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RADI ATl ON- CROSSLI NKI NGAND THERVALLY CROSSLI NKI NG PU
SYSTEMS COVPRI SI NG | M NOOXADI AZI NEDI ONE

wW@rws422ef er ence to Rel ated Application This PCT/EP2008/002466

application clains priority under 35 U . S.C. 119(e) to
provi sional application Serial No. 60/922,989, filed
April 11, 2007. Field of theltnvention The present

i nvention relates to pol yurethane systens which cure
by r ZNDIATIONaCR OSKENYIRIN G ANDDTHRERMACE ¥ CR O S8LINKINGN d
t he use PUSYSTEMS COMPRISINGUMINGD XADIAZINERIGNE

nmedi a. Background of the Invention In the production

of hol ographi c GediseRef@enctae RelalbeldA pplichifors, 743, 552,
information is stored in a polyner |ayer which

SR PR AP DR Bk S TEC 6 S, PRIRITE Bl gion
tSesisleNd) 60/920,989fled iApripDl, 2065 may be based on

pol yurethane. It is prepared as a rule starting from
NCO- f uncti onal prepol ftwn ch are crosslinked with
pol yol s, such as pol yiﬁ%?—ﬁk—ﬁ%g}%sters with

uret hane formati on. However, what is problematic is
t’lhxatprlasam invetios i teiaes tofpolyuectirapacystans mhich itues barradiation and

required for an efficient. prod

s i St S5hoE e Beke on B robiveat lqgshic
S|ddid. ng vi scosity are undesired. A further problemis
that the curing under urethanization often [asts too

| ong. Systens conpr'3|no gl 's-c anates pol yol s and
radi ati on-curing cofoaraas? -lotochenlcally
crosslinking reactive dlluents are known in

|Im dihevprddaction af dslogmptic h{eelaanseaescxﬁbed o’th mg74aeiﬂzn oifargnation is

e 5o Ao s AR SRt SRS of SoPRAR ol cr and very
Q@éCYEﬂ? pbIgheBASRAnRORSrs @listlﬂﬁke)daﬁ‘aﬂyﬂnﬁi( &ﬁfbﬁry @h8.matrix polymer may

be based on polyurethane. It is prepared as a rule starting from NCO-functional
prepolymers which are crosslinked with polyols, such as polyethers or polyesters, with

urethane formation.

However, what is problematic is that low viscosities of the reaction mixtures are required
for an efficient production of such holographic media but, on the other hand, solvents for
setting viscosity are undesired. A further problem is that the curing under urethanization

often lasts too long.

Systems comprising polyisocyanates, polyols and radiation-curing compounds, such as
photochemically crosslinking reactive diluents, are known in individual cases from the
area of coating technology (US 4,247,578, DE 197 09 560). Polyol components
mentioned are substantially polyether- or polyester-based ones or polyacrylatepolyols.
However, indications as to how a rapid curing can be achieved at low viscosity are not

given.
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provi de pol yurethane systens which are suitable for

t he production of storage | agers for hol ographic

storage nedia and which, in the solvent-free state,

have rel atively IOM/viscosities and in addition a

rapid curing. It hasgnow be g! t hat excel | ent
conpatibility of maltS iRblari ot th ﬂwe he unsat ur at ed
nmononers i s obtained precisely when

i Iriwae @n adhj catz bh&dimmntghwp’omm aravidegobolsthape cyaend ehich are
.Ishlﬁabtll ng)é tl{eI pé%dufzté n dijsPog%%: laalefs flz) C{l(%%%)éuc sttcl)‘rfée gcllz}/ m?l v??hlch in
cthergveni-fiee shgte, ihavarenn eddy b \ﬂﬁdSlm&ﬂ@ madrhtmﬁ Atrapidcutiog.
ponisocyanates B) polyfunctional

an at cti,v s hayi
oF At e s Ty SR o B P dRpp et e
erkzhuxﬁteby henomak | ys Whsantedr @te@ﬁelgo Rhenl N dsingdxadiazinedione-group-

nmeri zation (radiation .n o , D
CBrh s e D op et Sie 2 2 Bt TR e polymers.
photoinitiators. Detail ed Description of the Invention
ArhelitefltidtaieRtes td poljui@hspegstdnistampasingind cl ai s,
i ncluding as used in the exarrpl es and unl ess ot herw se
expre st ecified read as if
o o dod by PERe AP DiTY PR PRI docs
not expressly appear. Also, any nunerical range
reci tidd herpeiyfuriclonahti@dgadtetrenciivicdodgeuwals) sub- r anges
subsuned t herein. Polyi socyanates of conponent A whi ch

may be used are per se

oy 13 ot 1caRer beyifs Rishrhes FREGPDAogFE b e i ciggition
may have anwigf OBfﬁS'llemcalﬁll’ atbrisgrhvated C , coatdpbyiiat ivaithor polymerization
cycl oal i pha(tl c basi

radlatlon-curmg groups),
D) optionally free radical stabilizers and
E) photoinitiators.

Detailed Description of the Invention

As used herein in the specification and claims, including as used in the examples and
unless otherwise expressly specified, all numbers may be read as if prefaced by the word
"about", even if the term does not expressly appear. Also, any numerical range recited

herein is intended to include all sub-ranges subsumed therein.

Polyisocyanates of component A which may be used are per se all NCO-functional

compounds having at least one iminooxadiazinedione group.

These may have an aromatic, araliphatic, aliphatic or cycloaliphatic basis.
Iminooxadiazinedione-group-free mono-, di-, tri- or polyisocyanates can also be used in

addition.
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I m nooxadi azi nedi one- group-free nono-, di-, tri- or
pol yi socyanates can al so be used in addition. The basis

WO 20842¢h | socyanates are, for exanpl e, butyl ePEI/EP2008/002466

di i socyanate, hexanethyl ene diisocyanate (HDI),

i sophorone diisocyanate (IPBBY, |, 8-diisocyanato-4-

(i socyanat onet hyl ) octane, 2, 2,4- and/or

2,4, 4- trinethylhexanethylene diisocyanate t he

Imlsh)o({ggl?r% gort %ler ésg?yaﬁatg’sog ¥at%9 agé’SI Puy f(eX% éugiotrcpa%gtgsheaxtgr%ethylene
| dioayamaat on@ibtyl - |1$d3>hmhanedﬁi§ot:)&ﬂﬂ1y andiP®l), 1,8-diisocyanato-4-

e SR By o 2ory Simt BTG asgnate the

dhdrﬁdﬁley Bis(aat Gsoc ZandtocyR e )it HandsO hiate Ftﬁ‘lxdiréss €ydn aia®ing any

P A Th R R L PR —
tisdcphiRity e BIdRRAE cfoldhexshedinetykas Mmaiaeatar q ﬁpﬂehﬁeleecmsocya-
The use of derivatives of nonomelic di-

tafe $6eipdiradsiohans dionrethdrmenaphibylgne EPHEmE P 4jper 4.4°-di-
Wﬂl SfaneldBQicy A BB tr@hérﬂfﬁﬁ@i%te @4’ P ii€dcyanate are suitable.

oxadi azi netri one, uretdione and/or
ininooxadrazrnedrone structures is also possible. The
ude BF plorsivetirssanfatmesomaicedi-off Wisopyraeter hayipg gyrethane, urea,

Ufto@ihidBh akiitred isoQhndritk] SREHARRL BRirdf otalfzinetrione, uretdione
abovenment i oned type is preferred. The proportion of

| anlenBBexadisged onn arugiunesps flperossiBlecyanat es, based on
the total anmount of conponent A), is preferably not

MHeSisd 9%1}%&?29%6%539@ bn aﬁﬂfaﬁé Qrw/&rclyyloﬂfpﬁgtﬁ:r(ﬁbl)rYtnﬁgéyanates

nore t han 50% by wei and very particularly
pf dfeaabatsmentioned FWPFES nrﬁalrﬁedm% by wei ght .
Lni nooxadi azi nedi one- gr oup- cont am ng pol yi socyanat es

bz ekopsht 1$}P>6?flﬁﬁxf&xka%5h%n%lb§@§r¥@m§5ee iREENRBL thacell 8| e total
preferred The proportion of i mnooxa | azi nedi one

oupsof pempedenspA), He praberably aneb anere @fantﬁrq"/rréy wgightc partiadarly

S0, TR 5t R SEEOL L)zl g o

mew&anmmss mol % very partrcularly preferably nore
than 40 nol %

Iminooxadiazinedione-group-containing polyisocyanates based on hexamethylene

diisocyanate are particularly preferred.

