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25  typical film structure and the application of various polyurethane formulations as a photopolymer
in the film composite. The use of prepolymer-based polyurethane formulations for a coated film
with the combination of a dye/initiator mixture which covers the complete visible wavelength

spectrum (400-800 nm) has on the other hand not been previously described.

It was an object of the present invention to provide polyurethane compositions from which it is
30  possible to prepare holographic photopolymers having good surface quality and processability,

which also have a good refractive index contrast.

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

prepolymer-based polyurethane compositions are used in combination with certain polyether



5prepol yner whose NCO groups are primarily aliphatically bonded and
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particul arly preferred and HDI is very particularly preferred.

F) optionally catalysts

15 G) optionally auxiliaries and additives.

The prepolymers of components A) which are essential to the invention are obtained in a manner
well known per se to the person skilled in the art by reacting monomeric, oligomeric or
polyisocyanates Al) with isocyanate-reactive compounds A2) in suifable stoichiometry with

optional use of catalysts and solvents.

20  In this way, NCO-functional prepolymers having urethane, allophanate, biuret and/or amide groups

can be prepared.

Suitable polyisocyanates Al) are all aliphatic, cycloaliphatic, aromatic or araliphatic di- and
{riisocyanates known per se to the person skilled in the art, it being unimportant whether these
were obtained by means of phosgenation or by phosgene-free processes. In addition, the higher
25  molecular weight secondary products of monomeric di- and/or triisocyanates having a urethane,
urea, carbodiimide, acylurea, isocyanurate, allophanate, biuret, oxadiazinefrione, uretdione or
iminooxadiazinedione structuré which are well known per se to the person skilled in the art, can

also be used, in each case individually or in any desired mixtures.

Preferred monomeric di- or triisocyanates which can be used as component Al) are butylene



OH-functional conpounds having an CH functionality of, preferably 1.9
to 2.01, particularly 5 preferably 2.0, fre used as
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Poly(propylene oxides) of the abovementioned functionality range, having number average molar

30  masses between 650 g/mol and 4500 g/mol, particularly preferably having number average molar
masses between 1000 g/mol and 4100 g/mol and very particularly preferably having number
average molar masses between 1900 g/mol and 2100 g/mol, are particularly preferably used as
A2).
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pol y(THF), polyester-, polycarbonate- anedpol yacryl atepol yol s havi ng
nunber average nolar nasses up to 10 000 g/ nol or any desired
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cycl oal i phatdférediurethdngd are @hosP BANRSNCY FnRtiGTalifieLorSIV foah)] endufi|fbef Hrage molar
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are butyl egggdhieris @z pol?m@ﬁ@gﬁ%@s afEARPRIL Y B eduhSBRMARALRatb A 2.0 t0 3.2 or
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Preferably, the prepolymers described above have residual contents of free monomeric isocyanate
of less than 1% by weight, particularly preferably less than 0.5% by weight, very particularly
35  preferably less than 0.2% by weight.



proportionately to contain isocyanates which are reacted conpletely

or partly with bl ocking agents known to tke person skilled in the art
fromcoating technology. The follow ng may be nentioned 20 as an

exanpl e of &y BekL N G &' thél | i n|

esters, al kyl acét ogcet at es, t%@gﬁ’r? Lg&hﬁh@ﬁem% ?Jr:lﬁgénz‘g?&e@,’ bdinponent A) may
pyr azol es a:nntalamrmst;onsmlyrﬁlether lsooyanetxambrethbml@hem abpliatie and cycloaliphatic di-,
di i sopropyl 1-1.2.4-1r]azo

di et hyl nalt%rr:aargﬁlyls%{;ﬁanfneg brb O%Igge us?d t%:e Ehl Onose 1t lS also poss'lb% "to use mlxéjres of such
3, 5-di net h)dl-p}ti-azqioﬁnso&ymtas d}::amphmof bhﬁaﬁletﬁbtﬂ-ﬁrh@tyispbmtﬁe are butylene diiso-

cycl opent anone, car box est er n esired. m xtur f ese
b1 ocki ng. agufiet: Doty L gipevdeti (IR rophrms Sistroatate GBP B ey soeyanato s
prepol ymer gisesamidrhéthyljootah)€2,2, BV &dldr AU ﬁfr%eﬂ@ﬁﬁxérﬁbt@lene&ﬁﬁ@dﬂrﬁﬂa@é {TMDI), the

all pol yfunctianal, |socyanate reactive pol yet her pol yol s which
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present invention, i socyanaté-reactive groups efera ytr ox
conpounds. csﬂwmbinsﬂptbﬁnyf dlzmcatanaimlu-plmyzlymdu@cymt@t i2vie mdfqno’l:ﬁrttduylene

BIJI ;Egr@gg éi?g% %naﬁyfmﬁaﬁgqg%@r Fdé %C?ana? p06|4§,45? é’%?{‘i’% %rlg cyana{e triphenyl-

pr ef er abl y niegtene xdy4*f4dmeiisocyshhte parl ;la'tv’aﬁsrepahgf@dehavmg ) uret‘l‘ilineg: h1rea carbodiimide,
pol yadduct ave a bl ock st]hgt}ll;:ture Sui t ahl e c cli c thers are, for

exanpl e, laf/ﬂ‘é"ﬁ% lﬁggyﬂggate ! anpte, Biyrely é;xa ogﬁ }OB% or iminooxadiazinedione

t et rahydr ofsiHichire &Hdt WigiiRs Othbdef. RiWi t&ﬁ@hyﬂiﬁddn oRNEligdM¥ri£tas hidast der:vanzed
m xtures thereof. Polyhydric alcohols having an OH functionality of

2 and pri mdfigecyanatesceiieinmgrediped &emegrepss Qnsézﬁaranﬁe by eyteblegnethads.ue partiear those
as starjsergs %{g@{gﬁ&eiﬁlfg fifte Abee. H‘éﬁn(&}?ﬁ‘&l ohg?ﬁnerlc ikde gar@:%’es u]retdlones and

tetraethylene gly . 1, 2-propanedi 0 and tetrapropyl ene
gl ycol , 1, 3mpropdieidediones of HDbandemiauimslther@pfsw phuiculadyipreferred.
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2, 2-di met h)f is @381? (% PR gésgifie }df* e ab ?rf%ﬁé’dc Egﬁgﬁ(a%] %cc:]m%qnentlA)l&qmp]etely or

1, 4- dlneth exan ane ecanée
dodecanedi (pl'qpoiti“ohﬁtely toy baitgin tspém&ateghl}ldem@ l‘eaﬁréd eumyplelels ior miﬂyﬂfmh bloeldng agents

wi th one anot her. 10Such Iyet her ol S erabl y. haye nu

aver age mola¢Wihigde gers¢n sreiin W&O@% feating @eql%gen gl @Ylﬁws@?aa@meaﬁwﬂed
1000 t @065@0 af) @M plAHbIY &G &g@ﬂ@ £sdhals) Mct%@foﬁfnﬂ:?' Mal6hic 296Q, 511@y1 4&@(chtates,
g/ nol . TheC]—Ifunctlonallty preferaby 1.5 to 4.0, partlcu arly

pr ef er abl y triazgles, oohgngls, lfl‘nd%hﬁ,t PﬁGW-OleécﬂﬂﬁmﬁF B}Chrﬁéyfﬁl exgmplgn bRARPDE ERime,

mol ecul ar mﬂcﬁ%l{a{#“f"r Paving ofo! (ﬁ&\a}:'h Er?%l@ Uhidagiis n%i?&gl ﬁnq‘ﬂonate ethyl

g/ mol), short cont af ni ng carbon atd
aral i phati @cmaCGIEtcyGicetahe phrane,c 3dkd1methylpyrazmde, pebgp&qlmam,onhteﬂehutydﬂwmmme,

The use of c?c%peeng onrc%X o;q}'Je 5 es?er or any desired mixtures of these blocking agents.

25  Preferably, exclusively the above-described prepolymers essential to the invention are used in A).

Essentially all polyfunctional, isocyanate-reactive polyether polyols which preferably have on

average at least 1.5 isocyanate-reactive groups per molecule can be used as component B).

In the context of the present invention, isocyanate-reactive groups are preferably hydroxy

compounds.

30  Suitable polyfunctional, isocyanate-reactive compounds of the abovementioned type are, for
example, polyester, polyether, polycarbonate, poly(methjacrylate and/or polyurethanepolyols,
preferably hydroxy-functional polyetherpolyols.

Polyetherpolyols are optionally polyadducts of cyclic ethers with OH-functional starter molecules,



pol yet herpolyols is preferred. Preferred conpounds of conponent B)
are pol y(propyl ene oxi des), poly(ethylengsoxides) and conbinations
thereof in the formof random or bl ock copol yners and bI ock

O T o BRSO s Uock Blichlre SURERR OIS are] B RERAE R oxices,

of ethyl ene oXi ased on per “cen

product, i setl-gteeé exnd&:;lpyo;iy&ﬂs ok:ﬂanetﬁﬁ%roman,t huﬂ:)llérﬁrokidepe’pﬁﬁl&frﬂbﬂﬁn endt 4@ desired
bet ween 55% % | ess than 30% and very particularly preferably

| ess than fﬁ r ti onal pol yetherpol yol s based on propyl ene oxi de
and et hyl ene OXIde, having a proportion of ethylene oxide of |ess

than 10% b)PoMii'(Q‘hI alcdhasehavitiy snent fihaloniTag of of2 sliepiasenir eeniay hlﬁll'nes and
and a nunber ?rage no)] ar nass between 2000 and 4200 g/ npl are

as very “parfitaaicohpls cpn g wed avstartyre Exanalesds these 2e Aibanrdivl d) tri- Wetetraethylene
conponent s ofyko@NY- %@aﬁécﬁoluﬁﬁdtri Rnd ?&raﬁf%ﬁﬁ@x{eaéw&p I@-gﬁgpﬁe%stlm%%& 1,3-

fornmul ation’in an t1o to one anot her

1.2, pref erbaignsdid, BB-butgnadigpl, S pentensdiod deﬁahexa)edmh r263-imethy ht.ppropensdiol, 1,4-di-
and/ or _ur ethpgrpr ag@leﬂﬁ%&" & ?ﬁmgkg&ﬁ@c Be)Ja 19%&218%19&“ 'ICIO-SdEESag%} U RPE

unit and a Ive 1 ndeX nm at
Ur et hane BGOQWeH)oactmmbtaylebr@ame, lydeolsirmoueamedlmawmgwmmmpemuﬂm
havi ng at | east one acryl ate or net hacryl ate group, which

ddi ti 1y .h et | t kno
comourtle. SHit BESHRTRr RER Mg/ Rl Qo RO Hriey A PRORaP! 0 1 450b gimo,
(et h) acr ylpatieuludly hreferably o6ty 200 @ 650TCYmOINadd GeryPPaHichlarly- préferably of 1900 to

4500 g/mol. The OH functionality is preferably 1.5 to 4.0, particularly preferably 1.8 to 3.0.

