- 1 - TITLE OF THE | NVENTI ON Speci al Pol yet her - Based Pol yur et hane
Formul ati ons for the Production of Hol ographic Medi a RELATED

APPLI CATIONS 5 This application clainms benefit to European Patent
Application No. 08017278.6, filed October 1, 2008, which is

i ncorporated herein by reference in its_$gtirety for all useful

pur poses. BACKGROUND OF THE | NVENTI ON he present invention relates

to novel polyurethane conpositi g p\bE¢ tageous 10 for the
production of hol ographic nmedia, Inter glEiﬁggFgg ata storage, but

al so for optical , |ications _of different types. In the structure of
hol ogr aphi ¢ ne“%r-“a*}%gb’e@é%@ﬁeﬁ Belypstheys Eprmulations for thefiradustien effqlegraphic

stored in a polynmer |ayer which substanyig |y conprises a pol yner
matri x and very special polynerizable nononers present in uniform

distribution therein. This matri | vner nmay 15 be

pol yur et hane-based. It is pr epah@&g‘g‘ﬁ r@P%CXTmS

| socyanate-functional materials which are crosslinked with polyols,

2 ug 236‘; 525)I {/J"éhihl @;pﬁ;ﬁonplbﬁmgﬁbgﬁﬂg E\Mopba%lzrg&gw;ficémﬁmlt 081117218566ﬁ1edd oL
, , , . . 6, , 54 i scl ose pol yet her-base
matrices foréﬁglger?hzcﬁg %@?‘éﬁﬁﬁ?’ﬂ%‘%‘%ﬁ‘,ﬂ '?Ycrﬁ%&?“%e 115 ERaRYiton alypsefals e d

on trifinctipepdsepol ypropyl ene . oxides (PPO and m xtures of
poly(THP) with trifunetional PPO Sone of the fornulations 20

descri bed there contain PPO ' QNIDO Mh < 1000 g/ nol)
as a mxture with pol y(THF) ﬁ%‘fl‘g@;ﬁg Vi %ﬁ?@f‘v@ﬁ% up to Mh < 1500
g/mol. A very simlar approach is described in JP 2008015154 A
20080124. Hekhe presht impntionaelates 14 ravelmplfurethmne cdnopositionrnalich me edrantageoss

and m xt y§ eSgPhe BRaKEHES 2 . | PP ' i .
2003044650 A 8630505 GERABEaES %ﬁﬂ;&?gﬁ%ﬁégﬁsﬁgﬁ%ﬁﬁﬁuﬁw Kot
Desnodur (r) @pliegtigesod diffeentbes- (r) N 3600 or Baytee WE-180 and a
trifunctional PPO based on glycerol, having an M of 1000. In

addi tion, inpdR ﬁ@&&%@ﬁ%\gﬁ@@ 0863 2¢ desgaﬂba&% @fsfﬁﬁﬁ,ﬁ%g% Lsi%@?ed

having rel at vel(% hlgl%h 1‘-‘%{1 ues (> 30C) are use !

nedi a. | n WEP200B0e0PEY wWiichybdatially comiryesernetymenmetrix and very special _

pol year bonat gihasieshiPRbiGhes HeSntBlifdih distribution therein. This matrix polymer may
15 be polyurethane-based. It is prepared starting from isocyanate-functional materials which

are crosslinked with polyols, such as polyethers or polyesters, with urethane formation.

US 6,743,552, US 6,765,061 and US 6,780,546 disclose polyether-based PU matrices for
use in holographic media, which are substantially based on trifunctional polypropylene
oxides (PPO) and mixtures of poly(THF) with trifunctional PPO. Some of the formulations

20  described there contain PPO having a low molar mass (Mn < 1000 g/mol) as a mixture
with poly(THF), also having molar masses up to Mn < 1500 g/mol. A very similar
approach is described in JP 2008015154 A 20080124. Here, the matrix was formed from
difunctional isocyanates and mixtures of poly(THF) and trifunctional PPO. Likewise,
US 2003044690 A1 20030306 describes the synthesis of a PU matyix from Desmodur®

25 N 3400, Desmodur® N 3600 or Baytec WE-180 and a trifunctional PPO based on glycerol,
having an Mn of 1000, In addition, in JP 2008070464 A 20080327, polyether-based PU
matrices having relatively high Tg values (> 30°C} are used for holographic media. In
WO 2008029765 A1 20080313, polyester- and polycarbonate-based polyols are used as
components for polyurethane matrices for volume holograms and holographic media.

30 WO 2005116756 A2 20051208 describes low-Tg polyurethane matrices based on a



conponents for polyurethane matrices for vol une hol ograns and

hol ographi c nedia. 30 WD 2005116756 A2 20051208 descri bes | ow Tg
pol yurethane matrices based on a - 2 - mxture of polyesters and
Surfynol 440 (Air Products and Chemicals, Inc., Allentown, USA), a
pol yet her with al kynedi ol starter for en%ossed hol ogr ans.

Furthernore,_. 143, P, 2007 234, . JP 2007101881,
U 2007007 7B o BOEEYSs 2t SURARPAA s Bbaf el teients Inc, Afentotia
trifinicti oddh),s modfeiimpr ot sdtltyacdinl stteter for embosed helogrameh PU matrices .
in the area of hol ographic data nenories or as "vol une-type

trer e whe oSSR, F RRENARE 205 T, B RURRRIA RGP REREL S 2o
prepol ymer U8 20000aB498emdrys pr07g07210% darefibSthe e SFEndasRActidhal he

presence. of 1,4- hutanedi.ol as a chajp_extender. Anal gqgous .
f or nul atd on&ojla?fgpﬁa?l?cq CPRRCEHRN Y B rastriess yring a5 pf rolgereahia datp

2007272044 femofikeoras e%l%elﬁﬁéfhﬁldﬁph&rﬁpﬁé‘é} ALtk lfa@dlaﬁ. T8 isoBhnate

nd
"high density vol une hol ographic recording material”. The patent JP
2008070464 ¥Ezpoppasediervasciyalohexsimethaneidot-disoayanate CHIANPI Alor 4 or

hol ogr aphi ﬁ%rg?&éf’mgfdﬂ%@ﬂ%v@ﬂgmmgg% ?cgﬁel:?yﬁg}t% r%"ré gog'ﬁ?{/ (%'S%qﬁ [ﬁ?etp%siegéesoqup

recordi ng I's case, avi'ng a number
aver age nol utanediod ay dhainéxtG@er. ghalbpgowdsrnudaibna srealischaedinahd pneey

noca. AT BT EReh St Rodip s ST L RBrbroR oo e Tomion”
hexamet hy| end “tighsiensignahenahslé@aphieeoading tidterBS G asntide 2008076464 N

the patent JP 2007279585 a ma{ rix material for the production of
"hol ogr aphi ¥CSFTECHAY a°a§§9f@u AR apwatris spateria for belogwaphig datadnemarics and -

However, a %ﬁ%@%ﬁi&t@aﬁdiﬁg ntalaﬂaimweeceﬁﬁry%&hs&immgg SYShFtRe 1'3&31
particular for 20 optical "applications outside digita ga a Storage,
i s that théagigiagpabeeatsriggimalesnass{Mnhef G081e6yelavas usebasacthiain extentier and,

medi a it qg ali@i¥on 41128 2 é{e%ﬁn&tﬁ&i’l ei &56%1@.9%8 %@ allrlac% 1232%1] é& Eﬁe@{u‘ﬁlj %éi,]\ée

di fference between the refr Ive 1'"ndl cés u
Writing normimropydene osidsrinkémbituidnhveitiohdramethglene digncynbie ahdoyDesmodur®

variation qf e matri ol yner, i j bl e since good )
conpati bi | ﬁﬁ?&’@fwﬁ?cﬁé?‘f }"S}K?)B?tf/‘ﬁé]r) Piirertib i ridh o fhg progiuction of
further 25 “Golvgephictrecopdieg &iytrs? and £ ohBtaltcatdinNEeditigt. al ways be
ensured. Furthernore, for processing reasons, it is of interest to

ensure that__nixi ng an rovi si,on of the fqrmulations are as, sinmple as
possi bl et 1wl ddipaviagy R kofn anlgpistari-bied St N on
to provide dpeve lapiledabioriseduiideediSie B istok28Sis Wit 81 aBBEVible WRigdAflebsSIT the
contrast ratio and inproved brightness of the holograns without 30
sacri fi ces hafagrmsesiorae in sush mediads iagdewpTheireasesn fasithindsin ganesal lthatihe relatdve
witing no I OG- o S 4. i
abovenenti one E?cgg])ﬁﬁ%rﬁrént S %éa{trr\\’gl%deﬁérfcgtg k??%g@%‘?@ﬂ%%%@@%ﬂégg 518 c;)/nci)?rsls
are used f deo syall kinsthe pihgr hand, avearbitrarypatigticer of the matrix polymer is not possible

since good compatibility of the matrix polymer with writing monomer and the further

25  components present in the formulations must always be ensured. Furthermore, for
processing reasons, it is of interest to ensure that mixing and provision of the formulations

are as simple as possible to carry out.

It was therefore an object of the invention to provide novel polyurethane compositions
which permit a better contrast ratio and improved brightness of the holograms without

30  sacrifices with respect to the compatibilities of matrix polymer and writing monomer.

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

special polyether polyols are used for synthesizing the matrix polymer.



- 3 - EMBODI MENTS OF THE | NVENTI ON An enbodi ment of the present

I nvention is a pol yurethane conposition conprising A a

pol yi socyanat e conponent; B) an isocyanate-reactive conponent
conprising a hydroxy-finictional 5nulti t_)PQck copol ymer Bl1l) of the
type Y(Xi-H n having a nunber average nol ecul ar wei ght of greater

t han 1000 g/ ol ; wherein X E'MB@DRX?I@*I@H @?VEF?’I%N‘C ormula (I):

-CH2-CH(R)-0-(l); 10iis an integer fromlto I's an integer from 2
to 8; is a hydrogen, alkyl, or aryl radical, wherein said alkyl or
aryl radi cafniembadimestel thy presans inventicads a polywethana gomedsitipn gomprising

het er oat om and I's the fundanental initiator and the

proportion of th#)segnealyisocxanated gmepomenton t he total amount of the

segnents Xi and Y, accounts for at |east 50 % by weight;
B) an isocyanate-reactive component comprising a hydroxy-functional

5 multiblock copolymer B1) of the type Y(X;-H), having a number average
molecular weight of greater than 1000 g/mol;

wherein
X; is an oxyalkylene units of formula (I):
-CH,-CH(R)-O- (D
10 i is an integer from 1 to 10;
n is an integer from 2 to 8;

R is a hydrogen, alkyl, or aryl radical, wherein said alkyl or aryl

radical is optionally substituted or interrupted by a heteroatom; and

Y is the fundamental initiator and the proportion of the segments X,
15 based on the total amount of the segments X; and Y, accounts for at
least 50 % by weight;

) a compound free of NCO groups which comprises a group that reacts under
the action of actinic radiation with ethylenically unsaturated compounds via

polymerization;
20 D) free radical stabilizers;
E) photoinitiators;
F) optionally catalysts; and
G) optionally auxiliaries and additives.
Another embodiment of the present invention is the above polyurethane composition,

25  wherein A) comprises a polyisocyanate and/or a prepolymer based on HDI, TMDI, and/or
TIN.

Another embodiment of the present invention is the above polyurethane composition,

wherein A) comprises a polyisocyanate based on HDI with isocyanurate and/or



C) a conpound free of NCO groups which conprises a group that reacts
under the action of actinic radiation with ethylenically unsaturated
conpounds via polynerization; 20D)free radical stabilizers; E)
photoinitiators; F) optional I y catalysts;, and G optionally
auxiliaries and additives. Anot her embodi ment of the present

compri ses. aargPRRRY G B M BB BB R sm S B s pgem 2 o
and/ or TI N. 5 Ambésdehisivelyoritharp MCOfrotpee present invention is the above

pol yur et hane conposition, wherein A) conprises a polyisocyanate based
i one

on HDI with,is urate. a adlalne )
structures %ﬁ“ﬁ qﬁ"ﬂﬁ’é‘?‘% ﬂtgvpﬁdelﬁﬁwﬁf‘f@nflﬁﬂ&”]ﬁ g‘l‘nefcroBWf’ﬁn?’b 5
and excl usi w@éryinmymayem @hePSE free rivHRIfREE @amaﬂerwrgss fHan 01384 by

pr esent nventhon i s the above pol yurethane conposition, wherein A)

has a resi d@BMcontent of free monomeric isocyanate of |ess than 0.5
% by 5 wei ght. Another enbodi nent of the present invention is the

above pol yusgdthéentoaifies bf the Presid @lvehtionat te@8&de mﬁnaﬁmeh padfdod, S 2
propyl ene oxj de- based honopol ymer or random or bl ock copol

conpri si ng ‘61%35@%1 ﬁ§/ casone é@&ﬂﬁn yis @ Feopaleae @?ﬂd@)b?&?d ﬂﬂymepfémﬁn qrgandom or
wherei n they HQ Dt gﬁ&%

amount of a oxye ene (gj%xyp py’wég}%p ﬁld/g e’ﬁée}lehﬁr}ﬁ ieRin
accounts fohe at0pblé@9tof 84d %momng hunits, Amﬂ rmarthee:ntabamm of df oxyieélylene,
present 4 nv, ereln sai d
starter ds eg(ﬁ&h o?)@lelhg, aﬁ}g?’éﬂg‘g‘ﬁg‘h&%@( %&gﬂ éi?%}gﬁozgjn%tby y carbonat e
pol yol , poly(e-caprol actone), or polymer of tetrahydrofuran having a
nunber averagphersidodimens ofthe present {rivemtida59thg/abwle poiythréteas comaositzch)0

g/ mol . wherein said starter segment Y is based on a difunctional, aliphatic polycarbonate polyol,
poly(e-caprolactone), or polymer of tetrahydrofuran having a number average molar mass

greater than 250 g/mol and less than 2100 g/mol.

15 Another embodiment of the present invention is the above polyurethane composition,
wherein said multiblock copolymers B1) has a number average molecular weight of from
1200 to 12 000 g/mol.

Another embodiment of the present invention is the above polyurethane composition,

wherein said compound of C) has a refractive index np2° of greater than 1.55.

20 Another embodiment of the present invention is the above polyurethane composition,
wherein C) comprises a urethane acrylate and/or a urethane methacrylate based on an
aromatic isocyanate and 2-hydroxyethyl acrylate, hydroxypropyl acrylate, 4-hydroxybutyl
acrylate, polyethylene oxide mono(meth)acrylate, polypropylene oxide
mono(meth)acrylate, polyalkylene oxide mono(meth)acrylate, and/or a poly(e-

25  caprolactone) mono(meth)acrylate.

Yet another embodiment of the present invention is a process for producing media for
recording visual holograms comprising (1) applying the above polyurethane composition

to a substrate or in a mould and (2) curing said polyurethane composition.



15 Anot her enbodi ment of the present invention is the above

pol yur et hane conposition, wherein said nultibl ock copolyners Bl) has
a nunber average nol ecul ar wei ght of from 1200 to 12 000 g/ nol.