The proportion of iminooxadiazinedione groups, based on the total amount of trimer
structures in the polyisocyanates of the present invention, is preferably more than
30 mol%, particularly preferably more than 35 mol%, very particularly preferably more
than 40 mol%.

Such polyisocyanates having relatively high iminooxadiazinedione proportions are,
according to EP-A 0 798 299, obtainable by trimerization of corresponding isocyanate
monomers or mixtures of different monomers in the presence of special catalysts.

Particularly suitable catalysts are hydrogen (poly)fluorides of the composition {M[nF *
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Such pol yi socyanates having rel atively high

i m nooxadi azi nedi one proportions are, according to
obt ai nabl e by trimerizati on oPCI/EP2008/002466
correspondi ng i socyanate nononers or m xtures of

di fferent nononers in the présence of speci al

catal ysts. Particularly suitable catalysts are

hydrogen (poly)fluorides of the conposition {MnF

HERE npnich Y iR 7 il p el Bt b 8 AR orBamic

grdivgs of the conpounds of conponent A) nay al so be
completely or partly blocked wth bl ocking agents

st kn per se . to.the erson skilled in
P R L8 B ©Fha el B LooB R A o Firoh el pacty
rbcked witke Bloelisg agahtk ghst@ney bieoet prt mp tHerpesambléled in the art.
phenols inidazoles pyrazol es and ami nes, such as,

e, dii so 19
}:oxz'lme( ;E? élgégf élre %{afshyz?c ains O)ifmte %xfJ é/ egerﬁ,' %g%l oa}cgt’oacetates,
ctiriedolag ) pmbk@nameazokh hpyramreetaﬁaaeiir&t; esuch @t fon @xaxpléyehutanone
3 5-d| razol e

e Toop P a4 P skl o et diety

Qﬁil@x{atd})retﬁlﬁy acteatdtRel Atetdndr Gﬁmﬁf ﬁﬂnﬁﬁﬁthblpgﬁkcblage -caprolactam,
CIgents pol yfunctional, isocyanate-reactiv

fﬁﬁbmgewﬁweh%@psﬁarm% F%{B‘@‘Yﬁtﬂ“y'i qSieg o 1n>sdeSIred mixtures of

| Qe YROBhLageRACt | V€ groups per nol ecule can be used in
conmponent % | socyanat ereactive groups in the context

of the present invention are preferahly hydroxyl,

oA ROIYBICH APl IGPRIFS TeaHYS SASIRSURS| e BAYE SpRafverage at least 1.5

| ISRGHARALRAINE FEdubY Pef AHINRUIRASin WeCuscli Gh RKPORNE B). Isocyanate-
pol yester, polyether ol ycar bonat e,

JEIVFEOADSHR e cgp@xtaqfdﬁ QPTESH| MYFIEOH AT TSSeRRly hydroxyl, amino or
SHiot ¢ polyester polyols are, for exanple, |inear

pol yester diols or branched pol yester polyols, as
obt ai ned i n known manner from aliphatic,

cSpiPRia| nobrERCHenab  iSaRYBRRE-TeECLe - CoBPORRSS yarar (96 xsrpeleagplygster,

g?'blefh%f E}o@w&lue%mmemc@hym b6l fyaleﬁlgmo?yoﬁgaw ng an

functional ity of l es of such di- or

pol ycar boxyl i c acids or anhydrldes are succinic,
gﬁull}glag p@lye%,pg}y@ls are, for example, linear polyester diols or branched polyester

polyols, as obtained in known manner from aliphatic, cycloaliphatic or aromatic di- or
polycarboxylic acids or their anhydrides with polyhydric alcohols having an OH

functionality of > 2.

Examples of such di- or polycarboxylic acids or anhydrides are succinic, glutaric, adipic,
pimelic, suberic, azelaic, sebacic, nonanedicarboxylic, decanedicarboxylic, terephthalic,
isophthalic, o-phthalic, tetrahydrophthalic, hexahydrophthalic or trimellitic acid and acid
anhydrides, such as o-phthalic, trimellitic or succinic anhydride, or any desired mixtures

thereof with one another.

Examples of such suitable alcohols are ethanediol, di-, tri- or tetraethylene glycol, 1,2-
propanediol, di-, tri- or tetrapropylene glycol, 1,3-propanediol, 1,4-butanediol, 1,3-
butanediol, 2,3-butanediol, 1,5-pentanediol, 1,6-hexanediol, 2,2-dimethyl-1,3-
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pi melic, suberic, azelaic, sebacic,
nonanedi car boxyl i c, decanedi carboxylic, terephthalic,

WO s@phefaal i c, o-phthalic, tetrahydrophthalic, PCT/EP2008/002466

hexahydrophthalic or trinmellitic acid and acid

anhydri des, such as o-phthatbe, trimellitic or

succi ni ¢ anhydri de, or any desired m xtures thereof

wi th one another._Exaanes of such suitabl e al cohols
‘;Egrr(g)arelet:c{I cg,g Zﬂlé g hgiir%lx%pl‘ygl%ﬁ xrane:or 14 e‘{ e?r%%\l*&% (gy eé(%lé:y C?l8 o anedlol
1, mmnmneduamohecmdiiﬂu trmmmmpmpmesglymm an el d)ds;red mlxtures

nedlol 1, 5- pent anedi ol , 1, 6- hexanedi ol ,
gheéeog r‘r@‘toﬁyi‘mq B br opanedi ol

1, 4- di hydr oxycycl ohexane, 1,4-dinethylolcyclohexane,
E}ﬁpo@éaaqﬂlyols,may, ald0-tddased et inatural 1awl Datdode caechcis (chster oil. It is

i met I | pr opan rol,. or,a deS|red m xt
s Patstole ot e SRBer sl R0 s R A ReoReS Bt {ogPy e it ones, as
aJalis prefatipbe ldbt@lﬁecﬂ@t at{) iﬂidltgoa%ﬁﬁbﬁbf llaJ:tSI;es D Btoas nﬁ)as;bg fsuch
oil. It is al so possi or the polyester. pol
e PBLYELRFIATR, HEARED l?acéﬂ“e o) sloil S?F}B?’lse Gprof %Ef’l“&n‘%‘é}? gﬁmcuonal
Rbb&UnAL)sMcHR palhddritadconyls AlvidglsH OHFIn kSRt 6> Qf for example
| act ones or | actone m xtures, such as butyrolactone

f thgspoyerrntinmed 4R8/ or met hyl - e- caprol actone, with
hydr oxyl - functi onal conpounds, such as pol yhydric

aue® lBQl'y&sté?%b'l}régs %%Bfegﬁllyf kY6 tiugB e é\kﬁég@fmohrgnasgéé‘ lof from 400 to
exanpl e ovenent i oned téﬁ@p Such f ester

(609 gl maétf%}aalwyefﬁaw B} to Hefagignajity is

g;;aspaﬂmmm 40005 ghdBhiarlParetetbY Bdnh Y.8R8 @t)er ably from
00 to 2000 g/ mol’. Their OH functionality is

preferably from1.5 to 3.5, artlcularl preferably
fSuigehle pelytasbapaty, pog(ﬂlft 15| asogsel &ﬁclar%ﬁﬁ@teé){(ﬁ%w @Frsseabbe reacting

AR TaRbfatésr PhdRARSHItHAOVE: AEmiRrlY reacting
organi c carbonates or phosgene wth diols or diol

m xtures. Suitable organic carbonates are dinethyl,
dugeng preameicatbipRien gt deagtind httey] asldipbasylcagioais: or di ol
m xtures conprise the polyhydric al cohols nentioned

RRftatt€ dlols &bidl mPurkd c&ﬁk%s@ Qhy §(§§I%n§ QEERN $nedfthed per se in
havi ng an O4d functionality of > preferab

Belatiande it polyester ssemame andaving ap &H Bnptionplity ﬁé%tzaPFQf?F?’@lY 1,4-

butanediol, 1,6-hexanediol and/or 3-methylpentanediol.

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

Suitable polyether polyols are polyadducts of cyclic ethers with OH- or NH-functional

initiator molecules, which polyadducts optionally have a block structure.

Suttable cyclic ethers are, for example, styrene oxides, ethylene oxide, propylene oxide,

tetrahydrofuran, butylene oxide, epichlorohydrin and any desired mixtures thereof.
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functionality of these polyols is preferably from1.8

to 3.2, particularly preferably from1.9 to 3.0.

