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" printable fornul ati ons The invention rel-dt-es to the application of

novel photopol ynmers based on specific urethane acrylates as witing
nononers, which are suitable in the productl on of hol ographi c medi a,

in parti c uPhetopelvmeheompositions 2 prjntable ffrmulations | n printing

processes. Phot opolyners are materials V\:hl ch can be exposed by neans

of the sup t I
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functi ons devel oped by such a hol ogram depends on the specific

exposur e t Bhétogiymers-are natveialy ehiakfcap h@bmgdeBn@nsasf theipyperppstiaf of two coherent
hol ogr a opt 1 cal |ICt o] i bl 0] ul

col ourl gzsioht t C§S vrgsr ai'n Idf/reco &&?‘e&‘f na %Samrrlga S %éﬁlgfﬁﬁglﬁmﬁg phich cn be
diffracti oﬁeseﬁlbmh gameeal g qiegionhl ahdnge of the reﬁqnﬁmméeﬁm the glateridli Smxﬁ ditaetures

begi nni ngs of. hol silver hali il.ns rticular, thos

hact ng. h oS ERGERE o DogtS e et b OB M Efee Ve i R ERwts. The
gel atine ( 1fud¢t£zﬁi§ @svelopedSipl suclCORGlGdrith Aepedd atthaetifit BEposire F5 lighel

forms of si ver hal i de and DCG are al so used. Both naterials require

a cheni cal ertr rren for the for i on h ram whi.c

Gi ves i e RS A PORGIONEBE & BT AR Fop PR oGl e visbl ran,
necessijpat s atriiie JoRaLess v ooy vehe HitB coltvdl BReals Bdvilg DRish dMBhERREsect are
wet chem cal rret hods result in swel l'ing and subse entI shri nkage of

the film wEe alsy thegmpore &lighr Sigpf e depipmipgieo Hesilvihhalie jfdms, in

undesi r ed. H@cﬂ%&g%hﬁﬁ%%glb‘?éoﬂﬂ&{ Qia@é M%rﬁemﬁ&sc@gﬁdsﬁlbwhﬂ%hﬁfe gelatine

alia, of a therm) | astic, such as polyvinyl acetate | ul ose
acet obut yr &P€Gh @ogwiwhypntmaelﬁweﬂ@s et ke Bormpplsilyerdialide apd GG g also

are sol ubl gedgn BB&%@E&I? Rl h SherdlicANBRl Binteh@P rthégﬁe’%ngtéqlnbcgfgasfr%ﬁ%%n,r which

vinyl cycl opropane derivative. EP3527/4Al noreover
cont ai APng soehese 1o wdditiogalowpts foroimdusitial peadesses Mdvienssbitapesrtbe hehsitiag of chemical

phenoxyet h | At n
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i ndustry that such photopol yners show usabl e hol ograns only after

relativel deO@QQZSE 5&@%‘&" B{oﬁglt r’rg% 0‘613& Ng sxstt mEeraA.ha (of‘giph:e é)%glt.lé CSich as
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which ar.e obt%:llg‘gbl e from f '[I.tC g gi an de1 % addltldon f
to the qUnf &fo ?81?1'8%%6‘! ‘6‘6‘ célp 81“} °é BF 2 CF%)llf’é‘ﬁ]"b%Y “Eugpopane cenvative.
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materi al s iich ¢ ejr sensj tivit
under 30 t% ﬂf’Yr{fg e’i"ix&%:?ﬁ("}_c%at‘éta“ Iacg’aﬁs ‘gjst“E{% % gethy{ojpropane

No. 8, 200%T™Mpaas aﬁﬂ-&ﬁaxyﬁl&ﬂ tﬁhfé&yfé ?WE@I‘A or Bﬂh&f dcﬂ,@zﬁés or acrylarmdes It
(Springer Series.in Qptical Sciences 0 a es 209-

descri bes §W&WI%@3M§%@%S§%M@OWV%?¥ “%hlech‘? WIWé\ﬁF‘é@atl"ely long,
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t hese products are course strong oured and t ore not
sui t abl e f orofiltief aappriniidea sichpsodasts des@tﬁhmbnﬁbbvlegrams
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" Holographically active materials which incorporate dyes which change their photosensitivity under

30  the influence of light (Luo et al, Optics Express, Vol. 13, No. &, 2005, page 3123) are al.so known.,

Similarly, Bieringer (Springer Series in Optical Sciences (2000), 76, pages 209-228) describes so-

called photoaddressable polymers which are likewise polymer-bound dyes which can be
isomerized under the influence of light. Holograms can be incorporated by exposure to light into



Recently, photopol ynmers obtai ned not fromthernoplastics but from

" crossli nkedwpdogoeoE80®er e 5 al so descri bed: US 02007007749 CieER2(10890618 -
2,4,6-tribronmophenyl acrylate, which is dissolved in a pol yurethane

matri x. Likew se, US 6103454 descri bes a pol yurethane matrix with

pol ymer i Zalboth (IBRNeftsGnces, UG tSe MateHdOERMIRBM foPKIIYdrAh® data storage. However,
4- br onost ry%ere;e %Qd Vi nyI napt hal ene. ‘These formul ati ons were
R

devel oped ft §F i coprse srangly soduredzand shesgforegint cwikablet for Beiappligagions as
whi ch many,debibeddteoe. very weak, hol ograns readabl e only by neans of

el ectronic detectors‘are witten 10and read. For optical applications

in the entire visible range, such formul ati ons are not suitable.

Nbr eover , IRsGEniYs ERRSOROl MR, Ras ooy figtmopiastivs byt Brmoeroslivied ppbymers were
VD200513445), dairs: @fsrﬁz@mo@q@sfdweﬁsesm e, éxdgg&gl r%lgte,awm:ﬁ(fs WCoi9fd in 2

natural unsaturated oils, a photoinitiafor Ive are
descri bed. Prheredisac peirty LikewisecUe6105¢7 E@m/aQ@MmhanE@ammﬁ@mpﬂzable .

EP 0801727 (0B nomfehtsO %19&17 ad 3 &ﬂorgjrpr‘b E}@ na %glr 450rgm(?§tr§1°ek1? Sﬁdf H%p?l%ag%?:.s These

of uret hane ag ates as wit s in poly hane
Starting frfgmmﬂ&ﬁlesiewelet ddvelgpﬂdofm H;el@grapkuu o ieltat s gep pi otdgraphiof application in which

e nvent EEoy LR Ve R cloal by B R e F o B LG e

for prilfti ragd readsfor b}ﬂlclabppphdh)loﬁs indleyentecisiilaiaags; euth dsrefulatiosd ard &a Shitable.
cont ai ning an NCO-ter rri nat ed pol yuret hane 20pr epol yi ner whose NCO

groups are hat i cal,l

hydr oxy- fur%\g%rlf’(g%alllo‘% SE‘H&@“R%‘%W%% ﬂ%%%@ﬁo?@gwo@%“@ which
2. 05, B) costeinyadifithetionalbatylate wikhlayaixhed Mmhl&msat@)ateﬂ lo@l§, kafetoinitiator and an
acrylates a %/ .0r urethl?gfe met hacryl ates having at | east one aronmatic
struct ural 24HFY° HRESEPEf racti ve i ndex of greater than 1.50 at 405

nit, which are thensel ves free of 25NCO groups and OH groups, 13)

L ree radi caltheaioalpnbﬂ-ﬂ.fbmsheE)qumszﬁmOMm OElgoztl)asm @mﬁmgmﬁ\mw ﬁP@;{S@IﬁZ% 7,
orate nor.e s havi ng absorpti on bands ich a

| east f@“ o%@ﬂzg??? H‘és"?ﬁ%&“i’“ 1908/ e RO AOrHEIet 85 BEio Fonomers in polyurcthane
opti onal | Y reedficeb.y Sfaftind Ofidm aidde| litAhase Bod NkeR OBl MRS prin of such photopolymer
2010/ 091807PCT/ EP2010/ 000618 - 3 - The invention al so relates to

process forfoTRtgRGEpesSibiRdsT EHAIR CEEHISIAERS, i n whi ch such

pol yur et hane conpositions according to the invention are applied in

or as pri ntipgehvieftkontiRerdfofeirklHes t-B%ly‘uth’l%H& ERpokidbAs BRI for pSktit SR rlpRising

the filmstructure of the printed fil

A) a polyisocyanate component, at least containing an NCO-terminated polyurethane
20 prepolymer whose NCO groups are primarily aliphatically bonded and which is based on
hydroxy-functional compounds having an OH functionality-of 1.6 to 2.05,

B) isocyanate-reactive polyetherpolyols

C) urethane acrylates and/or urethane methacrylates having at least one aromatic structﬁral
unit and a refractive index of greater than 1.50 at 405 nm, which are themselves free of

25 | NCO groups and OH groups,
D) freeradical 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
F) optionally catalysts

30 G) auxiliaries and additives.



The prepolynmers of conponent A) which are essential to the invention

" are obtai nadoi201609m80Ner 5 well known per se to the personPsRVEPXA0/000618
the art by reacting nononeric, oligonmeric3or polyisocyanates Al) with

i socyanat e-reactive conpounds A2) in suitable stoichiometry with

optional ugee Ghveafidra ks tiglaikh do SObMERE Sot Fhel PoduciBy .of NieatddURkdsl M &thich such
pr epol yners havi ng ur et hane, all ophanate, biuret and/or am de groups

can be pr epBaVEEhanTesmPesiiens 2proraings o dheimignien ae prolied inygras arptEigdRk @ a fim.
cycloaliphatic, aromatic or araliphatic di- and triisocyanates known
per se to tmeidae:nﬁ,arﬁnaiehﬁdreﬁkutéubhﬁmtstmét&reeﬁﬂhegﬁﬁeaﬁmrtant whet her
t hese were obtai ned by nmeans of phosgenation or by phosgene free
processes. .l n addition, the relatively high nolecular weig

secondary pro8treelymess qﬁﬁwam%%wh%meé%en@%l it %w@ﬁa%@re watma@ iya manner
urethang, WeBamoedl PRdiel fonitdeperdmy Lill@2in HO&Y BYUWealife Iﬁédoﬁghénaﬁgomem or
bi uret, oxadiazinetrione, 15 uretdione or im nooxadi azi nedi one

struct ure, Paisesyanaies fe) WitknisoRyanig-reagive crompeunsie rA%ning iiteble cstoighiemetry with
art, can aI?Qnggmggpgﬂmyégﬁﬁggvaﬁ§e individually or as any desired
rrixtur es with one another. Preferred nononeric di- or triisocyanates

whi ch can be used as conponent Al) are butyl ene diisocyanate,

hexanet hy| éntisgydysNePafagtionyl prpplymiersdirios vigthanf, pldapbgrsirabiaret ppiirjamide groups
trimethyl hg Q%k%ne dii socyanate (TMDI), and/or

isocyanatorre ﬂ!j octane dii socyanate 20 (TIN). TIN, TMDl and BDI

are particularly preferred and HDI is very particularly preferred.

OH- f undPi oﬁaitabémn\pimqaﬂgnﬂthNﬂgalarﬂlmiﬁl@ﬁ@tdydndmhai}b afomatic efrearaliphytic di- and
1.9 to 2. Oln &g%z}alceg '-1@,18\{41 erpg etf %?B&%r&n %kﬁled% l?e%}g Ltlrﬁmpoxtant whether these

i socyanat e-react| ve conrp e sy eél

prepol yner svere()htfgmdéwyl ngeapy ofipinb;gmertlon or bp phampakt dree chess@sehmﬁﬂpmn,rtds reddtively .
t he above rent

func |ona e are suitabl.e far thi
U pose. s R BEergm HOERL Beanet: PERrE e e oRet d P Plsotyindtes having s
aral i phati mmfmnayoieaalcmmhmmde da@ihﬁga [ 1s@cyamﬁité abidphgnate, txmu%ﬂ 6ﬁerdliu2ﬁ1etnone

at ons s of ,such diols.are eth ycol., dieth e

¥ ot hyFondtagioed B0l ang B UgrEN Hoh s oty PetR Pyt b e parsbh Siled in
tripropyl efie =@, y@Qlso bE ngedPmBe ek ﬂlﬂhﬂdlliﬂ%fdi@@ﬁlﬁ}ﬁ&ﬁ&dd'mm’mres with one another.

