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- 1 - TITLE OF THE I,NVENTI ON Phot opol yner Fornul ati ons Havi ng a Low
Crosslinking Density RELATED APPLI CATIONS This application clains
benefit to European Patent Application Nol-08017276.0, filed 5

Oct ober 1, 2008, which is incorporated herein by reference inits
entirety for all useful purposeSITIBACKGROND/ERTIGE | NVENTI ON The
invention relates to photopol yner formul ati ons based on a pol yneric
network as matrix and at | east. one photopol yneri zabl e, npnaner |

di ssol ved t herei n addotopolymsy Seguulations Heyinga Lgvdagesinkmedoensity

hol ographi ¢ nedia from such photopol yners and to the use thereof
Prior to exposure to |ight, thegphotianehprigichgidginkati on has, as a
nmeasure of the crosslinking density, a particular average nol ecul ar
wei ght Mc of the segnents bridging two polyner strands or a

parti cul ar Thag dppliCatei d4iins benefsdd Enkipegn Hatnt Agplicetiohon®MH 72 a8 sfilkio

Phot opoPymrdotet & o PRiGha® fiptmer AR R aBaop i it Bitof Husen

super posi t igafpdeés.t wo coherent |ight sources. A three-dinensional
structure fornms in the photopol yners and can generally be witten in
the material as a result of _a regi onal _change in the refractive

i ndex. Such structures are Pf(rEBRPUNDLIF | VRTIQNRI ch can al so

be described as diffractive optical elenments. Wich optical

fiinctions 2 : 3 cifl .
For the. use et SRups bR e LR LARR BT Mbrs BisTRAL b fmedds FHREPLES
appl i cat i omsatfix abdhat leass bid photopol 83800 mopormerdlissnl viel ¢haneiamndhb 1 progess for

A. = 300-400 nn),.colourless. materials havin hi gh diffraction .
T ect 1r o (ki ionay PaloeABicH e SO RABELPE M T o1 e ghstayBrior
of hol ogr a@é‘&po%hx‘e"&@'iigﬁ@'tﬂe%o{d [Sﬁné?%’ﬁmh?tﬁfh weed £ kadhbl & tRé!EddQsifiking

in particular those havinga 25 high resolution. Dichromate gelatin
(DCG, di cliensipy e padictlac averagernolgewert weight Miclofithemegmente Hriflginggwo fpolymer

silver halide and are als ed. Bqth.mater.ia reguire a

chem cal - afFerE B 2B 4 5 ot S resr i e eioql S e ey gfthe
i ndustrial d:e868 $e8ing MhoMer,| sxBressedaddd ENPAMEOSt s and necessitates
t he handling of chem cal devel oper solutions. In addition, wet

chem cal processes result in_swelling and subsequently shri nka%_e of
the fillfy WhPoRODMeERFeEAeialoWhishsan be grrased bymenes ?%h@g%p&ﬂw,m igmi adfiwo

i's undesir - 9 3 L%m i Qﬁﬁ . f

whi ch, int ggh%wte{i,?ghg?)oh@?eét ﬁgﬁ%é dé er ?7%{8? st CEEO ut%ﬁ@%l Iﬁ%gér%)% %S and can
sol vents, guandraligbpotiyren inyihe acedrid as a esshit vlf @ $epioed thdnge yit giegefsctive index.
pol ymet hyl net hacryl at e- sf yrene copol yners, . haot oj ni.ti at or anpd. at.

| east one PURY Ftewrswr&aaff%ﬁg toashilioaas, Viighsnalsoie desapbst 3s Bhractive
descri bes pRAGIRIh AR LA HStical RiBESns\enBY h hETBHRS fordd QR t i
N-vi nyl pyr rggl I done, phenéxygltg%yl acr ylfsat e and0 cr yloat es %%ﬁ??flolres%pemﬁc
such ag0tr ierptsmy. ol propane (TMPTA) and et hoxyl ated trinethyl ol propane
(TMPEOTA) or other acrylates or acrylamdes. It is known in the

i ndustry that . .such ot opqgl yners qgive abl e hol.ogr only.after.a ..
et vo y TR R o A SRIMPRER s bR RIS o7 SR aPRiceefts i€ visivle
Vol . 41, Ngy 5400288 @ Parkltin $@Snear 200&hge (0=8061400rRY), EModfes8midiéids having
di scuss not onlgi t he abovenentioned nmaterials but also photopol yners

whi ch are ebigh ¢iffrcion cipstiaieragbispdias ¢ tde afier the expoawiedRince thedgginpingrof
to the dis nt age i_col gdical profi f rvlamd h .
P ouner o SATNAPRATSRNS: e BSRbAeRBH L7 51 PR, AR hoving
“materiaks highoreydlingdh. DiclirémpreS®i g DICG)] dichroptitadt-chneiningigelatit Hidng er
their photosensitivity under the influence of |ight (Luo et al, )
Optics Exprased fopgp of sibver Rglidejand DOGEse alﬁ%@dsﬁzt%)m%tﬁ@alar@@w Aohpmical

Simlarly, BLerl } . | J Qaéﬂ a ' )ori .

pages 209- fgléﬁlgeld es?:?clgrgg(gsfog%-gé% eddﬁ(%ﬂgr@ 0ad Irmgié gozggﬁla %%F?‘ﬁ‘%%%g%‘éﬁ%%e to
additional costs and necessitates the handling of chemical developer solutions. In addition,
wet chemical processes result in swelling and subsequently shrinkage of the film, which

30 can lead to colour shifts in the holograms, which is undesired.



nmononers are present in solution in a matrix having a |low refractive

i ndex. For optical 30 applications in the entire visible (X = 400-800
rim and the near WV range (2k, = 300- 400-nm, such formul ations are

| i kewi se not suitable. - 3 - It was an object of the present

i nvention tigs desslsapDRPEHPRALNER Thofopblyites WRRkh! Bk laBRToSist of a

hol ogr aphi ¢ nedi a whi ch can be processed wi thout thermal or wet

chem cal afth@mopleatiereeiublairiongenik sokveets, weh eupolpvisyhasetsts. aplbulpspcaigbutyrate

at tor expoctPRS sl U FERRERS HE b Rl L PR E HIREE 1

processabi hifplcyishregiiealn ddditiohyEPS 327704 NEDuSEHIPREMbES nddrdnddr$ Containing
i nportant. Thus, organic materials which are obtained b
phot opoPy néithes Xi1yd grovgerackpg Y-vasylpyrelidose, rheporxed scigfathangraopylates of

refracting o) i R A" it I
production tlg?lg’o%ﬁl %Saf’méég‘xn‘ﬁg%é résg 8 H; uch Aa@hﬁgﬁlg ggl,a ﬁ%?‘f@ﬁ@ yg)n%m%%fel cal
coati ngs ( \BVMPHELIBAP&7/gtharactydated dreacpyladides. lofy lobwa i o ihdsdtryi thatkQch

hol ographic_materials (US 6, 78Q, 546). For_such and sim] ar
appl i cat i orbotopRlymers givs usrbleiqlecrams oplveafies aelativaly fang thamal egtipent.

Index in a d’%ﬁ?&tea‘ﬂb@?:\&/}ﬁ@d ngi9§ voranPhe @%a%eﬁ%ﬂsi%g@%%lj&;gigme% B9

a high or lowrefra e index, and to bé a
r ef r actlidve artinde xlimusy nat antygbe abikhiesieotmeddenatetias pinct sopgoyopel wnérs whidhcire

hi ghly refracti hot ppol r.i zahl e nong s .are dissol.ved in

miri ves havE P PERhEee naelREAe s aiiipare elisdvattiieous
phot opol ymegyizab '%alrﬂ?Bﬂfé%Ffﬁcx?x%iH& scl AWAhat Haabt ¥i%e lipkiawlcampr esent
in solution in the highly refracting matrices. For the abovenentioned

fields of use, polyners of olefinically unsaturated conpounds, such

as, pref er dbtlgeraphieally) astivg matesigls iptoevhiphitdapospibdersl ingetoraterdyss sditchihange

achi eve a ref. Lve .. fal.: hi , | pgen- ifut
oot o BRSO by PRl NGy DD ESD USSR, 3 o
in US 65794, 4005, page D23y arthlsd khopal. Sirtildriy, BidthgkalIpeitigét Series in Optical

di sadvant ageous ow ng to their conplicated preparation. The

sui t abi | i t PeisneesuBRYP) (e-aaepmidiyd 28 dsegriivase-c otpaddressibloRatymnems adhich

(Pol ynor " 2088 O b GRBLE LR MBRE AR IERE MR o IFH T Borh
appl i cat i orldeEE/ERRMEEICEE) Adlb4raahssah deescorpette) by ey paduesariathesegnaterials can
For pr oducteBebR: JBEERR Lo e 4107 H b APF EEH A SHO SR HERLY

hol ogr aphi coRlRiaeR HEREIQHA Suitd R e RpRiesiaR deadusd hel Y avail abl e
raw materials. In this context, phenyl "I socyanate-based conpounds are

al so known, these al ways being based on unsubstituted phenyl rings on
t he i socyandere rg@stlsephotopolymers whighare poitgined nétdram fhermhoplgstics byhfrgm

; ( | | deci s| o .
Component (LS YRR BrEAf STl s BP0 APk R B2
and r ef er engisroldophényd @aylatd Whiches Sissaish aGRSRiréhenadhans. UB\6e03454S

formed by the | ocal photopol ynerization at |ocations of 'gﬂi??h
intensity i(lPbawe) likewise deseribes 3 pelyarchipne matii baving Bplywerzedlq erjnponents,

| , . . , . .
ot ot s orfteifa FLRBRphUR B S BURANOE M AR LI Ate These
hol ogr am ofbynulitidhs] toe, wekdeeglop:d foghdlopaphic datast@hgs) alhobafaphieapphieation

reconstructed_ again. The maxi num strength of the signal thus
r econst r uctR¥HGH PAVAPRASG Fry Heaksthodgiahs sradile using plgeiienis detestarscee

light isr j ' i ci s '
Si ol et caon g i Somo AP o e EE ety P the pRopifperivabie
pl ane wavesnoroherdire ipscsoiitinisolatod imoamiatrex lopvartg oty efratthe inddxe et dptical

the light diffracted on reconstrycti d the sum of e intensities
of inci Hemapli’léqﬁé‘P’éW@ég? FRYHE V}fﬁﬁe ?#Bﬁé%(@dm)i @Httﬁewé ter OtﬁZ*OEE,

400 nm), such formulations are likewise not suitable.



30 i.e. whether it characterizes the photopol yner state crosslinked
in a rubber-1like manner or the photopol yner state solidified in a

gl assy manner. The rel ati onship between c3osslinking density, witing
nononer nol ecul ar wei ght and the hol ographi c performance in the case

of indivi dugivasin ijectgliegsradtht invemtitin t6ide 6168 BRotopdlyRerstfbLthk applidtions as
for reflection hol ograns. - 5 - contrary, the preferred

On the
di rection defgrimbermediavacinermhemspeasendanitoup eonel wivat ehemicalafierigiaement
nmodul us of i Ci: 1 | gl yi . St 1.an :
fo a dot or 50 SRt oA rS RS mathl b Filetgibn GLERERR R REGRAT
fromthe exaighiress &indelpps@idedefi@. expodup@wn procedure for optim zi ng
t he performance of photopol yners in hol ographic Sapplications is
therefore to i r1(;reas§l the di.fference between the refractive indices .
of the rat ifRIGEPY e RRYSIGH PFIRETHEF: Ry Srrdopreresartilie) apd gommatiilify, with
for examp! @ul cBiSUn £ allb G4 TIRE! o Pnlhds TRRATR btdiled by
matrices having a [ow refractive I ndex or “using witing nonomers
havi ng a | phopblyastizetion, geerallynastiogid- yr cefal goeis md highl y fedmsting diobdreers,
matrix is formed as a po ric network, the mechanjcal, optical,
Cher mal - and 0T HEPHBE AL SHROBEITPT DS PEICUEHE BhaTSHaPHERRa b as
est abl i shedqersag, ?ri,%ﬁ& afd 6&1&98&%&1@‘%@@5,@18‘;‘99?) dri 1B fh3 pPé/duTcﬂ_&l 6PPE&HRra® in
t he network-builTding repeating units and the functionalities thereof.

The prilér dotogiphir mbiedalafobed, FoeRohdior duchcindsemiliretppbicating, therewhaneed to
extent the.,cr i nki densi.ty. of suc hot opol rs ca eci, si vel
on uence. DRaBid lPkORe SRRl rdhs i Pebhal PRI Bxfile RE GBI Y

sur pri si ngleympedhtd Ruinch 4 hizh 0BG eFRlcHRndERrAUk@be M8 tdAF9daidReRactive
matri x which represents _a pol gégeérl c network and at | east one

phot opol ymdidexsyrerapgerodils can seadity photopelyairs ipmddeickighlyfrefiedtioge i ndex
gratings hayj I I ( . i W th t

R L L R
hol ogr aphi conedichy piotppslimetitable mbasmers having bAsw réfrdcking irdier atd predhit in

t he photopol yner 20 fornulation is present prior to the exposure to

|i ght. SucﬁO%HB’@Hb yiahly rediagiingabiss-are therefore particularly
suitabl e for producing bright, visual hol ograns havi ng high

diffiacti O'Foﬁfl‘feia%b@é?ﬁ%tfoﬂe@ﬁ%ﬁﬁb?ﬁg&i, fol @Is%f%?efﬁﬁ@a@lzidﬂ%ﬁ%vd%mpounds,

Vi sual hol ograns conprise a ol ograns whi ch can bé recorded by

met hods knowsh asppielieralpgr @uath)e byl dtesdarertyppiball yaeoployetc [udidegto dchicge a
alia, in-Ili .Gabor l.ogr.a of f-axis haolograns, fill-aperture .
ransfer 28X RStGHaS of i T R R qe R AR e P foRE s gratsc R e fbeera
hol ogr 28" hlkyPaiti¥HfatBOdReribedsin UH 6,70a43] £ bagkld OR JAR @Bk MBlatter are
edge-lit hol ograns and hol ographic stereograns; refléction hol ograns,
Deni syuk h@isegyantaseancowngns thetrglopiplineicd grepastiane pref erred.

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

is a photo ol | .S g - d] [ y
crossli nkeg(?l (%?’é{g}%&llﬂf(l:&ﬁg? l3}}$rsttellrtlﬂgﬂ ﬁlge?{?{ ﬁéé%g%tg&ﬁg%&rlggﬁﬁ%%%o 1'3;&% ?%qiﬁ%t rix,
a conpound pBparavion oif somespgiiding poliyhidts wabddsciibdd byeB dyinen {Ralimyr 2005, 46,
unsat ur at ed congounds via - 6 - polynerization under the action of
actinic rad/a?éiland is present in solution or dispersion in said
matrix, and C) at | east one photoinitiator, wherein the network

densi 1 y50f 13@hdn HLEBusliFRA W ORBHlicALGH PETVEBHORE/ PRI EiScIBRs YR h)acrylat
expressed as thgtpaveﬁgge nol ecu? r vbe{lght M o? tEe selgcﬁrentsﬁﬁgrhg%@( ?lges
two pol ynehasing anefsactivs imtexlabast532685ofdtriedst 1.5, whizhhes swblsdoneotiuaion of

the present j.nyention.is the aboye ot opol r formul ati.on, ~wher ei
the et vor RPHENEREy NS dnPHERRLoH HEAS ST CRES BT Pt on
pol ymer i s jpdustrfly adiidlfaw MmARHAI20R thiQ coXSRO pBPIsocyanNRHB&! compounds
enmbodi ment of the present invention is the above photopol yner

f or mul at i onre alkneknovn, thase akays being based@nrmiseltihzted pleinghringgon the ioeyanate
30 side.



25 pol yol, polyester polyol, and/or polycarbonate polyol. Another
enbodi mnent of the present invention is the above photopol yner

formul ati on, wherein conponent b) conprises a pol ypropyl ene oxide, a
pol yet hyl ene oxi de, and/or conbinations thereof in the formof a

random or lgh BktopSIgRey fﬁi‘hm@d%%@,!lﬁ@l?I&?a%ﬁﬁQ@&be@ 1S a ddtsive role as a contrast-
abovenenti oned type which additionally conprises tetrahydrofuran, -

7 - butyl enepastingsomppnent €HP 6ol 816 d ha dntadersnes field of signsiizhebeam pd
H f ti i i:S.f t t.h A I I
CH et OB, 50 Sy e AT 5 USSR

i nvention iphotopelyaieetihatleoRebyN® hifiomasay inthe iMBgERh& H8H By the highly
conpound of B) has a_ refractive index nD2 of greater than 1.54. 5
Anot her SenBf@icisgrcofatesia agekadive indpresatingwhish eontainp al} enfproatiopaityler
fornmul ati on; ' ' . i r -

ot haoryl ot Gl SO IRAMRER hPbo CRIRL LA /e FetEe R beam,
enbodi ment tld sipied cpii e e rédovepidt@agath. Thewdixitnum irtadih ef fhersignal thus
recordi ng visual ho _ogragsg@{)q;%guced fromthe_above photaopol yne

: L r
f or mul at i oAeCOnBiTyEsed iggka Stenath pt e ingdent referenee Hght enfefesredite aan
optical el gefictiol DR L r : q&\ﬁ%
medi um Yet ano%tlﬁg;@gﬁ%% i ment @?e{IIEIZé %I?lglseg%%g?ﬁggirﬁﬂlogfr?# Is%ﬁg:ﬁrret o%om the
for exgdési myctlipeoiabovpdamreadavies) the DY is sbtatned diomc thewgloti e @f yiweintensitgof the

writing nonongt. ith actinic radiatjon. CRI PTI.ON OF THE | NVENTI
15 The'pr oDt O TRAH P bir P RUCErar i bF S OT TS (BIOTOBLTYy Ruont relerence
fornul ati ongd apfREled lios. The ﬁ%g@;i BT, aahbé &E&E&I it ARBgPNY 3 Gespect to the

polymers A) as a matrix and nmpounds B) which have groups reacting
wi th et hyl eatessary yuamnoblighted thoorefoensddight whichas yeeessapatoimakethelsignal

t he acti on_of, . act.j.ni radi ati on . {.r adi ion-curin rou d are

e ant! PRI Sl S AP TS B R SEMAS S SbRle Hiadichs
phot oi nist i aéfedctive Naded @i Rinig BEvikY a dighelfitkde2n Bangkil Yeghdnstwith B GidsE
pol yner, expressed by the average nolecul ar weight M of the segments

bri dgi ng t iefasivy insdex and segiens with the dizhgstipirastiycainleygmd dhysatermitties
present in i e I I.C A :Whi.c

obt a1 nabl 6 PRga iy el LA IR e bR el R OSSP NS HRALA MbERRAE Cn
Radi at i on- etietbtesulgy @upstinga vokRnedl@xim by nhdads pf egevtrlapvftniol phimear®yes is
all functional which react with Qlefinicall¥%unsaturated

roups 2
conpounds Iailpegér%;ﬁ&ﬁ fgawmg rgfadivedplexa@iiaton o) adv AneosKaavhan K

eSS B o B i R ) Wi g o
di cycl opentadingrepresents thel medntefra@He-iEkx( B3, fiHxpmpie Hasibayh Syitidal

o oups. ( CrBIReeR UebngPieh TeRgtarciul Apulchions, CABRITES (IRGEHLD Sesql!

neani ng el ggig Mmpgnetic, ionizing radiation, in particular electron
beans, UV radiation and visible |ight (Roche Lexi kon Medi zin [Roche
Medi cal Lexicon], 4th edition; Urban & Fischer Verlag, Mnich 1999).
The det er mUraf93904 dessibes\option) artivlas ebiaingd finat phetonvbymer fermiudaions which are
t he det,er m nat,i f | | in .a il.latio
heonsrar . ARg P T baBOR R sl et e R rr Rl SEa Bl R gy cest

The Theor y 0af MiPe) tiieeickinyssaTitlesphofdpbBatér BEEcttne: ftedibd tBal 2600Nsm. I B&sclosed
bei ng used: G R T o=Mc Ris the Avogadro constant, T the

absol ut e t éhgbhegigater tha madnlus 9T dastichy, the meee praisgedthegihetppolymer formulation is

