyl amrm(mmh])u@*ylla&é:s f I uor ophenyf | hexyl borate and

t et rabut yl ammoni um tri s(3-chl oro-4- net hyl phenyl ) hexyl bor at e are
suitable a | r a Suli Ied f.or ex

new net hyl %Zanb%ggmlcﬁghﬁlp\{néefgg daéflgt(’:()dye“% ‘518%{8 | o3 %?ﬂpﬁées P8 addition
r hodami e Goodugtal dfoa;rylaaummlsoeydmyﬂes \imodtqire,fembl@t ®isi4ephbitylisockinafgthRphbspRate or
bl ue, qui nal. stal viole r a reen, zone 15
orange G a?q‘rerc‘oivx? r eamatbc %{%Sr? PRt s hs?s to:lyé‘ﬁlez‘glso‘% tel)l‘i"%hﬁ’}“go’&ﬁ%’ﬂ Rerylate,
and net hyl éyéroloymuenyl auylste, A4{h§&itﬂﬁymg»ﬂlaz(&3ﬂite aﬂn ,a Rathte ChrP&afRtally preferred
Anerica W/ E nf gerence Pr ocee(]g, ?% Apr. 19-22, 1998). %

phot oi ni ti at'oP lmﬁ%ecf § oPPAE LT oM ﬁ?}PR}’rf'Esr @%‘P‘bWf%“étsg%érthlowthylphenyl
(type 1) s\sicesmbteant leiokythyl i@t Hafokiprogy] H&%l@k £RARLENEH aglfylattgne

first series. Known phot oi nitiators here are romumsalts, 20 fo

exanpl e tr N Kut a nol ecul es 1991, 24
G712, o 1 EXRBEIeh O LEAOTHIER 4 Shach Shsterd SRS ) Seredonstmme 2
33, 1152). cAlof'ast’yi*d’meB chaosyrede, 0hloRisrdne) irehbstaticORN bRl &hs 4lttohb®yrene,
use of dyes,, suc s.crystal violet |euconitrile or malchite green
IeuconltrlPed%WWFFﬁwgﬁﬂ%ﬁ%ﬁy@%WW??t bgﬁﬁﬁiPyﬂéFﬁgw%@h%ﬁﬁtaﬁ' ngphthalene, 2-
deconposi t ivinylahiieelses so@inyRhthrab@e 9ih@eibL51e20P Odifiddiondl’ @bdpounds  such as
However, this incorporates the chronophore into the polyner, 255uch

that the r TW$?qﬁfngolyners are col ored throughout. The

photoi nitiators used for the cationic polynerization consi st

essent i28l | Bundblé ttrn@@umdsasaeﬁpoxﬁﬁtyﬂmarazml btafpRAldhSitoR hd aﬁtm{dfaﬁts D aELribed,
especi al l y:. i odonj R@@{fonlun1and sel nonlun1salts

and
or ganonet alff% &2 ’(138 IEAhee Freansehen Chgmis t%?loii%o tPreaiy Ehapietsy]ldHouben-

in the absemgﬂe) afh adlhyldrm@ﬂe ﬁmorpag@h@rayétdaeizmbﬁg"’rﬁah& %91@% ﬂﬁ@%&'@@m
acatlont af |n|%|atesthe pol ymeri zat i on he efficienc

overal | Haple whgiancs chisiede )’ PHEPKaRNgRS, & exavaple dar @ﬂr@ﬁlﬂmhﬁlﬁwml
the di aZOnlci:b@a)l@%?&@éﬂﬁﬂoneﬂbeﬁz?fﬁ&ﬁﬁls'fér gaa}ﬁgla blaﬁzrhgdl%f)aﬁﬂ%n&?ah@falsxghﬁ&o es, for
unreactive but quite expensive SbF6 ese conpou s>
are gerfér al°Fypmiod.Sdister-Wilquisme ang Pptwé“ﬂ Hsocramatisgmiries sush ps diisbprepylamine or
since the phid.afehel i berated after the exposure reduces the surface
quality (pinholes) (Li et al., Polymeric Materials Science and

Engi neeri 21% 2001, 84, 139). Oniumsalts, especially sulfonium and

35i odoni umPESFERe’ igr EVee s, 2\rﬁ diclpry b bdrmetiiriphenol ophenethierins, ap-mgthoxyphenol, 2-
avai | abl e inftRxy.ahi@bYuiine b ¥Bznyie phot ochenmi stry of these

corrpounds has been investigated over a |l ong period. The iodonium

salts 810/ 03749 ECT/ EP2009/ 006890 - 13 - deconpose, at first

homol yt i calf§Compopert B usef comprises anvdr moprsPhgioiiiaers-al heveies tpigallydnitiators vehich
free-radi cain Rt h@valehi B defnist ABatibrZ &Fld Pinidhyd rp@%ﬁnf’a'ﬁ%ﬁ r GCiied Qorrespondlng

rel eases a proton and then initiates the cationi ¢ polynerization
polymerizable groups. Photoinitiators are commercially distributed compounds known per se, in

the case of which a distinction is 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 aforementioned polymerizations.



5 In this cenfsMbiostfse sel ection of the counterion is of @@5009/006890
- inportance; preference is |ikew se given ho the quite expens

SbF6-, AsF6- or PF6-. In this structure class, the selecti on of the
substituti ofypd 2O B kel | j r [

det er ni ned sagstlgﬁls ally b ehelavgﬁpeggﬁﬁ?%?a& suf ta%léé&é mat1c ketone
units for téseEpsyiishesibsnzophenonesl incembimatigaivitls teamzey ammps:)taﬂ@t}bemphdmones 4.4

decorrpose CI’O ecu
2000, 33, gézagﬁm i )DL A ERE lichieh s KEbA ottt mua logpale BB A Rigpes or
of the cou rnveztur@rpf sgidgfpes.rMoriecaitablengre (typanHeinitiatvirg tsucrhiaas Ibfemhﬁandtl&edehvattves

subst ant4 al n rat e f the p The resul
are geneér al eézgac éﬁgeg%\#}?’% hES G i Ul € %4;42{9 ?th%lb?nﬁ?yll}ﬁ?w&lp OSplt‘me oxide,
absor pti on tofacyloplesphima axide, sphefiydglianylis &lst*es icsmpptorqui{dfe, Ndiphat AE@6®1kyIphenones,

ds h t d
ot omo: s R BB R RLE-DAr b 7 s 2 st
acconpl i sheadhipht-hedrougelkglhérehatlhy p]hq{mhlltl@tbf WsRhs Whi%h raga RERIFBY indB-AT00853587
15 exanpl e ant hracepe and derivatives ﬁsuet al ., Chem Soc
Pol ymer Pr eaﬁlg CRPSSt ObpFEuR OF 3 ampopigy apbgpe ARt ﬂ‘i‘eaf%lnf*f’ée Byes et ?1%1?? yasg as a

t her eof 1 Hqﬂtotbtm@dtor N r @aBbRE UbiRbuidA@inonith tAAREy1RAGHbrate tteﬁ?&ﬁtﬁﬁmnomum
advant ageous_al so to use nixtures of these conmpounds. Depénding o

the radi at iG> dygrpkenyRhgylogiate; he cu@¥ing, tytﬁ@b&?ft’éﬁn@éﬂ%@ht rati @‘Fﬁ(bf‘«hlol‘o-‘L-
phot oi ni t i ah@kylpReaiHRyIBHAR bRAu#4b]hs TR BRI AOWIbd: e, ?u?%l?% g%, fk @)gample,

in the art. The aforenentioned adjustnent wth Tegar

phot opol yrrétewzatth%wqb@er igginpybapie yefiont, pinpeypoleehissids eldateink b€ dgallacyanine, cthyl
art in the fQemRiorfatithd RE cL1&ThHS pik! Ql'féhl&l € 1 ARGRSE1 Ohte ?@?ﬁ'l%? cen, astrazone
speci fied bel ow for the corrponents so th ormati on co

avai | abloe i9angaéh @mredem@etea‘r,ll;asm vsis29, pyrdfien enanitr afl ercttetbne btue azureA