Anot her enbodi ment of the present inventgon is the above pol yurethane’
conposi tion, wherein said conpound of C)~“has a refractive index n020

of greater D5, Anot-her enmbodi nent. of the present. i nvention
’s The-anovs e drndutd B BRI R i modi e By RceEoe e

ur et hane acholbgtas prodiicsd by the sdovapmcesst haeryl ate based on an aromatic
i socyanate and 2- hydroxyet hyl acryl ate, hydroxypropyl acrylate,

4- hydr oxybui,yl acryl at e, | vet hyl ene oxj.de. nono( net.h) acryl at e, .
pol ypr opyl egét %ﬁ?‘&%‘“ﬁ%‘?ﬁé’?ﬁ‘ﬁﬁ%ﬁ#@fF’ﬁr"é‘feﬂ 7 4 @ﬁcgﬁ@e%g{rﬁgglmage Comprising
nono( met h) athe yhave enediimgd/ or a pol y(e- 25 caprol act one)

nono( et h) acryl ate. Yet another enbodi mnent of the present invention

is a progess for, producin ia for .recqrdjng vjsual hologra

conpri sithg ‘?it)waﬁhgﬁ WM?%H@&W@%&HP@W@%@& EieePIgHEagiolpgram
substrate ogorﬁﬁﬁsﬁlgrmng&ﬁgatﬂgaﬁ&)gn%{@g sai d pol yuret hane conposition.
- 5 - Yet another enbodinent of the present invention is a nmediumfor

recordi ng visual hol ograms pr C by the above process. Yet another
enbodi nent of the present iWRﬁ@%%T%EME &P¥rent or i mage
conprising the above nedium 5 Yet another enbodi nent of the present

i nventi on i BheAnventibe thekTbre:6161RE Me%@h%%éiﬁ&ﬁpcbhﬁfiﬂﬂg exposi ng
t he above nmedi um DESCRI PTI ON OF THE | NVENTI The invention
therefore relajes to . pol yurethane conpositions conprising A a

pol yi socyanat )cé‘rFﬁ%ﬁg?W;xnaﬁ)@f“P&Heqt’socyanat e-reactive conponent
conpri sing hydroxy-functional nmultiblock copolyners Bl) of the type

Y(Xi -H10 wi t h B) %nlsdeank-@aéive camBoret Endtding WiyRRkyFMakisns niey ar
wei ghts greater than 100Q g/ nol, the segnents X, belng conposed in
each case of oxy&PRSVERE Biniof dedpet {{ei-fhy vith = tg 10 and'n =2 to § and number

- CH2- CH(R) - O- f or Ryk8ed Inblecular weights greater than 1000 g/mol, the segments X; being

composed in each case of oxyalkylene units of the formula (T},
-CH,-CH(R)-O- formula ()
15 in which

R is a hydrogen, alkyl or aryl radical which may also be substituted or may be

interrupted by heteroatoms (such as ether oxygens)
Y is the fundamental initiator

and the proportion of the segments X;, based on the total amount of the segments X;
20 and Y, accounts for at least 50% by weight,

C) compounds which have groups reacting under the action of actinic radiation with
ethylenically unsaturated compounds with polymerization (radiation-curing

groups) and are themselves free of NCO groups,

' D) freeradical stabilizers

25 E) photoinitiators



15in which is a hydrogen, alkyl or aryl radical which may al so be
substituted -or may be interrupted by heteroatons (such as ether
oxygens) is the fundanental initiator and the proportion of
t he segnments xi, based on the total am)ggt_ of the segnents Xi 20and
Y, accounts for at |east 50% by wei ght, C conpounds whi ch have
groups reacti ”ﬂg‘% jon of actinic radiation with

et hyl eni cal | yn%ns tu%l?i‘l%)g%t%%&répounds wi th polynerization

(radi ation-curing groups) and are thensel ves free of NCO groups, D)
free radi cal sE@hbintiopdliysauxiliagies ard)addiiveonal |y catal ysts (1)
optionally auxiliaries and additives. Typical polyurethane
conpositio =Y : %y uei ght of the conponents B)
accordi ng g@%?@%ﬁ%@%h@é&f@g%ﬂﬁ%@ wei ght of conponent A), 5
to 70% by wei ght of the conponent C), 0.001 to 10% by wei ght of
phot oi ni ti a? &r3.99P% by weightobthscamegiogents B) adoomiing tadheciaivergioapi | i zer s
D),

5 1to 60% by weight of component A),
5 to 70% by weight of the component C),
0.001 to 10% by weight of photoinitiators E),
0 to 10% by weight of free radical stabilizers D),
0 to 4% by weight of catalysts F),
10 0to 70% by weight of auxiliaries and additives G).
Preferably, the polyurethane compositions according to the invention comprise
15 to 82.989% by weight of the components B} according to the invention,
2 to 40% by weight of component A),
15 to 70% by weight of the component C),
15 0.01 to 7.5% by weight of photoinitiators E),
0.001 to 2% by weight of free radical stabilizers D),
0 to 3% by weight of catalysts F),
0 to 50% by weight of auxiliaries and additives G).
Particularly preferably, the polyurethane compositions according to the invention comprise
20 15 to 82.439% by weight of the components B) according to the invention,
2 to 40% by weight of component A),

15 to 50% by weight of the component C),



0 to 4% by weight of catalysts F), 10 0 to 70% by wei ght of
auxiliaries and-additives G . Preferably, the pol yurethane
conposi tions according to the invention conprise 15 to 82.989% by
wei ght of the conponents B) according to_the invention, 2 to 40% by
wei ght of conponent A), 15 to 70% by wei &ht of the component C), 15

0.01 to 7.59 I ght ot0|n|t| ors E), 0.001 to 2% by wei ght
of free rad‘){aég%ls%cfba?%\m‘? gé)t ﬁfm?f't? 6% % by weight of catalysts F), 0
to 50% by weight of auxiliaries and additives Q. Particularly

preferably, 0.0he Q6Yehyr wtibhired fiee ngakal staldigereDyor ding to the invention
conprise 20 15 to 82.489% by wei ght of the conponents B) according to

t he invent| 40% I.gh f conmponent A), 15 to 50% by
wei ght of t go%(g)c’np/oﬁgv%m%?%a-tgyst%ﬁs to 5% by wei ght of
photoinitiators E), 0.01 to 0.5% by wei ght of free radical
stabilizers@ fo)3590b9©zbighmﬂm;eﬂ\aeﬂgmddﬁﬁves:aj.al ysts F),

5  Suitable compounds of the polyisocyanate component A) are all aliphatic, cycloaliphatic,
aromatic or araliphatic di- and triisocyanates known per se to the person skilled in the art,
it being unimportant whether they were obtained by means of phosgenation or by
phosgene-fiee processes. In addition, the relatively high molecular weight secondary
products (oligo- and polyisocyanates) of monomeric di- and/or triisocyanates having a

10 urethane, urea, carbodiimide, acylurea, isocyanurate, allophanate, biuret, oxadiazinetrione,
uretdione or iminooxadiazinedione structure, which secondary products are well known
per se to the person skilled in the art, can also be used in each case individually or in any

mixtures with one another.

For example, suitable monomeric di- or triisocyanates are butylene diisocyanate,

15 hexamethylene diisocyanate (HDI), isophorone diisocyanate (IPDI),
trimethylhexamethylene diisocyanate (TMDI), 1,8-diisocyanato-4-
(isocyanatomethyl)octane, isocyanatomethyl-1,8-octane diisocyanate (TIN), 2,4- and/or

2,6-toluene diisocyanate,

Also possible is the use of isocyanate-functional prepolymers having urethane, allophanate.
20  or biuret structures as compounds of component A), as can be obtained in a manner known
well per se by reacting the abovementioned di-, tri- or polyisocyanates in excess with
hydroxy- or amino-functional compounds. Any unreacted starting isocyanate can then be
removed in order to obtain low-monomer products. For accelerating the prepolymer
formation, use of catalysts well known to the person skilled in the art per se from

25  polyurethane chemistry may be helpful.

Suitable hydroxy- or aminofunctienal compounds for the prepolymer synthesis are

typically low molecular weight short-chain, aliphatic, araliphatic or cycloaliphatic diols,

triols and/or higher polyols, i.e. containing 2 to 20 carbon atoms.

Examples of diols are ethylene glycol, diethylene glycol, triethylene glycol, tetraethylene |
30  glycol, dipropylene glycol, tripropylene glycol, 1,2-propanediol, 1,3-propanediol, 1,4-



0 to 35% by weight of auxiliaries and additives (3). 5 Suitable -
conpounds of the polyisocyanate conponent A) are all aliphatic,

cycl oaliphatic, aromatic or araliphatic di- and triisocyanates known
per se to the person skilled in the art_gi.t being uninportant whether
t hey were obtai ned by neans of phosgenation or by phosgene-free
processes. [t ed ahivel ' ' .
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di i socyanate (I113131), trinmethyl hexanmethyl éne dilsoc
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i socyanat e- Relafivelyomigh npiephl yweightaliphetinadwyelbhiiphetic pdlydphattedseoB@stor
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art per se from 25 pol yurethane chem stry may be hel pful. Suitable
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et hyl ene gl ycal. | et hyl ene gl y.col, triethylen | ycol , tetraethy]ene
S0gTyoor , tBFshy sl Yo stbal Apnassi ety Eothet by Gy letauiplc

1, 3- pr opaneghphthalid, ddphthalicBtetralptdrehehlio) hex aaRPAihvE ObdtRlellitic acid, and acid
2- et hyl - 2- ba,%}g p opanﬁadl ol , trinethyl pentanediol, diethyloctanediol
posi ti onal M&SUQ, %ﬁ%ﬂ@ﬂ@n@rwlﬁ%wr,sue%lp aplesdeide @ amixtureghereof with
cycl ohexangdiymBlihemebhold sGehRX I sdi@Nl-, 4% 1104 o
hydr ogenat g%”lg&?s .hen%)lo _*JAS%{%’-%PS 4- Ae’gglg%/dée’cﬁo’h%éx%/rl %Q%Jreg%%ggﬁ%l’ L2
2, 2- di et hypro@megielk giytpir.cfétrapropylene glycol, 1,3-propanediol, 1,4-butanediol, 1,3-

butanediol, 2,3-butanediol, 1,5-pentanediol, 1,6-hexanediol, 2,2-dimethyl- 1,3-propanediol

H

1,4-dihydroxycyclohexane, 1,4-dimethylolcyclohexane, 1,8-octanediol, 1,10-decanediol,
1,12-dodecanediol or mixtures thereof, optionally with concomitant use of higher

25  functional polyols, such as trimethylolpropane or glycerol, Of course, cycloaliphatic and/or
aromatic di- and polyhydroxy compounds are also suitable as polyhydric alcohols for the
preparation of the polyester polyols. Instead of the free polycarboxylic acid, it is also
possible to use the corresponding polycarboxylic anhydrides or corresponding
polycarboxylates of lower alcohols or mixtures thereof for the preparation of the

30  polyesters.

Polyester polyols also suitable for the prepolymer synthesis are homo- or copolymers of
lactones, which are preferably obtained by an addition reaction of lactones or lactone

mixtures, such as butyrolactone, e-caprolactone and/or methyl-g-caprolactone, with
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5 di met hyl- 3- hydr oxypropi onate. Exanples of suitable triols are
trimet hyl ol et hane, trd nethyl ol propane or glycerol. Suitable

hi gher-functi onal al cohols are ditrinethyl ol propane, pentaerythritol,
di pentaerythritol or sorbitol. Relatively.high nolecular weight

al i phatic and cycl oal-i phatic polyols, such as polyester 10 polyols,
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ol
resins or cbW@@lﬁﬁﬂwmgﬁmfﬁh& ig JechoRengtionebabosnaCiyethies’s fdopqupnts for

Chem stry | [vBRges 465-466, 10th edition 1998,
Geor g- Thi e@%&?k%? %i uttgart) are also suitable. Polyesterpolyols

suitable for the prepolyner synthesis are |linear polyester diols, as

can be 15 pPdpeseaten havingdwaronplgreupsfaraaisceduitpiiats cpolglyck@ayl dopipatdnt for
i L= N i . t hei hydr.i des.,. h as,
Por “exanl ohE izl HERGRCIY et b fiEiidte Bich B de RO GRR1i0R PEROR

sebaﬁiﬁ lnormmbdé haLHultanydibband&eﬂaamd 'amaalth d@lemybﬂ %meﬂ@[pfgﬁﬂahéﬁﬁ(hﬂ flz‘«ith diaryl

i sophthalic, ,o-phthalic, tetr ropht I ¢, hexa ropht halic or
trimelliti c‘faé%‘%ng{gsﬁrﬁj dﬁ’&eﬂﬁéﬁ% 2 ?tl;lglf’ onale g PAASEERE c |
trimellitic or succinic anhydride, or a mxture thereof with 20

pol yhydric BdlmﬂmlpSIyo}sLmhalﬂsforftthrgzbaymé. 18ynthésad dbidxamile; thelpbiyaddifion
tetraethylene,glycol, 1,2- pr%p&&gﬁélaol,, di-, tri-, or tetrapropyl ene
gl ycol, 1, 3¢ Shirge oxides, pgide, propyleng gkiigJgirgtydrofuran, butylene
2, 3- but pnedixgde, eicKloRRPIANAH 1Béir mivel aNGcANEH B prod

2, 2-di met hyl -1, iélpr_opagedi ol, 1,4-di ﬁydr oxycycl o?{gxlc}icrt]sé?ndthepdyether

1, 4- di net hylodydstaneddaneondensgtiorelnebbiydiic algohpls- ad eniaimesditidrgof and those

1, 12- dodec e I X f ional Ly, with concomtant
use of hi gf\dg)?ﬂé bf)}t}{l\]({:t ?ongfl%g%(%l%dgg a!scﬂ%ﬁg’ggl”?ers ia}r{r%?lﬁ&qoo cﬁggﬂﬁ%g%gfd
gl IyCﬁr gl . Gfolysther pelyols o m'{r(pMpalep@oygfim),qml}QﬁFﬁma;ﬁgidﬁs} ?Iﬁlrtﬁn}bina%ions

0 r oxy,, compounds are al.so sujt e.as po ric ohal s far
Phe” bt epar APeaia e inaR bF ePadR of Hscf oo biierd St ey Fofiiniend mitures
pol ycarisox ythéreofdavig ahtOH furliGRliBOSSI. Plos dnd atfithbeNreft R IRARE Wht

pol ycar boxyl i c anhydrides or correspondi ng pol ycarboxyl ates of | ower
al cohol s orbeﬁﬁ'e)?ilgpéé‘n‘i ﬂ?eqoécﬁr’m?’oprefq@hph@ﬁw%@%Mw@%y ghl.8 to 4.0 and a

| t : i | .
pol yest er s.nuRpeyRskeE nﬁﬁéc\ﬁga]lr Svefith® 9% ?}G' t|6 80 Ea/bil aﬁMuga?@ p%érfgtlfaglpra{lgw;}g.

synt hesi s are_hono- "or copol yners act ones,
obt ai ned byn&M Sungtienaity elch® td b hawd 2 hehes pegagermolaadaresigit of 65k,
such as butﬁb@g&%one, s-caprol actone and/ or rmet hyl - e- caprol act one,
with - 9 - |
20 Suitable amines for the prepolymer synthesis are all oligomeric or polymeric, primary or
secondary, di-, tri- or polyfunctional amines. For example, these may be: ethylenediamine,
diethylenetriamine, triethylenetetramine, propylenediamine, diaminocyclohexane,
diaminobenzene, diaminobisphenyl, triaminobenzene, difunctional, trifunctional and
higher-functional polyamines, such as, for example, the Jeffamines®, amine-terminated
25  polymers having number average molar masses up to 10 000 g/mol or any mixtures thereof

with one another.

Preferred prepolymers are those based on the abovementioned synthesis components

having urethane and/or allophanate groups with number average molecular weights of 200

to 10 000 g/mol, preferably with number average molecular weights of 500 to 8000 g/mol.
30  Particularly preferred prepolymers are allophanates based on HD) or TMDI and di- or

trifunctional polyether polyols having number average molar masses of 1000 to

8000 g/mol.
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nunber average nol ecular wei ghts “of "200 to ef erabl
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Partic rl erd: ane. all ogphanat es based. on .0

VDI ar PO BB I n o SR e B e Boisfg e

ol ar  mas s emsaifiratd @8mpouriMasgl emthe isoeyaiifte component A, is 0 to 99%, preferably 0 to
50%, particularly preferably 0 to 25% and very particularly preferably 0 to 15%.

The NCO groups of the polyisocyanates of the component A) can also be completely or

partly blocked with the blocking agents customary in industry. These are, for example,
25  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,

acetoacetates, acetone oxime, 3,5—dinieﬂ1ylpyrazole, g-caprolactam, N-tert-

butylbenzylamine, cyclopentanonecarboxyethyl ester or any mixtures of these blocking
30 agents.

Polyisocyanates and/or prepolymers of the abovementioned type based on HDI, TMDI
and/or TIN are preferably used in A).
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reacted with isocyanate-reactive ethylenically unsaturated conpounds.
a43-Unsat urated carboxylic acid derivatijyes, such as acryl ates,
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Preferably, the segments X are based exclusively on propylene oxide or random or
blockwise mixtures of propylene oxide with further 1-alkylene oxides, the proportion of
further 1-alkylene oxides being not higher than 80% by weight,



10 The isocyanate-reactive conponent Bl) has a nultibl ock copol yner
structure which satisfies the _formula Y(X -H)". The outer blocks X
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a known manner from aljphatic, cycloal é%atl c or aromatic di-
poI ycar boxylrd-eropeiediolsi-, trheprrteﬁmgmﬂm cok { 3tprepanediol, leixlmmeéml 1,3-

succi ni c, C Ri r ¢!
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25 functional polyols, snch as trimethylolpropane or glycerol. Suitable polyhydric alcohals for

the preparation of the polyester polyols are of course also cycloaliphatic and/or aromatic
di- and polyhydroxy compounds. Instead of the free polycarboxylic acid, it is also possible
to use the corresponding polycarboxylic anhydrides or corresponding polycarboxylic esters

of lower alcohols or mixtures thereof for the preparation of the polyesters.

30  The polyester polyols may also be based on natural raw materials, such as castor oil. It is
also possible for the polyester polyols to be based on mono- or copolymers of lactones, as

can preferably be obtained by an addition reaction of lactones or lactone mixtures, such as
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tetrapropyl ene glycol, 1,3-propanediol, 1,4-butanediol, 1, 3-
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reacting oruanegiobdflprancdiolendiondaorgthyépenianedioli Bolyestar palyols can glseibes.

