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RADI ATl ON- CROSSLI NKI NGAND THERVALLY CROSSLI NKI NG PU
SYSTEMS- BASED ON POLYf e- CAPROLACTONE) PCLYESTER POLYOLS

w@rwss212¢f erence to related application This PCT/EP2008/002467

application clains priority under 35 U . S.C. 119(e) to
provi sional application Serial No. 60/922,981, filed
April 11, 2007. Field of the Invention The present

i nvention relates to pol yurethane systens which cure
by radi ation and thermal action mnth crosslinking, and
the use t ?rgpé f%r h oductio f_hol |

rTEdl (o, #uur\ T \Ju T " CT1 A"/
1

REBOLYOLS

f 3 , :
i nformation i s st red in a polyner | ayer mhlch
é33§¥3ﬂﬁﬁﬁﬁﬁ%ﬂggﬁ§ﬁ@ﬂgﬁgﬂ-a matri x pol ynmer and very
speci al polynerizabl e nononers distributed uniformy
t’lhiﬁsl’@bncaﬁ&hi:l&nﬁ@ﬁbﬁby lﬁ@éryiﬂﬂi{j S.aay'1 me)lbﬂﬁﬁdlsﬁﬁal appl;catlon
pol yur et hane i.s prepared as a rule starting from
NEER N oY P el EPQ&BP&/E&@ Mhich are crosslinked with
pol yol s, such as pol yethers or polyesters, with

uri@t kene thewndiehi on. However, what is problematic is
that optical 1npairnent, such as opacity phenonena of

the storage |ayer, fre occurs.owing to, the
ﬂﬂweafﬁa%&t P%waqn.r%‘e}%@m@aw%agfm%wﬁ&ﬂéu rRdigonzndy
rB&al dcadr Witk trog1iNang ABd the uSytEéresTForaREPHoHEHIBA of holographic
pol yi socyanates, polyols and radiation-curing
6ﬁﬁ%bunds, such as photochem cally crosslinking
reactive diluents, are known in individual cases from
tBiRkarofad of the Paenfigh t €echnol ogy (US 4, 247,578, DE 197
09 5%%5 PonoI conponents menti oned are substantially
polyether yest er - based qnes or

gB g REqdpet &%‘1@6 85596(3%1“0 RE{iRi A gespRACite S & 43 9pRifgrmation is

rseg& it ia pelyhleElayer mm&hbéwnhhny Rssivk bk hkeix gbl Efnbmna&l:xlyy
unsaturated compounds |i kew se present, suc

#eecyAl aebnprizsblg mapgmers distriuied apifermby therginy This mptsi polymer may

IHRbedali b Bolyurethane. 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 optical impairment, such as opacity phenomena of
the storage layer, frequently occurs owing to the incompatibilities between such urethane

matrices and radiation-curing monomers.

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.
Nothing specific is stated regarding their compatibilities with the olefinically unsaturated

compounds likewise present, such as acrylate-based reactive diluents.
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It was an object of the present invention to provide
pol yur et hane systens which are suitable for the

wee@duz2)on of storage |ayers for hol ographi c BCDER2HE8/002467

medi a and whi ch have opticat?y satisfactory
conpatibility of polyurethane matrix polynmer with the

Suafiaved thednvergionur at ed radi ati on-curi ng nononers

present therein. It has now been found that excellent

(:Ip\gps?fa'ielrog ect! Jf %et é’le ne rrlve?lté@'?tlg Wd\ﬁﬁghﬂrem}ﬁe wgt%ﬂlg Wh?cth%ge

poitngaefocalp pmda@toormé)tpmgg/bsetrefor pollogr@bls'c stoegemedia argl which
or. th

k}xévt/e ?ptlcg{y satlscfiict r?'e?lﬁ %bl 1S)§/ofltpol oet}}é%rrmsitnx ﬁ)o%ep %’v%‘l .on

pﬂ)éfwcsnyzm&mata&sl racB)thnedumg mpncmmmﬁresnngeram | east one
pol y(e-caprol act one) pol yester polyol, C conpounds

it 30 B P Baei s DR P RS e b BB

Winkdturpred )tmmﬂaislo@mu(ed @ﬁbﬁély Ozlhercpuly(ﬁgalgblampkﬁa)polﬁ)ster polyols
opti onal ll? i’l %gl cal stabilizers and E)

FROEsEH A1 & uélfj ockdqrihg @ﬁ“b@%‘@?f’rﬁtl on of the Invention
As used herein in the specification and cl ai s,

i Melindhiig ralates oamdlyuretlidne spreaRb@prismpd unl ess ot her wi se
expressly specified, all nunbers nmay be read as if
prefa ed by word "about", even if the term does

not pr esﬁogylsgﬁﬁé%\tfs Al'so, any numerical range
recited herein is intended to include all sub-ranges
subsByed t pelysisncontpaikiyip sdessantpeb/(HBéapadapmapolyesdgr polyol,
whi ch nay be used are all conpounds well known per se
Lo, 5 e SRS R TP B
ol ecul e.  Wigsssthyeaycalipusa@rat@iroonpburds with @bllymbmamn

ali phatic aqr cycloaliphatic basis. Mnoi socyanates

and/ or pol ASBEORANINEL WBM: ai ni ng unsaturated groups
may al so be concomtantly used in m nor anounts. For
exanmye, buwpibane fridé iadRalysabiizers afexanet hyl ene

di i socyanate (HDI), isophorone

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 all compounds well known per
se to the person skilled in the art or mixtures thereof, which on average have two or more
NCO functions per molecule. These may have an aromatic, araliphatic, aliphatic or
cycloaliphatic basis. Monoisocyanates and/or polyisocyanates containing unsaturated

groups may also be concomitantly used in minor amounts.
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di i socyanate (I1PD),
|, 8-diisocyanat o-4-(isocyanatonet hyl)octane, 2,2, 4-

wWa@ewses2® 4, 4- tri nmet hyl hexamet hyl ene di i socyaPGE/EP200$1602467

i soneric bis(4,4'-isocyanatogycl ohexyl)- nethanes and

m xtures thereof having any desired isonmer content,
il"s’owamm butpleimdiisdcy8nate diexarsthyicns dicspayraste (HDI), isophorone

d’us cg%ngxgm %éeﬁ{]ﬁls?\éjaggé-lxl I océrgnatér?eq}é)ll)%gﬂgg |2% ,4- and/or 2,4 ,4-
lmﬂaetpyihagahemgledez dlssocxaaata,ttls: 1s<imehc b4 aisoc@arGitdepd lotengl)-

?PII ijhs s %ﬂ%ﬁ%ﬁ% gﬂﬁxéeﬁgf?%nngsa%%y%sﬁg iglorigr%nten 1sbcya1‘1aéometl(1)yl 1,8-
toctaphditypéyaritbdecyélohexydene Hﬁstdcmﬁtxtahatsemaﬁcec}@lmhé)abéch}

The yise of derjv s .of nonel

et @eﬂawawé@eﬁitv‘{ et g 34 R fiolysne isocya-

aapel Us-aaphtlyke Madyahe, 2.l boplradigieaylnihdiediisocyanate and/or
oxad|a2|netr|one ur et di one and/ or

itFipheBYRstRReA f ¢ - BHRecenpig ArRidIG s al so possi bl e. The
use of polyisocyanates based on aliphatic and/or

Cite i@ fideRwdtives dimonBiherid dil Sraf¥SYARS hasinPteihehd, @fda, The
pol yi socyanat es of conponent A) are particularly

FROPEIAEEsy aqyiyiens isepdnyrteqiliopinnete: biwet a’fﬁdﬁﬁléftpen"aﬁf?}dé‘?ne
HEbPAiAdRRidAnedione RFuchidsiiSASYRAbIES. | socyanur at es,
uretdi ones and/or im nooxadl azi nedi ones based on
HDI , |, 8-di i socyanat o- isocyanat onet hyl ) oct ane. or
ﬁlihmum@@o{yweﬂ@a#t%abaéed\f@r iphadic epen YFieginapes & ordgisocypates
E@gg@@t A) preferably has at | east 60% by wei ght of
yi socyanat es based on aliphatic and/or
cycloal i phatic di- and/or triisocyanates. The NCO
BPYispeyanaies 9b 6PPAGRy/ NfaR RSty prederpinimsyizedeyf al so
R o GRS LIIhYt CAndRAES 041 PhAE 'ﬂﬁgr WidoBydnh¥gs bl ocki ng
agents custonmary per  se 1 n industry.” These are, for
exanpl e, al cohols, |actans, oxinmes, malonic esters,
dsdeyanugsicst weidiopesand/or wpingoxadiaznedioneshgped on HPllag diisegyanato-
W&s@@ﬁh&ém@tﬂﬁ)&@n@ ESmixB&h@of afeVerype@itl By pFBf'éréEGo ne
oxi ng, diisopropylamne, 1,2,4-triazole, dinmethyl-

1,2,4-triazole, imdazole, diethyl nmalonate, ethyl
Adeconpasenit’s) preferablyhas 2 Jaapd0%bysvaighief mlwwww&s ased on

eaﬂﬁ}:salng Qn&ﬁ‘%@lbﬁﬁ)ﬁﬁm diNmbRY Ergégc%’a{n%g‘ zyl am ne,

cycl opent anone car boxyet hyl er or any desired

m xtures of these
The NCO groups of the polyisocyanates of component A) may also be completely or

partly blocked with the blocking agents customary per se in industry. These are, for
example, alcohols, lactams, oximes, malonic esters, alkyl acetoacetates, triazoles,
phenols, imidazoles, pyrazoles and amines, such as, for example, butanone oxime,
diisopropylamine, 1,2 4-triazole, dimethyl-1,2,4-triazole, imidazole, diethyl malonate,
ethyl acetoacetate, acetone oxime, 3,5-dimethylpyrazole, epsilon-caprolactam, N-tert-
butylbenzylamine, cyclopentanone carboxyethyl ester or any desired mixtures of these

blocking agents.