phot oi ni ti gbRkindnhmak G1. Ay
t et r ahexyl gor ate, tet ra%gt&;y ]@({ﬁﬂ £ |rﬂ%eny)lE% exy H)or %, poeedings, Chicago, Apr.
t et rabutyl A3 r i s(3-fl uorophenyl ) hexyl bor at e 25 and

t et rabutyl ammoni um tri s(3-chl oro-4-net hyl phenyl ) hexyl borate, with

dyes, for %%bt@mﬁﬁ&ﬁ@ﬁ&@ ?or%éﬁgﬁuﬁgolgﬁém i&t 'Sre Qéﬂ'gégallly Et??éaﬁeskgé@ns antl derive

bl ue, azure pyrilltuml, safrani cyani ne
brilliant gfmttanswygteal capipdixes of the fipt sevieso Keowimplthtaihitignis here afischromium salts,

conpoungs I i
nor e czraytEb al ?/Elt gﬁm%ﬁese are é{Nq ysftagltlt%j 10(I;Ia%%fcﬁcﬁa1 g‘?@ ‘%?lneg lPﬁ tgﬁ%&% ferrocenyl
f or mati on. ckMmpounds Y erhaeutls o gt Mhiremplaeubss2006y 83, f162). ASGurtheanmehs, of krionic

octoate, zi t urate, dinethylbisa .
_oxoneodecy] g%ngﬁga?géﬁ%%wg e P?'? ?ftjcliyﬁg | %azr1 %?ﬁ*ﬁ:ﬁ“ﬂ% l?‘t"?@ﬂﬁ? QRfnalchite green
bi s( et hyl héswwowtile )whigti canqmlsumnae: eyarbacghtenay ehablytie Hédo&npysitadﬁi Negkers et al.
for exanpl i aza oct ane,. di azabi ononane,

di azabi g{/)cl%%%éﬁo eog%chl%s 9{{6@’8%‘%% )eﬁl%% Q%Fa?fﬂ%ﬁt%é{%yc omophore iato the polymer,
1, 3, 4, @57, 8udiﬁhahl;a}mﬂtﬁ1grpatyh1y&a%lcb}qmmhﬁshg%ﬂ,, 2-a)pyrimdine. WO

2010/ 037496PCT/ EP2009/ 006890 - 14 - Prefer ence is givento

di butyl ti n gl i ) 1 0X neode oxy] st a

di methyl tin |p%g{°§£&t?rg g5 B ElJ ig%jlcgtza cY,]iHSTZf QTQ%I 5??8rﬂaﬁy of three classes:
di azabi cyclagidimmnam aaltazaaiunmﬁhé Guredepaiay: 1i|:dci1,u8n 3ulfonium and selenonium salts) and
t et ramet hyl qu i . . .

1,3,4,6,7, é’%’i‘%%néqalgc GopRopRgsh Whenifrpdigtod ithes gy the presonpg o1 ifhiahtencegf a hydrogen
course, it dbﬁorpgﬂieh}ﬂﬂléidni&n‘p@lﬁt@beocﬁléb dicioh that iBiated e ipbly¥@8zabn. THR@ERiency

may be,, . for
y 300 " of Ft‘ﬁ(e gxperzﬁf system is determined by the nature of the counterion used for the diazonium

compound. Preference is given here to the relatively unreactive but quite expensive SbFg, AsF¢ or
PF¢'. These compounds are generally not very suitable for use in coating of thin films, since the
nitrogen liberated after the exposure reduces the surface quality (pinholes) (Li et al., Polymeric
Materials Science and Engineering, 2001, 84, 139). Onium salts, especially sulfonium and
35  iodonium salts, are very widely used, and also commercially available in a variety of forms. The

photochemistry of these compounds has been investigated over a long period. The iodonium salts
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. sol vents, plast |1g/?§?rég I evel ing agents b adhesi on prom@g&gzﬁﬁ{)&&go

pl asticizers used are pref erably liquids W th good dissol ution
rties | atd i er at
De Ravant agieibele A HoboBRSD), I R sPE b TR Bt a o BB fog e
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dditives of .a rality o S, Typical p et han
2onp05| ti onstl?:%ﬁf)éiwnenza%n (bélt&épﬁg?l Jve]c&éhérﬂ%@f ?A(,g(%% ﬁgﬁ (J}rﬁ)&@gbelﬁ? 1,26, 1838).
t O t he i nv€Eritis mﬂqhaﬁusmcenﬂﬂesgﬂé)%ehy jotRhight saltd lileangeaBeRte-Blical PhbtBpol PHerMtion.
001 to 10% b ght of photoinitiators E

150 t o %°f§3ﬁ ”éfﬁ‘E %éf Se%?‘éc’él ¥ ‘%9511'“% n-i Pf §r5a Ampenancey Prederepug fylikewise given
wei ght of catiled gisie SxfohsivdSERY, 8% MPREIngGht s@lcn@s Silast AR LS of the substitution

dditive The inventive pol yuret hane conpositi ons preferably
go mlor : \s/es Z%f 1 arepagisds ‘Efbe%F gwtey‘@res%ﬁﬁa%ﬁtdgtem)m@%wmdb yghe h‘@ﬂablhty of

i nvention, shhal® stZ@mQ&ﬁ% Ry tﬂlﬁé)&mes@fﬂﬁoﬁﬁ@rﬂ@xﬁtsa@ are BmbAindd Wnidh de@gmpose

wei ght of conponent O, 01 to 7.5% by weight of photolinitiator
0.001 to 29ACERF %Fﬁg?ﬂ?malﬂﬂk (Caizeliogy |abdwa0§@ra%¢quieze20§0 [3)3, 825 ths ca9% dfsulfonium

Wg:jg ht f %)ﬁft@'td(ﬁ tific Fdlectnt & AQ% RN eMe Hbr Wiride %ﬁabﬁdﬁké‘, R manifests itself
additives
substantially in the curing rate of the polymers. The best results are generally achieved with SbFs

salts. Since the intrinsic absorption of iodonium and sulfonium salts is at <300 nm, these
compounds have to be sensitized appropriately for the photopolymerization with near UV or short-
wave visible light. This is accomplished by the use of relatively highly absorbing aromatics, for
15  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, type and concentration of photoinitiator must be adapted in a manner
known to a person skilled in the art. The aforementioned adjustment with regard to the
20  photopolymerization is readily possible for a person skilled in the art in the form of routine tests
within the ranges of amounts specified below for the components, and also the formation

components available in each case, especially those preferred.

Preferred pilotoinitiators E) are mixtures of tetrabutylammonium tetrahexylborate,
tetrabutylammonium triphenylhexylborate, tetrabutylammonium tris(3-flucrophenyl)hexylborate
25 and tetrabutylammonium tris(3-chloro-4-methylphenylyhexylborate, with dyes, for example
astrazone orange G, methylene blue, new methylene blue, azure A, pyrillium I, safranine O,

cyanine, gallocyanine, brilliant green, crystal violet, ethyl violet and thionine.