Sui t abl e 0r%ﬁ@érféd?%%.%{}@%ﬁnﬁénﬁol?&lgm hyl , diethyl and di phenyl
u | X

car bonat e. itable s or ures conprise the pol yhydric
al cohol s nmenti oned Eer se in 10 connection with the pol yester polyols
and havi ng SushEplytarhenatoprlyols pregfraliy hgreaumbatrvgrage moldymaasee of 400 to

1, 6- hexanedy [ QF..- 0 Pol vest.er_polyol s, can. al so
be convert ceji(?(6 |b ﬁ@g&b% ;%g%@ﬁoﬂgega% oﬁ%ﬁ? i400§2%ﬁ1ea618 |v§7-r aRaB%CHLBIﬂg Pﬁ%?rﬁiiﬂlp’s
preferald y df#éetnlldeymaler age nol ar nasses of 400 to 2000 g/ nol,
particularly preferably of 500 to 1400 g/ nol and very particularly

boti onal 1y SRedk abRre oVl st BB g P AR REY G e il OrE Al

i nitiator nohabubldsitiatohinolecpleb,wadetisdfadbaotehave Albisk coRFBasHL. Forexample,
exanple, th I dduc#s of styrene oxides, of ethylene oxide

propyl ene c}ﬁ? E‘gé’ BEtF QhSFUECBE OFides, Obriiy enernxidex proaylerspxith, Etmalrriofiagnd

their m xeduBAcHsGkaiedQHISAlAriPLRAHGE SRR AddlRe: A8 PH MBS aRGhy Ol S
obt ai ned by condensati'on of %OlyS%FrIC al cohol s or mXxtures thereof
bleined by cpusien

and thd¥e dsbathsepolpls g wtiopof paiyhyrrie alsphalhen mixturpy thereofraid
am noal conqy s, FBYifG b%%lk%ﬁ&lﬁff&b@ﬁ ppgﬁ,gm%@!s ﬁg?h%?gé ah e§ arfagﬁiggﬂéoh%is may be

cyclic ethers are i n particular [ ra
as polyether polyois,

Suitable polymers of cyclic ethers are in particular polymers of tetrahydrofiran.

Initiators which may be used are the polyhydric alcohols mentioned per se in connection

25  with the polyester polyols and primary or secondary amines and amino alcohols having an
OH or NH functionality of 2 to 8, preferably 2 to 6, particularly preferably 2 or 3, very
particularly preferably 2.



Initiators which nay be used are the pol yhydric al cohols nentioned
per se in connection 25 with the pol.yester polyols and primry or
secondary am nes and am no al cohol s havi ng an OH or NH functionality
of 2 to 8, preferably 2 to 6, particul ar1 y preferably 2 or 3, very
particularly pref erany 2. - 14 - Such 'gdl yether pol yols preferably

have nunber_,aver nol.ar f 200.to 2000 /erI ularly
pref erabl y e 4388% T RI¥els 878%&5%%"6\}5?1&?%%‘?9{%8 !ﬁr‘gﬁsi?g éb(g ¥y of
650 to 10002@brgahol, partlcﬁﬂﬁﬂ@feﬁ@ly ot 40046 maglmbh@d%wﬁmamy preferably
descri bed above can al so be used for the inner 5 block Y. Preferred

conponent s ¥00tn 000 H@el.pl ock Y are pol yners of tetrahydrofuran and
al i phatic pol ycarbonate pol yols and pol yester polyols and pol yners of

e- capr ol act ongURARY IDGuRYHRE cAWEIRAE dBRIBE] ARS8 4o HetRSd fH AR iRdL0
g/nol. Particularly preferred conponents for the inner block Y are

di f unct idnablogoYyners of 10 tetrahydrofuran and difuncti onal
al i phatic pol ycarbonate pol yol s and pol yester polyols and polyners of

s- capr ol act BRgRaYhRSRHIISH theMBEASK P LA R SST g arabe?riép%%m
nt Y1Is

g/nol. Very particularly preferably, the starter se
on di fi nct i kekedarbontte phlyplsang pplyediernghvatsang oplyotess of a—caprolactone having

pol y(e- caprﬂnﬂ%}%@ Q018 Y, O%l%gg%ﬁgﬁgdtg/gg?furan havi ng nunber

aver age nolar TRSS6S greater Mid less than 2100 g/ nol .
15 Preferably used bl ock copol ynmers ha_vr ng the structure Y(X -H%
conpri se nofastieulealy Iﬁd@ﬁmycmt@hﬁsaﬁmﬂeﬂ@lbtmkﬁ e difesationtledlyaeoyvel as

ol o nibs B Asetsforeh frl QUGB GRTaRAAERY Foelhonple o Lnas pa G S0fols
copol yner s by ees-bmdarttmahaﬁﬁt%nhmbuﬁavgfﬂge afolaRmapdea bf RsgiBhy 8EI0mol.
al i phatic pol ycarbonate polyol or poly-THF and nore than 50% by

ht of t 20 bl ock d ab b di th
Fhvent i on AP RAVEEH, Srebr oLV SR SO as GF BRI T HbE |
g/ nol . Par tpotyshitohite polgbles ﬁcﬁﬁts-bhﬁﬁlﬁct@ﬂ@@ir)éﬁ@ﬁﬁrs&@‘ Wahﬁ&oﬁ@éﬂlialvﬁ@ ufber
t han 50% by wei ght _of al i phati rbon ng%/
pol y( e- caprayFRet BREY massep gregter gﬁ gr’ﬂﬂlén‘fl /BOQ)g/Ii%lr ght of the

bl ocks Xi descri bed above as being according to the invention and |
have a 1sunipeéferbBNase bIvek aspoliiids Bavaal RE stdvlite V2RO cBRrise more than 50%

by weight of the blocks X; described above as being according to the invention and have a

total number average molar mass greater than 1200 g/mol.

Particularly preferred block copolymers comprise less than 50% by weight of aliphatic
polyester, aliphatic polycarbonate polyol or poly-THF and more than 50% by weight of the

20  blocks X described above as being according to the invention and have a number average
molar mass greater than 1200 g/mol. Particularly preferred block copolymers comprise
comprise less than 50% by weight of aliphatic polycarbonate polyol, poly(e-caprolactone)
or poly-THF and more than 50% by weight of the blocks X; described above as being

according to the invention and have a number average molar mass greater than 1200 g/mol.

25  Very particularly preferred block copolymers comprise less than 34% by weight of
aliphatic polycarbonate polyol, poly(e-caprolactone) or poly-THF and more than 66% by
weight of the blocks X; described above as being according to the invention and have a

number average molar mass greater than 1950 g/mol and less than 9000 g/mol.



25 Very particularly preferred bl ock copolynmers conprise | ess than
34% by wei ght of aliphatic polycarbonate pol yol, poly(e-caprolactone)
or poly-THF and nore than 66% by wei ght of the bl ocks X1 descri bed
above as being according to the inventiogn and have a nunber average
nol ar mass greater than 1950 g/nol and less than 9000 g/nol. - 15 -

The bl ock c I "
al kyl ene oxﬁcgié% X‘gg(lgo?l ggr%gg&‘sals QOH‘%ﬁn\'reﬂ ﬁrg%ﬂigﬂipglreabg P@%@gg#sagaddmon
firstly thepbessesscaf mdysm imghdtarice ks fireticthe base@hta&#sk@hckiﬁmmmﬂieﬁ ofi th

initiator c unds n Zerewitin act en at,ons "
Locondi v, AR W bR S bR 2B S HER iRigen J65
cat al ysts' )Y(E),,,Esebcﬁﬂwhbghe ﬁSHcﬁ'dsublghﬁéta[ mﬁrdbaamp&ﬁrds Q‘&FMEloaglﬁﬂs’E) is

this reaction. drogen bonded to. N, O0,or S.is designated a
Zer ew t i hof FeCaR{rig R wgibélﬁpc’(@we’f FaRInEAUE BigRASHoas Yspgeonded to N, O

hydrogen") fs jsldedbyRs A¥BtRaNBndir.adBRE S!&I@Qeﬁ’vfs&lﬁetffﬁés@ﬂo%né:ss‘a&me

i odi de by a process di scovered by Zerew tino Typi cal €exanples of
conpounds hidraggna ifis sises methsng bneestion wishanefhemagnesivmp indislerr prriesth

contain car I

functi onal g%ﬁ%&d B%?E aﬂé%()f%a ?seg%]ﬂ@gd% Eﬁoﬁédasc a%{g%g% Qa Hiﬂf%?’%we
oxi des, s udtydmgen hmrcompamndseafhjeh d:mtzmnwbmyﬁ dyduoxyll apinoginen®a Hid] giotiph
initiat havi erewitin ctive, hydr at |

o fectel] i orhignd s the ety et eg inrdiamio el i S1%E sichas or
possi bl e to:xumgleaéﬂﬁﬂlene oEt@br cPiMﬂ%rﬁQ}ild&ﬁMﬂ@hﬁtldﬁ%@iﬁp@&ﬁd@%ﬁh@t es or

al kaline earth metg hydr oxi After the addition reaction of the

al kyl ene oxtedtpg @Bﬁ"?fﬂ hyidgogen gompds effacipdar e prosencent kgl megah hydsaxides,
the pol yet hgg 1tci§"§lb61]§os§i}5§.tto Rge ﬂﬁﬁ?ﬁlbﬁépﬁmdeéc Qllkal?iﬁéfg? Eﬁb% Lihiigd N9

with dilute mineral acids, such as sul'phuric acid or ric acid,
and separ atdarih msfal hydrexides fifter thy additips reaptppnt dféhqﬁlbxi@@soxata@ % @mpgattt, the

th t

el yebn phmedusRhang 3R of il B RIRP Lait Ty pEh SRR AC ki ol
700 949, ERweatrdlivine)8h difiRe AifGdl 228, sutdrsOTIph6ASSsid 2OphAEIRBic h6idMhdand
WD 00/ 47649 | bl d. ..The highly. l

Vot alyet o ErER Rt e St B b Rrofet 26Sanh B sty PO erhlgets
doubl e et ake wmwﬁu@am@l%cﬁee DM@ taﬂayiﬁﬁwaféu a&%@&a:let i b edsdahdple) irand.
an organic i_gand cont ai

o ety SRR 5 9B A é%?@g@%mwsaﬁwerlwosgmsyﬁomn 500
o/ mol  age awe gr/iesRb aAd weX ool uo %ﬁﬂcﬁﬁgﬁ%&b@a@? A6 E;@;ﬁ,yaonwﬁﬁﬂz

catal ysts can be 25 used in such ts t urt wor k- u
of the pol yetlysis oelyae descaibedin ERsé}JrOBé?éS) arfth i epﬁd@tamsts aideuble sretal bwdldlen

d | bel t h

a1 | et | ondl TSR (el it BRloviiedtBlecatt B0k 2y BialE Zoimber Hpongy gt

t han 50% b3buVmoij‘etlsadamntalnfa;] pélga?efmmgymbmemgf glg\]{kﬁaulaflwaﬂgkygrrmf than
i.zed so a [

oxide is r he. end

Obt af neq. ” BOL BRI R Bt e hmnIe FpEe PR bishap Stk fiy KA 8 be 30
propyl ene exédia subiinrdlEagowrd He faﬁlebr RroXiE-Up SﬁthE petemEr politis m&eﬁ &@.ﬁfea

of the polﬁgther chai ns by al koxylation can be carried out, for

exanpl e he Pracess 1o AescHbitbimsletad beloss The “iaitiatos nelyal”yrsest is Blwsys BeiGHE:
with a plurgld; g)xalﬁted pfetzﬁ@&e@whmnggﬁéén@m%%ao%ﬁ?of1%.3saqagﬁo@ é@%@g fhe

constituents o socyanat e-react | ve component
NH-f uncti o rbb:lck@gmimnmldmmmhmb akkpilenperidois pokynieriget sathathetharend gan be

used as B2 in. u er-functi

et rer BRsaCeqREmdl PR bRy oBAG uRBRLe SRS O Mene gride,
S ooh, aaOpohygyle WEM’E“G?MXIWMW?rmﬁg%osﬁh?m%?ﬂ?f ether
e Bting B ARG iticr o B8 Carricy oy ARG REY BT SHREOTSFC Geaide
am ne-t er MoP ain@6mBOd: IR H/ist R tH Dh1efakly AR MTRichoRferifbidxidesS t hereof.




nore than 20% by wei ght of B2), particularly preferably at |east 99%
by wei ght of Bl) and 10 not nore than 1% by wei ght of B2) and very
particularly preferably 100% by wei ght of Bl) are used. Preferably,
conpounds having a refractive index n02G3_1.55, particularly
preferably > 1.58, are used in C. In corrponent C), conpounds such as

a43- unsat ur gt ﬁﬁith‘éﬁarfolﬂg’tﬁ}iéﬂt Bk gogsatx?é ﬁéht%jy PORCEIANES:

nmet hacryl ates eat es | unar a am des,
furt her nmor efugétionkl mﬂmnndqdmpmmyme@efmn sklli&d mltheeam@n balmdedmrmx)lmdse are

Contat . SNSRI At SOt Sl bl SRl

vinyl tol Ue%eyﬂiﬁbhﬂlﬂa (Ig,tsetah aespolie@ner FARPIR Ry cérb@ﬁdt@ﬁﬁyﬁ@dfoﬁfo- or
1- decene, vinyl est ers H acrylonitrile, (nmeth)acrylam de,

met hacryl i cCORPIERCENRE | %&E‘?%?F:l er@aﬁnﬁelqye@epo@ecmm s axd plypomines,
met hacryl at@sh & ?orr&a{@@ra@kf%%ﬁefam AShEfSmB ateﬁ?(; & afa'@oeﬁ)

met hacrylic acid are designated as acryl ates or
Exanpl es ofcogelyyerstas snighwesiieareaicr yl at es whi ch can be used are met hyl
acrylate, nethyl nethacryl ate ethyl acrylate, ethyl nethacryl ate,

et hoxyet hyly Y|y Ak e%?Bl)eéHa acr fg&?&éﬁ&ale%g?ﬁk%wﬁe%}%bﬁﬁ) and not

n- but yl acryl ate, tert

net hacr yl atraore tey20%sloy Wbrahmf B?émaﬁlqubﬁbr@mfydaaln@; least @Oy shesight of B1) and
| at but .
2or 1 2t GBS e AR o1 B RO e s oy o

I sobonyl acBI))Iaadussdl sobonyl nethacryl ate, phenyl acrylate, phenyl
nmet hacryl ate, p-chl orophenyl acrylat, p-ehlorophenyl nethacryl ate,

p- br onophenyl . a | at -.br onophe acry.l

D 6 r cree BBk eai AT SR e B R ol P rptticalyly prferebly >
met hacr yl atiess, drediséd inr@or onophenyl acryl ate, 2,4, 6-tri bronophenyl
nmet hacryl ate, pentaehl orophenyl acrylate, pent achl or ophenyl

met hacryl ate, pent apronophenyl acryl ate, pentabronmphen L.
ot hacr Y1 atls COBBHIEAR: S FBBRIYE St b Eise ek SaronO R erivativey, such as
et hacriyl atagsylaétemerueryds, ﬁiﬁleé(tlaﬁ‘ﬁ@narﬂtaﬁ ARt RY | acRRAASS, ¥hPfuBthermore
phenoxyet hoxyet hyl acryl ate, henoxyet hoxyet hyl ‘net hacryl ate,

2- napht hyl| Vi gihas gropodyl st il stker Bad popppeuads containing dicyclopentadienyl units

1, 4-bi s(2- ]
4 brst e dhngna ﬁs%m%%o%%s:ae o i exmple, sy, wmetylycne

propane- 2, 2141mltylubnep g, Sdp}bmfmcmlgﬂewmmmeﬂlor(1/-@263@[3,311&1 8stemsj s( 4-

oo PR ARERY R RS b Tl ﬁs@@% ok
t et r abr2zénohicsytenald rAettlhaglaiek ateqrefbiedd. abr onobi sphenol

di met hacryl ate and the et hoxyl at ed anal ogue conpounds thereof
N- car bazol

 corbacl Y o8kl 8L e TSR SRS B B B2 00,
al so be us @ﬁbﬂ@rﬂ@mﬁﬂﬁaﬂple@f ackjﬂﬂéé’@ﬂ&ne’ﬂ@dcﬂl@cé@&h@h €an be used are methyl
acrylate, methyl methacrylate, ethyl acrylate, ethyl methacrylate, ethoxyethyl acrylate,
sthoxyethyl methacrylate, n-butyl acrylat, n-butyl methacrylate, tert-butyl acrylate, tert-
25  butyl methacrylate, hexyl acrylate, hexyl methacrylate, 2-ethylhexyl acrylate, 2-ethylhexyl
methacrylate, butoxyethyl acrylate, bﬁtoxyethyl methacrylate, lauryl acrylate, lauryl
methacrylate, isobornyl acrylate, isobornyl methacrylate, phenyl acrylate, phenyl
methacrylate, p-chlorophenyl acrylat, p-chlorophenyl methacrylate, p-bromophenyl
acrylat, p-bromophenyl methacrylate, 2,4,6-trichlorophenyl acrylate, 2,4,6-trichlorophenyl
30  methacrylate, 2,4,6-tribromophenyl acrylate, 2,4,6-tribromophenyl methacrylate,
pentachlorophenyl acrylate, pentachlorophenyl methacrylate, pentabromophenyl acrylate,
pentabromophenyl methacrylate, pentabromobenzyl acrylate, pentabromobenzyl



under st ood as neani ng conpounds having at | east one acrylic ester
group which additionally have at |east one urethane bond. It is known
t hat such conpounds can be obtai ned by reacting a hydroxy-functional
acrylate with an isocyanate-functional npound. 15 Exanpl es of

i socyanat es whi ch can be used for this' rpose are aromati c,

| i phati |
oty SocyartieBec IR pieoBRiey5uda B megblae shenereroetsy
tr : or pol amﬁ%)ﬁﬁﬁﬁ%ﬁ&thoﬁyélﬂ%|mha@fyléiél![2t@bh@ymcrylat% |r2-napP1EhyI methacryla%e
pol yi socyan [ u |1 SOCyanal ¢ ene di'i socyanate
( HU?/) i gopﬁ&ﬁ’bﬁ@@?ﬂ%ﬁ@ﬁ% gpié(l f(qufl y1Ls 4-bis(2~ tlnonaphthyyz butyl methacrylate,
1,8-dii SOCy@Bﬁ&n@;z‘lz —GiyRAqYROR1ILR5RS h}llﬁlﬁﬁ}l xy€2 ﬁ[3453~ﬁ'ﬁ or

