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The invention relates to a nethod for the preparation of nove
phot opol yners based on prepol yner - based pol yur et hane conpositions

whi ch are suitable for the production of-hol ographic nedia, in
particular for the visual display of inages. Photopolyners are
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t he production of hol ographic nedia are described, inter alia, in the
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and the application of various polyuret ﬁane formul atrons as a

(photopoly roin %he filmconposite was descrjbed for the first tine

in EP 080179gieniompyfations fof iag pradichien &b holperphis gredisrare deserihied, inter aliagingthe non-
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ne p n 3 .
i ntended f BPAURBIFOYERFIPPHES THERE e FRnlicationf arligeid spbstagiento pmoYIRg film material.
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viscosity, surface tension, solids concentration, etc.), the target layer thickness to be applied or the
25  manufacturing speed.

The film coating units to be used for manufacture typically consist of:
* Unwinding from a roll, which ensures the feeding of the support material (film substrate).

* Pretreatment of the coating material: accessory units and peripheral devices, such as, for
example dissolvers and kneading units, weighing systems, various pump systems,

30 automatic solids feeds, consumption measuring systems, filter units, devolatilization



5 and coro s are used as pretreatnent units.
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exanpl e, web edge control and web storage systens are used.
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t herefore equi pped as an expl osi'on-
30 the two rolls. The last roll of the system is a very small distance away from the support material,

and the coating material is therefore pressed onto the support material either in countercurrent or
in cocurrent operation. Roll speed, nip, support material speed and the viscosity are decisive

factors in establishing the desired wet layer thicknesses.
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Sai d process steps are supplenented in the coating industry

additionally by systens for 1l5quality assurance, such as, for

exanpl e, layer thickness neasurenents, ofdcal surface nDnitoring
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knife coating systems, single-roll unwi nders, air dryers, dry 25
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and knife coati ngediped theqqptinghmaterial ront the sunpetti meaeriabrChill rolisq gkminder
coating material §)sQ3RRG Imﬁlﬁhﬁ 5 ¥£?
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producti on of phetpbgainyomenf ubit! ns, in which a support f|In1|s coat ed

by the roII-to-roII princi ple with a photopol yner fornulation

conprisin - | sacy.anate conponent, at |east containin

anrrRICOte?m nate uré:f:%afr%n %@W%@Wﬁ%@gsﬂﬁ%ﬂ ps are °

primarily allphatlcally bonded and which is based on

gygr oxy- f unct i-onskid PETPR EEPS afmpprlgﬁamedﬁhi tﬁdjf@tﬂég)ﬁﬂhsinty)ﬁd&fnoﬂal@ bltstystems for
. 05, i soc an reactive ef he ol s uret hane acryl a

and/ or %Jret ha%e lﬁ’a%sis gﬁé\%’ é‘?@ W?H?%é T gH 8§Sdﬂeé’t5‘?“ém§”tt%yl?@f1€?ﬁélﬁace

unit and a refragbhivging &Slﬁmfauﬂcﬁsgﬁérﬁrhlﬁrh@iﬂr dr Sfvedt cdHentfAfldn Méhﬁ?bments and

thensel ves are free of NCO groups and OH groups D) free radical

stabilizers 10E) fﬁ%%lpfﬂdfl?té'ﬁ%ﬁt%reﬁ%?é%ﬁenéﬁﬁ‘ Scormbi nations of borate salts
and one or nore dyes having

It was an object of the present invention to provide an industrial process by means of which

holographic photopolymer films can be produced in a continuous production procedure starting
20 from prepolymer-based polyurethane formulations. The product is to be a film composite
comprising cast film, photopolymer and an outer film.

This object was achieved by the specific combination of different process steps in which positive
metering pumps known to the person skilled in the art, vacuum devolatilizers, plate filters, static
mixers, slot nozzles or various knife coating systems, single-roll unwinders, air dryers, dry
25 lamination device and a single-roll winding device are used. In particular, the coating device, such
as, for example, slot nozzles and knife coating systems, are suitable for the application of liquid
coating materials, especially in combination with photopolymer formulations, preferably
prepolymer-based polyurethane formulations of the following compositions, to moving support

materials and are distinguished by high accuracy in the application layer thickness.

30  The present invention relates to a continuous process for the production of photopolymer films, in
which a support film is coated by the roll-to-roll principle with a photopolymer formulation

comprising



absorption i at |east partly cover the spectral

400 to 800 dgrén ? g%)&t?gnal |y catalysts G optionally auxili gﬁi@%@ﬁfﬂm%s
additi ves. The invention furthernore relates to photopol ynmer filns

whi ch are obtai nable by the process 15acedrding to the invention and

are suitable for recording visual holograns, and the further use

thereof as opticdl -eleubidosyapate icompesnioat 1bat cinfrgfy ah NOOXymdfiated polyurethane
proj ection. Prepol yrrers whi ch car}ﬂQS obt ai ned.in._a nner. wel |
t

known
per se to the person PLRPPTSy Vhose AFPp e parily, glinhg e g Pepded and which is
oligoneric or polyisoaydnat BRlroky)futibial i dReMaaahevihe ak IO FurcQbROUNES 1.6 to
A2) in suitable stoi 52} onetry with optional use of catal ysts and
solvents are used in rrponent A). 20 Preferred prepolyners are

uret hanes or all ophanates of aliphatic isocyanate-functional

conmpounds and olB)gonmgobfanate-r@eliwREjethet Si¢IANAt - r eacti ve conpounds,

t he prépol ymers havi ng nunber - average rml ar masses of 200 to 10 000

g/ mol and NCO fuypctionalities. of 0. Difunctional urethanes

and al | ophanat es”’havi B3EY afﬁﬁ égeﬂéﬁmdP‘é%?t"@ﬁlat?sh]éﬁ’(mE Y legst Inp azpmatic
of 3.9 to 4.2 with nymgiraoMar A8 a"REASHVEBEE&RSo0breBo0 g BAP%: gémln; which
prepared fromaliphatic i socyanat e functional 25 conmpounds and

ol i goneric or pol ymethegsglsesags Gecnt NG erqunsiand @Hrgrsunar es t hereof, are
particularly preferred. Urethanes having NCO functionalities of 1.9

to 2.1 and nunbegy) aveagRidaDidiisRrsses of 1900 to 4100 g/ nol,

(pr epared fromaliphatic i socyanat e-functional conpounds and

ol i gomeric or polymeric pol s and al | ophanat es havi ng

functidBalities 9f gPE‘&?’éF‘a%ﬁ%\I??S‘? o qoEbmationsof ferate selts ad Hno ongnere dyes having
nunber average nol ar 4 JPh

al i phatic isocyanat e-%gﬁrf%ﬁﬁﬁdlsonal af:%?ﬁg%%ﬁ}égé andesﬁgoqrr%n%g ﬁfo{n%b to 800 nm
pol ymeric polyols or any desired m xtures thereof, are very

particul arly préPerr@ptionally gtalystssocyanat e-r eacti ve pol yet her pol yol s

whi ch preferably have on average at least 1.5 isocyanatereactive

groups per nol ecyl e BporHELEARHECHAARGALB) - Preferred conpounds of
conponent B) are pol y%propyl ene oxi des), poly(ethyl ene oxide) and

conbi nati ons thereof in the formof random or bl ock copol yners, and
bl ock copolymitsnimm Bribegmosheclass werhoirpolymen filgs whish ox¢ deiainiie by the process

Pr opor 15 0N a@:offinelo WAk §RRnA3H A arb 38iBM10R; PR

t ot al prodlajct0 11|1ésa prefergbl y Ieas"rs thargj S%A; Brgﬁg%%ugyg&ﬁ%'g%%’eaﬁert%%ﬁ”mﬂ use
ei t her bet Wseae! sEomtigal¢leasots or inagesortforimag0dispaycr pejaetiomr t i cul ar | y
preferably | ess than 10% Difunctional polyether polyols, based on

propyl ene @i‘épg@rr@f%qﬂlﬁéﬂqééh% %b%e&i & @ﬂl%r@g%%@ Enoqtﬁpﬂ e g@ {otthg %ergotuhslql ed tu'lajhe art
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- mass of t h&y peactpg mpndmeasicheligomsrid on pnlmbwanﬂ@seﬁb)gmﬂmsbwanatmoﬁmt aveeounds

+2000 and 1(%2?‘3103911@:(15@%10 I%cﬁlﬁﬁ@gh % T é)tac ﬁaiysﬁ %ﬁ&f\éﬁ? il o racﬁnﬁ:omgnent A).

conmpounds conponen onen
preparafio Bretﬁffrrddlpeeppbm‘Lecqmd: mmﬁlanefsmr m]mmamm off mh;ﬂmuﬁsk’)dymté -fulnétibnbhOcodipBunds

anot her of fr mO0.95 to 1. 05.