As compounds of component F), it is optionally possible to use one or more catalysts. These are
catalysts for accelerating the urethane formation. Known catalysts for this purpose are, for
30  example, tin octoate, zinc octoate, dibutyltin dilaurate, dimethylbis[(1-oxoneodecyl)oxy]-stannane,
dimethyltin dicarboxylate, zirconium bis(ethylhexanoate), zirconium acetylacetonate or tertiary
amines, for example 1,4-diazabicyclo[2.2.2]octane, diazabicyclononane, diazabicycloundecane,

1,1,3,3-tetramethylguanidine, 1,3,4,6,7,8-hexahydro-1-methyl-2H-pyrimido(1,2-a)pyrimidine.
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- conpositions nore preferably conprise: 15,to 50% by weig
conponents A) essential to the invention, 25 to 69.489% by wei ght of

conponent it 9 i ght__of .conponent C), . 0.5 to 5% by., .
welht of  prrsindceled 18t @hlia o SBIRROR Shrkoacdiiios Btyeag dmptyien
st abi | i zer sdiBirboxgla@) 1,4tdaz2bicivio[ 1R R phtana diazatiaklpsdrand; )diaztbityelodbdécing, 1,1,3,3-
wei ght of ' nt s_and itives .G . 10 T resent,. jnvention
therefore ?E?%Iﬁ&egyl ra%l@%na’elggg%’Brglglgéashgal?gfm?wﬂ%&g?yﬁlﬁu%b?'é)%’fmdme'

recordi ng visual hologranms, in which such photopol ymer fornulations
are appl i edOf eowasss iifbist eraipeallyr passibla torpisel fiather edditbhats Gih&hésaveayt berfor example,

| i kewl se: pr.omi j a_thus obtal nabl e. The process accor.ding to..
the i nvgsnt i%ﬁh&gss f)&rsg)gg ?Sgg" f/h ep%%f ?)t(r)(ﬁc@?n% ﬁecs PP ey fstsﬂg'fmt?’ aRliCize1s, leveling
formati on cageporeadissiof ptonetdrs Taa plastizizes| ued &t pasiaaslp Mpaids wit®BSed dissolution

except for ¢ nent A re mxed.15 honogeneously w th qne another,
and comongﬁgp%esi goﬁo%’élgtg%%darlﬁ?’i‘%h ;%ﬂ%%li %PBT’?”E?ef%r@W h%so be  advantageous
appl i cat i orsithatahtxesiyud aier aplerality of Additkes BDodedype-OF chilre, HimdyRABo b hidVahtageous
possi ble tg use gll, methods an ratfus known per se to the person
skilled in tPH%e%‘? a??@h?%ﬁ‘k‘ieﬁ at‘@@ﬁﬁéﬂf’ B5S f or exanple stirred tanks
or either dynamc or static mxers. Preference is given, however, to
appar at Us \ilnpkabrilyerahdneworhgeitonsofongeised spaces, if any. Preference 20

is further given to nethods in which the mxing is effected within a
very short ti of. the two conponents

Lt he very vigarous. m xin
0

to be m xed. Egégﬁﬁ% ‘@OgﬁFPéﬁqu}§meﬁﬁkﬁb%ﬁﬁ%@8mare dynam ¢ ni xers,
especially those in which the conponents do-not cone into contact
with one arfoplR399Whby weight dficomponettB), mi xer. The tenperatures here are
0 to 100C, preferably 10 to 80C, nore preferably 20 to 60C.

5 to 70% by weight of component C), '

0.001 to 10% by weight of photoinitiators E),

15 0to 10% by weight of free-radical stabilizers D),
0 to 4% by weight of catalysts F),

0 to 70% by weight of assistants and additives G).

The inventive polyurethane compositions preferably comprise:
20 10to 55% by weight of components A) essential to the invention,
15 to 79.989% by weight of component B),
10 to 70% by weight of component C),
0.01 to 7.5% by weight of photoinitiators E),
0.001 to 2% by weight of free-radical stabilizers D),

25  0to 3% by weight of catalysts F),

0 to 50% by weight of assistants and additives G).



251 f necessgbyo1db3iade al so possible to performdevol atiljzati f
- the individual components or of the overgkl mxture undeir) a ?%@3@38890

pressure of, for exanple, 1 nbar. Devolatilization, especially after
addi ti on of conponent A), is preferred for prevention of bubble
formati on by residual gases in the nedia obtainable. W

2010/ 037496PCT/ EP2009/ 006890 - 16 - Before addition of conponent A),
t he ni xt ur ddednynntie pebvuretdnagmpostios ages wtibbly compeenedi at e,
optionally over several nonths. After the addition of conponent A)

of the inv i Jo L |ear liquid

formul ati oggittgy@%?%ﬁ%&@&ﬁ?@%?&g%ggﬁ%ﬁg%’ct)}}? egg%mrposi tion, cures
at roomtenperature within a 5 few seconds to a few hours. The ratio
and the type taptt§%&als weikhty! efmpohent Bhr mat i on conponents of the

pol yur et hane conpositions is preferably adjusted such that the curing
after addi tji urs at roomtenperature within

m nut esgup I:Sgﬁgﬂébﬁggﬂr%g{bﬁgsnéﬁ%ﬁgﬁ’rred enbodi nent, the curing is
accel erated by heating the fornulation after the addition to

t enper at ur 9 Bétalyereign obphgioigtars ED preferably 40 to 120C, nore
preferably 50 to 100C. The aforenenti oned approach with regard to the

curing beha\y19s 05% BANILY oPRRShALE stz BEr Son skilled in the art

3.

easily in the form o6f routine experinents Within the above-specified
range of the C(g):gfonentjs and of the formation conponents available in
each case 0dP! &ei%by Meight dspalystal)ly the preferred formation
conponents. 15The inventive pol yurethane conpositions have,
| mredi at el @649 by SR G&idHd A affiidh y.component s, vi scosities at
25C of typically 10 to 100 000 nPas, preferably 100 to 20 000 nPas,
more preferably 200 to 10 000 nPas, especially preferably 500 to 5000
nPas, d<lch Thsatesahivyentigy thetaiory gberopreyidss & PEicesy formapsiseing msdie farmedording visual
sol vent - 11 a@iofhiflin hibichOhi hiRfbobivhl BbiaRk S n dibs bl
to establish vi scpusli ties at_b258_ el ow 10 gogal%n%ggl,%ﬁggfsg%sé rl‘%yopg(gﬁél\%k?and
2000 nPas, cwed-gag invention Hksyissmedvideatbt yedie thonolB@tebiPas. Advant ageous
pol yur et hane conpositions of the aforenentioned type have been found
to be t hosgnigedts GoRlidd kol BS SvEdBR idpbR i L nQ frordints
g and with awgat aISyst0 cpgnntoe_nt gf 0. CI)SO%% %}%&A%%ﬁtﬁgdérgmg&rgg?ﬁgﬁ %lgsformauon
than 10 mi ROFERESeHY oD B vertive polynrgihgret canenetitionts, efceft. D2 Moipyoneati Yt are mixed
For appki callindos1@ wikPSr 0 » -SUiLt abl t.nods. have
been found to.ggglé asf? cﬁs@%n@%@% n&ng%r‘ﬁjggésﬁlt %r%ol\%vrlémt %Jaf)(g P’%Wg NS s llatieﬁre%ef?rﬁ the
the art forprdiggtien pathpobetratesurdhthagpeuliin particul ar, knife coating,
_(I:_ﬁsti ng, p;:i nting, scréeen pfrei nti ?g, Elpr ayi ng ;r [ ][ll Cj tﬁt pri nt;n?.h

e present,lfyent . - I s for e use o o
i nventive n%dtlﬂa ;org?;}éc%r%%iﬁlng&(%p a@l%eug{is %Sl(gé&garagur?sl?m OF ¥ gocfﬁ%?ﬁr%oﬁ Sgllned n
opti cal el theest omj mixiestechnelogy sfon txeatriptenstirsed darks pir eita sdyhamic ree Gedtid i migers.
hol ogr ans [ e.lnventive polyurethane ¢ si.tiLong, and, nedia or
hol ogr aphi 5&568%‘0% %Bgl% tlgoleneg%'r teo H«'}eﬁ:ﬂ% \Iylf(t;hn,?rﬁy a?orwgvel 0% geaa spaces, 1frer1?1y. ﬁeference

20 is further given to methods in which the mixing is effected within a very short time and with very

vigorous mixing of the two components to be mixed. Especially suitable for this purpose are
dynamic mixers, especially those in which the components do not come into contact with one

another until within in the mixer.
The temperatures here are 0 to 100°C, preferably 10 to 80°C, more preferably 20 to 60°C.

