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~acceptor as an oxidizing agent 4far the material polynerizable by fre

* 0152377 Description The present invention relates to a hardenable com

position consisting of a) a material polynerizable by 5 cationic or free .
radi cal pol.ymeri-zation, b) an iron(l1)-qg6- benzene-[err]-cycl opentadie
Cotfpl ex salt, c) a sensitizer for the conmpounds b), and d) an04bB@3fro

radi cal polynerization, to a process for the polynerization 10 of t
materi al by the action of radiation, and to a material coated w th tthe
conposition and. its use. Patent docunent EP-A-0, 094,915 describes a
har denabLe defsasintiion consisting of a material pol ynerizable by cati
pol yneri zation, which contains a ([err]-arene)-netal conplex salt 15 as
initiator. The conposition can be hardened directly by the action of heat
or first irradiated to activate the initiator and then hardened by the
action of heat. For com plete hardening however, the period of exposure
must be relatively long, which is uneconomc. It is therefore 20 desirable
to increase the photosensitivity. It is also desirable to avoid thermal
hardening after irradiation and to effect the hardeni ng by nmeans of

radi ati on alone: It has now been found that the photosensitivity can be

Sybstantially increased by the sinultaneous use of a sensitizer in con- 25

junction with selected (ir-arene)-netal conplex salts. It has furthernore
been found that thermal hardening can be exten- sively avoided by the
concom tant use. of an oxidizing agent as well. -2- The present invention
relates to a CONpOosiThieop rean tt dinviemg:i o) ra Lstear ital apbbydenababl eoly free

adi eal of SUYNGh RUMTRYAY % aees dL°BHL,805 1 L08R cRYPOUNY O

the formul a’l 6
5 <cationic or free radical polymerization, b) an iron(iI)=q

benzene*ﬂ?-cycLopentad1enyL complex salt, ¢) a sensitizer
for the compounds b), and d) an electron acceptor as an
oxidizing .agent for the material polymerizable by free
radical pélymerization, to a process for the polymerization

10 of this material by the action of radiation, and to a
material coated with the composition and its use.

Patent document EP-A-~0,094,915 describes a hardenable
composition consisting of a material polymerizable by cationic
'polymerization, which contains a (T-arene)-metal complex salt

15 as the initiator. The composition can be hardened directly

N by the action of heat or first irradiated to activate the
initiator and then hardened by the action of heat. For com-
plete hardening, however, the period of exposure must be’
retatively Long, which is uneconomic. It is therefore

20 desirable to increase the photosensitivity. It is also
desirable to avoid thermal hardening after irradiation and
to effect the hardening by means of radiation alone. It has
now been found that the photosensitivity can be substantially
increased §y the simultaneous use of a sensitizer in con-

25 junction with selected (ff~arene)~metal complex salts. It has
furthermore been'found that thermal hardening can be exten-
sively avoided by the concomitant use of an oxidizing agent
as well, o



~'wherein ais 1 or 2and qis 1, 2 or. 3, L is a divalent to heptaval ent
metal or non-netal, 10 Qis a halogen atom mis an integer correspondi
,tQBphe sum of the values of L and q, [err] is an unsubstituted or
substituted [err]-benzene and R2 is an unsubstituted or substituted
cycl opent adi enyl anion, 15 and c) at Least one sensitizer for the co
of the formula |, and, in the 2ase. of materials pol ynerizable by free
radi cal polynerizatpg, ) an r pior,as. an oxidizing 2
cgent - Advant ageous! b0 PReTEninaReFEEEh PP BEEEPLEs PRl LI e
cationi c pofyh@tPgation al so contains an el ectron acceptor as an oxidi zi ng
agent, espes) al & ymabeni s6ego [ Pie oz st0 NGy Dyrdd r A4l 8¢ Oor 2Zat jonic  The
i ron conpougglg e;F§é§9£nula |, or the iron com pound of the formula | and
t he oxi di zi'hg ent“qy) %%t e preferably present in a quantity of 0.1-15% by
wei ght, Parb)tiztl bedyt Oorie 1086mycawp aimid amtl wtes yfawdicul arly 0. 1-5% by
wei ght. The weight ratio of the iron conmpound of the fornula 30 1 to the
oxi di zing agent d) is preferaghly 12 1811 0+3: par- _ticularly 1:1 to 5:1.
The sensitizer c) is prefer a@&&}“%-‘eco}ﬂo?agﬁed(LQﬁ)aqquant ityIgf 0.1-10 by
wei ght, particularly 0.1-5% by wei ght and especially 0.1-2.5% by wei ght. As
H,ﬁnnonuchgw-lfqﬁ]-arene derived from benzene, [err] 35 in the fornula I
can be monosubstituted or pol ysubsti t ut ed -3- by identical or different
hal ogen atoasi®r! [errd dredrd, isybn® drer¥)] [err] acid ester, phenyl, [err]
or benzoyl gr . T I enyl ] can- be
n‘&n’bsubstd' t%tg%pé dPralent to hem&¥@4rﬂ0%m IV AU T

10 @ is a halogen atom,

m is an integer corresponding to the sum of the values of

L and q, -

R! is an unsubstituted or substituted nﬁ-benzene and

R2 is an unsubstituted or substituted cyclopentadienyl anion,

15 and
¢) at Lleast one sensitizer ¥of the compound of the formula
I,
and, in the case of materials polymerizable by free radical
polymerization, also d) an electron acceptor as an oxidizing

20 agent. ' - -

'Advantégeogsty, the composﬁtioh including a material
Y hardenable by cationic polymerization also 6ontains an
eléctron acceptbf as an oxidizing.agent,'especially when used
for hardening by jrradiation. “ '

25 The iron compound of the formula I, or the iron com=-
pound of the formula I and the oxidizing‘agent d), are
preferably present in a qubﬁtity of 0.1-15%'by ueight;_par-
ticularly 0.1-10% by weight and very particularly 0.1-5% by
weight. The weight ratio of the iron compound of the formula

30 I to the oxidizing agent d) is preferably 1:10 to 5:1, par-
ticutarty 121 to 5:1. The'éensfii;er ¢) is preferably in-
corporated in a quantity of 0.1-10% by weight, particularly
0.1-5% by weight and especially 0.1-2.5% by weight.

As a mononuclear w-arene derived from benzene, R!

35 in the formula I can be monosubstituted or polysubéiituted



.“or polysubstituted by identical or different [err] [err] acid ester, cyano,
[err] or benzoyl groups. The abovenentioned al kyl, al koxy, al kylthio, nono--#
10 carboxylic acid al kyl ester and al kanoyl substituents can be
”sfréight-chain or branched. Typical alkyl, alkoxy, alkylthio,

nonocar boxylic acid al kyl ester and al kanoyl substituents are,
respectively, nethyl, ethyl,_pﬁpnppyl, | sopropyL, n-butyl, sec.-butyl,
tert.-butyl, n pentyl, n-hexyL Tand n-octyl, 15 nethoxy, ethoxy, n-propox
i sopropoxy, ¥ bidend cal tmrxydlff@@'w’a:nd!aimrylaqus et [yl-ichiroa Leyhyl t hi o,

n- propyl thi ;ba é,rfgfﬁﬂ{éﬁﬂ ycI n-(.bUt-yall.tk Ll cge&t atlfko%a,“%%nfaexvlthlo

carboxylic I"so nd n-pentyL
esters, and & r.o] W%H“QﬁiTQH}ﬁJdEEﬁGyW es?ﬁéaabbveméntloned
al kyl, al koxy,= eag-lqmwhw/tartﬁ ruy‘rmba/rtb@ﬁdup@.am d al kyl ester groups
preferably have tao.4 J .2 carbon atons in t al kyl

noi eti es %nd t he abgrvheerreapt Ht3 of i% d\"&?p prcéf"eltbszl"?"ﬁé\‘/‘gsf‘ﬁf‘¥§d

car bon atpmaor‘ mﬁmwsttammmﬁm dadr rojr- aricfife rabavti Lqct C35 aflkah,
benzene, 'tsdﬂj a%month:azo{ﬁe Qﬂfylt“‘%gjc&%no%@é%%qm coned

substi t uent eC| all'y ¢ or brom ons, net hyI et hyl,
Rropyl , |soprad:p &S o &Y, @ & h ey &gy cz?r"b(?)?ﬂzi%’ a@l"d’"ﬁét'hyl or ethyl
ester groups and acethd a;nmmnt&(bned alkyl Badxplxes afl kyuithdbl,emono-

[err]-ar s. 8/ ro re. b t ol yene Ie
et hyl ben?trabﬁe q‘ebd’?fldi {)enéqeéaeqzkgfqhggtbeé'n%enerﬁé‘la"°tyhox>5%§)r%e|‘f§"%s can be
pichLor ot ol lﬁétf@’@ﬂ‘d?@‘ heafzatanciedrobdypdsal dilklyllor edknxenealkylthio,

acetyl benze%no"c@r‘b&@lﬁ% Q%ﬁ@ﬂﬁkytlr BP0 MR Oy L subst1tuents are,
1, 2- di hydr onapht hal ene, 2,3, 4-tetrahydronapht haLene, nesi t%/ ene,
o

cunene, bi pHe e"a{‘r\’eslc?'l'e "%Frfd'ydddé(,tflyl}e'ni‘elﬁ’é‘°pYI5r'ef‘ét°é’ﬁ(987l"s §r tvie .

benzene, tolsianebutylghea,e raurbua,y Lyesi~peinayd,, lrhexghenadna~ochlyaro- 4

toLuene,1%n%§qh°ky' qg%ho§¥ben%§%%°xguphe%¥bop%odec*Lgenzene orhtetralln
oxy and n-octyloxy, methylthio, ethylthio, n=propylthio,
isopropylthio, n-butylthio, n—-pentylthio and n-hexylthio,.
carboxylic acid methyl, ethyl, n-propyl; isopropyl, n=butyl
and n~pentyl esters, and acetyl,'propionyl, bufyryt and

20 valeroyl. The abovementioned alkyl, alkoxy, akathio and
monocarboxylic acid alkyl ester groups preferably have 1 to
4 and especially 1 or 2 caran atoms in the alkyl moieties
and the abovementioned aLkanoyL groups preferably have 2 or

(Y 3 carbon atoms. When R? is a subst1tuted1'-arene derived

25 from benzene, it preferably conta1ns one or two of the
abovement1oned substituents, espec1atly chlor1ne or bromine
atoms, methyl, ethyl, propyl, isopropyl, methoxy, ethoxy,
cyano or carboxyl1c acid methyl or ethyl ester groups and
acetyl groups.