In addition, component B) may also contain low molecular weight (i.e. having molecular weights
of less than 500 g/mol), short-chain (i.e. containing 2 to 20 carbon atoms) aliphatic, araliphatic or
15 cycloaliphatic di-, tri- or polyfunctional alcohols. The use of pure hydroxy-functional

polyetherpolyols is preferred.

Preferred compounds of component B) are poly(propylene oxides), poly(ethylene oxides) and
combinations thereof in the form of random or block copolymers and block copolymers of
propylene oxide and/or ethylene oxide. The proportion of ethylene oxide, based on per cent by

20 weight of the total product, is preferably less than 55%, particularly preferably either between 55%
and 45% or less than 30% and very particularly preferably less than 10%. ‘

Difunctional polyetherpolyols based on propylene oxide and ethylene oxide, having a proportion
of ethylene oxide of less than 10% by weight, based on the total mass of the parent polyether, and
a number average molar mass between 2000 and 4200 g/mol are used as very particularly preferred

25  compounds of component B).

The components A) and B) are used in the preparation of the photopolymer formulation in an

OH/NCO ratio to one another of], typically, 0.9 to 1.2, preferably 0.95 to 1.05.

In component C), urethane acrylates and/or urethane methacrylates having at least one aromatic
structural unit and a refractive index greater than 1.50 at 405 nm are used. Urethane
30  (meth)acrylates are understood as meaning compounds having at least one acrylate or methacrylate
group, which additionally have at least one urethane bond. It is known that such compounds can be

obtained by reacting a hydroxy-functional (meth)acrylate with an isocyanate-functional compound.



Exanpl es of isocyanates which can be used for this purpose are
aromatic, araliphatic, aliphatic and cyct®daliphatic di-, tri- or
pol yi socyanates. It is also possible to use mxtures of such di-

tri- or polBiafplyanBb@anatdeetigh @a bofised lﬂir&lﬁbhl&p@ﬂe-arc drérhaticPdraliphatic, ahphatlc and
pol yi socyanat ut yl ene djisoc exanet hyl ene diisqcyanate,

t
(M), i soprféffla#&)%aﬁlq g‘oc‘p‘aﬁéP%‘Y’é‘PWEﬂa}/ o lse alsejp?sg%ytariﬁs gniztures gf such di-, tri- or
(i socyanat giuftideyyahares, aﬂﬁmp?eszoi‘lSult@Hg/ d ta- & f)bﬁfsb%ﬁ&ié@l E&%Xﬁffﬁ&{}yalﬁgﬁl nate,

di i socyanate, the isoneric s(4 -i socyanat ocycl’ohexyfi net’hanes an
m xtures t Hexeethyiensi rfbls%ﬂﬂyﬂaﬁfes(m i isnpherene odfiseetanate  (IPDI),  1,8-diisocyanato-4-

| socyanat Or’fﬁka%hatamgch i€ ﬂi h S Yo@%ftrm;eﬁhé h(éX&ll 2% Q&g?nate, the isomeric

di i socyanat'e, e | soneric cycCl ohexanédi net ene socyan
1, 4- pheny| erist4, dl‘i-lswemclehexm)mthmd /and mixnGes thenayf lmvmgdmy slegingd ristrer content,
1, 5- napht hy] epe

4 - met h ] ,
iS00y anotdsVipafiletgEY 8O8Re ofsdtyingfl 1 hdialo BBl ARty epmeric ovelo-
4,4, 4" - tr iliesmeyiartlynantiisédynmles; i qphyBiat Qﬁb@?yﬂa)e t2'|4 O@Jﬂm Wbmy&he diiso-

t he derlvatlves t hereof . havi ng. a ureth
acyl urea, YR E d’tth F% ﬁ?féf?’é’te’b%’ar et"r ggaaﬁpg ﬁ%ptﬂl‘ﬁnﬁn fisocyanate, 1,5-

ur et di opge Qfapﬁtﬁgmoambﬁ&mee@a;mema&twﬁtweraﬂﬁlsoewﬁawrm Haﬁ:t@&fyanatophenyl)
Aromatic di-, tri- or polyisocyanates are preferred. Suitable
hydr oxy- f urfbiophpsehates oF yihert desivesivesrgtherenfr havinges vrothanen curps; egsslogiimisie, @eylurea,

ur et hane a?f" #ﬁ%m&t ﬁoﬁ{aﬁ e,fl:%refs)&?{tm']zﬁn Ffbﬂm&ﬁgﬁe M GHinBSkadiazinedione structure

2- hydr oxye acr yl'ene oxi
mono( et h) a@d yietures theysof. ykpmmqjgclde-nm- oxpaddsacyamaiesrat pyederred| at es,
pol yal kyl ene oxi de nmono( net h) - acryl ates, poly(e-caprol actone)

h
gﬂ%rﬁgcﬁ%gélﬁgﬁ&?x)ﬁgﬁ% §§1 ac %tgsp rarq%}hg%sttgsgﬁ)glt% éﬂeg gat&m q‘} uretle)an? aI:rylates
(et h) alor y lasd, dor &ambged camjyouRdsugh WQWH@KW (ﬁ\ﬁﬁ)abl)yhﬁd’ )pbﬁfeﬁylene ox1de. mono-

hydr oxypr opyl rre acryl ate h heno r | .

ey bt o Rt AP SR S Boro e s, PAHIRY e cxidgy mono(meth)
pol yhydric aeilyra@éaobay(a%u&maat%né)rméﬂ%trhefﬁ)gérpmpasﬂ& anfUICé(aﬁl:p]e Tone® M100 (Dow,
pentaerythritol, dipentaerythritol, ethoxyl ated r opoxyl at ed or

al koxy! at edschwalbashhyFesmamtp rhydragyrers o(methyaomylater thirqulputyl (meth)acrylate, 3-

s L R L e ik e

pol y( e-Wapmatrasymo) acrplaty, the hijraxy- iuhet[oaasl ame-, di- of tstraawlatmﬁwolybydmakcehols

Cnsat ur at caEoRUORR CISEaR ARG oL PP h dsh B KA LoD Biegufpeponisied

alhone or i rr Cﬂﬁ&ymﬁd: Qﬂm%{lblptdp&n@bglym,ntpbﬁlﬂﬁﬂhﬂmﬂﬁﬂﬁéntﬁerﬁtﬁﬂﬁDLﬁid&dlasmal
The epox t acr a n er se ontal nl n roups an

havi nS cxy-i g!’&irrg‘ﬂ’é@?ﬁttté“%/ﬁ %@ﬁ@@w\g@f 2 ammwb 5 gwgm%buw? acrylate and
(met h) acr ylp%fy?esca FHMc?dn@] %n&ﬁﬁﬂ@ﬁ%]atw %Hﬁef@r@éb WEMr Qe Q.ﬁ’i%fcnﬁsslswyanate

20 to 300 or acryl ated pol yacrylates having OH contents of
20 to 30 3w@cﬁ'¢f ﬂmqmgrlannpwrmrm @@atm@ﬂégmmw%cwmma&mrwete anggr methacrylate

t
Tt ur s wiRP e b2 e o BHAIER e BBl BIBh e HRA R AHAHBRSZT: epory
pol yesters (m@mlaalyiﬂtqsgkrtwmr peryste, gerstiping iythioxp @rongs taed hevieg ) crytbats of 20 to
can |1 kew %ﬁp Wga&ﬁﬁfgr%@&?éﬁeﬁ k. Bery A & orr'?t'engu hie{g{_ré’)@%'&r(@{{p‘s’%é 08 on

havi ng a de unc y’are
(et h) acr ylcamrezss adrfaitcilng nfg)ldmbgybr acrplated ]mﬂ)mcﬂy&mdhavmgpaﬂt cantdngsr oDA0 to

react| acr aC| d .and/ or th C a W t h

oot 1 Lo s a3t e SorSrBr e ol RcHERrS B Mstiikd polyesters

bi s phenol Aont&hﬁ@h?&@?l@rouﬁ@%ﬂ}ﬁﬂh@és vﬁfhﬂrf oBestBrUtnathdstyddtesidr niki@res of unsaturated
e

et hoxylated - 8 - an ropoxyl at ed rivatives thereof. Epoxy

acryl at es RAVEHYS sodanipg syor ’a»ﬂcsfquawth pofyestes (mathyagrglaep £al w@aﬂaerbsﬁfqdh%poxy
known reacty9ntefcoR@inlg Kydeddyf gRORY Afd KRnBaACHN S oS RRCiBhME i preferred.

Epoxy (meth)acrylates containing hydroxyl groups are based in particular on reaction products of

35 acrylic acid and/or methacrylic acid with epoxides (glycidyl compounds) of monomeric,

oligomeric or polymeric bisphenol A, bisphenol F, hexanediol and/or butanediol or the ethoxylated



In a very particularly preferred enbodi nent, the adducts of aromatic
triisocyanates (very particularly preferaply

tris-(4-phenylisocyanato) thiophosphate or trinmers of aromatic 15

di i socyanat &/or §+b§5maie& &erthn%Q ﬁxef%'of %W%ﬁzﬁ‘és nm@ a@éﬁﬁ%ﬁﬁﬂaﬂihty, as can be
acrylate, hydroxypropyl acrylate, hydroxybutyl acrylate are us€d as
conponent Qbtained ﬁromuﬂtehknt)%rryacpm tqch)ElWI geipranfiior roethesrtiisdipeid rand glycidy!

adduct s of ate with hydroxyet hyl acryl ate,
hydroxyprop@r‘ hQ%:W%i@eqﬂ%ﬁﬂ%gréﬁ&g%@]y acrylate are used as conponent

C. Suitable conpounds of conponent D) are, for exanple, inhibitors

and ant i oxiUesthers (nmeth)eargaies otiibs ebdviementionat typscathioh havei a lehhthmh achenticl s;ructural

g{j?? |n Iof]c_’he n%ha%e )Eﬁ% I\ﬁ& Buggff ﬂ?\%&r ]ul%ﬁ‘@'lec H?Q%ﬁcr%la{ey re ractgg[e g?é gj ?f typlcally,

1961. Suit agwéameraﬂaaslsﬁ)s pefersiipgestactham Bsseandfveny panan’(aﬂyz prefdrstity praatersthial .58 at
as, for exapple, 2,6-di-tert-butyl-4- nethyl phenol, cresols,

hydr oqui non Ir'benzyl al cohol s, such as, for exanple, benzhydrol,
optionally al so gui nones, such as, for exanple,