25 If necessary, it is also possible to perform devolatilization of the individual components or of the
overall mixture under a reduced pressure of, for example, 1 mbar. Devolatilization, especially after
addition of component A), is preferred for prevention of bubble formation by residual gases in the

media obtainable.
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- include all holograms which can be recorgdgd by methods known to t

person skilled in the art, including in-line (Gabor) hol ograns,

of f - axi s hobegframRitioh Wr |coﬁ9<§ifeﬁtuﬁt§3 tﬁé afahRl c%hoﬂ)é)g&%g%s a‘%ﬂ 111 st ffb%hfntermedlate
transm ssi on hol ograns rai nbow hol ogr ans Deni syuk

of f-axis refRtoBAlvowerisYeyments- edge-1it hol ograms and holographlc
stereograms; 5 preference being given to reflection hol ograns,

Deni syuk hokaer tﬁ%d@lﬂ&h bf @d?%éﬁ | BMoeiad %Eﬂ%ﬁ? po@ﬁf&tﬁﬂ@ E'&ﬁ’posﬁlolgs' Vehed Piquid

optical elepments such as |enses, mrrors
filters, diformapting igpkiaiged, ahichy deperiding Oélltbﬁnmgsmm glltrbs zttmm:hmmtnpersmre within a

wavegui dgas fegrsgd:o@lgiﬂogr}e@?&ggns and/ or masks have. Frequently, these
optical elenments show a frequency sel ectivity, depending on how the

hol ogr ans wer e exposed and whi ch di nensi ons the hol ogram has. 10 In
addi tion, tHe irstigeprd e Bokyanderdethity cofimntes frinatirs campaabe dfethe sgdyirahane

produce hol &ﬂ{ FRALE i %Pi%&?a%lﬂdﬂs?eﬁ ﬁ&etﬂ%tat{lé e ey adgmg‘n {/co&ggﬁ%ét) geeurs at

per sonal port |ts ometric representati ons®in securi
or gener al Ilylomntaglegatme Withig emimntites) a1p Up esie f lowur. ddvee ptefesiet gmbsdigiend, ttye curing is

| abel s, r l.abel s, .desi el enent s, o
decor at i ontfj‘melﬁjf'1 uéf% ?th% a%llﬁ o ia"&f%%? e t% P‘Hg %gra%e ﬁgﬁﬁg?tﬁﬁeq F0and 180°C,
and i mafes mbfeshlyciéne tﬁb@,&sa&apreﬁar@ﬂjﬁ]todmm [ ncI udi ng in conbination
with the 15 products descri bed above. Hol ographic i mages can have the

i npressi on nsi.on but .t hey can al S0 sh

sequences, ﬂL r%#ﬁ&ﬁ%ngd %mmh th)erre%lf‘p% the &g, b ﬁ?) Bt §28t H@Bg LF‘P@a‘ci’r‘?r‘*‘o]“
the angl e fskdhﬁ\nimhc lart tehsdly mithe foin ofiomtideetperinttats Ivshghi thé M@@pd&ﬁfeﬂ range of the
whi ch they C%gn%OIllen um 3 h’{?gf %[Ffélgllllel 3 %D V*!raqgtélone %‘1 ete\cf ]{?ﬁtlon es ecially the
these vari ousTpossid| AYPROFAREVAESH S P51 I57C Il 5§ pecially
hol ogr ans, IﬁéférraifoﬁhdtlbﬁecﬁmptﬁeﬁtQChnl cal solution for the

abovenenti oned 20app| ication. WO 2010/ 037496PCT/ EP2009/ 006890 - 18 -
ustration of

Exanpl he. e ch follow are cited

the i n\e/I(SaSnt |T-\£il BW%I% wgane b‘i?ﬂ“pé’ﬂfi?ﬂsdgﬁ’& lwe‘{lﬁ%r & orPrppte, mixing of all
restricti veommmrs vikdokitissat POL@ df HbiaailyM (50,108 060 xﬁpésCﬁ@fe%%Sldo% @b ?0d fﬁpas
percent by ?% ﬁ &m)P XP 2410 is_a_test product from aﬁ

Mat eri al Scﬂﬁ‘hrﬁg )%\‘i‘fb{ ettgﬁ ;68 5 FIREFIOLY Melehly 5(99"%6‘&95@?&? sugipibaifhey have

pol yi SOCyan&I:}egoo@Iiaﬂﬁed’sﬁlg@i‘bp@xftwé BYen G0 ¥H6tnBZ R 0N Qoldfiod GRS buidN&0soNGR, it is
content: 23.5% Desnodur(r). XP. 2599 is a test product from Bayer

Mat er i al SciPSRLde A establishy Kigeasities @b r2Tainybelomy 1P 060 mB%aaﬁ%fereblmfbe&m 260 mPas,

dii socmnatﬁﬁgﬂlaﬁfgﬂeyrm Vil sdiGhdgont ent : 5. 6-6. 4% 10 Prepol ynmer 1
is an experinental product from Bayer Material Sci ence AG Leverkusen,

Ger many, fulcly@al | ophanat e of hexane dii soﬁyanate on Accl ai m 4200, NCO
content: BREEAY RAREFetbane gomppsiionsef thesferemensioseriype have rbf—‘@afymd to be those

Mat er i al SCivafGEufGn 1dsE1RA K USEH tﬁ@ém}y bl df 13k %
Accl ai m 2200, N&I:O content: 4. %% Pr epo ! lggagﬁgg%gﬁ? o Wt of8lo0ase

product f r GRVESiENE Of R @rlpsaﬁfselle ECHETE 2{6\mrh@pg@&vst @atenteaiyp, 02%6)yf\a¢1$ht
al | ophanat e of hexane diisocyanate and Accl ai m 8200, NCO content:

1. 88- 1. 92%Fqr application to a substrate or to a mold, suitable methods have been found to be all customary
25  methods known to persons skilled in the art for each purpose, such as, in particular, knife coating,

casting, printing, screen printing, spraying or inkjet printing,

The present invention therefore further provides for the use of the inventive media for recording of
visual holograms, for production of optical elements, images, representations and a process for
recording holograms using the inventive polyurethane compositions, and media or holographic

30 films obtainable therefrom.

The inventive polyurethane compositions can be used to produce, by appropriate exposure

processes, holograms for optical applications in the entire visible and near UV ranges



Prepolyrrer w0 so1@m3eageer i mental product from Bayer Mat erlp@trﬁgnggxy/goﬁgo :
- AG Leverkusen, CGermany, urethane of hexape diisocyanate and Acclaim

2200, NCO content: 3.2-3.75% Polyol 1 is an experinental product from
Bayer Mat er {1b300 Ry &/id& hdisahdiSed alﬁﬁn@eﬂe/s, wilbiPGH e 9%8@6&7% m%hmfjs known

Ter at hane(rgﬁz1 1000 and s-caprol act one. 21s a uncti ona

pol y( e- capr B hetnstiey skded, 81 the fininshudingdndige (ﬁﬁhoa)r hin@n%pﬁms ho§&ams, full-
g/mol). Ue i y.er,
ol hi i BSOS BSSEE LR o

BEA and Deshdegipns ) ofkpds reflqcgion dwbogtdnBg edge-lést h@lngrzm |and| m@apyst stereograms;

di met hyl bi s A;QXOHE ;W oduct fr

Monent i ve P{é ?c(r)r manc%d entl))ggf?/el:& :%on @I Sﬁ%ﬁ“%%% ‘gd’tr%isnfﬁ@wn%(’lograms'
sol ution i anfth p)gmeotq Mdﬁlen@@s Q09s lesisa, hiests, pefledtivgt misotsgfiltets, diffusion
o {1t ency iR Semedl IAELLAKr MR, Sjgption' L' Sior masks bave,
2010/ 03749 GH@fl'lleﬁﬁE ('Dlﬁl:@é Qﬁf&&]gﬂcmenﬂsgshew THequeve pddctieitya ﬂébeﬁmf@aﬁ Bdw ¥R holograms
medi a produ%grge%rbsé X d%}‘??‘“ nment aIt Egrlt Werrl?e tested with regard to

their hol ogl agRiROSEHEESMRImeonyhR Bolggramhas nal ysi s set up accor di ng

to figure 1: Figure 1: Geonetry or a holographic nedia tester at A =
633 nm [He- Neadd&s)e; ﬂ-ie flmsrenWel pol}ﬂgetbefnea:om@i)dnﬁmb icom ah@ Ibegik@imo Ploduce holographic
mrror, S = sh |rrator | ens, 212