The poly(e-caprolactone)polyester polyols of component B) preferably have number

average molar masses of from 500 to 2000 g/mol. They furthermore preferably have an



bl ocki ng agents. The pol y(e-caprol act one) pol yester
pol yol s of conponent B) preferably have nunber average
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furthernore preferably have-4naverage OH functionality
of from1.5 to 4, particularly preferabI%/ from1l.5 to
3av5ragq/@HfmpamaihmnfafrOIHyl @t@f eartibtlgrlyf proferaplytfeongl.5 Tha§, very

I,pan g Egl?gfe?e{%ﬁfﬁgﬂéé@) ¥ AR 1 texlrﬁgdﬁé {n{_)éﬁttr%y e b Hleftllﬁg point in

pb¢ safge feap it @toadSfGne) pol yester pol yol s used in the
pr esent invention, further polyfunctional,

.
JEPSHAIED BT LARERTRAN R AN B8 SRSy

pfoitlyfm pelb'flmcte)np]o[syqlasate-oaactl\alcempda&du seath.as polyessar, polyether

%ﬁ%ﬂﬁt&%ﬁ ﬁOIKL e\}\lﬁac blﬁtﬁ. éurlg}f)r D es%g{)lr&o'%n al3s bsed.

cycl oal i phatic or aromatic d| or pol ycar boxyl i ¢ aci ds

drmetah polyesten hrpﬂ;rdr tesched phlypadrphlydis) 25 oblatet ol lsolvawanger dirom

pag)xp u]{cl,cgy]c 97 1pé)>zzté%%r| aéon?aéz% g?rrﬁr@@eg yclé#baoé(ﬁl&chacms g%i?%ltlheyrdrides with

Rl pheériduoohbls Gaviad g0l furkibyatityl dfes #¢ suitable s polgester polyols

%J utaric, adipic, pinelic, suberic, azelaic, sebacic,
sharAsaicc ar boxylic, decanedi car boxyl ic, ter epht hal i c,

i sophthalic, o-pht hal i c, tetrahydropht hal i C,

heamp)es! bmmhm hnabli Iﬁblﬁ:ﬁrbbkji'lmhildh brl dhh@drides &8 eucaiicl glutaric, adipic,

anhydr i hth [1iti

LI EeRh A ?d aclgy Oaﬁlgﬁ é@%@& drrsaetipabontietagphtalic,
Widphthaie o pRBhIE Eetraﬁymmklﬁﬁc méxaﬁy&bpt&halfrc dbtrEneftitebil a8d acid
are ethanediol, di-, tri- or tetraethylene gI coI
anbydridesy ﬁ%é‘aPzBPtha]&i trimellitic or gpceinig gng yTéERg ?j'fr gyxtures

IhSedapane dhdther. 1, 4- but anediol, 1, 3- butanedi ol,
2, 3- but anedi ol , 1 5- pent anedi ol , 1, 6-hexanedi ol ,

2, 2-di net hyl -1 r opanedi
1%111@1%9%#@6&%% aﬁe‘a&éwge etkawdlel Mist iRy POFEsshyisre g FRd; 1.2-

Tor&5eR6di@N@d k@ or telrap@p @&@ﬁ@l @B.prdpatetisl O e 6RREHARN 1,3-

trimet hyl ol propane, fl cerol or any desired m xtures
th’q‘@ﬂébﬁl %vﬁtbhtam@lah%pwedwhé ophsrapediok 2.2sinstbyld . 3ray
Z‘J ﬁﬁanQﬁolpﬁﬁ ﬁﬁlymxyr@wﬁahné W dqmétﬁ,rlbl@c‘fohe%ehl BSctaREOL"

I's al So posSsib fo he "polyester polyols to
blel Gdesangdieh lﬂamdemdldow%mmome |gtyceroherany gesired mixtures

thereof with one another.

The polyester polyols may also be based on natural raw materials, such as caster oil. It is
also possible for the polyester polyols to be based on homo- or copolymers of lactones, as
can preferably be obtained by an addition reaction of lactones or lactone mixtures, such
as butyrolactone, e-caprolactone and/or methyl-g-caprolactone, with hydroxyl-functional
compounds, such as polyhydric alcohols having an OH functionality of > 2, for example

of the abovementioned type.

Such polyester polyols preferably have number average molar masses of from 400 to
4000 g/mol, particularly preferably from 500 to 2000 g/mol. Their OH functionality is
preferably from 1.5 to 3.5, particularly preferably from 1.8 to 3.0.
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hydr oxyl - functi onal conpound$,- such as pol yhydric
al cohol s having an OH functionality of > 2, for
ek golyéarhdnatepblyvsrembe awnesskdtiy p enan®u &hovpopey es byereacting

pol yvol s.oreferably have nunber. average nol ar masses of
PSR ey ™ QUPBr ol 8, ererably 1 rom
500 to 2000 g/ mol. Their OH functionality is
pSuthigle atghgic tarbonafes Bretdim@hy, diptayltand diphedyy carbaher abl y
from1.8 to 3.0. Suitable polycarbonate pol yols can be

[ ner . known [ r [ ni
a0 ot FROLEL R R G B RAF bRl BN f
Setlatiabtoehegpodyestecsegmeilio axal lasing ae O fimdtioydlity off 22, lpydferabig 1,4-

i phenyl rbonate. Suitahle diols.or diol mxtures
gbé’ﬁaﬂ?ﬁﬂéelig ﬁ‘gxaﬁ‘s ‘9%?87?0{ é'nglﬁygq%ﬁagediﬁihti oned per se in
relation to the pol yester segnents and having an OH
f Suek polgcrabdnhtg pofyols pesferphile haveabinperbyéragdaudlamedsalof from 400 to

1 6-h ' d/ 3: net 0l . L
BB P B SRR A0S e g
n¢sa polyals ssgsefofablyrfam 1O 3.9, pARidagy preferabDafrérh ¢ 191taB oy
preferably from500 to 2000 g/ nol. The OH

functional jty of thes | vols is prefer y f 1.8
(ab1s O bebefipia PR RS i 7 e op Ny Rindcha
Suitia@bmelepiltsy ehitd holaddyok Sptamellpidvy adrbdi ftfuchire.cycl i C
ethers with O4 or NHfunctional initiator nolecules,

I.C ol yadducts_optional |y have a bl ock siructuyre.
s PR SR G S o Bl airis P scarpyIge iy AR ene oxide,
Q$trAh98rofued) Yht@lAe OAdd] epictisropydriaAtd &% ddsired mixtures thereof.

t et rahydr of uran, butyl ene oxi de, epichl orohydrin and

y. desired mxtures thereof, Initiators which may he
cealog iy B R e e Pa R Leoheia ieBaA e SaieRon to
rgé pdlyeier pslydlnandanking sh OH RadtyediBy afid2 haMiriigrasr sekdndary
functionaljty of > 2 and primary or secondary am nes
ATuneAheRIredsdrs.  Such pol yether pol yol's preferably
have nunber average nol ar masses of from 250 to 10 000

BudR poly@Bdr ipby/uls prdfetalily Biv@makbat abéregs héldr has4QDGosl/230 1o 10
and very particularly gr eferably from 600 to 2000
o8 molimagicelarly grrtgratin Spme)0 fos08P gfmal apg Yery pasiigularly ¢ o

4pr&‘erably from 600 to 2000 g/mol. The OH functionality is preferably from 1.5 to 4.0,
particularly preferably from 1.8 to 3.0.

In addition, aliphatic, araliphatic or cycloaliphatic di-, tri- or polyfunctional alcohols
which have a low molecular weight, i.e. molecular weights of less than 500 g/mol, and
are short-chain, i.e. contain 2 to 20 carbon atoms, are also suitable as polyfunctional,

isocyanate-reactive compounds as constituents of component B).

