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25  Omnidex photopolymers were further developed in the course of years, primarily with the aim of
increasing the refractive index contrast and of achieving a high diffraction efficiency in the film
[US 4942112] [DE 69032682]. Nevertheless, the diffraction efficiencies of substantially more than
2/3 which are relevant for applications are achieved by a high proportion of thermoplastic binder
and hence a high proportion of solvent, which leads to a considerable, as a rule uncontrolled,
30 decrease on the film thickness in film production. Moreover, the thermal aftertreatment
("annealing") of the exposed and UV-fixed photopolymer is necessary in order to achieve the

maximum refractive index contrast [DE 68905610]. The annealing is an additional processing step
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20 least one photopolymerizable monomer dissolved therein is used.
The present invention therefore relates to a medium suitable for recording holograms, comprising

D as a carrier, a stratum of a transparent material or material composite which is transparent
to light in the visible spectral range (transmission greater than 85% in the wavelength

range of 400 to 780 nm) and may optionally be coated on one or both sides and

25 I at least one optionally multilayer photopolymer stratum applied to the carrier I) and based

on polyurethane compositions,
comprising
A) a polyisocyanate component,

B) an isocyanate-reactive component,



251 1)at least one optionally nultilayer photopolynmer stratum applied
- to the carrier I) and based on pol yurethane conpositions, conprising
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For determining the transparency, the transmission by means of UV/VIS spectrometer, for example

10 from Varian, model spectrophotometer Cary 4G, is used. The measurement is carried out by
measuring the material sample in perpendicular incidence in transmission against air. In the
context of the present invention, materials or material composites which are regarded as
transparent are those for which the transmission is preferably at least 90%, particularly preferably
at least 95%.

15 Actinic radiation is understood as meaning electromagnetic, ionizing radiation, in particular
electron beams, UV radiation and visible light (Roche Lexikon Medizin, 4th edition; Urban &
Fischer Verlag, Munich 1999).

Preferred materials or material composites of the carrier layer I) are based on polycarbonate (PC),
(polyethylene terephthalate (PET), polybutylene terephthalate, polyethylene, polypropylene,

20 cellulose acetate, cellulose hydrate, cellulose nitrate, cycloolefin polymers, polystyrene,
polyepoxides, polysulphone, cellulose triacetate (CTA), polyamide, polymethyl methacrylate,
polyvinyl chloride, polyvinylbutyral or polydicyclopentadiene or mixtures thereof. Particularly
preferably, they are based on PC, PET and CTA.

Material composites may be film laminates or coextrudates. Preferred material composites are
25  duplex and triplex films composed according to one of the schemes A/B, A/B/A or A/B/C.
PC/PET, PET/PC/PET and PC/TPU (TPU = thermoplastic polyurethane) are particularly

preferred.

As an alternative to the abovementioned plastics carriers, it is also possible to use planar glass
plates, which are used in particular for large-area accurately imaging exposures, for example for

30  holographic lithography [Ng, Willie W.; Hong, Chi-Shain; Yariv, Amnon. Holographic
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the The retardation is measured in perpendicular incidence., The retardation values stated for the

carrier I) are lateral mean values.

The carrier I}, including possibly coatings on one or both sides, typically has a thickness of 5 to
20 2000 pm, preferably 8 to 200 um, particularly preferably 10 to 175 um and in particular 30 to
50 pm.

The materials or material composites of the carrier I) can be treated on one or both sides to make it
nontacky, antistatic, water repellent or hydrophilic. The said modifications serve, on the side
facing the layer II}), to enable the photopolymer stratum IT} to be detached without destruction from
25 the carrier I). A modification of that side of the carrier which faces away from the photopolymer
stratum serves for ensuring that the media according to the invention meet special mechanical
requirements which are necessary, for example, in the processing in roll laminators, in particular in

roll-to-roll methods.

The carrier I) can likewise have an antireflective layer, in particular for suppressing undesired

30  interfacial reflections during the holographic exposure.
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P the surface tension o Whlgh (polar and nonpolar fraction) is known. According to Owens and
20 Wendt (D.K. Owens and R.C. Wendt, J. Appl. Polym. Sci. 13 (1969), pp. 1741-1747), the
nonpolar and polar fraction of the solid surface tension to be determined can be calculated

therefrom.

Owing to the lower surface tension, it is possible to achieve layers of the photopolymer strata IT) in

particular in the abovementioned thickness range and with good surface quality.

25  Furthermore, this leads to films which can be used in the total visible spectral range (wavelengths
400--800 nm) and are transparent in parts of the near UV range (300-400 nm) and which can be

used as photopolymer for the representation of high-contrast holograms in the context of the

invention.

The surface tension of the polyurethane compositions is particularly preferably about at least
30 1 mN/m, very particularly preferably about at least 10 mN/m, in particular about at least 20 mN/m,

less than the surface tension of the carrier I).
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Isocyanate-reactive groups in the context of the present invention are preferably hydroxyl, amino

25 or thio groups, hydroxy compounds being particularly preferred.

Suitable polyfunctional, isocyanate-reactive compounds are, for example, polyester polyols,

polyether polyols, polycarbonate polyols, poly(meth)acrylate polyols and/or polyurethane polyols.

Suitable polyester polyols are, for example, linear polyester diols or branched polyester polyols, as
are obtained in a known manner from aliphatic, cycloaliphatic or aromatic di- or polycarboxylic

30 acids or their anhydrides with polyhydric alcohols having an OH functionality of > 2.
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Suitable diols or mixtures comprise the polyhydric alcohols mentioned per se in connection with
the polyester segments and having an OH functionality of =2, preferably 1,4-butanediol,
1,6-hexanediol and/or 3-methylpentanediol, or polyester polyols can be converted into

25  polycarbonate polyols.

Such polycarbonate polyols preferably have number average molar masses of 400 to 4000 g/mol,
particularly preferably of 500 to 2000 g/mol. The OH functionality of these polyols is preferably
1.8 to 3.2, particulatly preferably 1.9 to 3.0.

Suitable polyether polyols are polyadduct cyclic ethers with OH- or NH-functional initiator
30 molecules, which polyadducts optionally have a block structure.
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2, 2- di mBt hysbm@rshy dran)me cglalc@lneyﬁehe@fé&mi aN- afcloﬁwah&f%&hénq Q! Ghékhfediol, 1,2-
trlnethylolethane trimethy Io pr opane or cerol
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pol y(propyl ene oxi des) thylene o hat 1 o
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T, PR S S R,

additionally cornta ene oxl de or

S- caprg{)] F Es nononer_units_and m xtures thereof having an
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and 18 000tHgfedPln the b 68 kAN of bRER A5 Ymda Yhd 810810 C(gdlymers of propylene oxide

and/or ethylene oxide, which additionally contain tetrahydrofuran, butylene oxide or

g-caprolactone as monomer units and mixtures thereof having an OH functionality of 1.5 to 6 and 2
number average molar mass between 200 and 18 000 g/mol, particularly preferably having an OH

25  functionality of 1.8 to 4.0 and a number average molar mass between 600 and 8000 g/mol and very
particular preferably having an OH functionality of 1.9 to 3.1 and a number average molar mass
between 650 and 4500 g/mol.

In component C), compounds such as o,f-unsaturated carboxylic acid derivatives, such as
acrylates, methacrylates, maleates, fumarates, maleimides, acrylamides, and furthermore vinyl
30  ether, propenyl ether, allyl ether and compounds containing dicyclopentadienyl units and

olefinically unsaturated compounds, such as, for example, styrene, c-methylstyrene, vinyltoluene,
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ot haory ] abe oD PR By RO PRRRIE Mpghogpiate, Lavise-
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20 anal ogu d‘l’Se N- car bazol yl acrylates, to nention but
a selection of acryl ates and net hacryl ates which can be used. Of

course, ureXbane, aethyticBatéaan aAbsk Red SRehpasenEONIRIRRAE ale)late 18 Lih@Ro0d
acryl ates are under st oogl1
as meaning compounds having at least one acrylic ester group which additionally has at least one
urethane bond. It is known that such compounds can be obtained by reacting a hydroxy functional

25  acrylate with an isocyanate-functional compound.

Examples of isocyanates which can be used for this purpose are aromatic, araliphatic, aliphatic and
cycloaliphatic di-, tri- or polyisocyanates. It is also possible to use mixtures of such di-, tri- or
polyisocyanates. Examples of suitable di-, tri- or polyisocyanates are butylene diisocyanate,
hexamethylene diisocyanate (HDI), isophorone diisocyanate (IPDI), 1,8-diisocyanato-4-
30  (isocyanatomethyl)octane, 2,2,4- and/or 2,4,4-trimethylhexamethylene diisocyanate, the isomeric
bis(4,4"isocyanatocyclohexyl)methanes and mixtures thereof having any desired isomer content,
isocyanatomethyl-1,8-octane diisocyanate, 1,4-cyclohexylene diisocyanate, the isomeric cyclo-

hexanedimethylene diisocyanates, 1,4-phenylene diisocyanate, 2,4- and/or 2,6-toluene diisocya-
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Compounds having vinyl ether, acrylate or methacrylate groups, particularly preferably acrylate

and/or methacrylate groups, are preferably used in component C).
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in O. In avpaplaeipses |y preferred enbodipent of the inveng'b@;ja_?zb12@006984
writing nonomer conponent C) conprises one or nore conpounds of the
formulae (I) to (Ill): Formula (1) Forrmula (11) NH O in which
Forrmula (I11) |ndependently of one another, are in each case a
radi at i on- CHFuREPRs §f Higrbayraenyged (e hogns aseﬁammam@wmmmmwmaﬂy

Xi ndependeri,ggfyragplggedr@ﬂ@feggfyusgglgd)n each case a single bond between
R and C=0 or a

In a particularly preferred embodiment of the invention, the writing monomer component C)

comprises one or more compounds of the formulae (I) to (III):