30 Examples of suitable1r-arenes derived from benzene
are benzene, toluene, xylenes, ethylbenzene, methoxybenzene,
ethoxybenzene, d1methoxybenzene, p-chLorotoLuene, chloro-
benzene, bromobenzene, d1chlorobenzene, acetylbenzene, tri-
methylbenzene, tr1methoxybenzene, 1, 2 d1hydronaphthalene,

35 1,2,3 4-tetrahydronaphthalene, mes1tylene, cumene, b1phenyl,
anisole and dodecylbenzene.' Preference is given to benzene,

toluene, xylene, cumene,‘mes1tylene, chlorobenzene, chloro-



-’[err] Is preferably the cycl opentadi.enyl anion or a [err] cycl opentadyeny}

anion, particularly the 5 methyl.cycl opentadi enyl anion. In the fornul

|§~9referably 1:- Exanples of suitable netals or non-netals L are Sb,
Bi, AL, Ga, In, Ti, -S&, =V, Cr. I\/handCu | an- thani des such\a

Oe Pr and act r

non- net al s tglﬁ‘euee"sepfeC|Az£H°q'eeB %B%Q%%K}%ef]zesneﬁr er & q‘gbl ,Pd§§5etc9zk‘3nz§8e

bei ng particultatsalgine- ferred. The hal ogen atom Qi s preferably c and

particularly F. Ingeg ¢ J@#eaabtyq the Wﬁft%r t)éd]ven'}‘l' %nnro«af erally 15 6,
Qis pref erab conpl ex

ani ons [er M é‘{l‘e a[‘g‘ryct]aterﬁsf’&@rpl’e]“q[a@r rej“ya{‘nci‘"[‘@f‘r’] par‘fﬂé gg’rrt SF'ﬁrl y
preferreéd oegiydx yaricpen tardd engrlr Jandah [ err] . 20 The conpounds of
the formula | are know, Hocr%,_gelprgp reg"k@@e%l qus processes. The

i r

el ectron acceptors as OXI 2 Ng a% e prefe an organic
hydroperoxi de, an &@ile sp&facivd GP'-& d\ﬂtr'?d-ﬁe °"2?5‘°""“‘*t~?lls ExafgLé8 are:

tertiary butey) swdreierasi ¢a, awyemd,h LN der t Mnp ey ciet hylan-
hydr oper oxi ge i trall h dro- roxi [err t.h etratin
hydroperoxitg'ea,n ecal14f ay IB OXI é‘d% erl?enzam c“églteé sr‘f}cghftﬁropérben20| o

aci d or W0ePao- G mdips. 3@11table nonBcartleess agfe sipteatilad LyeBsi Pi 20dsAg) are

those havipg s t F O\ <Of galy ol t ( r.ef.e Ly of 1
at Least 146 %(%‘JS fiearbrt]%ne' )ésllri?oto)r. 5 f%gr?@\ge%g)ertggq"mq?o?agxa | e,

from the gri¢ig &dmsi l(‘5‘!9'31"‘hétr‘?ﬂ‘n&c;?(,sl |pd'ecfre"p’(5’L"9'c>Fd'l |a<9dh§’dr’665f“l56ﬁly
akomati cs . heteroaronatlcs t he 35 phenones, partlcularly t he

acet ophenones and tlh R_‘e rk'}'%rlon s, the beré era’bl q stil.henes er E
poLyacetyl enes, the t*hoféd atd t’hlqoxantpr{ones t'¥e "dnf'hr’ §c8n§g £R&Y
phthal|ﬁﬁdé5 Q is preferably F and L is preferably 8, P, As or Sb.

Examples of complex anions CLQ nd g are 8F,,

PFe™, AsFg™, SbFg™, FeCl,™, sncls%”,
SbCL,™ and BiClg™. The particularly preferred
complex anions are SbFg™, BF;”, AsFg~ and PFg™ .

20 The compounds of the formula I are known or can be
prepared by analogous processes.

The electron acceptors as oxidizing agent d) are

ﬁreferabty an organic hydroperoxide, an organic peracid or
a quinone. ' '

2s Examples are: tértiary ButyL hydroberoxidé, cumene
hydroperoxide, triphenylmethyl hydroperoxide, tetralin hydro-
peroxide, X-methyltetralin hydroperoxide, decalin hydro-
peréxide,'perbenzoic acid, m~chloroperbenzoic acid or benzo-
quinone. ' '

30 _ Examples of suitable sensitizers c¢) are those having
a triplet energy of at least 125.6 (30) and preferably of
at least 146.5 (35) Kd/mol! (kcal/mold. They can be selected, -
for example, from the group consisting of the monocyclic or
polycyclic hydrocarbon ‘aromatics or heteroaromatics, the

35 phenones, particularty the acetophenones and the benzophenones,
the benzils, the stilbenes, the polyacetylenes, thé
xanthones and thioxanthones, the anthracénes,_the phthalimides,
particularly the phthalimide thioethers; épd.the diones



“particularly the phthaLim de thioethers, and the diones -5- with

adj acent CO groups. O her suitable sentizers and exanples are nentiopéd Ir
S, L, Mirov, -Handbook of Photo- chenistry, M Dekker Inc., New York, /pags
“27et seq. (1973). Preferred sensitizers are thloxanthones phthaI|4 i
particuLarly phthaLi m de thioethers, coumarins and anthra- cenes.
phthalimde thioethers are degpijed i n patent docunents DE-A-31 17

EP- A-0, 062, 615. Suitabl e thi oxant hones are described, for exanple, i

pat ent docunents DE-A-30 18 891 and EP 0, 033, 720. 10 . Particularly
preferred sensi tddjercenms ecw@s-tmtsl t u&ﬁerosuwbstétyé#@1 Antdragenes or
m xt ures of such gnthracenes can correspond to the fornuLa Il [err]

wherein R3 T5°HE §3 d%&ﬁnﬂﬁﬂﬁ”%?e 16‘né &nof'HEP aréaad35°hyﬂfoﬁk9FQﬂ(nn
halLogen, cyam®nist near orddleecHad Jemew alblekl,, ppees] 20refesed. cyrsonl kyl

~which is UnSUbSt'tlﬁﬁﬂ*é??e%“@%h%ﬁ%R%@rgya@% @ﬁ1oﬂkh¥honbbne?ﬁt95L@ﬁ@@gged

[err] aralkyl, [err] [err] 20 wherein n is a nunber from
Li near dr BﬁéﬁdﬁéﬁaféﬁrPhWﬁPéHmﬂgeuﬁ§dﬁ§ﬁhfﬁﬁedCBFm§GB§F|PUFeG“Bb’ferr]
[err] or acemeal. SuiGabdatlipbithakiaided tRioeithéegeadenideycofibedeianot her

are a hydrogen 3t %'S'ch‘% t]s ‘Brs-[q%ﬁ] 1“:’r s[s@r ahd® B - kﬁbrbgkog?‘shergaﬁ?abte
L_yranethylene penta ylene, rogen atom
or [err] 5thdpw¢mthones are descr1bed, for example, in patent documents

DE-A-30 18 891 and EP 0,033,720,
U 10 Particularly preferred sensitizers are unsubstituted
or substituted anthracenes or mixtures of such anthracenes.
They can correspond to the formula II

RO
R3 ! . R

ANNX

(1

s
R R?

(1]

wherein R3 to RS 1ndependently of one another are a

W 15 hydrogen atom, halogen, cyano, linear or branched c1-c18
alkyl, C4=-Cqg-alkoxy or Cq=Cqg-alkylthio, C5-Cqo~ )
cycloalkyl which is unsubstituted or substituted by Cq-Cq~
alkyl, linear or branched C3-Cqig-alkenyl, C7-Cq4~
aralkyl, =C Hpp,-0Z, -ChH2,-CN, =CphH2,-CO00R? or

10

_anch°N<211 ’ e

20 yherein n.is a number from 1 to 18, R? is Linear or branched
C4=-Cqg=alkyl, Cg-Cq2-cycloalkyl which is unsubstituted
or substituted by C4-Cg-alkyl, Cg~Cq2-aryl, C7~Cq4~
alkaryl, Cy-Cqg-aralkyl, Cg=Cqg~alkaralkyl or a metal



"In a preferred enbodi nent, at |east one of the radlcals [err] to [err]
one of the substituents deflned preV|oust I n anot her enbodi nent, [e¢
SU{[err] are a hydrogen atomand R and/or [err] are [err] or 10 [er
i her preferred enbodinent, R4 and R to [err] are a hydrogen ato
and [err] are one of the substituents defined previously, R3 being by
especi- aLly in the 6-positienéokr 7 position and R5 in the 2- positid
Hal ogen R3 to R 1prefer bhy chl ori al kox nd al kylthio
to [err] préféﬂgﬂvyiconPgln 1 t4"95P8A eBéi?l%UlQPFyaTXBﬁEfa?Bﬁsaand
cycloal kyL R¥drogke® esomai 045C9g~6Llkiyhgocachofqatomsloalkehyl oR3 to R8
preferably gdot gig %"'0tﬁggtﬂzg@regagxheBﬁyigRLerE}Tgesﬁepwtsaéb' y 20

phenyl al kyl havi ng especi al | preferably |
to 12 and p&Ft?cGEéPFV‘ZlFGEQ angd| gky[isRe Bydfrepapl 9teBnehi fs™ §1so 12 and
particul &1 wtkytiq 6 C atons and cycl oal kyl RO preferably contains 5 or 6

ring carbon atons. r I ref a henyl, alk
“preferably [err] aral % psgfes pre g?’aglyeﬁe(r?!t g éﬂ% TF?%§L and
al kar al kyL RadiisapiseRr rabl# [esrPnewaakheasubﬁtmsueetspdefenaély sel ect ed

fromthe al kakvii olB1L3, aﬁ@l dhkehkReeRBblnERE S Rarouﬁ ROT Réawlgré\/g Ca, -
and particularly Na. Al kyL rr] and erably contain 1

y
to 12 and p&rﬁyéﬁpéFPyaF°ﬂoaBdcﬁ4t6ﬁ§’°' cl 8APKGN~ R1s ghﬂ’h PFeferably
contaln|50Fc ?cqbngtﬁa&bon ihOEﬁotﬁbkbeZfFﬁegdf@?EBHYmSRﬂLaRhSaA%tO 12 and
particu ar 61.t0 of a Xy thio are :
nmethyl , éth§ n- SFSpﬁfﬁydrBFgByF§°H BUFy¥ F"Su? a? ¥¥
3- pentyl 1the2subﬁt3tnenyb deépngd, poevybushwayRS Ue¢yh bqndedyéspdodecyl
tEtradeCy|1amQ§a¢ﬁC¥he03 PSEQQQGX'o?ng-ﬁos121050558595n¢ﬁnghalfDXy and

aLkyl thi o radi cals. es of cycloal kyl are: cycl opentyl, nethy -

pos1tion.
15 Halogen RS to R are preferably chlorine, ethyl,
alkoxy and alkylthio R3 to Rs preferably contain 1 to 12

and particularly 1-6 ¢ atoms and cycloalkyl R3 to R8 contain
5 or 6 ring carbon atoms. Alkenyl R3 to R8 preferably
contain 3 to 8 C atoms. Aralkyl R3 to Rs are preferably

20 phenylalkyl having especially 7 to 12 ¢ atoms.