These may be, for example, ethylene glycol, diethylene glycol, triethylene glycol,
tetraethylene glycol, dipropylene glycol, tripropylene glycol, 1,2-propanediol, 1,3-
propanediol, 1,4-butanediol, neopentylglycol, 2-ethyl-2-butylpropanediol,

trimethylpentanediol, diethyloctanediol positional isomers, 1,3-butylene glycol,



particularly preferably from1.8 to 3.0. In addition,
al i phatic, araliphatic or cycloaliphatic di-, tri- or
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wei ght, i.e. nolecul ar weights of |ess than 500 g/ nol,
and are short-chain, i.e. contain 2 to 20 carbon
ab'dn’sqxaraﬂdé)l dl.seychbetaabdimethanahdl 6/ fiexamxdiod,iad- and 1,4-
glc%eﬁ(gnﬁe:dloé)hy%%enagd% np%%pgi%?%lesim Sd]trc;xtyclzjyg‘{]% y@Rropane)
ng gﬁdmiethydB-hydry*)@r@ygl Xl-dohe,thyﬂ-BHEﬂﬂoyhﬁmﬁor@kq/ Emdmples of suitable

&ﬁ%}% gll‘eettltl] letggl]l ngﬂ%eh gHP%FyIQIRrOEXneg)P glag%élg ?Jbifa})ferallgac(ﬁg){zliv%pgea
]hlérebﬁhhaﬁﬁdlht? lare digiafeeiytoydropayi€ @entaerythritol, dipentaerythritol or
th | - 2-butyl propanedi ol , trimethyl pentanediol,

cf’P Y1 oct anedi ol posi ti onal isomers, 1, 3- but yl ene
gl ycol , cycl ohexanedi ol , 1, 4-cycl ohexanedi net hanol ,
1A160 fimxBie ediadlino alcoBolsAich ds, for eLiyrpld) BBXRMEh€ diethanolamine,
hzydro enat ed bi sphenol

R fy

A
rgit APy e NanshyldptBanotagyine, N-
Zn&hﬁdlﬁsﬁrbyz{nbﬁnﬁhédN%M1élﬂéﬂolamme N-ethyldusopropanolarmne N-N’-

di net %/I - 3- hydr oxypr opi onat e. npl es of suitable

thas(%rﬁlxdra’fye hw)P%tdF@ﬂymsz&ﬁ@thm%(mer@pﬂ}aaﬁ%é‘ or

LAk anmi¥etnBhRina N RARP %ﬁéﬂ&l&l@th?leﬁlétﬂilﬁhe N,N-
functlonallty are ditrimethyl ol propane,

pipethdppmaethang], Nl&dpﬁé*rwaa@mgﬁﬂﬁﬂ@lt bN Nydiethytagtina?-amjoethane, 1-
E‘ano{qﬁaﬁ% 3%Mr?aﬁé)aQilrﬁethy%iﬁlﬂoﬁg‘thylf.’?ﬁletﬁﬁalr@l)r%panedlol

am ne, di ethanol'am ne
gﬁ(smpxmﬁdln@gwargm MbYwiyldigthandlamaine, N-isobutyldiethanolamine, N-

RN A O MR Ll So0r Q0aNRk AL e

ahol am’ne opr opanol am ne,
I\N-leldithhSI(OZdIﬂquj K\bmytbylhydopp)@arhy}mmmqgNM—prquLdnsopropanolamine,

Bt_l-gﬁtyﬁ}/ls FIO)?% ola?nrlrllng RO Qc?ohexy?dusopropan}ﬂabl S(

noe
N, N,N-trinet hyI d| et hyl enetri am ne,
Nif &dohicoreitdmyl} asddm]m(p@pyibne dXjdes xIpalydulyslleneiondeplpmiehg oxides

Iﬁn%oaﬁ)og}/(ﬁettrr’ﬂ){ drotur: ags) %avm Qn?@% glgxlg:gbna?ﬁy of from 2 to 4 and a number
}vélagﬁhdﬂyﬂ sk nbHfieh |2§'(I) 02500 p/mpl, -p’ke;fé}atpy h;pa?rtmmmib,er average
N-is o m n l.di eth am ne

IS BTt e oA Ao e indp B b R i o pmber
Nverhganhylhithast beficrh 300 RE000¥aiohytk alieleed Gothef @ifo)s in addition

am ne, N-allyl di et hanol am ne
Ne FP(StpH&YFSd"?aP gaﬁ[,og H]élpséqﬁpﬁlé(ols 'essential to the invention. Polycarbonate

l};olyopéaaméb 4L ESRPMAAAYAb&AITh BRportion.
N-but yl di i sopropanol ani ne and/ or
N- cycl ohexyl di i sopr opanol ani ne.
The proportion of the polyP e-caprolactone)polyester polyols used in the present

invention, based on component B), is at least 20% by weight, preferably at least 40% by

weight.

In component C), a,B-unsaturated carboxylic acid derivatives, such as acrylates, meth-
acrylates, maleates, fumarates, maleimides, acrylamides and furthermore vinyl ethers,
propylene ether, allyl ether and compounds containing dicyclopentadienyl units and

olefinically unsaturated compounds, such as styrene, a-methylstyrene, vinyltoluene,
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If concomtantly used, poly(propylene oxides),
pol yet hyl ene oxi de- propyl ene oxi des and/ or

W@ 0p(2e0r ahydr of ur ans) havi ng an OH functi onaPCT/BEP29D8/002467

from2 to 4 and a nunber aveYage nolar mass of from
250 to 5000 g/ nol, preferably having a nunber average
miniya:larbnm;ss obffing, e 24 000r @@n@Mt}ogﬁmnd/an d—dpam,ivtmrl estdrsy such

er abl u f from
Soaora0o Brvar AR SUrtant F ISR Ry e
E(ﬂldﬂh)dcﬁ_/ﬂhnh@e hf&&lamhg/écﬁd a&pﬁ@hcﬁwmﬂnﬁ}' ﬁéshlyeﬁﬁ)euirespthbr)toﬂ 1Bay be
essenti to.th vention.. Pal ycarbonate pol ypl. ca
SReb A Blss R mERa TGt SO oP e rtce Bty Brferred
proportion of the pol y(e-caprol actone)pol yester

FB%ieYﬁif&cﬂyﬁeﬁhd 61' hdiRacpylie 26id tard g’éﬁ&ﬁ]ﬂ}i eferred asBdcHhutes or
conponent b

Ieast 20Y% ht refer I
o i, EAFmplss g tcr e i ivistey vinet R et et fsth
GRADEX Welh§1 B6thsbrfl Qe ] SRl horPiSte, & MeBiBicrgfatey kiBbBRihyl acrylate,
nethachIates mal eat es, fumarates, nmalei m des,

oAl enethagnilates prbripbacRARte nyhuty) methaprylate, tesiriyy) perylate, tert-
%R@ﬁmhaérwe 1%(91%3@519 h@@m{wﬁ%afeom%ﬁx mb{w acrylate, 2-

uni'ts "an i ni ca unsat ur at ed

i cycl opent adi en
@&%@&ﬂgsethaswlm ggtogx%é?féylatayb\a&xwhgltwleaﬁ@ﬂate lauryl acrylate,
ﬁ%r{té{’lllak@}ﬂﬁ Yéoﬂé(xjn{}l%ﬁzwg hs%boxﬂ&l%étmryla?éj ‘f)ﬂen?fsacr}tlﬁE phenyl

‘tene and/or 1-decene, viny ers
asethacolate paoidor@her(yl poyplatgap- chleneplteny! r(l@ﬁcteéaya pibyom@rémyl

Sa@ﬂl}al P{/bF&g ny'i Xllef?lgé {a{el &chl@ﬁ%ﬁéﬁé?&?ﬂt d,esgﬁoerophenyl

aclrd, acrylic¢c aci
rmetluaqryme ttxhteoreoxfhenm?crbkatm S@domo@zbwgyﬂ mtstd;scraln@, pentachlorophenyl

1;y a eCB nta oroa)r er% er r e gryl‘é? n@x%goﬁgﬁ%yfgc?ﬁat@ rp%ntglr)romophenyl

rs 0 I C aci
nfﬁsttllmqﬂayé pmtammdolawl geylareaﬁdn;abroefobemhknetbacaﬂate phenoxyethyl

Feotse piraRiethne Bl BB sE it RSB Ry TSpdD
Ffﬁf%tlﬁhgtyrldﬁ]eg?ﬁﬁﬁtyﬁ agrglatﬁlzhy;bhtm mi¢thadrglateet Mpls- (t2 I't]hlonaphthyl) -2-
Tobh Ay ieat bisE B g PR SR LA reaae

tdpherddUA Mim@Rdcyllag, Qetrabﬁﬁﬁobiébhﬁnol%ﬁiﬁ&@l‘a}é ftrebroMeXyghenol A

i Herdgh Y HEPREERY| OO Bk PR e remee.