I
Oo.l0
P ORASN
R
~X I|§|I ° NH
o>_ >|</g0
N R
— H
5 R=X Formula (I)
ol
ol o
LT 0L
R
X~ °N ° NH
H
0 X 0
R
- H
R-X Formula (II)
H H
O N N X
Y D
R,X O
X NH
R
O Formula (IIT)

in which

R independently of one another, are in each case a radiation-curable group and



| i near, branched or cyclic optionally heteroatom containing
- hydrocarbon radi cal and/or hydrocarbon radical optionally substituted

by functi ormgb 1eups1s Ris preferablya_vinyl ether, aCfPﬂT?ﬁI%O@é/OQﬁgsz;
nmet hacryl ate group, particularly preferably an acrylate 5group. In
princi ple, individual carbon-bonded hydrogen atons or a plurality of
t he car bon(%onded hydr ogen_atons of the group R can al so be repl aced
by Cl- to al KEep Evso f ofsi ampthefo drevia eaghscan e sipelsfhond detwedhB agd din® or a
X preferably hagindart Qraﬂ&eﬁ%b:%lwa&ﬁﬁﬁal@nﬂt@&@on(? on@é%Iﬁ (ﬂ?c}{'?&pooﬂtrgﬁal and/or
present in the 10 form of et her % e elt I'near or
br anched or cycll’iyéméﬁffb@lm@?ﬂlpm@dﬂ ﬁl!ilﬁ@dlpsoﬁqmtlogalmss Particularly
preferably, the group X is in each case a linear or branched
oxyal | cyl errisoprefemblyox yiall ddredrey1ge ot ethBEFhRIF AR, EmlM%WrEﬁﬁéB@nﬁ acrylate
groups have up to 10, preferably up to 8, repeating units of th
respecti’ve 8 ??E’al | cyl ene groups. 15In principle, it is possible for X
to have identical or different oxyal kyl ene groups as repeating units,
one such rdpaatnbip@ G ividyat e:hﬁabmbbnde&am\yﬁmgerﬂaﬁnms Gor :p@[drilﬁylloartha/ carbon-bonded

pr ef er abl Y i car n ato icu rgﬁ oxyal kyl ene
units are & t%mhseo GEORP g}@ﬂ a@%b%retp &° 'é'o‘ﬂ‘e?q %Y Sr OBy IMeidshasever is
oxybut yl enelstpreferred.The repeating units within the respective group X
may be present conpletely or partly distributed 20 bl oci CW se or
randomy. I, ef Sfi&sh f th vent |

i ndependent | y%g%b&)ong eanotSﬁggogta??ﬁ1 Ttaﬁl%gé{t: n%caélg & n%ﬂr BHQfeaCTXP'%e)PI AR pfTept in the
sel ect @ f dom oﬁ@hgrb@dgescﬁnsaysha ﬂ@lenﬁneaﬂbﬁbrﬁﬁdﬁed)er, cycliHar Gibétititedby functional
- CHCH3- - =0)" - CH2- CHCH3-0) " -, ..where. n i s an
integer fr éT OQIBS tpaﬁ%gﬂgﬁfﬁ%baﬁy v ls(%ﬁﬁj‘gaﬁ’oﬁ lincar” oy, brapchedypyalkyjpne or
i nt eger fr polybxtatkyne @oG@ne or nore photoinitiators are used as

conponent D). These are usually initi ators V\/ni ch can be activated by
actinic ragkgtiQn,d 160 bdlds of, th

cor respondi ng pol yrr?s% ém%l e éﬂao% I’i‘atvgplﬂ)ot ol ﬁl %ﬁ&s%;ﬁoe T ot eatm%l“é'l“?ff the
sol d corrpo@ﬁﬁ@tllﬁ(ﬁ@wﬂl%bnegeuma d| stinction be| ng nmade between

nononol ecul ar (type 1) and binolecular (type Il) initiators.

Fur t hensor eu plifkesie, i I pdsIbRIfr &Y @ He6SSheh@al bf Gifretefdl (
cationic (or Pmﬂggd) foframs of Iihe 30 ab gver?entl oﬁg )%gik?re at E;oas l%gatmg

dependi ng YRt gre [RaFEPeasing Hait prefsrablnkeyving 2 &y Q)yargm.garlme erably 2to 4, carbon ators.
- PCT/ EP2009L0R083¢ (diR& I&cyﬁ%ﬁén% n§n1st brel BSe ; Ihgﬁ:Ee e T §8each cas 8 the isomeric

phot opol yneri zation are, for exanple, aro tone conpounds, e. Q.
benzophenoREPronyienesrsryRatylenss.wi t h t ert i ary ani nes,
al I cyl benzophenones, 4, 4'-bi s(di net hyl am no) benzophenone (Mchler's

ket one), amhk E@Ba&m@ lfldltsl"ﬁitlﬁﬁ eRatHecte BZRP b@ﬂ%ﬂ@épr@ientr@oﬁﬁﬂ&e@yg otajarﬁ}h&stnbuted
sai d t)&Bes rthernmore suitable are (type I'l) initiators,

bloc ise or randomly.

In a preferred embodiment of the invention, X, independently of one another, are in each case an
oxyalkylene unit selected from the group consisting of -CHz-CH,-O-, ~CH,-CHCH;-O-, ~CHCH;-
CHy-O-, -(CH-CH,-O),~, -O(CH,-CHCH;-0),, where n is an integer from 2 to 7, and -O-CH,-
CH;~(0-(CH;)5-CO)yy, Where m is an integer from 1 to 5.

25 One or more photoinitiators are used as component D). These are usually initiators which can be
activated by actinic radiation and which initiate a polymerization of the corresponding
polymerizable groups. Photoinitiators are commercially sold compounds known per se, a
distinction being made between monomolecular (type I) and bimolecular (type II) initiators.
Furthermore, these initiators are used for free radical, anionic (or) cationic (or mixed) forms of the

30  abovementioned polymerizations, depending on the chemical nature.



5‘benzoin and its derivatives, benzil ketals, acyl phosphi ne oxi des,
- e.g. 2,4,6-trinmethyl benzoyl di phenyl phosphi ne oxi de, bi sacyl ophosphi ne

oxi de, pherybabypakis esters, carrphorqgh%]pne, PCT/EP2009/006984
al pha- am noal kyl phenone, al pha-, al pha-di al koxyacet ophenone,

1-[ 4- (phenyl t hi o) phenyl | oct ane- 1, 2-di one 2-(0-benzoyl oxi me) and
al pha- hydr oxyal kyl phenone. The photoinitiator systens described in
EP- A 02235&7ynsntl seeserss Sari the frsk radiesl xphatopolpmerizatiann iangyrfot Gxamplebowakitic ketone

and one or es, C S . tolipitiator. Fo
xanpl o, t SPRGfnd e Bk SR 2k o BB Rl S pPShementames
tris-(3-f| do-bipldareplyldrarybdrgerieronand Methiesbutkgtoagioninthione  and  halogenated
tris-(3-chl -4 n ex orate.are sui.tabl e as e..
ammni( um ar’ g Bt g%?} Iaéw {agﬂy‘!ét)t yséa)s{ %Pees,' ]fr(t)hremé%f%ﬁﬂﬁa ° af'?e@pﬁgls Ry, such as
bl ue, tBi ohemrein Bagi dts Yédrivatives,piteaaly rietalss hhaytphdghing h@ﬁiiaéai, neg6G,4,6-trimethyl-
al | ocyani ne thyl violet Victoria, Blue R . Celestine ue, .
%Ji nal éi netigmy*g}%ld [ g?ny}é’:hf/séjggfa vi'8fet %B?ﬁyrﬂPP%Fﬁ‘&“ﬂ%r e‘é’ﬂ‘%‘m asf%i‘eﬁ]ﬁ]ﬁo’é‘fl&ngé’“em’
G darrow retphopyimné,n Y, Bﬂﬁlﬁa@anﬂ@@l%helftmé,i I idunhlhha-,g%ﬁéll\giH%ﬁ)%%\getophenone,
[ . ' t
OV B Cont draTeeieteat rgne Slg o Gpiooxors) spboiyt brifgraTkypesone.
phot oi ni t i ghepBotbigiitkof Hstelnd eRADAINH EPPRLYI¥BET ;ﬁﬁltdoﬁs@stﬁF%f A$hiBufeWr8mmonium
(type hé s%/ls ens and are derived fromtransition nmetal conpl exes of
t

the fi OTeE 9 O OhI e dYFehcals alse e asesings @ phetoinitiator. For example,
trans-Cr( Nkﬁﬂaﬁﬁtﬂ%iuﬁa&?ﬁ;ﬂényﬁkxﬂ;mﬁé@t@ mﬁ%nﬁﬁl é?(%éﬂugl%pheQ%ﬁﬁ%g%?mte

ferrocenyl conPounds (Yamaguchi et al. Macronol ecul 000, ~ 33, .
are known Fes Erabntlammenstm fiss@ichiora-4-fnedylohenslbesybaiate qposujtatle py it iapmonium
consi Sts i Bryiudfard! SBitMic HKE Fre SIFEkaftBleChdb hbthyldea]iGe hlio%%%' Ofhd b

mal achite grry?aen, V\:hli c_he %%n ;e)’ol yner zee cyano%tcﬂ}ey at’tes y’% %{g%lgﬁl)t“?gmacymﬁ
deconposi t celpridangiodamine &G, gillocimineostbyledelbte ¥icRoRBuEB, CFESHhp Blue, Quinaldine
Howeverg t Me: S i r ed, int ol.yner .sa,25 that
he. 1 eocl 1y oAy wRn il (Rl B ACSab' G bRy by Bedi By 2o
for the capywhiw Loyhyinemidzadthybme dlvostzartA Elunyinglewnpetiab R4dTeche9TNasls Asierica

aryl di azoni[Hx%ﬁ Lon salts..(here specifically: iodonium
sul phoni umTan ?&L‘fgﬁg%md%egalﬁss?hlg%’ ‘g?rg%%jt‘ré%%\&j'l i ¢ conpounds. Under

irradiation both in the presence and in the absence of a hydrogen
donor, phedy¢ ghetgiottiatom sl tfer thannjpnio dulymesizaiah iagnad haile i(1ypd Dodyesnk Red are

by ¥ e nat e ARt i SRRt of BR flaSty ClERMTomitit o cxampte
Slight Ry r eactCrasHYMNCERT Kueat pe Al M rdafetles ASFIY 207 68IBY oA FLropdrT 85hyRRinds
ot very skr eashe & e SR Benir B ST ) SRotioun de Agrbes gotsbity of the
nitrogen | afiexiapeigmafidagion tdSisNP BB WS of Bich BRGS Lrykth viblke Bhoonitrile or malachite
Pol ynmeri c Mat erlvg,lllcg Sci eﬁce and Engi neering, 2001, 84, 139). Ver

g ; ;
wi del y use&®ghd 8o &8 ‘;}Sgn%\gartheébp}é phptolytic decomposition (Necf:/ers et al
Macromolecules 2000, 33, 7761). However, the chromophore is incorporated into the polymer so

25  that the resulting polymers are coloured through.