The number n is preferably 1 to 12 and particularly
1 te 6. Alkyl R? preferably contains 1 to 12 and particularly
1 to 6 ¢ atoms and cycloalkyl R? preferably contains 5 or
U/ 6 ring carbon atoms. Aryl R? is preferably phenyl, alkaryl

25 R? is preferably Cs-Cq2-alkylphenyl, aralkyl R? is
preferably Cy= to Cqz-phenylalkyl and alkaralkyl R? is
preferably Cga-Cqo-atkylphenylalkyl, Metal cation R? is.
preferably selected from the alkali metal and alkaline earth
metal group, for example Mg, Ca, K and particularly Na.

30 ' Alkyl_R1° and r11 preferably contain 1 to 12 and
particularly 1 to 6 C atoms. Cycloalkyl R‘”J and 11
preferably contain S or 6 ring carbon atoms. Alkyl Z pre-
ferably contains 1 to 12 and particularly 1 to 6§ C atoms.

Examples of alkyl, alkoxy and alkylthio are: methyl,

35 ethyl, n-propyl, i-propyl, n=butyt, i-butyl, t-butyl, 1-, 2-
or 3-pentyl, 1=, 2= or 3-hexyl, heptyl, octyt, nonyl, decyl,
undecyl, dodecyl, tetradecyl, hexadecylL or octadecyl and-



-"cycl opentyl, cycl ohexyl and nethyl cycl ohexyl. Exanples of al kenyL are:

allyl and prop-1-enyl. 5 . ExanpLes of aryl, aralkyl, alkaryl ana™ ™
ﬁakggralkyl are: phenyl, benzyl, 2-phenylethyl, methylphenyl, ethyl- pienyl
and” net hyLbenzyl . Sone of the conpounds of the fornuLa Il are known. /Nowgk ]

conpounds of the fornmula Il can he obtained by known 10 processes, f
exanpl e by FriedelL-Crafts al kyl'atigon reactions carried out on anthrateR
substit ut ed santeIRANENg Bt sangd el kydrbhienaadd caUsanzopyrene, 1, 12-

benzperyl ene, pyrenex ML eP NSy ol o ENZ I NGy cfil BNy 12N RHE ~ -
1, 2- benzochr sqﬁs - am nonapht hal ene, cor nine, fg 1-3|tronaphthalene,

3. 4- benzof | for%RP et vls Y AL T%MS‘H IS¥ShPA&E XY *6- benzochr ysene, .
1- acet yl napht hal ene,EX3amh s 6-ai erkeopticraaret:hr arld,y,l @mdy peoe~1%+eay tand

2, 3-benz fl uorene, qﬁﬁgﬁpy ha L ok-N t i tril e,  naphthal ene-
1-car boxgﬁi c. acid, lex;a , -didb{gnz p‘Vr (Laaﬁ'g,etkg?téc%Br;}lagﬁgnaar?tdh%érﬁg?g%y% :

1- napht hoL, ar-€:oddhasithalkanzy - Arerheinydsitthiydlemet hy Wphepedzoghbmdnt hr ene,
3-acet yl phenanddyienghd nddviy@wdythal ene, 1-chLoronapht hal ene,

2-napht honitrile, acgﬁﬁfht;mwg? 2- napht hal dehyde, naﬁgthalene-Z-carboxylic
acid, 2-acetylL- naphtdf et -bcé’i‘f'f@ﬁ‘r‘f'épr?tfhélhéné‘,”ﬂ“ t B¢l AZEhKAJMHEMe, ~ 25
1_pet hoxynapluvedl eromp durfdsuarfortdyehtfiraimuia 13- icatomaplhbhralieed, by known

2- bronon thgégyg - r t ene., s a le, .24 l.n t ene,
naphthalgﬁﬂ, phenaﬁ% rgﬁg? ant réggbhgﬁéf%F?i%E&&&feﬁé}yggggﬁfoiggﬁgﬁépﬁe,
2- benzoy! pyrgadinied fautoranen thnasensy [ofy siudistd tutedr sazblracenes.

4xacetyl pyridine, 4gm@iapes atl:benzaydehwdes 4-BrhRvbheRnal, dehyde,
_benzaldehydﬁ, ant hrgne, 1-tetralone, -ﬁhenylgc t ophenone,

3, 4- net hyi eRENZRE AT, PTG, PENEPRNERE et JpnchsREOPY rene, fluoro-

[ err] - chl or cacdtremesndne - b nk dxh rysiema,hy -aad hopaphahalene, coronene,
3, 5-di netkyl,a .. 14-br ogp-, _acet enaone,. 4-mgthoxyac henone,
3,4-dine?ﬁyﬂagﬁﬁﬁﬁﬁﬁgﬁﬁgiaq%ﬁ%ﬁ'ggﬁean&gﬁﬁypécgfdpﬁg?ongfxapﬁ%geL’

4- chLor oacetlopieehdha L dehinde, {5, $obemeosprasensphdnesety inaphthatene,

2,4, 6-tri meshyl aCa-UbANYYDh edantlreMey2cRF9RIERRONE, 23 BRWNELBc8ARBENONE,

3- br onpacet gphenone, L.

. fluorene, 1-benzoylnaphthalene, 1-naphthonitrile, naphthalene-
1-carboxylic acid, 1,2,6,7-dibenzopyrene, 9-acetytphenanthrene,

20 1-naphthol, 1-iodonaphtﬁatene, 2=-phenylnaphthalene, 3,4~
benzophenanthrene, 3-acetylphenanthrene, 1-bromonaphthalebe,
1=-chloronaphthalene, Z-naphthonitrile;'acenaphthené, 2-
naphthaldehyde, naphthaLene-ZFcarboxylic-acid, Z-Ecefyl-
naphthalene, Z-benzdylnaphtha(ehe, 1fmethyln§phthalene,

25 1-methoxynaphthalene, 1ffLu6ron5phthaLene, 2~iodonaphthalene,
2-bromonaphthalene, Z-chldronaphfhaléne, 2-naphthol, 2~
methyinaphthalene, nqphtha@ene, phenanthrene, anthraquinone,
triphenylene, 4-benzoylpyridine, ?-benzoytpyridine, fluorene,
3-benzoylpyridine,_ca}bazole, b-acetylpyridine, k-mgthoxy-'

30 benzaldehyde, 4-mé£hylben§alaehyde, benzaldehyde, anthrone,
1-tetralone, 4-pheny(a¢etophenone, 3,4-methylenedioxyaceto~
phenone, 4-cyanoacetophenone,'ﬂrbhloroacetophenone, 3,4,5~
trihethylacetophenone, 3,5-dimethylacetophenone, 4~bromo-
acetophenone, 4-metﬁoiyacetophenone, 3,4-dimethylacétophenone,

35 triphénylmethylacetophgnone,.4fchlor6acetdpﬁenbhé, 4=tri=-
'fLudrométﬁylacetophehone, 2,4,64tEiméihylacetophenone, 3-
hethoxyacetdbhenﬁne;i34methylacetpphgnone, 3-bromoacetophenone,



."-8 - 4-nethyl acet ophenone, 3-cyanoacet ophenone, 3-trifl uoro-

met hyLacet ophenone, acetophenone, allyl acet ophenone, benzo- phenone,

L4 phenyl benzophenone, 4, 4'-bi sdi net hyl ani nobenzo- phenone,
\E§anobenzophenone 4,4' -di chLor obenzophenone, 4- 5 °

trlfluoronethyLbenzophenone 3- met hoxybenzophenone, 4-chLoro- benzoph

3-chLorobenzophenone, 4,4'- (Ttﬁonnbenzophenone 4- met hoxybenzophenone

no
3, 4- di net hy&mﬁmmh&mhwscmon} mat-yel ilFeiseRkenone,

4, 4' -di nmet LD
2, 4-di Irne\rr?hy"'\: % "°fbe'4 afﬁ %é%"@;ﬂéﬁ‘g e, rt%&'lfé'r?f'flfb@ﬁ?&ﬁhenone
4, 4" - di net mb@,nomz’omfeqmiée@qnmmm Wddimdricdme thyLaminobenzo=

[err]- phenwdamewa.wmmm \3l40TQBRENYMDb SHEPhANIRRING ~
ben2|L_r#reww tllbene cis-stil bene, phen Ltetraacetylene tetra-

acetylLerte difidoiue ety aanzephanansre 3-Mes benzophenoneys 4rshiRERE,
thioxantkunﬁnnibpEKﬂHﬁH%MI*UKbdﬁﬁﬂuﬂtnpmbdﬂﬁdy%k-ﬂqﬂddb&mhhﬁmazophenone,

2- dodecylLt c r hq xanth
2- et hoxycar oniﬁr}v{h oxan one, 3 %et lé")?)fth e(?xzf ar B'Sr'l'flf)thlm&fgﬁt hone,
4- but oxy cartsurRdrttH ot r?mwthywn@noﬁmﬂmmmlbenzo-