but, 0x% 8tHeyd uBRL g aa;yqaate lLaury3 3 aetahebRopropy wethacryme
nethacr | at e, isobornyl acry Iate i soborn ?

b %aérpymaﬂ‘@wpamh%rylafe laWart%Z 3 éﬁé’i‘?&*‘?ﬂﬁ‘ﬂ%?ﬂf%@il ethperylate.
p- chl or ophenyl acryl ate, p-chlorophenyl nethacryl ate,
EpBkPARRREM Lo suitable as component C) can be obtained as reaction products of

bisphenol A diglycidyl ether with hydroxyalkyl (meth)acrylates and carboxylic acids, the
bisphenol A diglycidyl ether first being reacted with hydroxyalkyl (meth)acrylate with
catalysis by Lewis acid and this hydroxyl-functional reaction product then being
esterified with a carboxylic acid by a method known to the person skilled in the art.
Bisphenol A diglycidyl ether itself and brominated variants, such as, for example,
tetrabromobisphenol A diglycidyl ether (from Dow Chemical, D.E.R. 542), can
advantageously be used as the diepoxide. All hydroxyl-functional acrylates described
above can be used as hydroxyalkyl (meth)acrylates, in particular 2-hydroxyethyl acrylate,
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acryl ate, p-bronophenyl nethacrylate, trichl orophenyl
acrylate, trichlorophenyl nethacrylate, tribronophenyl

wa@eoogh22¢2 tri bronmophenyl nethacryl ate, PCT/EP2008/002467

pent achl or ophenyl acryl at e, -pent achl or ophenyl

nmet hacryl ate, pentabronophenyl acryl ate,

mdnoamropm pdwﬂaupl 4-hptréraybuty] &tydate, pely{eatpmiastaaryppno

3 # zdtespent gi%{/ H}@%@? le%e(%l%%lgr}og (gt Xalcl%ria?es. %o%%ﬁén%}(al
pchﬁ;nﬂydycabllﬂoxryert prifliciphesuythislt es thp bebooylie bdid)ity partigular those having
nmet hacryl at e yl. acgyl ate, 2-naphthyl

Teme sy gt P s0) Sy BRI Ry e e- .3
aﬁf(ylcmbﬁ)ph&;yﬂprbpﬁmgr@oﬁymmmpm1b<yy1)ox21etbme>d 1-diyl] diacrylate has
rrethacr | at e s hegﬁ?ﬁ)ﬂdl acr | at e, bj sphenol A

chrovet fy %/Rfﬁﬁe’ée togPP E)Fléﬁ 9 FRAXY Aty a}fér yl at e,

t et rabr onobi sphenol A di net hacryl at e,
2\118yl€mh15!1(fs'5ﬂ1@db¢ﬁbhc}dm@ﬁ&¥ Icglh@,sty.?enz,, atdgenhatdduieri @aivbydf styrene,

met hacrylate, 1,1, 1 xaf | uor gi sopr opyl
SuFhAsatopexample, 3- c@osostzr%éa?h?%%tw% peligipstyrene, 2-bromostyrene,
@Erbﬁ@it%lsﬂat B-brofnodtyPens, p3(cRRB inattHy o RRE, PRBIonRTeHy Bt

fc Ftﬁﬂé grene or 1-
and/ or 2,2, 3,3, 3-pentafl uoropropyl nethacrylate. Epoxy
aerynaghtaaleng, %éfmglﬂlﬁﬁfélkﬂl@ea%v@b‘ﬁ% Resie, Meyinylpyrplidone, 9-

qmﬁalnﬂﬁ&eﬁes 9 r&@@afbgﬁblp&ocﬂfﬂlﬁ&ﬁ)ngfcogb&gﬁg RELL A d1v1nylbenzene
di gl yci dyl "ethér w th hydroxyal kyl ~(met’h)acryl at'es and

Yy sirs; such ey, iy exarpple, Butybwaksithen agh asossiteh)e- et her
first being reacted with hydroxyal kyl (neth)acryl ate
Wr&f’@r‘r&iaéoﬁlfp)(ﬂﬁ opyorﬂp%r eag?gﬂe@ atftnlkéle wnylnaphthalene bisphenol

y rox uncti onal I on FO uct then bein

X diosry cctstralromotisbanch dxdjicrdatadiHbisy2-thisrerix) Khwnkcrdate,
t l6X -
S R e R A R (R
e»harmﬂﬁneloxr(ét{iiahﬁm‘biclslptltvehﬁmvl)mmﬁngylife*)dytowtekﬁelr— (from
can advant ageously be used
sy\qioﬁﬁg%ane bx &Ea%?']laéhydr oxyl -functional acryl ates
descri bed above can be used as hydroxyal kyl

(@r@toln )raarfyéeaacésal stblviliprasr 4re psedas canpopeht &R ylehihipérs and

é/ 1&a Fs zpsyd% CcI1 gcplrno‘Metho? r%; g.l’liséleltl] &E I%X%I)Q%Xé of Organic
acr ’? f é nono acryl ares
Eﬂhdmm’ﬂyy ((Hbllrbehé?vie,yl)g mgn@din)m rmhm(er?ﬁt\’hl) aegeyidakesq., Abcbrg Thieme

LT S N b R B Sy
tpavnonsg such @SRl ieangpld) Smkmmbmyl-%&hﬂpl&nalﬂ 2resols, hydroquinones,
iyl 4.1 -phenyl ene).oxy(2-{] 3, 3, 3-
Bt HE o B bR byRNOTLY R PO PLPTmPlsg
eli-fattartylquinddie ydplioghligQlsy lafin@tib &gingy, OyAds Hidsop@p@Aamine or
%rhgr]:o%{lgz?n% gr%ggrg(!ll ?rge gliilcgllllta 111%Lr§§1rsé ZOJ-di?tQr?—ﬁ%yléf-%lh?fpﬁgriol,

phenothiazine and benzhydrol.

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

(type I) initiators. (Type I) systems are, for example, aromatic ketone compounds, e.g.
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Vi nyl aromatics suitable for conponent C) are styrene,
hal ogenat ed derivatives of styrene, such as, for

W@ 2@aptey2 2- chl orost yrene, 3-chl orostyrene, PCT/EP2008/002467

4-chl orostyrene, 2- bronnstyr@ne 3- bronost yrene,
4-bronostyrene, p-(chloronethyl)styrene,
pefdopbenonsst m;ﬂpl)nbmytnwtkmertmry apiingsl lylbaniaenhepnaes, 4,4°-

S BRI (B L9 o n g

Sbewiophénonestva mptterepof aaldftumt(TwmllI) init.impcsumtb as sanedin amd its

dj vi nyl benzene V|n hers,. such exanpl e,
Aty ROy MO BBl tue? i B8 ipBh
dﬁﬂmwﬂplﬁn)dfﬁhospﬂﬂm}mu bi€cylapkosphine orides grhbaygllyexylic acid esters,

A %gcgs I{;%)g? (lé gxirx}g]ﬁél?y Rl?egxgxgeglr (},pégaégoxchetopﬁenones 1-[4-(phenyl-
Jtmﬁ)a%&m()&aﬁén Qﬁ@aablmlaem%ymrﬂé) afE & hy@bByalkylphenones, are

pent abronop hen%1 acryl ate, "napht hyl acrylate and

Ffp@l,gpamgnegu@bkﬁ emlp[cy(ugtlgorgqygp@ﬁ@ﬁsqnbeg in EP-A 0223587 and
chﬁﬁwng el §r€ of an ammonium arylborate and one or more dyes can also be
tr| 4- chl or ophenyl Y propanoyl | -oxy}propane-3
,ubed i amh))mytatqtafmczamme d¢t§ﬂbﬂltyama®ny1natnehenmhexmormr e
f
P20 RO PR B ROTHORMBb Bl -
dabneﬂgaﬁwk¢he®h@héwn§e@hbmhb&QSdka@mgmnmcmﬁhenksSmy¢k
s are szi.lﬁ,i 4&\1!11 W\gwe}é%lu%t Sé?urrlrée B%i(sllcg_/g’%lld’w,§?%gya%§l%hﬁ)£‘ide,
srhoctaainieeiG Salldcyemhze ahylssdg, bictosial Bshieah ﬂetastareeilué quinaldine

SRS B B AR CBb gy et pronine . B
Redrogpiriomel cydniie ziitthy bretihed id aaneA. as benzhydrol,
optionally al so quinones, such as, for exanple, 2,5-