2,4, 4-tri met hyl hexamet hyT éne 20 diisocy e Irsoneric

bis(4, 4'5i s@%@rapmmld@repwuyw}pmmlmomc&wésl -diygrdiastylrtesbisphernh
desired iso n anat e,

1,4- cycl oh(g%; %ﬁé&gﬁgf%%‘i:&g%‘?%@%g t%%oﬁ%n?%é%%l@%]eﬁ%ﬁﬁg net hyl ene
diis ocyanatwsabrm%mgﬂemiwk dineetiticidate yahthe et,ho:%dated amdﬂgme c@mpeiindb thefeef,
di i socyanat ne diisocyan

2 42 pheryierteriAaRa b B Sition T3 S ftn et suelpendites viigh
triphenyl megahaeesed, 4 ,4"-trii socyanat e and tris(p-isocyanat ophenyl)

t hi ophosphate or deri vatives thereof havi ng a urethane, urea,

carbodijmd acyl ur C anur ophanat e, bluret

oxadi aziﬂnet(‘?f %’H&y @ﬁmwﬁ 265 cang sr?gwaﬂi SLOREANEHE)- Wrptharg aceylafpypre
m xtures t hﬁﬁ@t@foodéﬁﬁi@&hhg?c dpcﬁ‘:héé ha¥iitat Iéaﬂ'ohe adritic esdr group which

pol yi socyanates are preferre Suit abl e hydroxyfuncCti onal

acryl at es cditenallichaye at least pm unethangpbongalt i knghvn dat gyl dompeursly can be

acryl ates 2-'@@{6

(net h) acr y?%?aé Jdcbé’l ﬁg eﬂ%gﬁ@@;@ﬂ%@g EMgEﬁ’thly;)}cp))l}acl)pyI ene
oxi de rmno(qmmphl)uai:ryl at es, poI yal kyl ene oxi de nono(neth)acryl at es,

_ pol y(e- capr ol act one) m)no( met h) acryl at es, such - 18 - as, for

?g?ﬁ') 33y l%;{aé{pi 2'}% gr /e %Xﬁvh{%ﬁ?%%nﬁ?sg@ rt'or g&BXQe’ arg ar%}{’l%EC? Xﬂﬁlpﬁﬂ%

3- hydr oxy- za,hﬁhrdlcrmd hydlmhppytﬁc cimtm-hc)rqmbydoayaatehyﬂrs aley mbmﬂyb to use mixtures

(meth)acryl dr ox 3 acr

hyar oxyf un R PBRT IS POSioclAIRCE SR oF Sfiale B siop Aypapsyenates ae

al cohol s, sme}hexa&ln&dyammmhxdxﬂdtm&&m@cy@w@@{m isdpRBione HMﬁd&SrérIaﬂzl (IPDD),

di pent aer yt | uitol, eth Elyl at ed, pB oxyl at ed or al kOXé| at ed

Lri ot hyl ol g Spmftansior g G rmatirerthdincin g 441 snder Bt ismapndhoremethpiens

i ndust rdgal diisocyanate, the isomeric bis(4,4“-isocyanatocyclohexyl)methanes and mixtures thereof
having any desired isomer content, isocyanatomethyl-1,8-octane diisocyanate, 1,4-
cyclohexylene diisocyanate, the isomeric cyclohexanedimethylene diisocyanates, 1,4-
phenylene diisocyanate, 2,4- and/or 2,6-toluene diisocyanate, 1,5-naphthylene
diisocyanate, 2,4°- or 4,4°-diphenylmethane diisocyanate, 1,5-naphthylene diisocyanate,

25  ftriphenylmethane 4,4°,4°-triisocyanate and tris(p-isocyanatopheny!l) thiophosphate or

derivatives thereof having a urethane, urea, carbodiimide, acylurea, isocyanurate,
allophanate, biuret, oxadiazinetrione, uretdione or iminooxadiazinedione structure and

mixtures thereof. Aromatic or araliphatic di-, tri- or polyisocyanates are preferred.

Suitable hydroxyfunctional acrylates or methacrylates for the preparation of urethane
30  acrylates are, for example, compounds such as 2-hydroxyethyl (meth)acrylate,
polyethylene oxide mono(meth)acrylates, polypropylene oxide mono(meth)acrylates,

polyalkylene oxide mono(meth)acrylates, poly(e-caprolactone) mono(meth)acrylates, such



m xtures thereof. 2-Hydroxyethyl acrylate, hydroxypropyl acryl ate,
4- hydr oxybutyl acryl ate and pol y(s-caprol act one) nono(net h)acryl ates
are preferred. In addition, as isocyanate-reactive oligoneric or

pol yneric unsat urated conmpounds containiygg acrylate 10 and/ or

nmet hacryl ate groups, alone or in conbination with the abovenentioned

mononeri ¢ CMpReRstple af(ﬁle@ WiiodRDBw, Séhviabagh, mnm 'ﬁhfdrggy&ﬂ%%dt he
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ot opoyitar RREARDERGie BERe BisP BRIl E R S gty ertc
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o o oty hiro5h Sone A1 et Qid Lot oft/g or

(met h) acr ylalRSetR4R ( meelf)@mbdeyc&ﬁﬁ&nﬁ B.?drbkﬂ Wk xndaﬁa%ﬁr@@ﬁlcxntems 0of 20 to

(et h)acryl ates and/or urethane acryl ates which have at | east

one ar onat i ¥041eg KOH/E ar acgylpted P@Uﬁﬁﬁlﬁﬁﬁ ba‘fsw OHgntgntsyef 8P & 3q0ang KOHbg bed

used as o]gsatalel os
based or?C ar omat ﬁth%ggf;@éyngﬁ%%gﬁaé@[#xg&oxyet ﬁ“ Fﬁﬁgﬁbﬁég&}%ﬁ{a}ﬂlﬁé
hydr oxypr oty gebetsnd dmihipgssonishons ydsten mofhaerslatap ok et hgeb ohansataiatic

nono( et h) acy l.at e ene oxi e nono

pol yal | cyl éi 8t)%{s§8ntr§§m%%1ﬁ%q?(%§gg?oyp%w B?i‘éﬁesb%%@‘@?%&’g?%ﬁ EB?’GH%‘YMES
mono( met h) aehyinigsydroxyl §ups il Iﬁvmra)deﬁﬁddthyﬁtdxgrﬂmbt@ﬁﬁft? brfe@feferred.
enbodi nment ,_ t he, adduct of ar oma socyan tes (very articularly
preferably ﬁﬂo?‘w %B‘Fﬂﬁ ‘%Fl’éi‘rp PR regption

aromat izg digiseadrat9se aﬁ&aﬁwaﬁn&ﬂahdf Reactl WRIPEYANRL 1he d
hydr Oxyet hy1:1r acr yl atrg hydl‘ oxXypr Opyl ﬁacrcyl at egp{:ﬁ ?‘ % Ompoun S) of ,

acryl ate areonggwHCRigeweieAEPlymer] visphenelA, rb@ﬂ)hm\é Iwesﬁquml Iaad:/bly 5
preferred %ﬁﬁﬂgdlﬁfd}tthe & Jtéd MHarod ok F ﬂﬁ{e@kﬁ%@%ﬁ@% tP.‘]"r ) OX@@g{a&ﬁ%

hydr oxyet hyl acryl a oxyprop

acryl at e armeving edeﬁmdcfcntpmehw 4. caEban’pIhmsd ﬂém\thmkhoammmmonsf aurgic acid
styrene, hal ogenated erl as for .exanpl e,
2-chl or ost W%ﬁ'éme 2N %?% %Wé‘dy fﬁj ﬂ%tth' egﬁcm: B%@T’@r ene, 3-
br onos2gr eri®fettdadpylBRA/ Vi ﬁﬁ&m@ﬁﬁ@ﬁbﬁ&&ﬁf& Tafb)ﬂréf'éfaﬂy&i&@d partlcularly ﬁreferably

p- (bromonet hy rene or 1- 10 vinyl napht hal ene, 2-viny al ene
2-vi nyl ant I( @3@& lates 3 %ﬁhﬁea(@@w& ngafewhlyh é@%k@ﬂ@ﬂ@ﬁmmaﬂc structural

di functi on%hlt_corrpounds, such as divi nyl benzene. Suitable conpounds of
conponent D) are, for exanple, inhibitors and anti oxi dants, as

Compounds particularly preferably to be used as component C are urethane acrylates and
urethane methacrylates based on aromatic isocyanates and 2-hydroxyethyl acrylate,

30  hydroxypropyl acrylate, 4-hydroxybutyl acrylate, polyethylene oxide mono(meth)acrylate,
polypropylene oxide mono(meth)acrylate, polyalkylene oxide mono(meth)acrylate and .

poly(e-caprolactone) mono(meth)acrylates.



descri bed, for exanple, in "Methoden der organi schen Chem e [ Met hods
of Organic Chemi stry]" (Flouben-Wyl), 4th edition,. volune Xl V/1,
page 433 et seq., CGeorg Thiene 15 Verlag, Stuttgart 1961. Suitable
cl asses of substances are, for exanple, ]]@henols, such as, for

o]

exanpl e, 2,6-di-tert-butyl-4-nethyl phenol’, cresols, hydroqui nones,

b | | [ . e, Jiaonal | | :

o o nea © % ey BHAGNARY oo Rl FEATR Gen BRI A Mg ey

gl 2 o) Dar ;) maz pagﬁctaﬂﬁrfyqsefembl;mm@-pﬂehﬂixpcﬁpg&b}alﬂiidphosphata betitdis ezdratic20
,6-Di -tert:.bu

2" et hoxy. FPHTBHIEHONE S0 BB HYRRERa L B Pl Pecige by Etopy

phot oi ni ti adcylste 21-Bydi6Hhuds aGOIRINE Med a3 conlfRSR: QIR a HirkiRt bk particularly
initiators which_can he activated by actinic radiation and initiate

pol yner iz ati'eRTed epnperipsnt addysts of Aghipueimiphenyhispeyagats wpd hydroxyethyl

Phot oi ni ti i ] )
i sti ot onpa s By e e e T A Ly sl oifipanc o,
(type Il) initiators, Furthernore, depending on_the chem cal nature,

t hese i ni t itagpiesHf sinylasematiss aterpiyrence balpgeupied Ferivafisesnfistyntne, guoh ps. ferhe
cationic ( 1,%e i fal Janey) K I LOf1S.
(Type 1) Syl BRIE bulofiified, o e R KR b O

exanpl e, artoomostyrehs Hememsfly coepelenidomathyd)stybewzp (iremomethyl)styrene or 1-

conbi nagj on.Wi.t h.terti . ani al kyl benzophenagnes

Bon s poig el S i BRd, S RO S eSS e .
20 - and hahygebabrobrkdiniaphsnonesumk, stick iidisaybingaé.d types. (Type
I1) initiators, such as benzoin and its derivatives, benzil ketals,

acyl phosphine axi des : 2,4, 6- trinethyl benzoyl di phenyl phosphi ne
o o, bl SAUURBB RO IEsaReneH AT PR R Pie T ibital gnd Hotfoxidatts, 5
canphor qui nesRibed! fohdaipld) aatNythodearienrpanischen Chemie [Methods of Organic

al pha, al pha- di al koxyacet opheno

ne, .1.- .
[ 4- ( pheny! t4heBysrdniHuber-3YryDs 4D editiopevolurpo Kb zeAge 433 Aespd-affeorg Thieme
al phahygdr o k Qﬁmgdrgpfg%a : i i & r
syst err?;ll %de)s(\ze?iia%gc} I'n EP- ,& Fg%%ﬂé%%l&g%%g%%#fg%ﬁéqgﬁ‘e a ngg%e?lgﬂ’o%ulclghg '
amoni um arfot exemales 2 rdl-tertrbuiyl-4-mpthylpheosl, crasola hydrofunersedenzyl alcohols,
phot oi ni ti r tr ] ntEumitriph | hexyl bar.at.e,
Petr abutyi Shcten e BTl ARLANTIIIS WA M Bt 3
t et r abut y| aervbuiylguirtone,spBondilyclso-ademaichytindse sy aediydoprpglamig @@
sui tabl e as anlﬁgloni um aryl borate. Suitable dyes are, for exanple, new
met hyl ene BREPMEHISN ne. basic yel | ow, pinacynol chloride, rhodanine
6G gal |l ocyanine, ethyl violet, Victoria Blue R, Cel estine Bl ue,
qui nal @0ne 2(®BDj-teeWylad-metiltienolpplichbthRnine Qi-pethoxAdeidzZBmeBoange G
Dar r ow Red, roni ne Y, Basi.c Red , pyrilliuml, cyanine and
met hyl ene @P’E‘éﬂm}lﬁ%ﬁ'@’d&eﬁ’%ﬂmlﬁ’&?& 1I%‘Pet al ., RadTech '98 North
America UV/ EB Conference Proceedi ngs, Chicago, Apr. 19-22, 1998). The

phot oi ni t i @reros mésephdiihitiattes 26 ueddiae cHRbYTERE EY, ThéseAreAisBalBSinRiafddd ®hich
(type 1) systens and gre derived fromtransition nmetal conpl exes of

the first rCahbe whivated bnactinig mdiation gndigitiafegolanesizption of the corresponding
trans-Cr (N 5 x o

or 20 fe§ r ﬁ%ﬁ@bﬁggﬁﬁsﬁ%@gﬁrﬁéﬁﬁé ﬁrlel\%t ai élgﬁé&:‘f%b#%q% g%dus Ilgeléwggg%,@’a .
33, 1123) distingtivnheinganade hatwagn mvaomplsselabtynetlyangifbimhlecelai (Eypedl)

ol yneri zati.o i in,the, f ch,.,as crystal violget
Poubon t 11 PR ERIRRoE Ul dRutP G B shSiRs SAEC R fldSprosdl Bt e
cyanoacr yl dtee sadinsl, plxodrddni¢ (o), decatimds (drintiRed) Naalseif sheelbo@mentioned

Macr onol ecul es 2000, 33, 7761). However, the chronophore is
i ncor por at 8AYISTIEHORE pol ymer so that the resul ting

(Type I) systems for free radical photopolymerization are, for example, aromatic ketone
30  compounds, e.g. benzophenones, in combination with tertiary amines,

alkylbenzophenones, 4,4°-bis{dimethylamino)benzophenone (Michler’s ketone), anthrone
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25 polyners are col oured through. The photoinitiators used for the
cationic polynerization substantially conprise three el asses:

aryl di azonium salts, oniumsalts (here in particular: iodonium

sul phoni um and sel enoni um salts) and or.ganonetal | i c conpounds. Under
irradiation, both in the presence and the absence of a hydrogen

donor, - phenyddiafzenitibaddiienGRE oPLAGUESEE BidaRlds AT y%é“ﬁﬁ el shelpdeeS

t he poI ynmerization. The effici encg of the tota em1s determ ned
by the nat ubeBzein andits desinatiessi ozl etels:awlphh@hme@zdns,@rg édpound.