2,5-di-t ertPahuthgtpterﬂafba,co@pbman 1Leyusad &Qoalb@:mai C)3ar35ﬁﬂaﬂ@§c 184¢€ Ahdafethane
d| i sopropyl am ne or phenothiazine. 2,6-D -tert-butyl-4- rret&% phenol ,

phenot hi azimhacylaes: basabapmensic, ‘SOZY%’{G?]W bydraxeipthy li‘F‘h'@ﬂ‘F’e exypropyl acrylate,

benzhydjgl rr e oi
CO”pongILO? gﬁﬁ%ﬁgi@ar %%lgtt?; dyﬁﬂ{rgpin?ata gfrag \Ankﬁqntc)% can lg"reacP ﬁgﬂ? %?ne oxide

actinic radnqw(rmih)awmlatem trobrablylengyoloyider i meno{methlaérylaiee et r pslytsrapralgctone)

pol yneri za Photoinitiators are comercially
distribute lﬁ&a}gﬁgﬂ%mm per se, a distinction being nmade between

nmononol ecul ar (type I') and binolecular (type Il) initiators.
Furt her nor dn zdefpenuhmgulmty tphﬁemdﬂlenmb@dlmmt tlueeaddud:tesﬁ‘ immaﬁlcatms@ymms (very

used for fre i cal o cationic d) for

Sboverent | JRERAYy sty | g hehg RS hiSphofpa Jors *ilsn of Homatc
t he phosoi mlfscbc?mtesssﬂsm @Jﬁbhﬁﬂ%ﬁ@ﬂilﬁb%@nﬁéb ‘Eerlﬁ:dﬂﬁaaﬁﬁ‘éc@% BpRBkyBHIpMGCrylate,
of a mxture an amoni um aryl borate and éne or nore dyes, are useg
here. For ézmxabuwle@qrﬂsfat e AI¥FD R FRTPIER hyinhww%rm particularly preferred

tetrabutyl ¥R hddusk %fﬁhﬂi@rﬁ&ﬁﬁﬁ% DI%}‘%E@Q\H@I@&%& thyl acrylate, hydroxypropyl
t et rabutyl ammoni um tris(3-chl oro-4-met hyl phenyl ) héxyl borate”ar

sui t abl e agcerintbAihydioxepust! perylateareusedes compprenties are, for exarrpl e,
new net hyl ene bl ue, thionine, Basi c YeI | ow, pinacynol chloride,

rhodam ne %ﬁ aﬂ@lcbﬁ AL N oo F‘r}pm{é E Fftﬁﬁrﬁ%l!eanﬁ Bifors andcﬁlllt%%d'aﬂ? as are

Bl ue, quina dhe re crysta |'Tant green, Astraz
Or ange 28, Iﬂasqnbwl Iﬁe‘cbxaipphoml “rh»@thqdetherl ocgaﬁaec,heﬁ g;heqnyerﬁl\r{dthqumf Orgamarﬁ:lhcmlstry]”

e e B Ahal URRBE e 598 S50 o 51

10Pr ef er r ebufthisd olagdes @feuubstmEs) ardy for lariple] teneth, shet Asa Ry teXdnfpIEIR(Y- &1 rt-butyl-4-
t et r ahexyl bor a henyl hexyl bor at_ e,

t et r abut nmmni um tri
t et rabutyl é?ﬁﬁlﬁ’ﬁﬂﬁﬁl’ﬁ Iy crespls. %V%Bﬂ‘ﬁ‘ﬂﬂéhy FP(EX pahglsatsuchy g8 for' example, benzhydrol,
tetrabutyl %E}ijuy AR rqhﬁlé)ﬁéscmcﬁ (29, fr E’.ﬁhmél @b—%ﬂbéb‘t)-ﬂ'h%?{d]%’éaélﬁmnally als&, aromatic

( conponent such as, fof exanple frazon Oran

met hyl efe MRS, ﬁq@wsmqﬁm%@um Qrephenpstigzines,  pyrillium
2,6-Di-tert-butyl-4-methylphenol, phenothiazine, p-methyoxyphenol, 2-methoxy-p-hydroquinone
and benzhydrol are preferred.

One or more photoinitiators are used as component E). These are usually initiators which can be
activated by actinic radiation and initiate a polymerization of the corresponding polymerizable
30  groups. Photoinitiators are commercially distributed compounds known per se, a distinction being
made between monomolecular (type I} and bimoelecular (type II) initiators. Furthermore, depending
on the chemical nature, these initiators are used for free radical, anionic (or) cationic (or mixed)

forms of the abovementioned polymerizations.



safranine 0, cyanine, gallocyanine, brilliant green, crystal violet,
ethyl violet and thionine 15 (conponent-¥2)). The conbi nation of one

bl ue-sensitive, one green-sensitive and one red-sensitive dye each

(e.g. Astrabypa IOndiapes, S)ches el phviobiitéatoraymiemsaiwsmb'emjd Eha J3R358Y aadhcbneisting of

of the abovernrﬁxtio d bor%t% sal bs |ssl£dart|cul a;lﬁ referrgo&i P |
Opti onal |y DAESFY Yoft ARPRNRS A RRl A Gaeqr J9r ?ﬁ‘%oﬂﬁ’dgse fhere. ror exampie,
conponent Ftktrabiiiymncmmn Gelplednylhéxybotste, &Eﬁ&h@laﬁhmmgnﬁ hﬂs(BHﬂQbﬂbﬁhE@yl)hexbeorate

oct anoat o, SHriEUEPAHLIm PEeplors-R gy HaaDBesylooras” 5 Buiable' a”amioniur

di met hyli srilboras CNERBIE dyds) £ oSk @RI R w rﬁBtKWJnQ)the' fRidaine BRVWVIBWEpinacynol
zi rconi um bi s(et hyl hexanoat e zi.rconi um act eyl acetonate or _tertiar

am nes, suctoside, thoamine £ gallocyaninegethylwipiek WisteriaBlpe By Gelesiife Blue, quinaldine red,

di azabi cycl QNnenafifet, brilliant green, Astrazon Orange G, Darrow R Basic Red 29,
di azabi cycldgﬁndecane 1,1, 3gr3-tetrarret h;r/ nSuanl dillrnoé"r leg’ Elyr%m g h a)%‘éhye

r o- 1- met hy 1pygilfunply FYW@G’@Q T@ﬂa)epg/bium adiia &\ (C_lﬁmnyumydzttai rRafiTeeh#83¥arth America
di et hyl bi %/%B%%F 8%@%{0%9@%] §téhn %cy?bno%gl n di carboxyl at e,

1, 4- di azabicyclo ocCt ne, di azabi cyc
Ioundecane
t et rarretmyllgefamd:li photdinBiatby6, E) 8- dnexaﬁiytdre@ lofetetngtiuty2dthmpynianm detabe:Zdmrate,

bt onal |y BEOHS B RS ey B RPise, st mitabin Gy EGGhensbhenytoorat

customary iand tt&&badyﬁﬁmﬂfnuﬁl@arﬁd(}l@llb@@hﬁah)ﬂﬁhénylﬁl&ilb@&eS(@bxﬁ]ﬁ:l’hbﬁ, El)) with dyes,
pl astici zers, %el | ing agents, antifoans, or _adhesi on pronote

Preferably S, P » £13irezon Osangp G ey kiak, bl b ety cge Bl aﬁ@reA pyrillium

properties,y Eéﬂ’ﬂniﬁ@l@t byahiny, @eﬂgcﬁnﬂh gﬁhlhﬁ}it %M QBf'stht wo@!"rétﬁ’ﬂewa&t én\ﬂethtonme
conpounds, such as, for exanpl €, polydinet oxanes, can be used

as | eveld| i feprengaent £2)) Thewpymbiriation Qfeonahmaﬂm@éwge gxenrmsemh%u@l ope teg-sensitive
use a plur 3&&'5 teiécl‘g 6e.g;dlgklrra{z¥ﬁ“50r% OB e l'%(/p Sio egagilgolltl&\i I etﬂg eng%llle ? c{?:g of the

advant ageo se a plural

of types. THbpieomhtiquadboptelsyies pzrocqmmwefemsl conprise: 10 to 30% by

wei ght of the conponent A), 25 to 79.497% by wei ght of the conponent

B). Optionally one or more catalysts can be used as compounds of component F). These are catalysts
for accelerating the urethane formation. Known catalysts for this purpose are, for example, tin

20  octanoate, zinc octanoate, dibutyltin dilaurate, dimethylbis[(1-oxoneodecyl)oxy]stannane,
dimethyltin dicarboxylate, zirconium bis(ethylhexanoate), zirconium acteylacetonate or tertiary
amines, such as, 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.

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

preferred.

Of course, further additives G) can optionally be used. These may be, for example, additives
30  customary in the area of coating technology, such as solvents, plasticizers, levelling agents,
antifoams or adhesion promoters. Preferably used plasticizers are liquids having good dissolving
properties, low volatility and a high boiling point. Surface-active compounds, such as, for example,
polydimethylsiloxanes, can be used as levelling agents. It may also be advantageous

simultaneously to use a plurality of additives of one type. Of course, it may also be advantageous



5 10 to 40% by wei ght of the conmponent C) 0 to 1% by wei ght of free
radi cal stabilizers D) 0.5 to 3% by wei gho-of photoinitiators El) in
each case 0.001 to 0.2% by weight of the three dyes E2) which are
tail ored i m dshe phinsivy pf addivspefatpluratity of typss. | aser wavel engt hs red,
green and blue 10 0 to 4% by wei ght of catalysts F) 0 to 10% by

wei ght of ﬁuxli | i grti es. and addi.tti ves _Preferably, the pol yurethane
conpositio &P 5%8 7o TSOPRE TGN EHPRT S conprise 15 to 30% by wei ght
of the components A) 30 to 60.96% by wei ght of the conmponent B), 20
to 35% by wWetafos nf weibkt of drepompodentd), 50. 01 to 0. 5% by wei ght of free
radi cal stabilizers D) 1 to 3% by weight of photoinitiators El) in
each case t 2% h L ght of t three dyes E2) which are
tailored i 25 ?91173'@5(2’&%‘??’%“\3?%‘ES?TPWT"ES{ he | aser wavel engths red,
green and blue 0 to 1% by weight of catalysts F) 103 to 8% by wei ght

of auxi ki and est0es weighttof RS ofmporBare) cul arly preferably, the
pol yur et hane conpositions according to the invention conprise 18 to

30% by wei ght component A), 40 tqQ 52.37% by wei ght of conponents B)
25% by wei aFHI(%LYW&BEB%GHQWI@?b‘EW@Z to 0.1% by weight of free
radi cal stabilizers D)

0.5 to 3% by weight of photoinitiators E1)

in each case 0.001 to 0.2% by weight of the three dyes E2) which are tailored in the absorption

spectrum to the laser wavelenpths red, green and blue
10 0to 4% by weight of catalysts F)

0 to 10% by weight of auxiliaries and additives G)



1 to 1.5% by weight of photoinitiators El) in each case 0.03 to 0.1%
by wei ght of the three dyes E2) which ardlt-ailored in the absorption
spectrumto the [ aser wavel engths red, green and blue 0.02 to 0. 1% by
wei ght of daefadaylyt the Foly@@thaneioompositions yeonalingtb thefinwution doapries and
additives G The pol yurethane conpositions according to the invention
have vi scosjct,] icall 10 to 100 000 nPas, preferably
100 to 20 8188332%@“%%&?%8 %r ﬁg%rtse )erabl y 200 to 10 000 nPas,
especially preferably 500 to 5000 nPas, imrediately after conplete

m xi ng of alllto 6@HGS6 e meight ofdhd dvatpondne]),have very good processing
properties even in solvent-free form In solution in suitable