Sk e s AR S e ke Sy DBlsh &P 85 °

fradigtionadircahses fadiningZ 88 altl @ncentration must be adapted to photo1mt1ator

2,6-di -tert-but 4- et phenol enot.hi azi ne.an

G pipe Brov e e B sy Froihee e g 4 Aol dor
CRERGIBAAP. IE)T. OlNeSaEA),CHemistly |y TéRhd1b@t IV mErbrﬁﬁmlons
be activated bgmactlnlc radiation and initiate a fr

rfafeamep oy fefainiatiobd: bP 11 HEATSFhnelassIndep, pages 61- 558

pol ymeri zabl e groups. Photoinitiators are commercially

FOBrr BRI S or a&m,@&ﬁn&mbeaz@i&;sﬂeﬂﬁpﬁdamxﬁ@ npgle
bet ween nononol ecul ar ¥g9gﬂg and bji nol ecul ar _(type

|<P1)envhthl?)9%\ftnaslrl%°tanm*;2p@°¢°; floxipg) andpixtures of| o
ALEIBBE | afntoR iU eI G ANRRIPAE 1) hScythokfed) Zé@:@ﬂl@ﬂﬁ?lﬁﬁlﬁloniuﬂl tns(3-

conmbi nation with tertiary am nes, alkyl benzophenones,
4:hJ4er-4-methy1phenyl)hexylborate with dyes, such as, for example, methylene blue, new

methylene blue, azure A, pyrillium I, cyanine, gallocyanine, brilliant green, crystal violet

and thionine.

Furthermore, one or more catalysts may be used in the PU systems according to the
invention. These preferably catalyze the urethane formation. Amines and metal
compounds of the metals tin, zinc, iron, bismuth, molybdenum, cobalt, calcium,
magnesium and zirconium are preferably suitable for this purpose. Tin octanoate, zinc

octanoate, dibutyltin dilaurate, dimethyltin dicarboxylate, iron(IIl) acetylacetonate,



10

15

20

25

30

bi s(di met hyl am no) benzophenone (M chler's ketone),
ant hrone and hal ogenat ed benzophenones or m xtures of

W@ 2008/122p2s. (Type I1) initiators, such as benPCI/EP2N81002467

its derivatives, benzyl ketalls, acyl phosphi ne oxi des,
e.g. 2,4,6-trinmethyl benzoyl di phenyl phosphi ne oxi de,
ti'r@ﬂb}ﬂhbpﬁ@gph ichleride itatiraslkylpimpyihg|hy droyides alialt tretebhydroxides,
am éiaﬁ Eicgt?cpaqes Ak antQPJaﬁé’ Jitﬁfh% ?Qﬁl%att chds ving 10 to 20

0oX acefo enones,
piaﬂny hioos Bmhra)tionallrycﬁ)ﬁ side zro(lﬁ bedm@gdoabclomﬁlaayldnmes such as

rox heno urth e bl e. The
f“ﬁ“l F'Yt}'lgmstée}rrsmﬁesnzy Be ﬁ%ﬁyr%ge’}ﬁ %gl e’and
Qﬁmahﬁtycngxe}qﬂarmnmNgNw & '-&fraxaahﬁﬂimnmodm}@rewebo rate and
ne .or redes can d as a jnitiator.
R B B PG D S PE o AR R EHEHDT RS bor at o
t@h&@b&tnyshlampmmdﬂ (DMDEE), (I\ﬁcfdldh@fﬂﬂb@ﬁb’lhl)ehﬁmmf ate
and tet rﬁ% | ammoni um_t

drrasesle meﬁle%m&wawtgtf@uta?@%% NNANs the

BRI BlhskDedigh e, pediahdibl Ricth pe@bBinef Ge@sipiHetagine, N-
new met hyI ene blue, thioni ne, Basic Yellow, pi nacyanol

dimeshylarainosthylpiasrdine, & digethylseigagalend-hydroryaroryligndsgole, 1-
M 25 &kclof. ﬂqé@tal% ] Gfeal@za&bmo[ﬁh YfoctafIBLS] SGiaflamine

crystal vio brilliant green, Astrazon Orange G
RempodReush apiriethanelamive, tRisenreparelaming, Nysyeriyil- ang qthyl-

C%&ﬁﬁnﬂﬁnm{ée&lmélh%ﬁm@efﬁ%& e L&Hrﬁet&rla&u‘hoélﬁa&y?éﬂﬁﬁolb& N-

vant ageous to use m xture of ese COﬁ'pOU
Da gl dabky lamingalky Dleexplydicitidzangs, 9(&1Nd\é Nutsisirheshylaainomopyl)-s-

p}%?%gﬁ&ﬁﬂiaﬁ% GRABi B 2B R S&; %%B&e%gn d 9133

at’or 1 n-a nanner to t pefSon skilled
|tctratnreehygutamdlﬁcl,rlt3¥é6 7,<8ét6aaﬂyéroalr gettgd - p)bmddO(ﬂ @ra)pyrimidine, are
xa reraq repe 4. K. T. ddring (Ed.), Chemstry &
'Pe T%B of "UV & EB Fornul ati ons For Coat i ngs, |nks
& Pa| nts, vol. 3, 1991, SITA Technol ogy, London, pages
FhetBRABrly E’re&fred K:ﬁdlyqithmtdihu'tyﬂtiratikan@teadimethyltin dicarboxylate

4 | benz I hi. n
g T A L S
aiiniamwctdlmMaxmt 1,1 S13rtatparhehydgnamiding and 1,3,4,6,7,8-hexahydro-1-methyl-
fl hen %hexyl borate, tetranethyl amoni um
tZH %’%’é’“d%(ﬁgﬁémﬁu%ﬂ hyl phenyl ) hexyl borate with dyes,
such as, for exanple, methylene blue, new mnethyl ene
lth additicz furtberSuxibiytiés and additives eppalse1Be prggehl ia el s8tems
grcclzor(lhlng trc]>tth {nseentlon clrh%sset a?el: fc\>/rI e%lzlmple solvents, plasticizers, leveling agents,
antifoams or adhesion promoters, but also polyurethanes, thermoplastic polymers,
oligomers, and further compounds having functional groups, such as, for example acetals,

epoxide, oxetanes, oxazolines, dioxolanes and/or hydrophilic groups, such as, for

example, salts and/or polyethylene oxides.

Preferably used solvents are readily volatile solvents having good compatibility with the
2-component formulations according to the invention, for example ethyl acetate, butyl

acetate or acetone.
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Anmi nes and netal conpounds oflthe netals tin, zinc,
iron, bisnuth, nmolybdenum cobalt, calcium nagnesium
driduidd haygigaed disseluppe properbibsy loswyolatthikyeantl @rhighttioging point are

g#%igrga?lg Td % p%%t{lnﬁﬂa?saih%se dliwebg))%tel auple ﬁ{lsog{lt?ﬁd)ﬁaw Hl-n-butyl

aad'qiasel, abeymma@,ta, nmbidfc)xyefhhcmuonaj eplyzthcvs, sotﬂ a3y fod example,
eﬁlaleag glyc it kmﬁlflhyl et){l?rrlf%)\(lfnggglﬁm l lélgflzrlage ql(klar mass o% fr?m 250
Sgiﬂnblsto 2600 gimgt @ ipaiyprobgletieyglwol sl dmamrers @f 34 écnpdlndsar bon
at ons and optionally OH side gr oups | ead octanoate or
rt | anm ne such as tr a m
sk A5 b DS Rh Rorebls R e Iy abdqiives'or 3R Be. of
ddonise hyﬁla}ymdﬂmnymm to use a plurality of additives of a plurality of types.
N, N, N, N -tetramet hyl di am nodi et hyl et her,

SRR TP RBrBHSI Y RGPl ey~ teE) ies Ra
Ndﬁ&lﬁ‘/kﬂﬁﬁéﬂﬁcﬂﬁblsfts éroline, NN, N ,6 N -
t et ramet hyl et hyl enedi am ne,

- { et ranet hyl but anediam ne, N,N,N , N -
R asp Rt L e AR H- '
pent anet hyl di et hyl enetri am ne, di net hyl pi perazi ne,
Ni 178 vl byl vesighin ofdomplopenp €l | di ne, 1, 2- di met hyl i mi dazol e,
N- hydr oxypr opyl i m dazol e, 1- azabicycl o[ 2. 2. 0] oct ane,

ﬁéc{l}aza gc 2 nfDi] oct ane (Dabco), or al kanol am ne
nHeE 8 G HS Y I"ét hanol ani ne,

tr| I sopropanol am ne, N-nethyl- and

N. @1k % By etelphnafl camporent B) nmet hyl am noet hanol

2- (N, N-di net hyI am noet hoxy) et hanol, or Nt ris(

[ al kyl am noa I hexahydr otriazines, e.g.
%ﬁﬁi‘}’eﬁh&’ aY H yl am nopr opyl ) - shexahydr otri azi ne,
diazabicyclononane di azabi cycl oundecane, 1,1, 3, 3-
te50% v twleighgefankidinmes,and adlitdve, 7, 8- hexahydr o- |
-met hyl - 2H pyri m do(l , 2-a)pyrimdine, are
particularly preferred. Particularly preferred
catal ysts are dibutyltin dilaurate, dinethyltin
di carboxyl ate, iron(nm acetyl acetonate,
| Thé-naikmreaiveferpbly opdists df] oct ane, di azabi cycl ononane,

di azabi cycl oundecane, 1,1, 3, 3-tetranet hyl guani di ne and

La6o8: 0085ty SN BF Qndpohidat BY | -
2-13% by weight of component C)

0.001-1% by weight of component D)
0.001-1% by weight of component E)

0-2% by weight of catalysts

0-15% by weight of auxiliaries and additives.
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weRhosAtzens according to the invention.