The photoinitiators used for the cationic polymerization substantially comprise three classes:
aryldiazonium salts, onion salts (here specifically: iodohium, sulphonium and selenonium salts)
and organometallic compounds. Under irradiation both in the presence and in the absence of a
hydrogen donor, phenyldiazonium salts can produce a cation that initiates the polymerization, The
30 efficiency of the total system is determined by the nature of the counterion used for the diazonium
compound. Slightly reactive but very expensive SbFs, AsFs or PFy are preferred here. For use in
coating thin films, these compounds are as a rule not very suitable since the surface quality is
reduced by the nitrogen liberated after the exposure (pinholes) (Li et al., Polymeric Materials

Science and Engineering, 2001, 84, 139). Very widely used and also commercially available in



WO 2010/ 037515- 14 - PCT/ EP2009/ 006984 many types of fornms are onium
- salts, especially sul phoniumand i odonium salts. The photochem stry
of these c been investigated,for a long tine.
i odoni um sﬁgywﬁﬁgﬁ y deconpose honol %l{l cally after exmi[ g/tEIID%%O9éq98984
thus produce a free radical and a free radical cation to stabilize by
H abstraction, liberates a proton and then initiates the cationic
pol ymer i zathagy tyBes( PEKiowms ete ahium] sal® gpspeChaim sul@Ofipm55nd GE&Bhiudn  s@ltg. The

Chem, 199 ) i ani erm.t e use of i.0doni.um
Shem 19 b7t LSRRI SILPSLL 3. e (435 el AN o
t he count ennitallyweeompesyhdnmbpsicslyrifiehexciggtion hed thes prodxpe fisé 1dicBhé a free radical

AsF6" or PEG- l.i.kew referred, Otherwise, in.this structyre . .
class, the cgthogﬁé gta%“lzet eﬁ %&E%“?P%d’@?%ﬁ?s 6Pr°?°r’11ém§ﬁ6?rﬁ’t‘tfaéesiﬂ§c P ePglyagnzation
and is de; @fﬁéneml aﬁrnbﬂlign?ﬁeai |1%90;>yss; b6, aV@Eé.aiglbhlir,]t1}9912r56al1|$38§b1“}ﬁs lmechanism
starting buil dj 0 .or the synthesis. 1 e sul phonium salts

are corrpouﬁ&‘gmwn%c eaggg%ggéalg&lls&f% 'HE] f’%mﬂkﬁ?lrﬂlﬂ‘?(’?lmmr(zé‘?%gh? ghaige of the
al ., Macr okolrmegish&as vat) Qbporid3d he@2Bk very RxpiSivE SIS, ALt HPFS eeRIORsH Breferred.
salts, too, the choice of thciaﬁcount erton is of critical 1nportance,

whi ch’ mani PEETRISH{S BN SUEB el it ghgice AT the gubstifpionyofrthy womgtictinguite free and is
pol yners. Fhermifdt subfsidhlisbatte a0klaBilinesk @ftatle bithige Whildh 5 i
Since the self- abssgl)lr pti on}so)]'ca i gdor?i ul%pand gul ptholnlgpnl1 slag]%?g&fsf&gt#é §<Y3n(5%3513'
nm thdfe JBAPYURMANTHENS arsccomppindp Mhishelegormonsjocoring to NorrishD (e vello et al.,
phot opol y et MedM dobo, MR HY 19 theS AL tof\ﬂ?evﬁﬂﬂﬂoﬁill.lﬂll ﬁltg,' tgg!t the -Emn?e 'of the
achi eved by the use of nore hidghly absorbing aromatics, 'such as, for
exanpl e, aR®HYeEB AeolgHicH dmpotampsy edhigh@oangfestaitself sibstan@hlsnin tBocuring rate of the
Pol ymer Pr LBL.S ( ; Jels i-azi.ne.or derivatives

t her eof ( Hggl&g?gs érlﬂ,l@%%g?eg%l %%: 3?%%1@%%?)%{“@}3 {E(Z)ézlbgﬂé-a%fﬁ%})‘qce Iﬂ?e ??ja%ia%g Tgijon of
be advant aépsongmtand gelphamiunt satte & 20K 300 emetherppmpochds mbe e approwgiadsly tdnsitized
radi at ijen . . in t he t.ybe and. concentratijo

o photial niFitas Ry HeRAb el BT b orcvale JHBRARPE TERG FhirkGh e use
ski |l ed i nof terechighly F4serbirigarenatios,isoched, oo rkangile, ahihfensl dhl) deR@eves (G et al.,

t he phot opql rizatign i s gasil si.blLe a person.skilled in
the art i naPhaTFBr Sof opBet PRk J80T Airet 14T AheREBar ShREHE T Brbtreof
quantity r dhgesalpMatlhmokculip@ien3a, Aesl24dyg. synt hesi s conponent s
avai l abl e for choice in each case, in particular the preferred

i . d toinitiat D 1, Xt f
et abut vl SrRONTUE OFRHEHS 10 dD B S h Lish eGP arHER Liarrding on the radiaion

tetrabutyl arnmoniu -
tri phea§| hevuydebmedifer, the etufidgh dieytypd diid OdtckiRation of photoinitiator must be adapted in a

tris(3-fluorophenyl)hexyl borate and_ tetrabutyl ammoni um . )
tris(3-chl Wﬁ&ﬁiﬂéﬁ% tﬁ%a‘?mn)sﬁﬁ'ilig Mot atte Lk 3bRVeaRratoned Gernfiggrtion iith regard to
exanpl e, ageFAdRPolohandorGs ARk PENE &Y QFersdﬁ%lﬁEti@me%@ithy?orrr@gii*!t"oﬁtine

A, pyrilliuml, safranine 0, cyanine, gallocyanine, brilliant green,
crystal vi GfRSTimenis pjn the belowpentiopadogapaty ratmerof thserompprentsi and the synthesis

addi tion t gorhfd@eOARBME S cHdlce iiPeath cast,NE pd 5&?&1"‘(1%?111’891%@@59&%3@ cl'aglggagents.l

the invention can al so be used free radical stabillzers; cata

and further additives with. W0 2010/037515- 15 - PCT/ EP2009/ 006984

X1V/ 1, 2pagereiensd otphglopitiatazp o) THF erfBixtyens| aef, Strehutdammoniign 1 tetrahexylborate,

Sui tabl e ClcagsRAaRhothSHBRG Boratd, et S4B ufion; :

for exanple, 2,6-di-tert-but ?ﬁﬁ?’% mgat H%pﬁ}éﬂ{f , %1}1@23)%& ﬁumﬁ&&gﬂ?&xﬂbom&

hydr oqui no#fss tetibyfylammanizgh diis3-chloroHH-methylphemylheaytpirate béshzépesr ohch as, for

optional | y..alsf G.AoNes, XANR - .

2,5-di-t er%- Lt@t _f/l q&?gr%one,ge(%ﬁéghﬁgeﬁ %ﬁg’l ngo arigﬁn%nteibtlzueaan%uﬁee%’,py?ll}% glgaﬁ%lme

di i sopr opyPastianiae,grllqshiennst biillizit geen, RPrisfabyivley ethyledoletadd thidniret abi | i zer s

are 2,6-di-tert-butyl-4-nethyl phenol, phenothi azi ne and benzhydrol .

Furt he r r; g e ed. . These pr.ef erabl .

cat al yg(gnt e h(l%{r%g%r ’é?\ga) él@?nngﬁﬁéo%ﬁi{pi%‘%se? anca’ trtrlgi %r?:u%g%gﬁ%%ﬁsm%ﬁ t[lalﬁérxr ention
can also be used free radical stabilizers, catalysts and further additives with,

Suitable free radical stabilizers E) are inhibitors and aﬂtioxidants, as described in "Methoden der

organischen Chemie [Methods in Organic Chemistry]” (Houben-Weyl), 4th edition, Volume



10 zi nc oct anoate, dibutyltin dilaurate, dinethyltin dicarboxylate,

. iron(Bl) acetylacetonate, iron(11) chloride, zinc chlori de

t et raal kyl am’ aAysr oxi des, al kal i hydr oxi des,

al cohol ates, a Eap? nmetal salts of |ong- cﬁal n fatty acids E@\L{(FT%BQ@)O@M
to 20 carbon atons and optionally OH side groups, |ead octanoate or

tertiary am nes, such as triethylamne, tributyl am ne,
di met hyl ber’¥fVapegeed33dt epc &MMWV@I]&Q,@WH 1961. Suitable classes of substances are,

di et hyl cy h m glra di.am nodi_e I

et her, bi s(di S{éﬁ%ﬁa ng%lgr\log?/ i iea for I\f’f?ﬁpﬁy FE’%%%%%WQT%W P9lngcresols,

m m Nd Iermr mdﬂoqmoﬁleﬁtmﬁiyl eltdtets, GOVBEHD: exhinplechenbtauiol, roprifany ble quinones, such
tet t

N, N, N, N-t e? F ;a 0{ hy &611??@ axgg cg—ﬁqrﬁlggltﬁqdmone optionally also aromatic amines, such as

N, N, N1, ]S\h | ldilb@irdip@rimﬁﬂiwdrfpﬁe{ﬁﬂﬁzﬁwa‘réﬂeﬁ&} R&: radical stabilizers are 2,6-di-tert-butyl-4-methyl-
pent anet hy etria t hyl pi per azi ne,

N- di net hyl zi%f"??@ié% r}b?zb%rag%ip‘?ﬁ’éhydi 2-di met hyl i r ni dazol e,

N- hydr oxypropyl i m dazol e, 1-azabicycl o[ 2. 2. 0l oct ane,

1, 4-di az abiFtwtb¢rmore2 ®né 2r 2ndt} cetubyste I()DABCKB) used. ﬁhdeaqméfermi»m eahsP A dfthane

such as tr 'Eﬁanopﬁ) Ifi‘lﬁl‘:les %ndt Irnlfetlﬁf o %Baj!s ?{atﬁ%lmetals tin, zmcy iron, glsmuth molybdenum,

N- et hyl di et am ne, M noet
2- (N, Ndi netchbdltapalcios apaygieth lamhﬂfcom[lm are preferably suitable for this purpose. Tin octanoate,

N—trls( |allcyl oa hydrot.ri azi.nes,
N N, N s TR P AR O 15 e RUREATLR dicerbailie, ion D) aceylacetonate, ron()
1, 4-di az ablch}j)ﬁli@[ﬁnchIﬂt}rﬁiéI eft8alky i@ edig WHORABA NEali metal hydroxides, alkali metal

di azabi cycl ecan 3, tetranethyl uani di ne,

1,3,4,6,7, §?°HB‘§%IH§7 hlmet%lsﬁﬁitﬁ HRf1 longEhsr fargﬁ%%(df haviggolfk tor2@jcagonrasoms and
parti cul ar loytigHalty €T Sk grai}JEt]bﬁLﬂcﬁhhbdfe B 8i8Fy" inds adudth %Sth&h hffine, tributylamine,
di butyltin dllaurate di met hyl tin_dicarboxylate, iron(l11

acet yl acet SiattYbepzyarging , éB?YGWFHEQetWIWB%t aﬂﬁ’éethﬂﬁé&@bwé%ﬂ@n% NN, N-tetra-

di aZ&bll@W'nﬁbﬁM’cﬂﬁﬁH&i £ lltﬁe?’b‘i oG NeN-methyl- g
1, 3,4, 6, hexahydrcl)epty eth Sgal o o(%mz a py}nf‘Jthl |%eN?hJImomh°Ilne