R-et hoxycardyhdne tsr-%m&hﬂ%mm%%neantzhraafﬁmthﬂnfsfah%%%hhagene

2- nethylanthracene d-met h yLant hracene, 2 tert but yLant hracene,, 9- met hoxy-
ant hr acdife 47 WRTALARZIARAENAN /o OJiFB o2 gy Lhenz ophgineney 4, 43 rdlimsthRsy =
2-t- butnyuudHtuﬁﬁuhodb}S24vhéhjlﬂﬁty&obmhwbne@nﬁhbaQQQQpr1ophenone,

ZkLhEthoxycq%pqn Ine L)anHQ% %) on%

met hoxycar 5013 ftbeﬁ: anthfa?gﬁ§§°fh€"°ne’2b7"21l'

di (5- net hoﬂymmtyllbb’@m royil srertti-Lbeyle),a diilpheoerid e tr apcesat2anhitasene,
1,2,3,4-di QQWJN@%%OLJ- %1@1@1ﬂ'tl}%%gce@r}tl@h@ce%’phenylacetylene, '

1, 2,7, 8-di benzoant hr acene, "3- nyL- pht

N- met hyI1 4-"tarﬁté'p’rﬂ§r7yltd'r1’t°|1‘é|£'1trh°(!’é' 3'31 SIORT IR lsawmaﬂﬁt'e@e@f 251chaRre

Eat grl ats ROl iy RN thi e, deafjelmltm1mlay§ffmrolnk6}t |1eme&mdx$;¢|atrﬁhhetli-lor t he
ardenablLe ,canposi tions ceqnrdin invention are,of, the follow ng

Cypes. 1t BRI AR 2ot anade Be g ehd s ondis 2 sk agh G2

m xt ures (ﬁetMudxﬁﬁanqmi)¢mnpan@nmpneb.4Ebhyhgwwaabbmyun$apuﬁa¢bdneonpounds
pol ymer i zallg Ja, o2 34N (YHt WA D Re , TREI] hokGlcdBony L=3-nitrothio=

20 xanthone, anthracene, 1~chloroanthracene, 2-methylanthracene,

9-methyltanthracene, 2-tert.~butylanthracene, 9-methoxy=~
anthracene, 9,10-dimgthoxyanthracene, 2,6- or 2,7-dimethyl-
anthracene, 2-t-butylanthracene, 2,6~ or 2,7~di=t-butyl-
L anthracene, 2-(methoxycarbonylmethyl)anfhracene, 2~(5~
25 methoxycarbonyL-Z-methylpent-z-yl)anthracene, 2,6- ar 2,7~
di(S-methoxycarbonytl-2-methylpent-2=-yl)anthracene, 1,2~
benzanthracene, 1,2,3,4~dibenzanthracene, 1,2,5,6~dibenzo~
anthracene, 1,Z,?,S-dibenzoanthraéene, 3-thiophenyl-
phthalimide, N-methyl-4-thiophenylphthalimide, 2,3-butane
30 ceeaane | | |
Examples of organic materials_polymerizable_by
cationic polymerization and suitable for the hardenable
compositions according to the invention are of the following
types, it being possfbte for these to be used by themselves
35 or as mixtures of at Least two components:
I. Ethylenically unsaturated compounds polymerizable by a
cationic mechanism. These 1n¢lude=



-71. Monool efins and diolefins, for exanple isobutyl ene, butadiene, isoprepey
styrene, [err]-nmethylstyrene, divinyLbenzenes, N-vinylpyrrolidone,
1hk¥}nylcarbazole and acrolein. 2. Vinyl ethers, for exanple nethyl vi
etfier, isobutyl 5 vinyL ether, trimethylol propane trivinyl ether ang
et hyl ene glycoL divinyl ether; and cyclic vinyl ethers, for exanple
3, 4-di hydro- 2 forrryI-ZI—I-pyran dacrolein diner) and the 3, 4-

di hydr o- 2H— car lic a est er of 2- hydr oxynet hyl

3, 4yd| hydro a’lﬂﬂ%"e 1U" 3and \ff‘rﬂ% ettty & d’r’y y‘é‘ nmleé‘éet ate and
vi nyl s;earmuﬁadﬂdne)kigﬁnxgnﬂ;(3nymﬁmmundSwmxﬂmmuﬂﬂym@Mea mveﬁPuQ%ﬁegﬁ@by
nmeri zation 43“3&9 £ r e | i chloro rin

gl ycidyl ethers ’f)lf nono c;d‘mlc' ar}fic\{))iﬁ'l gcaorr% Oﬁ%éﬁoﬁg'doégg%éfgﬁﬁl e n- bu%/yl :
gl yci dyL etdrer V‘rﬂﬁct%_hel@glw mam%mewénw ngly sitdheir etilsobugird cr esyl
gl yci dyd etywaiyt @Wﬂy'uaﬁﬁé’d!@tl%lﬂlo\ﬁr@'tﬂﬁﬁﬁqr)@ﬁ% anld/ G L@hlede and
cycl ohexene oxu{h oxet es such as QT net h oxet ane and

3, 3-di (chl &% ﬂ‘)o’)@‘t fes h%retraarwgr‘:(?f ’e‘f'n‘”dﬁ’d'xcﬂté'ﬁé?' 1O 0 LXR@PARd

1, 3I 6- tlrl 0¥gdyad idnat rare? = ﬂmm-aiyrasudhml[eamr]mwe@pl anatcttmrale;s b= |
-val erol act {fgi is ag ¢et an
Rropyl ene éﬁp%l az tléﬂLes such’§n1 g@qﬁa?gﬁgglng§5h¥3?Q% i“e h??

N- benzoyL- Sastd idinro-2Hesnans t he adducts of azetidine with d||so-

cyanat ap for exayl Qestt(l;iﬂy)eﬂw?ex‘b‘rﬁ'l'é% 'Iatapcef%'aqgind vinyl stearate.
toluylene ﬁ 6- di i socyanate and 4 - di am nodi p enylngthane di i ,socyanat e;

ekoxy resi e aflf 4&nPENc Wity Wé‘r?é’(f POYRerd 23S P’y(‘,’laGQP"dFoBBéYl n the
si de-chai nsnerharata‘)car;plfmmmwmmslyaredaecmdldﬁnerps-oofylpaleymr’)dle@te and

‘poLynmet hacryl; Q:thq.ogj&ﬁ(v&gﬁled ?Lﬁjcgdiyl S Sthers of e, omgrdtr'ﬁu'aq ohIR hgnce

anong t hese abovensnti bl"e cornpoun re the e poxy resins and
espeC|aLIyP@MQQﬁ&ﬂxﬁeﬂkﬁ;&ﬂkiqxﬂ1hﬂ&x%|aéycaﬁdlepdhpfbe9r96$vépolyners of

the tyRs U iyl QRdes crp%ﬂﬂnkgq@c%raw rt%%'rn%ndﬂa%efilyfap%y@%%y%nd
polyepOX|des can be allphatlc cycloallp atic 35 or argmati ¢ conmpounds.

Exanpl es ofe t&e C@Hﬁ&dﬂd§ épgytﬁée, glycidyl methacrylate, styrene

oxide and cyclohexene oxide; oxetanes such as 3,3-dimethyl-

oxetane and 3,3-di(chloromethyl)oxetane; tetrahydrofuran;
dioxoltanes, trioxane and 1,3,6-trioxacyclooctane; Lactones-

20 such as ﬁ-propiolactone,T-valero'l.ai:tone' and £—-caprolactone;
thiiranes such as ethylene'sulfidé'ahd propylene sulfide;
azetidines such as N-acylazetidines, for example Nfbenzoyl-
azetidine, as well as the édducts of azetidine with diiso=-

U cyanates, for examp(e toluyléne-z,k-diisocyanate and

25 totuylene-Z,é-diisocyanaté and 4,4'-diaminodiphenylmethéné
diisocyanate; epoxy resins; an& Linear and branched
polymers with glycidyl groups in the side-chains, for
example homopolymers and copolymers of poLyacrylate and
polymethacrylate glycidyl esters.

30 of particular 1mportance among these abovementioned
polymerizable compounds are the epoxy resins and especially
the diepoxides and poLyepox1des and epoxy resin prepolymers
of the type used to prepare crossL1nked epoxy resins. The-
diepoxides and potyepoxides can be aLiphatic, cycloal1phat1c

35 or aromatic compounds. Examples of such compounds are the
glycidyl ethers and ﬁ-methylglycidyl ethers of aliphatic or
cycloaliphatic diols or polyols, for example those of



-‘glycidyl ethers and [err]-nethylglycidyl ethers of aliphatic or
cycloaliphatic diols or polyols, for exanple those of - 10 -,
(ghxgol propane-1, 2-di oL, propane-1, 3-di oL, butane- 1,4-diol, diethy
glyco[t pol yet hyl ene gl ycol, poly- propyl ene glycol, glycerol,
trimet hyl ol propane or 1,4-di- met hyl ol cycl ohexane or of

2, 2- bi s(4-hydroxycycl ohexyl )-- 59 <ropane and

pol yphenol o.¢ ST SR AIDE T AT 27 L bry thr SRFRSE O A REE anes

4. 4" -di hydr@Wdﬁﬂwlng&memcquioalﬁetaMene gl.ycol, poLy-

1,1,2,2-tetr he t,ha f | _es, . ane Lyci dyL
par‘%ﬁ exmo‘\t 'I;VL(L}) ﬁreoL,dncﬁﬁ e%h%'l%&g%@% Brahe 4 Nyg

conpounds flor eth Lenéurea 1, 3-

propyleneuréﬁtﬁy (ﬂﬁ]%ﬁ &y&rhnﬁ&ﬂﬁﬂngﬁgﬂgcgclohexyl)-
tetr arretshyl cbkwtam Qiny npm-tmme-mmaxryleelhw)% Lns\@qyarandurt%eg&hew
orta ce re t he yC| esters of

lyci dyl d t 5
Ol borl | IS o ATENHS oo e Bl Bl S0l P B P "2 B0aE oL,
Exanpl es of Q}kﬁﬁﬂﬁhﬁﬂﬁdl?@ﬂghnmhﬂm&kﬁaﬂﬁs ébksudommumoawmdphadvpré aeid,
~azel ai ¢ aci ¢, SRPACT G exakﬁOEApL‘ G ,3Cia0¢ oly aQRQt(Qalh %‘igg%nyu-

neprahydrophthaLlc an opht’hdli’c - aci I sop h d or
trimellitic ekiaie-or Qﬂrqﬁﬁﬁyﬁﬁiﬂﬁiﬁﬁ méﬂsN‘EiaﬁﬁPéé GPmﬁGP?éﬁ@xﬁeés ot her

than gl g dydxawdpe rmmdﬁ garyee{cdye. EHoMPRUNARS oFf etihPYlenralreagxans-and.

o P Koo e PRI BAT N oF, Al hgv?‘tiﬁeggtérs

3, 4- epoxycydl_edhanartexya.rdadw;darcoam,d orbmhmleerte kei epdmiloeidyli Sepcgre=

di epoxi de, di zed Linoleic acid derivatives or epoxidized

pol ybut adi ene. 5referred epoxy resins are diglycidyl ethers (which may or
may not have been | &tdietersdy ciatvdr siomm@ungs @ithjadustzdalpispersance

dlhydrlqsalbpha&mg JGRNAY Ravierd 21t QatboaiyGR Alqds, BapleicGulay
pref erence gﬁ %I$ , tQ th%ddu% y%QQ¥%x$HQ%r%cgwgtChEanp? es o¥ ggsgave
been | engt hé&d BE*Ntd
are the glycidytl esters of succinic acid, adipic acid,
azelaic acid, sebacic acid, phthalic acid, terephthalic acid,
tetrahydrophthalic and hexahydrophthalic acids, isophthalic
20 acid or trimellitic acid, or of fatty acid dimers.