2Hpyrimdo( 1,2-a)pyrimdine. In addition, further
auxiliaries and additives may al so be present in the

exanpl e, solvents, plasticizérs, |eveling agents,
anti foans or adhesion pronoters, but also
pide yuixtetedeees¢ prefeeabipginsists o€ pol yners, ol i goners, and
further conmpounds having functional groups, such as,
fQr, I { de, oxetanes, oxazoli nes,
é?énggﬁg %§%§f§%°ﬁ?%%§g %Iic groups, such as, for
exanpl e, salts and/or polyethyl ene oxides. Preferably
uged5¥6 by enight efrcempemdi €)y vol atil e sol vents havi ng
good conpatibility with the 2-conponent fornul ations

C Q& . ' ion, for exanple ethyl acetate,
gﬁ?gfﬂicef ?8%%§m%gé§gﬁe.Liquids havi ng good
di ssolution properties, low volatility and a high
Boi-BYaty woghtof compopenéEr abl y used as pl astici zers;
these may be, for exanple, diisobutyl adipate,

j ' , di butyl phthal ate,
g%%%ﬁgg%%%§?gﬁﬁ%%ﬁonal pol yet hers, such as, for
exanpl e, pol yethylene glycol dinethyl ether having a
rfh@fe by avghiefauribhags angaddityfes.f r om 250 g/ nol to 2000
g/ mol or pol ypropyl ene glycol and m xtures of said
conmpounds. It nmay al so be advant ageous si nul t aneously
to use a plurality of additives of one type. O
course, it may al so be advantageous to use a plurality
Offhe arpdir ratipend tg QH isrtapically from G- 19ek0, prrdably foum0d04e 1.25.
the conponents B) to E) and optionally catal ysts and
s ipl s@gtklﬁ§a(§&qiﬁqg H{e'h%%ﬁtidﬁsalr'@tllsluyll}p&%ﬁeatbg a%ﬁ'ocedure in which
24.999-99. 899% by wei ght of conponent B) 0. 1-75% by
viestgH componentagsa prph for G)e oly3geyppateief e mifed daisna appthep) This
- 5% i f t - 40 i . .

S B AR o and GFRAREE ol et ANl n e
addrdam mesng t§heolegx surheis foedxemalsisirrabyesietstas both dynamic and

static mixers. The temperatures during this procedure are from 0 to 100°C, preferably
from 10 to 80°C, particularly preferably from 20 to 60°C. This mixture can immediately
be further processed or can be stored as a storage-stable, intermediate, optionally for

several months.
If necessary, degassing can also be carried out under a vacuum of, for example, 1 mbar.

The mixing with the polyisocyanate component A) is then effected shortly before the
application, it likewise being possible to use the customary mixing techniques. However,
apparatuses without any, or with only little dead space are preferred. Furthermore,
methods in which the mixing is effected within a very short time and with very vigorous
mixing of the two mixed 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

These BCHEP$008/002467



86.998-97. 998% by wei ght of conponent B) 2-13% by
wei ght of conponent C) 0.00 1-1% by wei ght of

weawgarem D) 0.001-1% by wei ght of conponent HEYT/BP298/002467
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by wei ght of catalysts O- 15%3oy wei ght of auxiliaries
and additives. The mxture |ikew se preferably consists
ofegardedgfig7thg pitiye weleghvacolim ob Apyenanple,B) miap irgerd&9p kamove the

. i t 0 ..
U505, SRR oo Rl U g S AR
cgitealaykhs 1iQuid Govmblatiorewhyieh, dependingioh itleercomposatinh, cures within a few
A ey TG TSR kel NCO Lo CHie Lypically

Mos T0 2.0 erpaafyfrom090t0125 The PU

systens accordlng to the invention are usually
ObtediUneystetny aca;omingae therigventionire prl&fa%zibﬂ)satdj wited so ch:rptim ewrirng,at

I‘)églfel téli;pfeloarﬁ;\ﬁ E é’nmsr%%%x%n (}e (gl% A P prg’%eﬁecg er}%od dnenp She
ajupag BtaU&%at&hlﬁyMéa@ﬁg‘ths e)nmlaﬁcheaﬂaeﬁMg te kerﬁﬂeexﬂlrbsl’bet\iikf?,n 30

G B vt B 1O ety ERP k100"

tenperatures during this procedure are fromO to
IIeiddiateDy aee mddihg/offall@Binpéheh, tBOPETyurpthisidel s@stéray dcyording to the
prefera from20 to 600C. Thi

HP%&%?F/ y"SB‘E‘t’F& PLIRRIP tSERGTALYS t%}ca@%{ﬁo‘ﬂggéct O30 a5,
Sﬂr%ﬁg@'fﬁ)hﬂwO&o 20 D0EHPERE] ipadtieuladppreRidlyl fyonk 00 158 60@Pas,
nonths. |f necessary, degaSS|ng can. al so be carried

COha Higs have VSR ERARPOFeSSING Progxfifven insofysairireeform. I afoljion

vwhsulitme M&ts&%y@mher&&mwaﬁrear 1egssth51hmo©frmcst ed
S ortb])p/,éeoret eappllcatlon kew se
(&

pafsiablydess Sap 300 mea g Bﬁlﬁﬁﬁmprﬁﬁe@h{desﬁ éﬁﬁﬁp‘wgg 6 an be

HoMEN&§Eq. apparatuses without any, or with only little
dead space are preferred. Furthernore,

The present invention furthermore relates to the polymers obtainable from PU systems

according to the invention.

These preferably have glass transition temperatures of less than -10°C, preferably less

than -25°C and particularly preferably less than -40°C.

According to a preferred process the formulation according to the invention is applied
directly after mixing to a substrate it being possible to use all customary methods known
to the person skilled in the art in coating technology; in particular, the coating can be

applied by knife coating, casting, printing, screen printing, spraying or inkjet printing.

The substrates may be plastic, metal, wood, paper, glass, ceramic and composite
materials comprising a plurality of these materials, in a preferred embodiment the

substrate having the form of a sheet.

In a preferred embodiment, the coating of the substrate with the formulation is carried out
in a continuous process. As a rule the formulation according to the invention is applied as

a film having a thickness of from 5 mm to 1 um, preferably from 500 pm to 5 pum,



methods in which the mxing is effected wwthin a very
short tinme and with very vigorous m xing of the two
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particular those in which th-conponents A) and B) to
E) first come into contact wwth one another in the
rpagenlagy prefeaatly from ap luyn te §ivnadldevefygrartichiady prefepadefrom2p sun

i xing . can he effected at tenperatures of fromO to
?@é@?gﬁ?g’?é\aﬁgw at from5 to 500C, particularly
preferably from10 to 400C. The m xture of the two
dﬁfﬁé&ﬁ&l’ﬁfﬁ sb&aeaxscb ddbaiare, Opdiblevahted shzkts arebladegas&e d;vmch

after t under a vacuum of, . for_ex

G o P 4 i BRpH cPbGY Ut e SRR s sored
vevRMralttiwitHsor mat i on of bubbl es in the pol yner |ayer.
The m xing gives a clear, liquid formul ation V\,hi ch,

p n he co 0Sj t] cur.es

dBB St Brsfired SbaHITG th toprH ) P b g Eovetgd on born
SYfek By Radp 4t dwagattegg i Fretiduly gmtticczﬁ ghkE fRtaE purpb¥eYhe
adjusted so that the curin room tenperat ure begins

viPEpilaionbrine E%‘“?‘bbeé‘ﬁ@nﬁléﬁﬁ“gmlaﬁs held plemesxadt gpasing S frawrtto 2
the, frtelabg flot S &Ll ShAl, ?Qm@MarlISe]ﬁEfeﬁmytﬂlﬁn {2tk &nd, @D

after mxing to tenperatures between 30 and 1800C

pragicalag bp yant, apghihg @uhsaatsszm kepient theeitch raging patildhefgryulation
fHaQEBn?;QetEl? soIREG: anhm Ieﬁ;&l‘ Yowf ter m xing of all

conmponents, the pol yurethane systems according to the

i nventi on have viscosities at roomt enper ature Of
tThsimatarials usednmtheoubsirateren ob@ursPhavs, a phirakits phlayers.fiyis ppssible