Sui t abl e pol yether polyols are pol yadducts of cyclic
ethers with O+ or NH-functionaI initiator nolecul es,
ggjtltagﬁﬁo g}ng@dd u gatf 5 a 9 yM)F E:oﬁlolsp fn%(l:tli(on?é i)grcste liln relation to
(o). 13 ﬂ(ﬂgc;steebdfyrleel’s eand)ha\d@ arp@Hrfyﬂxcmnmlnbxofctez and primary or secondary
t et.rah ?rofura ., butyl ene oxi de, epichlorohydrin and
Wnﬁé‘ﬁ ?’81&0?}?‘3’9@ es thereof.Initiators which may be

used are the polyhydric alcohols nentioned per se in
rlchpolgethérolyol mpefbiblythave magier atesaga fibldn anasses ofifroitdso to 10

;(#)ﬁc é{lm%ﬂ i YSPreéﬁ%ﬁy &%ﬂ/ gﬁ(ﬁ] o{?gﬁ N nfj 6P%fvgfr9a B?e%}cularly

havferably thes 66V MOe gfid] AThd BHE SaikctiOhality @mr&é@blwroixm 8@04.0,
artlcularly'§¥eferably from500 to 4000 g/ nol

g/ nol
aicylerly preieably w8 oSt er abl y from 600 to 2000
g/mol. The OH functionality is preferably from1l.5 to

4in Qaddpioh,t alpHhtay, lapaliphficedradytigaliphei® di-Strit @r Q/funlcﬂonal alcohols
addition, aliphatic, araliphatic or cycloallghatl

d¥hich have’a Igy %maam%ﬁ& mglegidaior deiihpicksshie ) ¥/gel and

NR¢ SEOM-HainV b Wdhtaid 2 Qo 20RABEH hidtns WaE ARb Suftdbld ﬁssﬁolmﬂdﬁlonal
500 g/ nmol, and are short-chain, i.e. contain 2 to 20

CEICHBIeAERsE COmROUBISHS calshtugp of QEPpRAyBlnct i onal ,
[ socyanat e-reactive corrpounds as constituents of

CERRORRY beB)for ThESSe, n&HyIQfé ol &1, BxaHRhE, ly%t)h){h&ﬁﬁene glycol,
glycol, "di ethylene glycol, triethylene %
ttefracthwiong | éb/éolg| Q@mpy cif pelysgll eHwr &ﬁe@n gye@lr pi dpyerenediol,

gﬂ A Ex%bane&vol? Py Q%ﬁﬁgdlgl rfleo%n@i Opéi?&)qj' OI2=ethy1 2-butylpropanediol,
but anedi ol’, neopentyl ycol

Znewthylperzaltydxoyl ph@lpsdﬁé@e@pl p¢s|1tm@lhyllsmﬁ,anleﬁb@|vlene glycol,
dz{y@l%ﬂe%&'aﬁ’ﬁoé‘”ed' 1%c gﬁabfa'né’q&lethéﬁﬁ’”er :6- }i'exagne%i yl eri% and

gl'yco cyclohexa 4-cycl ohekanedi met’hanol
1 Beyebohaxraddiol, hydrogenatgdh dlsnhmolc& €2, M%Mmbyclohexyl)pmpane)

r%?%%%ﬁl@/?—%—%ﬂdrgk%p%}gg 2120 ethYl)3r-)l}ygf)oxx%roplonate Examples of suitable
2ridls crenerinfeytyl Bethandy wixegrybyiyrbpane or glycerol. Suitable alcohols having a

2ng2rfe9 | fuTE E)Xahty arxd I‘Pm){&ﬁﬁ&'pr%'ﬂ%ee pen aer%n?o% odlpe%tlé{!et btoﬁ" or

sorbitol.

Also suitable are aminoalcohols, such as, for example, ethanolamine, diethanolamine,
2-(N,N-dimethylamino)ethylamine, N-methyldiethanolamine, N-methyldiisopropanol-
amine, N-ethyldiethanolamine, N-ethyldiisopropanolamine, N,N’-bis(2-hydroxyethyl)-
perhydropyrazine, N-methylbis(3-aminopropyl)amine, N-methylbis(2-aminoethyl)amine,
N,N’-, N”-trimethyldiethylenetriamine, N,N-dimethylaminoethanol, N ,N-diethylamino-
ethanol, 1-N, N-diethylamino-2-aminoethane, 1-N,N-diethylamino-3-aminopropane,
2-dimethylaminomethyl-2-methyl-1,3-propanediol, N-isopropyldiethanolamine, N-butyl-
diethanolamine, N-isobutyldiethanolamine, N-oleyldiethanolamine, N-stearyldiethanol-

amine, oxyethylated coconut fatty amine, N-allyldiethanolamine, N-methyldiisopropanol-
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triols are trimethyl ol ethane, trinethyl ol propane or
gl ycerol . Suitable al cohols having a higher

WO vstizepll ity are ditrimethyl ol propane, PCT/EP2008/002466

pentaerythritol, dipentaerythritol or sorbitol. Al so

sui tabl e are am noal cohol s, -8uch as, for exanple,

et hanol am ne, di et hanol am ne,

2 (N N-di nmet hyl am no) et hyl am ne,

Iﬁfnell%ﬁ,]yl, Sro%%lgﬁsgq%ro%%oqe ﬁﬁ&tyléuso ro%?xgopl)aglﬁg? lcﬁonrpe -c%}clohexyl-
Niibbprépagdlamingdr oxyet hyl ) - per hydr opyr azi ne,

N- net hyI bi s(3-am nopr opyI ) am ne,

?;?1}11? é)( é‘l @ m noet h lgorr%'ﬁc:?ciy ’dcl-:\xtiv_aiives, such as acrylates, meth-

Mcmmsnﬁfaréydeamlm&atea a;a@lbm&ésl\laayleﬁﬂuf& and RefleMadtOlvinyl ethers,
-N, N-di et hy] am_no- 2- am noet hane,
pr(my}q_nalegteﬁyqllgh]e%r gn%ﬁpﬁg(ﬁﬂnsb 5%almng dicyclopentadienyl units and

Z1 BRI h iR RbL Y burnds, "RIcRYds- ;l,typeg’e RE-BRAPRALGL, vinyltoluene,

N-i sopropyl di et hanof am ne, N-butyl di et hanol am ne,

Ninydeathaea)e, glaing anai aanfon exanmleoll@yqe@ﬁ andfes hgieeant.nényl esters, such
a'ﬁtgﬁs Ef‘g {%ngzih?e t b@&"\}aﬁ g‘n 21?%{%0 ’er/%Wé/ | A 88nf QBB Nlonitrile,
Nfrﬂthbdnyyllailhlﬁs mﬂhapah@hcaaman@hc acid and any desired mixtures thereof may be
Nf_s%'% ?‘r ?yg;x IrouI:Fl) ?n%&lr r{gl]g‘{e]:o ar%?reg r{aefioa},nd acrylates are particularly preferred.

N- cycl ohexyl di i sopropanol am ne. I n conmponent C),
aistem n atryliated crramélhaoyjfho(:acatiach gerefaMatﬂefeesd te s hacpdates or

T e AR PG e S P Ko B P e wieape ety

mb@myé emhyetrﬂitﬁrapryaaltd )eihthh@FateaBﬁyEthhﬁmﬂdtﬁ etﬁdibtyaiihpl]i fogylate,

[ ent adl units and cal.l rat ed
RSB SR Rl oUB Al n Sl HOPERpET S SN, er
Wufly | fnethateyige, \hehY | Sylaz alkgyl fledbdrilste, SZJ&HylEéScyl fa@fylate 2-
exanpl e, 1- octen% and/ or 1-decene, vinyl esters, suc
£&hylhexyl asthacrylate, bptoyx gty acrylaten Byietye(hy) ebreylas, ?wmcrylate
1 metﬁz@%tl;h} agdb)éhﬂnhé lhﬂeelsol(di@}l hﬁe@ﬁf:bjlla@dﬂpﬂﬁmyl acrylate, phenyl
met hacrylic aci d, acrylic acid and any desired
rstiagpide, t prelerophaml, apRYlatrs erfchiorophenyl @cthgerylate, p-bromophenyl
ehRacT )bh%rﬁ&ph@ﬁﬁ RhdeHiRL. té&ﬁ’oré&{e}{hata%%leﬁé e tnchlorophenyl
particularly preferred. Esters of acrylic acid
meathagotap, itabramprhenyl ecydtie rnalprpyww@mérm@bpcnéatwentacfﬂorophenyl

%E&Yak@b%acﬁfor&ﬁ%&ﬁ%%éﬁh&&ﬁt% pent BN pBend a c%ﬁ!xt){' p%ht@ﬁro%ﬁlenyl

nmet hacryl ates "whi'ch may” be used are neth acry
mectregtylate perighrgthefienzyl e@rhl,ite pentapramabenzyt mwhacrylate phenoxyethyl