Preferably,; L dgl I . Str. i r.
ol ecut ar S ORPE TR Dsdbl e R o B PR PR R0 be
pref er abl y vafler&id0dingelatibn toahd wpogy ghdiynamieprypgded ofthd matrik polymer strands,
preferably of 7500 g/nmol of 55 000 Wl . . , .
30 7 i.e. whether it'characterizes the photopolymer state crosslinked in a rubber-like manner or the
photopolymer state solidified in a glassy manner. The relationship between crosslinking
density, writing monomer molecular weight and the holographic performance in the case of

individual strong holograms is not disclosed, in particular not for reflection holograms. On the



It is preferable if Mc corresponds to the abovenentioned val ues and
noreover the ratio Q of Mc to the nunber average nol ecul ar wei ght M
of all radiation-curable conpounds 15usedsin B) is greater than 3. 30,
particularly preferably greater than 4.13, very particularly

pref erabl y @heayehe plefirelWirdetionl dés@fbi i 08 ab&vehieatiGRARPARALS RhdAB Righer
B), the photopolyner fornul ations according to the invention may
Contai n pheReIHIStaL Slsicis\B aencyiings iofivishiakrong Belpgigns, to a deteriofation in the

| i ght - absorhi j I f er
conponent \}ﬁ%ﬁ@%%ﬁ%ﬂ%ﬁrﬁ%v@%sc%%ég{éﬁg %ﬁ%ﬁ%&%ﬁéésﬁ@cﬁ%ﬁé&% ted state
of the light-absorbing conpound and thus initiates the start of the
phot opol ynex kaawi procedure $ari dpsibliging yisd pformbtte oftphotopolfyniekein holographic

[ [ I be initiated by the |ight-ab bi
Bomponert THPEGAH ORI HEF ED BHEHe Al Eeb DEIEFR SrSTaH eI ipgror the
exanpl e, i if.0: Of 3
Formul at i on L o ABELL i e bt ARPRER R, P OuBC B BlokdTehng
stability dighlyecfiotingwaiping maoedices jormatticestalingm lbwarefraaiveind gareusing
nd i st urGGE AT BEVIBE B RETYT Wk BERE rRATe BTG as,
for exanple, release agents, which facilitate the processing of the
phot opol ymaf thk @itk & folRsd &£ HFIGRE: herwdre th@ffl@éﬁah%l,fo?ti&ll,\/tﬁeﬁm and 9
- correspondi ng hol ographic nedia or inprove or actually permt the
usabi | il0y dhermidyrasnis grensHiias ofel photepolecrfdanil catplishedin diargeftdemanner
Matrix (CO%B‘F& %dé“ﬁ Ty Pﬁl thseocyoge%g%ql%liw&%— Iu%in%tr%}gga%%g%l ﬂ%&rﬁ% 2 al
networ k structure, Ich’rs Tormed Tnstrtd rrom reaction of one

Or nore préentivaslitidth@coftThe pdorst €cribeidok € asdsinon diselosd Whether and to what
formation of the matrix . is initiated by an initiation reaction. The

precur sor s St higsEgsslinking density ppenchrphptamelysrers eanglegisiiely ipflgence the
nononer s, i I plurality of oligoners or a mxture
of nononer ?egﬂ%y%%feg%}ﬁ@?ggﬁﬁl?%&él so possible for one or nore of the
precursors to carry nore than one type of functional group as

reacti g i At haseosusurprgsingle peen found thet phaoprigmerefogoolkdtionslrstd b & ynatdix

the precursqgr(s) with 10 the other constjtuents of the faormul ation,
sai d pr eouPCHT Teptosials & PalyPFrIeng ik A1 &t BN CHT G P SRS EALE PagRer
bet ween - 5QssaIved Hifein PAIdub SR Ve RESE %‘aﬁﬁ%s\’haviﬂﬁ%i B X6 80 WRtween
prepared at tenperatures between 15C and 75C in a period of I'ess than
200 ni nut esegiqisevitiathel lpwhsi sefsactiive slex and ségiérsrwitheirp digheshrefradtiveindex in
sufficiently, | ow.to rmt chemcal reactions,and, sufficie
ai'tfust on PoeRblBEAThbBRAR PRt RREGTRIMG 6Rbl e hE Pheyprphmes
A t enpepat dsendl@iiges bedsvmior I30E erpsbuBdic light. [Bueh phétepolyléARRMARtiOhs are
chem cal reactions for roducli@gg such a matri x are cationic epoxide

2

pol yner i zathepforerartighady gutabledpr pradueing brighti viyval dolegrams keyinghizk

pol ymeri zat . .cat Loni I Zat .
cationic ktgéfgﬁgt?(glcgbgﬁ%ﬂé&ﬂn? r(r)er?(r%r g%}fllgg’}r?,h{%;%glle ﬁgﬁggg&fy rrg'rfglfuﬁ1 al?ﬁﬂ%%g féjfs comiprise
epoxi des amnll haligness whichraix be escoaded Hylthetheds Kpolm-tdiehmedonattiiddiinthe art,
(addition polyperization of 20 unsaturated esters with am_nes or

thiols), addl¥dps ipsrHiein-Has (Gapopk halpgramsit-axig hplogeamy, fHl-gpestpre transfer

conpounds Wi g;%gg kL Yioat 4 k b I %qgmzt : Whot.h
OH or Q%H— ?18% tl oﬁglﬁﬁ%glr%g)ﬂaﬂggﬁ%goyﬂg% %%?‘gtt ﬁ%ﬁg&&rh b[ﬁ)%?yur ,a]§e°m§’§4u§<
f or mat i on) hoMagranoy sffedxid ke ectemdidl egramelesige-lib Rologamshad dotoalraihid wekebygrams;

t he presence, of. suitable t al S Preferred

t hr ee- di meASHSHET PYIOgTTs| %ﬁﬁ%@b’&ﬂn@ P Ganemissigpdolagsas gipesfemed e
urethane 25 groups. Particularly preferred three-di nmensionally
crosslinked organi c pol ymer spa@DINIERE SVHE SR ey EQMmesed of an

i socyanate conmponent a) and an isocyanate-reactive conponent b) as

precursors. Suitable conpounds of the polyi soci/anat e conponent a) are
An embodiment of the present invention 1s a photopolymer formulation comprising a

30  three-dimensionally crosslinked organic polymer A) or the precursors thereof as a matrix, a

compound B) comprising groups that react with ethylenically unsaturated compounds via



15 nononer content. For accelerating the prepolyner formation, the
use of catalysts well known per se to the person skilled in the art
from pol yuret hane chem stry may be hel pfag- Suitabl e hydroxy- or

am no-functional conpounds for the prepolymer synthesis are typically
| ow nol eculply@iahén Shddr thdbfibh ofhdtietalifation had isihedehin s@lution or d1sper31on
cycloaliphatic diols, triols and/or higher polyols, i.e. containing 2

to 20 car ban said grix, md@@ﬁiﬂa&tsmgmhqﬁoan@atgn evlmqwﬂ@n@t\wry@@nsﬂy of said three-
di et hyl ene r

di propyl en é@&&?é@sg%qaﬂgr ci’c%gMeﬁ%? agl ] o(i&mfnt %%ﬁr%gse& ég g‘%g ég g‘lo’lecular weight Me
1, 3- pr opanedfiled segihedts Hnugm@&db@blym&@ﬁ@msyisg& Ydéﬁﬂ 2685 g/mol.

2- et hyl - 2-but yl propanedi ol , trinethylpentanediol di et hyl oct anedi ol

positional jsoners % 3- bu ene ycol , cyclohexanedlol 1, 4-
cycl ohexandtother Kak lmepte %a%s%ﬁ laventlfnzﬁ thg 3hovie hoESRILIRRI AR I,

hydr ogenat gg,.25 %ﬁ%@ )

2, 2-di met hy1- 3- ﬁy r oX progﬁf&;z%%fm tgl(é dt}ﬁl)% @aﬁ%&k@?@%{égﬁ%ﬁﬁ@@?}mals -
Exanpl es ofthesmngabfﬁomr%ﬁm;o a5@0tg/moet hyl ol et hane, tri net hyl ol propane
or glycerol. Suitable higher functional alcohols are

di trimethyl opa ent t hri t.ol d|p |to or itol.
A 50 Syl t AUTTRET BERGRE. RoYEPURER" (LA Toihe ARG RolRRIyRer (Shulation
cycl oal i phaiticgeiR lealis %@Mﬁ@m@%cﬁﬁk%@@M&@'M@hﬁnb&%b&ﬁé@ﬁfol&ﬁidQ‘e§ght
pol ycar bonat e pol yol s, hydroxy-functional acrylic resins

hydr oxyl0f i Vhas QTIPS gprsteyiast hahes, hydroxy-functional epoxy resins or
correspondlng hybrids (cf. Ronpp Lexikon Chem e [lItonmpp Chem stry

sttt gar 1) TR SPR s ot BrSPhehPRP e S b R ey

are linear vﬂ@kg{ﬁﬂteaaﬂoojls,gr@serﬁm lo=0(prepared in a known manner from
al i phati c, cycloaliphatic or aronatic di - or polycarboxylic acids or
for exa suc adi

e oY il bRl of bR puera hvHan dihe APeisaofpoyme form Hation,
decanedi carfaxyth k4id tireé- ﬁﬁ'ﬁ‘élﬁ@nhﬁ){] crbQdIRRA B@hfcﬁ:olﬁn&@ E&ﬁghge urethane 2 groups.

t et rahydr opht hali c, hexahydrophthalic or trinel’'litic aci
anhydri des, such as o-phthalic, trinmellitic or succinic anhydrlde or
m xturd§ t hPeméhﬂr embpﬂunml ghthd present igvdndion s e @howsqhot@olseuqrfpmlanon

et hanedi ol t.11 tetrae opanedi 0

etnaned of vy st sk ISR SR B ok yscrprcranediolor -

but anedi ol isody@rdediéonnset a) ahd an RRBYARARMAtivelofpoaxamgdi ol

2, 2-di met hyl-1, 3- propanedlol 151, 4-di hydr oxycycl ohexane,

1, 4- dlnethylolcyclohexane 8- oct anedi ol , 1, 10-decanedi ol ,

1, 12- dodecaAHOHis Fmbpdigcpt af«@g PreseRtapyentigpts %aabeye nkiotapolyyeer formulation,
conconitan

Fri ot hyt ol s ) o afels AT ARE Rkl B ank e pmatcorsactive component
pr epar &0i oi).of the pol yester polyols are of course al so

cycl oal i phatic and/or aromatic di- and pol yhydroxy conpounds. Instead
of the freeg cid, is also sible 20.to

cor 1 esponarHB s e LAty 5t B abtrotin nsdeSn el Apa iRt er otnlifon,

pol ycar box Yatictei® 8r8pSnet a) Q¥risad &B&%s@cﬁna@%&é&f &SHDD§A&A5o Lfyﬁﬁurﬁt@%nd/or
preparation of the polyesters. PolyeSter polyols also suitab

t he prepol ymioosghitiessdiencstmciogsmr agreppdyoeymring mlfN¢@(fumi®9?11Wﬂf ditom 2 to

f d b dd
Mot one. i st ERRRRE ¥ o R e RS B sl apdie AT i « polvether
net hyl 28- c apryel, poetyeer pitybh and6r ol dadthtir@tedidiyict i onal and/ or hi gher

functional initiator nolecules, such as, for exanpl e, the | ow
nol ecul ar wei ght, golyhydrlc alcohols nentloned above as synthesis

conponent s Aethepempedimeant pbthy presentpaysptian bohe eevaretanglymenfesyylation,
groups are vﬂ‘Je?e?n ﬁ&hﬁ(ﬁ%ln?bficson?pr%% { B&%Mleﬁg TR @F&‘fuo@&ﬁyl&ﬁee oxide, and/or

combinations thereof in the form of a random or block copolymer and/or a block

copolymer of the abovementioned type which additionally comprises tetrahydrofuran,



15 diethylenetriam ne, triethyl enetetram ne, propyl enedi am ne,

di am nocycl ohexane, di am nobenzene, di am nobi sphenyl,

triam nobenzene, difunctional, trifuncticohal and hi gher functi onal

pol yam nes, such as, for exanple, the Jeffam nes(r), am ne-term nated

pol yner s hayitylehdBxiie br 2\6a5rdBietol® hatmoNBiHsesni &f whé&eP08e OHMRINcOENARY is from
desired m xtures thereof with one another. 20 Preferred gr epol yners

are those Haxtdd aifl thaaumbesaviemee ingrieqrlayrai gids Somcinicndfed) gawlng

ur et hane and/ or all ophanate groups with nunber average nol ecul ar

wei ghts of I ! i E}% .
nmol ecul ar \é?) g %r%mé)g d%geglt tg gﬁ%%ﬁ%ﬁ &g{n%labasr {Elg\éh{;kger% %@n@%’rﬁéﬁﬁﬁaﬂm,
pr epol ymer sylaren ghil ephgoaiest Bessd rofiadtbk intex B ofapehtditharor.54.
trifunctional polyether polyols having nunber average nolar masses of

1000 to _25 8000 g/nol, It s, if appropriate, also possible for the
i socyandt e %%%@%dlg}w ot Erasert BVEHIgR Y ﬁpaﬁ%‘feep@m%ﬁmaffmulatwm
I socyanat es,puaify @aiﬁrcgm?g{(ijﬂd Of B e@igifle Wy thtd ﬁ%é/ﬂﬂgtgﬁérﬁl%ﬁeg%ﬁ(ﬁs as radigtion-

ethyl enically unsatura conpounds. 0%$-Unsat ur at car I ¢ acl
deri vati vesuriggigioups acryl ates, nethacryl ates, nal eates, funarates,
mal ei m des, acryl am des and vinyl ether, 30 propenyl ether, allyl

th d d ich in_dicycl t adi epyl uni d h ,
2t east ond gralE PRRAReE Y TR E LRSS i s S PR BE visal
here as i soelRahep@atsddore thydbené siadtbyolmeatornalagen conpounds.

Acryl ates and nmet hacryl ates having at least - 13 - one
i socyanate-reactive group are particularly preferred. Suitable
hydr oxy0f uncat peethsr e ot Hie nretenbiov grttands an ppticl glementh dppge, or

d 2. =ryl at e, | yet hyl id
Compounels SUfieRRuEn MAOY Bhibthe LORLIARIK! 27 o POl yel Y| ene oxi de

nono( net h) at es, ypr opyl ene oxi nono( et h) acryl at es,
pol yal kyl ene oxi de nono(neth)acryl ates, polyrepsilon"- 5
capr ol act on&x anethe emidujraentylf egmescatimiemtmn it ametkahiol expoborgahe 3bdvit00

(Dow, USA), 2- hydroxypropyl.. th)acryl ate,. 4- hydroxybutyl . . -
(et ) acr v 50Tt B SOk e RS b E roRporeaty b Hotine piztion.
hydr oxy-functional nono-, di- or tetra(neth)acrylates of polyhydric
al cohol s, such as trimet hyl ghpsOREMEONIOYCEHR IINVERNTOsr yt hritol

di pentaerythritol, ethoxylated, propoxylated or al koxyl ated

tri nmet hyl ol propane,, gl ycerol, 10pentaerythritol, dipentaerythritol or
t he i ndast rihgpresentinyeaxion Hagrefere nelptesdeaphpionolymss éravwlations eppaisingthree-

i . , WER |
oL 90er | e BRMIS LS ISR SBR[ AL ARE E it bve
abovenent i gnagps rerdng with etloigocriyunsauatsidongiouads Whie pplyaReiziticnumkr the

i socyanates which are partly reacted with i socyanate-reactive

et hyl eni calPF{on Igic4pEauey ﬁ%ﬂ@&%@“ﬁ%é&@/%ﬁ@e@dﬁﬁﬁ%ﬂf‘ %B) is
15 0 to 99°cﬁstp_91rsﬁ7](nq{1@1%}ha it %tﬁ?f/ﬁt 18Rf bl AbinMiaR) eélﬁfa%@ri&e@wrgngé%&k
and very particularly preferably 0 to 15% The NCO groups o

pol yi s@fyananety dftheogpunentyn®), axaressdddyy the averapd mbkeylanweight Mcyof the
bl ocked with th l. ocKki agents custo per se in industiry. These
o ocFor "esetrts BRgts e PV RS ufards S Iabs el Brashdoispt i ky)
acetoacetates, triazoles, phenols, 20 imdazol es, pyrazoles and

anm nes, suQtheSesehtdhveNidFh@herRUiARRER tOKhbRBrapfid HaRs ARYIL3E Btainable from
1,2,4-triazole, dinethyl-1,2, 4-triazole, imdazole, diethyl malonate,

et hyl acet eheepalyaer fuarudaieng geavedingtosthdinkentign.pyr azol e,

epsi | on-caprol actam N-tertbutyl benzyl am ne, cycl opentanone

car boxyeth I P ock] e ,

Pol yi socya#(fllfil gagﬁ)g%?a%lre %%‘%%ﬁ#r%?@t%? oﬁﬁgig%s%bteﬁg%{ﬂ%g%gedﬁ{ @nggrg% gHps

on HDI 25TVBhign@acrwill Nefiniealpy edsetugdiby carfpshnds wibripdyitdizatipn under the action
Pol yi socyanat es based on HDI with i soc%an,ur ate and/ or

/ .
i m nooxadi & AFtENE BEten, Tlhese pes 1o cxarpale; Yiayl ehery (GsCEH-8h), ynaked feis-
HOOC-C=C-CO-0-), fumaryl (trans-HOOC-C=C-C0-0-), maleimide,

dicyclopentadienyl, acrylamide (CH,=CH-(CO)-NH-), methacrylamide (CH,=CCH;-(CO)-
NH-), acrylate (CH,=CH-(CO)-0-) and methacrylate groups (CH,=CCHj3-(CO)-O-).



| socyanat e-reactive groups in the context of the present invention
are preferably hydroxyl, am no or thiol groups, hydroxy conpounds

being particularly preferred. 10Suitabl e $ol yfunctional,

i socyanat e-reactive conpounds are, for exanple, polyester-,

pol yet her -  Aqvl¢/@aiakion & @rdersldyds MedafingGloctdimgnargiodizing radlatlon in

pol yur et hanepol yol s. Sujtable pol yester polyols are, for ex

i near pol egialaicisisonpearahEnEdiason ikd ikl bek (Becmbemramé@m Roghe
known mann thi y I

pol ycar box |%E%geglclo’gtat ﬁﬁritlro ﬁaﬁh&%‘ gggﬁ%q{%faﬁb%hr@g%al cohol s
having 15 an OH functionality Exanples of such di- or polycarboxylic

aci ds or aﬁltl}mﬂletedmmaéoe oftheavaiage mylactiar iveighaMis effeqtedrelaithe datedpeination of
azel ai c, sepaci c, cﬂare car boxy élc, gecanedlca oxyl

t er epht flal {12 Plpteap AOGL}Us So 18 aBH? gtjon rhequpgtet, %ﬁﬁwmﬂﬁnewn relationship (M.
hexahydr opl§fiad, FCE@»F/aﬂdE PR Tricbh oﬂfdlﬁn@xr!g@lgs TUYATGGR e PRGBS, 1986)
o-phthalic, trimellitic or succinic anhydfid or any m xtures

t her eof 20 beinghisedie anot her. Exanpl es of such suitable al cohols are

et hanediol, di-, tri- or tetraethylene glycol, 1,2- propanediol, di-
tri- or tetrapropylene gl ycol, 1, 3- propane 9], 1, 4-butanediol, 1, 3-

but anedi ol , 2, 3-butanediol, 1,5- pentaped 6- hexanedlol
2,2-dinethyl-l,S-propanedioI 1, 4- dlhydroﬂvgyclohexane

1, 4- di net hyl ol cycl ohexane, 1, 8-octanediol, 1,10-decanedi ol,

251 12-dodecanediol, trineth | pr ppane, glycerol or any nlxtures

her eof wi FSgHpA aﬂ%ﬁdﬁ%FonSmﬁ ﬁ@?@g&lw (BRI Ipdyeliin €Bd pds Bageass gepsity.