212 5pi ate, m}ﬁﬁ? & f%‘fss?f?t?&f ﬁ?ﬁe’%@ﬁ@.f? RF&”H’SQH’F@B? fomsfric rppresepfations ip pecurity

| = iris apdéictmemss, (&t genzﬂallﬁ igiages1r #ndbt. SkhcAfl foNAIMRHIRS Rfurity labels, brand
i nci dence of the ¢ g?htégams out side the sanple (the nediu The

beam of an PR sfigsign P’én@ﬂ“ﬂm%‘ﬁ@ Iﬂﬂﬂﬁatl?ﬁs"@@ﬁv@lﬁ cards, images

with the ai zdldOthe tine zﬁmﬂﬁiﬂa@és Wwhit edn fe%&er@@%tai @eﬁ@tﬂﬁﬁdlﬂérﬁﬂ" &Hﬁnatmn with the
collimation | aral | el 'honogeneous beam

cross settilgH °E§‘f éeﬁ%@@% %‘H’&i Ba%earalalw RS 6ath baym thy Burresried 05}'1 tb!?é-d!mfmsmnal
apertures (ijage, TE they can also show image sequences, short films or a number of different objects,

depending on the angle from which they are illuminated, the light source with which they are
Hluminated (including moving ones), etc. Owing to these various possible designs, holograms,
especially volume holograms, are an attractive technical solution for the abovementioned

20  application.



10 di anet erwef 201083h4dS aperture opening is 4 nm The
. pol ari zati on-dependent beam splitters (PB3)_ split the | aggrn%)%%%/?%tg%o
two coherent beans with the sanme pol ari zation. The 212 plates were

used to adj@shadie power of the reference beamto 0.5 mA and the
h‘e—ﬂ";gm'l

power of t beamto 0.65 mW The powers were determined with
the sem conductor detectors (D) with sanple renoved The angle of
i nci dence (‘8)e hmplaewhich &illewere dited for ilBist2atio8 'of the reyvewtivg pkotafolsinted, Hetnshould

£3) of 15 ' . is 41 8 At the Location of th |
(ot um . (e RRSPRRH aREAR g, Qheblficy SEPDARE i PRe o percen

produced a lgratighig of |ight and dark strips which are perpendicul ar
to the angle bisector of the two beans incident on the sanple

(reflectjo fhe strip spacingd.n the i.umi.s, -225 nm

(refr act% VQD %}%Jgg,)%@gﬁ %ﬁhllg l?nsé‘ i r%dglgtu%r(r%rg ﬂ[aBerblgat-egggﬁﬁn.ce Ié@ JGreifseny Germany,
written intlextrieslineghnan-based fotyiooyanarai pagpontonrvd iminddd@oibdindivut bEEst 68%, NCO
are opened Joﬁ{e tt,9§5‘56av>6<1posure time t. Thereafter, with the shutters (S

cl osed, the nmedi niWas all owed 5 minutes for diffusion of the as yet
unpol yneri zed witing nonomers. The hol ograns witten were now read

in the fol | DesinodurftePizsg iskest ptodhidt droniBaytielasiigBebned A@YLERMRIEGE Germany, full
cl osed. The utter .of the reference bea ened. _The iris
aperture ofallt%Pr:hean?tgP Eﬁ%{ﬁ%eeae"ﬁ%cg?ﬁ%‘? %chgggﬁmggp&oam P %t < 1 mm

This ensured that the beam was al ways conpletely 25 within the

pr Svi oudl % Rmpcﬂmbllhm bmg:rpaﬁmd &raal pedductaffgh BSye@lMat@iﬁmt:ieﬁu% A@)Iae@)érﬁﬁé&ﬁ, Gelzrmany,
medi um The. turntabl e,..under,..conput er cqntr t hen covered the angle
range from fﬁﬁ Qﬁg—pth@natt%df@ex—anisuﬁﬂﬁf alg gn éﬁé?@ @9@6\1(‘\7@ gROFER- 130 05, At

each angle step, the powers of the beamtransmtted in the zeroth

order wer e Hrgméymeed ibyn exparierad] pidictcirnt Baje MitdngiSoRhR A G LbeRitdn! G&many,

powers of t eam di f ed in.t first order_were neasured by

neans of th@ﬁaﬁ?@ﬁqa er“%f@f’é‘%ﬁcgﬁggqoigﬁaé’@ﬁe’&ti &9 1 was obtained at
30each angle step Q as the quotient of: PD - PD PT WO

2010/ 03749 6Epblyinte2 A9 4D EMpSHental HebductHdn BajehRIapOMBEichdd AME H8H@Eh Mermany,

of the diffracted beam and PT is the power in the detector of the
transmitt e&{@gl(ﬁﬂ??‘% 9?@5’??&3 gifsopyqmatean ‘E(IT\?"’HB&(?Q’ BE® cspisite!-3¢-H2Hr agg
curve (which describes the diffraction efficiency ri as a function of

t he angl e dfregobyingd ¥ a#arl dxpediménted pyduétiiim E@e@Mafﬂﬁllsm&em%{r&ﬁus@ﬂct}ennany,
5saved in a c%%gigu ﬁr. l‘ﬁ addi ti og, the intensity transmtted in the
OE BiE

zeroth ordéf¥® isaqyanatfand ¢ysglaihed08, NEO catenti IAr3175% and saved
in a conputer.
Polyol 1 is an experimental product from Bayer MaterialScience AG, Leverkusen, Germany, block

copolymer of Terathane® 1000 and e-caprolactone.

20 Polyol 2 is a difunctional poly(e-caprolactone) polyol (number-average molar mass approx.
650 g/mol).

Urethane acrylate 1 is an experimental product from Bayer MaterialScience AG, Leverkusen,

Germany, urethane acrylate based on HEA and Desmodur® RFE.

Fomrez® UL28: urethanization catalyst, dimethylbis[(l-oxoneodecyl)oxy]stannane, commercial
25  product from Momentive Performance Chemicals, Wilton, CT, USA (used as a 10% solution in N-
ethylpyrrolidone).

CGI 9009 is a test product sold in 2008 by Ciba Inc., Basel, Switzerland.

Analysis of diffraction efficiency DE and refractive index contrast An:



The naxi ”U”Tv@i 3ot /@544 gn efficiency (DE =in.,) of the h%@‘ﬂﬁgggé@kqogsgo
. e,

Its peak va was eterm ned. It may haye been necessary
purpose to change the p05|t|on of the detéctor of the diffracted beam

in order t M va O The refractive

cont rast An e epd e BB IR Lo Bl 1 s3] o s g regard to
det er mi ned thsir Mw@hm:fprbﬁaetmsbupiem ofvarvmatybxeeertg@ dcedrdinglio figgel:ni k, The
Bel | System Techni cal Journal, Vol une 48, Novenber 1969, Nunber

Paoe, 2500 PR, FA4LndK O DS, IRRRA L, P fgrﬁéfzgn?ﬂﬁbhﬁefﬁ£ara%v§%9g of

descri bed beflahon h&logsmoMi+ ngmhrps Iécnyaﬂte’u 8E =fspdtial fil@erBEBg@oﬁuxﬁaVcﬁ 18dsn)/2 = a2
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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), to a parallel homogeneous beam.
The final cross sections of the signal and reference beam are fixed by the iris apertures (M. The
10 diameter of the iris aperture opening is 4 mm. The polarization-dependent beam splitters (PBS)
split the laser beam into two coherent beams with the same polarization. The 3/2 plates were used
to adjust the power of the reference beam to 0.5 mW, and the power of the signal beam to
0.65mW. The powers were determined with the semiconductor detectors (D) with sample
removed. The angle of incidence (o) of the reference beam is 21.8°; the angle of incidence (B) of
15  the signal beam is 41.8°. At the location of the sample (medium), the interference field of the two
overlapping beams produced a grating of light and dark strips which are perpendicular to the angle
bisector of the two beams incident on the sample (reflection hologram}. The strip spacing in the

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

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

25  within the previously written hologram for all angles of rotation (Q) of the medium. The turntable,
under computer control, then covered the angle range from Q = 0° to £ = 20° with an angle step
width of 0.05°. At each angle step, 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 'q was obtained at

30  each angle step Q as the quotient of:
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15 According to Kogelnik, for the Bragg curve n(Q) of a reflection hologram:
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@ is the grating thickness, ¥ is the detuning parameter and v is the angle of tilt of the refractive
20  index grating which was written. «’ and B’ correspond to the angles o and B during writing of the

hologram, but measured in the medium. A® is the angle detuning measured in the medium, i.e. the
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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 such that measurement and theory of DE always agree. d is now adjusted until the
angle positions of the first secondary minima of the theoretical Bragg curve agree with the angle
15 positions of the first secondary maxima of the transmitted intensity, and the full width at half
maximum (FWHM) for the theoretical Bragg curve and the transmitted intensity additionally

agree.