Hpyrimd
ex arrpl e, sé‘f W%m@@h?}l@élﬁhﬂ zeéfreé @Mﬁ@ﬁ)’l Aocyapbenybnorpheding, n iy, MHEN-&framethyl-
anti f oans Qﬂ’l %9&1&19@ I@S&I@W%ﬁétﬁy%@hﬁ%&%ﬁn&% %I rige%u %‘é’]hexane-l 6-diamine,

t her nopl ast i c po ymsrs ol 1 goners
funct i onal pgetemghyldisthplneiamifior ex dmmtle'lplmmlml s, elﬁdxnalﬂwlanmn@tlwlmpqndme

oxazol i nes ndy grou

exanpl e, 56{[2?%&2% o?%g%f eﬁ%dr%&)g@ AZ%IE lgmﬁ)ﬁ ﬁfﬂ‘“é Q]fdufhtaﬁaé’ﬂcy"lo'
auxi | i 20i e§2-aAlbcaudli tMCE) or MI%Mﬁﬁ?Sﬂ:ﬁﬁpdﬁds— PGutHEP20 9 A4169 8 mine,
Readi |y vol a

yent havi.ng. go w th the
fornul ati onstséi)m aﬁ‘?a et ?)\Ir'm%%l' aﬂ@ ﬁ‘f?fﬁﬁgg‘faimc’ aé’%&?’rpfi@e&’ﬂamoe’&%‘{latzem N-
Eut yl acet dtmthﬁmmhmﬁmxy)alhenop)r ef en\aﬂﬁ'lsmmll@etﬂ:l 1ﬁﬁ|11@Qhék@de§omdﬁhﬁﬁl cblgsgl N,N'.N-
aV|ng goo Lon ow volatility and a hi g ollin
poi nt are gﬁ# tg% ”t?grggylgg'ﬁ h‘é?@‘i‘tf}%rs 51t may allsbdiggbicyclo[2.2.2]octane,
advant ageouﬁzﬁjxdwloh@ﬁ@@ diakabidyblotisReame Il 13, ahe::hmm?g@&%ﬁa ¥,83,607,8-88@hydro-1-
urality of fypes can

type. cour.s Iur I|ty of. additives or a p

al so a%anf‘%?&’é’ga@TWg szeﬂpyr}’?fd]élﬁaﬁetpﬁ%‘ﬁmﬁr&ﬁlﬁ%ﬁ%nst| tuents 1) and

1), the nedia according to the invention may have one or nore cover

| ayers ||| Patiqulbthe ppéfataipodtylpes asd rdiutyitio rdﬂsmrma; al1d1elt1)y1ﬂim dvafRkyla@, iron(lll)

protect themfro irt nvi t al s. Plastjcs.fi]nms
or film coﬁpgélacte{nng)ef’st é%sddazgmyc!ﬂ?ggs@f’t@é?’ ?Zé 18¥° ononane,  diazabicycloundecane,
1,1,3,3-tetramethylguanidine, 1,3,4,6,7,8-hexahydro-1-methyl-2H-pyrimido(1,2-a)pyrimidine.

For_ example, solvents, plasticizers, levelling agents, wetting agents, antifoams or adhesion
30  promoters, but also polyurethanes, thermoplastic polymers, oligomers, compounds having further
functional groups, such as, for example, acetals, epoxide, oxetanes, oxazolines, dioxolanes and/or
hydrophilic groups, such as, for example, salts and/or polyethylene oxides, may be present as

further auxiliaries and additives G).



10pl anar gl ass plates, can be used for this purpose. Filmmaterials
- anal ogous to the materials used in the carrier |layer are preferably
used as cowep 2ofyey/31411), these a thickpgss of typically
gm preferably 8 to 125 gm particularly preferably 10 to ES%%HP]%Q&/OOGQM
Cover layers I11) having as snooth a surface as possible are
preferred. The roughness determ ned 15 according to DIN EN | SO 4288
" Geonet ri caleaphoeletile splvents iherng @rod Papatibilgyfitic the Tormulations essentigsfor the
condi ti on R3znfidrOfk cBRDID G acktste 4R hc%?d?e? ceEo(?le,t}:ge efgpa%gf sgq as solvents,
Preferred roughnesses are 1n the rarge o ess than or equal to F?"gm
preferably _less than or equal. to 0.5 gm If the cover layers Ill) are
optical |y tHEH p*ﬁ?"é‘%tg"‘?‘bﬁ%&t’ﬁ’@? POREEH ive ¥ latite and; ashigh geylingypaipfeare preferably
hol ogr aphi as&dde@BEfiEzeRy ocess, i.e. show high transmttances of
typically greater than 80% they 20 can be applied to the nmedium
according to the i.nvention even before the hol agr [.C exposure and
can r emay n L A e SRR e P St e e 6L e dvme) P Coues, a
they are nglurdlitpofgdditiesstar aphealitpdfagiea pi Asodaintageouly vt uad. a rul e be
effected without the cover layers Il11). The medi um according to the
invention it 5B60R OV | . rans nt _cover layer
after the hol ogr apgﬁﬁgpg&r%%tg%ﬂrtgs%ﬁmﬁgé %g?lﬁgg&f %rrlg g’(aatgjg PR Ve one or
t r anspar enesprd sovgelyars BB dnabrophetopslypreedteturedt seatadb iimerder tofprdtéve therciretidirt
accordi ng ' tign i transfer.. filmconmposite. in which
t he phot op%ﬁ%%ﬁ%o sglftgit Tmor s %){ragtfcﬁ {5 T £l %@p?sﬂtﬁr‘%%@?sl’ &Ft Hp glepgpats or
surfacéd8, phnggldss plaiearcan be usadifos this mkposanuf act uri ng nmet hods, such as
roll-to-roll nethods using |am nation, adhesion or another joining
techni que. FMOA0M 3TBIE: ol HBIcE 190 noLAIE(
stratumor strata 11). o%he gdh%??%é%?%%qaé%m%gﬁéé r?%%rpq%flg{;ﬁl?ﬂse%ﬁsdcover
phot opol yn#ayerst Wit thegeph thickpetsyefetypisilyab do P0 ig), podesiints ot I2Bnges pitiararly
that betwegpy, I stratum phot opol ynmer strata |I1) and cover
| ayer go ét}%g% ggﬁépg% ymer stratum photopol yner strata [1) remain
conpletely and wi thout destruction on the carrier filml) on said
renoval of CPHE 15Enl) havirgeas spoyth apefageras pessible arp grered iEhepheahogss [dytemmined
Strat umsor agdofdiedo iISINGHN 805 @5ks! Gebbhival Prth Wit ' "
the cover |ayer g_?_tf)l is renoved ]‘er omthe rretgi%gfgr(\ﬂﬁgra}i%?gé’ét)er, a%‘lél 'gé&ure... ’
conposi t e st spnditien B3zfronisad bkl ipwensidsradde berp owmsulre Prefared rerghedsds @re in the
any other sitf 36ES hahdr DA 4 ' j i IS
“di stingui sheg 1l rst}fay f)y&{awg%mngﬁreesf%mé@s%%th@e&gg%ggﬁ %ﬁ”?ﬁl‘et ween

photopolymlafr and carrier filml) in 10 order to ensure a stable film
conposi t e, Yol Quetokeery 1Y arhapticalie senspawn; fir dhe disht sonces whichds used dn the

carrier fihap i Bxpofi¥D YRSesd T khdw Bigh AThARkdRE & wﬁgﬁ%%rgﬁiﬁicﬁﬁﬁ they
and the phot opol ymer remai ns w thout destruction on"the new surface.’
The pr é8enfa baBRkgddn theumadivar spsording & the inyention gvendtefselthe dplogmphic exposure and
product i oncQf retif AR Bedifh QU RBing ThelHdfocl b3St

recordi ng ﬁolrggraris, in which onen%r enﬂgfogmgﬁ%F%%Ogﬁrfh%tﬂeg?alrre:{l%%Iraﬁparent’ the
15havi ng t helographiveiatirgynud eserildeciatol witkquethy kace thyem IH. Tlermédium hcording
and are apg| e ¢ BRbnGs Rl to be provided with the nontransparent cover layer after the holographic

exposure.

25  The method for determining the transparency is described above.

A preferred embodiment of the medium according to the invention is the transfer film composite in
which the photopolymer stratum or strata (II) can be transferred to other surfaces, in particular in
industrial manufacturing methods, such as roll-to-roll methods using lamination, adhesion or

another joining technique.

30  Said embodiment is characterized in that the cover layer III) consisting of a plastics film or a film |

composite system can be removed over the whole surface with application of little force from the



The conponents A) and B) are used in an OH/ NCO ratio to one another

~of typically 0.5 to 2.0, preferably 0.95 to 1.50, particularly

pref erabl y WO2010/0375183. The nethod acconding to the i nventpcayER2909/006924
preferably carried out in such a way that the synthesis conponents of
the pol yurethane conposition essential to the invention, with the
exception are honogeneously m xed wth one

he 20 t , .
anot her ang’E’P%?BaXIB?Fp%% O‘?‘%}r}aﬁa?})arﬁli‘ﬁ %éjé‘ﬁﬁ‘ferﬁ?éﬁi%é‘iwéﬁ‘yc@éffr(ﬁl@ D) and photopolymer

appl i cat i ontrh@mighetopelpSér atra Ol i B &&ﬁemls@mégé&l thiet MRASe®REn  photopolymer
appar at uses_ kn er se to the person skilled in the art fromm xin

own
“t echnol ogy ,Strgt?:l@l!i’hﬁgP"IV‘B?r ¥R a4 cever laverID astkibatarhotgpelbmery viamyphntepolymer
static m Xebta [§¥mbe célﬁ}_ﬁgefgr(ihcll mﬁoﬁ}dléétlggﬁon%v\tﬁé/ BArrier %ff:t Y& ?ﬁnovgt%of the

wi t hout dead spaces or with only sma ead spaces are pfeferred.
Fur t her Ror €OVSTeROYS: i n which the mixing is effected within a very
short tinme and with very thorough m xing of the two conponents to be

m xed are [rheftensfating bithp dhbtopdlyraer, strekymedt sGratdlixX EfeRied 88 RRIKI®] fedsNRIBMows:
in which t onents ﬁﬁme Into ﬁont act with one another only in

the i xer, [AfothS SPYeaver B eppeuedfipp dasgmedom. Thrra o forompaplisGmith the open

during thi $hpoesadsgat@ntabé Ranbfiited toling bR Meek On bRrtiBRSs this film composite is
parti cul a\r/\!éxl/ 30 preferably 20 to 60C, very particularly preferably 20

to 40C. SpatyeS sl by s highest/repitto sitobeDBAvenPheloPppRarind pyrrier £lm 1) in
preferned ioRieilgfukQ sEHbl%ViﬁﬂxtcoE{ﬂQst?ﬂe,eblft QIR P? tlﬁh&\%éggosrsﬁﬁé' aq%%longsﬁ%ﬁa% this
in the nedia obtainable. Prior to adm xing of"the conponent , the

m xtures ca&ATBe film e deaemgved: ieadhe taminstien jontadhesiodi rroess afd theophiotapdlymer

over Sever%mMi%ut&s%ﬁsﬁ%éh&gs&ﬁcéhe conponent A) gives a

clear, liquid formulation cures wthin a few seconds to a few
hours, at roomtenperature, depending on the conposition. The ratio

and the tygd® RIS swertiopifirheppore rlatesde p metipdh i Herprduptionpf dreanedis aecerding to
so that theheCitkéntign abiBle fodQeReTheX halSerths, GRRENH: &) m&%%&%}:%ﬁr}%} Srata I)

mnutes to an hour at roomtenperature. I'n a preferred enbc
the curlPnghrengie epraposttion desgribrd abovsgranleced on sreareierilbhandafe applicdrpad cured.
adm xing to ,
The components A) and B) are used in an OH/NCO ratio to one another of typically 0.5 to 2.0,

preferably 0.95 to 1.50, particularly preferably 0.97 to 1.33.