]bgﬁl t*oPth@ Qubgﬁ)%e g? @nsist o@ @a?t:r’s Grh ﬁHaMtny%ftfeE&PhMteﬁElQ BPRPit

have very g
mdme@lwmfghqypdpmmmek @@émgs|hﬁv19mdﬁémmalmr@@nfee,rsmh asn a

SBRALER I LR BRI SFOLLES Bl 08l
trbmﬁanza@t)tlnwﬂ’actign pEacticcnicantdiy waveldngthaligys, iregevadramns$Of

a- Sp .can be established. The present invention

furthérndre rel ates to the pol yners obtai nable from PU
systens according to the invention. These preferably
H&remagdﬁaBthamadl by bneoof theangikodadescebedahn thes be tded rﬁor-tlieOOC

ﬁgc%é %r%%!olg%%% IE’OAC Cs ?%gcg)sg t?vg i t%r tel Cal}'lr? ga{ sgd t% r% r?er% H’l tXe
frodterial by 4 mathad kramahi to gletpersblhﬂqlildd\lmﬂielaﬂ f h«slogpmiyl (BHariharan,
Optical Holography 2nd Edition, Cambridge University Press, 1996) so that a hologram
forms. The exposure of the hologram can be effected both by continuous and by pulsed
irradiation. It is optionally also possible to produce more than one hologram by exposure
in the same material and at the same point, it being possible to use, for example, the angle
multiplexing method known to the person skilled in the art of holography. After the
exposure of the hologram, the material can optionally also be exposed to a strong,
broadband light source and the hologram then used without further necessary processing
steps. The hologram can optionally also be further processed by further processing steps,

for example transfer to another substrate, deformed, insert-molded, adhesively bonded to

another surface, or covered with a scratch-resistant coating.



directly after mxing to a substrate it being possible
to use all customary nethods known to the person

W@ RGBI1Z7202 n the art in coating technol ogy; in PCI/EP2008/002467

10

15

20

25

particular, the coating can-be applied by knife

coating, casting, printing, screen printing, spraying

oFhei hokggemspradutaedriy. onF héths piesessetdeserilred/capeernyt fosdate storage, for
I n

5t Rpreaf Dy o FREF ALPRR e AFEANE: R ReBRRAR Bapel

[ napxasqmaaﬁxeoﬁpetkomm@mem lahd foin eaestutlh&ttrfahtmnhd‘a ipargort drevf an

rre i.ment e .
Sl e e S tion pEreroa Pl PRI IRERE BRERD of s 2 miror, s
Chiter | aatiff@sitin scited aQiiffiaitivn@LeBnept, BC R al Wiseguideing/ot heask.
formul ati on according to the invention is applied as a

m havi n th ness of f 5 t .
pJF*bef% Aeior ot B KO Bl [t e B B P aeatipg g the
1hﬁdiih510mrtﬁé prodiuti oo Btiatb gyaphi¢ nisial hrittb &fel hplogfaphie hldialas such.

from25 mMmto 10 mMmto the substrate. In the case of a
sheet as a substrate, fl j hi oat ed sheets are thus
obt ai ned, whi ch sheets, EéégﬂgL@gse of a conti nuous
process, can be rolled up after curing and thus stored

02-:€Hompeiveat fdrnfiditionsa hi a further preferred
enbodinent the fornmulation is applied so that it is

d h sid t t '
B S P N S A R R
fﬁﬂﬂub@ﬁélﬁﬁﬂoxhﬁiongl eambedvbegavadar hize aldehbSi(r ginels vl glof

n exac ing of fr 1t fer rom
ho B gl b et PP et X G O g
nS'ﬁemhlﬂy ORIntikald) hid 0.02(0g 6D, 6-ainert HbiG1-SuR el [pALRS b &irAfg thls
at the exact spacing until the fornulatlon has
c‘@’?ﬁ’l’%’ltép)ﬁ Wil 2 gleps Sé?amaﬁ &awﬁseﬁb 38 8QER Pelyisesyamtfgobtained

NRde hé;@h§dlu§@>gn@§wttﬂ & hipH Psdpbaios of 8didfinCAbKeS® AR RP
plurality of layers, It is possible both for the

s texparanants! produgt 8§ Bayrer MateaplScignce A (NG pqntgpt: @8.5%) were
distd &rtBOsodVRLRS dodlpengind for it additionally to have,
for exanpl €, coatlngs havi ng addi tional properties,
such as inproved adhesi on, enhanced hydrophobi c or

hydr ophi lic properties, inproved scratch resistance,
antireflection properties in certain wavel ength

rﬁ@gﬁﬁongnmrgl\(@giog\pnness of the surface, etc.

The isocyanate-reactive component was prepared from 2.70 g of a difunctional
poly(e-caprolactone)polyol (number average molar mass about 650 g/mol), 4.05 gofa
difunctional poly(tetrahydrofuran)polyol (Terathane 1000, commercial product from
Invista, number average molar mass about 1000 g/mol), 0.40 g of 1,4-bis(thionaphthyl)-2-
butyl acrylate, 0.030 g of Irgacure OXE 01 (product of Ciba Specialty Chemicals) and
0.620 g of 2,6-di-tert-butyl-4-methylphenol by stirring this mixture at 50°C until a clear
solution was present. 2.80 g of a polyisocyanate obtained from hexane diisocyanate with
a high proportion of oxidiazine dione (Desmodur XP 2410, experimental product of

Bayer MaterialScience AG, NCO content: 23.5%) was used as the isocyanate component.
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in the material by a method ¥own to the person
skilled in the art of hol ography (P. Hari haran,
Gfrwpbnerd faygrigstep @nd Edi ti on, Canbridge University
Press, 1996) so that a hologramforns. The exposure of

t i @élc gﬁ) - : by
pu| se zilglrg{eg cgtl on. Ogﬁ%gfop}fl on{’il?;{{?)’e‘? ?‘85‘3 BI eg¥o
pﬁﬁmgt@cexakm)éwm@a@m)mmbgmmweremslm mass abctuh ¢0Qagrmpol),

1l R OE R BEIAE SRRl

tpnochhtaofﬂxwism musmkiérl averdgd molatveasarthoud 000 rogl), @pll@)g of Afdt er

SBRHESRARE A B85l SRR L R TRED! Bolifariare

| Sp@hﬁltﬁ@hﬂhﬁ@ls@ aad 0.020 é‘lﬁﬂ mdlam%h@h4m&ﬂ1p&ﬁ&W§tlmng this

furt her essar rocessi ng steps. The hol ogram
e D i S e P RO B e 2 8 g g peiie e aRle Shtined
MRS BSGhd Pissdyaite with b hik prapbeioh bANS{IRhe (DesadOErNEI100,
substrate, deformed, insert-nolded, adhesi velo/y) bonded

tSOMERERH 8]?0 ducof Bayer WCF@W@%A% IﬂqllO gontent: 21.5%) were used as

S6¢ Bb&Andi€SnpbAdk. coating. The hol ograns produced by
one of the processes described can serve for data
storage for the representation of images which serve,
(rmparatiyn Example 2-compenenttormulatie Donal r epr esent at i on
of persons or objects and for the authentification of

AHREJoS Rhate redfivedddnipohdn€ ves prEfired fitn PODEUYEL almcﬁénaan
opti cal elenment having the function of a |ens,

rﬁo}x(&svrahysroﬁrﬁr%?lyoléTH?WWSB,rFOweé% progugtiof F%seat puypper
elvei B holafrRasd Rbdu 850 %ﬂi ﬁ%(ﬁﬁoﬂm&%mé‘haﬁﬁﬁg 2-b081 acryl?te
ur

i nvention therefore thernore relates to the use

S Rt dpaen@XB O drradusgoltoba Preciahy Ehemigtsliand R0 g of 2,6-di-
REL. gﬁ’tﬁ 4. %th9lfph$h%l 9y9£tf'i‘ﬂﬁ‘§ t‘fns %chﬂ:’ at %b@ﬁ U1 § B€ar solution was

hol ogf aphi ¢c” nedi a as such S 2- Conponent
froesantl a8l ool %pdh@cvg@@wbmteé frp@d@tcw@lmwm@wémh aeigh

B;Ir ?lfo%%f ]2»518 e él%n%ﬁ m@t}ug ?@LE%_%& 'e%@llmental prod\]lct of l?Tger

ol'y(e-caprol act on €r ‘average nmo
Maertial Bahcg AGpNLO @nigot: g3 &%o) were used as the isocyanate component.
|, 4-bi s(thi onapht hyl )-2-butyl acrylate, 0.030 g of
Irgacure OXE O 1 (product of Ci ba Specialty Chem cals)
and 0.020 g of 2,6-di-tert-butyl-4-nmethyl phenol by
A Comporgnt formulation E (is like STON 482)

The isocyanate-reactive component was prepared from 5.797 g of a difunctional poly(e-
caprolactone)polyol (number average molar mass about 650 g/mol), 0.900 g of Propan-
2,2-diylbis[(2,6-dibrom-4,1-phenylen)oxy(2-{[3,3,3-tris(4-chlorphenyl)-propanoyl]-

oxy}propan-3,1-diyl)oxyethan-2,1-diyl]-diacrylate, 0.030 g of Irgacure OXE 01 (product
of Ciba Speciality Chemicals) and 0.020 g of 2,6-di-tert-butyl-4-methylphenol by stirring
this mixture at 60°C until a clear solution was present. 3.252 g of a polyisocyanate
obtained from hexane diisocyanate with a high proportion of oxidiazine dione (Desmodur

XP 2410, experimental product of Bayer MaterialScience AG, NCO content: 23.5%)



m xture at 500C until a clear solution was present.