Examples of polyepoxides other than glycidyl com-
pounds are the diepoxides of vinylcyclohexene and dicyclo-
pentadiene, 3-(3',4"'=epoxycyclohexyl)=8,9~-epoxy=2,4~

AN dioxaspirolS5,5)undecane, the 3',4'-epoxycyclohexylmethyl
25 ester of 3,4~epoxycyclohexanecarboxylic acid, butadiene
diepoxide or isoprene diepoxide, epoxidized Linoleic acid
derivatives or epoxidized polybutadiene.

Preferred epoxy resins are diglycidyl ethers (which
may or may not have been lengthened beforehand) of dihydric

30 phenols or dihydric aliphatic alcohols having 2 to 4 carbon
atoms. Particular preference is given to the diglycidyl
ethers (which ma& or may not have been lengthened before-
hand) of 2,2-bis(4~hydroxyphenyl)propane and bis(4~hydroxy-
phenyl)methane, : .

35 The following are also suitable as compounds poly=-
merizable by cationic polymerization:

I1I. - Methylol compounds:



.~ hand) of 2, 2-bis(4-hydroxyphenyL)propane and bi s(4-hydroxy- phenyl)netha
35 The fol Lom ng are aLso suitablLe as -conmpounds poly- neriz
by cationic poLynerization: Il. MethyLoL conpounds: 1. Am nopl ast
°s as the N hydroxynet hyl, N-nethoxymethyl, N-n-butoxynethyl and .

N- acet oxynet hyl derivatives of am des or related conpounds, for exanpte
cyclic ureas such as ethyleneuwﬁa_(|n1dazol|d|n 2-one), hydantoin, urgne
(tetra- 5 hydrooxad|a2|n 4- one | eneurea (4-nethylim dazol
i di n-2-one)1+1, ﬁmbﬁ%®&?%h%u$%%b(h%x%ﬁ?d$ zﬁlqﬁwwqﬁ Rt b N-grpbhoxymethyl,
gygrgxyp{ow+meﬁyﬁ&Wd{deM@ﬁtmIdﬂ'fli\ihtz'ﬂﬁé%e)of amides

mel anj ne 0 i agzi nes. such as acgt oguanani n
benzoguanaﬂ%ﬁerﬁg%tg% ggm °UXE£ % oFxample cyciie sﬁq'(f"éﬁ 3% al so
possi bLe terQeL%mwoﬁa @1m%hid:m1't2rr¢n€bbt khNaTyld:rmqyrmtdml et ra-

N-al koxywetmy&r&smaﬂnim&h& Ny 200708 Y VVd n ¥k 4\ @SS PHY T hh AfQups
(for exanpleg a xameth{/‘r neLan1ne I n which I to 3 of the hy ox%L groups
h

are etherifi&H VT 9t RRRYeneyrea (hexahydnosdiryd idHidisyieaonsdar e
]'Ehe clogdﬁnsl&tdmxmmhmlteliairweﬁ WWdeﬁﬁ&f-ﬁ}?ﬁmﬁﬁf-\m-ﬁhe),
or mal dehydge r roducts of these con-
depsation pr od’uct spgm{'{m’?éan%a ﬁp%wcpeén?tyr ie%: al gﬂh évcle%g guangmne.
car bon atorﬁe"mlﬂanﬁmpﬁ%t@1M@f@'rarﬂeﬁ‘mhenopLasts are resol s prepared
froma qienol and agy adglefwals, ﬁw#@leesaowﬁoude%epm?MOpda%'f |

resorcinol, 2,2-bis( roxyphenylL an - chloro eno
subst i t ut ed?blEbrEe™ f {%ob%ﬂ '2’%/}") c?FPp%“Ye'ac’d‘%é{/‘%q"Yt’"GtQYéaﬁlﬂ'eﬁpét ons,
~such as o- ormbtaﬂd m-n,ydarsa)lymd:mb()dmobsacqrdﬂntetMtg:mm;rsolcf@rrd p- nonyl -
phenol , and eny. tiftute HPF”OLS S ciqall | phenol .
The al dehyd’e C d%nhased} t’ﬁﬁ}yh"ec'u"p"hee‘“ 1% Wr eq‘era I1y tf% nF?I gﬁf)d/ but
ot her al deHyitne xyslucdr e 83 ractt nfetfait wirtkh fmatthrrlolgroamslal so possi bl e.
If desiysd, ' Preferred aminoplasts are the condensation products

of urea, urone, hydantain or melamine with formaldehyde, and
partially or completely etherified products of these con-
densation products with an aliphatic monohydric alcohol
having 1 to & carbon atoms. | '

20 2. Phenoplasts. .

Preferred phenoplasts are resols prepared from a
phenol and an aldehyde. Suitable phenols include phenol
itself, resorcinol, 2,2-bis(p-hydroxyphenyl)propane, p-

\J/ chlorophenol, a phenol substituted by one or two atkyl

25 groups each having 1 to 9 ¢arbon atoms, such as o=, m= and
p-cresol, the xylenols, p=~tert.-butylphenol and p=-nonyl-
phenol, and also phenyl~substituted phenols, especially p~-
phenylphenol. The aldehyde condgnséd with the phenol is
preferably formaldehyde, but other aldehydes, such as

30 acetaldehyde and furfurol, are also possible. 1If desired,
a mixture of hardenable pheno[laldehyde resins of these
types can be used. '

The preferred resols are condensation products of
phenol, p-chlorophenol, resorcinol or o-, mn= or p~cresol

35 with formaldehyde. ‘ o '
- Suitable organic materials polymerizable by free
radical- polymerization are, in particular, monoethylenically



-a m xture of hardenabLe phenol /aLdehyde resins of' these types can be us
The preferred resols are condensation products of phenol , p-chl orophengt,
feégrcinol or o-, m or p-cresoL 35 wth fornal dehyde. Suitable organic
materials polynerizable by free radical polynerization are, in partic uﬁ%;ji

nonot hyl eni cal | y -12- or polyethylenically unsaturated conpounds.
Exanpl es are: styrene, vinylpyrizline, vinyl acetate, divinylbenzene,

ether, acryl e fosy o ) 0aevd et Ao fUoANo Wil Waigiad M0

unsaturated polyesters, ase
Preferred netofiene, a‘f\s"XW'é’sqwey ofi rerhi cheose tft eac rdyil Vi i yelbieah zemab/ ,oiviny L

met hacrylic e’itq'iéir)/\ﬂ éth‘)l-l Meprmamcﬁrﬁlwh(géaqrﬂQnMQes Bismeth-

respectlvely q¥ n1ne%:or ﬁﬂ) nes Partial estérs nmay al so be
used in the ca ?ﬁ e I%Rﬁ%;%f Sfdersyg especially ghogs) bases
pol yam rfes aare 'Bilheyi & reefi rRa'efmUmd araet—erdlaa.m e [thtey leat@dtisadirn@mides

hexyl enedi argpeaq,gha,rylae,ﬂqp e M Sﬂg% grpqna”trﬁaqqt r%l enedi am ne,

di et hyl enetri 'am_ ‘ne, triethylenetetramn i'ani noet hy " ‘&t h&r . Exanpl es
of polyols RT@NGhadhalarharsartheae Woks @rfedireisestdlvedy oetwhylhelnenoﬂ:S

ngLl prgpyllaiﬁed.lsﬂor lklwlmefélsQ: Pﬂ&l'ttﬂélle'%?(i'e(?'si ﬁ'&?ﬂé'@@fbed:\ﬁhdg@q the
yl enedi o a enedi ol s, such as di - ethylene glycol an

triethyl ene gﬂ% ‘%D)Sﬁ‘ 125 P Cl?’@ 8%%*th a nol ecul ar wei ght of 200
to 500, 19, 4- d|hydroﬂ@*aﬂgﬂﬂsatham&yaha&edl@hydmﬂhyﬁ&hhwhhmyabohaxaBQLehe-

di hydroxy- 2034 hf Qﬁ?n%%t ém§%§WQHQy| QQBQ%%gd thli SH %Fn?ie%b%ﬁ mine,
t ANLhydr oxypr opane trihy rox¥ tan a!
pent aer yt hr PE&2Y (ﬁ"ﬁé’r‘?tad@m'hﬂatp(ﬂlt ddG"EG\N’HﬂIﬂéeuldalet orllyestteﬁgm\meh

term nal hydrrabytlhygrmrt%t el qudofdﬁuhmlaltaydl %Qh@'r% agdamplegnLpes are
25 met hanol , 41n0| 3pano anol exanol , hept anol
|

octanol, 2-& @V@Ioﬁ@fahGP"cbﬁgnaﬁiyngé daits ﬁﬁnyFanFﬁBYLene‘
dinethyﬂéwiMn@lan@r@bbwaﬂudﬂbl, butylenediol, pentylenediol, hexylene-

diol and octylenediol, polyoxaalkylenediols such as di-

ethylene glycol and triethylene glycol and polyethylene
glycols with a molecular weight of 200 to 500, 1,4~dihydroxy~-
cyclohexane, 1,4~di(hydroxymethyl)cyclohexane, dihydroxy=-

20 benzenes, hydroxymethylphenols, triols such as 1,2,3-
trihydroxypropane, 1,2,4-trihydroxybutane and trimethylol-
propane, pentaerythritol, dipentaerythritol and Low=molecular
polyesters with terminal hydroxyl groups.

o/ Examples of suitable alcohols and monoamines are

25 methanol, ethanol, propanol, butanol, pentanol, hexanol,
heptanol, octanol, 2-ethylhexanol, cyclohexanol, phenol,
glycidol, methylamine, dimethylamine and ethylamine.