The method according to the invention is preferably carried out in such a way that the synthesis
components of the polyurethane composition essential to the invention, with the exception of the
20  component A), are homogeneously mixed with one another and the component A) is admixed

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

are suitable for this purpose.

The temperatures during this procedure are 0 to 100°C, preferably 10 to 80°C, particularly
30  preferably 20 to 60°C, very particularly preferably 20 to 40°C.

If necessary, the degassing of the individual components or of the total mixture under reduced

pressure of, for example, 1 mbar can also be carried out. Degassing, in particular, after addition of



10 tenperatures between 30 and 180C, preferably 40 to 120C,
- particularly preferably 50 to 100C. The abovenenti oned confi guration

w th regar dvbQoidigs7ewy i ng behaviour is eagily possible for Pb@%ﬁﬁéﬁ%984
skilled in the art easily in the formof routine experinments wthin
t he abovenentioned quantity range of conponents and the synthesis
conmponents avail able for choice in each case, in particular the
preferred dtompenaat Ayripprskred in arder tppeeypri pulthle formation dhropgheresidual gisagin the
of all conmpeReYLein.blee pol yuret hane conpositions essential to the
i nvention have viscosities at 25C of typically 10 to 100 000 nP. as,

preferably 100 tq 20 0080 nP. as, rticularly. preferably 200 to 15
000 nP. as, Pé&b‘@c"g’aﬁ‘%ﬁ F%CQPBN%P&&%X@GS eydertforedas asioragprgiable frigrmediate,
have very gneghirtdeeessienymphr@Perti es even in solvent-free form In _
solution with suitable solvents, viscosities at 25C bel ow 10 000

nP. as, Rref . hel 202000 I nP..as, particul arl referably bel ow
500 . S, 156 Mkl Orct BOfone g f8ia e Bl Bl R FEf G Vs e
abovenent i cereddsty pdewiducd) at rbom sampanming) depehdid®ogthabeinfbanibng a cat al yst
content of 0.004% by weight, cure at 25Cin less than 4 hours or, in
the case ofpua é%i%ta%lin-?ettE;ﬁé) : g, : 0.l n 1 hut es .
at 25C have prr oved to be gltg\%g{};:%lg e%usg&%m%ﬁ#éésﬁgég? ?e\getégki %Etjfg%%ﬂragﬂw cuting
met hods knefigr the adihising ef sempakit] Aeebcumn witha minbtes Buanhhoms at fodm temperature, In a
particul ar ' i R, in jntin cr.eenpr.intin .
sprayi ng of re?%fjﬁg%l{b g@?‘%‘%‘ﬁ ﬁ% ,cmg‘r?%tss? ai E%%? D% B gﬂagp% if%g‘Pﬁé?P ?%er?lf’feadlmxmg to
carri erl0l]) tenietaogeschebveenB0 aplt 86T, peyfqritily 40 1od06°0, partifidarBriréfeably 58 itd1 @ C.
range, including the near W range (total wavel ength w ndow 300-800

nm, can benpLodimediond Mﬁﬁgﬁ%u@vﬁ?&@ﬁrﬁ'tﬁ%etcgﬁﬁéjrgeh'aﬂ}f% | tf:?gssible for the
correspondi ng exposure processes. Visual holograns conprise 3l

hol ogr ans WAF¥hskelad ibethgart cedlydiadhd formeefwoutinekexpoimants pithis ohes alsiveinbredned
in the art el Ui NG ol | ' y! r). . rans,. . .
of f-axi s hg}] qg?arrgé, tff)inp%l%étrs tadtl}érI %etskggésisecgﬂ&gﬁeggr%%?ie lf%énqei"éﬁ%{:h case, m
transm ssi perticoNd e 08 ithesis @mpPETtsEP2009/ 006984 hol ogr ans

("rai nbow hol ograns”), Deni syuk hol ograns, off-axis reflection

hol ogr ass, hﬁﬁ%atél&%ﬁ&odoﬁﬂ[e@éqﬁjx%dofflﬁ|c@ﬂﬁ@ﬁﬂt@sf‘théhcgfng&%n%%igp&eﬁtwn@%gsieﬁﬁl to

hol ograms, Deni syuk hol ograns and transm ssion gr ans

pref er r ed. hSuEMetion dgraviscesitiss Shi20¥ploé tFrieallyelston 200 008dmBlas; apreferably 39 to
portraits, ,Hb@imbhd, AR BlerdBEN 98- L& ' n
digital data in secuIr)i ty ég%’cgﬁeents, i(g)fﬁ S)eﬁgpg(?ﬁgp%sgréSP%cggugaHe?egabﬁy d500 o
r epr esent a9 800 ®wP.a, raghat thay havagerysgaod erasesmefpwepedty @evén i sojvent-free form. In

security | , egct | rk b i ng, | abel
oo gn ol eqnmiam wih SRIRL SRERL PR b BRRTRUSYPLORH) by, PRty bolow
i mages 28nd28MemP.ask partievdarlypegfersblybelol S0 mPragprebesntabishgd.t al  dat a,

inter alia also in conbination with the products descri bed above.

il-br’rliogr gg?i PolyiRHER BRGNS of B bERERIFINCNBE which Nk &F 2bTE 381 £P3hd having a
d catalyst content of 0.004% by weight, cure at 25°C in less than 4 hours or, in the case of a catalyst

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

All respective customary methods known to the person skilled in the art, such as, in particular,
25  knifecoating, casting, printing, screenprinting, spraying or inkjet printing, are suitable for

application to the carrier I).

Holograms for optical applications in the entire visible range, including the near UV range (total
wavelength window 300-800 nm), can be produced on the media according to the invention by
corresponding exposure processes. Visnal holograms comprise all holograms which can be
30  recorded by methods known to persons skilled in the art, including, inter alia, in-line (Gabor)

holograms, off-axis holograms, full-aperture transfer holograms, white light transmission



16 they may al so represent inmage sequences, short filns or a nunber
- of different objects, depending fromwhich angle and with which |ight

source (i nGlEdighslo ing |ight source), etc it is illumna . i
to these vari gg ej;ﬁ?‘é% possibilities, ho?%gram;, in parti c%ﬁﬁpmﬁ%984
hol ograns, are an attractive technical solution for the

abovenenti oned application. The production of optical elenents, such
as | enses, helogragss('rahédw éotogoimst)) Denisyik Holdgrantss pffaixfsfraféction hdlgrams, edge-lit

screens, diffr [ nts (e.q. holo hi ¢c-optical_ el ements),

ot gui odeoEibe it dulIREhE Rinraofrieatin pRBeren Ry Joieims and
proj ect i on tsosnaiesion lwivgtanrs aphyotforretasks/ pl ates, have is also |Iikew se
possi bl e. Frequently, these optical elenents show a frequency

sel ecti Vit ¥y, 8R8H5H re illumnated and on ..
5t o o AR 0 S QOSAE oly DA U Bt
- PCT/ EP2009¢agade gvormruemirdstigitaliiata incletwity dapumziasypl eenenmile foraid iepreeshtation of
for illustrati t ccording t he i,nvention but are
not int endenglg%egqgeﬂ%ﬁ%)g?é{%%g%)f%gg%g%%&g’l NRE nlgl.’etlst’ﬁ[ag%%argcﬁr%t ction, trademark
ot herw se, bzdnding; labeds derignodemtente §ecarationsaiistranong efultijotrnby tivisghitageSand the

Starting rials: Preparation of..t. ret hane acr.yl ate (conponent
30 19 onts bl lghinpl FBRLR AR BT S 08 1 cor ety i ton products
dil aurate (dPesibaf zhpive HblogBmiierimbids eiidyadiBChe NEiredion of @WBE&UE:RRsional image but
Cer rranﬁé anlﬂe and %13. 07 gt.of a 27% strengklh solution of tri s(bpf )

i socyanat opiEMP) PHPBERBISPRES ¥Irgroes; Fprt TURe pLt Bumss ehdiffgrept objertardepending
product of fiayethichOaldld @id atifhCiWRIE clightSsokBY FEMSBR  mEFITREM) sOMREE etc it is
initially ipntrodu e8 into a 500 nl round-bottonmed flask and heated to
60C. Ther edf{mupateds S0wingiqq these aped dpagm nosybilitigsa thelogems. drldeaticular volume

dropwi se amglopfats HrednbieacWistedHichNButik B t12labSRRektitnkd a%ph?atf'oﬁ.ocya”at e
content had fallen below 0.1% Thereafter, cooling was ‘éffected and

t he et hyl etat.e was .conpletely renoved i n vacuo., The product _was .
obt ai ned aiﬁlg PLodstop L e F?ak ﬁ]tgmgl}éf’isﬁapi%leﬁﬁ%ﬁ%ffra’isi dsflegion; hizopsy filfeys, diffusion
conponéfit Icreghs18iffgactibn tlemens () ddlograpBic4piichl gleRbntS); GARI AURE WARRA (c.g.
374.81 ¢ O{h @E‘idi f.urbg%i onal pol ytetrahydrof uranpol yet her pol )'/ol )
(equi val ent®REPHHE EFacon ghtings) Rraipgsion rCEePR #/qr o g platfso havel s also
flask and heaviedpdssiblk2Beqndy, keRE offical HeBedi RGN AhubndyHelebtiv ,ede(Pending on
solids conhent ( {o ortion_of nonvolatile constituents) was 99. 5% by

wei ght or RPY et oﬂ%&sé‘ﬁﬁ@"@n&f@@)ﬁ@r@ hmdimensions oEdhie helder2o- t he product
was obtai ned as a waxy solid. Preparation of the polyol conmponent 2:




0.25 g of tin octanoate, 374.81 g of e-caprolactone and 141.51 g of

- Baysilon OFOH 502 6% (a hydroxyal kyl -functional (a, co-carbinol)

pol ydi net hyweiJoosrass)swere initially intpgduced into a 11 fplagderansioososa
heated to 150C and kept at this tenperature until the solids content
(proportion of 25 nonvolatile constituents) was 99.5% by wei ght or

hi gher . Th‘jieaftl cooling was effected and the product was obtained
as a waxy thod for determ ning DE and An of hol ographic

formul ations: WD 2010/ 037515-21 - PCT/ EP2009/ 006984 Fi gure 1:

Ceonetry ofTha follbegeagxhinplesrack mehtembdarfo:aﬁllu&r&ang&ﬁe phvtopEtydes |aastihg to the

for witin ct|o hol ogr '[ro shutter SF =
spatial fi Iq?ven{mrblf 2 6P lfﬂr?ﬁ‘fg‘ to rgén‘?der%f?‘{ B@‘Eg bmitfng: Uplgss noted otherwise, all
pol ari zat i G&t@l@j&&bﬁtageeaﬂaeamsiabdzr&énebywagm detector, | =iris

di aphragm a =21.8 and f3 = 41.8 are the angles of incidence for the
coherentﬁ,] rree%sured outside the sanple (outside 5 the nediun).
The bea &%&f—"ﬁ% (eni ssion wavel ength 633 nn) was converted
with the aid of the spatial filter (SF) and together with the

col I'i mat i ofreparstigro)thé wethane paylité @mpamng€heous beam The final
cross sections of the signal and reference beamare established by

the iris dIOaporcﬂ'QZ@di(tlaﬂt-but?MEQ!h§Eﬁén%f (p(fSé be dib[lfyﬁmdéhﬂi?ﬂ{écg 11%91% dnﬂ Bayer

is 0.4 cm _The gl)ol ari zation-dependent beam splitfters
the | aser D&HsHA Mot AF> boyrdrien Camany endind2da. OBeafmZ?’WslaenEﬂneowlan oftns(p

pl ates, thgscRpRiopRinyth hﬁlJpﬁ(ﬁsﬁﬁeﬁQCﬁ Qﬁﬁv\/%%ate gb&?&oﬁlgf@Ple% S gnd of Bayer

t he povver of the signal béamto ovwers were deferninéd

usi ng tife ddawerisdieinnes &G, dTeEtVeltktlS?rls Gem)anyl tweres inelly intodneet] intd hee 5901@1[ @ound-
of inci dengg: (a4 ﬁa{skta!ﬂg hgzﬁéaﬁ{oeaﬁe J?ﬁe%gﬁlels 4%]37% oq'rﬁdht ho?cye 39 acry?ate were added

I ncidence (0 of the si
dropwise and the n:nxture was further kept at 60°C until the isocyanate content had fallen below

0.1%. Thereafter, cooling was effected and the ethyl acetate was completely removed in vacuo.

The product was obtained as a semictystalline solid.
15  Preparation of the polyol component 1:

0.18 g of tin octanoate, 374.81g of e-caprolactone and 37481 g of a difunctional
polytetrahydrofuranpolyetherpolyol (equivalent weight 500 g/mol OH) were initially introduced
into a 1 1 flask and heated to 120°C and kept at this temperature until the solids content (proportion
of nonvolatile constituents) was 99.5% by weight or higher. Thereafter, cooling was effected and

20  the product was obtained as a waxy solid.
Preparation of the polyol component 2:

0.25 g of tin octanoate, 374.81 g of e-caprolactone and 141.51 g of ‘Baysilon OFOH 502 6% (a
hydroxyalkyl-functional (a,m-carbinol) polydimethylsiloxane) were initially introduced into a 11
flask and heated to 150°C and kept at this temperature until the solids content (proportion of
25  nonvolatile constituents) was 99.5% by weight or higher. Thereafter, cooling was effected and the

product was obtained as a waxy solid.
Methed for determining DE and An of holographic formulations:

The media produced were tested with regard to their holographic properties DE and An by means

of a measuring arrangement according to Figure 1, as follows:



4i.8. At the location of the sanple (nmedium, the interference field
. of the two overl appi ng beans 15 produced a grating of |ight and dark

strips whi Ggoapgyeeispendi cular to the angLe bi sectors of t??g%g%%’%%%“

beans incident on the sanple (reflection hologram. The st

A, al so known as grating period, in the mediumis -225 inn

(refractive index of the nedium assuned to be - 1.504). Hol ograns

were witt ditguraflo Gedreetryedli albwlbgraghie ndedik | testdr ng )Jmm?eﬁm ([—BQ!dWhlaﬁﬂh)dere&ﬁting a
S) are opened.for .the osure ti t. 20 Thereafter, with shutters
(S) ol osed RO bR BI BTob b S i ol i s 2
of the stil I ' -sWshtivie BELTIHAEE DS= | id L8R go
wer e now rgzlaaé@?ﬁgtzyhﬁﬁdgﬂva%k%ngnner. The s%élft fﬁ) é’r oi:‘?iglt&1 %gﬁg%’n(%l ggga?ﬁldﬁ
remai ned clobled arerthe aaglen af dpcidepee fyr the splarent beantsempaswad outpide 8. saffible (outside
iris di gphagmdimy he reference beamwas closed to a diameter of < 1

mm This ensured t'hat the beam was al ways 25 conpletely in the
previously witten hol ogramfor all angles (Q of rotation of the .
medi um Thehe beamt abHe-Nedergelemissiap weeslengiri3p oin) weocmwertbdtwits thajtl ef the spatial

range fromeers®) 5 tbdethe? Qithnk Roha & L B ePlon@edRoud¥eaGOFHL final
bR P emorciy

angl e Q approached, the powers of t ns i the Zero
order wer e crsa 8wt ¢fythersignad aod reftrence drenre spoentiiblished dyaltd ois dPphragnds [(B. The

powers of LES gg é; fl I rder wer sur ed

roans of ¢ Karay oEvS it akEAl Bl e i tpPhelfieat SoMR Hiet anee o5
at eachOangblg thg hpprieas ired twes cdhengemipontedifeams. Waa 2Q102 @ﬁ?&,lt?e pﬁv?rer of the

- PCT/ EP2009/,0069 PD PD PT PD i tg‘f r in the detector of the
di f fract ed "DESATand2PTas sl 050(5\;3?1 ﬁg‘?% RAEEOF Gte ggnaf feam to 0.65 mW. The
transm tt egobeamere determined using the semiconductor detectors (D) with sample removed. The angle of
incidence (@) of the reference beam is 21.8° and the angle of incidence (B) of the signal beam is
41.8°. At the location of the sample (medium), the interference field of the two overlapping beams
15  produced a grating of light and dark strips which are perpendicular to the angle bisectors of the

two beams incident on the sample (reflection hologram). The strip spacing A, also known as

grating period, in the medium is ~ 225 nm (refractive index of the medium assumed to be ~ 1.504).

Holograms were written into the medium in the following manner:
¢ Both shutters (S) are opened for the exposure time t.

20 e Thereafter, with shutters (S) closed, the medium was allowed a time of 5 minutes for

diffusion of the still unpolymerized writing monomers.

The holograms written were now read in the following manner. The shutter of the signal beam
remained closed. The shutter of the reference beam was opened. The iris diaphragm of the
reference beam was closed to a diameter of < 1 mm. This ensured that the beam was always
25  completely in the previously written hologram for all angles (Q) of rotation of the medium. The
turntable, under computer control, covered the angle range from Q = 0° to Q = 20° with an angle
step width of 0.05°. At each angle Q approached, the powers of the beam transmitted in the zeroth
order were measured by means of the cormresponding 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)

30  was obtained at each angle Q approached as the guotient of:



By neans of the nethod described above, the Bragg curve (it describes
- the diffraction efficiency ri 5 as a function of the angle Q of

rotation ofywbheigwiAsien hol ogram) was negsured and was sto j
conputer. In addition, the intensity transmtted in the ze?ggﬁ%(r)gge/?%ggd’

was al so plotted against the angle 12 of rotation and stored in a
conput er. The maxi mumdiffraction efficiency (DE = rli.) of the

hol ogram i.e. its peak value, was deternfhed. It nmay have been
necessary for this purpose to change théppg,tion of the detector of

10 the diffracted beamin order to determ ne this maxi num val ue. The
refractive index contrast An and the thickness d of the photopol yner.

| ayer wer e Padsuidgoereninnbe ddsctoredis diffrattae bemu plder) MeheepotRe I e (&Ectorttdf the
Kogel ni k, 'lc'l_he Bﬁ'dh S%stem Techni cal Journal, Volume 48, Novenber

1969, Numbef g™ T’oageé 2909 - page 2947) fromthe neasured Bragg curve
and the variation of the transmtted intensity as a function of

angl e. The Byahdaedof the slehod ddaaibed Bk alé BASEOr@H @TlciPibdQBSdifftdtsiod &iciency 1
following is true for, the Bratgg curve ri(Q of a reflection hologram
11 -1 - @/ qP2e fmsherofthegnels el opppmefithy whteimlogpmn) WasTeEPEdeod pesgs4d in a

" X qcos( a8mpes{ #iladitioh, BleNh@hsity Pandnitied i thE IS6RL5r6F Was Also plotled against the

angle €2 of rotation and stored in a computer.

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

10 the diffracted beam in order to determine this maximum value.

The refractive index contrast An and the thickness d of the photopolymer layer were now

determined by means of the coupled wave theory (cf. H. Kogelnik, The Bell System Technical

Journal, Volume 48, November 1969, Number 9, page 2909 - page 2947) from the measured Bragg

curve and the variation of the transmitted intensity as a function of angle. The method is described
15  below:

According to Kogelnik, the following is true for the Bragg curve 1)((2) of a reflection hologram:

1
T‘:
1+ I_‘(X/q))2 X
sinhz( o’ ~x2)

with:



A =2 n cos(tv - a) nsin(cci). sin(a), n sin(13") = sin(13) AO -
- AC2 1 1- sin2(cc) 4) is the grating thickness, x is the detuning

par anet er and ohd/ois154he angle of tilt okathe refractive i
grating which was witten, a' and 13 corﬁ%espond to the angﬁg)st%oggr{o 6984
13 during witing of the hologram but neasured in the nmedium AS is
t he angl e detuning neasured in the medium i.e. the 5 deviation from
the angle a'. All is the angle detuning neasys ed outside the nmedi um
i.e. the deviation fromthe angl e%Wage refractive
i ndex of the photopol ymer and was set VPS4 8% ~24)s t he wavel ength of
the laser light in vacuo. The naxierqu_diirfairr(a'eu!ng efficiency (DE =
tbmix) is then obtained for x = 0, i.eA-&s@'®y),2as: An - d DE =
tanh2(4)) = tanh'i" X .ilcosta') cos‘g._aog.-210) 10 The neasured data of
the diffraction efficiency, the th i cal Bragg curve and the
transmtted intensity are shown in Figure 2 plotted against the
centered angle of rotation S2-a Shi:fl.—i@?&, owi ng to geonetric
shrinkage and the change in the aver&dgeof T8kti ve i ndex duri ng the
phot opol yneri zation, the angl e safc)ssidh), DEii(E) vee@Bur ed deters from a,
the x axis is centered around this shif;ﬁ@ift is typically 0 to
2. 15 Since DE is known, the shap®-ofAdhe th tic Bragg curve
according to Kogelnik is determ ned onl "f)yfﬂt‘ &) t hi ckness d of the
phot opol yner | ayer. An is subsequently corrected via DE for a given
t hi ckness d so that neasurenent and theory of DE al ways agree. d is
now adapt e isrth¢ pratifigethivRidss) 40 Shel debidngQfardniteer hhd $lis 8RR GAEIE BT Mit BT MHeMBfractive
of the thegretical Bragg curve agree with the angle positions of the

first secomsF graiBs st s prEen. o AR coBerppRf torihq angles ping 8 diringoweiting/of the
the full WhdioBragDb@tmddald | R P f : [ Br .
curve and t heQrtar ansn];i]t t edd 1Ji‘iprst;l':l%ensi ty Aﬁ%hga%%@%%%ﬁ%%ﬁ%ﬁEﬂhﬁﬂmﬁ%gﬂ, L. the
- PCT/ EP2009£ 08898016 tec anglehes’. diC? éc the anglie nlewdning hmaasured besitlé die hedimg) RéNthe
concom tantly rotates on reconstruction nmeans of a K2 scan, but

Che” det eor aPpisR RirE g HPee 35 AR e HGAEeCaR eyt BUE* Oribg PLPIORE SR pset o
range, the 1Boagdgis eierwReledgtibsRBdlaftoliggiaRud small d) is not conpletely
detected in an sz scan, but only the central region, with suitable

det ect or poii tioning, That shape of the transmtted intensity which
is The maximum'diffraction efficiency (DE = Ty, is then obtained for x =0, i.e. AQ = 0, as:

DE=tanh2((D)=tanh2( n An-d J

- Jeos(o’)- cos{a'—2w)

10 The measured data of the diffraction efficiency, the theoretical Bragg curve and the transmitted
intensity are shown in Figure 2 plotted against the centered angle of rotation Q-ot shift. Since,
owing to geometric shrinkage and the change in the average refractive index during the

photopolymerization, the angle at which DE is measured deters from o, the x axis is centered

around this shift. The shift is typically 0° to 2°.