Ur et hane a%ltrl%Ba og'!‘senéno p@rymepgtlﬁocﬁga 3 Céé’? 3??’3? REFPOlyFLs gy ing mber-
aro thS ic savanageunc;ih 1teskds (ﬁlld% & 10ef00anhél\ad N@dﬁﬂln&fonﬁlﬁt%@bﬁﬂ 91630, bifsftional
at nm ar refer used | n ent t hane

(net h) acr yf”f&@g g a@ﬂ@é??f%%mésfgﬂfglgﬂgwﬁs BfgéFB*HEF Q@ hAVe Ag Atof Pater4.2 with

one acryl ahembdr aﬂ&ﬁé&:&ﬁd]& 184 s8es @I G510 SM00 E/nod Gekiphied Bdhd a)I1pﬁ@\éQsoé§anL1ﬁafﬁﬁct10nal
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conponént e§mRRuads gndiqligprerit-orAokregic prlyols s amadsirer idees hareak a@a@é@maﬂy

on aromat i prefemay@a@ﬂlh@e% haﬁﬂg ﬂcbyfdﬁ&fsxﬁ&ieybf 18@{&2' laén@’nuﬁﬁgy SQEUBY DU masses of
acryl ate, hydr oxa/ acryl ate, polyethylene oxid

mono( et h) é o180 g4 ;HS?H?WI al&bﬁ@l‘élsﬁ%@ﬂ(t?’rﬁmﬁ)@é]r gpimpownds and oligomeric or
pol yal kyl ep&ymeric polyols and allophanates having functionalities of greater than 2.0 to 3.2 or of 3.9 to 4.2

with number average molar masses of 1900 to 4100 g/mol, prepared from aliphatic isocyanate-

30  functional compounds and oligomeric or polymeric polyols or any desired mixtures thereof, are

very particularly preferred.



20 oxi de yI ate and pol y(s-caprol act one)

nono( net h) acr %ﬁé %n a very particularly preferred enbogpmz,OIPWQOSGS
adducts of aromati c triisocyanates (very particularly preferably

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

di i socyanates, such as toluyl ene diisocyanate) w th hydroxyet hyl

acryl at e, Mymtyspéaaﬁyd palgdther poBolsdviistdpRicyddut ve 6 ryvkaeataest YSeHodanate-

conponent C In a furth JD rticularly preferred enbodi nent,
adduct s of TEBE ETPES RER RSIFHRAT) PIoh 20 PRt BT eTRAGOBRYECR g component B) e
acryl ate, hyg{RpRmeRYdeDCHNY (@ flenclodiyd) X YhivkioRCthM et 18 tBY %nﬁ%%qarﬁﬁm or

conponent g} {(nhl bitors and antioxidants are suitable as conpounds of
conmponent  Bjock sonolyapers, and blpgktappelymensef propylensioside %@M@@M@ The proportion

p- met hoxyphe e@&len@oﬁﬁé hesey oB “pRY SHnp gy w&%ﬂﬁoﬂﬁgt&ﬁgﬁm&r Rl r@f’éﬁbl e than 55%

preferred. 30 One or nore photoinitiators are used as’ component
Preferred PHOCHRAT Preferels eEberabeéVWxiﬁ% @ad gb%t et hﬁoﬂlaylﬂ%rrmd ey particularly

t et r ahexyl Bre@érgﬁﬁ lest ﬁfafl? uor opﬂde H%ﬁtﬁ&%ﬁ% é(y 1)1? 81%5391%1%‘ oxide and ethylene

tetrabutylamoniumtris(3 e an
t et r abut yl axdeadihaving aspréﬁlrbtbﬂ mﬁﬂhﬂsnermidewtf ﬁﬂs:ethydl 10 earydehicsyak€ight, based on the

(conponent , El)) S Fys x astrazon orange
met hyl ene bq% )naér/%ﬁeévp rrtﬁlgety ﬁ&fmt n;gﬁ% i3 az Gr e SVérr?%cl ﬁnﬁﬁf P2asg &F&%ﬁ? S?é)oo and
0, cyanidDne 42@¢b¢/inocara mserdei,s very particularly plefaret cgdhpnﬁuﬂds &fr qo&ﬁ:athen’VBD ITée .components

ol o songi ¢ B8 By b LERH i e (ERRORS B Tl dhong b EPRly iRy @m YR ratio o one

last razon om@ao&ypeamﬁomoelteu.zamefefaewmmys nepsbl ue) and one of
t he abovenenti oned borat e salts is part i cularly pref erred.

Optional ly one or ata sts can Lglsed as1 npounds, of
conmponent F:Sr BEBEY elS ggmpethacry ates aving at east one aromatic structural unit and a

5di net hyl brﬁ{a(:ﬂ.veom%ke@ldgeatér) 182y ] .50 At B89¥Em didRbRibly 1Rl GREQBMERL®. Bréhane

di azabildyc(BFhasyisies creamdersood sxpeayioe SrrPRIRES hving abiees) encisndate arvasthacrylate

, 3, 3- group, which add1t10na11 have at least one urethane bond, Partlcular preferred com oupnds to b
t et ranet hyl guani di ne, 1, 6, 7, 8- hexahydro-1| -neth p uf ©

] pyri m di né%ﬁdeasp?‘e?@ﬂ?%oc) TF ‘E@tb?@eacrﬂ?iﬁﬁ énfh rethang, meHEPrYﬁtmlhaSQﬂegn @)omatlc
may be useghoc hhgse aH&-Y?. Q?d.ro{)‘efh P%fﬁ?it@ hﬁﬁi&gfnloﬁ asér?la&:u 49}@({%\1}%&} §/Iate

area of coating technol ogy, such as sol vent ticizers
agents, anbply eopxidrimend(mathincniait, cnolypraplyiese pxifie m030(uséﬂacwlae polyalkylene

D1 1 301 Y ok AR 908 p R0k X SIS H 1 very ety
as, for ex arefriresd epxbb@ztdxemethe}akléuctsoofammqtmaamodyenme{dera@aﬂuewlailj pegerably tris(4-
of “addi 11 veIRYRERA=07 ARURHARENC Y G BERHE i Rion bt s 1 diene
pr et orably. the. phbtopol yiner 1 “‘"’“"fi‘{ s ot Be corrs Sar 0y gfyte ae
056 by ver B B RRSRERAL S0 5 r S PO B TP SBSHOREnc2dpets of

25  3-thiomethylphenyl isocyanate Wlth hydroxyethyl acrylate, hydroxypropyl acrylate, 4-hydroxy-

butyl acrylate are used as component C.

Inhibitors and antioxidants are suitable as compounds of component D). 2,6-di-fert-butyl-4-
methylphenol, phenothiazine, p-methoxyphenol, 2-methoxy-p-hydroquinone and benzhydrol are

preferred.