1, 4- but anedi ol , neopentyl glycol, 2-et hyl 2 but yl pr opanedi ol ,

tr| met hyl p nt an d| 0 os t| onal i sorrer d| et hy| oct anedi ol

I
1,3-butyle GPReIeHS e Poiseayraae ML c&n P56 % 49TERATRR ABne, butylene
1, 6- hexanedm:l e mﬂnelh cyali @b%aﬂaed 1), hyshpasnat efishiyaRienqirpD,
A (2, 2-Dbi sﬁi ﬁyaclilroxyc cl oheﬁi/nle) pr(;pa 2,2- d| n'eﬂ)ﬁ sy DD
3- hydr oxyp 1@7@} y]]zexgm ﬁ]@@qﬁqsoquqﬁr(g Oﬁﬂd‘@ﬁ dqogyanaiwgethyl—l 8-octane diisocyanate
2010/ 09480 (7 FIRROUDANORBBare pinifit) feleied it Hushls VY BEub A Srb k.
al i phatic and cycloaliphatic polyols of the abovenentioned

functionali tl% range, such as poI yest erﬁgl yol s, polyet herml ol s,
pol ycar bon&EEBwEipk comrpundsiavngcty SHafungitongity of.r rgfersbly, 1.9 to 2.01, particularly

hydroxy-fu $Péfér9ﬂ%l 2.0 la.ﬂéu L&k h N @s%cyzlﬁ)ﬁq rr%ﬁvéc UBEh AR AB PR ythE: e@nﬁl%s@ Fof the

correspondi ng hybr are also suitab
prepolymers.

Oligomeric or polyineric isocyanate-reactive compounds of the above mentioned functionality

25  range are suitable for this purpose, such as low molecular weight short-chain aliphatic, araliphatic
or cycloaliphatic diols, i.e. containing 2 to 20 carbon atoms. Examples of such diols are ethylene
glycol, disthylene glycol, triethylene glycol, tetraethylene glycol, dipropylene glycol, tripropylene
glycol, 1,2-propanediol, 1,3-propaned1'ol, 1,4-butanediol, neopentyl glycol, 2-ethyl-2-
butylpropanediol, trimethylpentanediol, 'positional isomers of diethyloctanediol, 1,3-butylene

30  glycol, cycfohexanediol, 1,4-cyclohekanedi1nethanol, 1,6-hexanediol, 1,2- and 1/4-

| cyclohexanediol, hydrogenated bisphenol A (2,2—bis(4-hydrdxycyclohexyl)propane), 2,2-dimethyl-
3-hydroxypropyl 2,2-dimethyl-3-hydroxypropionate.



5For exanpl e, the difunctional polyadducts of ethyl ene'oxi de,

" propyl ene ax02e10/6|80Rhydr of uran, butyl ene oxi de, and thei PCITBEF010/000618

adducts and graft products, and the pol yet-herpol yol s obtai ned by

condensation of dihydric alcohols or mxtures thereof and the

pol yet her pcmembay qamhamaﬁdn@ywagmoaimhaw 81d fclddiiphade fps1yais Corhab Sboveentioned
menti on uch pol yet . Preferred difunctional

poI yet her pg‘H?B‘P lﬁ’r oS olif&feé 5’0 lsdEglyeth%?lwlétmcgﬁ@n@f’h@@) hydroxy-

and conbi ngidcans lQ?rﬁch%sﬁ@fhy'dfbxﬁrjfﬁlcﬁ@r[ampgfyu{eﬁﬂﬂé%”hﬂfrox@ifgﬁ&mﬁﬁ%lﬂ dsths or

and m xtures there havi n nber average nol ar” mass bet ween

and 18 000C@‘F%ﬁ’““}ﬂé’ﬂb‘ﬂ@?uﬁﬁﬂﬁ%‘b@@ﬁer ably having a nunber average

nol ar nmass between 600 and 8000 g/ nol and very particularly

preferably Ftaaaaﬁqa@ tﬁwmﬁﬁmﬁﬁ{ﬁﬁcﬁgﬁdﬁ@é of oSS &s&a@ﬁ@yﬂaﬁé’ Bxi8d Olet%é%oﬁm,

g/ nol . Pol % propyl ene oxi des) t he abovenenti one unctional it

range havi mgtylsoerbede, avdaﬂlagémm @ﬂuqsmdegﬁsrog@qtmtbs@olygmmplyalﬁ @btamed by

4500 g/ mol . RakdbGH LA Dj]{@%?.

masses bet ﬁce)en 1600 g/ ggﬁﬂf%gy no éggtrl%(g}g{;/@;%{/d gléel% ﬁj| gB:l)%[s obtained by

preferably alkawlat@nngffr@é;ydm elcabels, nmamrbtmmg@@leﬂeam n@@@hegyﬁoha:lls aRcferred

2100 g/ nol f t he

eynt hos o, S8R LEULBRNIPLE BN IESHAR, efloipy ol PsRiApR S BRions

accor dilfig tleredl jn the fetaif cindomret biock eopoiyniess a’ndmukthm tlrembhhmm mmher Average

ur et hane gr for i tahl e al cohol s 20 .t hi.s, case for

feact ton artEaRsetn 20y pid o Bhidl i Roplat pesst S s st fraeg molr

0[) pol ymer infass Elihtw&m 690 aid 8960 mdmgd vedyhﬁaﬂﬁkﬁﬂdrlﬁ@@éferaﬁly‘ ﬁ&xfmhgs@l mﬁnﬁchﬁverage molar

abovenenti oned type. th r rd to the urethane prepolyners, these

are preferdbf 6&%%8@'5&;{%5@?&“’%“ or tetraethylene glycol, 1,2-

propanediol, di-, tri-, tetrapropylene glycol, 1, 3-propanedi oI

EIL_ g E ut ane g’bg'ltpropﬂyleac bﬂided) od I;IQ| aboven@niidied ff@zdh@xhahtﬂ-naﬁgﬂ%ﬁk@]ﬁﬂib@ﬂ average molar
exanedl o

%555 (J{ QF&/ ianedl ol , 25
1, 4- di By dr G5 LPFReE/mAl agd 45 darticplarly prefssebiyehavingguigber average molar
ct anedi ol , mheskd bE%@]@rIQO(dg/ﬁhoﬂ- andl 41—@) Qﬁl@?ﬁﬁd‘@g{'y%mdﬁfhhyeﬂrgﬂé}agﬂrehamg number

gl ycol , polypropylene gl pol yners and/ or copol yners of

et hyl ene oRYA®ECIRRIT FRASTHY K@Wéenolﬁpa éll%mav 108 ety arpparticelady prefesrbly, used as A2).

pol y(' FBF), polyester-, .polycarbonate- and pol yacryl atepol yol s
havi ng nun@@fhe%ye%ﬁgl@  R{HR%s, RS9t Abcokling @ plﬁ iORB1EH WRh aI@&Q)l 8¥rding to A2)
desired mixturés thereof with one another. I'n the prepol yner

synt hesi s, 1 gpichiomgtsi éﬁlﬁ’@ti &ari thy urethapizatioana P@@@?@@@P@ fogeingy Qhitagle gcohols in
Al) T's sheagieda it nd Reaghdahel sa@f' 80 rtﬂe {éact céraﬂaﬂes %réél?ﬁl?%&h%ﬁg bF 'pglymenc,

ratio to give a urethane, which s t Wwth a
i socyanat eprlanryabli gobrdatyt dlﬁlmtmaigalcqhnlswf the ohewmentidned [typgo MEith cegard to the

pol yneri c, Ei% é)%f £C &'a¥e fgfér%m?tsfjt%%?&?lald?o@r@l ?etragtpnelﬁney E/aol, 1,2-

descri bed a ove ul'table as hé teacti on Wt
di -, tri- oroppmddial,sdicy &iatiegmptopylgnes elyepkt h3mmparediol,t hé-binan¢diely 1,3-butanediol,

reaction t th 2010/ 91807P / EP2010/ 0006
t he m)noma(r}i?’c 81’ trii cPcyanedthe[’s HDI ; 8. %ﬁd Tl Nz,gadgngﬁgalgf “Biopgpediol,
added. 2Br eflelpdzhgcﬂ:@dyemﬁhymés aredmeeiytm@emhafane,l I qmnedmie&lsl Obtl@ll(n&ﬁancdlol
fromalipht|C|soca -function nds. and. o meric
pol ymeric i 5186\?8‘??&?%1 OEé’é’ thy n%g%‘glﬁﬂcﬁ@ngﬂy ]'yé‘a ?@%ﬁg‘gy‘:ﬁ%@ o copolymers
nunber avernagehyldat akidetsd esopflend 06kided aklorO88erd1 -ambnecABEdNCEbLIY(THF), polyester-,
functionalitjes of 1.9 to 5.0.

-polycarbonate- and polyacrylatepolyols having number average molar masses of up to

10 000 g/mol and any desired mixtures thereof with one another.

30 In the prepolymer synthesis, for allophanatization, first an isocylranate according to Al} is reacted
with an alcohol according to A2} in a stoichiometric ratio to give a urethane, which is then reacted
\_vith a further isocyanate, an allophanate forming. In this case, all oligomeric or polymeric,
primary or secondary, difunctional alcohols of the type described above are suitable as alcohols for

the reaction with said di-, tri- or polyisocyanates to give urethane. For the further reaction to the



~ 5 Urethanes having NCO functionalities of 1.9 to 2.1 and nunber

aver age noVéO 20E8H80Df 650 to 8200 g/ nol, prepared from aPCEERI080/000618
i socyanat e-functional conpounds and ol i gé&wreric or polynmeric polyols

and al | ophanates having functionalities of greater than 2.0 to 3.2 or

of 3.9 to dliéphhamd, g nubietc dvertAecyamitaHIMPSHER afd THERe pRf3dMPadded.
g/ mol, pr epar ed fromaliphatic isocyanatefunctional conpounds and

ol i goneric c_pol desir tures. thereof, are
10 gart i cuf ref %#eé’f)@ﬁ’és%:e %F ér‘?‘éﬁ%&%aﬁé Efé’én% RE3liBhasic fisopwaatgfunctional
1.9 to 2. lc@ﬂlﬁbuﬁﬂﬁmﬁrd@m&r&g@ pﬂiD_,lrrEbhc lﬁ%&ﬁ@&te@éacﬁ&p&nﬁp@uﬁoﬁe Bfeﬁ'ﬁ’l'.wners having

prepared fro al i gr ati c |soc ?te funct i onal co ounds and

ol i gorrer| Cﬂ‘gﬁl %cﬁv 8T p‘le af)(glpa§ 249 twlp@Bq)]gﬁg)g gund ﬁ@lctlonahtles of 1.9 to 5.0.

functi opal UkrdtRmeohaviHeet O rfuﬁdﬂ@ﬁhhﬁe@oﬁ 29 & 21Qhd g&n&r%v&rgge‘&n&mhﬁxdsgﬁof 650 to
nunber aver%@gg}rml ar masses of 1900 to 4100 g/ nol, prepared from

al i phatic PEBaAatBreRatik tfosh Alphwsiep ssersateiencioral rpmppends  arsblofigemeric or
pol yol s or @%e%ﬁli&@m@@ﬂbﬁﬂaﬁ%@s%a@ﬁg FeRfionaRhi& o\f‘%feé epﬁl% h oWl 8blo¥ of Sto 4.2

preferred. The prepol yners descri bed above prefe ve residua
cont ent s ohaviRgrIpheh aYAsigeqndlargesssasanf 656 fio B%(B)sg/mh]anremmcbﬁromhghauc isocyanate-

t | t
par 1 L sl bk BR800 e b o LY S ko,

‘cont ai A0 pr pg‘oml@rbnme&hyd fIJnethhms hamgmcaﬁastmphms éfr b9r1td he zﬂiésmmbbleﬁlverage

20 prepoly 0 ventlo tic, ara

al i phatic %ﬁf cyc %1%10{ 41t0§%’m°q’t ?re%afe ggﬁ%ﬂiﬂ% a'é?rfgmgﬂi“tﬁact?fné’o“nds
for this paucbtd@memd: on ppl;a]hem pplyelslahﬂ elldpthamsﬁ hmmg fiinetgonalitie§ WE Breder than 2.0 to
trior polyi ocy of suita , Lrl-oor

pol yi socyaazt és gx %?)"('?Wﬁé‘f i"r r?étlhéﬂ torftl 00 plnwd gy spggdefrom
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1.5 to 4. 00oxing diisepopylpying, led.triggply, dimgthylgl , B4-triazelg, imititrelp,ckiethyl malonate, ethyl
aliphatic, \ahalbpRatbéoRt ofitf! 03l AhRkL Gyiksle, Lbis ohyEyRGH | i
al cohol s havi né: alow 30 nol ecul ar wei gﬁ’ﬁ%ﬁ’@’e; E?Fé‘\}l?‘%aﬁmh\iy%%ﬁ‘ta’irb%ghme’
wei ght s of cydepentahens cBboxygthybéster anahylilgsiied gnistiuss of hbsibhsking agents.
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of conponent B) are pol y(propyl ene oxides), poly(ethylene oxides) and
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ei t her bet lweyansE¥samtivc 48%onh ¢bs contaxt 80 %heanrtsane ripvgption iacu lpeefdrybly hydroxy
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preferably hydroxy-functional polyetherpolyols.