Since the direction in which a reflection hologram also rotates when reconstructed by means of an
€2 scan, but the detector for the diffracted light can detect only a finite angle range, the Bragg
20 curve of broad holograms (smail d) is not completely detected in an £ scan, but only the central
region, with suitable detector positioning. Therefore, that shape of the transmitted intensity which

is complementary to the Bragg curve is additionally used for adjustment of the layer thickness d.

Figure 2: Plot of the Bragg curve 1 according to Kogelnik (broken ling), of the measured
diffraction efficiency (solid circles) and of the transmitted power (black solid line) against the
25  angle detuning AQ. Since, owing to 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 centered around this shift. The shift is typically 0° to 2°.

For a formulation, this procedure may have been repeated several times for different exposure

times t on different media in order to determine the mean energy dose of the incident laser beam at
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2,2,4-tri WARLZGUl-ini 84 Sbcyanate (TM)1) while stirring and
sparging with N2, and 0.008 g of isophthaloyl chloride was added. The
m xture wasA hg@iteld rtundH00&nedarfthsk 6#as6 Thigalyf chegddaimith2d0Q of 2,6-di-tert-butyl-4-
(pol ypr Opylr%e@ﬁylp )éino ,e OC.)JS g of dibutyltin dilaurate (Desmorapid Z, Bayer MaterialScience AG,
15  Leverkusen, Germany) and 213.07 g of a 27% solution of tris(p-isocyanatophenyl) thiophosphate
in ethyl acetate (Desmodur® RFE, product from Bayer MaterialScience AG, Leverkusen,
Germany), which were heated to 60°C. Subsequently, 42.37 g of 2-hydroxyethyl acrylate were
added dropwise and the mixture continued to be held at 60°C until the isocyanate content had
fallen below 0.1%. This was followed by cooling and complete removal of the ethyl acetate under

20  reduced pressure. The product was obtained as a partly crystalline solid.

Preparation of prepolymer 1:

A round-bottomed flask was initially charged with 378.0 g of hexamethylene diisocyanate (HDI)
while stirring and sparging with N, and 0.019 g of isophthaloyl chloride was added. The mixture
was heated to 100°C, and 576.36 g of Acclaim 4200 (polypropylene oxide of number-average
25  molar mass 4000 g/mol) were added over the course of 3 hours. The mixture was stirred until an
NCO value of 18.5% NCO was attained, then cooled to 90°C, and 0.076 g of zinc bis-2-
ethylhexanoate was added. The mixture was stirred until the theoretical target NCO value had been
attained (17.2% NCO). The reaction was then stopped by cooling to room temperature and adding
0.095 g of isophthaloyl chloride. Then the excess HDI was removed by distillation using a thin-
30  film evaporator at 140°C (residual HDI < 0.03%). The product is obtained as a yellowish liquid.
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/ EP2009/ 006890
2010/ 03749?5 g of HDI (hexamethylene diisocyanate), 1.3 g of benzoyl chloride and 1.3 g of methyl para-

toluenesulfonate are initially charged in a 4 1 four-neck flask while stirring, Within 3 hours, 1456 g
of a difunctional polypropylene glycol polyether having a number-average molecular weight of
2000 g/mol are added at 80°C, and the mixture is stirred at the same temperature for a further

25 1 hour. Subsequently, the excess HDI was distilled off by thin-film distillation at 130°C and
0.1 torr. The resulting prepolymer has an NCO content of 3.23% and a viscosity of 1650 mPas
(25°C).

To produce the holographic media, component C, component D (which may already be
predissolved in component C) and optionally component G are dissolved in component B,
30 optionally at 60°C, then glass beads of size 20 pm (for example from Whitehouse Scientific Ltd,
Waverton, Chester, CH3 7PB, United Kingdom) are added and the mixture is mixed thoroughly.
Thereafter, in the dark or with suitable illumination, compenent E is weighed in in pure form or in

a dilute solution in NEP, and the mixture is mixed again for 1 minute. Optionally, the mixture is
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2010/ 037496HCT £PRARE/ DR6BHEhent B)Swere Ibadith 3175(dafdirdgighe acrylate 1 (component C),

0.15 g of CGI909 and 0.015 g of new methylene blue (together, component E) at 60°C, and
25 0.525g of N-ethylpyrrolidone (component G), such that a clear solution was obtained.
Subsequently, the mixture was cooled to 30°C, 4.418 g of Baytec® WE 180 (comparative for
component A) were added, and the mixture was mixed again. Finally, 0.030 g of Fomrez® UL 28
(component F) was added, and the mixture was mixed again briefly. The resulting liquid material
was then applied to a glass plate and covered there with a second glass plate, which was kept at a
30  distance of 20 um by spacers. This sample specimen was left to stand at room temperature and

cured over the course of 16 hours. Maximum An: 0.0063.
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m xed agai Neodglonatt By wek H&Qc'ﬁwﬂhgf B i e?@a{e?ﬁ@?ﬁ@%ﬁt oY‘?? 86,1909

added, and the m xtdre was m xe
mat eri al wasd th¥d gaph Inp‘edtn@tbylmegblas s(tngth@re camplorrcmvE) ad PG mdwi) 1525 g of N-

second gl as o anc acers

Thi s 1035 anp y@@%@%ﬁ@nén vb]\aléj’ﬁ éqt i Sfl é Tl @8%1 &R og{rné g Srdpently, the
cured over mlhferecwr@ele(bf.o BChHT2g oﬂ\l@esmndm? ER:2580 @&Jﬁﬁoneﬁma)lmre added, and the
(medi um : Ih NC ksl her f

from et hyl %Hgt%f)e%’ e and'}/gpllno%lﬁﬂgné%% éi%ll{/ﬁn? Lﬁh@ @ @5 AL efﬁ’g the

totaling 508ty wesigired aguth Meﬂ@q"u]nan&hxeuittg M@m(gmhtenallfwag&‘i’en?apgﬁdmb)a glass plate

(conponent B) we mxed with 4 ret hane acryl at
( conponent E!%covﬁrc 7 % W%S Pllgte *B‘%?"ajkﬁ'ﬂ ah‘é&bstﬁ@?ﬁg?%%bﬁls%m This
(toget her, seoppepeithenbyasatft &0 Eandafttobn S pegar@t aNebii¥d By 1R dRRRSF 16 hours.