15 Since DE is known, the shape of the theoretic 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 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

20  at half maximum (FWHM) for the theoretical Bragg curve and the transmitted intensity agree.



5conpl enmentary to the Bragg curve is therefore additionally used for

- adapting the layer thickness d. Figure 2: Plot of the Bragg curve il
accordi ng twoKegebsisks (dashed line), of bhe neasured diffragd

efficiency (solid circles) and of the transmtted power (blac S(())P?/806984

| i ne) against the angle detuning All. Since, owing to geonetric

shrinkage and the change of the average refractive index during the

phot opol yneitcgahe directiondn abishen erfloctionciielapian sonvemitantls dotdie§ foerrecohstartion by

a, the x 1Qaxi, | The

00 to 2 ForhoiPtRll Bl uPhrul Salid b SOGeRE oty el Bl Senet. me

several ti riragd @lrvedoﬂﬂrﬁ’ddmlogﬁxrpqwﬂlédﬁlls ﬁ]iBtScdmpﬂlHﬂeljﬂ étéddeintan B Edad, bRt only the
nci dent | aser beam

order to det ne the, ave ener dose_of the

at whi ch DE° f?‘"bai]é G50 iR S%‘Etf’@%g‘ieﬁ8hp‘%°a’élgdﬂta Pwiil the Hgpsitied jpsensity which is
hol ogr af ThepRirestageo ¢S4y c0as & tEeresteQaalabmgi w6 QlahRng tﬁemg@} H&ness d.
powers of the two part-beans coordl nated with the angles a and p 1

(Pa = 0.50 o—tgj3 , the exposure tine t and the dlarreter

of the iri i%y%g ngﬁrﬂf( T889) CUree Ingfcoeupip to Kogelnilp(dashepline), ¢fsthe zpeasured
0.42 cm TherRawarFhiaénch oA RDeAI

power density is achi evgg in thegrredl tmtﬁar?he aﬁgwglg(bgﬂgtr?dlwgnéa%%m the
20 Met hod fBgle detumipgfy r%nwméweg)tvt@emetaﬁ ghreikagtrdmd H@ daanga lof themfarege refractive

tension: A: t n rri

nonpol ar rrelg&sgg rd?[fril{ég ﬁlgglhgtgg‘ﬁﬁ%ézg@ﬂ& 16:tae b ,w§ﬂ31‘? f:)sorfl%‘f’lsur %H&%BSH%‘HP%’ the x
fracti df) iasiskswenrred Acmod thisrshift fih&iﬂhs tﬁﬂdlly‘eﬁdtr( D. K. Oaens and R C.
Wendt, J. Appl Polym Sci. 13 (1969), pp. 1741-1747), the nonpol ar

and pol ar state tension to

det er m ned cg%&gg{ﬁé@% e lﬁlsaltrocﬁd‘trﬁ&?e?osglhg’ r%aféﬁ Tz,-mies for\@?erem exposure times ¢

2010/ 0375150 deffererP@edEP2008 00 Q8xniR: hb agernde dnb@ymalse%/éﬂ th€ ?ﬁﬂﬁﬂﬁﬁ&er beam at
of urethane

prepared as.d bove re.mxed wth

acryl ate fr&lﬁﬁ%é% eh§ ° SHar ge value fuging N—“&t‘@&q é?/t“g?ﬁTtlﬁdﬁ@ aygragsraegy dose E
that a cl e@éotﬁﬁﬁd&ds@‘ﬂldﬂ@ﬂ‘roﬁb&a 8@4}s of the E%ﬁ[h'@-b%ﬁﬂls QJo?cﬁﬁs&éNnthBnél&%t and P
|socyanate reactive_conponent ﬁ’é,nts B an i ncl udi ng 5cat al yst

(F): 9185 &of AN Yonddh = Gifpaenthe zxms@pam@d aad thiediemetbeef the vediaphragm
wer e mxed( EIQ 3.75 g of urethane acrylate from Exanple 1, 0.003 g

of Fonrez UL 28 (urethani zation catal yst, commercial product from
Monentive Performance Chemcals, Wlton, CT, USA) and 0.525 g of

N- et hyl pyrrol i done at 50C so that a cI e%r lpo_“g,t-r lo&)was obt ai ned.

E (mJ/cm’

n-0.4* cm?

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

medium at the angles o and B used.
20 Method for determining the contact angle and the total surface tension;

A contact angle measurement was carried out with polar and nonpolar measuring liquids whose
surface tension (polar and nonpolar fraction) is known. According to Owens and Wendt (DK.
Owens and R.C. Wendt, J. Appl. Polym. Sci. 13 (1969), pp. 1741-1747), the nonpolar and polar

fraction of the solid-state surface tension to be determined can be caleulated therefrom.

25 Example 1:

Exemplary preparation of the isocyanate-reactive component (parts B and C according to

the invention):



10 Results from the measurenment of the contact angl e: Sanpl eTot al
“surface tension [mM\/n] PC (Malcrofol (r) DE 1-1, 175 gm cast film
comer ci al wodughdA 14 from Bayer Materi.gbSci ence AG  Leverdeqs@b009/006984
Germany) PC (Pokal on OG 461, 30 gm cast film commercial product
fromi2.1 LOFO High Tech Film GrbH, Weil am Rhein, Germany) fCTA o0
Tacphan P913 G, 80 gnm) cast film comercial product46.2 fromlL '

I(—|i g hpTec h 248 POlVRE CPIRARFIHTep2redias AetyPETOYCrIEEE BN WIEN 73 of urethane
4600, 36 gmkryleds frothi Exainple ANaHRI05928 g cﬁfl@-gﬁlflﬁﬁgolﬁcﬁé Ar50d¢: LS HRI £ Blcar solutiolt'l was
Pol yester Film GrbH, Wesbaden, Gernany |Socyanate-reactive conponen
(parts B ar?étaEB"Q? | socyanat e-reactive conponent (parts B and C)

I ncl udi ng catalyst (F)20 The total surface tension val ue obtained for
the i socyangkamla@dGrbpisaGeTBOBRNsodyRRAth Sed3tifd forkiordR (208 B and ©), includi

i socyanat e- reagta?%(ei;rc%rr?)onent (pa(r) ts B aﬁ% %] ?[ﬁ%q ugﬁ‘%‘ cal? aﬁ‘ys(_g)’ (Iﬁ“dmg
in the éxpertalshffldescribed above is I ess than the surface tension of
each of the four selected substrates (part | of the hol ograpgl C f
recor di ng_ i ithhe SIMR SSHASRLAS prrAfaRE BGORSLH AR Ohixda 48RS 78 W raS
quality of the 15ceoat| ng are fulpfni%JIa{%e%. éFgl s Il'eads e_to T aﬂ@%ar e%t(_)fure ane
filnms whi clicnlege figmbixamply 1t B80%e 0f Fanre: VLB urethagieatmn dtataW@, commercial product

2010/ 03751 FronPfombtive @B%&%ﬁ&%‘%ﬁﬁlcals, Wilton, CT, USA) and 0.525 g of N-ethylpyrrolidone at

30°C so that a clear solution was obtained,

10 Results from the measurement of the contact angle:

Sample Total surface tension
[mN/m]
PC (Makrofol® DE 1-1, 175 pm) cast film, commercial product 44.4

from Bayer MaterialScience AG, Leverkusen, Germany)

PC (Pokalon OG 461, 30 pm) cast film, commercial product from 421
LOFO High Tech Film GmbH, Weil am Rhein, Germany)

CTA (Tacphan P913 GL, 80 um) cast film, commercial product 46.2
from LOFO High Tech Film GmbH, Weil am Rhein, Germany

PET (Hostaphan GN 36 4600, 36 pm) cast film, commercial product 48.3
from Mitsubishi Polyester Film GmbH, Wiesbaden, Germany

Isocyanate-reactive component (parts B and C) 37
Isocyanate-reactive component (parts B and C) including catalyst (F) 20

The total surface tension value obtained for the isocyanate-reactive component (parts B and C) and
the isocyanate-reactive component (parts B and C) including catalyst (F) in the experiment
described above is less than the surface tension of each of the four selected substrates (part I of the
holographic recording medium). Consequently, the preconditions for a good surface quality of the

15 coating are fulfilled. This leads to transparent films which are usable in the entire visible range and



can be used as a photopol ynmer for the representation of high-contrast

~ holograns in the context of the above description. Exanple 2

Product i on Wb 20h@o3msh ®gr aphi ¢ nedi a basedson phot opol yner fermiabd/eikogs
with photoinitiator for 5 determ ning the perfornmance paraneters DE

and am St arti ng materials used for the photopol ymer: Polyner matrix
conponent durg{}%t XP 25 9, an experimental product of Bayer

Mat eri al ScFé‘h ee“%& as £ BhePRolERsH rlﬂ‘f reprgtentaipn ppHehennirash holRgramin the context of
di i socyanatik: Mevélddsstipeibh.onal poI ypropyl ene oxi de having a

nunber - average nol ar mass of 2000 g/ nmol, NCO content: 5.6 - 10 6.4%

- Conponent B; difunctional polypropyl ene oxi de havi ng a nunber-average
nol ar nass m g/ mol, commercial product of Bayer WMaterial Science
AG Leverkusen, Germany. Witing nononer (conponent C): 25%

proportion Pl@f)ﬂuwngtkﬂthe hOIOQE@ﬁ@inleﬁ bae® on (&S tfm@ulatllbﬁf"%ﬁ%gﬂlﬁpﬁor for
bl ue 0. 10%W|th Cd. 909 (experinmental product of 15C ba Inc., Basel

Swit zer| andl?te?f’@)ﬁlmﬁ&GWGﬁP@?BTW&meWIW%P?M‘byr rol i done, proportion of

N- et hyl pyrrolidone 3.5% Catal yst used (conponent F): Fonrez(r) UL28
0.05% ur e@mgzﬂété%&@dﬂﬁﬁbhotgﬁ&d%é?yl bi s (1-

oxoneodecCOoxy] st annane, commercial product from Mmentive Perfornmance
Chem cal s, | ton, CT, USA (used_as 10% strength solution in

N- et hyl pyr P8IYIEE featrix \gempenent 047 Desody®_ &T?%%z@@m@mml Lrsqdsict j of gBayer
agent : Byk(Materiaiddiched lalt Q!

o, Veae e hT e ooyt MEARL F Yant AL b fncrona
Mal crof ol BEYRoRYlers exi bqwr(gsap@nb%vmgean@@q vpsef 000 /ewk NCE enntent: 5.6 —

Ger manyth Wity PEorfepBhent/B: &lﬁlﬁgtlolllé‘irﬂo%%pgﬁné BLise errg aghdﬂ\b%l'-gvera%g nm%aryr}mss of

4000 g/mol, commercial product of Bayer MaterialScience AG, Leverkusen, Germany.