G@:&Lﬁ@&r %:n%;( eth tn%: SR lph @Rk YdithGeth t%%b(eeh)ﬂ& thoxyethyl
me aénpx atg f Il‘;' ﬁ@t%, n-9%u}tqyal met’'hac °"F’e gy
txmtltactyllﬁtyIZ mhtyylaaceylatp,eilmm};yﬂ methacrylate, 1,4-bis-(2- thlonaphthyl) 2-
butyl acrylate, 1,4-bis-(2-thionaphthyl)-2-butyl methacrylate, bisphenol A diacrylate,

- bisphenol A dimethacrylate, tetrabromobisphenol A diacrylate, tetrabromobisphenol A

dimethacrylate, 2,2,2-trifluoroethyl  acrylate, 2,2,2-trifluoroethyl  methacrylate,
1,1,1,3,3,3-hexafluoroisopropyl acrylate, 1,1,1,3,3,3-hexafluoroisopropyl methacrylate,
2,2.3,3,3-pentafluoropropy!l acrylate and/or 2,2,3,3,3-pentafluoropropyl methacrylate.



nmet hacryl ate, hexyl acrylate, hexyl nethacryl ate,
2-et hyl hexyl acrylate, 2- ethyl hexyl nethacryl ate,

wheissngedhyl acryl ate, butoxyethyl nethacryl atRBCT/ER2008/002466
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acrylate, lauryl nethacryl ate, isobornyl acrylate,

i sobornyl nethacryl ate, phen§t acryl ate, phenyl

nmet hacryl ate, p-chl orophenyl acrylate, p-chlorophenyl
net hacryl ate, p- brom)phenyl acryl ate, p-bronmophenyl

Qﬁ%&%{/laé% Gtso glﬁlka% %rc%%:ag%% C??{r%éea&?m ed as reaction Products of

enyl acr rono acry
thpheI@lTBph@yﬁydiyl m‘éltshwuh yj'cad))el,alkpb(m’(eﬁr)#drxiatMrcytboxyhc acids, the

oimta B BREHGH <o GRARRE oL RL B! (memacnate wit

neatahasr yy dieejs padtakdr mﬁﬁ)hﬁd}zy)}l ﬁﬁﬁt‘l@lﬂaatreactlon product then being

REH Bt Ry SHPHL P 21 2, M BT, Wty @ S e ar

eBaﬁphle@dl EA dsﬁlsm@ytyahéaomem ;ﬂM' bremda@a ryakiaite, suéh N8P Mirhekample,
% ate, napht hyl nethacry D
fetaa FRreabisph etnﬁl dhapBlysigyl) eer 6@?% q¥r hepigal, D.-ER. 542), can

Iadémﬂgéodsgr b iepaghhoyl e))o,adéotmyh dretyNagichdmt Gerylates described
bi sphenol A di acryl ate, bisph enoY A di met hacryl at e,

1abpYeA3R SerBws 8p Rekdnyaliylmstaardstes, in Rarticaliy drwiosysthyhagrylate,
yq}omr?ﬂ? r yAcﬂIlﬁe 24%}!&'0% HuEJl UQJC%QW p(ﬁ%&hﬁl)ﬁctone) mono

22,2~ | uoroet’hyl acry
](nr_@thlacglla;eSSamb)pafy(qg}@ﬂ@p sglmo@pyjon@(me&}ﬂ)@néates All monofunctional

%c:a.éﬂ’ %}:l%’ grd? allgqﬁ(?{ulx gp% 81111391@ 9@% car @Q&%{ /ugﬁxﬁtlcular those having

ent a ropropyl acrylate an
2rémaBic3, Sﬁbspmﬂmaf mIOIPaDp-IQQEIW’IbISﬁZ hﬁiihrgah@tl,é pEFnykqpe)oxy(Z {[3.,3,3-

qg;(é-lcﬁlte %%g%yr groéé'ln:o%ﬂoxa?%raﬁac 8- ($1y oxgetﬁgneg%ap gzyﬁ diacrylate has
dirgpleyl €o b4 prefefred compohndwyfdiie xlysl of gpoxfy rmtyh)eac ryl ates and
car boxyl ic acids, the bi sphenol A di gl ycidyl ether

dr Qx acr

Vlflﬁargglta (fs%glta%?cttor (‘Lorr\%)lonent ¥ are S Héﬁnfe,h ioggﬁgdh(?envatx/esact)f%tyrene,

S ac
hyeh axx r eiajmﬂé |2mhairost3eaﬁ-:t B@lﬂomt@ﬂme,m dhieostyrend) @-bromostyrene,
esrs1ter|f|ed wi.th a carbox t hod ovvnto

Kk
Sieisgie. S i o e b ar g P it o 1
G»ﬁxbﬂﬁalphthﬂa{et agdnﬂmagmhmlﬁﬁead dfiylatiirscens UCK- vﬂﬁlpyﬁ??done 9-
exa e tetra ronool sp er rom
S oS 9 Vigy ‘@r?%zolw)dq f%eﬁwngaﬁ%aﬁeaf@éowﬁ 7S 198 iRydbegzene.
asinjllteherhi QPR AL, 68 -exhple e Gixyl eterined dialataer yl at es
descri bed above can be used as hydroxyalkyl

(et h%ﬁ C%l at es par tdacul ar. dro

th
é)(f? ‘F HW 8§wpﬁ)ﬁ§}}t a{fﬁ Yge car g%hih?]iene bisphenol
%ﬂM&@Ia&; teBrYOEbiGRBEAD ADGERYIBE, mlei@-(z-tmonaphthyl)-z-butyl acrylate,

pentabromophenyl acrylate, naphthyl acrylate and propane-2,2-diylbis[(2,6-dibromo-4,1-
phenylene)oxy(2-{[3,3,3-tris(4-chlorophenyl)propanoyl]-oxy} propane-3,1-
diyl)oxyethane-2,1-diyl] diacrylate.

One or more free radical stabilizers are used as component D). Inhibitors and
antioxidants, as described in “Methoden der organischen Chemie [Methods of Organic
Chemistry]” (Houben-Weyl), 4th edition, volume XIV/1, page 433 et seq., Georg Thieme

Verlag, Stuttgart 1961, are suitable. Suitable classes of substances are, for example,



(et h)acryl ates and pol y(et hyl ene gl ycol)
nmono( met h) acryl ates. Al l nonofunctional carboxylic

wa@ezeda2a0e in principle suitable as the car boxBCT/EP2008/002466
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acid, in particular those having aromatic
substituents. -9-

Propane- 2, 2-di yl bi s[ (2, 6-di bronp-4, | -phenyl ene) oxy(2-{
[3,3,3- tris(4- chIorophenyl)propanoyl]oxy}propane-3

1-di yl) oxyet ane 2 S oved to.
H)éleré(}f?j rsg%% S ae)&agl% 5 hégé X?rl Plﬁq?’ E%mp? CIS ls, hy%roqumones,
aehxll alceisols, Mtdh)als dehpdrolc Sptﬁmall)azhk(ﬁqlquihes; @lmhms,etbt ex@.)nple 2,5-
gge erene hal o egazgd deri vatives of styrene, P

ter-byftylaynens; opticnally, alyoo aroalip mines . Rl % (y)soRfppylamine or
LheitgaRsd WredRed £rebradibgt AR @reDZ,GAPREYLEMN@,methylphenol,
4- bronnstyrene (chloronethyl)styrene

grhemitly ?FW@W??%ne or 1- vinyl napht hal ene,

2-vi nyl napht hal ene, 2- V|nylanthracene

NOAE dR Yihoy pHOoRIihiElRBE ardrsed by 3onipBhdnk BY. GR6se are usually 1mt1ators which
9-vi nyl carbazol e or difunctjonal conpounds, such

el ibsyAcHeaere e actipiontpriatio ands initiglg: f%;g radiggl p@k/&ﬁﬁiwéwn of the
tﬂé}r}fipoﬂdlﬁlé’ bol?ﬁla%fable Br&upd! B torMtidaR ! fe cdarﬁxﬁérﬁﬁlﬁ}e 6bld compounds

onpounds” of nponent C) are 9-vinyl carbazole,
\}@ﬁw REAGt Eh‘éiﬁtéﬂ‘?@on ?ﬂlwﬁ etween| p@e@mlwr (type D ‘and bimolecular