Polyetherpolyols are optionally block polyadducts of cyclic ethers with OH-functional starter
molecules. Suitable cyclic ethers are, for example, styrene oxides, ethylene oxide, propylene

oxide, tetrahydrofuran, Butylene oxide, epichlorohydrin and any desired mixtures thereof,

20- Polyhydric alcohols having an OH functionality of =2 and primary or secondary amines and
aminoalcohols can be used as starters. Examples thereof are ethanediol, di-, tri-, tetraethylene
glycol, 1,2-propanediol, di-, tri- or tetrapropylene glycol, 1,3-ptopanediol, 1,4-butanediol,
1,3-butanediol, 2,3-butanediol, 1,5-pentanediol, 1,6-hexanediol, 2,2-dimethyl-1,3-propanediol,
1,4-dihydroxycyclohexane,  1,4-dimethylolcyclohexane,  1,8-octanediol,  1,10-decanediol,

25  1,12-dodecanediol, trimethylolpropane, glycerol or any desired mixtures thereof with one another.

Such polyetherpolyols preferably have number average molar masses of 500 to 8500 g/mol,
particularly preferably of 1000 to 6500 g/mol and very particularly preferably 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, aliphatic, araliphatic or cycloaliphétic di-, tri- or polyfunctional alcohols having a low
30  molecular weight, i.e. having molecular weights of less than 500 g/mol, and having short chains,

i.e. containing 2 to 20 carbon atoms, are also present as constituents of component B). The use of
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allophanate, biuret, oxadiazinetrione, uretdione or iminooxadiazinedione structure and mixtures

- 30  thereof. Aromatic di-, tri- or polyisocyanates' are preferred.

Suitable hydroxy-functional acrylates; or methacrylates for the preparation of urethane acrylates
are, for example, compounds such as 2-hydroxyethyl (meth)acrylate, polyethylene oxide
mono(meth)acrylates, polypropylene oxide mono{meth)acrylates, polyalkylene oxide
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30 4-hydroxybutyl acrylate, polyethylene oxide 'mono(meth)acrylate, polypropylene oxide

mono(meth)acrylate, polyalkylene oxide mono(meth)acrylate and poly(s-caprolactone)

mono(meth)acrylates.

In a very particularly preferred embodiment, the adducts of aromatic triisocyanates (very
particularly preferably tris(4-phenylisocyanato) thiophosphate or trimers of aromatic
35  diisocyanates, such as toluene diisocyanate) with hydroxyethyl acrylate, hydroxypropyl acrylate,
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as conpou nﬁg ﬂ%’fr %Wﬁ%r’i’@ﬁ%g}e?‘a ’“’ﬂji’éé’és ar Eseéaf?ratrf ‘3‘7§?‘§°£&m"&8&gﬁg’e€r&%¥ﬁ 1 mixed)
t he ur et haf@mk adrhied dbovemekiienst plamatixgbs. f or this purpose are, for
exanple, tin 5 octanoate, zinc octanoate, dibutyltin dilaurate,

di met hyl bi 1- oxaqneodecyl ) ox t annane, dinethyltin dicarboxylate, .

zi rconi um ﬁ‘&ée((g? Hﬁﬂ‘?ﬁ%rﬁ’ast%lé%se*;glpg‘i’tP%ﬁfoﬁ Y ST ‘{FF%@’@‘E‘ ShEf-& %23§8é’rqnfia?|°9513tmg

3m ne; 26 UClbf asmixfuy o % BRhenind, AylBbazadidCore! [ Bord b GlePMRd here. For example,
i azabi cycl onon

di azabi cyckda gfgﬁ#@?iﬂ@ltﬁBP@yWBﬂ%ﬁhVFMW?ﬁ%,t9§'@,'@%979®ﬂ%é)bamlbpfate
ro-1-methyjad ie’erabwaﬁaﬁioﬁ‘afnltr%:(ﬁ-);ﬂxfd-ﬂlnéﬂh%hen%ﬁ%x?%%ké b3 &%tbﬁh’ 2@t Snmonium

di et hyl bi s[ (1- oxoneodecyl ) oxy] st annane, ~ di net tin dicarboxyl ate,
ib@ bn@gle

1, 4- di azabp@iherag. Puitably dyes aselor enampleh new eleti ¢, thionine, Basic Yellow, pinacynol

di azabi cyclaule R8PEmid 6&, FaRich Sl MR TVibRLARLGLD - inaldi
1,3,4,6,7,8-hexahydro-1 - r’rét ﬁ)ﬁ,&%ﬁ- py&?ml)%d?fll,tg- a%%)%/erlli’rgﬁ?sﬁ%e aB%uee’ quinaldine
pr ef er 2&d. red, crystal violet, Brilliant Green, Astrazon Orange G, Darrow Red, pyronin Y, Basic Red 29,

. pyrillium I, cyanine and methylene blue, Azure A (Cunningham et al., RadTech'98 North America
UV/EB Conference Proceedings, Chicago, Apr. 19-22, 1998).

Preferred  photoinitiators E) are mixtures of tetrabutylammoﬁum tetrahexylborate,
tetrabutylammonium triphenylhexylborate, tetrabutylammonium tris-(3-fluorophenyl)hexylborate
30 and tetrabutylammonium tris-(3-chloro-4-methylphenyl)hexylborate (component E1)) with dyes,
such as, for example, Astrazon Orange G, methylene blue, new methylene blue, Azure A,
pyrillium I, Safranin O, cyanine, gallocyanine, Brilliant Green, crystal violet, ethyl violet and

thionine (component E2)). The combination of one blue-sensitive, one green-sensitive and one red- -



For the printing application, it is inportant to use additives G in

- order to adMOP®0/891807 nt abl e 15 conpositi on which al so gi VEETAEP2010/000618
satisfactory printed i nage. These nmay bel0for exanple, additives
“custonmary in the area of coating technol ogy, such as solvents,

pl asti ci zewssnsitivedgd {eign@siragon Osangall tthgianaletond aei efilgRnPbRBIUNE oS of the above
Preferably used eggast I cizers .are |iquids having good dissolving

properti es “PBR ?lgfesﬁtstlflpgﬂﬁﬂ%flyfﬁr%u iling point. Surface active
conpounds, such as, for exanple, polydinmethylsiloxanes, can be used

as |evel | i ptiagdigtose ol hofaytaBhts Gah e a@d&@b@ﬂlﬁﬁ.ﬁ& FQompneh BNMERYIS hde daflysts
use a plur |It% of .additives ?ff one . O course, It may al so be

advant ageotd 3°Geieraiinegthe urthane 10%1 OWP\FéEa%F fgr fiy PUPse e fion sxsaple, tin
The phobsopatyiigee, f embuloahhans aﬂaﬁg{tﬂﬂ N@lab@tel hsnﬂeﬁﬁrﬁﬁst[umacoﬁ%\d@oyl)biz'y]stannane
conponent A), pref erably at [ east ~10% by wei ght particularl

pr ef er abl y dimethyltin dicathogylase, gicampmdnnetyidhsrapenia); @Eﬁoalflmya%%affietpeﬂéf \Pr dertiary
| east 20% Ryinegi 9 bgsedspn ot ns
-unsaturated 25 urgelftc?fangsz Cf&est;*e%plﬁg; ?g%%%gﬁ{; nvg!n??jgg&ﬁé) dm?e{b Chjal%nonane
mononer s. Tieabinelosrderan, of Lhaddetwricthylmyanidinener 4.33)6,7.baswtiydn- 1t-1hethy1—2H-
total. for b -)bﬁ'ﬂmg wever, preferably not nore than 70% by

wei ght, par |cuI arly pre erably not nore than 50% by weight. In
“addition to establishing a suitable viscosity adapted to the chosen

printi AB pliwedyn dieursiar f dimethylbisiil ononsbddchiBoxylrtinops) y disretfytinmudiatiboxylate,

shoul d al s f hi evi ng ri nt ed 30 1

order to egs4 %%ﬁggﬁﬁcﬁg\%gﬁcfa%% and thealsa?a %%9?18 the pr ﬁ%&'&‘cﬁiﬁlﬁl&ecm‘a
This is achilgvettrahahylevanivies, 1,5y, ﬁﬂwdmahydtopbmemfd -Bpyrahide(] 2dgprintdie are
for separa reg def oam ng or |evelling. These can be checked in

series experli rrents by experinents familiar to the person skilled in

the art using pol yester-nodified pol ydi net hyl si | oxanes,

f2|011,|8/r Ione8rorgglfc_fll_3}eqlﬂlnpngolypgﬁ18?f§f ﬂaﬂilﬂmtam?)tj)i M? ad¥ifives G) mdorder h1:0 bacl:ueve i':l paintable
- po oxane r ophobi ¢ sol i ds
and em%%m it |%]?°§1 OBV RE E RS i SFfLSé’%Ft%x fl FR)essy ’EVIS%%IWEE rar ‘Eﬁamp ¢, additives
?ﬁnl oni ct p ohsyawary |im ttie mpaifydasﬁtﬁlfg &Blﬂmro@p EiﬂhQi@tdo{ﬂeﬂt@dplbﬂmizbﬂﬁelé%lgl-%gtagcnts
5056 by vei GRIEE SRR AR e ictsed PR D et Bneioof ssolving
conponent Bopdied, vl AStathivy Wil High lﬂnf‘hﬂgh:@u@ csm&qaﬁve%\mgo&ﬂas ]s{eﬁ% for example,

wei ght of free radj cal stabilizers D) to 3% by wei ght
phot oi ni t i BpR¥fEetbylsiloxanes, | ¢ang R hused s @s de‘(ﬂi@gt 8e@tsp ok blgaaw\/ealghtbeofadvmageous
three dyes sﬁ@ﬂtane\ﬁﬁﬂlﬁfb Rk @ phidhiep BP&hdﬁtﬁfe§ Qﬁorél?ﬁﬂr OF bikelf mah @fsb bY Tt Rtageous

the red, green and blue | aser wavel engt
tousea plurahty of additives of a plurality of types

The photopolymer formulations according to the invention have, in component A), preferably at
least 10% by weight, particularly preferably at least 15% by weight and very particularly
preferably at least 20% by weight, based on the photopolymer formulations, of the unsaturated
25  urethanes C) essential to the invention, as writing monomers. The proportion of these writing
monomers C), based on the total fonnulatien, is, however, preferably not more than 70% by

weight, particularly preferably not more than 50% by weight.