25so0l vent s,, Vi itie 25C of ow 10 000 nPas, preferably bel ow
2000 nPas, 282???%3’ évre@t%ﬁﬂé?(‘éo%)f‘?’lgggl ow 500 nPas, can be
established. - 12 - Pol yurethane conpositions of the abovenentioned
t ype whisch 0olirte 0\#4 by weiglatod fystadicaintaditizero D) 0. 004% by weight to 0. 1%
by weight at 80C in under 6 m nutes have proved to be advant ageous;

concentration et we .01%. j,ght and 0. 08% by wei ght are
preferred alrfaﬁcg"gﬁ'c‘%ﬂgﬂg?l’]b‘% “'fbfétf’(\%gé 0. 03% by wei ght and 0.06% by

wei ght are particularly preferred. 5For application to a substrate or

in a nmoul d,in @kdh dasEPOC b V2 YE b Weighy Of tHE tHiddyek BO)Mvhich atdilgied §0the absorption
skilled in the art are suitable, such as, in particular,
knifecoatirﬁ@?ctre@éﬂhed?sebwqun Sredgresmandblugt i ng, spraying or ink-jet
printing. Preferably, knifecoaters and slot nozzles are suitable as

appl i cati o 3R AReight of BalfiESENt i nvention furthernore relates to
phot opol yners obt'ai nabl e from the pol yurethane 10 fornmul ati ons

according to tpe invention and the use thereof for the production of
opt i cal1%r t3te B¥sby weighh of suxdliriay andradgiiis Flsui t abl e for recording
hol ograns. The present invention furthernore relates to a process for

the productp,giu@fly précdiatif WeFpolyRiretiaBE AdrtoBionsd a%e@hm?m R81:@8Rion bsnpMak ch
one or nore of the pol yurethare fornul ati ons essential to the

invention are applied to a substrate or in a nould and are cured. The
i nventi on dB403¢% bameisht of compomeBhdli a t hus obtai nabl e. Such medi a may
be fil mconposites conprising at | east one cast filmor substrate

| ayer (1), 4%(?5%7%8%?’3%?95&8%?@%BbayerS (I'l) based on the

pol yur et hane Tornul a esse o the invention and a top or
lamnating film(lll). The fil mconposite may contain further filns.
25% by weight of the component C)

15 0.02 to 0.1% by weight of free radical stabilizers D)
1 to 1.5% by weight of photoinitiators E1)

in each case 0.03 to 0.1% by weight of the three dyes E2) which are tailored in the absorption

spectrum to the laser wavelengths red, green and blue
0.02 to 0.1% by weight of catalysts F)
20 3.5 to 5% by weight of auxiliaries and additives G)

The polyurethane compositions according to the invention have viscosities at 25°C of, typically, 10
to 100 000 mPas, preferably 100 to 20 000 mPas, particularly preferably 200 to 10 000 mPas,
especially preferably 500 to 5000 mPas, immediately after complete mixing of all components, so
that they have very good processing properties even in solvent-free form. In solution in suitable

25  solvents, viscosities at 25°C of below 10 000 mPas, preferably below 2000 mPas, particularly
preferably below 500 mPas, can be established.



The pol yur et hane conpositions according to the invention can be

applied to the cast filmor 20 substrat€d2l-ayer (1) via a suitable

nmet hod. Preferred naterials or material conposites of the substrate

| ayer |) arRehinadlede enmpaditiona rdf cha hsovéRétiongulotyye twhycdhecruee tvith expbrtdigst abreent of

(PET), pol ybutyl.ene .tere al at, et hyl epne,. pol.ypropyl.en i
el | Ul one. SR &/ eo Pk i S LE0-Lah oD 8 Brini ntPE Ve Bt acvantageons
cycl ool ef i Rpfdeifidions bEokys0.91% M, wdight WEP ORNBH ey, weight \ard Iprefe BB and concentrations
cellul ose tri acehaaoe (CTA), pola/ﬁaonLde,_ ol ynet hyl net hacrylate, 25

pol yvi nyl RMsER Ba: /"H}’e‘JI‘XF\’ghWTdQJ % Prreight agratisulatly pesiaredadi ene or

m xtures thereof. In addition, material conposites such as film

| ami nat @s Qor gpBsition dath SfbsERD oPR AURAM, 3B _r&meais@mfaw Mthdds kn&¥PdERheSRrson
of material conposites are duplex and triplex filnms having a

structure &kitled oy theyart arcspisably, suohasdn pafieuarpknfecoatipg, sasing,ArBling, seyernprinting,
as PC PET, inE o FkljePPihtht! B o @SRFhdS] ‘? icati
PC and PET Sglrgiérngartl I SI g‘?‘? &%rgﬁrarg’?l yl ﬁggﬁggg S%Egtz%zg? g}e%/élﬁft%& ??@phcauon
30Tr anspar ewethodsibstrates 1) which are optically transparent, i.e. not
hazy, are preferred. The haze is neasureable via the haze val ue,

ooty HE LR G AR89 OB e BRRIMEHB prtan
fracti af offormudatisimd dctadingitgibt imentidn and thewed theeefdor the plodudtion whepdical articles, in
direction by the irradiat anple. Thus, it is a measure of the
opacity or p%ﬁ'f'glaro‘f{m%éﬁ%ﬂéﬂ%ﬁf %’?&giﬁﬁﬁﬁaﬁ‘ﬁd quantifies materi al

defects, particles, inhonogenieties or crystalline phase boundaries

in the nat ghk greseifit invéntish rfhalkemuidi elateady ar ﬁ@ée){s &drf e tpréduetion of such media for
transparency. The,rre} hod for ;5 neasuring the haze is described in the
standard ASEMArerdes. halpgsems ihphich pneor g ofithy olyurethage foymulations essential to the

bi refri ngeRcRNN £ applieA Y a 5@kt 8Pin d m&uld hdPArE @hrkd, The TRARLEPIICBlates to the
retardation of |ess than 1000 nm preferably of less than 700 nm

part i cubar medjgrtedsepbtainapleof | ess than 300 nm The retardation Ris
the mat hemati cal product of the birefringence An and the thickness of

t he 10subs i [ eGl]

oot oLl o B i DR o AP AR A T el LG 0, ne
fromilis GudHphdBtmilymvntiayess (UR/bhdedwdeahe polheethant dordaiations essentielatetheenvention

unbtr ot e 5 8P of BUPERE fi G AR e Combeti R SRR SR et Lt ng

possi bl e coatings on one or both sides, typically has a thickness of

5 to 15200Qhgpolyntetiane abmpositidn® adéibdiggnto fharihventibrchy bpapdlzdabltie 343t fitm or
200 gm,and in particylgr 125,10 175 p.mor 30 to 45 p.m The
photop&ﬁyn@W”F%?gwgr&Tvab?ﬁ?g?éﬁ¥ dhave a total |ayer thickness,

based on all photopol yner |ayers applied in layer 11), of not nore

than 200 pmrreffiaddt miteriaé by mafeBiheédPosited of GhelddBstehbd lay& 1y aRabdséd b Qél%wbonate
preferably 15 to 60 gm 20ln addition to the constituents Ii and 1)

it is possiB¥lepelgethylpre erephthalaiedBET), eolibupdensierephthalefe.codbxsthyienpcpolypropylene,
| ayers |11 h t r r i r i
y )celﬂﬁ":)st‘: %ceﬂ:g?, ?ﬁ?\{llwge hydf¥e€ cehh)lds@ @?r?@n,s @r@lo?{eﬁfﬁ%m%% s?}{)lgﬂ}rene,

dirt and environnenta uencés. Plastics .
systens, bplyspoxides| palysmiphone, asHwlogsetrizgsatate f(6TA), hpadyamidey cppdymethyl methacrylate,

25  polyvinyl chloride, polyvinyl butyral or polydicyclopentadiene or mixtures thereof. In addition,
material composites such as film laminates or coextrudates can be used as substrate film (I).
Examples of material composites are duplex and triplex films having a structure according to one
of the schemes A/B, A/B/A or A/B/C, such as PC/PET, PET/PC/PET and PC/TPU (TPU =
thermoplastic polyurethane). PC and PET are particularly preferably used as substrate film (I).

30 Transparent substrates I} which are optically transparent, i.e. not hazy, are preferred. The haze is
measureable via the haze value, which is less than 3.5%, preferably less than 1%, particularly

preferably less than 0.3%.



Preferably used covering layers Ill) are filmmaterials anal ogous to
the materials used in the 25substrate | aygr., these a thickness of
typically 5 to 200 gm preferably 8 to 125 gm particularly

preferably AR Qe S81u8BescBYE tHeNFadtidy %rf'strahs!nld)techﬁgﬂtn\ghi@l? i BRALAd 3n the forward
surface as (%o.cgsy bl e ar engr eferred. The roughnesS determ ned accordi ng

to DIN EN | tipely thedgadisted semplerBuscit isspesksure of the reppaipS)yr hazsaf fransearent
Texture. . . matérﬁﬁ’sl afid nﬂ]ahfii%l ﬁ%é{ltﬁf %@}eglg,gﬂa@?ﬁ%femgg?ﬁ%%gngss of {ﬁs@@%’l{eg Phase

Preferred roughnesses are in ere S n or equ
pm pref er dohydatiesin thhrmmatedal equahrfice whidh agwersely affett the prahspetehgyl. Fhemethod for

pr ot ect i've TIPS PRIGPS s gEBPE b T Bt RS TV R I bt r e e 11 1m (1),
may be used. The medi a production nmethod according to the invention
i s pref er alfiryferablyy the dutatrite Qyha abiefingence whithuhhat hod high,dentypiesitysa mean optical

conponents of the | yur et e conpositigns accqording tg th
i nvention, "RRTAIS ‘E)fﬁsysefimg OFP GF B 5 st %?’OQP@ RS FewsEeregly of less
m xed w th ipssoepet her and conponent A) is admixed only inmediately :
before the application to the substrate or in the nould. Al punp
systens which are known to the person skilled in the art which in

particul ar Ehedpasdatian Rrigidisenubematipal grodugiuefi the biseisiggance Anandithsi thickness of the
ELe B! SBARR @ fheAh ok Cnd Softve® MbdsBRInGn Otk NEiaddh @S RUrec @) dsing an
the required accuracy during nmetering. Accordingly, diaphragm punp,

gear punps,imigingpai@imatércios exapwleinomp ilis Quilfih StapMatic® MPpdf nsdedl t i ¢ punps
and piston punps are preferred. Gear punps and excentric screw punps

(Mohno pu r.t Lcul arl. ref.erred...Preferred tering rates
are i o WhadhSyRRih bl el o RSB RpinblcR A58 B st
pr ef er abl y 1) are tdegalmeeag @alhesom 2 m /min to 100 m /m n.