natural raw materials, such as castor oil. It is also possible for

t he poljgestpesterBly ﬁ{esse ch8 bﬁﬁ%ﬁg tR0 pB T s@inds BRGE W@fi%% Rbleb il WaBRE Mc

as can preferabl be obt ai ne an addition reaction | act ones or
| act one m wf %%%g/nmh(thfaQO(bg/mwlm%{mmw pI@fece’qu of 30ogimohtvd? 0000 g/mol, very

nmet hyl - e- cap roI cton t - 15 - conpounds,

such as pofy ]Filca é’pée% %ﬁ?@lgﬁﬂ& (?ﬁ%i}ob Pl onal i tyfor exanple of

t he abovenentloned type. Such pol yester polyols preferably have
nunber aveniiggreferable iNRES@eredfonddQ the 28Qhepliomdd vadadstahe worEdver the ratio Q
preferably of 500 to 4000 g/nol. Their OH functionality is

5pr ef er abl YT Mdatorthe Bueber@aetage fnodgepiar wiceghs M of ail rsdlﬁeoreceablsapmaau@s
pol ycarhon

Foast; na o PENC ot B0, WA lD e FRBRrp S0 P, ¥y Bifvigulanty

Sui t abl e opgdeiablycediartate$0.80.e di net hyl, di ethyl and di phenyl
carbonate. Suitable diols or mxtures conprise t he pol yhydric

iagﬁgg![ : a X ‘%Ifgg 5})@% C%ﬁp%gﬁ#{) Rgﬁgllt ]%ngﬁl'}g'p\g)rptggpéeh %01%1%'{; e%%glégcgflmg to the
6- hexanegyahii a9 costulRiHAiRRIRIA SR €) RhidhUrUeRh BN AENOMROff

be converted into pol ycarbonate pol yo Such pol ycar bonate pol yol s
pr ef er abl y chapenan ﬁmeﬁptmnelrlﬂg‘elem loae ﬁnﬁ@s eempdnesO@hich quﬁomalb’/ apedrbs the

particul.arl rabl f. 500.tQq.24 . _The nctlo aljt f
Phese. 23poryaRy f Bl aled iR " wiediehf a8oabin compfid ey GRS he Maoe
to 3.0. Sui o@oﬁbﬂbhﬂ@ii@ﬁbn AR lsMiedbte grsen&o{m%ww@tttﬁe Eﬁot6?&&ﬂn@n@itféﬁrcﬁn also
with OH4 or NHfunctional initiator nolecules, whic yadduct s

pr ef er abl y bR&visatsd by Seadightrehearbing compprebiteelfy cl i c ethers are, for
exanpl e, styrene oxides, ethylene oxi de, propyl ene oxide,

tetrahydro Pyﬁx I

t her eof 2 OiF#{]tﬁé]‘ co éﬂ?@ﬁla l%l's 1?%%@13/ gfallﬂbl@qgl ?({% tﬂé §iite lﬁ? of the
pol yest er pompoﬂlemtsamfdhapmtagolmeﬂdnhuncbn Oﬂahlmhzer@fwh&nﬂ fcnreummp})e Wfiprove
secondary gg; o al cohol s can be used as initiatqgrs. Such

pol yet Rér ﬂgty ébeebﬁﬁeﬁpmwdm@ceémge nhetoRelymes dasnations g
to 10 000 Qg%%mg RéfielifvEnBbh Yo %ﬁ?‘lf gﬂ' A I%E%rgglge %13} ﬁéf%ﬁg@@?ddﬁ% such as,

very particularly preferably 2
for example, solvents or such as, for example, release agents, which facilitate the

processing of the photopolymer formulations according to the invention to give the



- 16 - short chain, i.e. contain 2 to 20 carbon atons, are al so

sui tabl e as constituents of conponent b) as pol yfunctional,

i socyanate-reactive conpounds. These may-be, for exanple, ethylene
gl ycol, diethylene glycol, triethylene glycol, tetraethylene glycol,
di pr opyl eneogrbypoatiingtholdpigitid Liediadk aplove dr ZctRAIBARDREItBE usabily of the
5propanedi ol ; 1, 4-butanediol, neopentyl glycol,

2- et hyl - 2- helogranhépmedigiip the fimal apnlispliorent anedi ol , di et hyl oct anedi ol
positional isoners, 1,3-butylene glycol, cyclohexanedi ol,

1, 4-cycl oh i I - ¢ i . 2. | 1. 4-.

eyl Ohexan%?g?ghggéﬁr@g&e ﬁgtt %)dlg g{@?%ﬁggn%nﬂehha\;mg a tlﬁ@g dim&isional network

(2, 2- bi s( 4-shyctnrex whyadl is fi@xeld)ip siop from) the Zea2tiordoinmichy Indde Pysdussysbye$turing
2,2-dimethyl-3- droxiloﬁé.o*gi ogat e.. Exg | es of suitable triols 10 are

tri met hyl oiSEPhah® repstioRdehiie domrasionof thsrmglriy dxmgifateddy anpitiatigngeashion. The
functi onal it e I i 1ol

di pent aer ytp?iércﬁfég?é %ﬁﬁgg}sﬁtt%}&w&%ﬁ%ﬂgﬂgﬁg’% olﬂgm}zﬁ’b%é’ﬁdé&%&n%w&f
pol yol s ar eligaiy, prpdpyliynd obigoues)or apoixiuretfipbeorecsxandeboraer. It is also
conbi nati ons tqe%eof, in the Iorn1of random or bl ock co Ohﬁﬂﬁrs’ %hd

bl ock copolPYTEPS o5 8 JRATE RE N TGRSR SAITE TRRTF £18 Wi Rfiional group
addi ti onal lay ré&efh@inthd 2udid §t8HH bRfer EREhsuRU06H SSCiBHHHBT BB precursor(s) with

E-caprol act one as nononer units, and m xtures thereof” having an
f unct i dAal ithgother constituents ofithg farnmilatingy, said eresgrsonis|uefernbbisliond weeeer@o

and 18 000 articuylarly fer yphavi.ng an functi.onalit
or1's to PR ERhbt SR Y RCELARC PRy RbaTe by oBE kB tnbe
g/ nol and edpyirddait témepbratites bRfvleg N3t ¥nd 259N Aperiod Jf WS th2amabiniuRs. The
1.9 to 3.1 and a nunber av_e&%ge mol ar mass bet ween 650 20 and 4500

g/ nol . Conthaiax hanaselass aasiiondemnpyaaee VEish jasiiidenbnisoniomesmi chemigal

i socyanat e, j AfeS, I v I cul

we oht s BESark] R BB HloPL EdnE: BaRuAOnE LB Fholygpm
have adsl oW fempetdtmeahngde beswaen -GSl AldeB0aCds prefdriedl Aramaplps ef eefriich] f or
the preparation of the matrix A), but the functionalities have to 25

be suffici &FACHONHOGRTAIYCIHE SHE M1 316 GritiG CRIKERWY HEHEtigRagationic

net wor k. F?nyla%ﬁ‘m&l o NRVIEHERERLAG,E g&zrﬂeﬁz%vginq} ARGy MRGE] QfBhic Allen
groups of thé iIsocyanate-Tteative conponéents are prgsent in nolar
excess r el avlywerizatior eatieme ketemeahcetpl pulyseoizati drg additioy polytrerieatigmorfeposides
a) are also preferred. . ound vin vinyl ether, acrylate

o1 et haor SPAFBIES B oxidssand dnar yo ik brel g tien GdiataraRipasen of

met hacnyl afsdiate stedy Wit bRiRE dPto1Y)S 8adition SAFRRASAIonBF silicond Kydrides with
Conmpounds havi ng the abovenentioned type having a refractive i ndex

nE, 2 of gr &&tvéeompeunds viuhydseslyiatiablapd pblygdditioref isoeyandtes with §aH- or NH-
particul arl ref.erabl frareater. than 1. 58 e preferabl ed in

B o REP tn Y B B R TR B0 ot el R Pepfigne
of | ess thasschibsdCargbd@celepaéd biE thePidsyndd oFfsaitad Yat@llystess than 1000
g/nol, are preferred in B). Conmpounds such as a43-unsaturated
carboxylic _acjd derivatives, such as acryl ates, nethacryl ates,

mal eat es, FiRfaTed beee-dajeasipnabecrosstipkedereards pakymeryare Hadsauvhch iayg urethane
et her, »pr o%ﬁ{#g ether, allyl ether and conpounds cont ai ni ng

di cycl opentadienyl units and ol efinically unsaturated conpounds, such
as, for exanple, styrene, a-nethylstyrene, 10 vinyltol uene,

ol ef i ni ns, Peurhlagdy, préforred tameplimeniiooaltecresshinkédorginid pobmeers micnlydse which

esters, (nmeth)acrylonitrile, (nmeth)acrylam de, nethacryli.c acid,
acrylic acftf @w%ﬁf %@@dswae%ﬁﬁ@ﬁ fRens) Andc A poayaRATEHACHKS FIRPSReRt s
are preferpadysbfy. general , esters of acrylic acid or nethacrylic acid
are designated as acrylates or nethacryl ates, respectively. Exanples
of acrylates and nethacryl ates which can be used 15are nethyl

acryl ate, Muitdhie compernsis pf Hegolyistpyhnate eqrhpanent @tang hll pphiwsicr pickiabiphatic,

30 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-free processes. In addition, the higher molecular weight secondary products well



- 18 - N-carbazolyl acrylates, to nention but a selection of

acrylates and net hacryl ates which can be used. O course, urethane
acrylates can al so be used as conponent -Bp.- Ur et hane acryl ates are
under st ood as neani ng conmpounds havi ng at | east one acryl ate group

whi ch addi tinewalpeysetoBe péborl SaIsdd iaMke it @tﬂg@n@ﬂ;ﬁmghsod}tanat@s)l@rmom’b di-
such conmpounds can be obtained by reacting a r oxy-functional

acryl ate wapﬁ’oamls%éweﬁdtaémamwﬂv@na|ur@e@ ﬁ@fbgdmmdawalreas igpfcyanurate,

i socyanate e r

aral i phat %11)9@‘}3?1%% ?ﬂréf n)%ﬁlglglc Dettlon: %}{éttdpolﬁeﬂl ifio aﬁla%fn%g% égtructure can also
pol yi socyamatue&d inldach Saseligdividosidy & i@ ahg dﬂﬁﬁ:dfﬁlmtdiéﬁﬁt@fm@&lfd‘ﬁhéii -,

tri- or polyisocyanates. Exanples of suitable di-, tri- or

pol yi socyanat es are 10 butyl ene diisocyanate, hexanethyl ene
dii socyénat QT EXA!C, ﬁugelf}ﬁg}cglﬁgleap.dgd}{ﬁﬁg@)@netpwp)butylene diisocyanate,

2.4 a1 ek R PR B SRR el S

bis(4,4 -i Mymmhtmahphe«;lhmaﬂm(&MBh)dl,mdqtsucmamh@r eof havi ng

any isomer ,content S anat.onet t ane di.i socyan

L oyl ondRoPERBOmElSOE) BRGSO SHHE PRt e abAG oD fetdor
d||socyana@qgkékﬁagn§ﬂxhﬁﬂ@ 15di i socyanate, 2,4- and/or 2,6-toluene
di i socyanate, 1,5-naphthylene diisocyanate, 2,4 - or

4, 4" - di phenyl net hane diisocyanate, 1, 5- naphthylene di i socyanat e,

tri phed{l netlsmpassibless the uaemfulmﬁwtmﬁmctl@rwapteppls'pms ayinysamatcdpheny| )
thlophosph r ereof hayin ur et

carbodiim glgphanatﬁﬁr lg}el{l%tl s\érgg%pnﬁsr%tm ouq Si%fgqr?mr%?fl gnt a%iaﬁrcg? be Bbtained in a
oxadi azi ne'&rﬁdnﬁ&ewelllkﬁvﬁh pérsedly rbzmtmﬁ@mw a%évéiﬂéiit@ﬁ@d ai- rtﬁcbﬂpﬁyﬁﬂéyanates in
m xtures thereof 20 Aromatic or araliphatic di-, tri- or

pol yi socyas’eess Withdygraspepr gainogynetigrbcomppuads Anymncpoyealed sertingt es

or et hacr i~ or
xanl o, conean o RoRERAARN.Pln o RBRESILAL iRl 1o

pol yet hyl emmmniedeontmtofm&tcbélanatmg dtegaepghphyrpioapytian eheaxst décatalysts well
nmono( met h) | at es, pol yal kyl e oxi de m)no (et h}‘l acryl ate

pol y(c-cap 1’ B PEE)to ﬁ]b"r%e(ff'f;é’tqlf} iy thg g from poywrefhane Chleﬁ’r‘St@klﬁﬁiﬁp%helpﬁﬂ
Tone(r) MLOO (Dow, Schwal bach, Germany), 2-hydroxypropyl

(et h) acr ylsajtgble ﬂyﬁ}ﬁﬁ?ﬂd&%ﬂhwﬁlﬂdﬁﬁhﬂ)&ﬁfpﬁhﬁ’&eﬁm the prepolymer synthesis are

3- hydroxy- 2, 2-di net hyl propyl (neth)acrylate, hydroxypropyl

(et h) acr yIttﬂ?tl@ﬂl1yzowmlw#am®§@mbﬁymh@myﬁhphﬁrw Blallphatwher cycloaliphatic diols,

hydr oxy- funct .Qr _tetr.aa I ol yhydric
al cohol s, SUCH g%\cg li]?lfgﬁ%rtq?woéﬁ »bFo: nm%%’%é?&f‘r OBQ erythritol,
di pentaerythritol, ethoxylated, propoxylated 30or al koxyl at ed
trimet hyl olmamp&@ef d@ﬂyﬁewﬂylenagmoaﬁrdyéthmeﬁ@gl ccﬂltﬁemywﬂéglﬂbl t@tactylene
the industrial_ m xtures thereof Hydr oxyeth Y acryl ate
hydr oxypr ogjicohdiniprilenc glycalytaipempylsme glycab ! rogangdipl, 1.3-propanediol, 1,4-
pol y(c-cap n f -
addi tion, g’?eaﬂgc&l?lf g%?ﬂgﬁgﬁélyg%%gﬁl gﬁgl%ﬁj%neeag ’itgﬁg{nerl nga?neglé)%ynerl C
unsat ur at edietipyipoarediol positianaliisugnes rlyj-hﬁtgleaa glyaol opdlblesayediéle ] gF oups,

wi th the abovenenti one oner i c conpounds

'?'lhcemgpg;yl ?ﬁégﬁﬁ?ég Wﬁ%@g"lkh@vh?xﬁ%‘idl%le Ze sk bﬂﬁwﬂaﬁm?t@sﬂyh}'@%@rﬁéﬂd

and haykng ,{dh &R WEPLELRf4-BRirb hEYy BePb 22 36 A propyl (2.2-
(met h) acryl ates cont ai ni nggﬁlrdﬁ%c)%g@ gr ojé@aaﬁ)g ha\}?%gﬁ%—l v:}}a {?y

20 to 300 euynedyFhydroagnypianatd).pol yacr yI ates having OH contents of

20 to 300 ng KOH g and m xtures thereof with one another and mxtures

W th por yelranblEs e BRI gk AR e Bl R ke B et Shigote
cont ai ni ng hipheF AkYtiordl ABBolYVatcHiRRhSHBAbB 0B hﬁefyﬂhﬁbﬁalﬁéﬁﬁerythmol or

| i kewi se be used. 10 Such conpounds are al'so described in
sorbitol.



- 20 - in which R independently of one another, is in each case
a radiation-curable group and 5 Xi ndependently of one another, is in
each case a single bond between R and C=0ler a linear, branched or
cyclic hydrocarbon radical optionally containing heteroatons and/ or
opti onal | y Alubsiitable e hiphef moktulanatight dighatic Bid syciratiprataiyolyds, \shety s
ether, acrylate or nethagrylate group, particular|ly preferably an
acryl at e gMgﬁ?teiwll}’ﬂlspﬁ‘qﬁﬁ%{“ﬁlpé’}y%QOB(Fargﬁ?‘%e 8elyplehydipmesHnstionat gerylic
hydrogen atause @fdloRe-reHPidRal (AR, BRIrdEPARAEEShaP¥pdxd redifls &°- @l kyl
groups, which ho ve? S noatl %Sg}glg{érred’.lg%e group )% roe é?gé‘gﬁ%has 2
to 40 car bearratpondinghybode(ctrR dopreLexiygeGhatiefBompe CHemistry Lédcdndrpages
of ether. brji . b i ther li.near_or branched or cyclic and
substi t dt eé%%%uh@‘gﬁﬁ% ?%ggotiﬁgg' ?’F‘cvlﬂr%ﬂ é/mﬁg@'fe)erabl y, the group
X is in each case a linear or branched 15 oxyal kyl ene or

pol yoxyal kwoweetegg@lyms suitable forMEEHRp 196l cP iR sak & Hh QR BolJEQMRIF1NAY 8an be

up to 10, preferably up to 8, repeating units of the respective
oxyal kyl en@regpasipn alkmopmnimaingl &om aliphatiq e¥dpdiphatioer ometiidiy er

identical qr,different.ox kvl ene_.grou as.repeating units, one .. .
such r epeatthgreRi RO Iy G SR Rer SRFRMETRHY Bhubls atipis
2 5 to 4, opanbiy) sabeRithazeRad, sbisddihbyanpdich®bk A, a¥daakdiydrBsey1ieNtcképhtaBic,
oxyet hyl ene and in each case the isonmeric oxypropylenes or == )
oxybut yPendsophiiglic.aplibalics ietighy drephihalis, hexahiydrophhakie pyeinegliiipacd aedacid
be present BVANE ol i . .

di st but| GAAES St B0 BRLIY, diboRls SR TE oA ERBBE Mixtyres thereof with
i ndependentpblyhglirioaleckzuigtsheli as, $ori exampleh cthasadlidl Odianriosyteirkythwiaee glyedl, 1,2-
MR T e

i nteger fr a1 6,3 12 - ehiané sl PRz -3 oWf; 1) i3S ‘
i nteger f r?galgte %8%.6’301@129%69%#%—% pgﬁ%'? %)(??ﬁ ﬁd gl%e(%ra @%‘?l’ez’ﬁ\geﬁg‘ég‘gmé’gkgﬁ“éﬁ?“’l’
CO). ThéSe drdedihydmixygyclahiexarmt dpisdimiethytolcpoheaanss f jSvateatdiny, latd-dedaoediol,

di ati Lnjtiat I i ti .of . th di 15, .
o yrer + 2a -SSR Rb A PO T K iR LoD SO R e OF Wt
per se and fagcRioRfl pblFMRBELAsAHnéthyRolflophhd 161 gl febrAIeE etk yIRRI M hols for

mononol ecul ar (type 1) and binolecular (type 11) initiators. _
Fur t her nor éhe prepasaiimef the pelyestermhydairepd cowrss alsh exdodliphaticansl/er ayppatic

e Rl ARG e tA e (TP Sl

phot opgby nes Lgethe edTéshHendihg poBrativkBic amhodidds @r K&t &PendinEPOIyBabox BicPsters
benzophenones, in conbination with tertiary am nes,

al kyl benzoph&esaleohals or mixtaresithaeeon e Pesnseaiios sh ditamdyesirehl er' s

ket one), ant hrone and hal ogenat ed benzophenones or m xtures of said
types. (Ty L AL IS i f ot L vat j
R R e e T
t ri met hyl béavzanek,divipihie agel préfesgbhy olstainrd te an biditioy teaaptimspiibctenaar dactone

glhgﬂgl, g: %ﬁﬁ%ﬁqsﬁ%&é gﬁggﬁg%rgﬁ%i’epc%&%lac% eha%zlﬁ)gimne(t)l%;l-iéyt:lagrho?z?c(t)gn%’, with
[ 4- (PheRryl Lhit M PMemeibRAtA0Rr highe BBl {iNENAONEAX FEIh ANEhr example, the

al phahydr oxyal kyl phenone are furthernore suitable. The photoinitiator
syst ens desew insdetulan vigighs, 327358iT alnotiols emsitionédapost assynthdasisre@nmyfonents for

anmoni um arpxiylggt%%(ﬁy&gd one or nore

Polycarbonates having hydroxyl groups are also suitable as a polyhydroxy component for
the prepolymer synthesis, for example those which can be prepared by reacting diols, such
30  as l,4-butanediol and/or 1,6-hexanediol and/or 3-methylpentanediol, with diaryl

carbonates, e.g. diphenyl carbonate, dimethyl carbonate or phosgene.