In addition to establishing a suitable viscosity adapted to the chosen printing process, the surface
tension of the photopolymer formulation should also be adapted for achieving a . good printed
30  image, in order to ensure the levelling and the stability of the printed image. This is achieved, for
example, by the addition of suitable additives for separation, defoaming or levelling. These can be
checked in eeries experiments by experiments familiar to the person skilled in the art using

polyester-modified  polydimethylsiloxanes, ﬂuoﬂne-mod:'ffied, polymers, foam-destroying



0 to 4% by weight of catalysts F) 5 to 25% by weight of auxiliaries

- and addi t i W¥@ 2¢)0/¢%180tr abl y, t he pol yur et hane conpositi onsPETER2N10H00618
to the invention conprise 15 to 30% by welght of the conponent A) 15

30 to 56.96% by wei ght of the conponent B), 20 to 35% by wei ght of

t ;1e conpo n@gﬁysiﬁkm&zﬂ&d?o@hﬁhi&%jbyanﬂeéngﬂﬁiﬁ@f, pblyefertastital pﬁ‘ﬁ&ﬁﬁﬁ)ﬂlﬂéﬂ%ﬁ‘ﬁmaﬂe or
D 1 to 3% by wei ght otoinitiators E . .. in_each case 0.01 to
0. 2% by mﬂaﬁPmanﬁ?@ﬁ?’fﬁ E@é’bagfé%anéfﬁ% bWPPEH)iFeﬁ JineyithdheprntRs prrss.

absorption 20 spectrumto the red, green and bl ue | aser wavel engths 0O

to 1% by waiypibil phbtopalimatryesinfosiony cdrbri@% by wei ght of auxiliaries and
additives G The pol yurethane conpositions according to the invention

particul arl ef er abl nprise 17 to 30% by wei ght of the conponent
A WO 2016%&8%%%%‘&‘%&%?&’6‘6%&%’”: 12 - 40 to 48.37%by wei ght of
t he conponent B) 25% by wei ght of the conmponent C) 0.02 to 0.1% by

wei ght of s ee744dbcll wagalbf fhe 2ehsonB)t B) to 1.5% by wei ght of
photoinitiators El) 5in each case 0.03 to 0.1% by weight of the three

dyes E2), i C e tajlaored in the absorption spectrumto the red,
green and \gﬁ&’elhﬁé%we‘%t\?gfmé’ﬁ@?ﬁ%mm O
0 to 1% by weight of free radical 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

10 spectrum to the red, green and blue laser wavelengths
0 to 4% by weight of catalysts F)
5 to 25% by weight of auxiliaries and additives G)
Preferably, the polyurethane compositions according to the invention comprise
15 to 30% by weight of the component A)
15 30 to 56.96% by weight of the component B},
20 to 35% by weight of the component C)
0.01 to 0.5% by weight of free radical stabilizers D)
1 to 3% by weight of photoinitiators E1)

in each case 0.01 to 0.2% by weight of the three dyes E2), which are tailored in the absorption

20 spectrum to the red, green and blue laser wavelehgths
0 to 1% by weight of catalysts F)
7 to 20% by Weighth of auxiliaries and additives G)
The polyurethane compositions according to the invention particularly preferably comprise

17 to 30% by weight of the component A)



0.02 to 0.1% by weight of catalysts F) 8 to 15% by wei ght of

Cauxi li ari evanRglHoHBoT ves G The present invention furthPCRER010/000618
relates to the article which is obtai nedldy printing onto a 10
transparent substrate as support layer (1) with the prepol yner-based
pol yur et hade td 4%.3%% by weighted gerbimpdnehtB)t he i nvention. Preferred
materials or material conposites of the support layer (I) are based
on pol ycar te (P ol yet hyl ene terephthal ate (PET), polybutyl ene
t er epht hal ?‘%%Y%eg%pg%@?% ,O%%F:gpropyl ene, cellul ose acetate,

cel lul ose hydrate, cellulose nitrate, cyclool efin polyners,

pol yst yr end,02150.p% byewsght deSee rpdi¢a) siabifieenel) cel | ul ose triacetate
(CTA), polyam de, polynethyl nethacrylate, polyuvi nyl chlori de,

pol yvi nyl di ene or mxtures thereof. In

addi ti on, EE? i??aﬁ %%88@1 goém %ﬁféﬁﬁgs filmlamnates or

coextrudates, can be used as support film(l). Exanples of materi al
conposi Ses imeah dugel €63 @l %rbyphaght bf trEhieadiaEY, whispaithilcd& in the absorption

according to pne. o e sche or A/B/C, such as PC PET,
e Pl PET SRR et F50 SOThe RE WOBEEN ¢ pol yur et hane) . PG and
PET are particularly preferably used as support film(I). Transparent

supports (0)2whd.c9 Brvecighpbf @aliysis R§l ear, i.e. not hazy, are preferred.
The haze is neasureable via the haze value, which is |l ess than 3.5%

preferably_ | e han articu ferably less than 0.3% The
haze val ue 8&%2@1” 153’51411 %‘tﬁsaﬂf%dﬂyi‘%%ﬁ Lnitted |ight which is
scattered in a forward di rectlon 25 by the sanple exposed to |ight.

Thus, it | She prsasUnentén tfilttheDRRE rdlpteDto thazetind uihichnls Rt teheitingl dhto a

and quaptifies material defects, icle |nh neltles or
erystallbi e PREEH BRI FT SPOPR 7 Gy sy PreRoNREE bassr abarne formulation

adver sel y aistmfal toltheintémiggpar ency. The net hod for rreasurl ng the line

is described in the standard ASTM D 1003. WO

2010/ 09180 %?EPZMO/ 000618 - 13 - .than 300 nm The retardation Ris

t he mat he el T Bptep?l copppsiige AE Ehe gt o ere(D) pre debrdsa pAlygaghonate

support d. éﬂ e pAYdRB t@reﬁﬂﬁkam@tmﬁ)l chﬁyuﬁ%a&iért&@ﬁﬁﬁﬂ&é pbi}%thmﬁ@w%&%bo%mene,

is effecte u5|ng anlmaq polarlneter for exanple fromil
St ai nMat i cCFiHINB/ rctbefe 1“8’Sq'h]§’dfaé% ardllalose rifrate,reeloelelin i pelymers, polystyrene,

per pendicu ;u@lgreﬂoﬂﬁlbéj eﬁtﬁf‘mﬂﬁbe Jeﬁﬁl@ged flabQite ﬁll'l‘ibgs tp%f(y@l;um %Ql?mgﬁllﬁl methacrylate,

support (1) are lateral mean values. The s
possi bl e c@é‘b’VlﬁﬂsCh&#ldGnEOIﬁfm}tb@!lh’mé |0d@91ydspyqi¢maﬂadlynﬂmsmacmrm ti:lknwefssln@ﬂdltlon,

5 to 2000 gm

ZOOOgm and I n part| cgﬂsys%gggt o1 a%gg)rl gg’ltﬁggtﬁ%pr&% 1"394%65’1%1353 film (I).
phot opol ynErarthpigseefmgterial chppﬂsiteschrdaﬂugbm audi tnglep fibhsehiaxiyigya doanpesitiort adcatding to
I t hi hot I .
(ialy)er ofI ﬁ(i‘(; eﬁﬁ%ggﬁ’g& %a‘ur%"gpgﬁ?é)@u %H y p 13}’2@?14 d/1§€¥ ndl%@‘fgfg{ (TPU =

very papti tetmodlastippafeethiniey. PCoantl ®E® Gregraticularly preferably used as support film (I).

Transparent supports (I) which are optically clear, 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%.

The haze value describes the fraction of transmitted light which is scattered in a forward direction

25 by the sample exposed to light. Thus, it is 2 measure of the opacity or haze of transparent materials
and quantifies material defects, particles, inhomogeneities or crystalline phase boundaries in the
material or its surface which adversely affect the transparency. The méthod for measuring the haze
is described in the standard ASTM D 1003.

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



In addition to the constituents (I) and (I11), the film conposite may

" have one oWOBOH/@A8&r i ng | ayers (I11) on the phot opol yner pCamEm20{0/000618
in order to protect it fromdirt and envi3onnental 15 influences.
Plastics films or filmconposite systenms, but also clear coats, can

be used f othahBOGnpUr pose. The filmmaterials anal ogous to the

materials used in the support | ayer are preferably used as covering

| ayers (11 sai terials having a thickness of, typical _
toy200 ém I}B? ‘%& 1% graihsmatical produqt pEbiregiinapnss Asrand S5 tgmlzrr'ssf Qflthesupport

gm 20 Cover The attem@icSafd ddhctRa\hdaSiréfens W0 Qhd) réarddtioh a¢ %ff@&ecpﬁﬁ%é B, Emiaging
are preferred. The roughness deterni ned according to DIN EN | SO 4288

" Geomet ri cBPABPEeRfor @ﬁ@éﬁﬁ‘i’%&tﬁ%ﬁ?ﬁ CndyaticRMpMpedatext ure. . . ", test

condition R3z front and back, is used as a neasure. Preferred

r OUthe§Se$h@E&arHﬁ1ohh§ rﬁéﬂE\H@d Qf pé éﬁcﬁ&?%&{en&g %la rEthdgtn?m/aIues stated for the
preferably | ess than or equal or PET ftilns havi

a thi ckneséupﬁ?rtﬁbalﬁéat@@lfa?ﬁlé@]eespreferabl y used as covering | ayers
(111); a 25 polyethylene filmof 40 gmthickness is particularly

pref erabl Y'I'Héﬁ.?ﬁorl: Uy, tlﬂf?&du[g ﬁbtsﬁﬁIE 'c&ﬁm @6’1? > or b3 s?d%ﬁr@é)%llﬁ bV ckness of 5 to

| am nati on of e support e use t1ng process
accor di ng 2P0tHme preferablyiSote @anbmeﬂlpﬂlewﬂsunmfmbhoﬁo fd 20Puraant doptrticuis 125 to
and the regqy th (Ptt)4‘$ al holograns is preferably carried out in

such a way t e sy 1esi s conponents of the polyurethane
conpositions according to the invention, with the exception of 30
conponéht Ahe photophbymsy kapers () %Ppm&lawnmmgl pefegatdniyvia ertotalalayhr docknessebised on

reai at ol 3 Bl ke P RAEE), SRR SRR 0 e Weietngy ety 3 o

Al punp sy@memaatcuhnﬂgpwﬁmmylbtotdﬁemper son skilled in the art and
in-particular transport i ndependent |y of counter pressure, with

necessary SoaddRbadB e ERASE o e IR B Comg S B o2 o i coverne

gear punpslayeedBhtani the @hﬁmpﬂvmﬁulipﬁ (@)/ﬁblolrdbr pg PRRgct iPREmSHiRldall GnpliéiREental

?%hﬁ:ﬁ%()%}l r{%?s %E)ag?{) @m%;({l‘ F [ %er%rg?l u tems utea sgec e[arr Icc(y:atss %guf \‘tl>ve %ger;rlpfor this
purpose,

The film materials analogous to the mateﬁals used in the support layer are preferably used as
covering layers (I}, said film materials having a thickness of, typically, 5 to 200 um, preferably 8
to 125 pm, particularly preferably 20 to 50 um.

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

the range 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 covering layers (II); a
25  polyethylene film of 40 pm thickness is particularly preferably used.

Further protective layers, for example a lower lamination of the support film (I), may be used.