The substrate I), including possible coatings on one or both sides, typically has a thickness of 5 to
15 2000 pm, preferably 8 to 300 um, particularly preferably 30 to 200 um and in particular 125 to
175 pm or 30 to 45 pm.

The photopolymer layers II) preferably have a total layer thickness, based on all photopolymer
layers applied in layer II), of not more than 200 pm, particularly preferably 3 to 100 um, very
particularly preferably 15 to 60 pm.

20 In addition to the constituents I) and I}, it is possible for the film composite have one or more
covering layers IIl) on the photopolymer layer II) in order to protect it from dirt and environmental
influences. Plastics films or film composite systems, but also clearcoats, can be used for this

purpose.

Preferably used covering layers III) are film materials analogous to the materials used in the
25  substrate layer, these a thickness of typically 5 to 200 pm, preferably 8 to 125 pm, particularly
preferably 20 to 50 pm.

Covering layers III) having as smooth a surface as possible are preferred. The roughness
determined according to DIN EN ISO 4288 "Geometrical Product Specification (GPS) — Surface
Texture...", test condition R3z front and back, is used as a measure. Preferred roughnesses are in

30  the region of less than or equal to 2 pm, preferably less than or equal to 0.5 pm.

PE or PET films having a thickness of 20 to 60 pm are preferably used as laminating films (III); a



For m xing, all nmethods and apparatuses known per se to the person
skilled in the art fromm xing 15 technolldgy, such as, for exanple,
stirred tanks and al so dynam c and static m xers, can be used.
However, apphetlylssefiinnbfl40quh thitkaeks spanieslatly preferdbhyonsky. smal | dead
spaces are preferred. Furthernore, preferred nethods are those in

whi ch the m x| | i t hj h i d with
Fgor ous. S PETETE Ftis S mmasH e of it TR e belpbed ™

dynam c m xers are suitable for this purpose, especially those in
whi ch t he cihepedzpciuctnenédidduccadihgiotthanintdntion’s préderailp tdrdéd Qudlby aipfocedure in

the m xer. Th e ratures duri t he ocedure are 0 to 100C,, ) X
br of or abl y Wt GF Beecls Gpiopackat P B pPawEE mper e aserdgio e invention, with
necessarsy, tpeMRbgiohlof 2ahpdaentf), hrdSobgbn¥dusly HixORBPHRMShEN arfcolnP&hent A) is
total m xture_ under a reduced pressure of, for exanple, 1 nbar can

al so be cardmixgd erly immedjaiely before sherapplisatiqnio g subiskate erin femquld5addi t i on
of the conponent A), is preferred in order to prevent bubble

formation by %@ﬂ;%ﬂﬁhs%ﬁ@ﬁ b Rnd A8 e E@rs&pstkﬁleﬁqpltlﬁ arf ﬁagigg érf garticular transport

adm xi ng of t nponent A), the mxtures can be store
st or age- st diieperidenttyr ofecihvates ppassdelctxhibiitilo palsitionfand asepociat areontitalgle for the

After the 1.X] ent. . of .th Ql,yur et.hane
composi 11 onrget 3 e i IERERT M ot AP higiPlom pump, s pus,
f or mul altdi orexéeatrizbicaemnpunpshMothno gepes)dienigralbin ponppasi pistom putipy £8 padferred. Gear
roomtenperature within a few se dstogfewho 5 - The

T e R S S e Mo PO AR HER B R BTN < of ¢ he

pol yur et hane conpositions is preferably adjusted so that the curing

af ter admi Prdferred§ mdtéringCrarh ARaR theANng@ Gt 3mWinidion 000 MYES ph@iceiidy freféfably in
at roomtenperature._In a Preferre, enbodi nment, the curing is
accel er at ed"efpngrdtom hgwtor 8P MMMHR-i on after the admixing to

tenperatures between 30 and 180C, preferably 40 to |20C, _
Sparti cul arfoy mbii 6Nl aRRtnedPthdlpak@lles kiden }?e@@élﬁrflﬁ@ﬁéfr%%ﬂill@@Wtﬁ@&r@fr%tnhxing

regard to the curing behaviour is easily possible for a person

ski | | ed5i n techeolegys suchgis) {pr exammies stisedriatis and glsp enassip end stetin mixgist ¢anrbe used.
t he above Qe Ak t Wi e 0 t n h

respecti vgq'gyr?t tﬂ’egwgay con%)o‘yhlér?tﬁgqgﬁlaglgqag% 8'019‘5(;?1 gﬁgisznea?i ??latdp raf?sc%rFa‘)rreferred‘
t he pref er Fedhayntehpefesred owfhodeart thoselid Whichphemexig tekes @hate within a very short time
furthernore nedi a_ accordi n

elates to the.use of the to t.h L
nvent i on #8) EEY dledid FUHES ofibe SaF sqfionsius EHRmist i Beieiiarogynamic mixers
optical el eritgble fofBPEurpdsedspetillly dtios©mSwidstttha camiones Efie in®RNELtRGth one
hol ograns usi ng the,ﬁﬁgl yur et hane conpositions according to the
i nvent i48n, 2BYHFTORY IREGI™XSr hol ographic fil ms obt ai nabl e therefrom

The temperatures during the procedure are 0 to 100°C, preferably 10 to 80°C, particularly

preferably 20 to 60°C.,

If necessary, devolatilization of the individual components or of the total mixture under a reduced
pressure of, for example, 1 mbar can also be carried out. Devolatilization, in particular after
25  addition of the component A), is preferred in order to prevent bubble formation by residual gases

in the media obtainable.

Prior to admixing of the component A), the mixtures can be stored as a storage-stable intermediate

product, optionally for several months,

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

temperature within a few seconds to a few hours.



Wth the polyurethane conpositions according to the invention,
hol ograns for optical applications 15 |g the total visible range and
in the near W range (300 - 800 nn) can é produced by approprrate

OO B S AR SPOR S P R Mo o

i ncl udi ng, it preRfabBi ddpusteldBo khahthe CGmipQiftkr dRliigy 60 tHe coniponéntiag om}Mﬂﬁmﬁznutes
fuII-aperture transfer hol ograns, white l'%@% transm ssi gn hol o ”ﬁ ,
("rai nbow HBPYYINHEL ')°°mESE‘HP“§§FHI%' ot RGeS embadimegg,;t PUEInE AL Rocelpra b eating

hol ograns, ird@AnliAtonhBeOBE Qﬂfﬁlxﬂfﬁ}% teRiPerldRk3 BERRY $0 SldaR6QY praeraably 40 to 120°C,
reflection hol ograns, Deni syuk hol ogranms, transm ssion holograns are

preferréd. P@ﬁFP%@NP@ﬁ%ﬁHﬂﬁQﬂOlgﬁéh as lenses, nirrors, deflecting

mrrors, filters, diffusion screens, diffraction el enents, |ight

conduct or s,p %‘@H&Qlﬁhﬁgﬁe&i E;‘Saé?ina%ﬁtuiifﬁr}e ﬁﬂﬂé cfHE bQhaviR k&fea?ig« ﬁosﬁﬁl@ for a person

preferred. Frequently, se optica nts show a
sel ecti vi t ykitlepénthe gt ewilhdwthe fermhof mghmpmn@mwpknsehh almlfemtntmpd quantity

di mensi ons En g J}O hgg&{?m oge S ar%? W e c{q{ r!tl?eg Iﬂ‘lp%n%qus?rgvaﬂagle for choice, in

representatl or exanp persona

bi ometric m&mmﬂmehéamﬂmmssﬁﬂMmBecmpmkmsdocunents or generally of

I mges or image structures for advertising, security |abels,

trade otection, tragdemark br ndin | abgl,s, design el ements, .
ecor ati0onate prevert diap o LR R s e i aEiE gl 1o afie s i fpenton for
i mages whi Gécoftimg vigual ﬁ@legvamgilfet tha Iprddaétidn of Bhtedal al:rhéhtﬁhrﬁ ek, Yepresentations and a
conmbi nation wth the products descri bed above, can al so be pr oduced

30 by meandrediodiiprereprsplipg helosrms sinassolyuEsthane ETRPQSItRES #c50RdHg to the invention,

i nventi on. aﬁ@lhgﬂ{e@ﬂf&kﬁolbé‘}% éﬁ&?srbb%'xﬁéﬁlettﬁb?eﬂoﬁpress' on of a
t hr ee- di mensi onal | mage, hey nmay al so represent inage sequences,

short filnms or a nunber of drfferent obj ects, depending on the angle
f r om whi ch Wig the pplyerethenegampesifionseadcording ol theyinvensigmrholograssdor eptical pplications

exposurg ( dtgﬁxl: %ﬁl%ﬂ?ﬂnﬁg ar?cf'ﬁ%ﬂe neglt V r%@s K%Ot—c}mb m‘nﬁ %/ LY r}g'h%/ucgd by apgrr?prlate

potentlal sIgns, i'n par vol une
attracti ve ekpstmipeabsses dA isutal hxriogrmns tdnq;r:aebdl/hauimramsmhdh aqnpbe eeadrdairby methods
17 - Exanplknown toSt grperso sf;[ﬁ fnl %le Sart, including, inter alia, in-line (Gabor) holograms, off-axis
holograms, full-aperture transfer holograms, white light transmission holograms ("rainbow
holograms"), Denisyuk holograms, off-axis reflection holograms, edge-lit holograms and
20  holographic stereograms; reflection holograms, Denisyuk holograms, transmission holograms are
preferred. Optical elements, such as lenses, mirrors, deflecting mirrors, filters, diffusion screens,
diffraction elements, light conductors, waveguides, projection screens and/or masks have are
preferred. Frequently, these optical elements show a frequency selectivity depending on how the

holograms were exposed and which dimensions the hologram has.