'S pref or r ot R enE BRI oL ok AR Bl bR Ml

a rul e not esery c&nphoaqmnormg aﬂpm-mhmoa;lkylph&nenqmtﬂha a}pha-shaﬂ&)dyaretibphenone 1-

hol 1 - 't t ed ft t t
Fan (o g g o nare 0 Befou i e ARBST 1 ng, - 2001
84, 139). Mgidyoxyhltelpfenime dreidhatindt SRIBIE Mhe dhbtindiedirspfbfs ddcidd in

kinds of forns are on| um salts, .especially sul phonium and i odoni um
salts. The PiétGeA¥M adcongistingiod a glizyrRfdRFEmeRE Flhorsesnd one or more

i nvesti gat efles IGa1daREL R éﬁl{éﬁo?mfuhtro tFo?eﬁﬂﬁ@é%@u Hfﬂi’ﬁ&ﬁﬁmﬁal ly

after excitation and thus produce a ree radi cal an ee radi cal
cation whi drphanylentiboiaieetsirbutramoniuactrisdarflupiophenat)bexyiboprtoamh and

chem  1bo. G Bk A R BRI SR A R Bl e ool sl

enabl es t hearylberatef Snitaditendyesmsafot sxamiS€ ntwmdthydmerbhgi thidnine, basic yellow,

phot opol yner.i zat i.0 he, choi, ce he counterio onc of,

P ot Hor worna gl Hhiorife inElinCs . aaloSafBe ARl wol et Bag R e Bine
are |ikew ssugrqeinardigded, carmﬂ o3&, brilRar Bictn, Sid’tﬂdﬁdﬂ{')@ngé @5ParrdWRed

choi ce of the substitution of the aromatic is conp Iete%mfgree and IS

subst ant i alBYyendRs: brBasirRedA?, prialligmd; evapme ppd mefylepe blyp) Azuse Ar(Cnppingham
bui I di ng blpeKRAPEH" b@N%MH%bﬁeﬂcé Uv'ﬂéﬁ RHERORP P{H&éﬁﬂgssﬁ:ﬁe&ocggmy BYs

whi ch deconpose according to Norrish(Tl) (Crivello et
Macr ool eculi988), 2000, 33, 825). In'the case of the sul phoniumsalts,
too, 15 the choice of the counterion is of critical inportance, mhich

mani f ests i SHios i LDg:

The best - eanEroBaRbERk ot e aRohic b PRk Bac 1B HBES pud

sel f - absor prd demived fmudmsxﬂnnmwtﬂsmh;ﬂhmmﬂlesthkttrswi GhroR00n salis] svek es, for

conpounds nust .he_a i Sj t

phot opol yma?{?nz.‘%Lﬁ On@-ﬁrﬁﬁﬁﬂg}gﬁs&f@&a& ’t %O%Fﬁ?soll%lﬁr ﬁ§72)?ﬁ| S is

rz)gsfsl bl2® bfex?d&nﬂ%ﬁ@buﬁsth@?himul ,ﬂqa@oﬂnbgjttﬂés 200?30339%\[52) c,a:rheslﬁ@ﬁrgas
or exanpl e rac erivatives et al., Am em Saqc.

Pol yner Pr ﬁtfgﬂﬁ@z@@eﬁ ﬁty(orildhe ailmp%ymsﬂéﬂm eAnsists e thsuseiet dyghsnehes

thereof ( Hlé?ys%ﬂ vidlet |AMRERIRIIP begklasiste &11 leukdnitrAd 8dnidd Sgl)}nﬁer%y be

advant ageous al so to use m xtures of these conpounds. endi n

t he radi at icB#nosenylates bybetobic deermpagition gNeakiss et glpMaawmo&@nl@ea@GOa%,on

of photoi ni t r .s0n
ki [1ed 1 n e BopREE im0 EbmoBAPled el P Bk oS o Bat HE-BEHETC
phot op@Sympolyzets ae colsurd ghrbyghpossi bl e for a person skilled in the
art in the formof routine experi ments within the bel ownentioned

quantity r e avail.ahle, in
particul ar %@ggﬁ%@{e teaEO%% syn gé‘ialsﬁcg:’%en? 7o Sg%ét?ﬁ &P se%reé
phot oi ni t i atasges: d:‘:yldmzmmmmhlw emumfsarteﬂiemhuwﬂtxaﬂmiudomum sulphonium and

t et rahexyl b rate t Iann niumtri | hexyl bor .
t et rabut §| anf ﬁﬁ‘is F‘l‘tj@% %%?PQ?R?P‘? e%ﬁ%%#@%n&tﬁmm& presence
tetrabutyl apaBRiabnte b4 Bydedlefldondt:; pH&&lHiﬁh&H@rﬁ)éM?ﬁH&E&iaeca%ﬁ fhat

dyes, such _as, for exanple, Ast r azon O ange ene
30 initiates the polymerization. The efficiency of the total system is detemuned by the nature

of the counterion used for the diazonium compound. Here, the slightly reactive but very
expensive SbFg", AsF¢ or PF¢ is preferred. For use in coating thin films, these compounds-

are as a rule not very suitable since the surface quality is reduced (pinholes) by the
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- 22 - blue, new nethyl ene blue, azure A pyrilliuml, safranine O,
cyani ne, gallocyanine, brilliant green, crystal violet, ethyl violet
and thionine. Optionally, one or nore catalysts nmay be used as
conpounds of conponent F). These are catglysts for accelerating the
uret hane formation. Known catalysts for this pur pose are, for

S5exanpl e, t Sd.88 t t

di met hyl bi s??fg&%l%gﬁ%ﬁﬁ&ygg%§ st annglgEb (Lgb%f ﬁrfn@nggfia%a 05%7' (z"ﬁaél,d

zi r coni um bEsgintermp 08 1239), Vznyr\ndeiyusndawdeksbacmnmmalbr ayaildblerihialry -

anm nes, suc r example..,1,4- djiazabic 0 n

o oeb! oy ol BnBPar foths SX 8o, siheold AIRIGRNEA 8 oferftl Shi The

t et r amet hyl ghoasuheinidery of these compounds has longé)een mvestr)gated The iodonium salts first
1, 3,4,6, 7, 8-hexah m 2-a) pyrimdine.

Di but y| tg %ﬁcpea?%ﬂ@moﬁprfweﬁhﬁ% .ezsffl M{géwe%%@rg% r%lrarrleﬁee radical

di met hyl ti neaiof JMRPARY Eﬁﬁlﬁzecﬂbﬂ{@bﬁl%é‘tmncﬁﬁr%@a %m%n%ﬁ%umﬁates the cationic
di azabi cycl ononane, di azabi cycl oundecane,

t et r amet hy|]@qj§ﬁer¢ﬁaﬁ@n (Dektar et al., J. Org. Chem. 1990 55 639; J. Org. Chem., 1991, 56, 1838).
1,3,4,6,7, 9’851%%@%%91 \%na h@élusggfigx&hﬁﬂig%sjals%f@ﬁ%@ dafficfll ne are
preferred. course ad Ives can optionally be used.
These may bphotdpotynexizatidre | Th& Bhactdiftthe@entetion isrmcq/agam tilvensideablof

- coatin echno such as _solv crz | ev II|n ents
oo uhad CoBRae neR Sty BRpRRvE SBES AR PR P p TR iss Py Tl PR o
havi ng gOOdthﬁlsﬁlﬁﬁthteLdlaisB,dtbé clipdet of elge, subs?twlltitﬂoﬂhel ailr(bInat&i’iQ c@nﬂﬂb@ly fm:ah&mg
oi nt . ma as e adva eous, equsl y. t e P ality
of additiv ¥ deippuine y e%ﬂrtr oftrewa@r §t8“’6‘5%&§€’§ﬁgﬁ’ﬁlléﬂ%§ﬂ¥o
use a plur 3§yhﬁ1)651§’f’1‘1ﬁ§dlphbr\iﬁﬁ sQlfts ﬁe @&H}S(ﬁlhﬂé Whieh dbotRGdse z?c@oﬂﬂgho NE?rlsh(II)

pol yur et hane conpositions accord 8 he invention, hol ograns for
opti cal aprﬂql‘t’!a]th &red WCWI@HEGFJ?@ Gi33i %’45é Inéhﬁgesmﬁihr ﬁllphwjlmmltsm
range (39 t

rocesses. b e YR @ REo A R AR S e B Popgantaly B
recorded bytheremmrgdetelorﬁ‘dwpoﬂylnermé‘hpéesimukmrb bbﬁhrledl ag mmlawith SbF¢ salts.

I ncl udi ng

fur1 - aport SiBtethe e Ssolio sF BibeBahd atphR s SR sty corbolid

hol ograns (faabs b}ﬁpﬁsblblﬁlitélg ke¥Rizkd fdPEHY }ih\é ol BlefightRfBvithoichr ¥ oih short-wave
raphi c

reflection holo edge-]iterature ogr ans _and hol o p!

st er eogr ansVlSl{’]@g‘lgEg&b@ﬁs BB by, eumﬁeem%%&we&aa higheg ggsorption, such as,
transmgpi op: AN, aABrRLR: AULEARTAREs g tlaC BAmEERIR Hod, PAWAG Fi&prints,
| enses, mrrors, "deflection mrrors, |ters, diffusion screens,

di ffracti or?080che@d.d 266) g iphenpiiiazing oz\rdave@wp@lﬁlgreombraeé &, drcromalesnlss
and/ or nms %05‘,3%?2%8@2@2@ erred.

It may be advantageous also to use mixtures of these compounds. Depending on the
radiation source used for the curing, the type and concentration of photoinitiator must be

25  adapted in 2 manner known to the person skilled in the art, The abovementioned
adjustment with regard to the photopolymerization is easily possible for a person skilled in
the art in the form of routine experiments within the below-mentioned quantity ranges of
the components and the respectively available, in particular the preferred synthesis

components.

30  Preferred photoinitiators E) are mixtures of tetrabutylammonium tetrahexylborate,
tetrabutylammeonium triphenylhexylborate, tetrabutylammonium tris(3-
fluorophenyl)hexylborate and tetrabutylammonium tris(3-chloro-4-

methylphenyl}hexylborate with dyes, such as, for example, Astrazon Orange G, methylene.



~

30 Frequently, these optical elenents show frequency selectivity
dependi ng on how t he hol ograns were exposed to |ight and whi-ch

di nensi ons the hol ogram has The pol yur et hane conpositions descri bed
are particularly advantageous because, during their - 23 - use, a
hi gh refractive index contrast delta n >70.011 is achi evabl e, which

is not achi j t,i . cl.k | he prior art. In
addi tion, hoiﬂ%g]re gvpréu%}%ﬁlgfn@atgg% Ig%!jdrlgtétixl’ §§?£ﬂr‘§§t%ﬁ%ﬁ%ob?5’ém&eb%a Lljlc?@@ngjff"
means of t higiljadtywen] drgstal videtpedhyltvicdetzndddoniaé.ng to the invention,
such as, for exanple, for personal 5 portraits, bionetric

represent at sons {n securit cunments or,generall f 1nmages._or., | mge
Seruct ur ee. PBToRNDTE RS Mol coBRETRRY, B Bho AESH Bt o comBRBTLE Thire ar
trademar k beagighit@r adcaletdting fldastBmedbenion SKnaaCataystOfs this purpose are, for
illustrations, gl,ti-'ourney tickets, images and the Jike, and images
whi ch cah r&pReeHiR ofpRaate Fing Qptancais, dibutylim dilagrade, dimetbdhisiCrat i on wit h
the productsycdlesietyIRad|seRanR, diHRkiguiPRkiGody R Sicdin sty ancate),

i npression of a three-" 10 di mensi onal inmagée but they may al so

represent |#egBiuBasiryiaceionate polertiary amigesp puch agfabesample, didf f er ent

obj ects, d ' . .Gy ' ' ed, the ’
Tt sour copiisp Ao H18GaA At bl by AbGydelard ] (352

i Il um nat edgtrebethyl@raniding, @,3,46,3 8-heaaliydoh- astlyh2Hossinkitd(! 2-Osyrimidine.

hol ograns, in particular volunme hol ograns, are an attractive solution

{her of " BRI SRS A GALER L oxdRpd HENRETSERnd USRENAR dicerportare
APl et R R R DL
using t he ﬁa?@%?@lﬂmgﬁ% ’e@@?i@wgﬁa olra}emyf-? -Rm@ﬂgﬁgrﬁﬁ%wﬁﬁaﬁaw

the nedi a giefB@Edgraphic filnms obtainable therefrom The process
according to the invention for the production of hol ographic nedia

for recordi 20 vjisual hologranms is preferably carried out in_such a
way t hat u@fg@wfégﬁ%wé Bhehta opflonaly bsaf%ﬂ%ﬁm beoiopstIioNs
accor diag taadiives dudieefaly Rithe ¥eh Bf dABnEXEIBRIgG s1eh a8 FRAREPlastfzersaT €
honogeneously m xed wi t'h one anot her and component A) I s adm xed only

i mredi at el yewsdingragerip pr adhgsipp prometerh &lastitizars waed aty prpferablyeliquidsi having)| |
met hods an éerg@ oY : t : L ' he art.
fromm xi n%oggeit%gec t}rr%epgo ) éégnﬂlch aoslé,:tﬁ o%de{lgﬁl'g?%ﬁgg{@lr% ?atdl? Ei(ijaz{rlé%s]jteor

bot h dynaniadvantageststimultanesesisto wsaa pluealip efhddvivesofonedypeHOofiemese, it may
appar at uses, w,t hqut . dead .spaces Or. W nl | 1..de spaces are
preferred. als erF?gY%argg?usﬁPg‘fee?'ﬁ%l%?gﬁg@vgﬁﬁﬁgﬂwioﬁgmgch t he
mxing is effected within a very short tinme and with very thorough

m Xi ng 26f tWigh thepobongtisme sbmpodsitidis asdoxdidg tolthe paeitionyhelogrady fa whiical

mxers are alsafjlgc;[a lglllsemft}(l)eren pel. %Sigférr Og%ea’nd ?nslgee: gtiea? l[}\yra:[ngg ?3%0i—r]800 nm) can be
produced by appropriate exposure processes. Visual holograms comprise all holograms
which can be recorded by methods known to the person skilled in the art, including, inter
alia, in-line (Gabor) holograms, off-axis holograms, full-aperture transfer holograms,

25  whitelight transmission holograms (“rainbow holograms™), Denisyuk holograms, off-axis
reflection holograms, edge-literature holograms and holographic stereograms; reflection
holograms, Denisyuk holograms and transmission holograms are preferred. Optical
elements, such as lenses, mirrors, deflection mirrors, filters, diffusion screens, diffraction
elements, light guides, waveguides, projection screens and/or masks have are preferred.

30 Frequently, these optical elements show frequency selectivity depending on how the
holograms were exposed to light and which dimensions the hologram has. The

polyurethane compositions described are particularly advantageous because, during their -



30 which the conponents cone into contact with one another only in
the mxer. - 24 - The tenperatures during the procedure are O-to

100C, preferably 10 to 80C, particularly preferably 20 to 60C. |If

necessary, degassing of the individual _c%rr_ponents or The entire

m xture can al so be carried out under reduced pressure of, for

exanpl e, | td ar, te [ n._of
conponent '§gga£| 1lsugpr Z:?#g%d?’r\&#ggetrdeg%n proe@gni 5%115%%17‘19 hl& %Oto hﬁﬁ/’ed
resi dual gawilktheifornletiomedeseribéd inithaftie artPri or to admi XI ng of
conponent A), the mixtures can be stored as a storage-stable

I nt er medi at ed.over sev t he ad 1, XI Ng

of conponen a/gﬁhn(?P’eI}qﬁ E?%F@Wa&%%f a%%@l#ﬁoéﬁyﬁﬁﬁéw REE S hﬁe 10 -
i nvention, polpirehine donthobitlohsdcobidiisito thelifiventibigisietths) ot eXamlle Fe1isa8al
on conposi tion, }Ljrres at roomtenperature within a few seconds to a

few hours. BEREAIfsapiogeliffepREenialigas Bfecybadecupenty opeenerlly of fntgss primage
conponent s Siucioh) f@PAMﬂﬂd@a&'&%m‘}? TRRE frARBarl SroRREEdE ﬁﬁ@nyarﬁgiaﬂ&hg d so

that the curi ng after adm Xi ng o nponent at room tenperature
begi ns wi t hibel mdﬁ%greglem@ater@cmmns, lrllnstenpnetre&tr mm@mtmmagestahethﬁ

ot ween 30 SegeRREC MpDCR AR At il g, AT B Ll MRELR b

50 to 1OOC prﬁdleztwmtﬂrabodelogthpb&mmgﬁs maytgnverthgmipies.s_mntdfa tlaxee-i ng
cxper | nint <SRBT IR I PE BRY skt et Shingts Shorl g or & e
conponent s dfuifférag objeotshéspendis®opthrenss fidavawhisbitey herilleaireh] 8o lish

each case, in partjcular 20 the preferred sy nthe5|s conponents
| mredi at el ySOBEl“FzF‘ I"ectvé“%wlfgﬁl’“ﬁ AR “ﬁlhIW}B‘E}h"BE‘h@ﬁﬂ Lumippisd, 58 (ivieg Wane

conposi ti onﬁeseq,gﬁécﬁaea%ntp@ss&muwmagﬂaee iR AN RicHbSERShE hASerdns Zrla
typically 10 to 100 O nmPa. s, pref erableOto 20 000 nPa.s

parti cul ar |ajirastise ealutinn fopthe ab@\’e?.!@nt)%dmpplu@'ﬂmespem all'y preferably
500 to 5000 nPa.s, so that, even in solvent-free form they have very

good 25 5pr ofR$5iR8: 1H€’ré?1l%ﬁ tHloRFore R0 Ll i { of e AR LacS HAMEY Fhe

viscosities at 25C bel
invention for recorchng visual holograms, for producing optical elements, images,

diagrams, and a method for recording holograms using the polyurethane compositions

according to the invention, and the media or holographic films obtainable therefrom.,

The process according to the invention for the production of holographic media for recording
20  visual holograms is preferably carried out in such a way that the synthesis components of the

polyurcthane compositions according to the invention, with the exception of component A),

are homogeneously mixed with one another and component A) is admixed only immediately

before application to the substrate or in the mould.