Preferred organic materials polymerizable by ffée
radical polymerization are partial esters of epoxy resins

30 and acrylic aqid, methacrylic acid or a mixture of these
acids, and acrylic acid esters and/or methacrylic acid esters
of polyols. _ ' '

The hardenable compositions according to the inven-
tion can be obtained, for example, as homogeneous liquid

35 mixtures or in the form of homogeneous or inhomogeneous
glasses. Homogeneous glass=Like products can be obtained in
a manner known per se, for example by the tLiquefaction of



" Preferred organic materials polynerizable by free radical polynerization
are partial esters- of epoxy resins 30 and acrylic acid, nmethacrylic agxd
_or m xture of these acids, and acrylic acid esters and/or nethacryli
actd esters of polyols. The hardenabl e conpositions according to the i
tion can be obtained, for exanple, as honpbgeneous liquid 35 nmixtures o
the form of honbgeneous or-‘iﬂﬁbnngeneous gl asses. Honobgeneous gl ass-|

products cagy beedq;ma)mdu#%. i d rzhgbl LS nff%{g g«;sm'a%ebg, ithe

Li quefacti on of -13- e org
appropr|até“ﬂtQPQWﬁ§Qﬂkﬂﬁ|%Hf%ﬁbEﬁu%%£M%§ﬁ§alV@n$§° id9 rkherdandesr redder

[ed Li g[}t lhegatmg%a irﬁb”rpﬁj’ aiwpeaa»aam\e%t btalere ¢hass tgﬂ%@%l ftir@Rsition t
enper at ur onen appr.qpri ate
d) erand coo emr? oaf%qi e[d’r ec'(s).rq11 JS °>“‘I‘“’d’l‘@ e%r; tal‘n‘g r"‘és@ pp Sp

gl ass- 5 ke qmmmmt@ﬁmrdkheaﬂd)em&imnmmfedhel nnho:rtmgersedns-mgldass-nﬂ ke
Product s cafe 6 &l AN hedille REAHaS st 5@ B 3%)@ o%ah, fisRObyrer | zabl e
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15 near the melting point or decomposition point of components
b) and ¢) and if appropriate d). They have a high photo-
sensitivity and at the same time are stable to yellow light
in the case of sensitizers which absorb Light in the region
below 400 nm.

20 : An e§sential advantage of the composition according
to the invention which contains compohent d) is that it can
be hardened by the action of radiation, complete hardening
generally befng effected by the heat of reaction produced,
and external heating being superfluous. However, it can

25 sometimes be advantageous also to apply external heat after
exposure, for example if shorter reaction times are desired.

" The present invention thus relates also to a process
for the polymerization of an o}ganic material polymerizable
by free radical or cationic polymerization, under the action

30 of radiation, in the presence of a photoinitiator and, if
appropriate, with heating, wherein the photoinitiator is a
mixture of
a) at least one iron compound of thé formuta I

1,,.2. 1L, .+a a -q
[(R*)(R"Fe )a] (LQ ) (0



25 sonetines be advantageous also to apply external heat after exposure
for exanple if shorter reaction.tines are desired. The present inventj0n
.tQus relates also to a process for the polymerization of an organic
mat eri aL poLyneri zable by free radicalL or cationic polynerization,
the action 30 of radiation. i4g the presence of a photoinitiator and,
appropriate, with heating, wherein the photoinitiator is a mxture o
Least one %"ed#® i®onpound of the formula | [err] -14- wherein a is |
and q is b i3 ar o 2L ainy @ disval,ert oiro3heptaval ent netal or non-netal, Qis
a hal ogen,at.om_ 5. i n integer corresponding to the sum of the.val ues
of L and &,1fefrf1vgg%3 SEBSPF Sggdlﬁptsﬂﬁ§f$t8fe8°"'P8FFF!benzene and
[err] is &nignsubstliogeneadtom,substituted cycl opentadi enyl anion, 10 b) at

| east sone pSRSizh 36 QM %B?r%Q%Bﬂquﬁonggﬁef?PH;L? kn@ng fze?ﬁéfLEaSt one

el ectron acceptor as an oxidi zi ng age ppropri ate
ponnerizéPFoﬁfreaction Is then conpleted by the application of heat. 15

These hardénabl@nnhhkub%%iQthad%ankengHibxehrn%‘-dkﬁieﬂewgéb g'gggrg21and

beans or geti.nic_Light r.ef erabl y haying.a velength of 2
an'intens?ty13faTSU%P8b§868u&£?t§¥ ﬁ%éﬁﬁ?égtB §ﬁfngF8tEPbﬁ?y ources are
Xenon Lanpejoargon Lanps, tungsten | anps, carbon arcs, netal 20 haLide

| amps 1gndpet gl AeaskaABRS SURR133:kRWBECSRAUT ConBRUMLPT ERSUFS A
hi gh-pressure nercury di scharge | anps. The rrragrationrs pre e ab y
carried ofit ®®ft h netalL hal i de Lanps or high-pressure nercury di scharge

l\amps. Theyiratradisti oRet e cdepANdscepiarvaki ghYoRfdiachgr gbme) udi ng,
and, if appropriate, the polymerization reaction is then
completed by the application of heat.

15 These hardenable mixtures are advantageously irra-
diated with electron beams or actinic Light, preferably
having a wavelength of 200 to 600 nm and an intensity of 150
to 5000 watts. Examples of suitable Light sources are xenon
Lamps, érgon Lamps, tungsten lamps, carbon arcs, metal

20 halide Lamps and metal arc lamps such as low-=pressure,
medium—pressure and high-pressure mercury discharge lLamps.
The irradiation is preferably carried out with metal halide
Lamps or high-=pressure mercury discharge Lamps. The ir-
radiation time depends on a'variety'of féctors_including,

25 for example, the polymerizable ofganic materiat; the type of
Light source and its distance from the material irradiated.
The irradiation time is preferably 10 to 60 seconds.

‘ The exposed compositions can be heated in conventional
convéction ovens. If short heating or reaction times are

30 required, the heating can be effected by exposure with, for
example, IR radiation, IR lLasers or microwave devices. The
polymerization temperatures are in the range from room tem-
perature to about 80°c.

The compositions according to the invention can also

35 contain other known additives normally used in the tech-
nology of photopolymerizable materials. Examplés of these
additives are pigments, dyes, fillers-and reinforcements,



<25 for exanple, the polynerizable organic material, the type of Light
source and its distance fromthe material irradiated. The irradiation t]
ig preferably 10 to 60 seconds. The exposed conpositions can be heated/in
conventi onal convection ovens. |f short heating or reaction tines are {3

res

required, the heating can be effected by exposure with, for exanple, IR
radi ation, IR lasers or mcrawgye-devices. The polynerization t enper at
are in the ran e fromroomtem perature to about [err]. The conpositio
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invention. Examples of suitable substrates are metals and

metatloids, such as steel, aluminium, copper, cadmium, zinc
and silicon, as well as ceramic, glass, plastics, paper and
wood. The coated material can be used to prepare protective

20 Llayers and passivating layers by exposure, and this forms a
further subject of the invehtion. . )

If, on exposure, only pert of fhe coating is irradia-
ted through a photomask, the unexposed areas can subse-
o/ quently be removed with a suitable solvent. Thus, the coated

25 material is also suitable as a photograph%c recording material,
for the production of printing plates and particularly printed
circuits, and as a solder resist.. The use as a photographic
reeording material also forms a subject of the present inven-
tjon. B | '

30 The compositions according to the invention uhich
contain a material polymerizable by cationic polymer1zat1on
and which do not contain any oxidizing agents d) can be '
hardened by processes described in patent document EP~-A-0,
094,9i5. These composit1ons can be hardened directly by the

35 action of heat. A two-step polymerization process is pre-
ferabLe, the iron complex of the formula I initially being
activated by irradiation and the resultiﬁg activated



= |f, on exposure, only part of the coating is irradia- ted through a

phot omask, the;unexposed areas can subse- quently be renoved with a
_suitable solvent. Thus, the coated 25 material is also suitable as
phot ogr aphi ¢ recording material, for the production of printing plate
particularLy printed circuits, and as a solder resist.- The use as a
phot ogr aphic recording materi d6 also forns a subject of the present inyen

tion S0  precursordGHAN MG AAFAAREA BH14nk0 LG ohMEENhEQR WRLEL
contain a materi al polynerlzaﬁﬁe by cationi'c pol ynerization 4 fch do
not contaiﬁ*éWWlGxﬁdiimmy%ﬂiéﬁﬂ§sdﬁreanabé"ﬁagﬂeﬁed159°5ﬁocé§sésrdé§eribed

gn patFntbddaﬂnﬁgtcEﬁnﬁda 19&4¢$$5uXthe§QoQGﬁBQthbﬂBSoﬁ?th?chQEQEQEd
irectly ¢tian, of _heat.. t.wo- st ep.pol yneri zation process is
pre- ferab%g} ?ﬁe%f§3%°§%ﬁplggeofr{ﬁg1ggﬁﬁﬂlS'Feiﬁft?&?F?xﬁﬂFﬁﬁgéchSEted
by irradi amieé® Sna@ndhé0r sesionidsg aadt ithet dlermal hérdenpngctuimer $st hen bei ng

har dened by pbhe xanaitdn yOloetG@len B8 g%ﬂmkeaﬂk EGWEH@EHEGSTEEQE‘ EQRM 50
gh a phot 0]

to [err] If irradia- tion is carried out throu otonmask, p ogr aphi c
i mages canPB& i5igasc A coTdd mgr tadithei dAventdonsagppebaraaterjzpdtbysa  ween
5 and 60 sadgrdphandsielrs itHerrgl. hardening tine is approximately between 30