25  Moreover, holographic images or representations, such as, for example, for personal portraits,
biometric representations and security documents, or generally of images or image structures for
advertising, security labels, trademark protection, trademark branding, labels, design elements,
decorations, illustrations, reward cards, images and the like and images which may represent
digital data, inter alia also in combination with the products described above, can also be produced

30 by means of the polyurethane compositions according to the invention. Holographic images can
give the impression of a three-dimensional image, but they may also represent image sequences,
short films or a number of different objects, depending on the angle from which said objects are
exposed, the light source used for the exposure (including moving ones), etc. Owing to this variety

of potential designs, holograms, in particular volume holograms, are an attractive technical



Desmodur XP 2599 is an experinental product from Bayer

Mat eri al Sci ence AG Leverkusen, Germany,gfull allophanate of hexane
di i socyanate on Accl aim 4200, NCO content: 5.6- 6.4%5Prepolyner 1 is
an experi : : : rial Sci ence AG Leverkusen

Ger many, E?@P éﬁgﬂggyﬁ%§§ﬁg§§¥ﬁ%@gggﬁate and Accl ai m 2200, NCO
content: 3.2 - 3.75% Pol yol | (Acclainms 4200) is a pol ypropyl ene

oxi de having a nunber average nol ar mass of 4000 g/ nol from Bayer

Mat eri al Sci ence AG Leverkusen, GCernany. Pol yol 2 (Acclains 4220
N) is an ethyl ene oxi de-capped pol ypropyl ene oxi de having a nunber 10
average nol ar mass of 4000 Wwol from Bayer Material Sci ence AG

Lever kusen, Gernmany. Polyol 3 (Acclainms 2200) is a pol ypropyl ene

oxi de havi ng a nunber average nol ar nass of 2000 g/ nol from Bayer

Mat eri al Sci ence AG Leverkusen, Cermany. Urethane acrylate 1 is an
experinmental product from Bayer Material Sci ence AG Leverkusen
Germany, urethane acryl ate based on HEA and tri s(p-isocyanatophenyl)
t hi ophosphate. 15Fonrez(r) UL28: urethanization catalyst,

di et hyl bi s[ ( 1- oxoneodecQoxy] st annane, comrerci al product from
Monentive Performance Chemcals, WIlton, CT, USA (used as 10%
strength solution in N-ethylpyrrolidone). CA 909: borate-based
coinitiator fromG ba Inc., Basel, Swtzerland. New net hyl ene
blue (zinc-free): dye from Sigma-Al drich Chem e GibH, Steinheim
Germany. 20 Ethyl violet: dye from MP Bi onedicals LLC, Sol on, Ohio,
USA. Astrazon Orange G dye from Signa-Aldrich Chem e GrbH,

Stei nheim Germany. Byk 310: silicone-based surface additive from
BYK- Chem e GrbH, Wesel, Germany (about 25% strength solution in

xyl ene), nunber average nol ar mass about 2200 g/ nol. Measurenent of
diffraction efficiency DE and refractive index contrast An: 25The
medi a according to the invention produced in the experinental section
and conparative nedia were tested with regard to their hol ographic
properties by neans of a neasuring arrangenent according to Figure 1:



- 18 - Figure 1. geonetry of a hol ographic nedia tester at X = 633
rim(He-Ne laser) for witing a reflectign_hologram M= mrror, S =
shutter, SF = spatial filter, CL = collinmeter lens, X/2 = plate, PBS
= pol ari zatj on-sensitive beamsplitter, D = detector, | =iris

di aphragm M.B and = 41.8 are the angles of incidence of the
coherent beans, neasured outside the sanple (outside 5 the nediun.
The | am naStantipgfmdterialss peel ed of f the filmconposite, and the

phot opol yner material is then lam nated onto glass in such a way that

(D Sorst a8 ) el BB AR Al SR, Lo,
spatial fi lGeniany k)l alophahagef Herinewfiitdeydnae oa dlcthhivadd00nNNCORentEEL).6 + Rk
a parallel honogeneous beam 10 The final cross sections of the

signal and_reference beam ase tahl i shed by the iris diaghragns .
The'Gi et PP AR SR EAR RO SR (A afigioni S LU AR, Gehmany,
pol ari zat i QRtihaPeNEete diccHynEd dndtRERI BBB) NGO kodterti 2 -ag6% beam into
two coherent equally polarized beans. Via the X12 plates, the power

of the reference beam yas adj.usteg’ of 0.5 rrg nd the Fﬁ\/\er of thc]=: ¢
signal beakebel b (4sclppy 4308) foddelyripaylensyxies Vg2 JUMRY iftase molar mass o
sem conduct,,{@go Qﬁ%ﬁl‘?&ﬁ’B& dr Ml atiMal SR iR RG ELveINR Gerhhgy. angl e of 15

i nci dence (a) of the re¥erence beamis 21.8 and the angle of

i nci dence &Oa‘l of the_sgmgnal beamis 41.8. At the |ocatjon aof the
sanpl e (medplyr) 2 (AerdaimA 4229 BD d et ethylenegoxide-capRed (ALY PERPE NS B B2 viigcmpumber

producqg a a%rggeinﬂﬁar%asé ngtog g}ﬁ?ovl\o %@@@erméﬂama&l@e AGELBRARSHIGEaRY,

to the ‘angl'e sectors o eairs i nci dent on fhe sanple
(reflection hologram. The strip spacing in the nediumis -225 nm
(refracti v@®olynddxAcélaimTe2268}iivim nalyprappldng oxigee havingi@)ynumper xsrage mphas mass of

were witt | nt 0, £ he Jnedi b ek I I : Both shutters
(S) are opéﬁ%ddgr}?“(gﬁr?lﬂga\‘é%aggs%}ags c%%ﬁﬁ%.&@,- ﬂ'é%ﬁ%r Sar e{r}',%yv'vith the shutters
(S) closed, the nediumwas allowed a tinme of 5 mnutes for diffusion

of the sti [Urethineodcyyiss i1z Bdanneipetimentsioproduet fomTBayeh MatayiatBeienoar AGtE &mverkusen,
were now read in the foll ow nner . e, shutte f i gnal beam
remai ned clQGEBYY ¥ a%erﬁ?fﬁ%? E%Fggrhg'gﬁ‘é’lfl%&@we%o%%gﬂp&g@) %8‘%’8%’% he

iris diaphragmof 25 the reference beamwas closed to a dianmeter of <
1 mm TRi s wpseP edLrdiabrefhagiziiRa mandyst, adinehglbisf(dpkeicedocoxy Jithmane, commercial

reviously witten hologramfor all angl es ) of .ro i on of
ﬁedi um TKEP‘"Q"!HP%@&’BI Momgﬁtd‘@r P trmencE gwpglgfatﬂlbmpi’oyg%‘eﬁ’s?‘ﬁés gﬁ%l rength

range frOmsguﬁ&ﬂ(k-t.,tgylﬂmaidgge)wth an angle step width of 0.05. At
each angl e approached,; the powers of the beamtransmtted in the

zeroth order were neasured by nmeans of the corresponding detector D
and the poV&GID0Bsboratebasedprinitiator frem Sikadng. . PaseleSwitzedindor der wer e
measured by neans of the detector D. The diffraction deficiency was

o btlgi ned atySARk, ARY BuzinB RREP 3§ 3R MAASUAXiH AR GRBH, StBRIRR, GéRhany.
20  Ethyl violet: dye from MP Biomedicals LLC, Solon, Ohio, USA.
Astrazon Orange G: dye from Sigma-Aldrich Chemie GmbH, Steinheim, Germany.

Byk 310: silicone-based surface additive from BYK-Chemie GmbH, Wesel, Germany (about 25%

strength solution in xylene), number average molar mass about 2206 g/mol.

Measurement of diffraction efficiency DE and refractive index contrast An:

25  The media according to the invention produced in the experimental section and comparative media
were tested with regard to their holographic properties by means of a measuring arrangement

according to Figure 1:



Pp is the power i'n the detector of the diffracted beamand PT is the
power in the detector of the transmttediBeam By neans of the nethod
descri bed above, the Bragg curve (it describes the diffraction

ef fi ci ency piguas1:agdothety ic¥ru Bblograghian@tin talteroét xetsas hr@HRINe heryWfirt widting a
hol ogranm) was neasured and was stored in_ a nputer. In addition,

the i nt ensireieckiom halpgteme M T MiFefe Srashyies %Eaéwatlwaﬁlt%u S SRodmetey lens, /2 =112

a0a! NSt {NGIRQQISS OfordMakl RIS Ar] D AIKRTR 2l TR ARL LR and
diffraction efficiency (DE = hol ogram’ i.e, its

val ue, was Betlef rarnihg angles ?fHWlM%Obe%Whﬁré@té@@a%y“Weq wtssdeﬁg? Hawie (pyside
change gheﬂ%qﬁ%] dn‘i}” of the detector of the diffracted beamin order

to determ ne this maxi mum val ue. 10 The refractive index contrast An
and the thickness d of the photopol yner |ayer was now determ ned by
means of t Hdedouiphtig avé plededr off (e filnHeormgmyitd, rinid | ther hbofaml)lm@ywmﬂ is then
Techni cal | U 48 No r.l mher age 2909- page
2547 1 romEnRLo Patt TErikE s R YGRS e el AR B e P
transmitted intensity as a function of angle. The nethod is described
bel ow. 15Adherbdim@f an Heoge ﬂasbﬂ((,emﬁsblen foabélenpgn 633 ) wasecd‘noesrtetl hatrBlhaggl of the

)C(gr ;/e\l\ﬂial(’ glzaana ﬁlaer )gglf-‘)se}r@élgge% tgg[( mll%m@ ,lﬁ§1X/§¢l§p? to_ garﬂﬁa Emmg ﬁeo%‘beam
cos(aL2w) Zrhe final cross sections of the signal and reference beam are established by the iris diaphragms (J).
The diameter of the iris diaphragm opening is 4 mm. The polarization-dependent beam splitters

~ (PBS) split the laser beam into two coherent equally polarized beams. Via the A/2 plates, the power

of the reference beam was adjusted of 0.5 mW and the power of the signal beam to 0.65 mW. The

powers were determined using the semiconductor detectors (D) with sample removed. The angle of

15  incidence (a) 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

produced a grating of light and dark strips which are perpendicular to the angle bisectors of the

two beams incident on the sample (reflection hologram). The strip spacing in the medium is

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

Both shutters (S) are opened for the exposure time t. Thereafter, with the 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
25  the reference beam was closed to a diameter of <1 mm. This ensured that the beam was always
completely in the previously written hologram for all angles (€2) of rotation of the medium. The
turntable, under computer control, now covered the angle range from Q= 0° to Q= 20° with an
angle step width of 0.05°. At each angle approached, the powers of the beam transmitted in the
zeroth order were measured by means of the corresponding detector D and the powers of the beam
30  diffracted in the first order were measured by means of the detector D. The diffraction deficiency 7

was obtained at each angle Q approached as the quotient of:

Py
P+ B

‘n:



2 n coky - a') n sin(ce) =sin(a), n sin(') =sin(3) 1- sin2(a)
A0 = -412 n2 - sin2 (a) - 20 - hologrami9but in the medium ?0is
the angl e detuning neasured in the nedium i.e. the deviation from

the angl e &,.is 4@ pofel MEth@ Bgtb@ordsTtthdiNfhct¥R dSat @6k PLisShelfovkdian ERMet¢tr of the
i.e. the deviation fromthe angle a. n is the average refractive

i ndex of tKEIHHERAR 8Py mer and was set at 1.504. The naxi mum
diffraction efficiency (DE = timaj is then obtained for x =0, i.e.