The printing process according to the invention for the production of films and coatings and the
recording of visual holograms is preferably carried out in such a way that the synthesis
components of the polyurethane compositions according to the invention, with the exception of

" 30  component A) are homogeneously mixed with one another,. and component A) is admixed only



Preferred nmetered anmounts are in the range from2 m/mn to 1000

-/ mn, parWDQOLeN9B80Pref erably in the range from2 m/m nPCa/EEED10/000618
m/mn. Al nethods and apparatuses knowld4per se to the person

skilled in the art from m xing technol ogy, 10 such as, for exanple

stirred tankmedinteyaicforelthn apilicativndo fhedlibstatdbX@iths médd be used for

m xi ng. However, apparatuses w thout dead spaces or with only small

dead spaces,.are preferred., Furthernore, methods in which the mxjn

is effect edqjap'flﬂﬁﬁyséen%?e‘?’ Chy AR RIOVR i e RETSRRt %@r‘?thﬁﬁbm H?F!FPJ@@%@PSPO”
‘the two conpdpefdeslysf cbenter presura Mathieé Ails86n addpriddely b bitable Gtk Sort and
m xers, especially those in which the conponents cone into contact )
with one ari®t PREPSSEHIagCuraey {pcthRmeisring. iAceprdingly, £ A4ApBrage PUR; §oap ARERSs ccentric

The t t ' thii : .
e t enger atldwamngly (NBteho rdé!%ngsb)f)g&%%ﬁ%égﬁggéﬁnﬁ §t8n pQASs arPpRfBk@Rhehr flmps and

to 80C, particularly pre ( necessary,
devol at i | i £8¢5PBi¢ SEEWPHEDPS AVohRp @uaps) arsrgBiselats psferiee total mi xture
under reduced pressure of, for exanple, 1 nbar can al so be =Tied out.

Devol ati | i 294088 métrel Ei}:h&ﬂx&suér@[n @k (ke 20madalihin Q5 1600 ﬁ]hﬁin,ﬁga%%glptpreferably

A), is preferred in order to prevent bubble formation by
gases in t Hethesenes fremZankmisite [0aline admi xi ng of the conponent A),
the m xtures can be stored as a storage-stable internedi ate product,

optionally zﬂgyﬁéth%\ﬁﬁ& pafBRENSown pAf $85 teDErsB MidanNg th%fgﬁtfnﬁn rﬁ&ﬂ%qg%ﬂglogy,

A) of the pol yurethane conpositions according to the I nvent1 on,

cl ear, 10 qheh fsofonaxamplerstifrsd ¢ivkspnbaeth Wimanic aokk pletielinirprspean be used for mixing.
conpositio e ] i.f i e e d a _few
rourss The oy Sy OTARIPSL Wittt M8l USSR B’ e
conponent s Fofth¢rmerep olethode irhwhieh clonmasng iscaffected withef & eyl shom dimesarddwislo very

that the cuyting_ af.t.er m. xi ng of the conponent ceurs.wythin . .
n nut es tol{'1 e hour %PP%S(%} %n SaL ??r%e.g?‘ﬁ&]%reﬁe?%%egrﬁjopag%ﬁ%ﬁ@?ﬁl? TOIXETS,
t he curi ng especiatiy dloes At wliclbthehembomegts I0mE lreto kot wdthi P8 addthe fonlyhi@ the mixer,
adm xi [}g to te_t@ﬁrftﬂ{jes bet ween 30 and 180C, preferably 40 to 120C,
parti cular I3° PHeretPabiyPBRt0 100Cc. WD 2010/ 091807PCT/ EP2010/ 000618
- 15 - The abovenenti oned adjustnent with regard to the curing
behavi our iThetampdrytnee Skt ehif @éocadpe 2800 16 KIODPE dpreferabie1@id 09T, tReticularly
form of routinhe leége(r]g qﬁnt s within the abovenenti oned quantity range
of the compSHEAYE 24P Y e synt hesis conponents available in each case
for choice, and in particular the preferred synthesis conponents.

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

pressure of, for example, 1 mbar can also be carried out. Devolatilization, in particular after
20  addition of the component A), is preferred in order to prevent bubble formation by residual gases

in the media obtainable.

Before édmixing of the component A), the mixtures can be stored as a storage-stable intermediate

product, optionally over several months.

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

temperature within a few seconds to a few hours.

The ratio and the type and reactivity of the synthesis components of the polyurethane compositions

is preferably adjusted so that the curing after admixing of the component A) occurs within minutes

to one hour at room temperature. In a preferred embodiment, the curing is accelerated by heating
30 the formulation after the admixing to temperatures between 30 and 180°C, preferably 40 to 120°C,
| particularly preferably 50 to 100°C,



5The pol yuret hane conpositions according to the invention have

" viscositi eVat2026¢®1807 typically, 10 to 100 000 nPa.s, prePeTaRP3010000618
to 20 000 nPa.s, particularly preferabl y1200 to 10 000 nPa. s,

especially preferably 500 to 5000 nPa.s, inmediately after conplete

m xi ng of athk abdvememivpehaiistmens &ith h@hrdtthﬂié cANELHEVINur GO P REBR Fo Wperson
properties ]%i“g 'S solv nt-free form In solution with suitable

sol vents, VEYEHE f ad imythe Sorm offropine sxpertiegisovithby the sboysmentiongd puantity sgnge of

10 2000 ”Pahescorr%fléntscdﬂi%é Yymnthe8 scsxﬁ;h:lnyntbﬁ}aﬁméﬁloea@féasé forfcﬁ&c@%nd in particular
establ i shed. Pol yur et hane conpositions of the abovenentioned type

whi ch cure%ﬂrﬁeaewfép%@@@ﬁ%%t of 0.004% by wei ght to 0.1% by

weight at 80C in less than 6 m nutes have proved to be advant ageous;

concent sat e polBi-MaRd cnfddtoly aéé@ﬂdﬂl@tto ﬁféqm%ngél/ (Yol tﬂkgbn%ﬁ% a@ﬁ?’c of typically,

preferred and concentrations between 0.03% by wei gh

wei ght ar e 1840 190090 plags, preferably HY. to i@ﬁ@q mP?eS:,pé@leéy m@r&bw tO 10 000 mPa-s,
printing Plfeanpyasy 5 (e sRRIRY, Siiddifit g;trhﬂ%P%o%fete BR3¢ all the
in particular, knife coating, casting, printing, screen prin |n6,

sprayi ng orcomn%}eefs, pr ihat they, have eery dord pr@essing mppiriicatvenin solvent-free form. In
substrate. : [ ' et had n

i et pr ARTRo SR uART LRLUEIAIELERTD AEE RN BRULPEF o faetty beow
meani ngO0pr @0¢mPes, paridulady fuiefigabigehdiod SO0fala- ¢ ugpd beoatablied.

t wo- di nensi onal originals. In older printing processes, the printing

Irrg_'lt(e:' ;Salt r g-n'}%f 1}%& %Qﬁﬁésﬁ{gg'n? gf ,?tbe ov%x}aefngﬁl%eg Ot% %%:E%B.Fei Wi Ea?ys% content of

processes @5)@4% by tvaehg}np rtb N 1% gbys wedghtrmt f80TC tifnilsss pthﬁxp(ﬁ&ﬁnut&l daave proved to be

first-nenti rintin l.OC i vided intao ntin | at e
product i on 3%3&9%5 uf‘rtcof‘ﬁ tﬁoqsﬁggwlbglﬁt/"i% E %g’h F‘ﬁg %ﬁ Pr¢fgrred and
pecul i ari t yomdentrdt@ndtiden 3Bl Bt Weight atki G.06% BSr iveixhi dre ﬁ@d@l@@tpe&&a
different printing processes 25In relief prlntlng, all printing

parts e :ﬁﬁised {l] ﬁl ane, .are inked %‘E rel ease the ﬁrlntlng i nk

to the pri At FERACEYR CHSTPmEARE PEYRESERCesFT Ry 1n Bersen seilledgndhe g, such as, in
consi sts ofpmhleﬁlh@ ksi ferddfiny, cmﬁglpﬂﬁnﬂ@@&e&ﬂﬂdnﬁﬂg lshrapifig oS inRfeLHNRE Sard Biltable
el ectrotype% inindirect reljef printing (letterset printing), the
printing ploReEPigHaY orsubtrale. Riefaid ppmlicaion fstiodt e sseropsintns @daalaet printing.
(wrap-around plate); in flexographic printing (flexography, formerly

ani | 1 ne pr i igbiighl, Frititins PRocessbd G- RliakBod b Hx%é:ﬁhﬂ;l fobRRE an@%lﬂaﬁgmethods for
printing), the inting plate consi sts of flexi Ferubber or plastic.
WO 2010/ 0998@?’@%!87 stmelsarizinals dn olderpringing prosessesi fheipaigting ink is transferred
| ow- Vi $60Sifio¥h ddriginsal b?tarﬂ?ﬂfiﬁfgrekﬂr@o %%%at?éﬂapgﬁ Q&cﬂ’%hhﬁng i@@(gf)é gﬁected newer
surface of the prlntlng plate 1s cl eane aln doctor

wher eupon PRBtngyproeasssoe| Bgipt paintes) S)(S?emso‘gr avs pgrpp$mtTé;g|ﬁ:gt—mentmned printing

printing],

printing, tphde%%?% ?\I?I (%glﬁ[&nglﬁb gﬁnﬂg%gﬁgﬁd?{?r ougﬁ%d rrpr%"t e Ehsté}e(?'%’hglg%hases'

screen, foDepsusingloa the mn@mﬂsoﬁ@e pantinggthte, 8 idiskinction ismgdel betweey diffepene printing

by neans OEP Sgueegee onto the print medium In pad printing or

indirect g avure printing, the original is transferred with the aid

of a pad (conprising porous silicone rubber) fromone surface

(gener @bl y Iiareéwﬁyrmtmg,mih printing ppdtsadre yaisstia plaot, ey inkddoanderxlassp tie: pﬂi:pﬁg ink to

o POl RE R b8 T OELSR id @ SRR S Lobifs P TelEPLITS Rfbhine
: composition lines, stereotypes and electrotypes; in indirect relief printing (letterset printing), the

printing plate consists of a generally etched, curved metal plate (wrap-around plate); in
flexographic printing (flexography, formerly aniline printing, aniline rubber-plate printing, rubber-
30  plate printing), the printing plate consists of flexible rubber or plastic.

In planographic printing, printing and nonprinting parts of the printing plate are virtually in a
plane. The printing plate is chemically treated so that it accepts ink only in the printing parts.



10 I n stanping, the individual printing plates 'are pressed onto the

©oprint nmedi WO 2000/691807 age, the nmarble, granite or |inest onBCRVER2010/000618

engraved with text serves as a bl ock. A-i®ist paper was placed over

this lithographic printing plate and then pressed with cloth into the

wel | s of t liegenge pyiatthg Byat-iscosifyt @k isnatreducthidtdp @FintivaSwdsUgliate Wrtabe of the

tusche, the wells remaining white and | egjble, and a negative, copy

form ng. 18FRIRE B0 GPESMyAEPno% dn Pl biggs PTRSFRUAPD SR9 MRRTRYion 1s™ produced

sof t - gr oungrofigfdviegin@iato HISKRET) irfddglliB Uind BriMing CidesddPapl,td )0 be incl uded

at the end as an independent graphic arts process. In the printing

techni que hrought jnto peing, by Al Bernstein in the USA in the 70s as

trace pri _n?‘,‘ %i-{" I?Wg'itg‘ﬁ %ﬂﬁllﬂf }Srﬁésﬁ?dai}%g%ﬁée%ﬁﬁteémtﬁ%F‘é’%% fq5 example

the poskti “emp@gad hatEmddeQNe Df a philtiddet4it) BPMedd bea sqefliel Bhto IR p¥inf mB&um.

| ines and dots, in contrast to pochoir. In the printing process,

printing ink, coloured pignments, 20 are brushed thr ou%h the printi nfq

screen by KaRed RRBMNE & PAES =YY, PHGBB| be josgingl isnransterpd ddficige widhgt a pad

ink drops \ddutprikig paickls Qﬂi{:ﬁle%@ge:rﬁﬂpﬁlﬁ?%ﬂltfac\éﬂg&féraﬁ@aat ?‘a € piRi! p1htd) onto
i ny vapour

the ink. This results in the explosive formation of a Tiny .
bubbl e, whiaggthers for etagpla quas. paldapink peans, pdeegs gheredore izlsk belppnlied into B depression of
nozzle. TwQ is¥ f%ﬂﬁin@fn%di ed here: Lexmark and HP in the Deskj et

series enpl oysﬁ%1 at nozzFIgl el enents whi ch substantially consist of

two plates. The plate 25 facing the paper contains a tiny nozzle

bore, dfd fmgampipg ke ipdivigra prismmerlagrospressed ¢ritgth priat medfiweshoot er ) .