30  One or more photoinitiators are used as component E). Preferred photoinitiators E) are mixtures of
tetrabutylammonium tetrahexylborate, - tetrabutylammonium triphenylhexylborate,
tetrabutylammonium  tris(3-fluorophenylhexylborate and tetrabutylammonium tris-(3-chloro-4-
methylphenyl)hexylborate (component E1)) with dyes, such as, for example, astrazon orange G,

methylene biue, new methylene blue, azure A, pyrillium I, safranine O, cyanine, gallocyanine,



20 to 35% Ry conponent C) 200.02 to 0.1% by weig %
r adi cal stabl I | zers § 1 to 1.5% by weight of photoinitiat g;:g‘?% Orllﬁﬁ{ms“s

each case 0.03 to 0.1% by weight of the three dyes E2) which are
tailored in the absorption spectrumto t+fe-red, green and bl ue | aser
wavel engths 0.02 to 0.1% by wei ght of catalysts F) 25 3.5 to 5% by

wei ght of &uiliahi greéresr;ataﬁv‘mtbdidthyﬂmﬁal@)and lthi oréingd (cefnp e EBNOTIe dm:rlbﬁnation of a
t he proces%for ctoatlﬁtheg rt f mco:agrlsesthefollo ol 1
i ndi vi dual PHEEERIIEGy 2 BIER-TPEY '58{5'8{)’8 75S A2 BB Vviolet an

conpounds: new méthylene blut)pdn8 po¢ 6f theWbot@hadtibitg bbiateshlty/is phrtibhalyoemepent
A), optionally m xed with one or rmre of the components E), F) and

G, and secondl separate t her of the copponent
opt i onal 1y R TERT Bt BHISHS P SPhes CTRBOIS A PRBphents). DEy iy dilaucte
and G 5  dimethylbis[lewethaddetyljorflbtihatd, t he Shh@RyEn tr ansalieirb&sihate 1,4-

met ered an tiopally prem xed atcording 5to I)
filtrati on%@Fﬁ’t“ﬁ’él"E% 3¢¥19Fténe®bt ai ABZELITEIgRNARY t o IdFajlahm?YdO“ndecane 1,1,3,3-
honogeni zatdameRighiiBdifd, Xt une HhY, mh&eﬂy&eq%ahmm@nh@o[ha RO are

and pretreatnent of the support nmaterial coating the
support maPEEEL with the m xture obtained according to step IV)
10VIE. drying of the filmcoated according to VI) VIII. |am nation of

t he coat ed dfidoBsQSALRAY BRER 2HHifGest @)\/}{H’ be uifed. TRLdei G 4P £ extaﬂlﬁle additives
| aninated film obtai ned according to
10 customary in the area of coating technology, such as solvents, plasticizers, levelling agents,

antifoams or adhesion promoters. Plasticizers used are preferably liquids having good dissolving
properties, a 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

15 tousea plurality of additives of a plurality of types.
Particularly preferably, the photopolymer formulations described comprise:
18 to 30% by weight of component A)
35 to 57.37% by weight of component B)
20 to 35% by weight of component C)
20 0.02t00.1% 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 red, green and blue laser wavelengths
0.02 to 0.1% by weight of catalysts F)
25 3.5 to 5% by weight of auxiliaries and additives G).

In a preferred embodiment, the process for coating the support film comprises the following

individual steps for the treatment of abovementioned photopolymer compounds:



Al punp s¥sg9gFpdzed are known to the person skilled in szﬁ‘@@é@ggﬁﬂms |

in particular transport precisely, independently of counte
and with little pulsation are suitable for the transport 15 and the
necessary accuracy during netering (l). A<cordingly, diaphragm punps,
gear punps, eccentric screw punps (Mhno punps), peristaltic punps
?ndhpi st on p;m}is tengpoptraaf fmdﬁieﬂg ﬁ&]?rofmlwmpamﬁt ]:AQ,C@ﬂbllidllS‘r n&ﬁédgwmpum)&r more
Mohno punps) are.particul a re red. Preferred nmetered anounts
are dependent on & C(?P’rl?ﬂ?%lfso% ﬁgangg)t § ,fep]aqa}eﬁg T{lgc%gncq{é{l%aomponent
but are usually iB), éptiendlBnigiRed withdng ofhiord dF thetoaROEnt ¢)NDY) E), F) and G)
particularly preferably in the range from20 2 mM/mn to 500 m/mn.
I f necessary, devolatilizatio 1) of the jndividual conponents or i
the total m xttr é’%@?{ﬂ&ﬁ% %ﬁ%%?ﬂﬁ%ﬁé&%?ﬂ%&@w@ and piaylly pegdxgdeaccording
of, forsexanpl e, tdpnbar. Devol atilization, in particular after
addition of the conponent A), is preferred in order to prevent bubble
formation by r siéﬂual %?é_gs .or r%adi |y vaporizabl e conponents in the
phot opol yner s [r dp&#g o1 98 By o8 rercrdingtad on, di ssol ved gases or
readi | y vapori zabl e conponents, such as readily volatile solvents are
renmoved from {Vie HotdpedSzalibiDéf tRamRir@ofidin@i &g & My | Nt r oduced) and
the fluid to be devolatilized miy additionally be subsaturated. Inter
alia, vacuum degasers, nbrane degasers, centrifugal degasers,
ul trasoni c deg sé‘lnﬁonﬁ’rgcfgﬁﬁieﬁgft’in}?%o &g a9mee magiak onbi nati ons of sai d
- 8 - technol ogies can be used as industrial degasers. The filtration
Crn ) serves fr cog@pgniad supghrsedterchl RathitheGhiRfird stphddnBedriifisiotbidpadh UM
and is used in particular as a purification step for the liquid
conponent s. arule, tupe filters and plate filters are used in the
coat i ng i ndugﬁgy.‘ﬂ'ﬁ%‘?féf‘?gﬂﬂﬁ?éﬁcfi?ﬁo&mﬁtﬁ i stributions are between
0.1 gmand 5 gm 5and particularly preferred particle size
di stributi on¥IAY Gamifatidhef tRRE&ed filaldthivedtctRdide HVHY | Mt hods and
apparatuses known per se to the person skilled in the art from m xi ng
t echnol ogy, sugh , for_exanple, stirred tanks and both dynam c and
static n‘ixers,%%'céﬁ? %%féhelﬁ'@fnateﬂéﬁwkfﬁwgdﬁqcv)dmg%mer, appar at uses
wi t hout dead spaces or with only small dead spaces are preferred.

Fur t her nor @l sipeeems Whidh £b khiien 06 HeN@rdbRkRiSeP irAE8 AW 4 i pAEIY transport
short tinme and with \érgire%{tﬂlo vi gorous m xjing of the two conponents to

be mixed aPECiFl&riadep Sholseratpprasare anf withditle pulsation are syiteble {p1 the transport
those iH Wahd bhet fi8essRYROARI SIERN BndidHrg @0 HcBGHindly! i r

in the nixer, f:re Suitable for t%?rétpu%p@ge. The\élty’e?rgg%}g%rg es g’r e%%'pﬁmps,
to 100C, pPEFEFaBIGY Fomph (Mdolmo pyses) eetisdaltie pysarstand piston Raps grépEferred. Gear

pumps and eccentric screw pumps (Mohno pumps) are particularly preferred.

Preferred metered amounts are dependent on the dimensioning of the support film to be coated but

are usually in the range from 2 ml/min to 2000 ml/min, particularly preferably in the range from
20 2 ml/min to 500 ml/min.

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

or readily vaporizable components in the photopolymers prepared.

25 During devolatilization, dissolved gases or readily vaporizable components, such as readily
volatile solvents are removed from the fluids (for example by ambient air introduced) and the fluid
to be devolatilized may additionally be subsaturated. Inter alia, vacuum degasers, membrane

degasers, centrifugal degasers, ultrasonic degasérs and thin-film degasers and combinations of said



Bef or e the\%%ﬁb/ﬂﬁhﬁé conponent A), the m xtures of conpopeRt SR of8oses

G can be stored as a 15 storage-stable intermnedi ate product,
optionally over several nonths. After the adm xing of conponent A) of
t he pol yuret hane conpositions according 1®-the invention, a clear,
liquid formul ati on i s obtained, which cures within a few seconds to a
few hours, tebpeoglesign dbeued apmdustriaddegasers.oom t enperature. The ratio
and the type and reactivity of the synthesis corrponents of the

pol yur et ha ons 2Q are refe s at

o g af ¢ G SRR (DCRReR SorSiint iR pediclsS (o e G P&%Berag?df gsed in
wi t hi n M npheisulboascnpuriiieation step far thb&ifq&idrcﬁdlp&iﬁﬁﬁdm rﬁlﬁle, tﬁlkb?ﬁlw Arligplhte filters
accel erated %“51 EI the for ta n after éthe ad

t enper at ur 8F 8¢ fidbncoshngindusiygiisetery f’é‘il’:e][‘f,')?lfre ?)tnlf’wof?ﬁﬁbetﬁ&?”tq L Umegndyp pm,
preferably aﬁ@pirﬁcde@%refkrﬁéﬂ%ﬁhﬁ‘lﬁz\é dasfuﬂﬁlhomin%@raﬂgeﬁdﬁgo QPnﬁtb h pum.
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par ti cul ar A/ 1BFtBeds 28¢, pRPasgses Ko¥p P Loy person geillediin fh e)?ftrﬁ"é?’é?‘é}ﬂt?"hmﬂogys