30 dyes can al so be used as a photoinitiator. For exanpl e,

t et rabut yl ammoni um tri phenyl hexyl borate, tetrabutyl anmoni um
tris(3-fluorophenyl)hexylborate and - 222- tetrabutyl amoni um
tris(3-chloro-4-nmethyl phenyl ) hexyl borate are suitable as the amoni um
aryl bor at e.PoBuithapbyottymitalle €or the prepusBiidr €ynthesty aref by bemepl) thepolyadducts
t hi oni ne, basic yell ow, pinacynol chloride, rhodam ne 6 .
gal | ocyani r?é?%?"f?)ﬂmq}fiso?fgﬁiﬂ}yl%‘le&xéﬁl% 8t propulepe oxide dstralydrafpisg, butylene oxide,
qgui nal di ne 1 PIN W

dar row r oq TE s EKERAng thel fxed Milhyh A RN b8 B AR folSols
met hyl ene hibteneddnuroadénshomod patanirietalahols oradTeeds th&8oMNakitthe poipether

UVv/ EB f Pr. di ., Chi , . 19-22, 1998). Th
phot o nti FPBRD TBEST BY aIRAR oM 1 e phaloobals dsminay @hdamigo algokols.
(type 1) systRpsd poldedbepd 55 x&dpoﬁ%@fagﬁyrae%k{fggggg%@&eﬂ&fé%@eg%@f

the first row. Ch_romumsa?t , such as,; for
t r ans- Cr ( NidginbirdGehnsithegekiti tim thedbrm lof ravdomomilladudopsl yi@8s] or 24, 6872) or

f I d Y. hi et al. .onol .2000, 1152
e known REDLEAERS o bt BCErsier fstost Darine R O1pBrpHerahet b (0 Sanda
consi sts i fuidber defagdf mEKQHaSHEBhEST Hefwdh2l004hal1 81000 HEANpicFdrhfly Bhving an
mal achite green | euconitrile, i ch can pol ynerize cyanoacryl ates by

phot ol yifi ¢ Qe denepenality of 1 EMNe dkkansl acnunaler avivage motscelonweighp D@0 83,

So that tndopagetind bafiey AP RL Ly IREHPONT AGinutS orld 8% &Rl

phot oi ni t i auaiber aaetkelBsletller WARhIUTSOROUIIREmiAt | on substantial 'y
conprise three classes: aryldiazoniumsalts, oniumsalts (here

speci fi cal Is1y; i.odoni ug] %ul phoni um and sel engni um salts) and i

or ganomet alJviteble dpirasiasthe Drpety e sxphets & allydigamerc praolmes e psianary or
and in the of a [ ' t o
produce a gg‘%?lg%%\’?\ﬁqn c Pﬂ?@ at ggort%ﬁgﬁ E“&F{x)ﬁntg%?g %ﬁﬁg#ﬁ?%ﬁ%&ﬁ %{r%(c:lilamme’
of t he 16v e dadthylenestiamini strigthtybamatetrentinzy ptapglenediamemeoliamivecycohéanie,on
used for the diazoni um.co und. The,sl.ightly reactive but ver

expensi ve gﬁ?ﬁ%‘psg%ﬁ@ d@fﬂ%ﬁ@ pys Bl ‘%}eaag%ﬁ .ncﬁﬁg%let“m%ﬁﬂﬁd
are as a I hkghePAIncMEAA pdHaknittlsEsulchas, Us e dthl & 8h& RAahTBEsE] arhidk RerhrlihdtBd
since the surface quality is reduced by the 25 nitrogen 1iberated

af t er expodahyengrphaming sunbgriaverage giolar nRskes 10NN B0l et any Sesizndanixanmds
Engi neeri n%ergcﬁoujfith 84e’an1 9). Very wdely used and al so comrercially
avai lable in"a varl%l%y ‘orms are oniumsalts, especially

sul phoni um and i odoni um salts. The photochem stry of these conpounds
has been i Pvéebiredpicpdlyfrls e liag bhided®n tHbhsbdvethentioivdsahthssis drhparichis
undergo honol ytic deconposition after excitation and thus produce a
free 30 radPEBE uigtpng ander adorhagate groups vah nunber apspgemalepylapweights of 200

abstractio JALLI catl Ong

ol yrror | 2ot 50 COBERRS, Aol P RyAREbER, dulldbl Bichelal Gl S3d0o
Chem , 1993006 g/md 8B&)iculdiy prefercddanesiymensnid sldphanaischacdd éroHDAioH TMDI
salts also for.free,radi cal photopol ri.zati opn. Once again, the

choi ce of  ERR dis6h FBRFEPA Rolyrheily e hasingnumbss averagrEIdlar Bseesf 1000 to
and thesveryo@yRgiSi ve SbF6-, AsF6- or PF6- are |ikew se preferred.

O herwi se, the choice of the substitution of the aromatic is quite

free in this structure and is determ ned substantially by the
avai | abi | i fisof appropmdse.alss possiblegfobthieligticygnad cakgsonicot a)tth eomtyintahesi s.

The sul phonium salts are. c ounds L ch decaonpos ccording to .

Nor i sh(t | PrapEis ey SEBSANEE: Wit PR ot s lsosRasle eptivge
case of thetSWnRAaRiuMEatGRAtddScorhRuinds. RES-CRGAEREN catttfiyRO WAl Q& MMlivieS, s0bh as
critical inportance, which manifests itself substantially in the

curing rat écwiatesmegyrpiaes maateshbmarates malemides, aiylainided and vinyt ether,
W th 8966- p?oaple}l}sd' ethsér,na(leyl %&%r N édnzlipbo%?urig WhR C%Iltaﬁnoggyélgpné‘n%ragenyl units and
have at least one group reactive toward isocyanates are preferably used here as isocyanate-

reactive ethylenically unsaturated compounds. Acrylates and methacrylates having at least



Suitable free radical stabilizers are inhibitors and antioxi dants, as
described in "Methoden 30 der organi schen Chem e [ Methods of Organic
Chem stry]" (Houben-Weyl), 4th edition, -udlunme Xl V/ 1, page 433 et
seq., Ceorg Thiene Verlag, Stuttgart 1961. Suitable classes of

subst ances oak @soc a@fateefea&nleegrom@acphmcuﬁa F/fpra@md .Buite¥le Mph®xy-functional
2,6-di-tert-butyl - - 24 - met hyl pheno cresol s, hydroqui nones,
benzyl al c@golages @uaﬁh@pgylafeg (Ares KeirRF AP leh eoTa PYUnda rsuch@étz ayrdaprxethall so

gui nones, 0 ) nal |y
'S0 ar ot e ale boFEATRAE e wiorsh Bkl BUBRASIc .n§§.5dnd§

Preferred mi®®(hatiaailates, qiolﬁaﬂl@%m axiid® mono(meth)acrylates, poly(“epsilon’
2,6-di-tert-butyl-4-methyl phenol, phenothiazine and bgnzhydrol . 5
Furt her Aor @aPTQ}?étQijlﬁ) R naeéla)aww@, steh apefor gxample e MH%&M ;J SA), 2-

ot al 5 1 gD BRSPS e e s S e 2
nmagnesi um aitdetalpespii ﬂﬁbtﬁ}a@gﬂﬁt@ftﬁé ﬁgachmsxguﬁuﬁo@bhﬂ théfo-1dil 6r RHE@EDacrliafes

oct anoat e, zinc octanoate butyltin dilaurate, dlnethyltln
di car boxy! &f BolyBréHGalsehals sugheas frlmsﬂmq er@hme@glmrol,men@eeﬁuﬁpl de

ot ol ol soR et efeyfEfeg, PG hisd SPRRL KRR REREEPIELSR] etycero,
havi ng 100 q:oentﬁél'yd'mtdﬂodlpahﬂaa@tlﬁndl @phé mdadtiiyl rﬁ}iuﬂeﬂﬂne@bﬁ llﬁaddlheﬁ,dsocyanate-

octanoate and .terfiary.amnes, such as trleth Ignlne tributyl am ne,
di net hyl beﬁ?ﬂlﬁﬁph@m “c‘gfcﬂ iﬁ@?&ﬂ %ﬁ qq@:moun s containing acrylate and/or

di met hyl cy gl oMb RBré\Gs, %%Mlnwonﬁyﬁﬁgsﬁﬂﬂﬁé %@%%&HW{% noBtdiRr

bi s(di net hyl am riopr 6pyl’) urea, N-ne nor phol I ne,
N, N' - di nor phmppwold @t syitabde. Ade p@@dﬁﬁ) of ibbaypritehekigh mor pintdy reacted with

“ “ “ ml %@?%‘%&%‘}ﬁ%ﬁg‘%g Yn@sa%rwq\]mn}_ﬂ%ds in the isocyanate component a) is
tetramas hYb-t&,Qﬁ"/J"ﬁi@élﬁ g%%%,@ﬁﬂicﬁ bt B LY IR, hh@ 9 Particularly
dlnethylplpera2|ne i met hyl am noet hyl pi peri di ne,

1, 2- d|neth@hﬂﬂﬁbbﬁU@dSWN-hydroxypropyl|nldazole 1-

azablcyclo[z 2. 0] octane, 1, 4-diazabicyclo[2.2.2]octane (Dabco) or

Fri 1 sopr opanstary AEEOhBeRSHEuSs REFHITE ARaBRss b ompietcly or party
di net hyl ambiwkedatthlthe ﬂébklhg dizemed dfusl(ﬂﬂiﬁryi pet d‘mnyﬂ(ﬁishﬁ.ﬁﬂhs@ﬁrel\l?or example,

trls(dlalkyhpﬁgnoalkyphexahydrotr|a2|nes

N, N, Nt ri s CHPRRIBHDHARS A3pTEH %rﬁéﬁ%tﬁryoﬁlkyqucstfa%atesa triazoles, phenols,

1, 4-di ab :
dlazab?éyclgﬁﬁgggiﬁénabﬁggggg'#g%?ggg%ﬁx?guanl ﬁg?noneoxnnq

1,3, 4,6, 7, diikegxagptamine] 1 mmaelammz&ybmgmmom izmaames idiﬂt]djrl meal @rtate,

partlcularl referred. Particul ar referred catal yst

G buty1 1§ n U AHORER PSR TS 14 CaP BV ECae SrRuli F lactam, Notert
acetyl acet %ﬁ%ﬁ%nzﬁlaﬂmﬂi @ heévmbRE SarBoxdlefif 3Er ordindZARIEUIIINQE BMRKing
dlazablcycloundecane 1, , 3-t et ranmet Ryl guani di ne;

1,3, 4,6, 7, 8g¢tndxahydro-1 - nethyl 2H pyrim do(1, 2- a)pyrimdine. 30 For
exanpl e, solvents pl asti ci zers, Ievelling agents wetting agents,

antifo r not er but ane

oL hoaee A5 R0 ORI b LSRR R SR B pn oL T
funCtlona|aﬁ@@ﬂmﬁiaﬁﬂﬁh&aﬁﬁyﬁﬁﬂiﬁxﬁmp@ﬁmt@peta|S epOX|de oxet anes,
oxazol i nes - oxol anes and/ or hydrophilic groups, such as,

for exanple, salts and/or polﬁﬁtm¥lene oxi des may be present  as
further aufphisocyanatesiascdr iy amurgte\agl/er im@ogéqdyﬂﬂeélqma@trh@,vres

good conpataf%a#%uy @eélj%fe’rﬁﬁ Qrymul ations according to the invention,

for exanple ate uty acetate, acetone, are preferably
used as solvents 5 Liquids having good dissolution properties, |ow

vol ati | i t y Adsudpariighartyopiefercedpsibetusapépepelfyercabprefenadyhasng NCO
30  functionalities of 2 to 5, particularly preferably those having primary NCO groups.

Examples of such prepolymers are allophanates or urcthanes or mixtures thereof,



20representations. The invention therefore also relates to a nethod
for exposing the nedia according to the invention, in which witing
nononers are selectively polynerized by-ddtinic radiation. After
appropri ate hol ographi c exposure, such hol ographic nedia are suitable
for the prgdefetabbrbaséd bwHOraapior TMIPL bedbolgtibee ahé/onbblgbstéravepollirbonate
exanpl e, the function of an 25optical lens, of a mnor, of a

defl ecti ngpﬁiwgsr-, of a filter, of a diffusion screen, of a

diffraction elenment, of a light guide, of a waveguide, of a

proj ection r —=teln) = 5 1 i

Bt ruct ur oo TeroSauatioit BllvBolRRKes of EBylymeRIALRIY PRIIAM chfTBAS of
trademar k HreamhnogiericasmelysnateleSliegpthan €Yt weighite pantiatliadp preferably less than

illustratian mul tijourney tickets,. i es and | i ke. and i nmages
whi oh an Dope ST Sret Uy Y vrerpiaPBarmRa woM K68BE nat | on v t h
t he products described above. 5 Al the references descri bed above

are incor pes ptigéipRy all BbigFiRIREEnd] NisddyanRBirédclY cdiporids whi@ Halve on average at
purposes. Wiile there is shown and described certain specific

st r uct ur es leashbéysosyanateerdagiiengrowps per mojgduie ¢sa beawed estompenehidye
skilled in the art that various nodifications and rearrangenents of

the parts 1 -\ . i . SPLrIt f
the under | s R TRCER PR PRIk bR e e Eind Bl RS ARy B,
to the par taiingd e thiodrouphdiyeisxysdvavmouanobaies partibearly FéAdYRIJES Unl ess
noted otherwi se, all stated percentages are based on per cent by

wei ght .. Measur menf of the refractive indices of th(i-;:

phot opdPy merabi5 Palviictinaalsisaeyappig-Teactivg cpmpeunds des for sxamples pRlyesten

of the wavel,RRMHeR Bb1vEH i m ssi on
and refl ec? i Ic%)}r% spég% P( a. B(I):or iﬁ‘??‘%ﬁ?’%@?@%@a@g&rfp{f 0-%@%%‘???% ck

films of the sanples were applied to quartz glass supports from

di | ute sol wuitable palypsieypolyele pre Erigpampiendurar polyestaidiols ehremiledi on and

reflection truam of this.layer packet was.neasured using.a ..

spect r onet & ?B% gtgrr#@%@ge@hf%}@fl I?,l&&Bnrl}%%glﬁ? %ﬂ@r@p S 8?[81%%3-%?8? “Tand
the 20 | ayaeforhdticakn@ssol pdacbdxlyic 861E€ b @kir ahlfiwizides wﬁth\@@_llﬁlyaﬂ@mcaﬂcﬂ@hmn
to the measured transnission and reflection spectra. This is effectedg

usi ng tlhe BRI fctieedlitia®® of the spectrometer and additional |y
requires the refractive index data of the quartz glass substrate,

whi ch were 1 i ?&h: . A . . . .

refractive E%ﬁ%]g(éyr? ?}a%gcrhe atgreligJ : 0 tﬁﬂ%@gﬁﬁ%ﬁﬁ%@&gﬂggﬁcm@?%‘ug%%% adipic,
| anp of 58%imelicsbetikuazetade, selspon dendnodinidPOxylic? Beddnedivarbareylic, efephtialic,
refractive.indjces of e matri x, based on_a.po ric urethane )

netvor k. ForSoPRER sartibelin by diar RS o e AR RRER eeetmaRiCacd and aci
det er mi ni NgnkRRides shafhd §-BhiARE trifRRiticloP SudcPRE Hle! G0y m¥i®ures thereof
conponent b) 1s, I'f appropriate, heated to 60C. Thereaftef, the

i socyaRft e withgnsreathen) i s added and mixed in the Speednixer (from
Hauschild) for - 27 - 1 mnute. Subsequently, a solution of

t ' ' ' ' he ,Spegdm. in f 1
o e Sl e T S S g L R
n- et hyl pyr peddadediel, difhei- e tate: Tthe glytol 3 8dprapmmedicl, Ri-baRhedibRn,can
be foﬁngyi Irilj 'ngbl_e 1. 1 bl'lﬁle stil Fﬂ??qui g#gr rruld%tl on is applied 1ibn t3he )
desi red t hibdtenedisl, £3-bprtarediql) hfwenigyedioly hibthexaradiolg2, 2 Hiaethyt-1 .3 xpropanediol,
on a pol ri g r . a . [ an
"in b cic ori-GnaRetGes gt ERNRRDR Al BeRin R 13 berelioh 110 Beckiiol,

wavel engt h 10f2-ddidecaediolinriveisislplopaie, @fycodD onmmyvaiktaies diedofi@athfape another.
this sanple by neans of an Abbe refractoneter anal ogously to DI N

51423-2 anﬂ, t hu coré‘gs(%(énds Eo rgg% 0 Measurenent of the . .

hol ogr aphi ¢ 2f PRt e YREMR R RP GRS Ehen FiVEgrapRRieriaarushiy chenmil. s

two-beam i Ri8LEHRBGS: the pbREsteAdIRAL 18 BEERBIRARB! or[BBolRftkSof lactones, as
can preferably be obtained by an addition reaction of lactones or lactone mixtures, such as

butyrolactone, e-caprolactone and/or methyl-¢-caprolactone, with hydroxy-functional



15 nmeasuring arrangenent according to Figure 1, as follows: The beam
of an He-Ne | aser (em ssion wavel ength 633 nm was converted into a
paral | el honbgeneous beamw th the aid oflsa spatial filter (SF) and
together with the collinmation lens (CL). The final cross sections of
the signal caffhotiRiscERAGE poBANIEE BlcbholSHaig ANOH fuhsticHaBBNEA0ME ekdmiple of
The dianmeter of the iris diaphragmopening is 0.4 cm The

pol ari zat i dhe abyerepeansdiypbbeam splitters (PBS) split the | aser beam
into two coherent equally polarized beans. Via the 212 plates, the

power of t j e of
Phe. si gnal Ben BoBESBARIARE Patnig e hiithdrdvGiae A ML AOKTE

sem conduct3on0 géhacpaticulfil) pifdrhblly o€ 506G apd@WOrgmol tieir UIE firegbeald{ is

i nci dence (a) OL the reference beamis 21.8 and the angle of

i nci dende PEB5TEEPI he ta? grdartgdarhy peforably 1.840 e 25 | ocation of the
sanple (nmedium, the interference field of the two overl appi ng beans
produced a @bl PelyRErbbh&BboBBE HRbkafhblchs 2 Wiin ik

to the angle bi sgct)%rr of thgﬁ?m bearans Iljnci gent g‘nﬁ{"ﬁ‘%ﬂg@gﬁ%@&%ﬁ
(refl ecti orrgrmiocarbomptes Dhehstgenpwithaltolngr dipl mixtares.ef erred to as
grating period, in the nediumis - 225 nm (the refractive index of

t he nmedi umyd ssunmed to be, -1. 504 0,.Figure 1 _.shows .t he

ol ogr apht & LREP 1B SRR ER s HES S RPR S (1 of ency
(DE) of the nedia was neasured. Figure 1 shows the geonetry of an HMI
at k = 633 Suitable Adbls or hitxtives t@Bptide th&bslyhydridlcohBlsmedtitink€ per $2Hn Tonnection
spatial filter, CL = collimator |lens, 212 = 212 plate, PBS = )
pol ari 28t i sHithsbrephEster yrementsgnd hewing apOH fuckienabity 22, prefrplly 1,4-butanediol,
di aphragm 3= A Al : inel 0 :
coher ent bé Zéhrrsl}égr?ggdslalr délél Tog u t]1 gL ?@g[pt% H{gggcg% P}eﬁ(??, %téerr% @%oggﬁ%%ﬁl? ‘{ﬂgf’%gerd anrlr%)
were witt eoljcatbonstbeolyetli um in the foll ow ng manner Both shutters
(S) are opened for the exposure tine t. Thereafter, with shutters