All methods and apparatuses known per se to the person skilled in the art from mixing

25  technology, such as, for example, stirred tanks or both dynamic and static mixers, can be
used for mixing. However, apparatuses without dead spaces or with only small dead spaces
are preferred. Furthermore, preferred methods are those in which the mixing is effected
within a very short time and with very thorough mixing of the two components to be
mixed. In particular, dynamic mixers are suitable for this purpose, especially those in

30  which the components come into contact with one another only in the mixer.



10 000 nPa.s, preferably bel ow 2000 nPa.s, particularly preferably

bel ow 500 nPa.s, can be established. Pol yurethane conpositions of the
abovenenti oned type which cure in an anount of 15 g and with a

catal yst content of 0.004% by weight at_45C in less than 4 hours or
at a 30 catal yst content of 0.02%in less than 10 m nutes at 25C have

roved to —_— 7 ok ' :

"o a moul B e PO ea e iefing de pESbelub He (A0S it 19 MO, bRy
skilled in pmterablx 2G10e608Gi t abl e, such as, in particular, knife
coating, pouring, printing, screen printing, spraying or inkjet

rintiNg. * 1fnoddhlard MEcd@bE LA EARSA LGN AROY fhedh i HEREPOLAS DY

reference inits entirety use pur poses. ereis
shown and dessed da dndseredaced rpssoiefdfcfos exampley i esbae Mrpdssingyint gagticular after -

i nvention, Jjigwill nj t tp those,skilled in the arf that .
vart ous ot sREPORA BEH piftnnietigh pioknt slphE Sl Bfesigen
W t hout depgasses mgtht mosdid dtezifgble.i t and scope of the underlying

i nventive concept and that the sane is not limted to the particular

fornms hereifn.shown and l0descri .. EXANMPLES The, fal | owi ng ex | es
bre ment | oriPropaR R At AR SARE AR BRIt Lo Sorh Ay s St

i nventi on bidferrédata df rdgirfBowen el gedthas being limting. Unless
noted otherwi se, all stated percentages are percentages by weight. 15

Desnpdue XP, 2410 is .an experi nent al odyct of Bayer .\Naterial Science
AG, Lever kuABH becadiriGfiy ol Reuentn obs b atePmr e B R R os
propor tien igbentith,Hadiqzd pRdhehsh BloblafRe WhtdYdepkdhe BN t&RbositRa; Ri¥es
Desnmodue XP 2599 is an experinental product of Bayer terial Sci ence

AG Lever ki &pm eEmpseaiire within a fem sspondn in afepfhoyeskane dii socyanate on
Accl ai m 4200, NCO 20 content: 5.6- 6.4%

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

compositions is preferably adjusted so that the curing after admixing of component A) at '
room temperature begins within minutes to one hour. In a preferred embodiment, the

15 curing is accelerated by heating after the admixing to temperatures between 30 and 180°C,
preferably 40 to 120°C, particularly preferably 50 to 100°C.

The abovementioned adjustment with regard to the curing behaviour is easily possible
easily in the form of routine experiments within the abovementioned quantity range of the
components and the synthesis components available for selection in each case, in particular

20  the preferred synthesis components.

Immediately after complete mixing of all components, the polyurethane compositions
according to the invention have viscosities at 25°C of typically 10 to 100 000 mPa.s,
preferably 100 to 20 000 mPa.s, particularly preferably 200 to 10 000 mPa.s, especially
preferably 500 to 5000 mPa.s, so that, even in solvent-free form, they have very good

25  processing properties. In solution with suitable solvents, viscosities at 25°C below
10 000 mPa.s, preferably below 2000 mPa.s, particularly preferably below 500 mPa.s, can
be established,

Polyurethane compositions of the abovementioned type which cure in an amount of 15 g
and with a catalyst content of 0.004% by weight at 25°C in less than 4 hours or at a

30 catalyst content of 0.02% in less than 10 minutes at 25°C have proved to be advantageous.



Desnmodue XP 2580 is an experinental product of Bayer Material Science
AG Leverkusen, Germany, aliphatic polyisocyanate based on hexane

di i socyanate, NCO content about 20% Terat hane(r) 650 is a
commerci al product of BASF AG Ludwi gshafen, Germany (poly-25 THF
havi ng nol ar nasses of 650 g/nol). Terathane(r) 1000 is a comerci al
product of . | Yo(.RQlL Y. THFE. havin | ar
masses of 1%@?5 Brl?trcr‘igf)#%dﬂ‘ggtg&é 8%8}0%@5@81 as11 rggp&x ‘ffnctl:l?tlo rgﬁgﬁné}go‘% kmowm to
pol y( s- capr ik getsamskibhal indhe {rharabdtably arch g inpirdeulam ks fedoatitg, Goring,
g/nmol). Polyol.1 is an .experinental, product of Bayer Material Sci ence
AG the pref4iag; Seeromg ISPIB%'HgBE‘r“ngP@t%I yols 3 to 5 are polyols
according to the invention. Their preparation is described bel ow. DMC
cat al yst: dallihearcferdnats degaritied @bortad Medrpbatd byefe®h&iCin its entirety for all
hexacyansocobaHate él 1), obtainable by the process described in EP-A
700 949 PHPPSeEJ1L28: uret hani zation catal yst,

di met hyl bi skl - oxoneodecl ) oxyl st annane, comrerci al product of

Morent i ve Pgmhile tgbdlie shéshesdcRbdibeddriadispebiic staRurksisBbbdmg ¥l M¥%ntion, it
strength soluytion i.n N ethyl pﬁrrol i done). CA 909 is an experi nental

product sol ¥l b Dayviestiy thasp skilledein themaisthat vangps medifisgiigns adyasrsresnass of
i t ad el : i '
b0, 70-3) iRt by bohbd ikl dep i MU BIATBO o Wderying

i ndex cont riaventing concefiraad dlati the same it Hgitedta the particedart fowws keendn shown and
conpar a];d' vedeg&ﬂg'eg produced in the experinmental 15 part were tested by
means of a measuring arrangenent according to Figure 1 with regard to
t heir hol ographic properties: Figure 1. CGeonetry of a hol ographic
media tester at X = 633 nm (He-Ne | aBEAMEIES witing a reflection
_hologram M= mrror, S = shutter, SF = spatial filter,

F CL =

COl ) ron " B s Bk RS AL 58 SRR L e
41. 80 are tilreengiogbatsarefiofi tabe dedersoad agt heingdliohiting inlbs e dratiaswise,thll stated
out si de the Saﬁ'ﬁl esa&%héa ﬁﬁdi u&. .&Fe beam of an He-Ne | aser (em ssion
wavel engt h B33 BETRHRESE PRt h the aid of the spatial filter
(SF) and together with the collimtion lens (CL) into a parallel
ho][mgeriéoustsﬂmdur@Th@ f24n@l isc apsexpsgmentalnprafuct vd BhghaMaghidiScience AG,
rererence Loy asre%, Germany, hexane diisocyanate-based polyisocyanate, proportion of

iminooxadiazinedione at least 30%, NCO content: 23.5%

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

Desmodur® XP 2580 is an experimental product of Bayer MaterialScience AG,
Leverkusen, Germany, aliphatic polyisocyanate based on hexane diisocyanate, NCO
content about 20%

Terathane® 650 is a commercial product of BASF AG, Ludwigshafen, Germany (poly-
25  THF having molar masses of 650 g/mol).

Terathane® 1000 is a commercial product of BASF AG, Ludwi gshafen, Germany (poly-~
THF having molar masses of 1000 g/mol).
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25 established by the iris diaphragns (1). The dianmeter of the iris
di aphragm opening is 4 mm The pol ari zati on-dependent beam splitters
(PBS) split the | aser beaminto two coherent equally pol arized beans.
By the X12 plates, the power of the reference beam was adjusted of
0.5 mWand the power of the signal beam®’d 0.65 MW The powers were
determned _-27,-, Uusi the s con uct ct w th sarrple
rempved. Th%"l%‘ﬁ&llﬁaa’fiﬁ‘? pﬁ@ﬁ@y@-e@p fteﬁ@ﬁiﬁoé%&ﬁn}ﬂq%%&%%ﬁﬁlqgf THags BboYh
the angl e ofsoign@bgence (13) of the signal beamis 41.8. At the

| ocation of the sanple (nedium), the interference field of the two
over |l appin roduced a gratin ht and dark strips which
are perpenglo‘gm?gsls g‘bc’fﬂﬁgmﬁ }gogqc%g&@}egl\@?erxglslcwgcqﬁ@ e praparatien ifent
on the sanmiege{ye8hbbigati On hoI ogram). The strip spacing in the medium
is - 225 rim(refractive index of the medium assuned to be -1.49).

Hol ograns were witten into the nediumin the follow ng nmanner: Both
shutters (olwple3 praredolsls acediag e inventions Their mepsratign is descyibedbelow.
shutters (S) closed, the nediumwas allowed a tinme of 5 mnutes for

di ffusion @M@\ﬁt&?}sﬁ: | doubie Rk Q?&ﬁ@e%ﬁtaiﬂt Msb& b REQERIScobilfe ﬁ[IIgt or

hol ograms written were now read in | om ng manner. The s

of the si gr@Fa“E?@éﬁh}ﬁbﬁmQﬁ@ﬁdéﬂé@éﬂmﬂﬂwé7§ﬁ19t’r9er of the reference beam
was opened. The iris diaphragm of the reference beamwas closed to a
di anet er ofgqadk iﬂmi@nu&tﬁmau&@ ded) W)RAT WASnddea Yok tely
in the pr ewoougl y witten ogcr:arﬁaﬁtt gﬁ? {351;[? es of r%t gﬁ%ﬁér%f t he
medi um Th @ommqftldmr@ducuwﬁ‘épmemlﬁeefpnmc Elbemlc@lgantcmeGTt UsAdmgties 15

range flompe |l e step width of 0.05. At
each angl e @Hﬁsﬁ%ﬁéﬁegﬁu%g“ v@ﬁbﬂ ld%ﬁ’g beamtransmitted in the
zeroth order were neasured by means of the correspondi ng detector D
and t he povGFIL08fis arhexpormmmntdl frbduwnt saddiin 2008 by Giba kit., BadeSwizesdand.
nmeasured by neans of the detector D. The diffraction efficiency -q

vwas obt ai nqghaaly fReNs Sty 5. ARAHAREN 8%y ATod 5 SR G (CPAIS 2(%9—’}399’). i

PD PT

Measurement of diffraction efficiency DE and refractive index contrast An:

The media according to the invention and comparative media produced in the experimental
15  part were tested by means of a measuring arrangement according to Figure 1 with regard to

their holographic properties:

Figure 1: Geometry of a holographic media tester at A = 633 nm (He-Ne laser) for writing a

reflection hologram: M = mirror, 8 = shutter, SF = spatial filter, CL = collimator lens, M2

= A2 plate, PBS = polarization-sensitive beam splitter, D = detector, I = iris diaphragm, o
20 =21.8°and B =41.8° are the angles of incidence of the coherent beams measured outside

the sample (the medium).

The beam of an He-Ne laser (emission wavelength 633 nm) was converted with the atd of .
the spatial filter (SF) and together with the collimation lens (CL) into a parallel
homogeneous beam. The final cross sections of the signal and reference beam are

25  established by the iris diaphragms (I), The diameter of the iris diaphragm opening is 4 mm.
The polarization-dependent beam splitters (PBS) split the laser beam into two coherent
equally polarized beams. By the /2 plates, the power of the reference beam was adjusted

of 0.5 mW and the power of the signal beam to 0.65 mW. The powers were determined



Pp is the power in the detector of the diffracted beamand PT is the
power in the detector of the transmtted beam By neans of the nethod
descri bed above, the Bragg curve (it descri bes the diffraction
efficiency i as a function of the angle I?. rotation of the witten
hol ogram) was nmeasured 25 and was stor e& in a conputer. In addition,

h t t t 1 h
2gai net ¢ e e S EGiet frtcltia H QB pB Femif g i elle e e
diffracti orthefa‘feremm;(m(xDEl $° &1d the ﬁfgldckf&ndadﬁneg(m@fthe stgnal BedmdeaKs®, At

val ue, was er m ne have een necessar for this pur pose to
change t he ‘SBL‘%"?‘F%}P%’P‘* 8’61“1 ?lﬁ%ermefﬂe taRitH RN RnPing: Reams

to determ ngodlte§a g@&mglémlmlaﬁe dark‘str%§ wmcm?e ﬁe%fsérraﬁ;hlay & hBIERle bisectors of

contrast An and the thickness oto | ayer were now

det er ni ned By Mrrekgsgnsdncidens op ﬁwrsa@ale\ﬁmﬂecttonén@ﬁwe@f The mp RleRgisin the The
Bel | Syst erthdeehi ¢ g? AR ive (RO e RN BURGLa 19651 AbjTDer 9.

page 2909 -page om t he neasure ragg curve and variation
of the transnmitted intensity as a function of 5 angle. The nmethod is -
descri bed D¥¢legvamaseoy wiitten into tko getlininkin thefollowingovanner:i s true for the
Bragg curve TVA of a reflection hologram 1 1- W 1+ sinh2 (VvcD2 _

x2) - Both shutters (S) are opened for the exposure time t. Thereafter, with shutters (S) closed,

the medium was allowed a time of 5 minutes for diffusion of the still unpolymerized

10 writing monomers. The holograms written were now read in the following manner., The
shutter of the signal beam remained closed. The shutter of the reference beam was opened..
The iris diaphragm of the reference beam was closed to a diameter of <1 mm, This ensured
that the beam was always completely in the previously written hologram for all angles (Q)
of rotation of the medium. The turntable, under computer control, converted the angle

15 range from Q = 0° to 2 = 20° with an angle step width of 0.05°. At each angle approached,
the powers of the beam fransmitted in the zeroth order were measured by means of the
corresponding detector D and the powers of the beam difﬁ'acteci in the first order were
measured by means of the detector D. The diffraction efficiency n was obtained at each

angle Q approached as the quotient of;

20 n=

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

the transmitted beam.

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

also plotted against the angle Q of rotation and stored in a computer.

The maximum diffraction efficiency (DE =) of the hologram, i.e. its peak value, was
determined. It may have been necessary for this purpose to change the position of the

detector of the diffracted beam in order to determine this maximum value,



X gcos(oci) cos(al-2w) - AO 27c sin(al-w) d x A cos(ce-2y) 2 W~
102 A- 2 . n cos(yr -a) nsin(a9 = sin(a), nsin(O) =sin(fl) AO
-AQ Il 1- sit-12(a) (1) is the grating thickness, x is the
detailing paraneter and is is the angle f tilt of the refractive

i ndex grating which was witten, a' and“I' correspond to the angl es

a and 13 dufy NGt x% %%FAn t% %glkngys %f%hed;;e}le ogagf er 1?%%\%eﬁeenow

angl e detunlng neasure
angle a'. AfZeriinediby memg‘s ef ﬂiet:wplemigwdvealmmr)e@f 1H. Rogenild €THelBelnBdietim
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tanh 2 (4318} preadurdtiBlags oGO shPthe GRSAGHR b?ﬁ%haﬁﬁﬁﬁ@@&%ﬁ%i@ﬁa%ﬁd% ofhe

diffraction efficiency, the theoretical Bragg curve and 1
transmi t1 ecugif Eremetfiod isdeserihed bEIRWEi gure 2 plotted agai nst t he
centred angle of rotation 12a shift. Since, owing to the geonetric

shrinkage aRgbotdify NGk, thd RBoMEBTS8% fof Hedithid/irve n/(Q) of a reflection
hologram:

1
ey
o sinh*{y/@? — 57

with:

_ n-An-d

A~ qfeos(o)- cos(a—2y)
2r - sinfo'—y) d
A oosa2y) 2

x:A@.

10 2
A=

2+ n-cos(y ~ a')
n-sin(e') = sin(a), - sin(B') = sin(B)
1-sin®(a)

A =-AQ: | ——+%
n* —sin®(a)

@ is the grating thickness, y is the detuning parameter and ¥ is the angle of tilt of the
refractive index grating which was written. ¢’ and B’ correspond to the angles o and B
during writing of the hologram, but in the medium. A® is the angle detuning measured in
the medium, i.e. the deviation from the angle o’, AQ is the angle detuning measured

15  outside the medium, i.e. the deviation from the angle o n is the average refractive index of

the photopolymer and was set at 1.504.