500 to 500QudrRR; fr eehpld) &trrddRiks Ba Bl 8FndmSOR- S0 aeesd, Beh RIRBEL HESmixing
even in sol vent free form In solution With suitable sol vents,

vi scosi t i e$Pat Howevenf aparpises roitivgodsppspaces (o aftdropby smabfesd spgge are preferred.
mPa. *s, parplfdndfel Yelb8 B FRLY HRELIMODs Tre SwithGR Y VQSr &5k ahld abedi &h very

- 9 - to be advant ageous concentrati ons between 0.01% by wel ght
0. 08% BY weigghaus aisng pfhe twe oranedentoiechermixed mmsefﬁmdm@mn&ulan%wmc mixers,

(wel ght and g;egﬁﬁ@ Bbs Rl »9151& R0 gr;&eh& l&éﬂé lnx% %rﬁ%}?%tﬁqme TSGR tﬂgmr

of the ort material 1s effecte Wi'Se processes “usin
SI ngl e-rol Iarqmmhidﬁrﬁudqnmeto the person skilled in the art. In
t hese batchw se processes, an individual 5 uncoated roll is used in

the unw ndlﬂg g‘%ﬂ’@%@@%% e @Q}ﬁlOb‘% Ejﬁ (Perﬁtﬂ?' 6 B qﬂg)o(ggoag{cglarl g%erabﬁ 02(1t tg %O°C

coating proce e en oa |ng roce

stopped and the conpletely coated and roI | ed up support mat erl al is
removed fr (B¢fqrh gepdmidng ofatompeenhiA)dtha gnistiees iof nompmlepaB) exlG) narabe stored as a
product,=sp n th unw ndi.ng. apparat u a fresh uncoated
roll |s'}5us§glk gtaﬁglélgm’tecehﬁ%ee r?(ﬁc ?Ptmna %Fr{) eeralpn?o %busl y produced
support material by means of suitable adhesive filnms. After the 10

machi ne hamﬁmmdaﬂd@xf icogperivet $)J(pf[1hfr polyraethmieabmp‘bsl'rtmne aabiditg tp tieci@sation,
can be conti .cont atln e support Jmterials, ..
mul ti-roll aucne\ia\f‘filll lélflgorm i IIlﬂllsalrl':'{egl arr ange&r%?s @‘fﬂ'? Wsﬁf tﬁﬁ\ff‘?ﬁh%‘?@’a%?endmg
t ur n- over loammpasmouaemom'fmemmtel cal transition froma batchw se
process with the use of an uncoated support material roll to a

conti nuous .coatin rocess,w thout .j.nterrupting this oatl n ocess
.is carried T@afatn&a%l.%g?m Sapd f‘*ﬁ‘é“"éﬁ‘faf%? Sypehigs cg?lg?némﬁf’f ?@F‘?’Fgcomposmons
(15adhegbon aﬁ@é&%%r@i?ﬂibh?@ sd ’fhﬁt De ey stter hﬂlﬁﬁh Jdg(rjbf &ﬁwcoaipb?einAA Bcurs at room
store serves as a buffer. for the stoppa ase ri ro chan
ond Sdnes! Smengn S BB FLPe Lo A PEOE GHPHFrioR S cuelerated by

mat eri al  umwitingd M{h&"orrﬁdll&oﬁdﬁéﬂﬁ@acﬁrﬁﬁﬁgtd t8mbRRRA B&Fedii RN $80°COp@ferably 40 to
val ue above_the actual optimum coating speed. After the coating speed

has been e%%%gd%m‘tlﬁbfﬂﬂﬁfﬁm%’ép@l@ €onpletely filled with the
support material. The advance speed is then 20 adapted to the actual

coating sp@@shedifeRUhfANRRpTLY rmfhh@ oF AP BEmPERERS ] e maﬁun@gco%\sglﬁsns have

inthe nultiroll unw nder is e ped with a further uncoated rol

At t he 2@nd Vispositise apt3e¢ |°51§§11‘5ﬁuﬁs o rl(c?ﬁ P00 mPrss, penferaldle 1&heed OD%mPa s, partlcularly
i medi at el bl % 284 byo Fefispdumngd eﬁjtea%ﬁﬁefeﬁa\s &F@dd‘&a%’o% B8t 5% é ve very

speed, the web ore i's continuously enptle Si mul t aneou
begi nni ng @pod precesyrg prapmwyeqomévlwefétﬁeatfow@ Spbmonmthram@bieablvents viscosities

unwi nder i 0 e b
of 25 corr 25 %gf% ?ﬂ qg’?‘?lf/)ks }Jq dtj@b a r%%?v pgngg(%%%?g(} %?y%’hgaf{a%#atﬂé’ r ,reﬁ%%; below
500 mPa-s, can be established. ‘

30  Polyurethane compositions of the abovementioned type which cure with a catalyst content

(component F) of 0.004% by weight to 0.1% by weight at 80°C in less than 6 minutes have proved



30 Web gui wn to the person skilled in the art are used

for control (r)lr?gi(@/ elklgﬁpport material in the transverse di rEG&f]gF??‘IIlB/O““SﬁS
t he advance direction. The position of the web edge is determ ned

with the aid of optical sensors, such as,9for exanple, reflection
sensors, transmtted-light sensors or ultrasonic sensors, and

mechani cal kybeatvantagends; wbiidanttdtiensbetwerh 000174 bPlveiot 4n@10. @%ta)e%&nge Breferred
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t he suppor fRhePEFRraTions betyieen Biveight and §okrdiswdent arppagicplpdy aigferred.

cl eani ng net hods: surface cleaning with contact and noncont act
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produce pogid j¥& eutrali rfac
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of a fine &onpressed”drY 8? IB%PF‘E‘ CPEOF GoRtnEays eqating process without
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The rretlgods descri bed. for b cl eagﬁ]lk%l can be arranged and combi ned

in any 'Yes RSIOLBGESHERP WA t5derspr 8F- i nprovi ng the adhesion
properties of the support materials, corona and pl asma pretreatnent
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facing the electrode is treated. Here, custorrary el ectrodes

suppl i ed wicRedsrh thrweb Foge complatglytidied with hexwapart ﬁm@q@ieﬁhq/adaandgepe@emﬂlen
10 and260 IddgielYo MRABGaoatkigipeld SOMBRLN &

applicati okdg%g a0 support oﬁntgggrﬁfal (coatin uger{@f g&%é?l?\tglgalnu%&fngmg qewcemﬂm
respect i vemglise oprist dnigpedwidiwm furder lhleoqir@r oBnAtstké bideaf thepretieusly tised roll,
@re sui t abhe, f. casting.

screen pri ntgla%é‘:{;ﬂGé; gg/ }SI’%&SI&&I’% &’ﬂy @iuf:%l a?llg%%oﬁﬁ&f By mdlI 2} mo‘ @}? d:o'él{l_[(]:éépeed
nozzl es ar@lemeéﬁ@rablcpntmpmubbmptaé Smnhhanemaly, tg T:mgmhmgsf thE@dsll tlReady provided

coating ne C f ret

composi t i o%rtgﬁ %E%cgrgfgﬁ{cfg%%reﬁas gaﬁtF ¥ (ﬁ?eﬁ’g‘i %ttng‘ EF %ﬁ?ﬁtt%means of
per son2%Kki tdn@ebqndmgﬂyesuaame aﬁieavadamﬁeld metrdsaﬂehehaahdilzaﬁn‘e sfpbﬁ A deirlel \6@&in and
descri bed.. Pre rred S é) & nsi ong here are between 10 . m\/ m and 50

m\/ m par £ IS Saer Ftep‘ﬁs%? e>9°? P8 W56 hRfrhie § WWWW agsin Supyliggeously, the

coating wi sitihisolburaviiiel i edtary Afdc RErsion o 3QAQEREr b3S Pisotkdthtdi@h ﬁ@dbgﬁunng the
from300 nmmto 2000 men ar CBartrcularly preferred Substrate speeds
are pref er SIS RS ’?’%tﬁ‘@ag FntBe PaHRRAPREG 1§ ks@fFonsiivia, the process control with