LAMRBIsSEREO ! syQedls RS 0 Ak Gmpl k d
| ®3E 2 if (3 thﬁ%’gags Ry T3 0 buty | gy at g, cione compounds, e.g

pi@moabmmp hianypmbipationg eth Ty hgmings r 9l|kalbenzapmnones 4.4’
%né, ph e
53?%{&% gﬁt ri S%I[fglgh?%d?dggﬁ nqﬁ ép% opglﬁ%{? %&dy }E)arlo sated
rt@n@,phmoyd:S) orgrixdir¢sarfesaid, tyfesd (WP]? Iﬁumoatytsam@h aSybenzoin and its
r.e free radical i1z sed conpaonent
gfem?twﬁs > bi tgrnszﬁandig%{% oXi §g§¥&£ﬁ3§ deosx%?el‘s’beg% 2,4,6-tri-

"ighieaiesy]diphengph@phise eade, Gisecyl @hpdpbink odiclen phédypiyoixglic acid
Chem str en- W 4th edition,,volune Xl V/1,

TR SSiborabizane ° Beabiipadiyiebiibra, pupor Rt phofis 14
%Eenﬂﬂlh&)%mr@l]o@éﬁet1@316n&i-®%61§z0%x1§1ép%ﬁ&%%@(&ﬁkylﬁl%hones

exanpl e, phenol s, such as_ for exanple,
carg fegthermaare swigabler The photRipIt s riyptems, desgeiped in EP-A 0223587 and

%leg&glo@qmmr@smymbﬁ&h boritd Ghd 8&e QxeB&IEYd;'E@Lan also be
optionally al so quinones, such as, for exanple, 5-

dised et 2 hRhojdinjtidtonEor SEmIRin a1err9bual1§@n%m@natqpéeraﬁieﬁbéborate
St&%u?ﬁggﬂdnﬁﬁp{rgqg | rRBoPRen9HhR BBt tind 4étAifnetHy lafinRnfuddtris-(3-

free radical stabilizers are
ZhBretit-nethytphbut pexylbomase lagyd phiteblolas theh emaomiimzarnboraied Suitable

bﬁl@gﬂx,%loéxample, new methylene blue, thionine, Basic Yellow, pinacyanol chloride,
rhodamine 6G, gallocyanine, ethyl violet, Victoria Blue R, Celestine Blue, quinaldine
red, crystal violet, brilliant green, Astrazon Orange G, Darrow Red, pyronine Y, Basic

Red 29, pyrillium I, cyanine, methylene blue and azure A.

It may also be advantageous to use mixture of these compounds. Depending on the
radiation source used for curing, type and concentration must be adapted to photoinitiator
in a manner known to the person skilled in the art. Further details are described, for
example, in P. K. T. Oldring (Ed.), Chemistry & Technology of UV & EB Formulations
For Coatings, Inks & Paints, vol. 3, 1991, SITA Technology, London, pages 61-328.



One or nore photoinitiators are used as conponent E).
These are usually initiators which can be activated by

WR20BN20r adi ation and initiate a free radi cal PCT/EP2008/002466
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pol ymeri zati on of the correspondi ng pol yneri zabl e
groups. Photoinitiators are-Bomercially sold
conpounds known per se, a distinction being nade

bet ween nononol ecul ar (type ) and bi nol ecul ar (type

NP R OGTANET L TN

O(@hdalyllsib Yphehyliodtinet 1€2-tioas- (Gmbmgl,oxmieb(yl bant ophemmes of

B R T E%(iﬂ"ﬁﬁ&%@&%@%‘@%@né%%r%%h@wa@owm (-

néhxdréta @fettiphemil thet YRR ste with\ipes, $dkch be)iféd RErAH1S, mERidéhedtue, new

benzoin and its derjvatives, benzyl ketals,

de? )Bﬂgg)’!ﬂ,ﬁ, PRITGA I&/éléllunél gyamne galloCyanine, brilliant green, crystal violet

Znd ti8odikd. Met hyl benzoyl di phenyl phosphi ne oxi de,

bisacylophosphine oxi des, phenyl gl yoxylic acid esters,
anphor qui none, a- an1noa|ky| henones,

Jxlrtégxa}ogﬁ > |OBK PR D ﬁﬁé\pﬁ}ﬁ gy Iqe L[Sg_d in the PU systems according to the

(19%ﬂ¥rh t {Fh&)e %ﬁ%ﬂ}ﬂbl}m‘cﬁ@]}%ﬁ the urethane formation. Amines and metal
di one- 2 benzoyl oxi me) and

apowew@ﬁy%f k*w E‘ﬁ@ﬁoﬁ@’s zing, gog, piswathnpralybslgpugy heebalt, Tracium,

RRQkdidth %@Egéonﬁyé ax%rpieféﬁﬁlgrsh%% foh tﬁEp&st%Q %ﬁﬁ&tﬁm&e zinc

COﬂSIStIﬂ% a mxture of "an annDnlunlary borate and

orstangate, o etyuyleéllwﬁe,aﬂwthyémusiec@rbasylatep tiondihiacétgaestonate,

CEATPAE A LRI S s

aatlchlit lgtta]aaﬁewﬁwgdtgnn]ﬂ;aip eretal rsples- thlong cham fatty acids having 10 to 20

chl,orq: 4- uj t

ac%})t%l abogsg‘r%% 6@%@28}%%}?%(%% 9}95 %tag oagx?oatse c#r tag!srg aﬁﬁ?ets fich as

nevihytemning) enmbbtylmﬁnet, hi Giithﬂbylb@a}slammb’,el | dmycl@em)dmy'amlairﬂne,
|ne

i.de danine L.
\}:r ?thylc%{:’l%llex ar[n_éne,c:eI Ly | e E é/tﬁlﬁc&ﬁl lno 1851¥fethe gls(dlmethyl-
iy sdpadpyl)iueh,e N- m&lhyll | dr aNtetlgytre@pholiAs t N&Z‘an@pMQledﬁhyl ether

St Mo RyrateciBhfioeNab ATy Rlipedg e g

&étvailﬁ%l@gﬁﬁﬁdlﬁrﬁmasedw W’-&atx@ﬁleﬁlﬂels@h@@?mmﬂﬂﬁ pentamethyl-
Depen INg on the. radiati on sour U or ring,

1Ry AR e o n B IRERPEES be l\g'g‘ﬁﬁfi@gm?@ethyg’lpm ine,  1,2-
RRAER)IHhiHARDT  NhyArdXeprosylink VR, t 01-bRB8icPAbRP]SHA:] ed1 4-

in the art. Further detalils are described, for
diazabicyclo[2.2.2]octane (Dabco), or alkanolamine compounds such as triethanolamine,

triisopropanolamine, N-methyl- and N-ethyldiethanolamine, dimethylaminoethanol, 2-
(N,N-dimethylaminoethoxy)ethanol, or N-tris(dialkylaminoalkyl)hexahydrotriazines, e.g.
N,N' N-tris(dimethylaminopropyl)-s-hexahydrotriazine,  diazabicyclononane, diaza-
bicycloundecane, 1,1,3,3-tetramethylguanidine, 1,3,4,6,7,8-hexahydro-1-methyl-2H-
pyrimido(1,2-a)pyrimidine, are particularly preferred.

Particularly preferred catalysts are dibutyltin dilaurate, dimethyltin dicarboxylate,
iron(IIT) acetylacetonate, 1,4-diazabicyclo[2.2.2]octane, diazabicyclononane,
diazabicycloundecane, 1,1,3,3-tetramethylguanidine and 1,3,4,6,7,8-hexahydro-1-methyl-
2H-pyrimido(1,2-a)pyrimidine.



exanple, in P. K T. AOdring (Ed.), Chemstry &
Technol ogy of WV & EB Formul ati ons For Coatings, |nks

WQ@2Pail2f281 vol . 3, 1991, SITA Technol ogy, LondBGT/EP20§8/@02466
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61- 328. Preferred photoinitiators are

2,4,6-trinmethyl benzoyl di phemyl-phosphi ne oxi de, |-[4-
(phenyl t hi o) phenyl ] oct ane- 1, 2-di one- 2- (0- benzoyl oxi ne)
and m xt ur es of tet rabutyl anmoni um

pipon AP G e S RO Ry FboRa el AR, g Bstems

saucdﬁdlag to tﬁemvaxarrprlfese an‘e,tfbyémmﬁlebéoumntsthlnieermyé\&heg agents,

el RerEre G Feogts b ofY A Ao PREOP R polymers

lﬂmgblhaﬁ 0d Qurthen@nPburde hevmgama&tmﬁlsgrmy, shiéh 445 exampldetals,
PU syst ens accordln totF i nvention. These