The process is very sinple to produce and is therefore econom cal but -
has the di sagy € b1 drinth P Srrlel GG MIATE eRfratel Sifl fefi d i
Exchangeabl e p?ai&%?iﬂng eég are usgof ISgnﬁgEFle %? e?ﬁ’g%”e néeﬁ{:gss %??%F%‘r%,mmm
Canon oper &8ss wa placed averibis ditliogtaphie ptinfingudaté andwhércpresstbwitipelpthestodhewells of
present at . . I eshoat.er) .. The ..

b ocess | s A @BERekunk Gl % SAET Bl « LRRERIURIE ol Whic ang
expul si on epids anda negagermeprfoadingot by a pi ezoel ectric el enent but by

a vapour bubble. The individual heating el enent operates at a

frequengy . ..electrical voltage in grder .t res o

or it 0. 1 A Pl ip Bt 16 Brenll Wi Bofi G SRamraR pggen prnine

vol ume of whicedsecan tdh e dmhidedlat the enid as tah éndependerit yaephtf artsh@o@pO[Mh €lek printin
P 2

el ectrical l.se.. The operati equency ,.of i‘ezg crystal .ranges.,. .
p o 23 kiEHS yrodehy GRS hite PEALBSRERH airth B B8 200aR B mptn Mbaagvicual
a drop is bfintirgeplsted die cit@Ad pRRrdad én the positet-@Rative prdtessNB2Eing Possibleto print very
pr esent inveni,i on Ilgrther nor e rel‘g]tqes to the use of the inprinted .
articles ad®hipssigd Agis1AEORRLAPPEIIT orths RERbRG PFAGESH RITEPS Fb) coiussrpigments,
for thegpr afighshedth@ucP ik pEiafing@kREEHY Band hAPHEheaRdled SPl ays and a

met hod for recordi ng holograns using the pol yurethane conpositions
according to the invention, and fhe nedia or_ holographic filns

obt ai nabl e BURRIF&T PERFTS PsrdRpe st ink Ao itk dterpithef aclisatingss encesh whueh Bty e grater
to the inventieconk ¢ agnians the W@éﬁt&ﬁﬁﬁﬁﬁ'd&%f&h@@%&ﬁﬁ, Ghich @rough its
vi sible range and in the near range (300 - 800 nm can_be producecC

by appr opr PES8Ie 6% Aeink dipayt elthe gezzlgaT wa pisisas aressedlrgpe: iLgemark pnd HP in the
hol ogr ans L : e,

ki 1 Ted 1 Thed sFe ARIFETAL HGAle Merlly Vith KISHRAS LA REEE Plates The plac
of f - ax¥8 h&tcagr Gerpapdr (fontaiap @r tinyr eozele hosd, @nd (sl wpeambblehiotres bppyphite this bore
transm ssi tral B hol o ") i ol

of £ axi o r CPTE, YHB sodeEl Y Bt B b s BIATS eclBET B b e
st er eogr andisadvafitfagecef olimitel lifgimers] thDerihisng Headso Engmagesble priatinprhesds ara used in
hol ogr ans f Opthcal el enents, .such. enses, mrrors

ot | Sct 1 mg Hrog PAFL 51 K pipe, Gy oBoeGE Bk MHOR S8 SernRHRS R villh R ales are
el enents, Ipreghitt atdglduetles 8, thedvangicitasentsfedyesdbief)N TEE O3S isovedy Sifnilar to the

masks ?SE) € {e(zac]; eroggsg'ex&%? t%gte é nle hls}og%%:ésu?g }slgg&alratg Ile()t {/] g %ie%]e?élc\:/m% element but by

a vapour bubble. The individual heating element operates at a frequency up to 10 kHz.

Piezo printers utilize the piezoelectric effect in piezoelectric ceramic elements to deform under



- WD 2010/ 091807PCT/ EP2010/ 000618 - 18 - Exanples: Starting materials:

- Desnodur (r WXRORB®I80E an experinental product of Bayer PCT/EP2010/000618
Mat eri al Sci ence AG Leverkusen, CGermany-1full all ophanate of hexane

di i socyanate on Acclai m 4200, NCO content: 5.6- 6.4%5 Polyol 1

(Accl ai m(r )eleétﬁw)volta‘ge i @@#ﬂf@pﬁﬂwrﬁﬁﬂg Ngx mdeuglhlgl £k mmlezaﬂwﬁﬂa %mfuﬂﬁ)agﬁe drop
nol ar nmass rom Bayer terial Sci ence ever kusen

Ger many. UF’ 8“'153 ¢Anhegontrql gdg(ﬁ‘ themagnithametihe applhed dlectriqabpmisaajleg operating
MVat eri al Scmq&ﬁcﬁ@ﬂp;@y%&uggﬁgesg@fmm ur et hane acryl ate based on

2- hydroxyet hyl acrylate and tris(p- |socyanat ophenyl) thi ophosphat e.

10 Fonrez( L28; Urethanization cataly

di met hy! bi ifﬁa VeqED Hidnbvalyss t"%h%ﬁlilawén Wé@%ﬁrpa isP lgve thg@pzzds are mounted on
Monenti ye Rembasidgance Chemicals, Wlton, CT, USA (used as 10%

strength solution in Nethyl pyn-oli done) Cd 909 is an experinental

product marketed in 2009 by C ba Inc., Basel, Swtzerl and. New
met hyl ene BPogrepey Hé’elﬁtfc@eﬁ"rﬂl‘?}?’@mf TelsiRs 3P ghmussl ofrthe mmmingedi eticiappecording to the

St h [ d | C,

5L 1 el B L5l 6l S b RN GBI Y Sy

QrbH, St ei Alselay andamgiipd foBiprorgmg holpetaims asiag Bepebusthahe cenpmditions arfeordlng to
BYK- 5% st th in

from Che i RniAid de58dia o%ﬁ% fﬁJ?,L gﬁztg@gm;gg#h ’éb 6 streng

xyl ene), nunber avérage no asur enent of
the diffraction efficiency DE and refractive |ndex contrast An: 20
The nmedd a RG@chepolgrethanelsempepiténns pesardivg to tbhmeveethm; bollogrents ifax optieal appllcatlons

exper i ment gl S&6Ll AuR tﬁé A4E gﬂg% 60"-%00 f: %ga% bvcm trorhuégq? appropnate

t hei r hol ographi c proper y neans o neasur rng arrange
accor di ng txpoRirgproeesies. Vheallk@mml cooppfisd aih hiokogpreal vaddctodah bierecofdel My methods

conposi te, ndt hoto eri,a |sthnlr.n'n d.with glass .
sorr}t)hat t hé sd]btgp rﬁ% e N a%élé %‘%Jt%?&?%gg ’ﬁenb?lé‘? OJ%X\}AO -a%é’ Off axis
| aser (em hdogrmwaﬂﬂl-a«pmgkla toahsfet rhmlogvmhomﬂwle}ig}ﬁdtrm' ﬁaﬁlsibﬂeho@é@ar@ qrbﬁbow
satia er and ef her w the col.li ion | ens into

appara ?el 8%%@506)?%% i ﬁ]axésrd ecign: tho iﬂ%"ﬂlﬁ qiges %lwams and
and refer enaegrb;ﬂmta:e@graﬁé a&ldcﬁ&eslolbgtaﬁm Denisink Isiﬂ&g%ﬁsa&aﬁsr&:is)on hbl§grams are

di aph ing is 4 mm
g Io|agﬂ S;t ?fBIﬁ« %Ie(ﬁm%ﬁlté %g%%aggh?qgf %}sgs? mirrors, deﬂectmg mirrors, filters, diffusion screens,

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

20  were exposed and which dimensions the hologram has.

In addition, holographic images or displays, such as, for example, for personal portraits, biometric
representations in security documents, or generally of images or image structures for advertising,
security labels, trade mark protection, trade mark branding, labels, design elements, decorations,
illustrations, reward cards, images and the like, and images which can represent digital -data, inter
25  alia also in combination with the products described above, can also be produced by means of the
polyurethane compositions according to the invention. Holographic images may give the
impression of a three-dimensional image, but they can also represent image sequences, short films
or a number of different objects, depending on the angle from which they are illuminated, with
which light source (including moving ones) they are illuminated, etc. Owing to this variety of
30  design possibilities, holograms, in particular volume holograms, constitute an attractive technical

solution for the abovementioned application.



WO 2010/ 091807PCT/ EP2010/ 000618 - 19 - (PBS) split the | aser beam
into two cOWeren/0u8dal |y pol ari zed beans. Via the 2112 pl RCEFEP2NE000618
power of the reference beam was adjustedigo 0.5 nmWand the power of

the signal beamto 0.65 MW The powers were determ ned using the

sem conductEaamgkRi:ectors (D) with sanple renoved. The angl e of

incidence (a) of the reference beamis 21.80 and the angle of

i nci dence Sfaﬁt%ﬁgm th signal beamis 5 41.80. At the location of the
sanple (ne mattfﬂ'@ Snterference field of the two overl appi ng beans
produced a grating of light and dark strips which are perpendicul ar

to the angDeshéduet Kor 2590 is tadeexipe@maRa Brodute bﬂ%&er%a&ﬁﬁS&@ﬁlE'@G Leverkusen
aCInglntherTe umils -

(reflection hol og The s
(refracti vg} xﬁl@gﬁ? S’Gﬁ‘ﬁﬁﬁé&?ﬁﬁ’d‘a?&nlﬁ‘édamlmﬁg)NC@IGP@EFta?T@ —Ree
witten into the mediumin the foll owi ng manner: 10Both shutters (S)

are ODEBEd PbROL 1 V(Accﬂaﬁﬁ@&lll)@) si d@ol@proﬂ-ﬁ@iee@ﬁ&daﬁaw 4 Budbdst fvefage (r@ar mass of
cl osed, gﬂ@gﬂ(} vvas all owed a time_of m nutes for diffusion of

the still ‘?nigﬁVeﬁ\Ma{q“ﬁ]écﬁ‘BWo‘}@rIseWW HEBYWams witten were

now read in the follow ng manner. The shutter of the signal beam

remai ned clipaRbe atReats MUk arexpérirhdnnl el RECHRER m%anm@ﬁal@aeﬁu%dAeTﬂéverkusen
iris diaphragmof the reference beamwas closed to a dianeter o

nm This eRSHR®Y LFralene rmeniaie hagess on| Srhydsoxysthylo aeryiatee pyd mS(P-Fﬁ@CYanatOPhen)’D
previ ousl y idnbigakehol ogram for all angles (12) of rotation of the

medi um The tur nt abl e, under conmputer control, covered the angle

range from52 = 0 to 12 = 20 with an angle step w dth of 0.05. At

each affl e Woé@ﬁédm@h@@mﬁeﬁeﬂw dimsthylbishi] toxampof¢ayDerey Istannanee commercial
zer oth or dgfodllof MIBRAN CFLrRYpARE RheAical AT ER RO 00 R Gt et Rotution
and the powers of the heam di ffracted 1n the first der

measur ed byt Netwlpyoelidone. det ector D. The diffraction efficiency ri 20
was obtained at each angle 12 approached as the quoti ent of: PDis

the power f ol d bl ower

in the det 9&12?@13?& Eﬁféh?lr&g%’l rrr‘%)(?ltg tec oéet%% 5%99 %g{r%ﬁgf Y S%t%%?aﬁﬂ

descri bed above, the Bragg curve (it descrl bes the dlffractl on

ef fi ci encyNey %h)/é@ebluﬁlﬁiﬁm frenk dy fioheSigmayAblrisk Chémie SindiH], Steirdikin, IGzrmany.
written hol ogran) was neasured and was stored in a conputer. In

addi {1 99, g1 BB o MIEBRILALA0L & i, BROpRAOT der was al so

pl otted agal nst the ang rotation and stor in a conputer.