The maximum diffraction efficiency (DE = fuay) is then obtained for x =0, i.e. AQ =0, as:



5 index during the photopol ynerization, the angle at which DE is
measured differs froma, the x axis is centred around this shift. The
shift is typically 0 to 2. Since DE is known, the shape of the

t heoretical Bragg curve according to Ko_%l nik is determ ned only by

t he thickness d of the photopol ynmer |ay€t.” An is subsequently
corrected via DE for a given thickness so that neasurepent and
theory of DE always 10 agy.ee 14:8 _now.adapt ed-tntd| thelangle
positions of the first sgjé%ﬁgggyc@i_m%gjmm | Bragg
curve agree with the angle positions of th I'rst seco ry maxi ma of
the transmtted intensity and additionally the full width at half :
maxi mum (FWHM) for the theoretical Bragg curve and the transm ssion

intensity i t s . Ok lon_Which a r.eflgection hol.ogram
concont t ant 1 el 8t o et RO bnc) g e S il v SRR

but the detteabmitictlontendity agi shomadh Etbutd Dypibtiabapaitet e tentoll ¥ngle bf rdtation O-
angl e range, ,the..Braqgg.cyrye of broad.hol ogr small_ d) 1s nof
conpl etel y %ﬂ}lggﬁlgﬁf, gﬁl%ﬁoﬁf @8%{“"5&‘}{[@5? g“‘ftﬁgc%é‘ﬁ? P’atp‘_" PF@?&?H?&WW?} :
sui t abl & deth@st diring @sd pHoGipoRnerikiiin, ﬁl'@%ﬁ%eﬁﬂ(wﬁibl?DEr@ﬁx%QﬂuEé{ﬁﬁffers from q,
intensity which is conplementary to the Bragg curve is therefore .
addi ti onal |t ¥8%i§ 1§ Grniradapundiiis it The shiltiniypierlbs® t82°20 Figure 2:
Plot of the Bragg curve rt according to Kogel nik (dashed |ine), of
the measur esingd HE isAGlomaNthe shirei o Rethdoslchids G &Jﬁéaccafa%ag% Kd3BInik i
transmtted power (black solid Iine) against the angle detuni'ng AF).
Si nce, owi rfigtargined enlydyribe thickngsnd K@quommlmmlamaﬁges subsequentlver age
refractive J Frd ' [ '

DE | o moasr o o PPy R AR RG4Sl Rmedelo AL of b KL
shi ft. IPhe aghdef d isirowt adeped hijl e tngl@pRitioRoof the fiost satbadarpminitmaios the

procedure osshbly repeated.several tines f i fferent exposur
et on RpRRRCRRad PR SR E o BBl postio oidhs el oy ataRgr e
the inci dentankraitted ihesity ahd wiiidhali tHeerlt RaEh bR 1S Ad ek (PWEN) B2 the
during wi ttf']ng of I][i_fhe hol ogr trﬂ The ,a\(er,age .energy dose E i s obtained
as fol | ows:theorejisal a@%ﬂ‘l‘”ﬁ% S [MeDSY SN WICHSIASHA t (s) It 0.42 CWR
The powers of the part-beans were adapted so that the sane power
density is Sigditkyéiekction i WhidRd reflBc@dn Adiegran 8bonitadtlfrotales iiieonstruction

Pr epar a1ti or% of polyol 1: . . )
5 y means of an {2 scan, but the detector for the diffracted light can detect only a finite

angle range, the Bragg curve of broad holograms (small d) is not completely detected in an
Q scan, but only the central region, with suitable detector positioning. That shape of the
transmitted intensity which is complementary to the Bragg curve is therefore additionally

used for adapting the layer thickness d.

20 Figure 2: Plot of the Bragg curve n according to Kogelnik (dashed line), of the measured
diffraction efficiency (solid circles) and of the transmitted power (black solid line) against
the angle detuning AQ. Since, owing to the geometric shrinkage and the change in the
average refractive index during the photopolymerization, the angle at which DE is
measured differs from a, the x axis is' centred around this shift. The shift is typically 0° to

25 2°,

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

average energy dose E is obtained as follows:



5 0.18 g of zinc octanoate, 374.8 g of s-caprolactone and 374.8 g of
a difunctional polytetrahydrofuran polyether polyol (equival ent _
wei ght 500 g/nol of OH) were initially introduced into a 11 flask and
heated to 120C and kept at this tenperatygre until the solids content
(proportion of nonvolatile constituents) was 99.5% by wei ght or nore.
Thereafter, cooling was effected ang, JelNf=2 5, QPtained as a
waxy solid. 10 Preparati onEdhJfnlyel—3- j hane(r) 650
were weighed into a 20 1 reaction tank eqﬁl‘%ﬁeﬁnwith a stirrer and
450.5 ng of DMC catal yst were added. Heating was then effected to
105C wi t h sTherpawegs eftthapatibeartd wepernBypted pp thac ticisafie pdwer déastyusuchided in
pressure equilihrati Wi th nitrogen three tines, air was exchanged -
for nitrogefn® ™A ]tué}att(%ﬂee qst“'raé‘fwé"gﬁ‘gd had been 15 increased to 300
rpm nitrogen was passed from bel ow through the m xture for 72

m nut es W tFrepdigtionafpoifoptnp runni ng and at a pressure of about 0.1
bar. Thereafter, a pressure of 0.3 bar was established by neans of

it 42_q_of i de (PO djn f
Ctarting ¢ NEURERAeF pobioetins FAf e o redutbainermn ozl i vt diftoetoal
thereby. Affodftetahfilivairs polyg%er&fow %@ivblaﬂk Wbt 800 &l 0P gﬁﬁ&ve?&iﬁhﬁu%

and a further 12.538 kg of were nmetered in over a period of 2

11 nin at 2nBodused intoy T hflatkiand hagtedio 12AEC anvtkept atithis tapersere upiiighe solids
vacuum was &Hﬁhﬁe ]ﬂ)gg}tu%. Jf%ﬁfé&“‘l'&he PInSERES) s %'5@%@@%@3@%?{%&,\he{ﬁﬂm

degassi ng was. te product was ‘st abil

7.5 g of | regakmswansEcted dnd Bregirorbyt was abtaimddasrlvess solid.scous | i qui d
(OH nunber: 27.8 ng KOH g, viscosity at 25C. 1165 nPa.$). Preparation
of pol vl 4 b .Terat hane(r) 650 were weighed into a 20 1
reacti ol(r? tfatbrllT %ﬁﬂé 81f3’h a stirrer and 452.6 ng of DMC catal yst
wer e added. Heating was éhen effected to 105C with stirring at about .
70 rpm By 24ppByf herathapeicethwernoveighed Intha 28 | regetiondankreguippedwith & tirrer

nitrogen t E @ﬂ[@ [ nitroge fter . the.
stirrer spgggﬁﬁ%g%g%fn [ nce@gagggﬁrg{&%agegg}f?%}%g Wﬁsttfr‘) gegﬁc(%gio {)Ogsé;@ﬂthf rom
bel ow t hr owstjtrirgta abwut 70 ren. fBy agplication of @ $acuumhd-presydrt Bquiligrati@Cwidn
punp runni ng and .at Gﬂ ressure qf atag,glg 0.1b Thereafter

pressure of MEPESD {upe (RES AL PEogea- Hitenthe staa ﬁpeé"ﬁ&'ﬂci‘b@ng of

et hyl eng odhdieaséBd)308nHm ] BittoferOfasTak 08 RO mPRESE trdulh Thd Minat €U Ininhies
starting the polynerization. The pressure increased to 2.07 bar

t her eby. Afiththe aceimm puep ruppiag pacalepressya af shavt @4 bep T@t?lfseﬁq@,aar praggurerpf
5 and a funidgs was \]:ét;ﬁblfgﬂetplf;)lf ﬁ%@ %ﬁ%lﬁﬁggégm@%dfg%ro? ggc%?le‘ﬁe B%fgé ﬁ; Wit ©

passed in over altﬂgerl od of m nu ter the
end of t he pejsexindier stertingithrpolymsrizetionnThe preaqpd inedaset] ta2.02 barthakby. After

hes ot abi | 2Ry e o B3RAE LBt therd 2 il ke aRoRieRe

sl i ght |20 t wreldre in over a period of 2h 11 min at 2.34 bar. 17 minutes after the end of the PO
metering, a vacuum was applied at a residual pressure of 1.29 and complete degassing was.
effected. The product was stabilized by addition of 7.5 g of Irganox 1076 and obtained as a
colourless, viscous liquid (OH number: 27.8 mg KOH/g, viscosity at 25°C: 1165 mPa.s).

Preparation of polyol 4:

25 2475 g of Terathane® 650 were weighed into 2 20 1 reaction tank equipped with a stirrer
and 452.6 mg of DMC catalyst were added. Heating was then effected to 105°C with
stirring at about 70 rpm. By applying a vacuwm and equilibrating the pressure with
nitrogen three times, air was exchanged for nitrogen. After the stirrer speed had been

increased to 300 rpm, nitrogen was passed from below through the mixture for 57 minutes
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(TE(F) nunber 330), viscous liquid (OH nunmber 27.1 ng KO1-1/g,
viscosity at 25C. 101636 nPa. $). Preparation of polyol 5: 1707 g of a
pol ycar bonate di ol having a nunber average nolar nmass of 650 g/ nol,
prepared by pol ycondensation of (3-neth I) 1, 5- pent anedi ol and

di phenyl carbonate were wei ghed into a %0 1 reaction tank equipped

with a stirg ﬂ,}j ﬁ%ﬂ;

130C was t hen eff ecwp% r r:f%t;aaﬂd{\!&ﬁlg taga}%%rlg)%ge%?mg%% é S|§JgenOf

;)t a vacuurd.aba \wtﬁstabbsém? bpmea::s dflmﬁrqgemsmiﬂ(mtgr/]wfteﬁ?ﬂnnh oRije rQEthatrﬁlelgo g
imes, air exchan or.nitr e stirrer, speed ha

been i ncr eac\é@? ‘f"greé’ﬁﬁ(%&brhsﬁmﬁp %ﬁf%ﬁ gé lymgizatien- (LJFWBWF%‘ﬁ'Qh t he

mi xture foriné®assil F2.6% b thételyh eftéawmmwms nme 8%&%@%&5 0% 3YaLESEH ©

of about_ 0.1 b%‘“’t Thereafter, a _pressure_of 2 bar was established
by means’ ofin3@ Tither ogfdR kaiod EQmadd- 358 keof Reras amaisterivers presed syaver 2 peyiod

t he pol yrrerdfqﬁtss%tn al 984 B&ﬁ??ﬂﬁﬁt&s@%ﬁtﬁé eﬁd% é%gmta%et%fﬂg g%uﬁéf&zg

6 m nut es, ressure len to 0.55 In an
826 kg of P@P age&@eélptessuwefrfz 1 hﬁeamcb@mﬁletb Hegazsme wasgffette8oTlsar .

22 m nutes n

a residual pg{’(}eug{sﬁégﬁ% ﬂ%dg);fh@gmggnggiﬁ af“%i g}a?g gg@a"ﬁm@ B%lth l%gt @8
The prod uct(TE&‘Q nitrédobr 330 edscoys Tghdd (OI6 number&m?mg mwg,attmgqrmzsem7 6
and obt e[g ? ol ourl ess, viscous liquid (OH nunber 24.8 ngy

KOH g, |sc d P@f 25C. 1659 nPa.$). Preparation of the urethane
acrylate 1: 0.1 g of 2,6-di-tert-butyl-4-nethyl phenol, 0.05 g of

di but yl ti n Regasationtof p6lesdior api d Z, Bayer Material Sci ence AG

Lever kusen, Gernany) and 213.07 g of a 27% strength 30 solution of

tri -iso t hio hate in eth tate

REE. - br oduct TOR CBRFEN IR P S Bicaibet 1atice RO Tt B e &
initially |pasgama@q;t1ycah@naatﬁ%f(ﬂ-memynq inpérttmaa@: iﬂd&ﬁﬂﬂteﬂﬂcbaflﬁﬂit@dwér@
60C. Thereaft 42. 37 of. roxyet acrylate were
added dr opW esht&toer?@ lﬁtaﬁtlerr @%ﬁ@l@t@ﬂ I"{lélé’eﬁﬁlt'fehtmd%/@@ ngef PMCratalyst were
i socyanat e ;@ H@Stlﬂ@atg 1564 % el &W:c%d]ufﬁh s%geﬁ B&ﬁgOﬁ?}lﬂl B}p%gm@%g')n of

effected and the ethyl acetate was conpletely Tenove vac
product wa$ vepum mijecalslﬂraatmmf theypsesatk ivith Isknfbged thrge ﬁmcs, tiin evap bmllangedo n

o e 1oL A OB o SRR ol SO HRAT Byl 6"
conponent @&oar kelaw ﬂnroitglet&le ntixttureforc@figpinues twifB, the ﬁacnﬁﬂlpum@dumﬁngiﬂﬂ, ata
after whic T:rre%gurg g}‘goo%‘? §.1 %gre}%er{egﬁe% a pressure of 0.2 bar was established by means of
20 nitrogen and 174 g of PO were passed in for starting the polymerization. The pressure
increased to 2.26 bar thereby. After 6 minutes, the pressure had fallen to 0.55 bar again and
a further 8.826 kg of PO were passed in over a period of 1h 32 min at 1.36 bar. 22 minutes
after the end of the PO metering, a vacuum was applied at a residual pressure of 0.674 bar
and complete degassing was effected. The product was stabilized by addition of 5.27 g of
25 Irganox 1076 and obtained as a colourless, viscous liquid (OH number 24.8 mg KOH/g, '
viscosity at 25°C: 1659 mPa.s).

Preparation of the urethane acrylate 1:

0.1 g of 2,6-di-tert-butyl-4-methylphenol, 0.05 g of dibutyltin dilaurate (Desmorapid Z,
Bayer MaterialScience AG, Leverkusen, Germany) and 213.07 g of a 27% strength

30  solution of tris(p-isocyanatophenyl)thiophosphate in ethyl acetate (Desmodur® RFE,
product of Bayer MaterialScience AG, Leverkusen, Germany) were initially introduced
into a 500 mi round-bottomed flask and heated to 60°C. Thereafter, 42.37 g of 2-



from Wi t ehouse Scientific Ltd, Waverton, Chester, CH3 7PB, United

Ki ngdom are added and thoroughly m xed. Thereafter, the conmponent E
in pure formor in dilute 10 solution in NEP is weighed in in the
dark or under suitable |lighting and m'x_%g_agai n for 1 mnute. Heating
is optionally effected to 60C in a drying oven for not nore than 10

m nut es. 1 X1 LS. far
it o, suboe ey ek ot e AR GeoBRte S BT RR R it e
mxing is etfscﬁoeraméedcca@mt had falled betbwdt1846. Tﬁh&aﬂerxmmilﬁgo.iatsaffémrﬂ dnd the ethyl
degassed with t|rr|n t <1 ar for 15 seconds,
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t he gl ass é{)heres used. Since 20 different” formul ati ons having
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y from Aracteri’s

al ways the sarre eterm ned separate
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acr KI iat e 1b1f1mm&pﬁa—:&img ﬁ@ptlo&aﬂﬁei@cfeﬁ giﬁl)‘;(ﬁg% éﬂﬁd% 8\6&%1‘% ﬂot@:ﬁc%ram 10
met ene ue (t t her co one a g. o
N- et Kyl pyr ﬁBlPPﬁé %QRPSHJM ﬁs%m’rdﬂawng 1§ pldegiedagrin P hmjpde.

obt ai ned. E%@E&lﬁéﬁt as&lﬁ%ﬂ Sthé @on%&ﬁefﬂ@sls %&&e@%@%mﬁg ergtegfa%am for 1
Desnodur (r) XP 2410 (conponent wer e added and m xin

ef f ect ed agwﬁte Fheraixyre obtaggd I@cgeaﬂss%vﬁt@zt(mpg @L< me@tgmp@tne«mz than 3@as
added aid MhadrAQ atBSwich AGt Bt blot 5%93?5% s ol fla FRLELL Blon
obtalne én poured onto a gl ass late & vere e wth a
second gl as:qurbéwuh wHiuther \ghess klapt Tlm cuamg oftha lﬁ'&Honhulﬁﬁomtakdss;place u®r -

spacers. T at room,tepperature and cured
over 16" hodr TR RET RSB oS bl SRR RS 455, R Bl
6.117 g of mﬁtblytedi nﬂhgm:gha;ﬁacﬁagmgﬂafanmpmﬁms Bc)60ﬁer"ﬂldﬂﬁéﬁﬁ€s§\ﬂbﬁth3 75
g of uret acr ate %g onent, C) 8 of CAd 909 and 015
g of new i P%‘Wél aﬁ%f I¥ 0 lﬂtle%ﬁrﬁ@ﬁéﬁ 1a!eytea9f e elagtpheresyasd ggi’é‘fe
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obt ai ned. Thereafter, cooling t C was effec 4.41
Bayt ec(r) VRtrix lead to layer thicknesses d of the photopolymer layer which are not always the

same, d is determined separately from the characteristics of the written holograms for each

sample.