Parti cul arﬂhyaiar(gﬁﬁmﬁ@d]aﬂhﬁ}yr@{v% speeds are to be found in the range
from1.0 mMmnto 50 mMmn.

m:

30  Web guide units known to the person skilled in the art are used for controlling the support material
in the transverse direction to the advance direction. The position of the web edge is determined
with 'rhe aid of optical sensors, such as, for example, reflection sensors, transmitted-light sensors or

ultrasonic sensors, and mechanically corrected with the aid of control roller systems which are



5 lied i cknesses for knife coaters and sl ot
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are prefer y not nore than 200 gm particularly preferab

100 pm very particularly preferably 15 gmto 60 pm The drying (VIl)
of the coated substrate is preferably ef-fileeted at a tenperature of
30C to 180C, particularly preferably of 40C to 120C, very

parti cul ar pysitred en abtiyenobdtatuid@range. 100C. In a preferred enbodi nent,
the nmetering of the starting naterials is effected either by gear

10 o centrigc scre . ntrifugal .degasers arge.used .
Por devol ot F1e,SFRER & o REPSHPHRG: poabbpiien ¥ Tade FRAEn P CBRSSH geaning
the filt er infethodstmerfica dieatiintmith cowgeonEtoSconfact m@dﬂeﬁﬁj@gﬁr@]{cﬁhﬁﬁg eth8l with
havi iatel y desi gnhe | Xi ng. geonetries, such as, for .
oxanpre | BTG ARG SHEUEE PRRe] Biich g FRNRRSd PRt ansoft Brigler merials. A
coat i ng5 unidisadviiepeCsTahie thetfdtl 6 1ha locduSrefel Tdefebid irfihE sﬂfg)ﬁﬁ nShtedal #HEh énay result
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desired air, tenpperature and noi sture content over a defined period.
Figure 1 sKH8WsthasoReetafithebmeh Tuhthe serwert masaial Fopaspnparumierss suehas speed of

i ndi vi dual revoREbE AR SiteRs h@thedisRalod B4 RYpbALSterfal, IUVE tolbe adapted in this

Schematic setup of a typical coating unit, including arrangement o

- the pretre&ﬁ#@nt of the coating material (1-5), schematic path of the

support material (8 + 9), coating device for application to a support

material ( Sbn@nthcSMBREAUGRY o8 16} B 7833t dn/ nits RRLBELABEN ML AbRweR, are

Figure 1: 20lstorage contal ner 2metering device 3vacuum . _

devol aflf| i materiagkprateetingenetiis dn fhis ebpeek The doraratiog witsiredicd dostieve Bulaisgative

bat h 9pr odygt whamiBakd Qi NLAgG .t .St descri bed

(Ehovvn in F#%Er e 1 ,n ‘gt%dé%‘ g?%‘élgc ur lé%g&ofl tﬁ@%@%%ﬁ%ﬁ%ggﬁeq@n&y’ saafic tharges on
the support material, which result in the attraction of dust and particles from the environment, are

avoided. Optionally, the cleaning systems are equipped with additional suction channels which
transport particles away from the surface of the support material. This is supported by the use of a
15 specially arranged flat-jet nozzle which detaches and blows away dust and particles from the
surface by means of a fine compressed-air jet. These particles are likewise transported away via
the installed suction channels and are filtered. The methods described for web cleaning can be

arranged and combined in any desired sequence and positioning.

For improving the adhesion properties of the support materials, corona and plasma pretreatment
20  systems known to the person skilled in the art are used. The support material is exposed to an
electronic high-voltage discharge which occurs between an earthed and polished steel or
(_ aluminium roller and a closely adjacent insulated electrode. Only the side facing the electrode is
treated. Here, customary electrodes are supplied with an AC voltage of 10 to 20kV and a

frequency of between 10 and 60 kHz by means of high frequency generators.

25  For application to a support material (coating, VI) or in a mould, all respective customary methods
known to the person skilled in the art are suitable, such as, for example, knife coating, casting,
printing, screen printing, spraying or inkjet printing. Knife coaters and slot nozzles are preferably

suitable as film coating methods.

For the coating methods described, surface tensions of the polyurethane compositions described,

30  which surface tensions are known to the person skilled in the art, are adapted with the aid of the
additives described. Preferred surface tensions here are between 10mN/m and 50 mN/m,
particularly preferably from 20 mN/m to 40 mN/m.
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The retarda |%O%P‘£é]mate?%ie B cghma G 87 prggeg'fpp% ngaﬁ@a%?? %i’ ﬁ%aélﬁgéieﬂﬁe for
and t he t hiapMitetisn tok stjpertsugpgiat (6) and siheqait diyiicipeocasid7)0bj ecti ve
measur enent of the ret ardati on is effected using an 30 i mgi ng

pol ari rrete&{tefe;é)re %%mll lis GrbH, StainMatic(r) M3/ M nodel. -
13 - suppor e %ﬁl val ues. The support, including possible
coatings on one or both sides, typically has a thickness of 5 to 2000
m pref26rably 8 to 300 gmstopaeicomtathar |y preferably 30 to 200 mand in
particular 125 to 175 mor 30 to 45 m 5 In addition to the
constituents the fil  conpaséring dedee have one or nore covering | ayers
on the photopol yner layer in order to protect this fromdirt and
environmental influedces. vRtwmstdegslafilizatien or fil m conposite systens,
but also clear coats, can be used for this purpose. Filmmterials
~anal ogous to materi alds usddtern the support |ayer are preferably used
as covering layers, these having a thickness of, typically, 5 to 200
m preferably 8 to 125 m spéictixznl arly 10 preferably 20 to 50 m

25 ‘ 6 coating device
7 dryer
8 web path
9 product lamination

By combining the process steps described, shown in Figure 1, greater accuracy of layer thickness
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t er eogr ang; l.ect | | agr ni_syu ogfans, transm ssiqn '
ol ogr ame. Do LR Pl RRTEA e SRR TR, F AR USRS Gyt
de | ecti ng;l)cpljrvgnyircélogﬂé,lﬂoﬁrvﬁ:;yl tutlyfali o polydicyoigpstadiSfdci:f hixaedsi @étgc/)f. In addition,
el ements, light, conductors, vegui des, projection screens and/or
masks are B’?%F%lrcf’glac.’s’ﬁﬁ? %‘ﬁgéﬁ{\ﬁ%?’ﬂﬁ?geéé’r B%txfrh‘%tesé%h%w A BT film. Examples
frequency skietetialwolmyoside pendliphg 08 telek figs heARod &leture adebrdingMRY Sne of the
exposeg and. whi gg?di nsi t he hol Cﬁ%{ amhas. |In addition )
hol ogr &phi thFHeEsfeB: 815781 AYB(Fssuchas RCEE T RERPERF and B¢ TR UsT thermoplastic
phot opol ynpslydrethife). PERA PERlard fartdiRrly PHERiBIPied 346 Pp&sailnd OF exanpl e,
for personal portraits, bionmetric representations in security

docunent s, ener al | i mges or image structures for

or of ,
advertisi ngran ?%“PER‘%&%‘F@F‘? 8ptich e ey k QS gt ate PRt ady Befchap@iskmeasurable
brandi ng, {iahe Saze 9854, Whid 81RO tisn 30506 PratiaB) Sess kUS4 gﬁ%tfcgllﬁg? Fgﬁ?&@ﬁ@ less

cards, ina&Fs and the |ike and images which can repres
data, intefamfP% also in conbination with the products descri bed
above. Hol ographic inages can give the inpression of a

thr ee- gy mevRd RO8lvaludBRGribBU the! HRYE BF 17! SR GRAMvhil
short filns or avﬁdlrrber rlof dieffercént obj ec?@gependyh%%aﬁﬁgyﬁéﬁémaﬂ

from whi chdifesign bt te pamnineapaseddo lighieThusghis agerasuseof the opacity or haze of transparent

materials and quantified material defects, particles, inhomogeneities or crystalline phase
boundaries in the material or its surface which interfere with the transparency. The method for

measuring the haze is described in the standard ASTM D 1003.