AO = 0 as: fﬁjmeﬁﬂs ofthhaethod a&bﬁlﬁe@%@&ve—thﬁ Bﬂ&g clirde (it de‘s’&ﬁ&ﬁﬁied)ffractlon efficiency 1
cos(ce-20) The neasured data of diffraction efficiency

t heor et | calas Bﬁa\ggowr%mk&pﬁ@tatwaﬁgw rigten holesssi) wap Wf%ﬁmﬂﬁ ftored in a
Figure p'ceﬁa@lﬁgr ;,gawé&n Eﬁ%emféﬁﬂ{PrI ﬁ@sﬁ@t@& % ik z@mlﬁsﬂdeﬁwgga@o itdd against the

Si nce, owi ng geonmetric s age and the change 1 n the average
refracti ve angld @ofdefationgnd klerqdhma opugwyerer i zat i on, the angle at which
DE is nmeasured differs froma, the x axis is centred 10around this

shift. The T?lgil}cl;xirinl?mt %Pﬂra%ﬁ&l %ff?c?enrc? (BE=nm,x) of the hologram, i.e. its peak value, was

determined. It may have been necessary for this purpose to change the position of the detector of

the diffracted beam in order to determine this maximum value.

10 The refractive index contrast An and the thickness d of the photopolymer layer was now
determined by means of the coupled wave theory (cf. H. Kogelnik, The Bell System Technical
Journa), 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

below:

15 According to Kogelnik, the following is true for the Bragg curve n/(€2) of a reflection hologram:

I
TI =
1+ lﬁ(X/(D)z
smh’( @2 -x2J
where:
© = n-An-d
A - {fcos(a)- cos(a'~2w)
27 sin(o \p) d
=Af. S22 T
A -cos(a —21;1) 2
_ Br__ar
Y=
A
A= 2-n-cos(y —a')
n-sin{a') = sin(at), » - sin(B') = sin(B)
1-sin*{x)
A =-AQ. [ 5——+=
° n® —sin’ (o)

@ is the grating thickness, ¥ is the detuning parameter and ‘¥ is the angle of tilt of the refractive

20  index grating which was written, o’ and §’ correspond to the angles o and B during writing of the



Since DE is known, the shape of the theoretical Bragg curve according
to Kogelnik is determned only by the thggkness d of the photopol yner

| ayer. An is subsequently corrected via for a given thickness d so

t hat nmeasurepent d_t.heory of | ways ree. d i ow_ agdapt.e o
nti 1" he. digea, B tp PR ety R Rreg e B AR 8 e coviation
t heor St i calfroBmggngfw&vesmgrtﬁeeaqgietdaémb@ nésagirel dh'fqmad h:l g@ﬂﬁ_ﬁm@f.el. }tli’bﬁieﬁihﬂicﬁitfrom
secondary naxi of .the transmitte ntensity and addjtionally e

full width® aﬂggrlr n HEPE? MHSFASE F@g&qm"eﬂ X phibe PP%W&WC&&?J %?Sa?@bﬁt&ép%e and
the transmtted intensity agree. Since the direction in which a

reflecti on Thehaginim GERCAGA éfibiehcy (DBEAT,EPis @itn bBERBS For Y10, 8 ATy=0BANS

of an 0 scan, but the detector for the diffracted |ight can detect

only a finite angle range, the Bragg curve of broad hol ogranms (small

d) is not conpletely detected in,an 0 scan, butz.aply the central
region, .ith suitable deig%Fd@ﬂgé?yfﬂ@ﬁg , he
transnifted i ntensity which i s conpl ement i yeast 1 K& =34 Jcur ve i s
therefore additionally used for adapting the |ayer thickness d.

Figure 2: plot of the Bragg curve ti according to Kogel ni k (dashed
line), of the neasured diffraction efficiency (solid circles) and of

t he transmTht ecapoatedatd bf the ldiSiattic dfficiency,abjathrstetitah @rapyoluevecsnt] bkl tragsmitted

ea Since, owing to geonetric shrinkage and the change of the ayerage .
ot ract ve e S i e B RO RS sehlid St W FutlangPE B SiCoving
DE i s nmeasys efle iebMmetiis Eirihg ahd1@h& cBXigh inS tieeBldr@R adfRUie e during the
shift. The shift is typically O to 2. For a forpulation, this o
procedur e WadlopRhyasrizaion; direanglejatswhigh RE isimgssured differsi from g tle % pis dupatred
times tjgon agguggﬁqs@ﬂ;ﬂ.ﬁgg@ﬂiiﬂyﬁ]gg roetgpedet ermi ne the average energy

a

dose of the incident | aser bea whi ch DE reaches the saturation

val ue during witing of the hologram The average energy dose 30E is
obt ai ned a$irceDEqg4nown, the shape of the theoretical Bragg curve according to Kogelnik is determined

only by the thickness d of the photopolymer layer. An is subsequently corrected via DE for a given
thickness d so that measurement and theory of DE always agree. d is now adapted 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 additionally the full width

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

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

complementary to the Bragg curve is therefore additionally used for adapting the layer thickness d,

Figure 2: plot of the Bragg curve 1 according to Kogelnik (dashed line), of the measured
diffraction efficiency (solid circles) and of the transmitted power (black solid line) against the
angle detuning AQ. Since, owing to geometric shrinkage and the change of the average refractive
25  index during the photopolymerization, the angle at which DE is measured differs from «, the x axis

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

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

30 Eis obtained as follows:



-21 - E (milcnmR) =2 . [0.50 "W+ 0.67 mW.t(s) Tc .042 cn2 The
powers of the part-beans were adapted sozhat the same power density
Is achieved in the nediumat the angles a and 13 used.

Al ternatively, a test equivalent ;o bhie, soah Wi 689 wow
al so carried out using a gr /eh vel ength

?.. in a vacuum of 532 nm Here, a = 11.5 %14/ 812 33 5 and Pa= 1.84
nmVand Pp = 2. 16 miW Preparation of the urethane acrvlate 1. 0.1 g of

2, 6-di -tert'fhlatﬁowlers%frmé Rxk-BERROWere QddpRedoCthatthd by pdwer dedsity i@ héhieved in the
(Desrmr apid Z, Bayer Material Science AG Leverkusen, CGernany) and and
213.07 g ofm“él“Z‘?%Thftqné}?ﬁPHn%BPi?@ on of tris(p- 10 isocyanatophenyl)

t hi ophosphate in et hyI acetate (Desnodur(r) RFE, product of Bayer

Mat eri al Scigpeifdy, JeHegNaest o @Wﬁﬁg%%%ﬁ&@%ﬁé i b hio bAHEQHHGRHg a green
into a 500 i round-bottomed flask and heat ed 60C. Thereafter,

42.37 gSof l@ehyith dheyesmipgjon a&vﬂm@é et vaciitl ofiS @rmop iless camb . ¥°read B = 33.5° and
m xture was Lyrd, #ég@,t t6QQ% until the isocyanate content had

fallen bel oW 0. 1% erea ter cooling was effected and the ethyl

acet ate was corrpl etely rem)ved i n vacuo. 15The product was obtai ned

as a sen crBrgparhtiomef the birethareacrvldte 1pr oducti on of the hol ographic

nmedi a, the conponent C, the conponent D (which may al ready have been

F are o sedVbdr i dngeRRNEBe AR P AT Pl e gBAPR UBPRrRE pver

m xed. The rmaériaeﬂc,xenbélaa; Devyﬂmeeﬁ, GErniatty it @nd 23007y ofiar2 7¢k dtmhgh scﬂixtumlomls(p-

|nNEP|svye| n rk or sui tagble 204! on an
m xi ng 1% d¥oF Bﬂe%’c'l Fpmﬁﬁfﬂ%ﬁﬁal'q y?tplﬂeéfeltﬂﬁ a@s uéct ’t cPr Og gayer
not nore t hadlerdsdidnbs!t 58, L@vc&u@ény lGlﬁmﬁlﬂWr\verJ hﬁitnﬁ'ﬂ;ﬂﬂﬁoﬂu&btﬁtw@dsog@:ﬂ round-

Q(5| gure 1 was

be devolatilized with stlrrlng at < ar . Tecon})onent ca

| i kewi se bdotiemest Bask|qnd dgatad th 683G, rTthrﬁgft%t 42318 bhy rtrﬁ@ﬂvwrylate were added
formul ati ong, nﬁl&% dnbiGhe &E &s %&Wc?)ﬂnf‘iﬁé‘%%cﬁfnat Qgﬁt&lt\ﬁ d fallen below
netering pu Vi a oneo theaove ntioned m Xxi ng ‘met s and are

m xed. The Oni%tTheesafter, tonding ayms |effected amtt the athmkaoptateneas completely removed in vacuo.

15  The product was obtained as a semicrystalline solid.

For the production of the holographic media, the component C, the component D (which may
already have been predissolved in the component C) and optionally the components G and F are
dissolved in the component B, optionally at 60°C, and thoroughly mixed. Thereafter, the
component E in pure form or in dilute solution in NEP is weighed in in the dark or under suitable
20  illumination and mixing is effected again. Optionally, heating is effected to 60°C for not more than

10 minutes in a drying oven. The mixture obtained can be devolatilized with stirring at < 10 mbar.

The component A can likewise be devolatilized with stirring at < 10 mbar. The two formulations
are then metered continuously by means of positive metering pumps via one of the
abovementioned mixing methods and are mixed. The mixture is then applied continuously and
25  homogeneously to a substrate via an application unit, such as, for example, a knifecoater or a slot

nozzle,

The coated substrates are dried at about 80°C and then covered with one of the abavementioned

covering layers and packed in a light-tight packaging.

The thickness d of the photopolymer layer results from the coating parameters of the

30  corresponding coating device, which are known to the person skilled in the art.



25honogeneously to a substrate via an application unit, such as, for
exanpl e, a knifecoater or a slot nozzle.-2Zhe coated substrates are
dried at about 80C and then covered with one of the abovenentioned
covering | apherfsiicwifly BasHeE atdmantlonghior iliugthdtin AfkAghdtDaccordingZo the iR@ntion but
foll ow ng exanples are nentioned for, illustrating the nethod

accor di ng ta® Bgido bpyadarsiens asReing lamifipg. Q@Sbeot%a&gﬁrg\t%aﬂ glatep @prgeptages of the
limting. Unb@sslynok ad valdaenWes&nt Bl Jeighat ed percentages of the

phot opol yners are based on per cent by weight. Exanple 1: 513.75 g

of urethane acrylate 1 (conponent C), then 0.275 g of Fonrez(r) UL 28

( conmponent Eﬂdﬂ_o 165 g of Byk 310 (conponent G and finally a
solution of 0.825 g of CA 909, 0.028 g of new nethyl ene bl ue, 0.028

g of ethyl é;é'?l%%{ugé;%ng a%?ﬁtﬁ_gle E@%ﬁ%oﬂﬁ.QWo@ﬁr%ﬂ?

conponent rroli e (tonponent G
added st epWi$é gtad BYk. 388 (¢pmafongrd| G)aind fingllyonypbutiontof BB25 g of K631867,10.02R ¢ of new

m Xxi ng was _gf, S I | O i
Ther oaf t e e B tiss Bp2e Ehe Bt Bk i B EF AR DAL iofthor soppogent 2
at 30C and im1x78¢g ofoN-edfylgedobdbnagasmpondih 6G) werai addehstepwisd tcoBT.83 pef polyol 1

was then applied ta a.175 t hi ck. pol ycarponate filmand dried for, .
2 i mut cLCerpoges By e ik i R ITELS STRORE Sl HoAR SOIBH 1y Bined.
nm; 0.1017 TherafidM0.395emb&mddurt X509 (c@mﬁfmeﬁf A} haReadadd 4t 138t@ant mixing was
(conponent 8) then 0. 100 % of Fonr _ezér) UL 28_ (conpanent Fg and

0.060 g of eHyxedagging & metetiy] obiained wasthes appliediop 76 wipthick palpesthpngg film
CA 909, 0.,04Qritd ®fr 426 WifRes"M! 99E BiyUsyer %i%@ssg49gm?hﬁiﬁhuﬁf 84:68,0181@33 nm);
0.010 g of Astrazon Orange G (together conponent E) in 0.610 g of

N- et hyl pyr A7 dBem)conponent G were added stepwi se to 10.245 g of

pol yol 2 (component B) in the dark and m xing was effected so that a

cl ear sol utﬁxg obt ai ned. 20 Thereafter, 3.655 g of Desnodur(r) XP
2599 (conp - were added at 30C and ni xi ng was ef fected again.