(S) closed,, the nedjumwa | 1 onwed mnutes time for .the diffusion

of the st 1 PG RYBFGRERS B RIS Er RGO RIS SO e A0S PR eSS FA A0

were now reago bﬂndlh@arfi@llﬁﬂ’}"%ﬂ%%rﬁﬁ? REB00 TR0DALBEThE OH RficBbHIRY od@ese

beam renmai ned ¢l osed. The shutter  of the reference beam was opened.
The iril§ dipalietsdgpraférablyd .§ tof b2 araciecbabyhpratesabdy 96d 3t a di anet er of
<1 mm This ensured that, for all angles of rotation (0) of the
medium th it ol ogr it .
b g SRR 30 LS BRI Bh ks S IR APA b B hncona
t hr ough t hénidisgthmtccuragehioh pbiyadduQtsprofetablyBave alflocktidendel angl e
increnent of 0.05. At each angle 12 approached, 15 the powers of the

beamtransr§itt1§d i _thﬁa zerolh order were negsured by neans of the .
cor r espond PHY3AE CECIGHIT &ive F §EAPP\ReTReBs O IHES; B R ideaRioBY enROFiAR
first or de'ieti’ﬁ&@roﬁﬁ'ﬁﬁ,q{u%qe&yoﬂﬁé@Eicﬁfor&ﬂ}ﬂﬁq%hgﬁﬁ iHurel Mgerdisf fraction
efficiency was” obtal ned "at each angle 12 approached as the quotient

of: 20 PDis the power in the detector of the diffracted beam and
131 i s 20he Thowelvhiydrie dleolhds meniponedfin chmnectamswith thedpdbgater pBlyolvead haviig

the nethod d i bed ove,. 4 he, Bra curve, whi ch descri.bes, t

Tt ract o S RCERIRss 24 LA BRTSF Bt e Gres GoRSls caybe
t he hol ogr agdMsiikitiabryvas neasured and was stored in a conputer. In
addition, the intensity transmtted in the zeroth order was 25 al so

pl otted agai nst the angle of rotationand stored in a conputer. The
maxi num di Prekpelyeheraralyds pradgraplphave nymbergiverage medaraagsash ofi258 to t s

peak val ue, erm: IS 0 i1l f. the

ot ect or of *R2 i PR pRIGAENIRUORORS00 A8 BRSS! Bl Blieh{ Bysfyrevly
to det esm pE6OMicss MY/ MuNTHAIQ functioRflity isTirefehbly 1.8@d B0 parkideirly preferably
contrast An and the thickness d of the photopol yner |ayer were now
determ nedll:%/tor’?’e%ns of the coupled wave theory (cf.: H Kogel nik, The

In addition, aliphatic, araliphatic or cycloaliphatic di-, tri- or polyfunctional alcohols which

have a low molecular weight, 1.e. have molecular weights of less than 500 g/mol, and a



1 where: 0- A Al cos(a')- cos(al-2w) 27c sin(a-y) d X AO A
cos(a-2y) 2 A-2n cos(v-cc')n sin(a)=sin(a), n sin(p') =
sin(p) - sin 2 (cc) A0 =-Au n2 - sin 2(g) (I, is the grating
strength, x is the detuning paraneter and NJ is the tilt angle of the

refractive showeMaififiad cotaintdl 16 0MRATON dtdrhE Are Aso AMAbleds coMtETROS t O
t he angles a and (3 on witing the hologran1 but neasured in the

medi um A0 cPEPPRt Bk a3 polmﬁmemm ipasasupteteactve ¢ganpavaidam i.e. the
deviation fromthe angle a'. AD is the angl e detuning neasured

outside theylg, ﬁﬁggg For #xa?lm%é r}:ﬁ-gfli&\” r?g,;hlé’[ﬁ@%é gl?rc@ln% en,g@jp?co _

mean refractive 1hdex o Set

t he wavel emgtd&t}qﬂeﬂefgeydohsﬁlﬁrobylgm ngﬁoIgitrkp@WEﬁe gf@’ol X, = pfbpahediol, A|32 =
O, the maxi mum diffracti on eff|C|encg/ is then: -30- 7C

= t arh2PE)Ranedinh 2 4abifanedio), Reoperiyl elyerd( %@ﬂlzbv? bmépwaa%q%d data of
t he diffi a%tlfngﬁ]lyﬁﬁceflfaﬁé(ﬁgf}ﬂletﬁ)h&tarﬂeﬁﬂ)rl %Eélﬁ@lllal %’oﬁﬁ‘gs,q';ﬁr—ylﬁyﬁﬂg gf‘yjagl,

cyclohexanediol, 1,4-cyclohexanedimethanol, 1,6-hexanediol, 1,2- and 1,4-
cyclohexanediol, hydrogenated bispheno! A (2,2-bis(4-hydroxycyclohexyl)propane), 2,2-
dimethyl-3-hydroxyprepyl 2,2-dimethyl-3-hydroxypropionate. Examples of suitable triols

10 are trimethylolethane, trimethylolpropane or glycerol. Suitable higher functional alcohols
are ditrimethylolpropane, pentaerythritol, dipentaerythritol or sorbitol.

Preferred components b) are polyether polyols are poly(propylene oxides), poly(ethylene
oxides) and combinations thereof, in the form of random or block copolymers, and block
copelymers of propylene oxide and/or ethylene oxide which additionally contain

15  tetrahydrofuran, butylene oxide or ¢-caprolactone as monomer units, and mixtures thereof
having an OH functionality of 1.5 to 6 and a number average molar mass between 200 and
18 000 g/mol, particularly preferably having an OH functionality of 1.8 to 4.0 and a
number average molar mass between 600 and 8000 g/mol and very particularly preferably
having an OH functionality of 1.9 to 3.1 and a number average molar mass between 650

20 and 4500 g/mol.

Combinations of abovementioned isocyanate components a) and isocyanate-reactive
components b) which have as high a molecular weight as possible between the
corresponding functional groups and/or have as low functionalities as possible are
furthermore preferred for the preparation of the matrix A), but the functionalities have to

25  be sufficiently high to be able to produce a three-dimensional network.

Furthermore, those combinations in which the functional groups of the isocyanate-reative
components b) are present in molar excess relative to the functional groups of the

isocyanate components a) are also preferred.

Compounds having a vinyl ether, acrylate or methacrylate group, particularly preferably

30  acrylate and/or methacrylate groups, are preferably used in component B).



transmtted intensity are, as shown in Figure 2, plotted against the
centred angle of rotation 12-a shift. Since, owng to geonetric
shrinkage and the change in the nean refddetive index 5 during the
phot opol yneri zati on, the angle at which DE is neasured deviates from

a, the x axidnpdindehiviggthalbotenidh€iondd tnye haVifg & Réifdctivs iddeRing 8ol ¥rddfer than
to 2. Since DE is known, the shape of the theoretical Bragg curve

accor di ng tle>4ketsderably of greatar dhaw ln%?jawaﬁlﬁi}mﬂmﬁfef@iﬂﬂk aEergagr Brantl 3§ are
phot opol y subsequently corrected via DE for a given

t hi cknessn?ESOI%?ﬁr%se%ajsgzr enent and theory of DE always 10 agree. d
is now adapted until the angular positions of the first secondary

m ni ma of tdeenpioneds ef the abovBnaggowdrtype taovingsplcdlat weights ﬁngysltlaarn

e 0B, S BT PR oo DI R e B

theoretical Bragg curve and the transmtted intensity correspond.

Since the @ohgfiuh@Nsich a Waqsamméd @&Bmmlcmeimml&éarﬁcﬁfa%a?mes
reconstruction by nmeans an 0 scan ‘but the detector for

diffracted mqﬂ@&mlafam r@aiwese @n@&ra@s,fmaismedem gorykemidesragd, fumt}mmBreaggyl ether,
curve of broad i.S ,nhot _.conp er .n an O
sean but oRrgP PR A RERd s PSS BB AL boE R Rk a8
posi ti oni nglefifitally wheeragll dofi@olifidNsubhtas S@r ERdRNS, styteid)inCiieth§lstyrene,
conpl enmentary to the Bragg curve is therefore ad |t|onaIIy used for

adapti 1§ t W@Mltalweatq%?fék%%dws, 0 crugpleel -pcishe srd/eederene, vityleriers,

Bragg curv o) Iﬁﬁ@) r
diffractio e e ﬂgﬁ%ﬂ%’((so |§£@!%ﬁ§§§& (5“1(?%%41 ag{yrh%rt%glr%nct%ﬁ%g ug%dmlélr
(bl ack sol icompbime) Bagacrykitestane neviiglceylates tiipagferted. Si nce, owing to
geonetric shrinkage and the change in the nmean refractive index

during the_photopol yner|zatj on,  the at V\/m hDEIS measur ed
devi ates { AbArsTal; LTS Ob gl %01%%191?@69%@86?1 d e designpted 2RSS | s
typically GnhdihchAskes, E@srpeé’tnf Rpl R ablYlae s SR EYINRS WRRRTaR bY used

repeated several” tines ffer nt exposure tinmes t° on vari ous
medi a 1A ordenethgl dﬁerlewmnnélyt methaelaz&ateredngyﬂcmﬁete etfyl triethacrydatelaathoxyethyl

I b d t t he hol.o hj h

e A0 SR B, S 8 S
th

T ety s s ek

di anet er of2-athdhex @emaaplwadmtqweﬂnyb pyrylage, bn@xy@hﬂ)meth@rylpﬁalauryb_ast[ylate

tnetame poueh et BORRy ClchiNR, RS m AR TR, PR Kbl bhdy

and 0 ueed meﬂiath‘lﬂa,tp-melbmphm}tl @eityle| - Mﬁblepheﬂy@ntet}ecg@dta,m Bﬂbﬁwphelfyl
Figure 1 was al so carri reen laser with the em ssion

wavel engt hastysee, stzomwﬁfméma@ew%e ﬂfgﬁéﬂd&erqphem aewlaafha 46is 33.5
and Pa is %nc?ﬁ’ rﬁgﬁéﬁfimp othal ré(la%e % Mbromo é]tZ 40(§ E%}Smgbﬁén?fﬁu

nmodul us Go ot opo mers means o a dsbl Ion

r heonet er methduequtte,qmtﬂch]omﬁneﬁylmnqﬁﬂe pdnezchroe(p;ﬂreﬁyll méthadrylatee

phot opol yner fornul ati r dete m ni ng the plateau nodul us Co,
conponent B?H%WBH’(S’B‘F‘I?IB’&Q?W&%@HWF "'\?&Opag 1&?%@’&90@8’ Regt F@mbenzyl acrylate,

| socyanat epbaachintBetAMRRAAGREINL ph@ﬂ&)&)%ﬂﬂ}lll h¥ryBie, %ﬁ&ox&@tﬁiﬁdnlﬂgthg(?r%aﬁeg

optionally effect ed to 60C for not nore an” 10 nut es
oven. Ther phétoaysthosyetlyd natyéate phpaoxguthoaycthy mctﬂadyladeWplﬁHy]l avrylate, 2-

he Speed f . .Subsequent | |
I butyl aouiipY el Sipie tioramn-ehe il bl it bRga o RaRg-2-
m nut e. Th%u@pﬁféﬁﬁtcmété %o&fnemgﬁﬂﬁmz s)dﬂsfeniam ybh&%@é@&y(e-{g@% R¥s(4-

wei ght. The anounts of this soflution which are described”in T
wer e used. chinenpb@myllpromzpuv?doxsdpmma@ B drdiyBoxyetmnict k—dldfll]ab@bryhateobtspbenol A

plate -30p| %mcryﬁ angﬂh%golsx alme agrylgtezgtrag' 1spfler£o onc‘i“ acry al en Paar

tetrabromobisphenol A dimethacrylate and the ethoxylated analogue compounds thereof,



-32 - Recording of the storage nodulus G over the neasuring tine

for at least 2 hours or until a constant value G of G was reached.

A frequency sweep was then carried out en8the phot opol yner

formulation in order to ensure that a pl ateau nodul us Go

char act er i ficgrbhilylaacPAhtesIRs hfenfied V&Y Ksclibiof 684di9Idtes ARE metHaeh/1 ¥ WHich can
conditions were chosen: GOscillation neasuring node over a circular
frequency mgd§ed-of 0.5 rad/s < w < 300 rad/s and a regul at ed

deformati on anplitude of 1% Tenperature 50C, normal force

regul ati on ey i X e

t he circul aC?pCfogreqUen@lenié:g&y lfgéglcc?ﬁ %Sg\gggg%i%%yﬁ#géggﬁg?%% a%&%%% on
t he maxi mumndedsteed anirtchning chmpstaisddvinigc leagtionk heglwea givup ageh additidrally
conceived as the pl atea m)%u%éjs ,Gg(eto be determ ned. Exanpl es of

typi cal medéfipidgast gpe ueethane bprd- Jiis kpawa thah spehygampoyndsag heeobiaiagdog
the curve f ; j ; ("0 3 1 : g for
pl at eau beﬁgé\{?it%grgh?%fdx?%gg%ghgza ﬁ?ﬁ %t% V%:(lo ﬁ%l\ré?%ﬁ'? §t£ f?‘?“?ﬂ@d‘:ﬁ tggﬂ

nodul us Go can be related to the average nol ecul ar wei ght M of the
segment s brxdyiphas of wocpoiajasevhich caartgsised farghis pugpoac emradimafid, erafibhatic,

Doi, S.F. Edwards, .The Theor.y .of Pol [ nam ford. Science,

Pubi i cat | ofbP s ey Etod gl alvert B hbA RSl J AP g b EAG  Rictos
i's the abs@ffdgid digmResoliSodyAndtey. ‘Elxﬁ'm?IE:Q oPstifabld 8-, M8Ser pﬁ)%/i%ﬁﬁatté@ are
which for the sake of sinplicity was always set at 1 g/cn8. A'snall

pl at ead Ono dutylenediisepyanate shayemaihateng dilpeiyenait dlDRWeisgphorpae difsocyanate (IPDI),
segnment s bri dgi. C r har erize etwor k. .havin

| ow crossl ilhilgfﬁ%gﬁéen\gg? ?31.53%88%% yﬁgcﬁggﬁcO%O%GZS%,E%éyne{hylhexamet%ylaene

Desnodur (r )diibty2ddte, theisametix b4, 7ei3b&tanpiooeilchex9HmBeaEs and mixtures thereof
Mat eri al Sci ence AG, 25 Leverkusen, Germany, hexane diisocyanate-based
pol yi socyataviag apy 98K CoRferf IspeanaionstivicdiSedanndisaeyanatgst.4 Fo9kohmodsne

tent: 23::59 -33 - : 0y i
cepert men: SiSISRERERAE RBindAL byqiokianedAREMIIE WtocTnde Tt bllrBflne
Ger manyl5 aldiiptrytnate,[2o4-yansl e Pofitoleenb dd estyanaté ey hnepldhyl siecdiao ayamateNO - or
e s
Ger many, f Q|,4‘,434-&9M5é§ﬂﬁtt@ a8 n%%.%eygat@ﬁgyﬁ);ﬂ%ph%ﬁﬁsk S HAGLH S Mereof

4200, NCO content: 5.6- 6.4% (conponent -a3)” Preparation of conponent
4a) Conpondavinga)urétharsen uest perhoteintidé, apylothacisogfanBaye alldfitaeate dbiSek.ence
AG Leverkusen, .Ger.nan r et hane of hexane. diisocyanate .and claim
1900, NG SERripegRe Supiont S8 pSoxag s itione s Ry A d S hre
(HDI') wer e ArBikii@bt dralipHatio duc el drﬁb@i@c?ﬁi&f&g'ar@ﬁ‘efe@f’éﬁd flask with
stirring and bubbling througﬁ of N2, and 0.016 g of i sophthal oyl
dichloride and 2 drops (about 0.040 g) of dibutyltin dilaurate were
added. The Syitaklehxdiggy-ferciiosdl aceylatener mphacryRigdorthe prepecatian of nregiene

(pol ypropyl | i 0

ot 5 e SEAAEhETor it RobiOhels MELCAR AR TRl 1 an
NCO val ue @blykthyhife Neldewasno(mathiketylaitheol yaopylate dxsdd Meho(aietpasakg,
cooling to roomserrperature. The excess HDI is then separated off b

di sti | I at i BRI BRI Raimeiaeniaies Paky(qmleetesq)d@@%meqhmﬂat% such

ai | opnanat &ePHEmpIS TR MR s SERV MR SR b PP OBY about

2. 6. (meth)acrylate, 4-hydroxybutyl (meth)acrylate, 3-hydroxy-2,2-dimethylpropyl
(meth)acrylate, hydroxypropyl (meth)acrylate, 2-hydroxy-3-phenoxypropyl acrylate, the
hydroxy-functional mono-, di- or tetraacrylates of polyhydric alcohols, such as
trimethylolpropane, glycerol, pentaerythritol, dipentaerythritol, ethoxylated, propoxylated

30  or alkoxylated trimethylolpropane, glycerol, pentaerythritol, dipentaerythritol or the

industrial mixtures thereof. 2-Hydroxyethyl acrylate, hydroxypropyl acrylate, 4-

hydroxybutyl acrylate and poly(e-caprolactone) mono(meth)acrylates are preferred. In



| socyanat e-reacti ve conponents used (conponent b) 20 Preparation of
polyol bl: Polyol bl is an experinental product of Bayer

Mat eri al Sci ence AG Leverkusen, Cernmany-1Bl-ock copol yner of

Terat hane(r) 650 and c-caprol actone. 0.25 g of zinc octanoate, 172.29
g of E- capradlifioh04e saifibleds id6tyanaté-réactid e &iadr podiidrit urdhven&f ur an
pol yet her polyol (equivalent weight 325 g/nol OH) were initially 25

i nt r oduced oAU 81cpnfaura§&a%@tm@{@dnqtbacmg@ gapiepskalpre et intoimdination with
t enper at ur I o f

conet 1 t uentls e up s tRafioitShlpobRs BRE Wit @ler DRI K BhbiE v

ef fect ed andnfalténghaitoeg gmq)s @bﬂ aaﬂﬁgl Q&b cantstits 6025 td QUG KOH/g 4 -
Preparation of polyol b2: Polyol b2.is an experlnental product of

Bayer Mt o PO RSB RTRoTy Biss cRuS N MWWOW@EQ hedps Ofheantets of 20 to
Ter at ha”e(%b é)one goﬁagg%ég'&%agﬂﬁatg%%ﬁnﬁgl B oc eg‘l?s §HABIBb g ROH/E and

g of E—capro
pol ytetr ahymilxufresrtherepﬁmmbheanqmémﬂ n(mﬂpmMﬂenﬁsamatgdllpoE@ﬁexg/cﬁmhmﬂ@

were initially introduced into a 1 | ask a ted to, 120C and kept
at this t e%eﬂywﬂgr@%m m Xﬁl@fewﬁﬁ@g YEHRt @%&t%@ %Srqr.wnms of unsaturated
non-vol ati lyg)yeoRstdohHanhs hﬁﬂi@ﬁylgg%ﬁ)@vﬁm 1‘5@ e (ﬁlret}gécggﬁfes cﬁﬁﬁfﬁgé B¢ used.

cooling was effected and t roduct was talned waxy so
Pol yol 183 ﬂgdacgmpgmnbpyﬂdmedammwﬂhhéVth @khumﬂéﬂ)a@hmag&yﬂbwaﬂmnﬁgsof

by Bayer ‘MAGH éﬁé%ﬁ@gonié <? SaiEEn e Pl 8015 PO ATra Teennclogy,

di ftincti onahde®Rakuetinss. )jrla@é%%oﬁﬁéhﬁ Bﬁﬂoﬁl%%’dlﬁ%ﬁd%‘hﬁgadeﬁned
conpri sing altoget er a 50 ro ortion of | ene oxi de and havi ng

an equi val élﬁdromfgmﬂtlomht%m me@nﬁ:dl Epoxy (meﬁ]aaqrsilate@ igontainged Jysiroxyd grOUPS are
3. 621 kg Ofbfa %rl% h&lcgl(ar n reagp % ro%uc hEd ' g(%lgﬁg}%/ZOl g%&héggdt\%

equi pped W |rrer

Heat i ngSWa%pb)heéls (@fyfoanyl ednpmnmﬁ&mﬁdanatd bl gdiferdd orfaytheridbibHenolAh f
was exchanged for njtrogen by applying a vacuum and elim nating the

vacuum wi t Risphendd Fehcxanedial %ndﬁegémtanﬁ@@} o the ethoxylated a@ﬂ@éﬁf%’adﬂb@én 20
i ncreased glgng‘eggleg H{&eq@;%ﬂ %%%Qxyf%uu}%ﬁ%ﬁ%défmea lfgllpctl{oﬂ?ltg] ﬁgtc"cﬂ:l %e oﬁ%med

bel ow for m nutes w runni ng,

about 0.1 MBHnﬂﬁh@memﬁtarmnafpmghsmméamﬂoﬂnﬁﬂhawhwaad@aﬂthkgmed by
means of nitr 9en and 32@?& gne oxi de (PO were introduced
for |n|t|a{Fﬁ§1¥ﬁﬁa$oW§ pressure increased to 2.42 bar

thereby. After 7 minutes, the pressure had decreased to 0.34 bar

agai n @Ud @nE‘ﬂﬁﬂf&ﬁl’ar%%r@f@@ed(&nﬁédlgénp 9 tlﬂ\@frﬁleﬁ%rﬁ'ﬂf‘edwhpn%)ﬁﬁ%ﬁoﬁelp&ﬁﬂﬁﬁknt
of 2 29 mn bar. 47 mnutes after the end he PO

met er | ng, &)vappdstdiens appiresdmpourgdsod diedioahulpe €3 suld).of 1.9 bar and
conpl ete degassing was effected. The product was stabilized by
addition of 7.5 g of Irganox 1076 and was obtai ned as a col ourl ess,
viscous liquid (OH nunber: 27.6(Sg|K viscosity at 25C. 1498
nmPas). -35 - The st@grting ne a S.catg] yst is a double netal

cyani de catal yst bas d on . hexacyann tate (I11), obtainable
by the process BeigJib - A 700 948 Cata KFt used (conponent c)
Fonrez(r) UL28: thaE}zatlon eafal yst H

di met hyl bi s[ (1- oxoneodecl ) oxy]

ane, 5 coqgé&sial product of
Monent i ve Performance Cherscal & | ton, CT,XUSAQused as a 10%
strength solution in N—eth§LQ rol i done) (cggponent cl).
Radi ati on-curing groups_us "conponent B) nponent Bl): et hoxyl ated
(3) bisphenol A dlacrylgf' 0 10 Sartoner Conpany, 502 Thonﬁﬁmgg,gs
Way Exton, PA 19341 (USA). The refractive index n020 = nne is

(infornation in the manufacturer's datasheet).