3.54 g of a polyisocyanate obtained from hexane
Wa@iRGogazohat e with a high proportion of oxi di aRCTEP2008/002467
di one (Desnodur XP 2410, expérinmental product of Bayer

Mat eri al Sci ence AG NCO content: 23.5% were used as
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The n ve conponent was prepared from
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(nunber average nol ar mass about 650 g/nol), 4.05 g of

a di functi onal poI y(tetrahydrofuran)pol yol (Terathane

000, c rCi od vi sta, nunber average
#EE%PP?ME °5'BBlai‘F' %dal@f ﬁy@u@ 40 g of
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and 0. 02 i -tert-but
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Y PaEnid <Or I b I Ur sk 98 5 OBk B FRRR O 01 (produc
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was used t he i socyanate
é}@m@ﬁ@m a@%mhérﬁleaf GPlHiPT VD AregeiHe594 g of a polyisocyanate
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mass about 1000 g/nol), 0.40 g of 1, 4-
bi s(t hi onapht hyl)-2-butyl acrylate, 0.030 g of
Irgacure OXE 0 1 (product of Ci ba Specialty Chem cals)
and 0.020 g of 2,6-di-tert-butyl-4-nmethyl phenol by
Shestrspéairgerts Iwege producet o the?0@@pamnit forgulatiens statedlinithe gable by
& Y,
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2 component for rrul ation D
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di functi onal
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capples hes ARy gsovsre first ﬁa&%&f 39 panygpent FRONHEMPRALTe ARG then

mdQAmbhomga%QCg of Propan-
2-diylbis[(2,6-di brom4,l-phenylen)oxy(2-{[3,3,3-tri

s(4 chl or phenyl

) - propanoyl ] -
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. of a polyi socyanate

1 = Exposed region is detectable with the naked eye only with very great difficulty after a

certain observation time.

2 = Exposed region can easily be detected immediately with the naked eye.

3 = Exposed region shows a strong turbid halo.

The 2-component formulations described were rated as follows:




wepsn2izent al

obt ai ned from hexane diisocyanate with a high
proportion of oxidiazine dione (Desnodur XP 2410,

product of Bayer

Mat er i al Sci enc ePEIEEPNGEN02467

content: 23.5% were used asl%-he isocyanate conponent.

0.010 g of Fonrez W28 catalyst solution dissolved in
Bu€yhpanentt at e (L& w - % Buere u€ed to|&ccel efdt e F
W lH%qﬁhzation feaction. Test |specimgns were produged
fromthe 2-conmppnent fornulatjons stated in|the taple
by m xing the i$ocyanate conponent and the

iRioganat e-reactilve component |Rn thej8taded|datio Wth
addi tion of the|stated|anmount [of di mpthylti
tcarboxytate—(Fonmrez—U—28—product—of —GE—Si+cones)

as a urethani zation catal yst. The respective m xtures
were then applied to a glass plate and covered with a
Secoidthg farsmlapbst A& ByiahdiCs pach centiio pollyester iphiyols whms ghoesed

ek SPatait
FoboksS.

For curi

first stored for 30 m nutes at
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room t enperature and

then cured for two hours at 500C. For testing of the

opti cal properti

es,

speci nen was then exposed at points by causing two

| aser beans (|
speci nmen.

according to the follow ng classification:

1

= 405 nm to interfere in the test
The appearance of the sanples was then rated
Exposed

a correspondi ngly prepared test

region is detectable with the naked eye only with very
great difficulty after a certain observation tine. 2 =
Exposed region can easily be detected inmmediately with

t he naked eye.
turbi d hal o.

3

were rated as follows: Overall,
and C, which contain polyester polyols thus showed
better transparency than the formnulation D which

conpri ses exclusively a pol yether

Exposed regi on shows a strong
The 2-conponent formul ations descri bed

the fornul ati ons A, B,

pol yol . WHAT I S

CLAI MED: 1. Pol yurethane conpositions conprising A
one or nore polyisocyanates,
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B) one or nore polyols, conprising at |east one
pol y(e-caprol act one) pol yester polyol, C one or nore

Weawpas2es havi ng groups which react on exposuPEl/ER2008/002467

actinic radiation with ethyl?nical |y unsat urat ed
conmpounds wi th polynerization (radiation-curing

C ‘ionally one or nore free radical
stabilizers and E) one or nore photoinitiators. 2.
PoI yurﬁ)q:lapeﬂ. QQJHﬂQ f b LS AS; rding to Caiml,

erein "at [acl-:\last 60Y n% ?g‘&? of the polyisocyanates

of conponent A) are based on aliphatic and/or
cycl éalonphamprg pdlyisogyadidtess trii socyanates. 3.
Pol yur et hane conpositions according to Caiml,
wher g§ ol BEmBe 3BGbis! @hptin Ba I la I
pol y%e (I:lapr oP{ae?t %ne) pol yelg% o ?neg PYE %agro gtone)po yester
pol yol gobbl,conponent B), is at I east 20% by wei ght. 4.
Pol yur et hane conpositions according to Claim1,
wher gi LR r
e e} ek B LYo APARI ASEARELREL FESt T AL S
to 2000a@¢timIWI@red1yéﬂmmlhem§g@r®d ct)mlno}mdswah polymerfizafiprom
1.5to0 ane conpositions according to
Caim fradbxgloncunn}é % lar ratio of NCOto OH groups
therein is fromO. 90 to 1.25. 6. Pol yurethane
conpb}idptiondly ancamiire ffe¢ wdiChlatamlikers wivkr ei n one or nore
conmpounds of the group consi sting of 9-vinyl carbazol e,
Vi ny nol A diacryl ate,
t et rg ?’%Pn%{)@ gcr)]tg{ﬂk d|$acr yl ate,
|, 4-bis(2-thi onaphy hyl)-2-butyl acryl ate,
Fent doburtiphe sympoaitiond ast@ding spBlainy |, veeropd aitleasiififle by weight

or 0p i . T
D pnengiedeieaRty® Fybtodith B ERER on lgpatc e oy

I ] oxyeydlpalppativali-Znd/odiriidorypagtes. hane- 2, 1-di yl ]

di acrylate are used in Q).

3. Polyurethane compositions according to Claim 1, wherein the proportion of the
poly(e-caprolactone)polyester polyols, based on polyols of component B), is at

least 20% by weight.

4, Polyurethane compositions according to Claim 1, wherein the
poly(e-caprolactone)polyester polyols of component B) have number average
molar masses of 500 to 2000 g/mol and an average OH functionality of from 1.5 to
4.

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

to OH groups therein is from 0.90 to 1.25.

6. 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-
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7. Polymeric plasties prepared fromthe pol yurethane
conpositions according to Caim1l1. 8. Polyneric

pl astics are layers or noldiflgs. 9. Polyneric plastics
according to Claim7, wherein the polyneric plastics
have chlogtphenyDpropprsivilpon propmse) hilinhexygthanead b-diyHahacrylate are
'400(&sed1iﬁ-c Hol ogr aphi ¢ nedia conprising the

pol yur et ar%e conpositions of Claim 1. 11. Hol ographic
medi a conprising at |east one polyneric plastic

ak c orRglymegric plasting prsparefl &iopps th pelyurgthane compositions according to

Claim 1.

8. Polymeric plastics according to Claim 7, wherein the polymeric plastics are layers
or moldings.

9. Polymeric plastics according to Claim 7, wherein the polymeric plastics have a

glass transition temperature of less than -40°C.

10. Holographic media comprising the polyurethane compositions of Claim 1.

11. Holographic media comprising at least one polymeric plastic according to any of

Claims 7to0 9.