(corrponent é\?g . sucgh t@%% a clear solution was obtained. Subsequently,
the m xtur ¥fo 30C, 4.154 g of Desnodur XP 2599 (conponent

A) were added, and the m xture was m xed again. Finally, 0 0323 g of
Fonrez(r) UWxamdleo@ivpmgnt F) was added, and the 20 m xture was m xed
again briefly. The resulting liquid material was then applied to a

gl ass pl at nd co er. ed Eﬁ W th Ias pl ate which wa

kept at a §6§ rfhe’?{ﬂg @if“ F%po ﬁ‘[?) I'@msﬂﬂ?é’éqnﬁ@ﬁld&ééd ppylene

to stand aToxﬂ’dQOmtli mwhatdxﬁ@ adiﬁiaoﬁeﬁte@tawgrso%%ycwgﬁteaAm loﬁ@rc%({m?n%& W81ght
cclainm(r

Maxi rrug] 8 % g/l %
N (et hyPe 09842 2D e‘ﬁcﬁ)y"ﬁFeo‘B?F%Wéh6?9&@%@%%&“%&%@@%%@15g
. mass 4000 gfoul 909(&&610@5\@6&&)m&»ﬁﬁ@nelm%q%g%&mc&d%ﬁersﬁ% 696@%9@6625 g of N-

acrylate 1 onent C

met hyl ene B&M@Y’E?I@Qé? KermpopssinSHn&ieh 3t atclepeolutiend wes Bgtsmgd ofubsequently, the
N-et hyl pyr @t @Aong baemeonents Q.o i t

obt ai ned. Subsequer?tl , the m xt ugre msg&ﬁxgégdtgg@éao%%% qugkrm%ed and the
Desnodur xm@slggvae@smémﬁmﬂys@oipaérgeof&@m 8: 673 (pmpqzwmmmes wdded, and the
m xed agali %xtaen@slﬁxe@aﬁg?ﬁ‘leﬂy the':l@mit (1{(% cHﬂat% 1GROTRA {l?]lﬁ ed t% aW{T‘ass plate

added, and the m xture was m Xxed agal n e resu
mat eri al  ward ¢venad thopsl withoh seeond ghpbsiglate pdha:&levaahcbt eovdistagie bf\fénenhy B}hlcas This

second gl agg, t f 2

Thi s sanp 20 oy Gl B8 MER, SGR"x Mo ik aBE Ry d‘e’cnuﬁeea?g%a egiRe G o
over the colmawmmpAn:DIABUrs. Maxi num An: 0. 0141.

2010/ 037496PCT/ EP2009/ 006890 - 26 - Exanple 4 (rredl um: 6.128 g of

ﬁggloal Mr)ﬁ%gglegggllexﬁhﬁpyl ene oxi de of nunber-average nol ar nass

25  7.554g of Acclaim® 4220 N (ethylene oxide-capped polypropylene oxide of number-average
molar mass 4000 g/mol) (component B) were mixed with 3.75 g of urcthane 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), such that a clear solution was obtained.
Subsequently, the mixture was cooled to 30°C, 2.983 g of Desmodur® XP 2599 (component A)
30 were added, and the mixture was mixed again. Finally, 0.0071 g of Fomrez® UL 28 (component F)
was added, and the mixture was mixed again briefly. The resulting liquid material was then applied
to a glass plate and covered there with a second glass plate which was kept at a distance of 20 pm
by spacers. This sample specimen was left to stand at room temperaturé and cured over the course

of 16 hours. Maximum An: 0.0141.



(éorrponent Wh Mg 371@93,<ed with 3.75 g of urethane acrylatg
- (conmponent C), 0.15 of CA 909 and 0. Oéé g of new neth ?é/r];:gz%)l%og@go

(toget her, conponent E) at 60C, and 0.525 g of N 5 et hyI pyrrolidone
(corrponent am ﬁy‘gg ddhidhy.@ cl ear solution was obtained. Subsequently,
the m xtur : 30C, 4.408 g of prepolyner 1 (conponent A)
were added, and the mxture was mxed again. Finally, 0.0150 g of
Fonrcz(r) L1288 0 dugaime nt208) (polasropdeledoxidmdf hivebaraxdregeemulas mabsx 6000 g/mol)
agai n brief en a

a'ass pl at -Smrtof MRRHS b8 b HEH LR f B0pER 0Ef 15867 corons
kept at a dingdt@hlbez of nE@ mmhblynesfbhlee(ncgsth&'mmnﬂ:&mamplae @p@camen swag of N-

left to tadat tuye an u dovrthecurs
hour s. X|en%1}’rﬁy£‘r?fl&ﬁle O(ti%ng) %a#{jlsga'sgﬁﬁ@dﬁﬁ% 80 L%lo’éé’%asgo Cg}‘lhsieﬁlﬁenﬂy’ the
4200 (pol ypnmplyd emecoobe ¢e309€, maﬂstgao‘f-paapery&gel (G2lpbneiBls F wéid Adeg/ 41l the mixture

(conponent her 75 ne acryl ate

( conponent d%§a al@‘f@{) Bbgbg ghoﬁfgé&%crne%%w‘?é@#&?ﬁeaﬁé thy mixture
(t oget her, mrmﬁe@ ﬁgauE)anaﬂy G, res’ilmdlg%q‘iﬁﬁnﬁteﬂil WNat fvd BYFHelth d0f&ss plate and
(corrponent &ggds ch t at a cl ear solut]on was obtai ned. Subsequently

the nixtur&° 1 gpeapselass nlarey Which pvas kens of ¢ istance ?%%Qfﬁ@héﬁpacmf This
wer e added,saapie sbélﬁnéﬂ WhUER t%ﬁnﬁh%@%&%ﬂ:é’ﬂatuf Ia@lchsd oPer0BO SoudseQdf 16 hours.
Fonrez UL 28 (corrponent F) was added, and the mixture was m xed again
briefly. THEa¥RERAN GO147 quid material was then applied to a gl ass

pl ate and 20 covered there with a second gl ass plate which was kept

at a di st ang@miple Pnddfiddy spacers. This sanple specinmen was left to
stand at roomtenperature and cured over the course of 16 hours.

Maxi mum An:_0.0150. Exagple 6 (nmedium: 4.819 g of Acclain(r) 4200

(pol ypr opylée%é 2% feclym P PolsRrapdeys oifleadt peslsr- AR ol nass54000 g/mol)
( conponent (&)mﬁwélﬁ Hmé&dm%& bvitB 377@ g%f%f‘etl'rhh@’é&?ﬁ% PebMbHef: D, 0. 15 g of CGI909

(conponent C) ? of Cd 909 and O. new net hyl ene

(t oget Her, %6 Q}ﬁ@wf’ E}’Wa@etbﬁ@e Blvel ((fpggthg, QO@porﬁétt ﬁqubﬂ)f’@l ﬁlt!ioﬂéZS g of N-
gﬁgrﬁogtem eeﬁ\)% 2 C%Aglnré géém@nalte@)’ sﬁ&! bt gpc%a?:sggl%ﬁ'v&@dob S §%§&?feh\t}’y, the
wer e added MizHE Ya5eoplek tOLﬁOeCA/\?a%70rﬁ of@cbpalgmmrﬂ (GﬁmnaiehyA) V¢r® Z@d,gandfthe mixture
Fonrez(r) ® I

m xed agai n%b%?ééd%%ﬁnoﬂgm&eggﬁé?g?\%ﬁﬁ?@& éﬁ“ mat er i %({& P;J “%ﬁgd:)cgcal.’m% the ixture
to a gl ass Vs anised aghie bueftye dhe resubling) ltthdamstemindasghas 3pnhled1ttce avgilass h)late and
was ke at, Th| eci pen was .. .
| ef t t(;%st an il ﬁ%%%ﬁn&tag%ﬁé%a %Yateﬁ cu?vg%lke atsa?ﬁgg%eo%r sém?)EEi%acers' This
hour s. NBXlsamp&f: Apecin@enO@dsleft tc\/\@aﬂoéi();b&ﬁiéﬁ;&lﬁ%(ﬁ’ﬁ'b ER2 60¥8d 00&8BDcours? of-16 hours.

Exanple 7 (I% u 7 g of Acclain(r) 2200 (pol ypropyl ene oxide
of nunber - ave?ﬂgg@ m)(f 1Lgamass 2000 g/ nol)

Example 6 (medium):

4.819 g of Acclaim® 4200 (polypropylene oxide of number-average molar mass 4000 g/mol)
25  (component B} were mixed with 3.75 g of urethane acrylate I (component C), 0.15 g of CGI 909
and 0.015g of new methylene blue (together, component E) at 60°C, and 0.525¢g of N-
ethylpyrrolidone (component G}, such that a clear solution was obtained. Subsequently, the
mixture was cooled to 30°C, 5.716 g of prepolymer 3 (component A) were added, and the mixture
was mixed again. Finally, 0.0252 g of Fomrez® UL 28 (component F) was added, and the mixture
30 was mixed again briefly. The resulting liquid material was then applied to a glass plate and
covered there with a second glass plate which was kept at a distance of 20 um by spacers. This
sample specimen was left to stand at room temperature and cured over the course of 16 hours.

Maximum An: 0.0211.