Conponent B2):
Propane- 2, 2-di yl bi s[ (2, 6-di br ono- 4, 1- phenyl ene) oxy(2-{[3, 3, 3-tris(4-
chl or ophenyl ) propanoyl ] oxyl pr opane- 3, 1- di2)Boxyet hane- 2, 1-di y1]
di acryl ate. CICl 15 Precursor V1 for conponent B2) 215.3 g of
t et r abr onobi sphenol A diglycidyl eCher (D.E. A 542, from Dow
Chenicals, USA) and 1.1 kg « erHﬁxythy acrylate in 1.5 1 of
toluene were initial@y in Ryed ™ Pnt 0 g flask having a refl ux
condenser. 1.06,9 of bor o et her conplex - 36 -
wer e added dro ﬁh ' erature and stirring
was effected for a futher 24 roomtenperature. Thereafter,
dilution was effected with 1. pf toluene,aﬁg.hydrolysis wth 9 g
wat er. THE or&énic phase separat ed
of f was washed three tines 2.5 kg of er and tested for
hydr oxyet hyl 5 acryl at eghy/ nmefns of GC. The organi c phase was dried
usi ng magnesi um sul phat€. “Thereafter, the solvent was di sti |fosdulef(il)
at 5 nbar and cooling was effected. 140.2 g of the precursor V1 in
1.5 kg of tert-butylymethyl ether werentially introduced into a 61
flask having a@efl 4w candenser a . d|s$olve@ at room tenperature.

A0

136.8 g of 3,3, 3~ rls <"ch Nyl )prop oni Racid, 3.67 g of
d ) |0 di gycl ohexyl car bodi i m de were
i gRt+y exot’herm c reaction began with

di met hyl am nopyri gi ne

added. After aghort i

si mul t aneous preC|p|tat|on Stirring was continued for 1 h at RT.
Filtration was effected and e_residue was washed twice with 875 mi
of 0.2 nol/M aqueous hydroc c acid each tine. The filtrate was
then stirred for 30 mn. wt 5 m of saturated NaC solution and

t hen separated in a separating funnel The organic phase was washed
four 15 tinmes with 875 of Saturated NaC solution and then dried
usi ng nmagnesi um sul phak€! E@ of 2,6-di-tert-butyl-4-nethyl phenol
(KB) was added to the residbe. Thereafter, the solvent was distilled
off at 5 nbar and cooling K&s effected, and boiling with 2. gxkuﬁﬁaﬂ)
i sopropanol and cooling were effected three tines. The resi

obtained was taken up in 1.3 1 of tert-butyl nethyl ether, kieselguhr
was added, ifiwhichati on was effected and the 20 sol vent was di ssol ved
off at 5 nbar and cooling was effected. The refractive index nno is
1.603. -3

Phosphor ot 1 oy! {TeBEBIEy T3 0f ons anehes,is inFasBamgiasioyaprbieeramang 1)
triacrylate 0.1 g of 2.6-di-tert-butyl-4-methyl phenol, 213.07 g
of a 27% sty engtidiependehilpof ofie drfoitlsPis 1158&0&@@36%@@9 ey bétween R and C=0 or

t hi ophosphate in ethyl acetate (Desmpdur RFE, product of Bayer
Mat er i al Sci ence aAFatgrached; arj caplpgfhyds@%'amvcréépCﬁlrm&loaalgomﬁammg heteroatoms

round- bott oned f 42.37 g of

2- hydr oxyet hyl g%@?ké?ﬂgaﬁ gahﬁjgyg%ﬁﬂggﬁgﬁﬁbthe m xture was kept
further at 60C until the isocyanate content had fallen below 0.1%
Thereafter R ismmd:fenglywasinglf dthat snylatedbrinhahat yiyle gaoet, ateicuasy posfiatablyedny
removed in vaf 10The product is obtained as a sem crystalline
solid. ate group.

10 In principle, one or more of the carbon-bonded hydrogen atoms of the group R can also be

replaced by C;- to Cs-alkyl groups, which however is not preferred.

The group X preferably has 2 to 40 carbon atoms and one or more oxygen atoms present in
the form of ether bridges. X may be either linear or branched or cyclic and substituted by
functional groups. Particularly preferably, the group X is in each case a linear or branched

15 oxyalkylene or polyoxyalkylene group.



-

The refractive index nno is 1.579. Conponent B4):
2- (113- (et hyl sul phanyl ) phenyl ] car banoyi | oxy) et hyl prop-2-enoate. 0
NOOr 0 0.02 g of 2,6-di-tert-butyl -4-®2t-hyl phenol, 0.01 g of
Desmorapid Z, 11.7 g of 15 3-(methylthio)phenyl isocyanate were
initially imefeaddpeldokydlioylancl@Oupd haveupdo DO irefeRd]yf hnsks, aestatif@ it dfahe
60C. Thereafter, 8.2 of 2-hydroxyethyl acrylate were added dropw se
and the m JeeetiveayREylene & Wer at 60C until the i socyanat e content
had fallen below 0.1% Cooling was then effected. The product was

obtai ned ag nhbl e e t!)s@iﬂlé FRAK b have id¥Btical DR iffeelt 3¢ LA Glehd %S
Ph scriptfon o

s 1.576. t0| 1 £1 at systens used (conponent C

t he syst emrmmn@umysl, enesﬁhuepeatiﬁ@un'(t pmfga‘n]gritavﬁg)z)to@ jbalgicmlhrlpdqamferably 2
r oduct Ci ba |I.n

Met hyl 1.00 cd 09
L el 3¢ o Hecarpimtiothss ot iy Drelerral osvaBTions PRl b Aby<I0yIFen s gach

ina beakercaéﬂh&k&%nﬂ:‘?&'&%x%mﬂ?ﬁﬁés &Y ty@ Fenla-é ghting. The corresponding
percent ages by weight of "this solutidn Table 3) are used for

produci ng the exanple nedia. Description of the system Safranine 0 +
CA ( conpondwtrergaiing gnits withih teafespentive soupiX 0By depresem copgdetely or partly in a

(experi rrentb:f\o%%r Odol'll‘(i'gl%é:())m é%tsﬁ'ﬁjl k , Basel, 10 Switzerland) are

di ssol ved in y pyrrolldone i n a beaker in the dark or
under suitable Ilghtlng. The correspondi ng percentages by wei ght of

this sol utilna pieferred ahbeditknbsfthe inentic, mmdéiimﬂﬂglﬁmnemﬁﬁmhﬂsﬁﬁééoh case
- 39 - The follow ng three-di nensionally crosslinked polyners

mat ri x €o nﬁBrﬁ’éﬁ%lkﬂ)en%me P@e“ﬁ%ﬁ%‘dh?/E’@PPF%W%n&tqu@ngHd&eﬁﬁmﬁ:ﬁgHr
the refractg. vemg@ﬁ% 18 MR, PEERSY edogcyuyt L PRIOR, Q5 l%?éllqig Rtte cger from 2

above. Table’ escri e exacCt ‘€énp I ons. socyandt
conponent o @paordt- (bﬁH(zg'IHz -(0-$CHy)snidd e, odete mas an 1nteger from 1 to 5.

One or more photoinitiators are used as component C). These are usually initiators which
can be activated by actinic radiation and initiate a polymerization of the corresponding

15 polymerizable groups. Photoinitiators are compounds which are known per se and are sold
commercially, a distinction being made between monomolecular (type I) and bimolecular
(type II) initiators. Furthermore, depending on the chemical nature, these initiators are used
for free radical, anionic (or) cationic {or mixed) forms of the abovementioned

polymerizations.

20 (Typel) systems for free radical photopolymerization are, for example, aromatic ketone
compounds, e.g. benzophenones, in combination with tertiary amines,
alkylbenzophenones, 4,4°-bis(dimethylamino)benzophenone (Michler’s ketone), anthrone
and halogenated benzophenones or mixtures of said types. (Type II} initiators, such as
benzoin and its derivatives, benzil ketals, acylphosphine oxides, e.g. 2,4,6-

25  trimethylbenzoyldiphenylphosphine oxide, bisacylophosphine oxide, phenylglyoxylic
ester, camphorquinone, alpha-aminoalkylphenone, alpha,alpha-dialkoxyacetophenone, 1-
[4-(phenylthio)phenyl]octane-1,2-dione 2-(O-benzoyloxime) and alpha-
hydroxyalkylphenone are furthermore suitable. The photoinitiator systems described in
EP-A 0223587 and consisting of a mixture of an ammonium arylborate and one or more

30  dyes can also be used as a photoinitiator. For example, tetrabutylammonium

triphenylhexylborate, tetrabutylammeonium tris(3-fluorophenyl)hexylborate and



conponent Pr oaportion (gr) HO ODN Catal yst in solution Proportion (br)
Al al 26.8 bl 72.8 1.02: 1 cl 0.4 1.485 A2 al 15.4 b2 84.2 1.02: 1 cl
0.4 1.478 A3 a2 2.7 b4 12.3 -2
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tetrabutylammonium tris(3-chloro-4-methylphenyl}hexylborate are suitable as the
ammonium arylborate. Suitable dyes are, for example, new methylene blue, thionine, basic
yellow, pinacynol chloride, rhodamine 6G, gallocyanine, ethyl violet, victoria blue R,
celestine blue, quinaldine red, crystal violet, brilliant green, astrazon orange G, darrow red,
pyronine Y, basic red 29, pyrillium I, cyanine and methylene blue, azure A (Cunningham
et al., RadTech '98 North America UV/EB Conference Proceedings, Chicago, Apr. 19-22,
1998).

The photoinitiators used for the anionic polymerization are as a rule (type I) systems and
are derived from transition metal complexes of the first row. Chromium salts, such as, for
example, trans-Cr(NH;z),(NCS)4 (Kutal et al, Macromolecules 1991, 24, 6872) or
ferrocenyl compounds (Yamaguchi et al. Macromolecules 2000, 33, 1152) are known here.
A further possibility of anionic polymerization consists in the use of dyes such as crystal
violet leuconitrile or malachite green leuconitrile, which can polymerize cyanoacrylates by
photolytic decomposition (Neckers et al., Macromolecules 2000, 33, 7761). However, the
chromophore is incorporated into the polymer so that the resulting polymers are coloured

throughout.

The photoinitiators used for the cationic polymerization substantially comprise three
classes: aryldiazonium salts, onium salts (here specifically: iodonium, sulphonium and
selenonium salts) and organometallic compounds. Under irradiation, both in the presence
and in the absence of a hydrogen donor, phenyldiazonium salts can produce a cation which
initiates the polymerization. The efficiency of the overall system is determined by the
nature of the counterion used for the diazonium compound. The slightly reactive but very
expensive SbF¢", AsF¢ or PFs are preferred here. These compounds are as a rule not very
suitable for use in the coating of thin films since the surface quality is reduced by the
nitrogen liberated after exposure (pinholes) (Li et al., Polymeric Materials Science and
Engineering, 2001, 84, 139). Very widely used and also commercially available in a
variety of forms are onium salts, especially sulphonium and iodonium salts. The
photochemistry of these compounds has been investigated for a long time. The iodonium
salts initially undergo homolytic decomposition after excitation and thus produce a free
radical and a radical cation which is stabilized by H abstraction, releases a proton and then
initiates the cationic polymerization (Dektar et al. J. Org. Chem. 1990, 55, 639; J. Org.
Chem., 1991, 56, 1838). This mechanism permits the use of iodonium salts also for free

radical photopolymerization. Once again, the choice of the counterion is of considerable
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importance here and the very expensive SbF¢, AsF4 or PF¢ are likewise preferred.
Otherwise, the choice of the substitution of the aromatic is quite free in this structure and is
determined substantially by the availability of suitable starting building blocks for the
synthesis. The sulphonium salts are compounds which decompose according to Norrish(II)
(Crivello et al., Macromolecules, 2000, 33, 825). In the case of the sulphonium salts, too,
the choice of the counterion is of critical importance, which manifests itself substantially in
the curing rate of the polymers. The best results are obtained as a rule with SbF¢™ salts.
Since the self-absorption of iodonium and sulphonium salts is at <300 nm, these
compounds must be appropriately sensitized for the photopolymerization with near UV or
short-wave visible light. This is achieved by the use of relatively highly absorbing
aromatics, such as, for example, anthracene and derivatives (Gu et al., Am. Chem. Soc.
Polymer Preprints, 2000, 41 (2), 1266) or phenothiazine or derivatives thereof (Hua et al,
Macromolecules 2001, 34, 2488-2494).

It may also be advantageous to use mixtures of these compounds. Depending on the
radiation source used for curing, type and concentration of photoinitiator must be adapted
in the manner known to the person skilled in the art. The abovementioned configuration
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 synthesis components available in each case for selection, in particular

the preferred synthesis components.

Preferred photoinitiators C) are mixtures of tetrabutylammonium tetrahexylborate,
tetrabutylammonium triphenylhexylborate, tetrabutylammonium tris(3-
fluorophenyl}hexylborate and tetrabutylammonium tris(3-chloro-4-
methylphenyl)hexylborate with dyes, such as, for example, astrazon orange G, methylene
blue, new methylene blue, azure A, pyrillium I, safranine O, cyanine, gallocyanine,

brilliant green, crystal violet, ethyl violet and thionine.

Furthermore, the formulations according to the invention may also be used with free

radical stabilizers, catalysts and further additives in addition to the components A) to C).

Suitable free radical stabilizers are inhibitors and antioxidants, as described in “Methoden
der organischen Chemie [Methods of Organic Chemistry]” (Houben-Weyl), 4™ edition,
volume XIV/1, page 433 et seq., Georg Thieme Verlag, Stuttgart 1961. Suitable classes of

substances are, for example, phenols, such as, for example, 2,6-di-tert-butyl-4-



0.4 1.465 Table 1:Matrix conponents A) for determ ning the
refractive index nma at 589 nm NCO OH designates the ratio of the
nunber of equival ents of the functional -gdeups in the conponents a)

and b) in the respective conponent A) Preparation of the
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1.02: 1 molybdenum, cobalt, calcium, magnesium and zirconium are preferably suitable for this
purpose. Tin octanoate, zinc octanoate, dibutyltin dilaurate, dimethyltin dicarboxylate,
iron(IlT} acetylacetonate, iron(1I) chloride, zinc chloride, tetraalkylammonium hydroxides,

10 alkali metal hydroxides, alkali metal alcoholates, alkali metal salts of long-chain fatty acids
having 10 to 20 carbon atoms and optionally OH side groups, lead octanoate and tertiary
amines, such as triethylamine, tributylamine, dimethylbenzylamine,
dicyclohexylmethylamine, dimethylcyclohexylamine, N,N,N',N'-
tetramethyldiaminodiethyl ether, bis(dimethylaminopropyl)urea, N-methyl- or N-

15 ethylmorpholine, N,N'-dimorpholinodiethyl ether (DMDEE), N-cyclohexylmorpholine,
N,N,N',N'-tetramethylethylenediamine, N,N,N',N'-tetramethylbutanediamine, N,N,N' N'-
tetramethyl-1,6-hexanediamine, pentamethyldiethylenetriamine, dimethyipiperazine, N-
dimethylaminoethylpiperidine, 1,2-dimethylimidazole, N-hydroxypropylimidazole, 1-
azabicyclo[2.2.0]octane, 1,4-diazabicyclo[2.2.2]octane (Dabco) or alkanolamine

20  compounds, such as triethanolamine, triisopropanclamine, N-methyl- and N-
ethyldiethanolamine, dimethylaminoethanol, 2-(N,N-dimethylaminoethoxy)ethanol or N-
tris(dialkylaminoalkyl)hexahydrotriazines, e.g. N,N',N-tris(dimethylaminopropyl)-s-
hexahydrotriazine, 1,4-diazabicyclo[2.2.2]octane, diazabicyclononane,
diazabicycloundecane, 1,1,3,3-tetramethylguanidine, 1,3,4,6,7,8-hexahydro-1-methyl-2H-

25  pyrimido(1,2-a)pyrimidine are particularly preferred.

Particularly preferred catalysts are dibutyltin dilaurate, dimethyltin dicarboxylate, iron(11I)
acetylacetonate, 1,4-diazabicyclo[2.2.2]octane, diazabicyclononane, diazabicycloundecane,
1,1,3,3-tetramethylguanidine, 1,3,4,6,7,8-hexahydro-1-methyl-2H-pyrimido(1,2-
a)pyrimidine.

30  For example, solvents, plasticizers, levelling agents, wetting agents, antifoams or adhesion
promoters, but also polyurethanes, thermoplastic polymers, oligomers, compounds having

further functional groups, such as, for example, acetals, epoxide, oxetanes, oxazolines,
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dioxolanes and/or hydrophilic groups, such as, for example, salts and/or polyethylene

oxides may be present as further auxiliaries and additives.

Readily volatile solvents having good compatibility with the formulations according to the

invention, for example ethyl acetate, butyl acetate, acetone, are preferably used as solvents.

Liquids having good dissolution properties, low volatility and high boiling point are
preferably used as plasticizers; for example, these may be diisobutyl adipate, di-n-butyl
adipate, dibutyl phthalate, non-hydroxy-functional polyethers, such as, for example,
polyethylene glycol dimethyl ether having a number average molar mass of 250 g/mol to

2000 g/mol or polypropylene glycol dimethyl ether or mixtures of said compounds.

It may also be advantageous simultaneously to use a plurality of additives of one type. Of

course, it may also be advantageous to use a plurality of additives of a plurality of types.

Layers, layer structures and muldings obtainable from formulations which contain the
photopolymer formulations according to the invention furthermore typically have An
values greater than 0.010, preferably greater than 0.014, particularly preferably greater
than 0.017, very particularly preferably greater than 0.020.

The photopolymer formulations according to the invention are therefore outstandingly

suitable for the production of holographic media and holographic photopolymer films.

The present invention therefore furthermore relates to the use of the media according to the
invention for recording visual holograms and for producing optical elements, images or

representations.

The invention therefore also relates to a method for exposing the media according to the

invention, in which writing monomers are selectively polymerized by actinic radiation.

After appropriate holographic exposure, such holographic media are suitable for the
production of holographic optical elements which have, for example, the function of an
optical lens, of a mirror, of a deflecting mirror, of a filter, of a diffusion screen, of a
diffraction element, of a light guide, of a waveguide, of a projection screen and/or of a

mask.

In addition, holographic images or representations can also be produced therewith, such as,

for example, for personal portraits, biometric representations in security documents or
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generally images or image structures for advertising, security labels, trademark protection,
trademark branding, labels, design elements, decorations, illustrations, multijourney
tickets, images and the like and images which can represent digital data, inter alia also in

combination with the products described above.

All the references described above are incorporated by reference in its entirety for all

useful purposes.

While there is shown and described certain specific structures embodying the invention, it
will be manifest to those skilled in the art that various modifications and rearrangements of
the parts may be made without departing from the spirit and scope of the underlying
inventive concept and that the same is not limited to the particular forms herein shown and

described.