seconds and 5 m nu ese.com positi,ons accordin the invention are

s. _Th to
characterized by agﬁfgﬁ°63856§éﬁ§5tFﬁf?§9'?ﬂet80 85???5H§’8ﬁc&?ﬁiﬂbs?o t he
i nvent 18n banuskedoasOadbessedsaoradhesttiesmenufectuhe atinphatiesp of

putties, fikl of pf i 28l C k& a Lam The
dcnpositioﬁglggigrgfnébﬁgetﬁgqﬁgégggfoggﬁgééngéﬁigﬂdpﬂg%ggéﬁgffivity, whi ch
al so neans short eXp8sGPBPPEiddongr acrardipdchPnghpr beventionibave o2 s

having a catighnphotbseakiidnvang, awhich aldbCakaAst kROr&r ExPsOGHECEHimes

si mul t aneoysl n expqsur,e, which broadens.the range, of applications in
respect of ?ﬁgtgﬁl5ﬁEaFEéBPepﬁﬁf§FFals.“FF‘P§°EErngéP%gaﬁg?E‘?hbf t he

oxi di z#hg agempnoahy beforesradiceé attdonecare produced simultaneously
on exposure, which brdadens the range of applications in
respect of the polymerizable materials. It is surprising
here that the oxidizing agent only becomes active after ex-
'posure and permits hardening by irradiation. It is a great
20 advantage that the hardening is generally effected by the
action of radiation, without the external application of
heat. ' .
The examples which follow #llustrate the invention
\_J in greater detail. _
25 Example a:- (n?-rotuene)Qns-cyclopentadienyl)iron(II)
hexafluorophosphate fs prepared according to Bull. -Soc. Chinm.
France, 2572 (1975). L
Example b: Gq?-hnisole)Qn?-cyclopentadienyl)iron(II)
hexafluorophosphate is prepared according to Dokl., Akad.
30 Nauk SSSR, 175, 609 (1967).
Example c: Qn?-p-bimethoxybenzene)Gq?-cyctopenta‘
diényl)iron(ll) tetrafluoroborate is prepared according to
J. Chem. Soc. C, 116 (1969). _
Example d: ﬂ1§-p-ChLorotoluené)(q?-cyeLopentadienyll-
35 dron(Il) hexafluorophosphate is prepared according to J.
Organomet. Chem. 20, 169 (1969, .. - - -.:
- Example e: - (n?—lsopropylbenzene)?q?-cyctopentadienyt)-



. posure and permits-hardening by irradiation. It is a great 20 advant age
that the hardening is generally effected by the action of radiation,

wi t hout the external application of heat. The exanpl es which follow

‘i “strate the invention in greater detail. 25 Exanple a:

([err]-Tol uene) ([err]-cycl opentadienyl)iron(ll) hexafl uorophosphate is
prepared according to Bull. Sot? €him France, 2572 (1975). E-xanpLe b:

([err]-Ani sw@acﬂﬁmixwgu&w%méHiomsARa {fﬁ;g@éééggmgo%ok@.égam \

prepared accor

c: ([err]-® 'r’regﬁbxpyb%'h%en%‘i'( [®r rdlzycl %@nf%\ "Wenyl)iron(I1)
tetrafl uorobos@eels. Pr e Bsb RESEY th 61z & De ¢ %h@}mcfmta%érﬂﬁ )<1969) .

Exanpl e d: ms phmpws.%%? 'ﬁMnaSté:yF% O&?@é@fwnﬂéqrﬁ% rﬁon“')

hexafluorop osp e I's prepared accord 20, 169

(1969) .5 Exaimans ke e([tetﬁ]u'sfm)rmmammvenleeﬁéwqrwu_mm enyl) - 17

- iron(ll) Dphﬂi@r@é ggxrm@fgm&fﬂ@mm&ﬁeﬁ%d Sc.
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(kerr] - Bi phen ([err]-cyclo e t adi e Yiron(ll 10 he af | uor ophosphate is
pr epar ed acfdi‘b&ké—l "{& U')Q%g"rﬁ "C!o‘h“h‘*?‘2 myd2 S o le i: (
6- Tet rai n) (h&a:@ﬂnjmwnabw )iy cm(dda)réwxaaé&mn@awha.t @ rgarmAr ed
accordi ng th\e‘]m. ng'an% .(1(3‘1?@9._101, 221 (1975). 15 Application Exanples

15 Application Examples

Example 1: A solution consisting of 10 g of an industriatl
epoxycresol novolak (epoxy content 4.5 eq/kg), 0.25 g (7 «x
10™% mol) 6f (ﬂf-totuene)Cn?-cycLopentadienyL)iron(II)
hexafluorophosphate (prepared according to Example a), 0.25 g

20 (1.3 x 1073 mol) of 9-methylanthracene and 4 g of 1-
acetoxy-Z-ethbxyethane is applied to a copper—coated epoxy
board with a 25 nm wire doctor. The initially wet film is
dried at 809%C ¢ dry film-thickness approx. 15 nm). The
photo-polymeric board prepared in thisrua§ is exposed with a

25 5000 watt high-pressure mercury discharge lamp located 50 cm

' from the sample bench, a 21 step Stouffer sensitivity guide
being used as the pattern (cf. W.S. DeForest, Photoresist,
McGraw=Hill Book Comp., N.Y., page 109 et seq.). The |
exposure time is 30 secands and the exposed board is then

30 hardened for 2 minutes at 110°9C. It is developed in 1~
acetoxy-2-ethoxyethane, the unexposed parts being dissolved.
This results in a relief image, no. 5 being the Last step of
which an image is formed.
Examples- 2 to 14: The procedure of Example 1 is followed

35 using different initiators and sensitizers.,

The results are collated in Table 1. The content of

initiator Carene-~ferrocenium complex) is atways 2.5 per cent




. Exanple 1: A solution consisting of 10 g of an industrial epoxycresol
novolak (epoxy .content 4.5 eq/kg), 0.25 g (7 x [err] mol) of (

| uene)([err]-cycLopent adi enyL)iron(l1) hexafl uor ophosphat e
( epared according to Exanple a), 0.25 g 20 (1.3 x 103 nol) of
9- net hyl ant hracene and 4 g of 1 acet oxy- 2- et hoxyethane is applied to §
copper - coat ed epoxy board wi th 18 25 nmwire doctor. The initially wet f

is dried at b[yerurehg(htdrb)ésfeld Bt hlh@krégs&yaraarsex nbQo LK), a?ihetnﬁ%erpol ynmeric
boar d- prepared i essure

st P L e R P °8H1cfraﬁ1afasnsaapﬁgwséﬁch 3 ol agel

Stouffer seN$|RMw|mpoguwdesbe|mgvpgem.asEuhespabtesnc@wiie&/ﬁutD@Ecrest

Phot or esi st 4gM Ggawnld klp RBRIMISOTR: ealklhYcaskage 109 et seq.). The exposure
time i s 30 sefonds andthe exposed boara is then 30 hardened for 2 m nutes
at [err] It is developed in 1- acetoxy-2-ethoxyethane, the unexposed parts
bei ng di ssolved. This results in-a relief inage, no. 5 being the |last step
of which an image is formed. Exanples 2 to 14: The procedure of Exanple 1
is followed 35 using different initiators and sensitizers. The results are
collated in Table 1. The content of initiator (arene-ferrocenium conplex)
kS sal ways 2.5 per cent by wei ght based on the epoxycresol novol ak, and
the cor- responding sensitizer concentration is always 1.3 moL based on

t he epoxycresol novolLak. Exposure is carried out for 10, 20 and 30 seconds
i'n each case. - 19 -- [err] - 20 -
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What is cl ai ned

pol yneri zabl e by free radi-cal
i.ron conpound of the formula I

is: 1.

A conposition containing: a) a materi al
or cationic polynerization,

b) at Least one
[err] wherein ais 1 or 2 and qis 1, 2 or

* 3L is a divalent to heptaval ent metal or non-netal, Qis a hal ogen at
mis an integer corresponding to the sumof the values of L and q,
an unsubstituted or substituted [Lrr]-benzene and R2 is an unsubstituted

substituted cycl opent adi enyL ani on,
conmpound of the fornula and,

and c) at Least one sensitizer

[err

for the

in the case of materials polynerizable by free

radi cal polynerization, also d) an el ectron acceptor as an.oxidi zing agent.
2. A conpositiopn_according to Glaiml, wherein an electron acceptor is aLso
present as an okidizing. agent for the material polynerizable by cationic
pol ymeri zati on, 3.3 As fonposition according to Claim| or 2, wherefjn the
i ron conpound bj @ Qr 4 he iron conmpound b) and the oxidizing agent d), are
present in a qupnfEtR pfw0.d ©0d5% Iy geighe kasedwnoconponent a).' 4. A
conposi tion accpr@tng o Claim3, wherein the weight ratio-of the jron
conpound b) to | tfe o=t 5 - : \
conposi ti on accprdiagng fo Caim 1, wherein the sen- sitizer c) is pﬂesent in
a quantity of Q.f’gp 1)@Zpy meightm.baggd oqnconpgnentéa). -... 6.1 A
conposi tion accpf@en {o ahi th I WhetenJ efr 7 i s Trono-
substituted or pg gsubbtituted by identical or different hal ogen agtoms or
[err] - O : :
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Table 1