(e ‘?’a‘EﬂeﬁfnﬁsatoéF'ff’?é HloxglaBeT RO bYdrart b Erouinich o for
Rhdple GARPAURE FolpdthI&iR oiRleatl s tin, zinc, iron,

bi smut h, nol ybdenum cobalt, cal cium magne3| um and
zirconiumare preferably suitable for this

Tirefergbly dagshtobvents prrrestly aRBbtcso Vanty aeXire g99d &Plina%ﬂb&t% with the
- eipaNdrk ifdinfllaGiansORUYiRL e thd RRERIL), RE etihAC BhANRLGe, butyl
iron(H) chloride, zinc chloride, tetraal kyl ammoni um
GRS RT #8¥Ne-a| kal i metal hydroxi des, al kali metal

al cohol ates, alkali netal salts of Iong chain fatty

AGHEHSs Wg%o&-%s&&ut& FopReR, RIS atdi aPh 'h%ﬂ%okliﬁggdmt are

SI de g}éoups | ead octanoate or tertiar am nes, such
pseferablyupgd asrplastcizars: ithase yiau he-rfer examplst ﬁwb@vﬁlzwp&fﬁ fign-butyl
da'df'\ﬁx&l Qfpaxy |;ﬂ§1taﬁié| %@hﬂ?dro;@ RBLRAIC F&l%é?fﬂé?@( Ydu@ia8€efor example,

N -t et ramef hyl di am nodi et hyl e
mo@@@ym g&yp@rﬁlmgbyl(ﬁglgqr)hawpg a, numbm:_\@\w&qgc n@q—lar mass of from 250

O O, Bt oY ORI on ol

ycI nor phol 1 ne
N, N, N, N -tetramathyl et hyl enedi am ne, N, NN ,N -
tlempyates bpAduantagaeusisamliaacouply ko wie aluralisy P%af}éttﬁyq offone type. Of

[

e e R e K e U R Rty of ypes
1, 2- dinethylimdazol e, N hydroxypropylimnm dazol e,
|Thazraibtug<3/ ef teZzompojenist lé)n@ E)l angl optionally catalysts and auxiliaries and
diiageki glyaqlg [ﬁsls@s s octane (Dabco), or al kanol am ne
conpounds as triethanol am ne,
triisopropanol am ne, N-nethyl- and
Mﬁ?@?r;ﬂ%i%%tbﬁh@i@mﬁwmpdﬁwﬂhyl am noet hanol , 2-

0.1-75% by weight of component C)
0-3% by weight of component D)
0.001-5% by weight of component E)
0-4% by weight of catalysts

0-50% by weight of auxiliaries and additives.



(N, N-di net hyl am noet hoxy) et hanol , or
N-trls(dlalkylan1noalkyl)hexahydrotr|a2|nes e.g.

WORMNSB/12$20Y | s( di met hyl am nopr opyl ) - s- hexahydr ot PEHEP2988/002466
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di azabi cycl ononane, di azabi cycl oundecane,
1,1, 3, 3-tetranet hyl guani di nel2-1, 3, 4, 6, 7, 8- hexahydr o-
-met hyl - 2Hpyrirnido( |, 2-a)pyrimdine, are
particularly preferred. Particularly preferred
c%ee}m%ﬁe er%x%bf}'cQHm néfl n dilaurate, dinmethyltin

I car %f acetyl acet onat e,
|, 4- dlazablcyclo[Z 2 2] oct ane, di azabi cycl ononane,
BEPER TP8Vynaeghe nbconmdpoficri8 B3- t et r anet hyl guani di ne and
1, 3 4,6, 7, 8- hexahydro-| - met hyl -

r dine.ln addition, further
aUXI t& g@ ‘%ﬂ%@%% tggs may al so be present in the
PU systens according to the invention. These are, for
ekeipl % by seighteficomppheatb) ci zers, | evel ing agents,
anti foans or adhesion pronoters, but also

urgt tic polyners, oligoners, and
ﬁﬁg¥hggt@gﬁ§$ JQS%aV|n functional groups, such as,
for exanple acetals, epoxide, oxetanes, oxazolines,
di-@%otyarmght aheitabystshydr ophi | i ¢ groups, such as, for
exanple ‘salts and/or pol yethyl ene oxides. Preferably

- atile solvents having

ggg%%c ﬁ?l@kﬁ%?@ﬁ%ﬁ@%%&%%&% conmponent formul ati ons
accordlng to the invention, for exanple ethyl acetate,
butyl acetate or acetone. Liquids having good
di ssolution properties, low volatility and a high
bﬁielan;a&reqﬁeemsey&w&é&e@'oy used as plasticizers;
t hese may or exanple, diisobutyl adipate,
di -n-butyl adi pate, dibut pht hal at e,
rﬁdrﬁﬁi/&%dwyﬂeﬂghh@ﬁqomanenpﬁnet hers, such as, for
exanpl e, pol yethylene glycol dinethyl ether having a
MATRGSy, By SeAlPo MRS Of from 250 g/mol to 2000
g/ mol or  polypropylene glycol and m xtures of said
compounds. It nmay al so be advant ageous si nul t aneously
t‘blﬁs/‘ebyawﬁighiloﬁmfm?n@ﬁ%ddltlves of one type. O
course, it may also be advantageous to use a plurality
Qf.1-305k WM 88 oPEonthoRéddER! I ty of types. The mi xture of
the conponénts B) to E) and optionally catal ysts and

auxiliaries and
0-3% by weight of catalysts

0-50% by weight of auxiliaries and additives.

The molar ratio of NCO to OH is typically from 0.5 to 2.0, preferably from 0.90 to 1.25.

The PU systems according to the invention are usually obtained by a procedure in which
first all components, except for the polyisocyanates A) are mixed with one another. This
can be achieved by all methods and apparatuses known per se to the person skilled in the
art from mixing technology, such as, for example stirred vessels or both dynamic and

static mixers. The temperatures during this procedure are from 0 to 100°C, preferably



addi tives usually consists of 24.999-99.899% by wei ght
of conponent B) 0.1-75% by wei ght of conponent C) 0-3%

wWhosarght of conponent D) 0. 001-5% by wei ght BET/EP2008/002466
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conmponent E) 0-4% by wei ght of catal ysts 0-50% by

wei ght of auxiliaries and additives. The nmixture
preferably consists of 86.998-97.998% by wei ght of
conmponent B) 2-13% by wei ght of conponent C) 0.001-1%

i ghtno 001+ 1% > ght - of . .
b0 oGy BRI PPl BB L Y Y Gl ety
Vel @hherqfro@smd lor &pm b stvndl ad:nlstbrage:—stabla’rﬁetenhetﬁanef,epptionally for
like referably consists of 44.8-87.8% by wei ght
osf’veée\g‘ Hg‘nt B) 12.5-55% by wei ght of conponent C)

0. 1- 3% by wei ght of conmponent D) 0. 1-3% by wei ght of
déngessety delgssihg 350 4o Wesdagied oof undertaalayminsof) fob @R4nkpfe, 1 mbar.
wei ght of auxiliaries and additives. The nolar ratio

P inggt v bobtReileielsop@itana it Bof i ofherte e
| appledation it 1eke@ise deiak byssibh taiuaetic blyst@na&)y ﬂﬁ)&ﬁgjlreeluilqmeSMHo&J&ver
g S BREXS BB Y DR JENAN B SR
ahdthd® i @HISh @RUNIAPRAY efddfed SvithiOyWer SHortStend £hdiwicth REY Sigbrous
Snlillxlnlg%% tlllentwto I';mxed components are preferred. Dynamic mixers, in particular those
in which the components A) and B) to E) first come into contact with one another in the
mixer are particularly suitable for this purpose. This mixing can be effected at
temperatures of from 0 to 80°C, preferably at from 5 to 50°C, particularly preferably
from 10 to 40°C. The mixture of the two components A and B can optionally also be
degassed after the mixing under a vacuum of, for example, 1 mbar in order to remove the
residual gases and to prevent the formation of bubbles in the polymer layer. The mixing

gives a clear, liquid formulation which, depending on the composition, cures within a few

seconds to a few hours at room temperature.

The PU systems according to the invention are preferably adjusted so that the curing at
room temperature begins within minutes to one hour. In a preferred embodiment, the
curing is accelerated by heating the formulation after mixing to temperatures between 30

and 180°C, preferably from 40 to 120°C, particularly preferably from 50 to 100°C.