EXAMPLES
Unless noted otherwise, all stated percentages are based on per cent by weight.
Measurement of the refractive indices of the photopolymerizable monomers

The refractive index n as a function of the wavelength of the samples were obtained from
the transmission and reflection spectra. For this purpose, about 100-300 nm thick films of
the samples were applied to quartz glass supports from dilute solution in butyl acetate by
spincoating. The transmission and reflection spectrum of this layer packet was measured
using a spectrometer from STEAG ETA-Optik, CD measurement system ETA-RT, and the
layer thickness and the spectral curve of n were then adapted to the measured transmission
and reflection spectra. This is effected using the internal software of the spectrometer and
additionally requires the refractive index data of the quartz glass substrate, which were
determined in a blank measurement beforehand. The refractive index ny, relates to the

wavelength of a sodium vapour lamp of 589 nm and thus corresponds to np’.

Measurement of the refractive indices of the matrix, based on a polymeric urethane

network

For the production of the photopolymer matrices for determining the refractive index np,,
the isocyanate-reactive component b) is, if appropriate, heated to 60°C. Thereafter, the

isocyanate component a) is added and mixed in the Speedmixer (from Hauschild) for
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1 minute. Subsequently, a solution of component c) is added and is mixed in the
Speedmixer again for 1 minute. The solution of component c) 1s 10 per cent by weight in
n-cthylpyrrolidone. The correspondingly used amounts of solution can be found in Table 1.
The still liquid formulation is applied in the desired thickness to glass plates by
knifecoating.

The matrix based on a polymeric network was prepared as a layer about 500 pm to
1000 pm thick on a glass support. The refractive index np, at the wavelength of the sodium
vapour lamp of 589 nm was determined for this sample by means of an Abbe refractometer

analogously to DIN 51423-2 and thus corresponds to np>.

Measurement of the holographic properties DE and An of the holographic media by

means of two-beam interference in the reflection arrangement

The media produced as described in the section “Production of the holographic media
based on photopolymer formulation with photoinitiator for determining the performance
parameters E and An” were then tested for their holographic properties by means of a

measuring arrangement according to Figure 1, as follows:

The beam of an He-Ne laser (emission wavelength 633 nm) was converted into a parallel
homogeneous beam with the aid of a spatial filter (SF) and together with the collimation
lens (CL). The final cross sections of the signal and reference beam are fixed by the iris
diaphragms (I). The diameter of the iris diaphragm opening is 0.4 cm. The polarization-
dependent beam splitters (PBS) split the laser beam into two coherent equally polarized
beams. Via the A/2 plates, the power of the reference beam was adjusted to 0.5 mW and the
power of the signal beam to 0.65 mW. The powers were determined using the
semiconductor detectors (D) with the sample removed. The angle of incidence () of the
reference beam is 21.8° and the angle of incidence () of the signal beam is 41.8°. At the
location of the sample (medium), the interference field of the two overlapping beams
produced a grating of light and dark strips which are perpendicular to the angle bisector of
the two beams incident on the sample (reflection hologram). The strip spacing A, also
referred to as grating period, in the medium is ~ 225 nm (the refractive index of the

medium is assumed to be ~1.504).

Figure 1 shows the holographic experimental setup with which the diffraction efficiency

(DE) of the media was measured. Figure 1 shows the geometry of an HMT at A = 633 nm
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(He-Ne laser): M = mirror, S = shutter, SF = spatial filter, CL = collimator lens, A/2 = A/2
plate, PBS = polarization-sensitive beam splitter, D = detector, I = iris diaphragm, o=
21.8°, 3=41.8° are the angles of incidence of the coherent beams measured outside the

sample (the medium).
Holograms were written into the medium in the following manner:
+ Both shutters (S) are opened for the exposure time t.

e Thereafter, with shutters (S) closed, the medium was allowed 5 minutes time for

the diffusion of the still unpolymerized writing monomers.

The holograms written were now read in the following manner. The shutter of the signal
beam remained closed. The shutter of the reference beam was opened. The iris diaphragm
of the reference beam was closed to a diameter of < 1 mm. This ensured that, for all angles
of rotation () of the medium, the beam was always completely in the hologram written
beforechand. The turn table then passed, under computer control, through the angular range
of from © = 0° to Q = 20°, with an angle increment of 0.05°. At each angle € approached,
the powers of the beam transmitted in the zeroth order were measured by means of the
corresponding detector D and the powers of the beam diffracted in the first order were
measured by means of the detector D. The diffraction efficiency was obtained at each

angle {2 approached as the quotient of:

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

the transmitted beam.

By means of the method described above, the Bragg curve, which describes the diffraction
efficiency 1) as a function of the angle of rotation € of the hologram written was measured
and was stored in a computer. In addition, the intensity transmitted in the zeroth order was

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

The maximum diffraction efficiency (DE = nmax) of the hologram, i.e. its peak value, was
determined. For this purpose, the position of the detector of the diffracted beamn may have

had to be changed in order to determine this maximum value.



1.960 b3 5.187 1.02 : 1 84 25.0 ¢ 1 0.0180 F14 al 1.117 b2 6.023
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The diffractive index contrast An and the thickness d of the photopolymer layer were now
determined by means of the coupled wave theory (cf.: H. Kogelnik, The Bell System

Technical Journal, Volume 48, November 1969, Number 9, page 2909 — page 2947) from
the measured Bragg curve and the angle variation of the transmitted intensity. The method

5 1is described below:

For the Bragg curve n(Q) of a reflection hologram, the following is true according to

Kogelnik:
"= 1
S 7
sinh*{y/®” -7
where:
. n-An-d
A- \/ cos(a’)- cos(a'—Z\p')
.= AB- 27 sin{a'~y) d
A-cos(a'-2y) 2
_po
10 T
A
A —_
2-n- COS(\|I (x')
n-sin(a)zsm( ) n- Sln( ') (B)
AQ = —AQ. 1 sin’ OL)

1’1 - Sll’l2 C(.)

& is the grating strength, y is the detuning parameter and v is the tilt angle of the refractive
index grating which was written. o’ and 3’ correspond to the angles azand 8 on writing the
hologram, but measured in the medium. A9 is the angle detuning measured in the medium,
i.e. the deviation from the angle o’. AQ is the angle detuning measured outside the

15 medium, i.c. the deviation from the angle & n is the mean refractive index of the

photopolymer and was set at 1.504. A is the wavelength of the laser light in a vacuum.

For =0, i.e. AQ = 0, the maximum diffraction efficiency (DE = 1|may) is then:
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Tabl e 2: Phot opol yner formul ati ons which were investigated with regard
to their plateau nodulus Go and their crosslinking density 1/ M.
Production of the hol ographi c nedi a based0on phot opol yner fornul ati on
with 5 photoinitiator for determ ning the perfornmance paraneters E
and An. The photopol yner fornul atiions re used for prod cing

hol ographi ¢ nedia (cf TalD®=3nk*(DdMaitamih 8Raf v

as a | ayer between glass plates of 1 mm INR'$ OB
hol ographic nmedia is particularly suitable for determ ning their
performance by the nethod described in the section on neasurenent of

t he hol ographic 10 properties DE and An of the hol ographic nedia by
neans of t Vﬂret}ﬁ@dghﬂeﬂfdﬁfaf&ftﬁ@&%frédﬁoﬁ eff?cfiérf%‘}t '!h@ Lokt RADBAR D uABdnk ?he
therefore, in the contex of fornmul ated cl ains, not meant to be
limted to transmitsddgienphy ?c‘e,r@dhmn pr gy plchmi agalestphc)cemp@ﬂymge of rotation

formul ati on, us tisfies the clained W t.h

bl ot oo oqbTR Ty o e RERiEr g micies Bnd et i BRUL IR index
t he hol ggr amﬁhg tH@ﬂio@oﬂBWméﬁt%uQﬁ Qﬂé«lsﬁgl@ﬁt Whick D 3 ohQGiBP BbGat® o o, the x
conponent B), conponent (which may al ready be predissolved in
conponent BY)Slaﬁ@m@étab@ ¢91Hﬁh3h%1 tlfit\YP§a]éY@°m ssol ved in the

i socyanate-reactive corrponent b), optionally at 60C, in the dark,

Sei ont! 11 o TS D R, oSl 00 erdighBiofe foy b OB ROV s
and t hor oughkteymiried el (Spthe diickiess3 d oFiertpho pHpbhmneed GaylenrAmigtsutpsag geritliyan

10 mnutes in a (ﬂryl ng .oven is opf(t&i onal ly effected. Thereafter, the

i socyanat e “CBRTEN ¥R for agixenibickarts dodhagnrasuremeat ansttheqyyiol D alpays
Speedmi pger AR BrptedU RS SRk LYy kil n )
added and r%%%engll S ef&gct ed in thghlop%lee #;t(er “%%ﬁen orﬁgﬁur.{]ﬁnoufltﬂze
The m xt ur ehaip¢taiahBrhggsudegassabndite thesmgnlrar popitadns<of theb@nst fepondaoy maxima

moasuri ng 90 CRRmeialer NS EiAgiionally e ol oo R for

pl ate. The tgdbréthal Bfa Qﬁn%%nﬁ%é@ﬂélﬁhh@é& nfdSPy BdrdGgonder 15 kg
wei ghts over several hours (usually overnight). In sone cases, the

nmedi a are postcured in a light-tight packaging for a further 2 hours

at 1560C. Sirredheiflirecsionnn Wﬁlmweﬂwtmélmamgomtaltﬁaa@lerﬂcommumlm by means of
f
VIOS ,? g:' ISS; r‘r%ﬂ;h g(!ail b%Lﬁl%LdﬁFe%{or & c}hg?&{rgéte& E glEtr@ %&QFQ:P {éhlgf% W?ar ra%%% the

det er m ned mamdsmebﬂbxfowhblb@ﬁnﬁsr(@mm Qpisinst t:@rﬁpl@fel)t Etﬁ/eksal i9@h &Ecan but only
witten for each sanp Hol og ra&gl ¢ nmedi um | socyanat e

conponent B HEHE] I@ﬁw@g}?)‘helcaﬁ%%%tﬁ%]@éle Q8 PPy HORB DI Hrapprb P itangwitted
(gr) HG CDY }'1191'{'13%5’&?%?‘?%&%? gﬁeri%ra%%@tlé RBrebore dilﬂﬁhzﬂf}tﬁsed for

Phot oi nltlator roportlon t al yst I n sol ution
adapting the layer thickness d.

20  Figure 2 shows the 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 AQ2. Since, owing to geometric shrinkage and the change in
the mean refractive index during the photopolymerization, the angle at which DE is
measured deviates from ¢, the x axis is centred about the 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 various media in order to determine the mean energy dose of the
incident laser beam during writing of the hologram at which DE achieves the saturation

value. The mean energy dose E is obtained as follows from the powers of the two part-
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beams coordinated with the angles @ and 8 (P, = 0.50 mW and Pg= 0.67 mW), the

exposure time t and the diameter of the iris diaphragm (0.4 cm):

2:|B, +B] )

7-0.4% cm?

E (mJ/em?) =

The powers of the part-beams were adapted so that the same power density is achieved in

the medium at the angles awand (5 used.

Altematively, a test equivalent to the setup shown in Figure 1 was also carried out using a
green Jaser with the emission wavelength A of 532 nm in a vacuum. There, ¢¢is 11.5° and 8

15 33.5° and P, is 2.00 mW and Pgis 2.00 mW.

Measurement of the plateau modulus Gy of the photopolymers by means of an

oscillation rheometer in the present invention

For the preparation of the photopolymer formulation for determining the plateau modulus
Gy, component B) and optionally additives are dissolved in the isocyanate-reactive
component b), optionally at 60°C. Heating is optionally effected to 60°C for not more than
10 minutes in a drying oven. Thereafter, isocyanate component a) is added and mixed in
the Speedmixer for 1 minute. Subsequently, a solution of component c) in butyl acetate is
added and is mixed in the Speedmixer again for 1 minute. The concentration of component
¢) in butyl acetate is 10% by weight. The amounts of this solution which are described in

Table 2 were used.

The still liquid formulation is then introduced into the plate — plate measuring system of a
rheometer (from Anton Paar Physica, model MCR 301) equipped with the oven model
CTD 450 which was preheated to 50°C). The curing of the matrix of the photopolymer

formulation over time is then measured under the following conditions:
e Plate spacing 250 pm.

e Oscillation measuring mode at a constant circular frequency wy of 10 rad/s and a

regulated deformation amplitude of 1%.

e Temperature 50°C, normal force regulation to 0 Newton set
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e Recording of the storage modulus G* over the measuring time for at least 2 hours or

until a constant value Guax 0f G* was reached.

A frequency sweep was then carried out on the photopolymer formulation in order to
ensure that a plateau modulus Gy characteristic for a polymeric network was reached. The

5 following conditions were chosen:

s Oscillation measuring mode over a circular frequency range of 0.5 rad/s < @ <

300 rad/s and a regulated deformation amplitude of 1%.
e Temperature 50°C, normal force regulation to 0 Newton set
e Recording of the storage modulus G* over the circular frequency .

10  If G’ vares by less than 30%, based on the maximum value, within the stated circular
frequency range, Gmax 1S conceived as the plateau modulus Gy to be determined. Examples

of typical measured curves are to be found in Figure 3.

Figure 3 shows the curve for the curing of the matrix network (link) and testing for plateau

behaviour (G’ independent of w) (right).

15  The plateau modulus Gy can be related to the average molecular weight Mc of the
segments bridging two polymer strands as follows according to (M. Doi, S.F. Edwards,
The Theory of Polymer Dynamics, Oxford Science Publications, 1986).

p-R-T

G, =
0 MC

R 1s the Avogadro constant, T is the absolute temperature in Kelvin and p is the mass
20  density, which for the sake of simplicity was always set at 1 g/cm’. A small plateau
modulus Gy or a large average molecular weight Mc of the segments bridging two polymer

strands characterize a network having a low crosslinking density.
Isocyanates used (components a)

Desmodur® XP 2410 is an experimental product of Bayer MaterialScience AG,
25  Leverkusen, Germany, hexane diisocyanate-based polyisocyanate, proportion of

iminooxadiazinedione at least 30%, NCO content: 23.5% (component al)
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Desmodur® XP 2580 is an experimental product of Bayer MaterialScience AG,
Leverkusen, Germany, aliphatic polyisocyanate based on hexane diisocyanate, NCO

content about 20% (component a2)

Desmodur® XP 2599 is an experimental product of Bayer MaterialScience AG,
Leverkusen, Germany, full allophanate of hexane diisocyanate based on Acclaim 4200,

NCO content: 5.6 — 6.4% (component a3)

Preparation of component 4a)

Component 4a) is an experimental product of Bayer MaterialScience AG, Leverkusen,

Germany, urethane of hexane diisocyanate and Acclaim 4200, NCO content: 18.5%.

315.0 g of hexamethylene diisocyanate (HDI) were initially introduced into a round-
bottomed flask with stirring and bubbling through of N», and 0.016 g of isophthaloyl
dichloride and 2 drops (about 0.040 g) of dibutyltin dilaurate were added. The mixture was
heated to 100°C and 478.68 g of Acclaim 4200 (polypropylene oxide having a number
average molar mass of 4000 g/mol) were added over 75 minutes. Stirring was continued
until an NCO value of 18.5% NCO was reached. The reaction is then stopped by cooling to
room temperature. The excess HDI is then separated off by distillation via a thin-film
evaporator at 140°C (residue of HDI < 0.1%). The product is obtained as a colourless

liquid. It has allophanate structures in parts and an average functionality of about 2.6.
Isocyanate-reactive components used (component b)

Preparation of polvol bl:

Polyol bl is an experimental product of Bayer MaterialScience AG, Leverkusen, Germany,

block copolymer of Terathane® 650 and e-caprolactone.

0.25 g of zinc octanoate, 172.29 g of e-caprolactone and 27.46 g of a difunctional
polytetrahydrofuran polyether polyol (equivalent weight 325 g/mol OH) were initially
introduced into a 1 1 flask and heated to 150°C and kept at this temperature until the solids
content (proportion of non-volatile constituents) was 99.5% by weight or higher.

Thereafter, cooling was effected and the product was obtained as a viscous liquid.
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Preparation of polyol b2:

Polyol b2 1s an experimental product of Bayer MaterialScience AG, Leverkusen, Germany,

block copolymer of Terathane® 1000 and e-caprolactone.

0.18 g of zinc octanoate, 374.8 g of e~-caprolactone and 374.8 g of a difunctional
polytetrahydrofuran polyether polyol (equivalent weight 500 g/mol OH) were initially
introduced into a ! 1 flask and heated to 120°C and kept at this temperature until the solids
content (proportion of non-volatile constituents) was 99.5% by weight or higher.

Thereafter, cooling was effected and the product was obtained as a waxy solid.

Polyol b3 is a polypropylene oxide having a number average molar mass of 4000 g/mol,
which is sold under the tradename Acclaim® 4200 by Bayer MaterialScience, Leverkusen,

Germany.

Polyol b4 is a difunctional copolyether of ethylene oxide and propylene oxide comprising
altogether a 50% proportion of ethylene oxide and having an equivalent weight of

084.2 g/mol.

Preparation of polyol b5:

3.621 kg of Terathane® 1000 were weighed into a 20 1 reaction tank equipped with a
stirrer, and 525 mg of DMC catalyst were added. Heating was then effected to 105°C with
stirring at about 70 rpm. Air was exchanged for nitrogen by applying a vacuum and
eliminating the vacuum with nitrogen three times. After the stirrer speed had been
increased to 300 rpm, nitrogen was passed through the mixture from below for 54 minutes
with the vacuum pump running, at a pressure of about 0.1 bar. Thereafter, a pressure of
0.2 bar was established by means of nitrogen and 363 g of propylene oxide (PO) were
introduced for initiating the polymerization. The pressure increased to 2.42 bar thereby.
After 7 minutes, the pressure had decreased to 0.34 bar again and a further 11.379 kg of
PO were metered in over a period of 2 h 29 min. at 2.9 bar. 47 minutes after the end of the
PO metering, a vaccum was applied at a residual pressure of 1.9 bar and complete
degassing was effected. The product was stabilized by addition of 7.5 g of Irganox 1076
and was obtained as a colourless, viscous liquid (OH number: 27.6 mg KOH/g, viscosity at

25°C: 1498 mPas).
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a 4.6 cl
6 cl 0.0275

The starting material DMC catalyst is a double metal cyanide catalyst based on zinc

hexacyanocobaltate (III), obtainable by the process described in EP-A 700 949
Catalyst used (component c)

Fomrez® UL28: urethanization catalyst, dimethylbis[(1-oxoneodecl)oxy]stannane,
5 commercial product of Momentive Performance Chemicals, Wilton, CT, USA (used as a

10% strength solution in N-ethylpyrrolidone) (component c1).
Radiation-curing groups used (component B)

Component B1): ethoxylated (3) bisphenol A diacrylates

=Nt OO

10 Sartomer Company, 502 Thomas Jones Way Exton, PA 19341 (USA).
The refractive index np>° = Mo 15 1.543 (information in the manufacturer’s datasheet).

Component B2): Propane-2,2-diylbis[(2,6-dibromo-4,1-phenylene)oxy(2-{[3,3,3-tris(4-
chlorophenyl)propanoyl]oxy}propane-3,1-diyl)oxyethane-2,1-diyl] diacrylate.

O 0

2 C
& " IO
‘z“ 5

Ci
15 Precursor V1 for component B2)

215.3 g of tetrabromobisphenol A diglycidyl ether (D.E.R. 542, from Dow Chemicals,
USA) and 1.1 kg of hydroxyethyl acrylate in 1.5 1 of toluene were initially introduced into

a 61 flask having a reflux condenser. 1.06 g of boron trifluoride-diethyl ether complex
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were added dropwise to this solution at room temperature and stirring was effected for a
further 24 h at room temperature. Thereafter, dilution was effected with 1.3 kg of toluene
and hydrolysis with 9 g of sodium bicarbonate in 2.5 kg of water. The organic phase
separated off was washed three times with 2.5 kg of water and tested for hydroxyethyl
acrylate by means of GC. The organic phase was dried using magnesium sulphate.

Thereafter, the solvent was distilled off at 5 mbar and cooling was effected.