Comparative example 1 (medium):

25  8.8% g of the polyol 1 prepared as described above (comparison for component B) were
mixed with 3.75 g of urethane acrylate 1 (component C), 0.15 g of CGI 909 and 0.015 g of
new methylene blue (fogether component E) at 60°C and 0.525 g of N-ethylpyrrolidone
(component G) so that a clear solution was obtained. Thereafter, cooling to 30°C was
effected, 1.647 g of Desmodur® XP 2410 (component A) were added and mixing was

30 effected again. Finally, 0.009 g of Fomrez® UL 28 (component F) was added and mixing -
was effected briefly again. The liquid material obtained was then poured onto a glass plate

and covered there with a second glass plate which was kept at a distance of 20 pm by



180 (conponent A) were added and mi xing was effected again. Finally,
0.030 g of Fonrez(r) UL 28 (conponent F) was added and m xi ng was
effected briefly again. The 10 liquid material obtained was then
poured onto a glass plate and covered thgre with a second glass plate
whi ch was kept at a distance of 20 m by spacers. This test specinen

was | eft atghaamenper r i n:
0. 0063. Co ] arative exgﬁ%&%ﬁﬁgﬁ%ﬁﬁ%ﬁﬁﬁ%@e?gf&%ra r%gg‘gh“%ooo
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acrylate 1 (conponent C), 0.15 g of CA 909 and 0.015 g of new

et hyl ene bhue (1,00 Eﬁ% o .E) at 60C and 0.525 g of
N- et hyl pyrr 5 that a clear solution was

obt ai ned. Thereafter, cooling to 30C was effected, 3.193 g of
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ixi ng Ve dsrpaa ool O TS BT borbedind CAITEN Rpbuy RS i foerer
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| ass pl ate i ch kept__at di stance. of 20 |I.sm spacers. This
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Maxi mum An:180.(5kSonesi0APRER bHYR 28 HIBhe whs EAREEIWRhN. Finally, 8:0388 09 Of
pol yet her L800 (®oolﬁ ropyl ene oxi de having a nunber average nol ar
mass of 25 Eroges)/Hb g(f%mmq@mswﬁed@mwwawffm@dé X egrimi h
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0. 012 of new net hyl ene bl ue onen
g of N-et hykgopdrabss deteewificlowpokept bt aistarwetofial pe iyl spacers Thisttesd spesimsen
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again. Finally, 0.0259 g of 30 Fonrez(r) UL 28 (conponent F) was
added and rComparaviecceimige 8doheBiumet.| y again. The - 34 -

7.342 g of Terathane 1000 (comparison for component B) were mixed with 3.75 g of

15 urethane acrylate 1 (component C), 0.15 g of CGI 909 and 0.015 g of new methylene blue
(together component E) at 60°C and 0.525 g of N-ethylpyrrolidone (component G) so that
a clear solution was obtained. Thereafter, cooling to 30°C was effected, 3.193 g of
Desmodur® XP 2580 (component A) were added and mixing was effected again. Finally,
0.030 g of Fomrez® UL 28 (component F) was added and mixing was effected briefly

20  again. The liquid material obtained was then poured onto a glass plate and covered there
with a second glass plate which was kept at a distance of 20 yum by spacers. This test

specimen was left at room temperature and cured over 16 hours. Maximum An: 0.0106.

Comparative example 4 (medium):

1.129 g of polyether L800 (polypropylene oxide having a number average molar mass of |
25 200 g/mol) (comparison for component B) were mixed with 3.081 g of urethane acrylate 1
(component C), 0.12 g of CGI 909 and 0.012 g of new methylene blue (together
component E) at 60°C and 0.431 g of N-ethylpyrrolidone (component G) so that a clear
solution was obtained. Thereafter, cooling to 30°C was effected, 7.525 g of Desmodur® XP
2599 (component A) were added and mixing was effected again, Finally, 0.0259 g of '

30 Fomrez® UL 28 (component F) was added and mixing was effected briefly again. The



liquid material obtained was then poured onto a glass plate and
covered there with a second glass plate which was kept at a di stance
of 20 um by spacers. This test specinen was |left at roomtenperature
and cured over 16 hours. Maxi mum An: 0.0096. Exanple 1 (nedium: 5
8.293 g of polyol 3 (conponent B) were mxed with 5.25 g of urethane

acrylate 1 en . .15 of 909 angd_.0. 015 f, new.

net hyl ene b @g%g@%{ %bggrm%dg‘ﬁ%‘oth ouﬁﬁ%ﬁo %é&gsﬁiﬁe 5‘.1%%%686]?“6 witha

N- et hyl pyr r sbémiiogiass ptadarwhick Ras @pt30a HidRhcebTCD @R by Sabidrs. OMhid¥@& specimen
obt ai ned. Thereafter, cooling to 30C was effected, 0.743 of
Desnodur ( r ) W33eB 4419 odHBYARR 2ud)e §V%@é@%¥%@%énﬁgo% fect ed
again. Finally, 0.0140 g of 10 Fonrez(r) UL 28 (conponent F) was
added and nExdnigle Wameafdnggt ed briefly again. The liquid materi al

obt ai ned was then poured onto a glass plate and covered there with a

second as | at i was ke at a.dist.an of .20 um by spacers.
This te s%%% %EPR%%R&WP%H Wfﬁ@%&@tﬁ% & AEelRRsPael 116
hours. WXi(%b!lﬁ}J) \Aelfei{éht 6),0136: quZ@lh 39119%3 O(W?Qioﬁﬁiw mje'élyYenZﬁag.}[egto%Eth&O' yol 3
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f
{component JPODEREE) gt €4°Cand 065 exnfa-ghpipwrejidone frowphea () ettt dear

(t oget her . ol i o
(Loget her SQIREASH ohbidl, BRI, Syl BB A0Lfd0000u xo
cool i ng t o ZB0C (wespoatitetlwas, addeda@ mixifg vide sffeded 4gajn. KRallp 90140 g of

(compo t wes ed and m.xin s eff.ected ai n., Final l.y,

0- 038 1 o e EO T 29 L5 ey i A mefioh 5 BT wietD A Tiovs
ef fect ed briiguid matagsal dbtaidddendsithen whuradtontd Aglaniplad Aritovarsd tHeawioar ed .
onto a glass plate agge covered there with e% aecond gl ass_pl ate which
was kept atSeePndigiasanele which pas keni gt 3 sianaeor 26 Himsbit speeers Jhis th psraRen
left at roGRsIERREGEIMUERpSMErCHHRErea\b0Er 15GolRUMBxinlRX WALGD s, 0. 0125,
Exanple 3 (nmedium: 25 8.827 g of polyol 3 (conponent B) were m xed
with 4.5 g of urethane acrylate 1 (conponent C), 0.15 g of CA 909
and 0.015 d-xempled (mgdwiane bl ue (together conponent E) at 60C and
0.525 g of N-ethyl pyrrolidone (conponent 0) so that a clear solution
was obti nex711T oll 8 {corSiRALAIT) Wide RiedWath £19 £61 @Cthalk RPfat8 10f
Desnodur (r) XP ggggﬁi cor(rponent g was added and %n Xin vvaa%%gffect ed
agai n. Fi ndpegpongnids8.19 gt C3g 968 9019 ¢ of nevemetiylepe Ava(toBytheras

added and 1goBRen @5 atd0P Gh& 1,585 b & NetREANbI dERE (component G) so that a clear

solution was obtained. Thereafter, cooling to 30°C was effected, 2.823 g of Desmodur® XP

2599 (component A) were added and mixing was effected again, Finally, 0.0389 g of
20  Fomrez® UL 28 (component F) was added and mixing was effected briefly again. The

liquid material obtained was then poured onto a glass plate and covered there with a

second glass plate which was kept at a distance of 20 pm by spacers. This test specimen

was left at room temperature and cured over 16 hours. Maximum An: 0.0125.

Example 3 (medivm):

25 8.827 g of polyol 3 (component B) were mixed with 4.5 g of urethane acrylate 1
(component C), 0.15 g of CGI 909 and 0.015 g of new methylene blue (together
component E) at 60°C and 0.525 g of N-ethylpyrrolidone (component G) so that a clear
solution was obtained. Thereafter, cooling to 30°C was effected, 0.958 g of Desmodur® XP
23580 (component A) was added and mixing was effected again. Finally, 0.0255 g of

30  Fomrez® UL 28 (component F) was added and mixing was effected briefly again. The



- 35 - liquid material obtained was then poured onto a glass plate
and covered there with a second gl ass plate which was kept at a

di stance of 20 gm by spacers. This test specinen was |eft at room
tenperature and cured over 16 hours. Maxj.num An: 0.0206. Exanple 4
(medium: 5 9.533 g of polyol 4 (conporient” B) were mxed with 3.75 g

of urethane.acryl at.e .component C),. 0,15 of Cd,K 909 d 0.015 ¢
O Dy ot s afid e DRIRN parlid b P s et iia Savared Mool o
N- et hyl pyr rsebodiongss A RhieR Mas @pt90a BRRAhce D @R b Sablrk OThid@§ specimen
obtai ned. Thereafter, cooling to 30C was effe?t ed’fﬂll.om P
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again. Finally, 0.0342 g of 10 Fonrez(r) UL 28 (conponent F) was
added and nggg.gmﬁ@eﬂﬁwamﬁ_ted briefly again. The liquid material
obt ai ned was en poured onto a glass plate and covered there with a
second gl ass_pl ate which was kept at a _distance of 20 p.m by spacers.
This test spetiFEHPalR 4 EmmpoentBowste sigdrvthd & apfusthenzacsilaie 116
hour s. Maxi @iiihditnt €), 8482 offeX@Sloend 0075 Yc¥ by lyol 5
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at room t enpanat liBoRREmSathark AURUred Sy Durs Mk AQ: 001185 -
36 - CLAIMS 1. A pol yurethane conposition conprising

Example 5 (medinm):

15  9.611 g of polyol 5 (component B) were mixed with 3.75 g of urethane acrylate 1
(component C), 0.15 g of CGI 909 and 0.015 g of new methylene blue (together
component E) at 60°C and 0.525 g of N-eﬂlylpyrrolidoné { component G) so that a clear
solution was obtained. Thereafter, cooling to 30°C was effected, 0.924 g of Desmodur® XP
2580 (component A) was added and mixing was effected again. Finally, 0.0300 g of

20  Fomrez® UL 28 (component F) was added and mixing was effected briefly again. The
liquid material obtained was then poured onto a glass plate and covered there with a
second glass plate which was kept at a distance of 20 um by spacers. This test specimen

was left at room temperature and cured over 16 hours. Maximum An: 0.0185.



A) a polyi socyanate conponent; B) an isocyanate-reactive conponent
conprising a hydroxy-functional 5multiblock copolynmer Bl) of the type
Y(Xi -H). having a nunber average nol ecul ag _wei ght of greater than
1000 ghnol ; wherein X;is an oxyal kyl ene units of formula (1):
-CH2-CH(R)-0-(I); 10iis an integer fro h& 10; is an integer from2
to 8; is a hydrogen, alkyl, or aryl radical, wherein said al kyl or
aryl radical is optionally substituted or interrupted by a

het er oat oml.and A polyheetiiant dasmipodiidn eohprisidigr and t he proportion of
the segnents )(1, 15based on the total anmount of the segments Xi and

Y, accounts for gt | egsdlyiséby¥ndy cy@p&itent;and consi sts of di- and/or
hi gher - hydr oxyfuncti onal polyner structures based on cyclic ethers or

i s conposed of diy angl/iqicylANRLIVE RN GRS ARNGALER
pol yester, poly(#eth)aér;:ate, ggéxy resﬁh andﬁgg §SP§LH§?Lan§@6£ﬂ
structubal units 20omdtblogk pepdymer BijndithistypE)Y (Xi-Hoanpoingh fiureleraferage

NCO groups which conpri.ses a group that re nder the action of
actinic radiation wi trﬂc’lg‘f“i?l%%g%tﬁl%eag?{ég%a@egzm@gnpounds vi a

pol ymeri zati on;

wherein
p.€ is an oxyalkylene units of formula (I):
-CH,-CH(R)-O- @;
10 1 is an integer from 1 to 10;
n is an integer from 2 to §;

R is a hydrogen, alkyl, or aryl radical, wherein said alkyl or aryl

radical is optionally substituted or interrupted by a heteroatom; and

Y is the fundamental initiator and the proportion of the segments X,
15 based on the total amount of the segments X; and Y, accounts for at
least 50 % by weight and consists of di- and/or higher-hydroxy-
functional polymer structures based on cyclic ethers or is composed
of di- and/or higher-hydroxy-functional polycarbonate, polyester,
poly(meth)acrylate, epoxy resin and/or polyurethane structural units

20 or corresponding hybrids;

C) a compound free of NCO groups which comprises a group that reacts under

the action of actinic radiation with ethylenically unsaturated compounds via

polymerization;
D) free radical stabilizers;
25 E) photoinitiators;

F) optionally catalysts; and

G) optionally auxiliaries and additives.

2. The polyurethane composition of claim 1, wherein A) comprises a polyisocyanate

and/or a prepolymer based on HDI, TMDI, and/or TIN.



D) free radical stabilizers; 25E)photoinitiators; F) optionally
catalysts; and G optionally auxiliaries and additi-ves. -37- 3. The
pol yuret hane conposition of claim1, whegein A) conprises a

pol yi socyanate based on HDI w th isocyanurate and/or

I m nooxadi azi nedi - o Vj . .
Funct i onal ry oft Framefledbe8hioRpFER T L RedRA N Aol Epolyisogyanate
4. The pol yur et haasedoniipD$ mithdsocgimehtaiand/br inidaeoeidiazAedivas seudtekk dual
content of free m)nomarigl i .socyanat Fe_%of, I?_ss é&an 0.5 % by wejght. .

5. The pol yuret hé’ﬁ@")@)ﬁ?&fé Aing Al HICC fuchenalitypkbiram? g5 andxelugiygly primary
segnent X, is ajprgRYLGRe oxide-based honopol yner or random or bl ock
copol ynmer conpri si ngyo yet hyl ene, oxypropyl ene and/ or oxybutyl ene
units, wherein the proportion of 10said oxypropyl ene units, based on
the total dnmountThefpofhiretbaneatompositien obslpm ¢ pywhemm, Aplrd aoxsiduerl gbetest of free

units, accounts for at.l.east 20 9% by wejght. The polyurethane
conposi ti on of é]il%oﬂﬁe’fl,‘”?ﬂ%%tﬂoﬁﬁ?%th@lbdgt}éPy%e nt Y is based on a

di functional, aliphatic polycarbonate polyol, poly(c-caprol actone),

or pol ymer s5of teﬂlié?hl’ﬂl&&ﬁéﬂe&ﬁnip@bﬁiﬁﬂﬂ oBclAEWhEYRI A YRsIBHAEHBRSK; is a
greater than 250 g/nol and | ess than 2100 g/ nol. The pol yurethane
conposi tion of @renyhene oxjdechasehheraprplymet ororedam evplork eenolyrmarcompsising

nunber average rs%,&ﬁﬁ}lleﬁ‘é, O%I%Bheﬂé aJ({/gmej%thfléng u?li?ts,%%rgll il proportion of

10 said oxypropylene units, based on the total amount of all oxyethylene,

oxypropylene, and oxybutylene units, accounts for at least 20 % by weight.

6. The polyurethane composition of claim 1, wherein said starter segment Y is based
on a difunctional, aliphatic polycarbonate polyol, poly(e-caprolactone), or polymer
of tetrahydrofuran having a number average molar mass greater than 250 g/mol and

15 less than 2100 g/mol.

7. The polyurethane composition of claim 1, wherein said multiblock copolymers B1)

has a number average molecular weight of from 1200 to 12 000 g/mol.

8. The polyurethane composition of claim 1, wherein said compound of C) has a

refractive index an of greater than 1.55.

20 9. The polyurethane composition of claim 1, wherein C) comprises a urethane
acrylate and/or a urethane methacrylate based on an aromatic isocyanate and
2-hydroxyethyl acrylate, hydroxypropyl acrylate, 4-hydroxybutyl acrylate,
polyethylene oxide mono(meth)acrylate, polypropylene oxide mono(meth)acrylate,
polyalkylene oxide mono(meth)acrylate, and/or a poly(¢-caprolactone)

25 mono(meth)acrylate.

10. A process for producing media for recording visual holograms comprising (1)
applying the polyurethane composition of claim 1 to a substrate or in a mould and

(2) curing said polyurethane composition.

11. A medium for recording visual holograms produced by the process of claim 10.



The pol yur et hane conposition of claim1l, wherein said conmpound of C)
has a refractive index n020 of greater than 1.55. The-pol yurethane
conposition of claiml, wherein C) conprkges a urethane acrylate
and/ or a urethane nmethacryl ate based on an aromatic i socyanate and
2- hydr oxyet gyl r . I i A but yl

acryl ate, dglye?ﬁ§%%%@ﬂ%§ﬁyg°ﬁ%%%%§§%h?§§é%F%%@?"%Sf%%@g§¥|ene oxi de
nono( et h) acryl ate, pol yal kyl ene oxi de nono(neth)acrylate, and/or a
pol y( E- capri8l actdonejhoddoofeoetdigacliold @ghm. cotrfprisihgpixposss thieonedium diiclang 12.
nmedi a for recording visual hologranms conprising (1) applying the

pol yur et hane conposition of claim1 to a substrate or in a nould and
(2) curing said polyurethane conposition. 11. A mediumfor recording
vi sual hol ogranms produced by the process of claim10. -38 - 12. An
optical elenment or image conprising the mediumof claim11l. 13. A
met hod for recording a hol ogram conpri sing exposi ng the nedi um of
claim12.