25  The support preferably has a birefringence which is not too high, i.e. typically a mean optical
retardation of less than 1000 nm, preferably of less than 700 nm, particularly preferably of less
than 300 nm.

The retardation R is the mathematical product of the birefringence An and the thickness of the
support d. The automatic and objective measurement of the retardation is effected using an

30  imaging polarimeter, for example from ilis GmbH, StainMatic® M3/M model.

The retardation is measured in perpendicular incidence. The retardation values stated for the



10 (i ncl udi‘&% esw'ogﬁggnes) to which they are exposed, etc. Faagmgmoosﬁ

t hese varie I'gn possibilities, holograms, in particula

hol ograns, are an attractive technical solution for the
abovenentioned application. - 15 - ExanpBes: Starting materials:
Desnmodur (r) XP 2599 is an experinmental product of Bayer

Mat er i al Scisepet Aatetvrikusen, Gernmany, full allophanate of hexane
di i socyanate on Accl aim 4200, NCO content: 5.6 - 6.4 %5 Prepolyner 1
is an experjinmental product of. Baégi\ryglvateri al Sci ence AG, _Leverkusen,

Ger many, uref iR e ROSHRF & o ancprboly sidey hipieliy hassgcthickness of 5 to

content: 3.2200 ud, FRiabRoB Y®Bod mﬁ,ﬁs‘e@dmm&rp}eféxaﬁg)soits 280 R MR P RYHEMEr 125 to
oxi de havi ngﬁa nunber average nol ar nass of 4000 g/ nol from Bayer

Mat er i al ScildAd® B30 1 RPkusen, Ger many. Pol yol 2 (Acclain(r)
4220 N) is an ethyl ene oxi de-capped pol ypropyl ene oxi de having a

number” 50 gy @EdE6n fPIh8 lcofSBRRNte thARBD cahifiBite EmOEyBaXEbr Mol @HngQhRAE n the
AG, Leverkusen, Germany. Polyol 3 (Acclain(r) 2200) is a

pol ypr opy| dhetopalyRe ey imerdsr tamrpes thiv Epagrt Al ervirprmenta infpogs. Plassics fims
from Bayer JMlRkbdposté SREEs AR allrdEF KUAEBn b@%ﬁ&ﬁﬂ%}:jséﬂ%%&?@ne acryl ate

1 is an experinental ‘product of Bayer Material Scienc "Lever kusen,
Germany, urethane acryl ate based on }{EA and Desnodur(r) RFE. 15 .
Fonrez(r) Uilpgmatgrigh aaalegens icomaienalapsedtin the support layer are preferably used as covering

di et hy! bi 9iels axQnRRARCOMILL AL AR NGAEINCE A pREDRNCE 1 i

Monenti ve P{lasfef or mance Chem ca%s, ’\r}ﬁl?acl)g’, @F%@g% Ifus?egwgééml!)%%“m particularly
trengtl sarefetablsi 20 fo 3¢yl pyrrol i done). CE 909: bor at e- based

(ioi nitiator of GCba Inc., Basle, Swtzerland. New net hyl ene bl ue

(zinc-free)a S - j . ] I nhei raany.

20 Et hyl vi%‘i"g‘%@y%eﬂg} ’§r %%%?%E&gl ‘%F ?“%E@P%%?Sgﬁﬁ% %‘%F"é‘%ﬂ%;ﬁ% oughness
Ast razon ordgiegeing agywlifer torDISi BNHSAI 488 ¢Hedindnd Brodnds HipeSfiaitink ¢GPS) — Surface
Germany. B O:5»Silic -based sur.face.additive fro BK—?he'e .
Gt s el oD It pERE0E ot A0 ARRL R Frereh bRl RoSosses are in
Measur enenttherfegidn bf lessahanam egfaf o |engyefBEblgtms thef soghilMe0 s paex

contrast an: 25 The nedia according to the invention produced in the

experi nmgnt d ,conparati ve lawere tested with regard t
t heir %I oegiJrE a%ﬁliréér %ir&gphear StﬁiBVeFFE tSP@%‘éélfﬁdi %dﬂ%&ﬁ%&éﬁ%rﬁ polyethylene
accor di ng tftmfef g pm tiickness id particularly preferably used.

Further protective layers, for example a lower lamination of the support film, can be used.

The present invention furthermore relates to the use of the media according to the invention for
) recording visual holograms, for producing optical elements, images, for displays and a method for
20  recording holograms using the polyurethane compositions according to the invention and the

media or holographic films obtainable therefrom.

Holograms for optical applications in the entire visible range and in the near UV range (300 -
800 nm) can be produced by appropriate exposure processes using the photopolymer films
essential to the invention. Visual holograms comprise all holograms which can be recorded by a
25  method known to the person skilled in the art, 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
holographic stereograms; reflection holograms, Denisyuk holograms, transmission holograms are
preferred. Optical elements, such as lenses, mirrors, deflecting mirrors, filters, diffusion screens,
30  diffraction elements, light conductors, waveguides, projection screens and/or masks are preferred.

Frequently, these optical elements show a frequency selectivity, depending on how the holograms
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of the reference bean1wag}adjustéEEQQ§“?Vh&b andg%%%g%%&ggwﬁ%@ﬁﬂﬂgﬁ%ﬁOfa
si gnal beatfresodipensiong] imagn dublbeiepan alierrepresnicimepnesduensesn gilortrféms or a number of

sen conduc r f .15
i nci dence t(d%er%? tog‘ﬁgtgr g?p%%%%\‘gﬁ tt}léi%ﬂgg %@%%ﬁm? %-Elee aﬁ%&&te@ itk light source
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sanple (ne t of the L Qve ea
Qpr oduced a(ﬂgpgtl nglﬂgfdaf:l ﬁ% edglro Og%aﬂls’i 6% i TROAME %Ldﬁgggl%r or the
o the angNmemmhﬁwﬁamb&nmme two beans incident on the sanple
(reflection hologram. The strip spacing in the nmediumis - 225 rim
(refractive index of the nediumis - 1.49). 20 Hol ogranms were witten
into the nediumin the followi ng nanner: Both shutters (S) are opened
for the exposure tine t. Thereafter, with shutters (S) closed, the
mediumwas allowed a tine of 5 mnutes for diffusion of the stil
unpol yneri zed witing nononmers. The hol ograns witten were now read
in the follow ng manner. The shutter of the signal beam renai ned
cl osed. The shutter of the reference beam was opened. The iris
di aphragm of 25 the reference beamwas closed to a dianeter of <1
mm This ensured that the beam was al ways conpletely in the
previously witten hologramfor all angles (K2) of rotation of the
medi um The turntable, under conputer control, covered the angle
range fromC2 = 0 to L-2 = 20 with an angle step width of 0.05. At
each angl e approached, the powers of the beamtransmtted in the
zeroth order were neasured by neans of the correspondi ng detector D
and the powers of the beam 30 diffracted in the first order were
(measured by neans of the detector D. The diffraction efficiency ti
was obt ai ned at each angle Q approached as the quotient of: - 17 -
PDis the power in the detector of the diffracted beamand PT is the
power in the detector of the transnmtted beam By means of 't he net hod
descri bed above, the Bragg curve (it describes the diffraction
efficiency as a function of the angle no of rotation of the witten
hol ogran) was neasured and was stored in 5a conputer. In addition,
the intensity transnmitted in the zeroth order was also plotted
agai nst the angle Q of rotation and stored in a conputer. The maxi num
diffraction efficiency (DE = -rkkix) of the hologram i.e. its peak
val ue, was determned. It nmay have been necessary for this purpose to
change the position of the detector of the diffracted beamin order
to determ ne this maxi num value. 10 The refractive index contrast An
-and the thickness d of the photopolyner |ayer were now determ ned by
means of the coupled wave theory (cf.: H Kogel nik, The Bell System




15 Accordi d;@ ik, the followng is true for the Br
TAO) for a%?plec iggglhol ogram 1 11= 1+ shill' (102 - X2 ?&WM&(‘]OOSGS

An d Vcos(a9 cos(al-21v) 27c sin(a'-v) d X= AO A cos(ce-20 2 2 A
=2 cos(gi - a') n sin(a9 =sin(a), n-18kn(') =sin(P) 1 - sin 2
(a) - 18 -

Examples:

Starting materials:

Desmodur® XP 2599 is an experimental product of Bayer Mat_erialSciénce AG, Leverkusen,
Germany, full allophanate of hexane diisocyanate on Acclaim 4200, NCO content: 5.6 — 6.4 %

5 Pféﬁblymer 1 is an experimental product of Bayer MaterialScience AG, Leverkusen, Germany,
urethane of hexane diisocyanate and Acclaim 2200, NCO content: 3.2 —3.75 %

Polyol 1 (Acclaim® 4200) is a polypropylene oxide having a number average molar mass of

4000 g/mol from Bayer MaterialScience AG, Leverkusen, Germany.