140.2 g of the precursor V1 in 1.5 kg of tert-butyl methyl ether were intially introduced
into a 61 flask having a reflux condenser and dissolved at room temperature, 136.8 g of
3,3,3-tris(4-chlorophenyl)propionic acid, 3.67 g of dimethylaminopyridine and 69.3 g of
dicyclohexylcarbodiimide were added. After a short time, a slightly exothermic reaction
began with simultaneous precipitation. Stirring was continued for 1 h at RT. Filtration was
effected and the residue was washed twice with 875 ml of 0.2 mol/M aqueous hydrochloric
acid each time. The filtrate was then stirred for 30 min. with 875 ml of saturated NaCl
solution and then separated in a separating funnel. The organic phase was washed four
times with 875 ml of saturated NaCl solution and then dried using magnesium sulphate.
0.88 g of 2,6-di-tert-butyl-4-methylphenol (KB) was added to the residue. Thereafter, the
solvent was distilled off at 5 mbar and cooling was effected, and boiling with 2.6 1 of
isopropanol and cooling were effected three times. The residue obtained was taken up in
1.31 of tert-butyl methyl ether, kieselguhr was added, filtration was effected and the

solvent was dissolved off at 5 mbar and cooling was effected.

The refractive index ny, 1s 1.603.
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Component B3): Phosphorothioyltris(oxy-4,1-phenyleneiminocarbonyloxyethane-2,1-diyl)

triacrylate

0.1 g of 2.6-di-tert-butyl-4-methylphenol, 213.07 g of a 27% strength solution of tris(p-
5 isocyanatophenyl) thiophosphate in ethyl acetate (Desmodur RFE, product of Bayer
MaterialScience AG) were initially introduced into a 500 ml round-bottomed flask and
heated to 60°C. Thereafter, 42.37 g of 2-hydroxyethyl acrylate were added dropwise and
the mixture was kept further at 60°C until the isocyanate content had fallen below 0.1%.
Thereafter, cooling was effected and the ethyl acetate was completely removed in vacuo.

10 The product is obtained as a semicrystalline solid.
The refractive index np, is 1.579.

Component B4): 2-({[3-(methylsulphanyl)phenyl]carbamoyl }oxy)ethyl prop-2-enoate.

S/Q\Njo/\/o\[(\

| y 0

0.02 g of 2,6-di-tert-butyl-4-methylphenol, 0.01 g of Desmorapid Z, 11.7 g of

15 3-(methylthio)phenyl isocyanate were initially introduced into a 100 ml round-bottomed
flask and heated to 60°C. Thereafter, 8.2 g of 2-hydroxyethyl acrylate were added
dropwise and the mixture was kept further at 60°C until the isocyanate content had fallen

below 0.1%. Cooling was then effected. The product was obtained as a light yellow liquid.



Results from Go, Mc, Mm and An conbined. 5 The foll ow ng neasured
values for Go (MPa), M (g/nol), Q= M/Mmd, and An at the dose E
(mJ/ cn2) were obtained and are shown in-B&ble 4: - 43 - Exanple type
Hol ographi ¢ nmedi um UV G HO 03W Correspondi ng phot opol yner

f or mul at i orThel refradtivepidixaiyiid 1.4V&r op Nnwarni = 0 Al u-1*1u
Corresponding matrix Conparison M 0.0062 8.1 1.02: 1 Fl 2.25 1194

1.47 0.094 arison M
I‘Al\llotg?lﬁ?ator systems used (component C)

Description of the system New Methylene Blue + CGI (component C1))

0.1 g of New Methylene Blue, 1.00 g of CGI 909 (experimental product of Ciba Inc.,

5  Basel, Switzerland) are dissolved in 3.50 g of n-ethylpyrrolidone in a beaker in the dark or

under suitable lighting. The corresponding percentages by weight of this solution (cf. Table

3) are used for producing the example media.
Description of the system Safranine O + CGI (component C2))

0.1 g of Safranine O, 1.00 g of CGI 909 (experimental product of Ciba Inc., Basel,
10 Switzerland}) are dissolved in 3.50 g of n-ethylpyrrolidone in a beaker in the dark or under
suitable lighting. The corresponding percentages by weight of this solution (cf. Table 3)

are used for producing the example media.
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The following three-dimensionally crosslinked polymers as matrix component A) of
the photopolymer formulation for determining the refractive index ny, were
prepared by the process described above.
Table 1 describes the exact compositions.
5 g 8
8 - o é ~— o m ,E o
58 | S |5,2| 8 S | 3= |
» s © o o > O = 5 e =
g B g, 5D & = o = 2 8,
E 3 g o 8 3 g S )] b= = e g
= 2 3 = 2 88 ¥ 2 O & & =
Al al 26.3 bl 72.8 1.02:1 cl 0.4 1.485
AZ al 154 b2 84.2 1.02:1 cl 0.4 1.478
A3 a2 2.7 b4 12.3 1.02:1 cl 0.018 1.470
Ad az 9.6 b5 90.0 1.02:1 cl 0.4 1.460
AS a3 26.6 b3 73.0 1.02:1 cl 0.4 1.455
5 Ab a3 421 b4 57.5 1.02:1 cl 0.4 1.465
Table 1: Matrix components A) for determining the refractive index ny, at 589 nm.
NCO:OH designates the ratio of the number of equivalents of the functional
groups in the components a} and b) in the respective component A)
Preparation of the photopolymer formulation without photoinitiator for determining
10  the plateau modulus Gy.
Table 2 lists the investigated examples of the photopolymer formulations for determining
the plateau modulus Gy, which do not have an exclusive character in their composition.
These photopolymer formulations were prepared according to the method which was
described in the section on the measurement of the plateau modulus Gg of the
15  photopolymers by means of an oscillation rheometer.
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F1 al 2432 bl 6.566 1.02:1 B3 12.5 cl 0.0107
F2 al 2.027 bl 5472 1.02:1 B3 25.0 cl 0.0106
F3 al 1.406 b2 7.593 1.02:1 B3 12.5 cl 0.0104
F4 al 1.172 b2 6.328 1.02:1 B2 250 cl 0.0104
F5 al 1.172 b2 6.328 1.02:1 B3 25.0 cl 0.0104
Fé al 1.063 b2 6.437 1:0.90 B3 25.0 cl 0.0100
F7 a3 3.202 b4 4.295 1.02:1 B3 25.0 cl 0.0328
F§ a3 0.725 b3 6.773 1.02:1 B3 25.0 cl 0.0331
Fo a3 5.510 b3 1.987 1.02:1 B3 250 cl 0.0318
F10 a3 1.722 b3 4.775 1.02:1 B3 35.0 cl 0.0300
Fl11 a4 4.223 b3 2.310 1.02:1 B3 225 cl 0.0664
F12 al 1.117 b2 6.031 1.02:1 B4 250 cl 0.0080
F13 a3 1.960 b3 5.187 1.02:1 B4 250 cl 0.0180
Fi4 al 1.117 b2 6.023 1.02:1 B1 25.0 cl 0.0111
F17 a2 1.361 b4 6.161 1.02:1 B3 20.0 cl 0.0201
Table 2: Photopolymer formulations which were investigated with regard to their

plateau modulus Gy and their crosslinking density 1/Mc.

Production of the holographic media based on photopolymer formulation with

photoinitiator for determining the performance parameters E and An.

The photopolymer formulatiions were used for producing holographic media {cf. Table 3)
in which the photopolymer was produced as a layer between glass plates of 1 mm
thickness each. This type of holographic media is particularly suitable for determining their
performance by the method described in the section on measurement of the holographic
properties DE and An of the holographic media by means of two-beam interference in a
reflection arrangement and is therefore, in the contex of the formulated claims, not meant
to be limited to the holographic media, provided that the photopolymer formulation used

satisfies the claimed properties with regard to plateau modulus Gy and/or Q = Mc/Ma.
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Exemplary production of the holographic media

For the production of the holographic media, component B), component C) (which may
already be predissolved in component B)) and optionally the additives are dissolved in the
isocyanate-reactive component b), optionally at 60°C, in the dark, after which glass beads
5 measuring 20 pm (e.g. from Whitehouse Scientific Ltd, Waverton, Chester, CH3 7PB,

United Kingdom) are added and thoroughly mixed (Speedmixer). Heating to 60°C for not
more than 10 minutes in a drying oven is optionally effected. Thereafter, the isocyanate
component a) is added and mixing is effected again in the Speedmixer for 1 minute.
Subsequently, a solution of component c) 1s added and mixing is effected in the

10 Speedmixer again for 1 minute. The mixture obtained is degassed with stirring at < 1 mbar
for not more than 30 seconds, after which it is distributed on glass plates measuring
50 x 75 mm and these are each covered with a further glass plate. The curing of the PU
formulation takes place under 15 kg weights over several hours (usually overnight). In
some cases, the media are postcured in a light-tight packaging for a further 2 hours at

15  60°C. Since different formulaﬁons having different initial viscosity and different curing
rate of the matrix do not always lead to the same layer thicknesses d of the photopolymer
layer, d is determined separately from the characteristics of the holograms written for each

sample.
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M1 al | 205 [ b1 | 557 [1.02:1| B3 | 125 | C1 4.6 cl 0.0060 F1
M2 al | 188 | bl | 513 [1.02:1] B3 [ 250 C1 4.6 cl 0.0040 F2
M3 al 129 | b2 | 69.7 |1.02:1| B3 125 | C1 4.6 cl 0.0090 F3
M4 al | 222 | b2 | 729 [1.02:1] B2 [250]|C1 4.6 cl 0.0060 F4
M5 al 110 | b2 | 59.3 }1.02:1] B3 | 250 Cl 4.6 cl 0.0060 F5
Mé al 100 | b2 | 603 |1:0.90] B3 | 250]|C1 4.6 cl 0.0060 Fé
M7 a3 | 299 | b4 | 40.1 11.02:1] B3 |[250]|C1 4.6 cl 0.0446 F7
M8 a2 6.8 b5 | 633 |1.02:1] B3 (250} Cl 4.6 cl 0.0363 F3
M9 a3 | 186 | b3 | 514 |1.02:1] B3 | 250 | C1 4.6 cl 0.0315 F9
Mi0 | a3 159 | b3 | 442 |1.02:1] B3 | 350/ C1 4.6 cl 0.0360 F10
M11 ad | 385 | b3 316 |1.02:1] B3 | 225 C1 4.6 cl 0.0275 F11
Cl 4.6
Mi12 | al 110 | b2 | 593 |1.02:1| B4 | 250 C2 4.6 cl 0.0090 F12
M13 | a3 19.2 | b3 509 [1.02:1| B4 | 250 C2 4.6 cl 0.0300 F13
M14 | al 11.0 | b2 [ 593 |1.02:1| Bl | 250|Cl 4.6 cl 0.0060 F14
MI7 | a2 | 13.6 | b4 | 61.5 |1.02:1| B3 | 200 | Cl 4.6 cl 0.0336 F17
Table 3: Holographic media which were tested with regard to their performance An

and E.
Results from Gy, M, My, and An combined.

5  The following measured values for Gy (MPa), M¢ (g/mol), Q = Mc/Mp,, and An at the dose

E (mJ/cm?) were obtained and are shown in Table 4:



according to the inventién MB 0.0170 9.1 1.021 F9 0.25 10742 13.21
0.124 AS according to the invention M 0 0.0208 4.5 1.02: 1 FIOO0.24
11189 13.76 0.124 AS according to the inv@ntion ML3 0.011*
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Comparison M1 0.0062 8.1 1.02:1 Fl 2.25 1194 1.47 0.094 Al

Comparison M2 0.0059 15.9 1.02:1 F2 1.75 1535 1.89 0.094 Al

Comparison M3 0.0070 15.9 1.02:1 F3 1.60 1678 2.06 0.103 A2

Comparison M4 0.0059 369 | 1.02:1 F4 1.35 1989 121 0.127 A2
according to

the invention| M5 0.0101 7.8 1.02:1 F5 0.80 | 3357 4.13 0.103 A2
according to

the invention| M6 0.0113 9.1 1:0.90 F6 0.70 | 3836 472 | 0.103 A2
according to

the invention| M7 0.0130 8.9 1.02:1 F7 0.70 | 3836 472 | 0.114 Ab

according to 0.0118 18.2

the invention| MI12 0.0110% | 127.3*% | 1.02:1 F12 0.53 5067 18.03 | 0.098 A2

according to
the invention| MI17 0.0130 9.1 1.02:1 F17 0.43 6231 7.66 0.10%9 A3

according fo

the invention| M14 0.0103 18.3 1.02: 1] Fl4 0.36 7460 1594 | 0.065 A2
according to

the invention| MS§ 0.0147 9.1 1.02: 1 F8 0.30 8951 11.01

according to

the invention| M9 0.0170 9.1 1.02:1 FS 025 | 10742 | 13.21 | 0.124 A5

according to
the invention| MI10 0.0208 45 1.02:1 F10 0.24 | 11189 | 13.76 | 0.124 A5
according to
the invention| M13 0.011* | 63.7% | 1.02:1 F13 0.10 | 26854 | 95.57 | 0.121 A5
according to
the invention| MI1 0.0171 4.7 1.02:1 F11 0.05 | 353708 | 66.06

Table 4: Evaluation of selected examples. The values characterized by * were

measured with A = 532 nm instead of with A = 633 nm.

The An values found for the holographic media surprisingly show that photopolymer

5  formulations whose plateau modulus Gy is less than 1.0 MPa or whose equivalent average
molecular weight Mc of the segments bridging two polymer strands is greater than
2685 g/mol, particularly preferably whose ratio Mc/Myy, is greater than 3.30, are very

suitable for use in holographic media since [n values greater than 0.010 are reached.

Moreover, they show that this design criterion for photopolymer formulations has the same
10 or even greater significance than the refractive index difference between matrix and
photopolymerizable monomers (cf. for example M14 in comparison with M7 or with

M4) or that this design criterion further improves in their performance existing



63.7* 1.02: 1 F13 0.10 26854 95.57 0.121 AS according to the
invention M1 0.0171 4.7 1.02: 1 FIl 0.05 53708 66. 06 Tabl e

4: Eval uation of selected exanples. The vdghues characterized by * were
measured with A = 532 nminstead of with A. = 633 tun The An val ues
found for tphstvc\)hbolyﬁﬁa% akitatioRd irdwhith ks Shded | dyffe B it Biaéd %g%e@ﬁﬂiﬁﬁmﬁ in
formul ati ons ose plateau nodulus Go is less than 1.0 a or whose
equi val ent campagigen yatheMil arrwile Mt Mc of the segnents bridging two
pol ymer strands is greater than 2685 g/nol, particularly preferably
whose ratio MIMw is greater than 3.30, are very suitable for use in
hol ogr aphi ¢ nedi a since On values greater than O 010 are reached.

Mor eover, they show that this design criterion for photopol yner
formul ati ons has the sane 10 or even greater significance than the
refractive index difference between nmatrix and phot opol yneri zabl e
mononers (cf. for exanple M4 in conparison with M/ or wwth M4) or
that this design criterion further inproves in their perfornmance

exi sting



- 44 - photopol ymer formulations in which this index difference is
fixed (cf. for exanple M6 in conparison with M5 or with M3). -45 -
CLAIMS 1. A photopol yner fornul ati on coogki.sing a three-di nensionally
crosslinked organic polynmer A) or the precursors thereof as a matri X,

a conpound B) conprising groups that repatgaith ethylenically

unsat urated conpounds via polynerization 5Sunder the action of actinic
radiation and is present in solution or dispersion in said matri X,

and C) at lleast Zopkotpp@ymenformalation comprigng a three-denansionaliie owsslinked organic

id three-di i onal | | i nk i | d.

e aver e oy SRR A SRRSO SRS A R pe R ET S e,

strands, is at lg@eafs 1R 8&cBFIRlcthyRicA M8t Brafdl Enipdts® i Bﬁ?ﬁieﬁﬁ@ﬁdny
. e

crosslinked organi c polyners 10conprisé urethane groups. 2. o

phot opoPyner f orrderdne aetiagfof@rtanimradiatigneandiinprepent fresalpiion erehspiersjoro said
sai d three-di nensiopal l.y.crosslink or.gani. c_.pol. r.is in, the ran

of from 7500 o BgBandGH R85 S OB, Ryl PR et P ok sk Br SERE

1, wherein the takédifkmionahp croetigkel argahvwilghér, Mpréed hethbuidase

aver age nol ecul ar wei ght Mo of B) is greater than 3.30. 4. The

phot opol ymer f ofls@ddroreight M¢ af the segipnds bridging 6ve pelywmerstrandgis at lepst

t han 10. 00. 5. o] - f t 4 I I I

thr ce- di mensi onabry Caraen g ot e onelly Sk MU i e

i socyanat e conpeomptisayrediade groupsocyanat e-reacti ve conponent b). 20
6. The photopol ynmer fornulation of claim1, wherein A) conprises an

i socyanat e .conpgnent a nd an i socyanate-reactive_ conponent b). 7..
The phot opét yne?fhhﬁé’ﬁimﬂ%aﬁm?%m%@rﬂ'}éa%ew TR oK ﬁa')\Sﬂ)y of said
conprises a pol yiS0euAadRldhaltPeREsIfkelBleaM d Id1IRAGY ANMHE MifzeFRHoRT 7500 to
i m nooxadi azi nedi one structures or a prepolyner having an NCO

functionality oP5ebgm®lto 5 with 25al | ophanate and/or urethane
structures based on HDI and/or TMDI and a pol yet her pol yol, polyester

pol yol , and/ or I bonat e .pol yol . 8. . Th ot opgal r ~for.nul at i gn

bF 1 al m oo ahen Lo Xt EISRIBAISE A Rloms otk S, M FE R KLt Ui ek
pol yet hgl ene oxiwigght Medicahe aomibémaieta@s sndleRil £ afei gt Mol By i8gfated than 3.30.
random or bl ock copol yner and/or a block copol ynmer of the
abovenentioned _-46 - type which _ additjionally_ conprises .

t et r ahydr oftur an, ThE RP910BR fgaulaiion of chaim S, Whersibthg satippRdsrisieatgn thag 10.00.
wherein the OH functionality is from1.5 to 6 and the nunber average

mol ecul ar wei ghfrhEiahBﬁfBHTy%QQ Sl BRAQ R, g%gﬁce};g%icgﬁﬁé@mengrsﬁauy

fornul ation of claim 1, wherein said compoun as a brefractive
i ndex n020 of grcemslerket lvaganic Fplyme. ardémnpised opal wogyanhte crmipaténda) afd an
claim1, wherein said, co onprise acryl ate and/ or

ound of E&
met hacryl ate gr SPSEARLETAHG SO0RLE i My groups. 11. A medi um suitabl e
for recording visual hol ograns produced fromthe photopol ymer
formul api om, of dihai Hbtbpol?;ﬁaei?orﬁﬁl@%hﬁ'@laiﬁ'1@%81‘&11 ANB&BpriRE an isocyanate
r

S L O O pGent ) and a1 S0¢yanate-TEactive componert )

7. The photopolymer formulation of claim 6, wherein component a) comprises a
polyisocyanate based on HDI with isocyanurate and/or iminooxadiazinedione
structures or a prepolymer having an NCO functionality of from 2 to 5 with

25 allophanate and/or urethane structures based on HDI and/or TMDI and a polyether

polyol, polyester polyol, and/or polycarbonate polyol.

8. The photopolymer formulation of claim 6, wherein component b) comprises a
polypropylene oxide, a polyethylene oxide, and/or combinations thereof in the form

of a random or block copolymer and/or a block copolymer of the abovementioned



13. A nethod for exposing the nedi umof claim 11 conpri sing
selectively polynerizing witing nononmers with actinic radiation.

10

10.

11.

12.

13.

- 46 -

type which additionally comprises tetrahydrofuran, butylene oxide, or
e-caprolactone as monomer units, wherein the OH functionality is from 1.5 to 6 and

the number average molecular weight is from 200 to 18000 g/mol.

The photopolymer formulation of claim 1, wherein said compound of B) has a

refractive index an of greater than 1.54.

The photopolymer formulation of claim 1, wherein said compound of B) comprise

acrylate and/or methacrylate groups as radiation-curing groups.

A medium suitable for recording visual holograms produced from the

photopolymer formulation of claim 1.

An optical element, image, or representation produced from the medium of claim

11.

A method for exposing the medium of claim 11 comprising selectively

polymerizing writing monomers with actinic radiation.