Writing monomer (component C): 25% proportion by weight.

H“N’ﬁ\o/\/OH

Photoinitiator (component D): New methylene blue 0.10% with CGI 909 (experimental product of
15 Ciba Inc., Basel, Switzerland) 1%, both dissolved in N-ethylpyrrolidone, proportion of N-
ethylpyrrolidone 3.5%

Catalyst used (comporent F): Fomrez® UL28 0.05%, urethanization catalyst, dimethylbis[(1-
oxoneodecl)oxy]stannane, commercial product from Momentive Performance Chemicals, Wilton,

CT, USA (used as 10% strength solution in N-ethylpyrrolidone)



5 Top lamnating film PE 40 gm snooth. (Bischoff & Klein, Gernany)

- For the production of the hol ographic nedia, the conponent B), the
conmponent CGYO(2ehe/63¥5hhy al ready have been7predi ssol ved i n POg/EP2009/006934
conponent B)) and optionally the additives are dissolved in the

i socyanat e-reacti ve conponent B), opti onaIIy at 60C, in the dark.

Thereafter, socy onent ‘A ng i's

ef fected agLae"lR“!;'ryalll e ﬁg?é g@r{?‘g&m%ﬁgdi cﬁﬁ t“’e%%&gﬁ%éﬁf’w Grplf1, Wesel,
sol ution ofzswmm@lnmmmnhn@leﬂe}sowwed and mxing is effected in the
Speedm xer again for 1 minute. The m'xture obtained is applied to the

Makrof ol s ooI m_f ecoaf er The knifecoating .
ot hod 1 s CRERGR: Baded 0P RS e GRS abbCeiSHetrmoapmans) with
in/rain. Tmccm:umgbmk1m1hmlau(mmhaﬂbsameﬁme§naa§)f ected in the dryer at .
80-100C_f or. r| ng .t he contact angl e of the

conposi ton, ® 8 Pa&’lngglﬂff‘fpa{ac@ }{%ﬁg‘?‘)@h Bischoff & KlenGerpe) 15 det er mi ned.

For the hoI ographi ¢ nmedi um obtained in Exanple 2, a An of 0.012 was

obt ai ned f Glor teepredueri@Qer B asIgNaFhXS Srela, %hé-gorﬂﬁ'dnﬁ g h8 %oﬂe\geﬁta@} {vHich may
ef ficiency

yas ?‘f—b% and the | ayer thickness
2010/ 03751558y W@PE@@@M@% ggthe Ff&%@ﬁﬁmcﬁ)h?nﬁlsoptl&na%&ewﬁd@mﬁ%d@solved in
for recor ditRgistihRes-REHive @&ﬁifﬂhbrﬁ'B‘onﬁnfﬁly%rﬁb‘@ fin (R dAfK @hdtnRf tl?e 1socyanate

transparent material or material composite whi chis transparen
light in tKEDRPERIHHIES %‘Eﬁééﬁ?damwahiﬁfee&ed agrinindls paedyriecsfesr! minuim. fsﬁv%quenﬂy,

St he wayel anghilion ANaR &fnpaﬁgt b? is/Red Bd ﬁﬂ&g’*ﬁ%fﬁeﬁéd Rlnt?é hg%é&&&?%&ﬁg for 1

on one or both sides and'Il)at” | east one optlona
phot opol ymainue.‘Bae W‘H{S’mb?%dtlbanph@i wethe Makrofo) S‘dm!atb as:ecbaung tool (knifecoater).

pol yur et hange (RARAsIN: AfSod 1§ Qﬁg?z{c'te%fzagb}%fec%at@f) Ll%'@%%y BLE speed 0.7 m/min. The

conponent,
curing of the PU formulation is effected in the dryer at 80-100°C for 10-15 min.

By measuring the contact angle of the compositon, a total surface tension of 23.7 mN/m was

15  determined.

For the holographic medium obtained in Example 2, a An of 0.012 was obtained for the average

energy dose E = 18 mJ/cm®. The diffraction efficiency was 98% and the layer thickness d was
55 pm.



B) an isocyanate-reactive conponent, C) conpounds which have groups
" reacting under the action of actinic radiation with ethylenically

unsat ur at edWo@up®03TE$s Wi t h pol yneri zati ong(radi ati on- curi NGcayEP4B89/006984
and which thenmsel ves are free of NCO groups, 15D)photoinitiators E
free radical stabilizers F) optionally catalysts G optionally

auxi liari e; anotl ]addi tives. 2. Media according to Caiml,

characteri it the carrier |) is based on pol ycarbonat e,
20pol yet hyl ene terephthal ate and/or cellulose triacetate or glass as

materials. 3. MiMédumeseblifagedofiifg BlogabsMonprisinpar act eri zed in that
the carrier 1) is based on dupl ex or trlpi ex films as materials or

mat eri al conposigtes. ia accordi to any, of Clains . 1to 3, . .
characterized in thatasta%g%eérar ‘i?uéar fpgérgn Sé’a]i‘fﬁtrI@?tﬁlﬂgoéﬁ??é‘?mt&%?@?%H’hwh 1s

via the nean optical tmedparedibilight,in tfe vﬁsaﬂsSgehmral@e(}mminﬁssz&bgr' b eddhah 85% in
according to any of ains. 1 10 4 har a ri zed.in that e carrier

1) is t;%eat ed on one "8 VH5tE gt@irﬂlég ofé(ﬂ)r?ﬁ%gppgﬁ%f‘%%f’wnﬁl s ptgdjog one or
wat er repellent, hydbofides snd scratch-resistant, reflective or
antireflective. WD 2010/037515- 29 -PCT/ EP2009/ 006984 6. Medi a

phot opol ynner st ot a | [ty gbforgty BRNGEL Hd B bpiel ket atnlfe g g grer
Bhot oBoI yner strata appbasedor peljuaylene tdmmbitineg nore than 200 p.m 7.
Medi a according to any of Clainms 1 to 6, characterized in that the

pol yur et hane conposi tcj,lgﬂ%i f the photopol ymer strata H) have a total
surface tension which is I ess than that of the carrier 1), including

any coaltoi ngs. A)

a polyisocyanate component,
B)  anisocyanate-reactive component,

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

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

2. Media according to Claim 1, characterized in that the carrier I) is based on polycarbonate,

20 polyethylene terephthalate and/or cellulose triacetate or glass as materials.

3. Media according to Claim I or 2, characterized in that the carrier I) is based on duplex or

triplex films as materials or material composites.

4.  Media according to any of Claims 1 to 3, characterized in that the carrier I) has a

birefringence, expressed via the mean optical retardation, of less than 1000 nm.

25 5. Media according to any of Claims ! to 4, characterized in that the carrier I) is treated on one
or both sides to make it nontacky, antistatic, water repellent, hydrophilic, scratch-resistant,

reflective or antireflective.



8. Media according to any of Clainms 1 to 7, characterized in that the
- pol yur et hane conpositions in conponent C) conprise one or nore

conmpounds okotdoeohorsmsil ae (1) to (111): _oformula (1) 10 e @od/blisosa
, X NHO Forrmula (D) WD 2010/037515- 30 - PCT/ EP2009/ 006984 in whicC

'R i ndependently of one another, are in each case a radi ation-curable

roup and : : o
g P 6. Media according to any of Claims 1 to 5, characterized in that the photopolymer strata 1)

have a total layer thickness, based on all photopolymer strata applied in layer IT} of not more
than 200 pm.

7. Media according to any of Claims 1 to 6, characterized in that the polyurethane compositions
5 of the photopolymer strata IT) have a total surface tension which is less than that of the carrier

D), including any coatings.

8. Media according to any of Claims 1 to 7, characterized in that the polyurethane compositions

in component C} comprise one or more compounds of the formulae (T) to (III):

H
0 X 0
N R
R=X Formula ()
0
LT
R 0
X7 N NH
" A
0 X 0
>N R
10 R=X Formula (IT)
H H
N

Formula (IIT}



X, i ndependent|y of one another, are in each case a single bond

" between R and C=0 or a linear, branched or cyclic

hydr ocar borwDadi@éa3750Ht i onal | y cont ai ni ngo5het er oat ons and/p@T/EP2009/006984
optionally substituted by functional groups. 9. Media according to

any of Clains.1 to 8, characterized in that they conprise one or nore
cover |ayers III% ﬁ% t he photopol yner stratumlil). 10. Method for

t he production at % ﬁia suitable for recording hol ograns according to
any of Clains.1 to 9, in which one or nore optionally multilayer

phot opol yner st ffat a Independenthywf bhesmhothOr, aredn caah rise n rafjatiamduratls gdup drdd

Use of nedia according to any of Clains 1 to 9 as optical elenents,

or images or forx, nﬁg&isﬁ@ﬁézﬁ%@ﬁ'foﬁé areaﬂuePFareOih%&Céab&Qs&é b%ﬁt@%e&(ﬂmd C=0
recordi ng holograns medi a according to any ?

are exposed by means %fa dinears dyranghagimor 1gyclic hyd.rocarbon radical optionally containing
5 heteroatoms and/or optionally substituted by functional groups.

9. Media according to any of Claims 1 to 8, characterized in that they comprise one or more

cover layers IIT) on the photopolymer stratum IT).

10.  Method for the production of media suitable for recording holograms according to any of

Claims 1 to 9, in which one or more optionally multilayer photopolymer strata II) are applied

10 to a carrier I) and cured.

11. Use of media according to any of Claims 1 to 9 as optical elements, or images or for image

‘representation or projection

12. Method for recording holograms, in which media according to any of Claims 1 to 9 are

exposed by means of a laser beam.,
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