( ' Polyol 2 (Acc_laim® 4220 N} is an ethylene oxide-capped polypropylene oxide having a number

10 average molar mass of 4000 g/mol from Bayer MaterialScience AG, Leverkusen, Germany.

Polyol 3 (Acclaim® 2200) is a polypropylene oxide having a number average molar mass of

2000 g/mol from Bayer MaterialScience AG, Leverkusen, Germany.

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

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

15 Fomrez® UL28: urethanization catalyst, dimethylbis[(1-oxoneodecl)oxy]stannane, commercial
product of Momentive Performance Chemicals, Wilton, CT, USA (used as 10% strength solution
in N-ethylpyrrolidone).

P

CGI 909: borate-based coinitiator of Ciba Inc., Basle_, Switzerland.

New methylene blue (zinc-free): dye from Sigma-Aldrich Chemie GmbH, Steinheim, Germany.
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 (solution
about 25% strength in xylene).

Measurement of diffraction efficiency DE and refractive index contrast An:

25  The media accordiﬁg to the invention produced in the experimental part and comparative media
were tested with regard to their hologfaphic properties by means of a measuring arrangement

according to Figure 7:
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the direction in which are ogram concom
r econst r uc sPlheipserrbenns ingsf WOB@e@beﬁqualbwolﬂmsi bl@tmc‘tfxartha‘ 7d2 plales, the power of

i 11 ract eduld @iterteBPhECLG AR 3.4 ) LR B0 B BHCG bl B0 PO, The

Sl scan, butwasiwgretdatermined using the semiconductor detectors (D) with sample removed. The angle of

15  incidence (@) of the reference beam is 21.8° and the angle of incidence () 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 is ~ 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 shutters (S) closed, the

e

medium was allowed a time of 5 minutes for diffusion of the still unpolymerized writing
monomers. The holograms written were now read in thel 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 (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 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 efficiency n
was obtained at each angle Q approached as the quotient of:

P

D

L=y
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N
o= T-An-d
A - y/cos(o'} - cos(o—2)
2m- sin(o'~y) d

= AB L
x A -cos(o—2y) 2

n-sin(ot’) = sin(ct), 7 - sin(B') = sin(B)

1-sin*(o)

AB=-AQ-
n* —sin?(ct)

D is the grating thickness, y is the detuning parameter and ¥ is the angle of tilt of the refractive
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means of an Q scan, but the detector for the diffracted light can detect only a finite angle range, the

Bragg curve of broad holograms (small d} is not completely detected in an Q scan, but only the
central region, with suitable detector positioniﬁg. That shape of the transmitted intensity which is

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

Figure 8: Plot of the Bragg curve n according to Kogelnik (dashed line), of the measured
diffraction efficiency (solid circles) and of the transmitted power (black solid line) against the

angle detuning AQ. Since, owing to geometric shrinkage and the change in the average refractive

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 for different exposure times t

on different media in order to determine the average energy dose of the incident laser beam at
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' .0.1 g of 2,6-di-tert-butyl-4-methylphenol, 0.05 g of dibutyltin dilaurate (Desmorapid Z, Bayer

20  MaterialScience AG, Leverkusen, Germany) and and 213.07 g of a 27% strength solution of tris(p-
isocyanatophenyl) thiophosphate in ethyl acetate (Desmodur® RFE, product of Bayer
MaterialScience AG, Leverkusen, Germany) were initially introduced into a 500 ml round-
bottomed flask and heated to 60°C. Thereafter, 42.37 g of 2-hydroxyethyl acrylate were added
dropwise and the mixture was further kept at 60°C until the isocyanate content had fallen below

25 0.1%. Thereafter, cooling was effected and the ethyl acetate was completely removed in vacuo.

The product was obtained as a semicrystalline solid.

Comparative Example 1 (photopolymer, internally HOEN 0076):

5.00 g of urethane acrylate 1 (component C), then 0.100 g of Fomrez® UL 28 (component F) and
0.060 g of Byk 310 (component G) and finally a solution of 0.300 g of CGI 909, 0.010 g of new
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20  slot nozzle.

The coated support films are dried at about 80°C and then covered with one of the abovementioned
L covering layers and packed in light-tight packaging.

The thickness d of the photopolymer layer is obtained from the coating parameters of the

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

25  The following examples are mentioned for illustrating the method according to the invention but
are not to be understood as being limiting. Unless noted otherwise, all percentages of the

photopolymers are based on per cent by weight.

Example 1 (photopolymer, internally KOHC 178-07):

13.75 g of urethane acrylate 1 (component C), then 0.275 g of Fomrez® UL 28 (component F) and
30 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 (fogether component‘ E)
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in 1.678 g of N-ethylpyrrolidone (component G) were added stepwise in the dark to 27.83 g of
polyol 1 (component B) and mixing was then effected so that a clear solution was obtained.
Thereafter, 10.395 g of Desmodur® XP 2599 (component A) were added at 30°C and mixing was
effected again. The liquid material obtained was then applied to a 175 pm thick polyéarbonate film
and dried for 4.5 minutes at 80°C. Dry layer thickness: 45 um, maximum An: 0.016 (633 nm),
0.017 (532 nm).

Example 2 (photopolymer, internallv KOHC 246-05):

5.00 g of urethane acrylate 1 (component C), then 0.100 g of Fomrez® UL 28 (component F) and
0.060 g of Byk 310 (component G) and finally a solution of 0.300 g of CGI 909, 0.010 g of new
methylene blue, 0.010 g of ethyl violet and 0.010 g of astrazon orange G (together component E)
in 0.610 g of N-ethylpyrrolidone (component G} were added stepwise in the dark to 10.245 g of
polyol 2 (component B) and mixing was then effected so that a clear solution was obtained,
Thereafter, 3.655 g of Desmodur® XP 2599 (component A) were added at 30°C and mixing was
effected again. The quuid material obtained was then applied to a 175 um thick polycarbonate film
and dried for 4.5 minutes at 80°C. Dry layer thickness: 25 pm, maximum An: 0.012 (633 nm),
0.010 (532 nm).

Example 3 (photopolvmer, internally KOHC 173-02):

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 stepwiée in the dark to 19.946 g of
polyol 3 (component B) and mixing was then effected so that a clear solution was obtained.
Thereafter, a mixture of 6.467 g. of Desmodur® XP 2599 and 11.812 g of prepolymer 1 (together
component A) was 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 pm, maximum An: 0.016 (633 nm), 0.017 (532 nm).

Example 4 (Photopolviner, internally KOHC 227-07):

5.00 g of urethane ac;rylate 1 (component C), then 0.100 g of Fomrez® UL 28 (component F) and
0.060 g of Byk 310 (component G) and finally a solution of 0.300 g of CGI 909, 0.010 g of new
methylene Ablue, 0.010 g of ethyl violet and 0.010 g of astrazon orange G (together component E)
in 0.610 g of N-ethyipyrrolidone (component G) were added stepwise in the dark to 8.432 g of

polyol 3 (component B) and mixing was then effected so that a clear solution was obtained.
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Thereafter, 5.468 g of Desmodur® XP 2599 (component A) were added at 30°C and mixing was
effected again. The liquid material obtained was then applied to a 36 um thick polyethylene
terephthalate film and dried for 4.5 minutes at 80°C. Dry layer thickness: 30 pm, maximum An:
0.013 (633 nm), 0.014 (532 nm).