The maxi num di ffraction efficiency = rimax) of the hologram i.e.
its peak véﬁ@@onﬁh@gﬁﬁtéﬁrﬁm&mﬂm%m@%&i SHeidteisdiegmhmyr t hi s

pur pose to change the position of the detector of 30 the diffracted
beamin or Vi

5030/ 001007 Bt BB FORETRE glrhlod RN STHEL 19 SSHemy MO, Wegel, Germany (solution
Coupl ed WaekouTh¥e styengthfin xHenekoyaiber dveragelinelaBahsds a&mﬂmgmdhm cal

Journal , Vol une 48, Novenmber 1969, Number 9 page 2909- page 2947)

frnfg"ngrfy%mm%& YioR Uiy B da sk AReL 1ldig LHANPRLL o

5According to Kogelnilc, the fol | owi ng is true for the Bragg curve
n/ (S2) 26f &be gjeﬂ@cqcp@ﬂmgdp db¢ anvention which were 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:

The laminating film is peeled off the film composite, and the photopolymer material is then
laminated with glass so that the substrate film faces outwards.

25  The beam of an He-Ne laser (emission wavelength 633 nm) was converted with the aid of the
spatial filter (SF) and together with the collimation lens (CL) into a parallel homogenous beam.
The final cross sections of the signal and reference beam are established by the iris diaphragms (I).

The diameter of the iris diaphragm opening is 4 mm. The polarization-dependent beam splitters



11 - 6¢/43)2 1+ sinh2 Q2_ x2) with: ic And 0 - X Vcos(a)

' cos(00-21v)WQi2010/891802' -w) d x = AO A cos(al-2v) 2 V= 2 2PCT/ERU10/000618
- a) nsin(a) =sin(a), n S|n( ) = sin{f

.11 - sin2 (a) n2 - sin2 (a) 43 is the grating thickness, x is the

det uni n g p@mye;bﬁtrthalaﬁhr Pedns m’tdlﬁro&ﬂ@dr&t @dually pbladed bBeny Vfa&ﬁ@l/ﬂ yRitebOthe power

i ndex grati whi swrlt correspond to the angles
of a and p g&’ie ﬁ‘l@f@&ﬁ eﬁlﬁd"aéﬁ @Wcﬂ%@‘%?ﬁdﬂéﬁ’omﬁogﬁésﬁﬂlbﬁ%ﬁ“% 5 pdV. The
the angl e qgiais verddd@asied Reink thet BAIBBHctNdetketbrs (D ;‘%tﬂ%éﬁh@& 'ré?ﬁbv@:& Of¥e angle
the angle a'., Al is the angle detuni ng measured outsid he medi um

i .e. the débingidees (prdive KwErapgbamds 2hS] apdihrangleaf inpidepest Phef the egnal beam is
| ndex ok thQe, spmttmkafmef&egaﬂiﬁécﬁﬂm@t thd im@ftrente i 1B%f{ﬁ%>f‘bgweﬂagpmg beams

dlffractlon efficiency (DE .) Is then obtalned for x =
Al = 0, agroducgip gratngqcpfzhghggtgi) dafk stalphgf@ch AYE pque){dlculact@stpaar)glc bisectors of the

cos( al 20 two beams incident on the sample (reflection hologram). The strip spacing in the medium is

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

10 Both shutters (S) are opened for the exposure time t. Thereafter, with shutters (S) closed, the
medium was allowed a time of 5minutes for diffusion of the still unpolymerized writing
monomers. The holograms written were now read in the following manner. The shutter of the
signal beam remained closed. The shutter of the reference beam was opened. The iris diaphragm of
the reference beam was closed to a diameter of < 1 mm. This ensured that the beam was always

15  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
diffracted in the first order were measured by means of the detector D. The diffraction efficiency n

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

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

- transmitted beam.

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

angle Q of rotation and stored in a computer.

The maximum diffraction efficiency (DE = TNma) 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

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

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



WO 2010/ 091807PCT/ EP2010/ 000618 - 21 - owi ng to geonetric shrinkage

" and the cha¥@e01#0921887 aver age refractive i ndex during PCT/EP2010/000618
phot opol yneri zation, the angle at which-RE-is nmeasured differs from

a, the x axis is centred around this shift. The shift is typically 00

to 2. Sincdetmihal bynaws of e Cohplee Wdve tTheory IEDHEK beiik, m@%ll%t\é& Technical
accordi ngné uqlzgg‘zllnl k det erg1 ne only b t he thickness d of the
phot opol ynef ?“m%\ﬁ Ve %ﬂnyerc"d?alg% %8¢ Repa 24 frem the meaguned Brage
t hi ckness duwse aﬁd‘@& vARESH Gﬂﬁgﬂﬁmﬁﬂ%dtﬂgﬁh‘y a9% ki st AGk %thoq 1§ Jescribed
now adapted until the angle positions of the first secondary m nina

of the theS8FlaY; cal Bragg curve agree with the angle positions of the
first secondary maxima of the transmtted intensity and additionally

the fulk wisdbhidak tdTRbdelnMB X THMBWiR, | -
and the transm ttged |én%nin%5| ty agr%ve-l%ifcf%ﬂh%ﬁé@%%e dlf%%??%ﬁg{eﬁtg%n}&%&'
reflection hol ogram concomtantly rotates on reconstruction by neans

of an Q scan, but the detector fq.(i:l the dif¥racted |ight can detect

only a finite angle range, the B gg cury_e(xg&p broad hol ograns (small

d) is not conpletely detected in an le nly the central

region (wth suitable detector positi cﬁhﬂhn@‘b mat) shape of the
transmtted intensity which is conplenentary to the Bragg curve is
therefore additionally used for adapting the |ayer thickness d. 15For

a fornul at"On;, this procedure was possibly repeated several times

with different exposure tines t on different nedia in order to

determ ne the average energy dose of the ipchgept |aser beam at which
DE reaches the saturation val ue d@W hol ogram The
average energy dose E is obtained as To¥{% eslem#ii/n2) = 2 [0.50 mw

+ 0.67 mld t (s) 20 The powers of t he2mpairi(ex bqﬁ)mﬂ wer e adapted so

that the sane power density is achk& mWi m at the angles a
and f3 used. Preparation of the uret hané aervi a ' 0.1 g of '
2, 6-di-tert-butyl-4-nethyl phenol, 0. dibutyltin dilaurate

(Desrmr apid Z, Bayer Material Sci ente AG Leverkusen, Gernmany) and
213.07 g of a 27%strength solution of trigs(p- 25
i socyanat ophenyl )t hi ophosphate in & (Desnodur (r) RFE,
product of Bayer Material Science AG 4dVéP H's’eﬁ) Ger many) were
initially introduced into a 50@i )E@m(d-)pﬂtsmmesﬁi(@)sk and heated to
60C. Thereafter, 42.37 g of 2-hydroxyethyl wer e added
dr opwi se and the mixture was furt L t [dt— dntil the i socyanat e
content had fallen bel ow 0.1% Thereafteér n€0ogi*(tg) was effected and
the ethyl acetate was conpletely renmoved in vacuo.” 30 The product was
obtained as a semcrystalline solid. W) 2010/091807PCT/ EP2010/ 000618
D is the grating thickness, ¥ is the detuning parameter and ¥ is the angle of tilt of the refractive

10 index grating which was written. o’ and B” correspond to the angles of a and B during writing of
the hologram, but in the medium. A® is the angle detuning measured in the medium, i.e. the
deviation from the angle o’. AQ is the angle detuning measured outside the medium, i.e. the
deviation from the angle a. n is the average refractive index of the photopolymer and was set at
1.504.

15 The maximum diffraction efficiency (DE = Ty is then obtained for =0, i.e. AQ =0, as:

DE=tanh2(<D)=tanh2[ nan d J

A - fcos(a') - cos(or'—2w)

The measured data of the diffraction efficiency, the theoretical Bragg curve and the transmitted

intensity are as shown in Figure 2 plotted against the centred angle rotation Q-u-shift. Since,



- 22 - already have been predissolved in the conponent C) and

optional | yW®a0uwef189ent s G and F are di ssol ved in the conpQEERI208)/000618

optionally at 60C, and thoroughly m xed-2Thereafter, the conponent E,

in pure formor in dilute solution in NEP, is weighed in in the dark

(3) Wi t hI lsubt/'_ﬁ@l & igﬁbmaﬁgaihrm' hkagd N andri thé I’tﬂﬁlaﬁgﬁzlgf ft_ﬁ@'[@draggaﬂeﬂacéia/e index during
tionally, it is heated for not re_than mnutes in a 5drying

oven to 6OPEOIEQ Ttl?Petbﬁt?fl%]Prf”éd"rIg%D%éS dsetresk ‘ithFlfefH:’%“t Hiest f¥iF it gentred

at < 10 nmbabundiii sRIROTERPMLTY RBYpidafy 0Hoki On t hus obtained is applied

to the prepared screen for screen printing and then processed in a

sem aut onma jcfﬁﬁ _fglllly &uqtgrratic operation. For this purpose, the _

printing paPShEtds snovany, fhy shape of He tasoasiispldbraggaregnsewdias takegalpik isglstaspined

adapt eds t 0o 8y Bfei thitRidsd IBGRe phbipolyRicPlb &t APR slifsefcBy &irebQ PHBE foEQ given

tenpl ate (m_sshg, by neans of t-%e squeegee onto the substrate to 10 be

printed onthickness dzpithat meppyeenacet endtheasy pf PE alwaxg agree- ishyis neswadaptstd untibthe angle

1 00d squepgannand do IR Sxflisy! SinihA bl B melbRkl BRBAY IAG wiifiGhe angle

substrate 1s renmoved fromthe Screen printing press End 1's ried.

This can broséiong pbde digtt s¢oandamemelxivn of the dransmitierbintedsityemd eddigepty tedhly width

in a rack tr . ! I S r .are. dr.jed at
about 80C %#gid%ver e ) \f\?rtﬂhe %gogetg:%ljﬁgé %g‘gvaéﬁéi%eﬂa%%zlggiﬁ%ﬁ g

|l ayers and packed in a light-tight packaging. The thickness d of the
phot opd® ynbincs theedirscdornin whinkd reflestion helograt camgomitandpettetcs oofredohstruction by
correspondj ! device i e known..t.0 th rson.skilled in
the art. " b OPR D B Cachlof o M EIRE bR al e RFPAE Pt dogfie? e
met hod accBragg ryrve of bived holograts ¢smdliud) ianet doaiplaiaty aeteleel inanli@scan, but only the

under stood_as_bei.ng, limting., Uil ess. .nated otherwi se, all stated, .
per cent ag e%e”ir Blbrgglo'? H‘&‘ﬂb%‘&}f‘bgg Sthﬁ?%rrpf Sl&?‘&“@a@@ﬂ SHwe B’g&e Famitsg miensifp which is
Prepar at i otongflerhdigarptd thé Blake cifros iifhendfore Additiodal R i3 Forkidaptihg theTayer Bickness d.
urethane acrylate 1, then 0.028 g of Fonrez(r) UL 28 and 2.75 g of

Byk 310.and finally..a solution of 0.825 g of 909, . 0.02 of new
ot hyl Gho. bir b g, s Dot i AORTbIN st 6vRd i i BHgEEB Exposure
Orange G i fimds & diff@éntMedia iy oief iol detb@iiie WRaGeracbdRores 6RWI 8R ihdiddnDRser beam
dark to 26. ﬁ}g_ggg]%{apolgol 1 and m xed so that a_clear solution was

obt ai ned. & &gachey thessapyration malue diyihe vritingof ths ologrspe Thejeietnea ensagidose
and m xi ngewshiahddesfedwagai n. The liquid material obtai ned was then
printed onto 175 gmthick pol ycarbonate film dried for 10 m nutes at
80C and lamnated with a PE film 30 Rrinting exang}lé'_e: WO

2010/ 091807PCT/ EP2010/ 00064 8,7/023 _ PS80 047 0VE- Mshopr i nt

Pol yester) on a sem automati'c screen printixauipsess AT-80 P from ESC.
The open screen area in the case of this fabric is about 31% In the
experi pent it was_found.that, in this set-yp, a slower squeegee .
spoed Pl DRORRIRER Oh IEPHaR: MRCciapiRd 0 e POWFIs dpsiblt isysghieved in the
viewed in mns@iludtat BB abdltEarkdPiBed. S dependent in each case on the

entire interplay of the 5individual conponents (squeegee rubber,

squeegee le, fabric type, etc.). It was al so possible to
q 9 aplgeparatIon of the ur%glane acrvla%e 1: P

0.1 g of 2,6-di-tert-butyl-4-methylphenol, 0.05g dibutyltin dilaurate (Desmorapid Z, Bayer
MaterialScience AG, Leverkusen, Germany) and 213.07 g of a 27% strength solution of tris(p-
25  isocyanatophenyl)thiophosphate in ethyl acetate (Desmodw® RFE, product of Bayer
MaterialScience AG, Leverkusen, Germany) were initially introduceéd into a 500 ml round;
bottomed flask and heated to 60°C. Thereafter, 42.37 g of 2-hydroxyethyl acfylate were added
dropwise and the mixture was further kept at 60°C until the isocyanate content had fallen below
0.1%. Thereafter, cooling was effected and the ethyl acetate. was completely removed in vacuo.