Immediately after mixing of all components, the polyurethane systems according to the
invention have viscosities at room temperature of, typically from 10 to 100 000 mPa-s,
preferably from 100 to 20 000 mPa-s, particularly preferably from 200 to 10 000 mPa-s,
especially preferably from 500 to 1500 mPa's, so that they have very good processing
properties even in solvent-free form. In a solution with suitable solvents viscosities at
room temperature of less than 10 000 mPa-s, preferably less than 2000 mPa:s,
particularly preferably less than 500 mPa-s, can be established.



art fromm xi ng technol ogy, such as, for exanple
stirred vessels or both dynam c and static m xers. The

W@ eogparour es during this procedure are from OPCDEP2008/002466
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1000C, preferablyfrom 10 to 800C, particularly
preferably from20 to 600C. - s mixture can
i mredi ately be further processed or can be stored as a
storage-stable, inter rredi ate, optionally for several
”éorgttel}l% Hidh QAECESH A t? S%‘&%ﬁ@&%ﬁlﬁ% cE’xﬁerg%%!oﬁﬁ’% within
unaer "a vacuum o xanple, ar. The m xing

vw lhd'm:st hxeatpolcgthlsmogoanat ef G.02pondets thyn IGmirues hefd povedto be
s%orttilﬁyé before the application, it |ikew se being

g &%t 0 use the customary m xi ng techni ques.
However, apparatuses without any, or with only little
dE&Cbrsq@ﬂCIGV@[len furgitendre eklatésutot the poipmers obirable gramPU systems
whi ch. the m xi is effected within a very short tine
Ein(ons ho\})% ‘3& Jor ous mi xing of the two nixed
conponents are preferred. Dynamic m xers, in
pEﬂ’ehé pigfedablyt hao® ezldsh tradwitidn thii’lﬁerﬁltﬁﬂ?@ @I &3t shad)- 1@ pBYerdbdy less

a5 e B RO bGE Chis purpose. Thi s

m xi ng can be effected at tenperatures of fromO to
8@&&&1’@ wfeprafetiyd ptocétss ame oriolatdiO4ccomdmiptt Chd avdnyion is applied

@h%%f\éufromloto4 C. Theb xtur of the t ds kn

AR I0F BOUGE bR THRAFPY 1 re 'b“é’“&%@%(égeé S xnown

&f)tt&{ pérétd dKildel B thendein @at@CiebiioRlgy; inPart@XRANRhE coaling can be
nbar 1n order to renove the residual gases and to .
palpé%’rﬁ y KoHe coaPgnsstigR, RIFIURG SHIERRPTINANS RRFKBE akie Reptipe-
The m xing gives a clear, liquid fornmulation which,

deReAMkiGesOthal R §1@£m051i16tdlomoo@ UppSr, VE14s8] Ber&mfceélﬁd comp031te
seconds to a . few hours at roomtenperature. The
SYUEEANE CHBREIRg A Plyrality Rt 'ihﬁwve*tie'aﬂs,aane Meé?‘éefiaﬁpli}’dmem the

aglbdiateafdving tHeltern §Q&h6ddr i Ng at room tenperature begins
within mnutes to one hour. In a preferred embodi rrent

the curing is accel erated the fornul atio

by heating
dredrefesdicmyotipereths epaiing obde BETREN B ShedRanuiigne caried out

piﬁ afchtaRbYs JréR88. 49 atfle 4R A muldtiBh hdcorith Mleﬂﬁv%flﬁcﬁﬁb bpplied as
from50 to 1000C. Inmmediately after mxin al |

coffpohevieg 2 thipkmegsorfyfioratShametosy sime pecferelln %@M@OQ pmtthed um,

I;QM?CG }'l? IBre Qqu {HB%CS%S%EOe% B%t nég@@ptaﬁmgﬁ)af)}éfe?ab%t from 25 pm

to 10 pm to the substrate.

In the case of a sheet as a substrate, flexible, coated sheets are thus obtained, which
sheets, in the case of a continuous process, can be rolled up after curing and thus stored

over several months.

In a further preferred embodiment, the formulation is applied so that it is covered on both
sides by transparent substrates, in particular plastic or glass, for this purpose the
formulation being poured between the substrates held at an exact spacing of from 1 to 2
mm, preferably from 1.2 to 1.8 mm, particularly preferably from 1.4 to 1.6 mm, in
particular 1.5 mm, and the substrates being kept at the exact spacing until the formulation

has completely solidified and can no longer flow.



preferably from 100 to 20 000 nPa s, particularly
preferably from 200 to 10 000 nPa s, especially

weeeBarabl y from 500 to 1500 nPa s, so that thRGT/RB2088/002466
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very good processing properties even in solvent-free
form In a solution with suitsable solvents viscosities
at roomtenperature of |less than 10 000 nPa-s,
preferably | ess than 2000 nPa s, particularly

ef erably |ess n - n : , :
cOF 51 A Eh R AR l? ol R a Ml lyyory g posive
anth for the subgateatoyshsig@fitayats oifa Hurdli i i fiendnn métenielisragd for it

or, .at catal yst. content of .0.02%.in l,ess than 10
aRoadn i B0 oob PhEPbe Soaidin Ay 0503l 1P hstks, such as
| iMpeoved adhebiuh,t dnBiinted dydreptabesorthgdiopkilip @topeieies improved scratch
obt.ai nabl e from PU systens according.to the invention
TRESFr WPESISHIA RIQRFEIEY | SYTaIT WRNE SR ﬁa’%g@ﬁﬁ@P%?tVEFP%Vsﬁmbefss of
| 186 surfabérBtc- 100C, preferably | ess than -25C and
particularly preferably I ess than -400C. According to

a preferred progess the fornulafion acgording to the
HiFCE Bt BB et BEC PG Ry P b used for the
SlERdih@behdlbgriifd. Fer BRSKIrkYsE, tve 11ghEbeamb aUShRA®S Yterfere in the
met hods known to the person skilled in the art in

caaenah gy £ acHied kagym o the perpan skilled in the qet of BelpgrARfY(Bntgyiharan,

applchedolByraty Fn@ FaRRhl O8mbride tUnNGrsith Pk}, 1996) 58 Gha? @Mologram
printing, spraying or inkjet printing. The substrates
nfaymsh dhp prpesyre of the thalograoess be séfseed bagh x sontinpeusrrng by palsed

Cimgtﬁjnt. f i%l%ﬁéh@l a?so%ggi)cyl.é & pi8dide Blob @ &% Hofogta Xposure
materitals, i'n a preferred enbodi ment the substrate

hia ersgme matefialrand of thesamieaetnt, it being nopslfle roruse, femdxaaibleethe angle
t . ' ' . r ' i

CARFBahY BRuRl B W BRI I h e R ST H PR, rer i
fxposuteai the degmmdi thg materishgan opaonellp plsp heappbied do as stepng,

fi | m hawvi thickn f fr .
pbrrcée%de?na lrgs\g?o;ﬁ(r)cr% aggg-xeﬁ%?olgganéghﬁx?n ngg gvrq{pf)%tu al} J cessary processing
pateph.€Fhethblogfarmorm HPtionally als@barfurthercbrawessgd pa fitribetpracessing steps,
preferabply from 25 mm 0 to the substrate. |
PhECRRER o Bsadp b el oo T U BB} Al Bopaca v
shetbissuffie, driiudserebivih f edatchwhesigtant coating.

The holograms produced by one of the processes described can serve for data storage, for
the representation of images which serve, for example, for the three-dimensional
representation of persons or objects and for the authentification of a person or of an
article, for the production of an optical element having the function of a lens, a mirror, a

filter, a diffusion screen, a diffraction element, an optical waveguide and/or a mask.

The invention therefore furthermore relates to the use of the PU systems according to the

invention in the production of holographic media, and to the holographic media as such.