(6orrponent \@) /&)ﬁb ed with 3.75 g of urethane acryl at
. (conponent ng gé(of CUT 909 and 0. 0%5 g of new net hﬁéﬁlg(}g?@g@%
(together, conponent E) at 60C, and 0.525 g of N 5 et hyI pyrrolidone
(corrponent at.. a clear solution was obtained. Subsequently,
the m xtur ﬁ?:“v&nffe%@?e& ¥ 30C, a nmixture of 1.783 g of Desmodur(r) XP
2599 and 3.254 g of prm_gol ymer 4 (together, conponent A) were added,
and the m )5’&497@ etadcalii d22ﬁ@a(bmiypr51byhaielqx,ideOofOﬁﬁnI@r—@wferdgermﬂm( tihssULO0BG/mol)

ool ti g (e 23R mARS B3 el sl Besat TR RS Gt o ERT oo
gover ed t h}amg e itSke af sle@andhﬂ&legblas S(tqglst?iérﬁ cefpeint\VES akealot(f: ,ainda0.525 g of N-
i stance o acers is. s e specimen was | eft 1q st and

at room%t eﬁ%@&ggﬁlr‘(g%gigo“?ﬁ??% %\/é?‘cht ﬁ@npéo‘l]x Solyion gvap phatned.) guhseapgntly, the
An: 0. 0168 .mixW0 %@ﬂ@é(ﬂaﬁ‘ﬂ&@m/dfﬁﬁﬂﬁl@/&oﬁ@@og of 2bsmodurBINIE2594 .and 3.254 g of

pol yur et hane co |t|o risin pol yi socyanat e conmponent
at | east C(B’Fﬁp%yﬁgﬁg (H’ﬁ"’t ?&:F WAV EE aﬂ‘geéleﬁp EEE Wag wixed again. Finally,

pol yur et han@3p f‘geﬂ@bmp UL 788 (cHpd i@ htOR)PPas Qid adh bk thd B x MRNAR ik & Reain briefly.
pri mary 5manner, i socyanate-reactive po fyrrers C) conpounds whi ch

have gr oupdbAssiling él&&lti Wﬂ&b FotrEen 2pmligd e ta el al,:a\teewri@avqrgﬁ there with a second
unsat unat eqdisPPREUNES WACRD itrhed@ﬁ:ﬁcb%? 20Lm! Qde?s s CC;»IQ Ypecimen wag left to
(radi ation-curing groups) and are thense ves ree o] groups, 28[5?
free-r adi calengtapem tepwerturg andiented owar thegperresofif hoprsi Mamimim Ana®.8168st s

G optionally assistants and additives. 2. The pol yur et hane
conposition as clainmed in claiml1, characterized in that

NCO-f unct i onal




1Spr epol ymeys »idisde£t hane, al | ophanate, biuret and/ or p@},ggzc@P;ng)@g

- are used in A). 3. The pol yurethane conpggition as clainmed in claim
or 2, characterized in that the isocyanatefunctional prepolyners used
in A) are ynghhanes, allophanates or biurets formed fromaliphatic .

i socyanat e-functi onal conmpounds and ol i goneric or polymneric polyols
or pol yam nes havi ng nunber-average nolar nmasses of 500 to 8500

g/ nmol . 20 4. Amelypesihpoe eompasiboreeomposingi on as claimed in any of claimns
1 to 3, characterized in that the isocyanate-functional prepolyrners

used in A) argyall f DL, @i j | I .
pol yet her pol ?olé %%@%ﬁn&%@%réﬁ? agr?okcgfrggmr}g%/gésg%gl S%%Iatﬁ%b%ggolq o
g/ nol . 5. The {sohipgiedpolswrethensmpershinienrtha¥COl gapupe df whichrie whdel iaiansimary
1 to 4, scharactef] F in that the conpounds used as

i socyanat e-functional’” prepol yners in A) have residual contents of

free 25nmononeric isocyanate of |ess than 0.5% by weight. 6. The

pol yur et hane Bbnjsosyeratoreactiye pblainemd i n any of clainms 1 to 5,
characterized in that honopol yners or random or bl ock copol yners

based on et hyten ' %%o r . QX pt.i Jy oin .
conbi nati on wt)tehgotnggt&rjg(ﬁydro u?aaV%, %%5?@%@5%%&90%&%%%%%%5 gﬁhglegl§ally
WO 2010/ 037496 PCRsERPROUSHOHEB9HundePiBe activpndmeinicumiidtion (mdietiarseing proups) and
conponent B), w faunctd lity of 1.5 to 6 and a

nunber - aver age rr‘{‘)l?gr%ﬂmrr%% %Fgglgggﬁ%éufé 000 g/ nol. 7. The pol yuret hane
conposition as clainmed in any of clains 1 to 6, characterized in that

t he coffoundsDusEet-iadicdorpidiment C) have a refractive i ndex nD20 of >
1.55. 58. The pol yurethane conposition as clained in any of clains 1

to 7, charactgyi gm!ug dfat urethane acrylates and urethane
met hacryl at es]%lr)a@gJ on-aromati c i socyanates and 2- hydroxyet hyl

acryl ate, hydroxypropyl acrylate, 4-hydroxybutyl acryl ate,
pol yet hyl ene i esiondlyagitysts) acryl ate, pol ypropyl ene oxi de
nono( et h) acryl ate, polyall cyl ene oxi de nono(neth)acrylate and

pol y(s-capr ol(?j: Wﬁ%ﬁ%&&ﬁé%ﬁ%{i&e@? es are used in conmponent C). 16
I a

t
9. A process for "producing ne or recording visual hologranms, in
whi ch pol yuret hane conpositions as clained in any of clains 1 to 8
are appl i ed- tBheapodyppethangtcempesition ag oladned imelaiout,exdiaracterized 10 thaf N@SHutional

for regerdin | N2 Q9% 133?551 &aﬁ}l& 2 clai ped in
claim g gpl%ﬂlo. e Use o%@frae a as’ clal er)é/é) ?Iﬁfdgggoﬁﬁs\ a%:gluf'fg 1nop ‘I cal
el ements, images or for inmaging or image 15projection. 12. A process
f or recor dBnglhe tebusthreasrrompesiibn athclaimdd & daimd| @i2ngdracterieddai that the dsoeyanate-
used. functional prepolymers used in A) are urethanes, allophanates or biurets formed from aliphatic
isocyanate-functional compounds and oligomeric or polymeric polyols or polyamines having

number-average molar masses of 500 to 8500 g/mol.

20 4. The polyurethane composition as claimed in any of ¢laims 1 to 3, characterized in that the
isocyanate-functional prepolymers used in A) are allophanates formed from HDI or TMDI and
difunctional polyether polyols having number-average molar masses of 1000 to 8200 g/mol.

5. The polyurethane composition as claimed in any of claims 1 to 4, characterized in that the
compounds used as isocyanate-functional prepolymers in A) have residual contents of free

25 monomeric isocyanate of less than 0.5% by weight.

6. The polyurethane composition as claimed in any of claims 1 to 5, characterized in that
homopolymers or random or block copolymers based on ethylene oxide and/or propylene

oxide, optionally in combination with tetrahydrofuran, butylene oxide or e-caprolactone as
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10.

1.

12.

-20.

monomer units, are used in component B), with an OH functionality of 1.5 to 6 and a number-

average molar mass of 200 to 18 000 g/mol.

The polyurethane composition as claimed in any of claims 1 to 6, characterized in that the

compounds used in component C) have a refractive index np?® of > 1.55.

The polyuréthane composition as claimed in any of claims 1 to 7, characterized in that
urethane acrylates and urethane methacrylates based on aromatic isocyanates 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 poly(e-caprolactone) mono(meth)acrylates are used in component C).

A process for producing media for recording visual holograms, in which polyurethane
compositions as claimed in ahy of claims 1 to 8§ are applied to a substrate or to a mold and

cured.
A medium for recording visual holograms obtainable by a process as claimed in claim 9.

The use of media as claimed in claim 11 as optical elements, images or for imaging or image

projection.

A process for recording a hologram, in which media as claimed in claim 10 are used.