30  The product was obtained as a semicrystalline solid.

For the production of the holographic media, the component C, the component D (which may



produce functional patterns with a nmediunifaster squeegee speed with
~the AT-80 AYOTR2a0/0M80DdwWi ng neasured val ues for An were obt ZCTEEP2X0/000618
the dose E: Exanple Screen w dth Sgueege€2speed An Dose (niJ/cnR) 80
mesh fabric 2 0.0083 9.23.2 80 nmesh fabric 4 0.00 3 80 nesh fabric

10

15

20

25

30

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 with suitable
illumination and mixing is effected again, Optionally, it is heated for not more than 10 minutes in a

drying oven to 60°C. The mixture obtained can be devolatilized with stirring at < 10 mbar.

The photopolymer formulation thus obtained is applied to the prepared screen for screen printing
and then processed in a semiautomatic or fully automatic operation. For this purpose, the printing
parameters, such as, for example, the squeegee speed, can be adapted to the printed image. The
formulation is pressed through the template (mesh) by means of the squeegee onto the substrate to
be printed on. Thereafter, the screen is filled again by means of the flood squeegee and a new
cycle is started. After the printing, the substrate is removed from the screen printing press and is
dried. This can be carried out in the downstream tunnel drier or separately in a rack trolley or

oven.

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

covering layers and packed in a 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.

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

of the photopolymers are based on per cent by weight.

Preparation of the printable formulation 1:

Example 1:

13.75 g of urethane acrylate 1, then 0.028 g of Fomrez® UL 28 and 2.75 g of Byk 310 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 in 1.95 g of N-ethylpyrilidone were added stepwise in the dark to
26.1 g of polyoll and mixed so that a clear solution was obtained. Thereafter, 9.45 g of
Desmodur® XP 2599 were added at 30°C and mixing was effected again. The liquid material
obtained was then printed onto 175 pm thick polycarbonate film, dried for 10 minutes at 80°C and
laminated with a PE film. |

Printing example:

The above printable formulation was pressed through a screen comprising the fabric



8 0.00 The values found for An and the required dose show that the
phot opol yn8¥© 282¢/69180%g to the 10 invention are very suit aPCI/ER2010/000618
hol ographic nedia in the context of the-a8Beve description.

Particul arly good hol ographi c nmedia can be obtained if | ow squeegee
speeds ar e PEStE06H PAV §CS-DRMOMEINE iEb]lya@erpmes Semialf6dnatic screen printing press AT-80 P from

2 Cabl o 1 BEC PR g Begs of Bis bR saprd gL el Eeanpame v ound
at | east calid,aihnhid getap, NeOweLsqtiespat esked Dby plotlided AeebraRRledBiagdMIRMRver this
NCO gr oups arﬁeh%)rl mar i | % al.i phatical |y bonded and which is based 50n

hydr oxy- f ufst BrXieWed ihBoRAEE #acs iy dersndent it erdriaps oy therentirginiesplay of the
2.05, 5 Blndivi@y efAicReAte éﬁﬁéeﬁ& rﬁ@dey %ﬁﬁ&%&%ﬁfé' ﬁbl@ typk, @f)afGyas also Posmble to

acryl ates and/or _urethane nethacryl ates Ravin | éast One aronm
struct ural Prasuee @ﬁfdloaalrpéﬁt%wth/@mpﬁa@ﬁa%ﬁr sgwwaee@wathﬂpzsma? 405
nm which are thensel ves free of NCO groups and OH groups, 10D) free
radi cal st ik kiR fRasREPAIR i ARES AL AR Qi nat i ons of
borate salts and one or nore dyes havi ng absorption bands which at

| east partly cover the spectral range from400 to 800 nm F)

optionally catalysts G auxiliaries and additives. Dose
Example  Screen width Squeegee speed An
(mJ/cm?)
1 80 mesh fabric 2 0.0083 9.23
2 80 mesh fabric 4 0.00
3 80 mesh fabric 8 0.00

The values found for An and the required dose show that the photopolymers according to the
10 invention are very suitable as holographic media in the context of the above description.
Particularly good holographic media can be obtained if low squeegee speeds are set on a screen

printing press.



- 152. Pol yuret hane conpositions according to Caim1l, characterized in

t hat ur et hAKES0WOUBPGphanat es of aliphatic isocyanat e-f unBCIIGERA010/000618
conpounds and ol igoneric or polyneric isdéyanate-reactive conpounds
are used as prepolyners in A), the prepol ynmers having nunber average
nmol ar nmassé&Haipi: 200 to 10 000 g/ mol and NCO functionalities of 1.9 to
5.0. 3. Polyurethane conpositions according to daim1l or 2,

characteri 3§ .eﬁla}lé.lg) Ei{i&iﬂ%ﬁi&)a%%ﬁtlgrprﬁgl\r} ’%Io%e;tiher pol yol s based on

propyl ene oxrde and ethyl ene ng gspn?%porti on of ethyl ene
oxi de of less than 10% by wei ght, based on the total mass of the
par ent pol yet herd) ampdlygosyandie compeesiget habtacontmssg of NODErmima? Gdlyurethane

g/ nol are used in B)., 4. Pol thane_ conposj.ti.ons. or gi tq.an
of Claims 1 to 3 drguRr aRRNO0 RS e SRR AR e T il based
triisocyanates or ¢ lhydeixg-finfctiarabeomtroanddibagiog yoOH festivhdliny $TyI08 @yt hyl
acryl ate, 25hydroxypropyl acryl ate, 4-hydroxybutyl acrylate are used

as urethane acrylates in Q.. 5. Paolyurethane conpositions according
to any of O ai md)|F&YZaeHE crt%%?‘g?'%%%dmisthat 15 to 30% by wei ght of
t he conponent A) 30 to 56.96% by wei ght of the conmponent B), WO

2010/ 091807PCT/ Ep21tiRafd0 66 F3tes sa8/0r wohine Dbimedylaeeilghingoft 1€ one aromatic

conmponent C) 0.01 to 0.5% hy ight of free radical stabilizers D) 1

to 3% by wei ght ofs%lﬁ'i‘)lf"’iiuﬁitﬁnafao? agiiye index o igF‘Fa’iS&é]ﬁmcﬁg@ ab.%gimiﬂowhl‘"'h are
0.2% by wei ght of thbagsdes gee NS mdhps aMdiOHgei®, tailored in the
absorption 5spectrumto the red, green and bl ue | aser wavel engths 0O

to 1% wei ght _of .catal ysts. .F) 7 to 20% by wei ght of auxiliaries and
addi t i Sés 6. Dgﬁ?@é‘ggﬁftﬂﬁlhb%? nting on a substrate, in which
pol yur et hane conpositions according to any of Clains 1 to 5 are

applied as a COMEyt pHougiliatork bhaded dar doRibirafons i Bobat@ sAtd R ohe loRYiRke Gds- having
10 7. Process according to, d ai mg, characterjized in that the

support |ayer (1) $P€oBRIERIngWhieh 3 degstguri o verbs speqhisl spage e ARD to 800 nm
terepht hal ate (PET), polybutyl ene terephthal ate, polyethylene,

pol ypropyl ene, &¢l dpsbeals caert@t e, cellul ose hydrate, cellul ose
nitrate, cycl ool efin polyners, polystyrene, polyepoxides,

pol ysul fone, cel|ul oge .triacetate (CTA), polyam de, polynethyl
met hacryl at e, pé)y?}’i"ﬁ?f‘es&ﬁ‘aéﬁﬁ“d@?- pol yvi nyl butyral,
pol ydi cycl opent adi ene or
15 2. Polyurethane compositions according to Claim 1, characterized in that urethanes or

allophanates of aliphatic 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 10 000 g/mol and NCO functionalities of 1.9 t0 5.0.

3. Polyurethane compositions according to Claim1 or 2, characterized in that difunctional
20 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 of 2000 to 4200 g/mol are used in B).

4. Polyurethane compositions according to any of Claims 1 to 3, characterized in that adducts of
aromatic triisocyanates or trimers of aromatic diisocyanates with hydroxyethyl acrylate,

25 hydroxypropyl acrylate, 4-hydroxybutyl acrylate are used as urethane acrylates in C).
5. Polyurethane compositions according to any of Claims 1 to 3, characterized in that
15 to 30% by weight of the component A)

30 to 56.96% by weight of the component B),



15m xtures thereof, optionally also in the formof filmlamnates or

~ coext r udat %0 2810/¢91882ss according to Claim6 or 7, characPeT/ER010/000618
that the photopol yner layer (I1) applied2by printing has a total

| ayer thickness of 3 to 100 gm 9. Process according to any of d ains

6 to 8, char amtterb%ag weipht bithe congporentiong | ayer (D) is applied to the
photopol yner |ayer (11) after the printing process. 2010. Process

according to f 0 char cte l.zed in that the materia
of the coveriﬂ@y?EVQ%%¥E$¥N“§%Fﬁ3ﬁ§ﬁH%‘ ?mﬁﬁat of the support |ayer
(I'). 11. Inprinted article obtainable by a process according to any

of Cainms 6 tbtoBd bylReighindplftoihitipotstBlgd articles according to Caim
11 for recording vi sual holograns for the productron of optical

I t di s i.ng hol ms_usjng .
5the. pol yur SR RSRBEE DA e DR s o &V D i BHIOarkiot Aesopton
medi a of hol @eaﬂmmtﬁdkm@bh@dmabla&rmeaafg&@m |

0 to 1% by weight of catalysts F)
7 to 20% by weight of auxiliaries and additives G).

6. Process for printing on a substrate, in which polyurethane compositions according to any of

Claims 1 to 5 are applied as a constituent of the printing ink to a support layer (I).

10 7. Process according to Claim 6, characterized in that the support layer (I) is based on
polycarbonate (PC), polyethylene 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, polydicyclopentadiene or

15 mixtures thereof, optionally also in the form of film laminates or coextrudates.

8. Process according to Claim 6 or 7, characterized in that the photopolymer layer (IT) applied by
printing has a total layer thickness of 3 to 100 pm.

9. Process according to any of Claims 6 to 8, characterized in that a covering layer (IIT) is applied

to the photopolymer layer (II} after the printing process.

20 10. Process according to any of Claims 6 to 9, characterized in that the material of the covering

layer (IIT} is the same as that of the support layer (J).
11. Tmprinted article obtainable by a process according to any of Claims 6 to 10.

12. Use of imprinted articles according to Claim 11 for recording visual holograms, for the
- production of optical elements, images, displays and a method for recording holograms using
25 the polyurethane compositions according to the invention, and the media or holographic films

obtainable therefrom.