Examples:

The viscosities of the respective formulations were measured without the urethanization

catalyst (component B5). All viscosities were determined using a cone-and-plate



sheets, in the case of a continuous process, can be
rolled up after curing and thus stored over severa

WOorpBha3201 n a further preferred enbodi ment, thRCT/EP2008/002466
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fornmulation is applied so that it is covered on both
sides by transparent substralées, in particular plastic
or glass, for this purpose the fornul ati on bei ng
poured bet ween the substrates held at an exact spacing

a 1 : .
v1sc rlngtﬁxl' (é\n}o% Pé?e o g%q;rsi;dr pi éf)ilft 9\;%) %it?eggugﬁns’he% r{gfg]lo-IOOO/sec)
meFKbular 1 5 mm and the substrates being kept at
t he exact spacing until the fornmulation has conpletely
Sﬁxelcdl rfl ! ed and e?r&n@c?l e%qgcaseg %\é\’fo—[lowm ntle%h dal s used
as ‘t he ‘e can course uréilty of
| ayers. It |s p035|ble both for the substrate to
clorgsamss ofothe Iraye:tis'e cﬁcirmalapbm madhblttyh@ﬁrediaﬁifza'roamatalyst (component

g%%rbe:reawgi%}% t1nt%g é)oh/eth ene %%s c ves é(l eetb]tylnéxxed bgluxg(ﬁms ofa
asnitabe rinee dTHeeHaden, die, ureﬂhlitﬁmeﬁi chtyldft(IphﬁlbnnentdBS) was added and

drophili.c ti . _l.mproved. scratch re3|st nce
T PR F e Bl R oo Fodrt T e pRY St SR BIRS Witure and
rod}@aBed dulipf 1Y Rakteé Qﬂm ps&tedfagdiha regildrattervaleiftil it M8 no longer
naterlals obt ai n ‘ége of the(ﬁethods descri bed can

tRP&TOIE & ke f”GF‘ ?1 SRPRARCBEd FEFBEr RRSunpHimE fpgtaken
P IRGEE0d biMRednl tBEatdIRR A& @dntand B doteBy 1hAt tBE fn€faBbdvicould no
the material by a method known to the person skilled

i lAngenke pitled gyt 0%8166‘@“’5‘6 hy (P. Hariharan, Optical

Hol ography 2nd Edition, Canbridge Unlversity Press,

1996) so that a hologran1forns. The exposure of the

hol ogram can be effected both by continuous and by

pul sed irradiation. It is optionally also possible to
produce nore than one hol ogram by exposure in the samne
material and at the sane point, it being possible to

use, for exanple, the angle nultiplexing nmethod known

to the person skilled in the art of hol ography. After

t he exposure of the hologram the material can
optionally al so be exposed to a strong, broadband

i ght source and the hol ogram then used w t hout

further necessary processing steps. The hol ogram can
optionally al so be further processed by further
processi ng steps,



a

def or ned,

adhesi vel y bonded to anot her surface,
el ement

afilter,

ans opti cal

for the
representation of persons or objects
a mrror,

for the representation of
a diffraction el enment,

for exanple,

hol ograns produced by one of the processes descri bed
for the production of an optica

CRMSEr Ve1Lososlat a storage,
and for the authentification of a person or of an

article,
havi ng the function of a |ens,

di ffusi on screen,
wavegui de and/or a mask. The invention thergfore

i mages whi ch serve,
t hr ee- di mensi onal

i nsert-nol ded,
w@eroogozeded with a scratch-resistant coating. AGEEP2008/002466

furthernore relates to the use of the RU systsens

for exanple transfer to another substrate,
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Qo *) Desnodur N OO HDI biuret polyisocyanate (NCO
content 22 0%, commercial product of Bayer
WORWEN226LI ence AG) , Desnodur N3200 HDI  bi ur eRCT/EP2008/002466

pol yi socyanate (NCO content 2318% , conmmercial product

of Bayer Matepal Sci ence AG Desrmdur N3300 HDI

i socyanur ate pol yi socyanate (NCO content 2 1 8%,

The nateescitatgd ip thedtalle slyfw gatytgq: foumuleiies Scandrit eccaming, to the invention have
I [}pg]

tﬁ%ﬂ%ﬁ&ﬁ%&%&%@h&] S‘? %tg){ﬁec{) %gg lmfscc(s d short curing

tivlet epal Sci ence AG), Desrmdur N36OO HDI i socyanurate

pol yi socyanate (NCO content 23 0% commercial product

of Bayer Material Sci ence AG, Desnodur XP241 0 HDI

| m nooxadi azi nedi one pol yi socyanate (NCO content 23

5% experinental product of Bayer Material Science

AG, Desnodur VP LS 2294 HDI | m nooxadi azi nedi one

pol yi socyanate (NCO content 23 2% experinental

product of Bayer Matepal Sci ence AG Conponent Bl

Pol y(capr ol act one) pol yol, M about 650 g/ nol,

equi val ent wei ght about 325 g/ nol OH Conponent B2

Propane- 2, 2-di yl bi s[ (2, 6-di bronp-4, 1-phenyl ene)oxy(2-

{[3, 3, 3-tps(4-chl orophenyl ) propanoyl ] oxy} pr opane- 3,

1-diyl)oxyethane-2, 1-diyl] diacrylate Conponent B3

2,4, 6- Tpnet hyl benzoyl di phenyl phosphi ne oxi de (Darocure

TPO, commercial product of Ci ba Speciality Chem cals)

Conponent B4 Benzhydrol Conponent B5 Dibutyltin

di | aurat e Conponent B6 Di butyl phthal ate **)

Vi scosities were neasured in the absence of conponent

B5The val ues stated in the table show that the

formul ations G and H according to the invention have

the overall nobst advantageous property conbi nation

conprising |l ow viscosity and short curing time. Patent

clainms: 1. Pol yurethane conpositions conprising A) one

or nore im nooxadi azi nedi one-group-cont ai ni ng

pol yi socyanates, B) one or nore polyfunctional,

i socyanat e-reacti ve conpounds, C) one or nore

conmpounds havi ng groups whi ch react on exposure to

actinic radiation with ethylenically unsaturated

conpounds with pol ynerization (radiation-curing

groups), D) optionally one or nore free radical

stabilizers and E) one or nore photoinitiators. 2.

Pol yur et hane conpositions according to Caim1,

wherein at | east 60% by wei ght of the
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pol yi socyanates of conponent A) are based on aliphatic

and/ or cycloaliphatic di- and/or triisocyanates. 3.
weEagaz8dhane conpositions according to C ai m BCT/EP2008/002466

wherei n one or nore conpounds of the group consisting

of 9-vinyl carbazol e, vinylnaphﬂﬁalene, bi sphenol A

di acryl ate, tetrabronobi sphenol A diacryl ate,

|, 4-bi s(2-thionapht hyl)-2-butyl acryl ate,

ek akigyophenyl acryl ate, naphthyl acryl ate and
“propane- 2, 2-di yl bi s[ (2, 6-di bronp- 4, | phenyl ene)

oxy(2-{[3,3,3-tris(4-chl orophenyl) propanoyl ] oxy} pr opan
Le- 3, IPolynuetbaps gRamnesiHens compriging | | " di acryl ate are used in

C) . 4. Pol yurethane conpositions according to Caiml,

wheApioRe biBordRthidboXadiakiReddne Neddptc@niiind BRI cyaNEL N 1S
from0.90 to 1.25. 5. Polyneric plastics prepared from

t he_pol yur et hane conpositions according to Claim1. 6.

Pol §hont er pers eplyRactignaly saeyiappte-traet vaicABousther ei n t he
polymeric plastics are layers or noldings. 7.

Pol gy ®ht 6r RbRTbinESundE BVl d8lipk Whidhdtd®t én Slpofure WNRIAE Fadiation with
the polyneric plastics have a %ﬁass transition )

t enpercdlfpicalbr unsgutated gempourdpwith polymgsizaigndFrdiationrsgfing groups),
conprising a pol yurethane conposition according to

QA abnoptiondily b RMAPRECradiBslis@bliedPidasi ng at | east one
pol ynmeric plastic according to C aimb5.

E) one or more photoinitiators.

2. Polyurethane compositions according to Claim 1, wherein at least 60% by weight of the
polyisocyanates of component A) are based on aliphatic and/or cycloaliphatic di- and/or

triissocyanates.

3. Polyurethane compositions according to Claim 1, wherein one or more compounds of the
group consisting of 9-vinylcarbazole, vinylnaphthalene, bisphenol A diacrylate,
tetrabromobisphenol A diacrylate, 1,4-bis(2-thionaphthyl)-2-butyl acrylate,
pentabromophenyl acrylate, naphthyl acrylate and propane-2,2-diylbis[(2,6-dibromo-4,1-
phenylene)oxy(2-{[3,3,3-tris(4-chlorophenyl)propanoylJoxy}propane-3,1-diyl)oxyethane-
2,1-diyl] diacrylate are used in C).

4. Polyurethane compositions according to Claim 1, wherein the molar ratio of NCO to OH

groups therein is from 0.90 to 1.25.

5. Polymeric plastics prepared from the polyurethane compositions according to Claim 1.

6. Polymeric plastics according to Claim 5, wherein the polymeric plastics are layers or
moldings.

7. Polymeric plastics according to Claim S or 6, wherein the polymeric plastics have a glass

transition temperature of less than -40°C.
8. Holographic media comprising a polyurethane composition according to Claim 1.

9. Holographic media comprising at least one polymeric plastic according to Claim 5.