Figure 2 shows a topographic layer thickness distribution using a conventional laboratory coating
device, such as, for example, hand coating frame, spiral applicators or an automatically driven film
applicator (Comparative Example 1). In these methods, a sufficient volume of coating material is
introduced before the applicator. The applicator is then drawn manually at virtually uniform speed
over the support material so that a uniform film forms on the support material. This can be
supplemented by an automatically driven film applicator and thus optimized. Furthermore, the
coating quality of the methods described is greatly influenced by the choice of a suitable substrate.

Here, glass and rubber materials are preferably used.

Figure 2: Layer thickness distribution on production using conventional laboratory coating

devices

As shown in Figure 3-7, a higher layer thickness accuracy can be achieved by the continuous roll
coating shown in Figure 1. A list of the results obtained is shown in Tablel. The improvement of
the layer thickness distribution of Example 1 can be clearly demonstrated from the reduction of
standard d_eviation with the use of roll coating (Example 2-5). Furthermore, the comparisons of the
measured minimum and maximum layer thicknesses (see difference) show a substantial reduction
in the range of the layer thicknesses achieved. More uniform coatings are achieved thereby. The
achievement of uniform layer thickness distribution of the photopolymer is important in order to
be able to guarantee a uniform brightness of the holograms over a relatively large area. Since the
brightness of the holograms is directly dependent on the diffraction efficiencies and the spectral

angle bandwidths, there is also a direct influence on the layer thickness via these parameters.
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Figure 3-7: Optimized layer thickness distribution on production using a continuous roll coating
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oligoneric or polyneric isocyanate-reactive conpounds are used as
prepolymers in A), the prepol yners havi ng*nunber average nol ar nasses
of 200 to 2010 000 g/nol and NCO functionalities of 1.9 to 5.0. 3.
Process acEateritelpimso Claim 1 or 2, characterized in that difunctional
pol yet her polyols based on propyl ene oxi de and et hyl ene oxi de, having
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uret han® acryl at es i pre@lymer wBdGe -NGCOngape ateqatimakily hltpmlmsqany bowded and which is
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nore of the conponents ase‘lii) °éﬁ§“‘l§§1*’“a§ﬁ8m xg;ng %Eﬁ g‘l“@ﬁ“ipahty of 1.6 to

therefrom of the coapsnent B), optionally m'xed wi th one or nore of

the conponents C), D), E), F) 5and G II. devolatilization of the
streans transpohﬁ)ed met er ed nd ogr t;t}ona prem xed according to I)
111. filtration of tﬁ8°yﬁfl§f?ﬁfia‘é“’8t5’f’ PHEPXor ding to 11) | V.

honogeni zation of the m xture obtained according to Bl) 10V.unrolling

@gd pretreat menC)of tfeehaselpaglates MALOT udthald .meltRBtyldtd RalRigSHNBRE bone aromatic
teri% with the mxture obtaln d accarding to step V) VIlI. drying

of thelfilm coated aEtELEFLH?In & g Fx)re active index of greater than 1.50 at 405 nm, which
themselves are free of NCO groups and OH groups

D) free radical stabilizers

E) photoinitiators based on combinations of borate salts and one or more dyes having

absorption bands which at least partly cover the spectral range from 400 to 800 nm
15 F) optionally catalysts
G) optionally auxiliaries and additives.

2. Process according to Claim 1, characterized in that urethanes or allophanates of aliphatic
L isocyanate-functional compounds and oligomeric or polymeric isocyanate-reactive compounds

are used as prepolymers in A), the prepolymers having number average molar masses of 200 to
. 20 10 000 g/mol and NCO functionalities of 1.9 to 5.0.

3. Process according to Claim 1 or 2, characterized in that difunctional polyether polyols based
on propylene oxide and ethylene oxide, having a proportion of ethylene oxide of less than
10 per cent 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 in B).

-25 4. Process according to Claim 1 or 2, characterized in that adducts of aromatic triisocyanates or
trimers of aromatic diisocyanates with hydroxyethyl acrylate, hydroxypropyl acrylate,
4-hydroxybutyl acrylate are used as vrethane acrylates in C).

5. Process according to any of Claims 1 to 4, characterized in that the following process steps are



VI, lam rwtolzgmo/o@lmge coated fil m obt ai ned according to Ydp/eP2910/000565
rolli ng up of the lam nated film obtained according to VII1). 156.

Process according to Claimb5, characterized in that netering of the
starting materials in step 1) either by -géar or eccentric screw
punps, the devolatilization of the starting materials in I1l)
centrifugal d’@@é@éﬁﬂé‘fd for filtrationin IIl) plate filters, the

m xi ng of the individual conponents in I'V) via'static mxers, as
coating unit ing Vi i ¥ i
V) Viaair dryer uinyl B dAAELIIRR LR oA A PG ARy b e or
characterized in t@fathepmwnpaﬁrﬁbrﬁi &) (@0) G), puidesmmﬂnesetpenaeabhttﬁmdm of the
(PET), polybutylen h ol ypropyl e

cel l ul ose acetate, &%%F&{?@g %ﬁgaqlgt&%y%ﬁ gsggmﬁ%t?fa ech%@/oélfﬁ%f%fl% E), F)
pol yner §, pol ystyrmdé}) pol yepoxi des, pol ysul fone, cellul ose

triacetate (CTA) pol yam de, pol ynet hyl rret hacryl ate, pol yvinyl

i de, I |y di d
Chereof | s usel avtcsBHittftn S0 BRabChy ot 6 ST obtonly iRy csprdios

Clains 1 to 7, chatwdrterized in that the support filmis optically
transparent and has a haze, neasured as the haze value, of |ess than
3.5% - 26 - pt| JEet r dat | Iess ha 000 nm 10. Process
according to any @?6 f’%h M%Ob?%‘ﬁ ae?%‘frélpggo in that the support
filmhas a thickness of 5 to 2000 m 11. Process according to
ny of C ai nsI®%. t chabfhgembmion of the nibadkeiobtainadbccbidingrto BBT fi |l ns having a
t hi ckness of 20 to 60 mare used for the | am nati on. 12.

Photop ymer fy Ims S table for v oI ogr amns,

obt ai nahl e byg pr oc(gg AR tﬁrben &rﬂg %‘# 1to 11. 13. Use
of photopol ynmer fil s accor d| ng to d ai m 7 as opt| cal elements or

i mges or for Vilmag@atnstbt suppont mptedplewith théimixture obtained according to step IV)

VII.  drying of the film coated according to VI)
VII.  lamination of the coated film obtained according to VII)
IX.  rolling up of the laminated film obtained according to VIII).

15 6.. Process according to Claim 5, characterized in that metering of the starting materials in step I)
either by gear or eccentric screw pumps, the devolatilization of the starting materials in 1I)

centrifugal degasers, for filtration in I} plate filters, the mixing of the individual components

P

in IV) via static mixers, as coating unit in VI) a slot nozzle and the coated material is dried in

VII) via air dryers.

20 7. Process according to any of Claims1 to 6, characterized in that polycarbonate (PC),
polethylene terephthalate (PET), polybutylene terephthalate, polyethylene, polypropylene,
cellulose acetate, cellulose hydrate, cellulose nitrate, cycloolefin polymers, polystyrene,
polyepoxides, polysulfone, cellulose triacetate (CTA), polyamide, polymethyl methacrylate,

polyvinyl chloride, polyvinyl butyral and polydicyclopentadiene or mixtures thereof is used as
25 the support film.

8. Process according to any of Claims 1 to 7, characterized in that the support film is optically

transparent and has a haze, measured as the haze value, of less than 3.5%.

9. Process according to any of Claims 1 to 8, characterized in that the support film has a mean
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10.

11.

12.

13.

-26 -

optical retardation of less than 1000 nm.

Process according to any of Claims 1 to 8, characterized in that the support film has a
thickness of 5 to 2000 pm.

Process according to any of Claims 5 to 10, characterized in that PE or PET films having a

thickness of 20 to 60 pm are used for the lamination.

Photopolymer films suitable for recording visual holograms, obtainable by a process according
to any of Claims 1 to 11.

Use of photopolymer films according to Claim 7 as optical elements or images or for image

display or projection.