The liquid material obtained was then applied to a 175 mthick

pol ycarlsondtad of ofl urethave agrylaéel 1 {@mpdndit (), rihenesl 08tg FFomr&a®yUL 28 @omponent F) and

t hi ckness; p rym An: 0.012 (.6 nm .. 0. 53 I

3 2513. 75 é’?@f’ g[?fﬁéﬁ@&%?%ﬂ%é’%“ﬁ&%ﬁ%o% '{“"E)"%Sﬂéﬁ °g.(3%°99%@5@ of new
FO(T fE_Z( r I) I ldhetl@ﬁfenlé(bw_épmowg SF%th}gW%lQ faﬂxﬁC%OH) géégf ,ﬁjoh’dzo?ﬂﬁ'B aﬁgeomf o getlith cémponent E)
an inally a solution o : 0 , 0. of ne

met hyl ene b 10 @.qu*&eﬂwr@e@w {oAmmoatt G rese Bé‘%%g“ s8tPr L2458 of polyol 2
Orange G (taggln&l: BPIPaRefrk Bhd i Mixhg R dfeekd Noahhyh RWwarf 9blu@N®as obtained.
(conponent G were added stepwi ge to 19.946 g of polyol 3 (conponent

B) in te dadeeafigid3-AiXe afDemroder Xl 2689 Gompanant A) were addedgrt 49 iCopndyipiging was
obt ai ned. f . L XL LAr 4

ond 11 g12 e PR TS iadhs Ml Bralea Yot il ot GISPITIIN ik pecafilyfim
and m xi ng andsiried ferct & himgesi at. 80TR.eDiyi layer chickabssr 2&mo biazimved Ama0 12638 nm);

applied to pm.t hi ck pol ycarbonate filmand dried for 4.5
m nut es at @Bgéﬁrﬂfml ayer thickness: 32 pm nmaxi num An: 0.016 (633

nm; 0.017 (532 nn).
Example 3

8 (component F) and
{oomgonent £)

25 13.75 g of urethane acrylate 1 (component C), then 0.275 g of Fomrez® UL 28 (component F) and
0.165 g of Byk 310 (component G} and finally a solution of 0.825 g of CGI 909, 0.028 g of new
methylene blue, 0.028 g of ethyl violet and 0.028 g of Astrazon Orange G (together component E)
in 1.678 g of N-ethylpyrrolidone (component G} were added stepwise to 19.946 g of polyol 3
(component B) in the dark and mixing was effected so that a clear solution was obtained.

30 Thereafter, a mixture of 6.467 g of Desmodur® XP 2599 and 11.812 g of prepolymer 1 (together
component A) were added at 30°C and mixing was effected again. The liquid material obtained
was then applied to a 175 pm thick polycarbonate film and dried for 4.5 minutes at 80°C. Dry
layer thickness: 32 um, maximum An: 0.016 (633 nm); 0.017 (532 nm).



-23- Exanple 4 5.00 g of urethane acrylate 1 (conponent C), then

0.100 g of Fonrez(r) UL 28 (conponent R23and 0.060 g of Byk 310

(component G and finally a solution of 0.300 g of CG@ 909, 0.010 g

of new net hydnesie4bl ue, 0.010 g of ethyl violet and 0.010 g of

Astrazon ange (toget her conponent E) 5 in 0.610 g of

N-et hyl pyrrol i done (conpaonent G were added stepw,se t0 8,432 of

ol yol | 5 ( 56 BREAIaES SYIAE Lo 3 AT Rk Sh o ads dmibpigi B) and

clear sol ua.omg ¥EByIOPLA(cBBFone &@f@gfgﬁny Selffsh & ofoolResToREtung 0.0187 of new
en

a
2599 (conpon A)” wer e added at and m xi ng was effected again.
The |i qui dmerhylene tive, 8194 88 9é athyldoletrrad 0908 pEAstragomOBEn G iegether component E)

Payer thi Rt EBENIRRIOM GBIl 0 %o o HebpE3s PRt e
- 24 - Pat@ompd@esti Bp:in the didl andrmixingneasc effptedi 1o that a cadeaprsplutiorg was Aptaged.

pol yi socyanat e.co en at | eq ainin NCO-.t. er m ed. ...

Dol ur ot halEBREs 3PS RERT Rrdbet RERP g5 oI5 Eh AT Rl oh L B it miring wes

bO(zl n ]ged andefvdlaied hlghi?. tmsG giquid ﬁn%tbﬁla]l robajnell uvas tthanapplied e @udsden hisivk pelyéhyiene
unctionaljty of_ 1.6 to 2.05 __B) isocyapate-reactive )

pol yet her pfax%tfﬂ%late)ﬂhara@fl ﬁ&ﬁif%ijmﬂ@g SR oA Farihikreve oA Jlegimya An:

havi ngi@t b.e8b3PRE); 8/09FskGrst ructural unit and a refractive index

greater than 1.50 at 405 nm which thensel ves are free of NCO groups

and OH groups, 10D) free radical stabilizers E) photoinitiators based

on conbi nations of borate salts and one or nore dyes having

absorption bands which at |east partly cover the spectral range from

400 to 800 nmF) optionally catalysts



G optionally auxiliaries and additives. 152. Pol yurethane

conpositions according to Caim1, charagyerized in that

NCO- functi onal prepol yners havi ng urethane, allophanate, biuret

and/ or am are used in A). 3. Polyurethane conpositions

accordi ng ﬁ%;t%% or 2, characterized in that urethanes or

al | ophanat es, havi ng nunber average nolar masses of 650 to 8200 g/ nol
and NCO f urlet Poyurkthenecompbsitiorg comoprdig or of 3.9 to 4.2, of aliphatic

i socyanat e-functi onal conmpounds and 20ol i goneric or polyneric polyols
are used as igocy. - [ epo | ~ 0] t han
conposi tions égcoa?%?#gsot%g%%y&gﬁ 5@% %E{e{sqfcg)ﬁtfl,n%cgr?a? ac %Eﬁq?gng{e?np%t%ﬁlgetthme
al | ophanat es, hawrepplymartydwseaNED gompsrot arimanly akhatifally BORetl andldBich is based on
g/ nol and NCO fungctionaglities of 2.0 to 3.2 or. of. 3.9 tao 4.2 of HDI

and di  dnot fonal BEIFeMEFREN sBrestad Redlng aRal o ¢4 o205

prepol yners in A). 255. Pol yurethane conpositions according to any of

G ainms 1 to 4B) chisscgataer-ieadive polyéthapolydle conpounds used as

i socyanat e-functional prepolyners in A) have residual contents of

free nmonomeri g, i socyanate.of |ess than 0.5% ight. - 25 - or

bl ock copol yn@r s Wpthangasylatss aégfﬁbBWg'ﬁ?e gt a"’?ﬁ%ﬁ’?’gﬂg&t [f47}@ne aromatic structural
conmposi tions accainti nd 4 RidWe Ahdekl gadaldh tHant 10500at 408 AMAGHRN! tE&fkeives B dfee of
di functional polyetherpolyols based on propyl ene oxi de and et hyl ene

oxi de, having a prePeraupsinddPHgimps.-ene oxi de of |ess than 10% by
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20 oligomeric or polymeric polyols are used as isocyanate-functional prepolymers in A).

4. Polyurethane compositions according to any of Claims 1 to 3, characterized in that
allophanates, having number average molar masses of 1900 to 4100 g/mol and NCO
functionalities of 2.0 to 3.2 or of 3.9 to 4.2, of HDI and difunctional polyetherpolyols as

isocyanate-functional prepolymers in A).

25 5. Polyurethane compositions according to any of Claims 1 to 4, characterized in that the
compounds used as isocyanate-functional prepolymers in A) have residual contents of free

monomeric isocyanate of less than 0.5% by weight,

6. Polyurethane compositions according to any of Claims 1 to 5, characterized in that

poly(propylene oxides), poly(ethylene oxides) and combinations thereof in the form of random



2011. Process for the production of nedia for recording visual

hol ograns, in which pol yurethane conposi-tZens according to any of
Clains 1 to 10 are applied to a substrate or in a nould and are

cur ed. dhlodvedpayhens areasat idicorgponetB) hol ogr ans, obt ai nabl e by
a process according to Claim11. 13. Use of nedia according to

Claim 12 as, ogt, c el enent or | es or for A,mage, represent at.ion.
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medi a accor di digunkctioral PolpetidrpalyelsubBed on propylene oxide and ethylene oxide, having a
proportion of ethylene oxide of less than 10% by weight, based on the total mass of the parent

5 polyether, and a number average molar mass of 2000 to 4200 g/mol, are used in component B).

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

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

9. Polyurethane compositions according to any of Claims 1 to 8, characterized in that urethane
acrylates and urethane methacrylates based on aromatic isocyanates and 2-hydroxyethyl

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

and poly(g-caprolactone) mono(meth)acrylates are used in component C).

10. Polyurethane compositions according to any of Claims 1 to 9, characterized in that mixtures of

El) and E2 are used in the component E), the group of the compounds El) consisting of

15 tetrabutylammonium tetrahexylborate, tetrabutylammonium triphenylhexylborate,
tetrabutylammonium tris(3-fluorophenyl)hexylborate and tetrabutylammonium tris(3-chloro-4-
methylphenyl)hexylborate and the group of the compounds of the component E2) consisting of

Astrazon Orange G, methylene blue, new methylene blue, azure A, pyrillium I, safranin O,

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

20 11, Process for the production of media for recording visual holograms, in which polyurethane
compositions according to any of Claims 1 to 10 are applied to a substrate or in a mould and

are cured.
12. Media for recording visual holograms, obtainable by a process according to Claim 11.

13. Use of media according to Claim 12 as optical elements, or images or for image representation or

25 projection.

14. Method for recording a hologram, in which media according to Claim 12 are used.