“[err] aLkynyl, [err] cyano, [err] nDnocarboxyllc acid ester, phenyl, [err]
or benzoyl groups. 7. A conposition a o0 Caimi1l, mhereln R2 |3
_ - ‘substituted or pol ysubstituted by er ent [err] g
rTB"n’ocar boxylic acid ester, cyano, [err] Wﬁm;‘mﬂ@am 8. A comny
according to CLaim1, mherelﬂ 2Dis 1 |n . A conpO'
accordi ng 53 C1a|n1{ mhereln mis 6, Lis B, P, As or Sh, Qis F fand
1inthef $éonposition according to Claim1, wherlei Kk
benzene, tdhueﬂecompbene1omummm&aamﬁagtylene chl.orobenzene, chl or¢
ani sol e, d| t ho ne I ec benzene, or tetraLin i :
f or muLa ?E 4 ﬁXQ%Q%% PPQ %Eggéfgl (o¥5f§ é'cﬂbe?élﬁaﬁﬁ°"é°the
'cyclopentaﬂPéHVE'dFaﬁéPHylcycLopentadlenyI anion in the formula I. 12. A
conposi ti os)acaer diedd tt @ne alrlahlco\eleehﬁanoffh%nQX'fQMLDQ ;‘gent d) is an
organi c -hydroperoxi de, an organic peracid or a quinone. 13. A conposition
according to CLaim 12, wherein the OXI di zing agent. is tertiary butyl
hydr oper oxi de, cunene hydrg( rrzﬁw +;r|aohenyl net hyl hydgpper oxi de,
tetralin hydro- peroxide, ﬁg ﬂall dp%rOX|de decal i n hydro-
per oxi de, perbenzoic acid, mchl oroperben 0|c aC|d or benzo- quinone. 14. A
opposition-according to Cla|n11 wherein the sen- sitizer c) is selected
fromthe gwRepegAnsi sting of the nono- cyclic or polycyclic hydrocarbon
-aromatics gr ,heteroaromatics, the phenopes, particularly the acetophenones
and the befz3d% Ph8Rofednd el BeHZ|Es°'tﬁe stil benes, the pol yacetyl enes,
t Qe xant hokessaaddtihabrant honbeptanel ant hmecenesr ﬁ&ﬁkﬁﬁwitﬂl m des,

particul arfy;thg pthQLhnngmthloethers and

m is an integer corresppnding to the sum of the values of

L and q,

R1 is an unsubstituted or substituted n6-benzeﬁe and

Rz is an unsubstituted or substituted cyclopentadienyl anion,
and :

¢) at least one sensitizer for the compound of the formula
I, o ' . -

and, in the case of materials polymerizable by free radical
polymerization, aLso d) an electron acceptor as an. ox1d1zlng
‘agent. _ T

_ 2. " A composttvon ~according to Claim 1, wherein an electron
RN acceptor is also. present as an ox1d1zlng agent for the =

material polyner1zable by cationic polymer1zat1on.

3. A composition according to Cla1m 1 prnghryherg1n"ghe“ifpn
compound b), or the iron compound b) and-the:oxéditing-ageht
d), are .present in.a- quant1ty of 0.1 to 15% by weight based
-on component a). ' L _ R
4. A composition according to Claim 3; wherein the weight
ratio of the iron compound b) to the oxidizing agent d) is.
from 1:10 to S:1. SR S L

5. A composition according to Claim 1, wherein the sen-
sitizer ¢c) is present'qh a quant1ty of 0.1 to 102 by werght
_based on component a), : cr s

6. A composition accord1ng to CLa1m 1, uherq1ﬂ R1 is _mono-



" - 22 the diones w-th adjacent CO groups. 15. A co ion according to
CLai m 14, wherein the sen- sitizer QL,LS~&~%hT6Y§%Fﬁ§;g a pht haLi m de,/A¢
~coumarin and particularly an anthracene. tlon according to -
'd‘élml wherein the organic rraterlal “‘\“‘mg‘& cationic ™
pol ymeri zation is an epoxy resin. ioh dccording to Cailm 1
wherein the material polynmerizabke by ffe€ radical poLyneri zation is /

mono- et hykeageal:hxeer o )S%QML?@H \AEI:LM HQS%HH@E@QL C{?W@Wﬂeréﬁsbl N

conpositio aim.1

free radlcEFﬁgggbnéfgﬁétPBn nscqzbaFFth ngﬁnzoﬁlhﬁ“ébQXQZT%ﬁgﬂ and

acrél|ctacadkynplhacayrheaaebdyorcaaﬁbxtUrecgiathﬁlﬁﬁi&§ gficaﬂ ?crylic
or 3 eria

aher ei n QEOQELP§?2¥1C aeld) Fgg%§ CE%FHYEQ ESa?h?i %t Bl %RF?X}eﬂ

wherein a aner 0 € conpos
Least one 80PHBEe of a substrate. 20. Use of the mat eri al accordlng to

Caim19 fpr thecB&QOs@UQBhOBcearEER&eeﬁ'U@a?ﬂai'ngﬁe@?ﬂ1 hf.ﬂglaph'c
recordi ng E 5 ocess for the %merl zation o eri al
pol y- neri3Y4 Fé‘sytf e@'raah‘fai‘bﬁf“ta‘f?ﬁn% heeghisIL AN ocwftnmtthe

action of €q d;E%aohyLan heggaesemﬁe,ot ac 0(@&ﬁ&¢}éﬁ c i

ropri at atin ereln_the ho 0: 1t i & xture of a)
QJ@Legst oﬁ%"|réﬁb§g E(1)ﬁnéco ?ﬁgefbrﬁﬁ fér 3 T§371° i 1 or 2

and q is 19rouBd.3, L is a divalent to heptavalent met al or non-netal, Qis

a hal ogen @{omy Ephgodnt i OhCIEEQFRIRGSPONE] N 1 P, thﬁewoj e val ugs, of L

ag ¢, formula I.

9. A composition accarding to Claim 1, uherein mis 6, L is

8, P, As or Sb, @ is F and g is 1 in the formula I.

10. A composition according to Claim 1, wherein R1 is

benzene, toluene, xylene, cumene, mesitylene, chlorobenzene,

a chlorotoluene, anisole, dimethoxybenzene, biphenyl, dodecyt-~
benzene or tetralin in the formula I.

2 is the

11. A composition according to Claim.1, wherein R
cyclopentadienyl or methylcyclopentadlenyl anion in the
formuta I.

12. A composition according to Claim 1, wherein the oxidizing
agent d) is an organic hydroperoxide, an organic peracid or

a guinone. _

13. A composition according to Claim 12, wherein the oxi-
dizing agent is tertiary butyl hydroperoxide, cumene hydro-
peroxide, triphenylimethyt hydroperoxide, tetralin hydro-
peroxide, a-methyltetralin hydéoperoxide, decalin hydro-
peroxide, perbenzoic acid, m-chloroperbenzoic acid or benzo-
quinone.

14. A composition according to Claim 1, wherein the sen-
sitizer c) is selected from the group consisting of the mono-
cyclic or polycyclic hydrocarbon aromatics or heterocaromatics,
the phenones, particularly the acetophenones and the benzo-
phenones, the benzils, the stilbenes, the polyacetylenes,

the xanthones and thioxanthones, the anthracenes, the
phthalimides, particutarly the phthalimide thioethers, and



"R is an unsubstituted or substituted [err]-benzene and * C L
S * 23 R is an unsubstituted or substi t ut ed anlon )
la%a}east one sensitizer for the conmpounds of the formila '

" Ledst one el ectron acceptor as an oxidi zi ng age nm \l “mﬂs :
pol ymeri zabl e by free radical Bolynerlzatlon printyd
10. A conposition according to clFaim 1. wherein [err] |s benzene tol ue
xyl ene, cumaaed1aasstyheneadqbkehqbcozgpgupghIorotoluene ani sol e,
dinethoxy enzen henyl, .dodecyl benzene or ra in the formula 1.
11 A conp §|t?o§b3g3593f§5 ?5°8f§¥ﬁplt°mﬁgFéPn§§& Y efﬁe"c§%?o®%mfadlenyl
or methyl cydkdpent &) diseaylthdnxenthaneheaf phibbhididd2. a AccomPOB t4Md

accor ding parehidlLialteyWaR" ghitnkaeeqyldi zing agent d) is an organic
hydroperOX|de an organi.c peracid or a quinone. 13. A conposition according
to CIa|n1li mhér§°m2?5ﬂﬁé°" according to Claim 1, wherein the organic |n
t he oxi di zmageagent potyhertizabyYebbyykabYohopepoKy fér i £46ESE Ty di@per oxi de,
tri phenyl droper- 1. A conposition contal ning:

oxi de, tet H ﬁya?gperOX|de a-nethyltetralin hy- a) a materi al
polynerlzabYe b fomposadionl acrocdingdtopetaimnde, wiecadim tiyermpesoidde,

Q\/ben20|cpglpﬂép,pgby ByZ?FEQnradxcaL p%L ? rizatjon is.a mo <9C'd

mchl or oper behzol ¢ aC| benzoqui none. east one |ron conpound of
the formul &t Yle“’ciHLYA"EoPrﬁbéf-'Ftheaé%F Y ngns dterated 1compryndn t he

slenSItlzer18). | & sehsskedlshom:EbeagﬁQUEoconsmt1719 wfdFdin the

(U o0 nonEFshIETBRREHSE L8l ePBLYEYEL. £ LER RO PRRLOYFIof 1 &

t he acet ophenbhet aﬂﬂethefbenzephemones;nthmd acrylic acid, methacrylic
acid or a mixture of the acids, or an acrylic acid ester or
methacrylic acid ester of a polyol.

19. A coated material, wherein a Layer of the composition
according to Claim 1 is applied to at Least one surface of a
substrate. _ _

20. Use of the material according to Ctaim 19 for the pro-
duction of protective coatings and as a photographic recording
material. '

21. A process for the polymerization of a material poly-
merizable by free radical ar cationic polymerization, under
the action of radiation, in the presence of a photoinitiator
and, if appropriate, with heating, wherein the photo-
initiator is a mixture of

a) at least one iron compound of the formula I

2, 1T, .+a g (1)

(Y @%reth 4 (LQm) ~e

wherein

a is 1 or 2 and q is 1, 2 or 3,

L is a divalent to heptavalent metal or non-metal,
Q is a halogen atonm, _ _ '

m is an integer corresponding to the sum of the values of
L and q,

81 is an unsubstituted or substituted né-benzene and
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: atem ;pht hal i mi des, *pa¢ titculdar by the

ais lor 2andgqg.is 1, 2 or 3, benzils, the stilbenes,

t he pol yacetyl enes, the xan- L is a divalent to . @3
non-netal ; thones and thi oxant hones, the anthrH m lgllmﬂma hal ogs
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- or substitltked feryqdasfemrenesensi tritee rs o tt ttiheecoapougda vhi dkenfhomel a a

pht hal i m dey, , agih - a coumarin
and partlculafly'qp anthrace e. is an unsubstituted or substituted

cycl opent a-¢ ﬁﬁﬁﬂ? ééé@P&PﬁgaFanIafﬁpiz‘mﬂe?%$%tdf%hyl

ani on, and the matervaL polymerizable by free trhdiongapoCynaretation.
polynenzable by cationic c) at |east one sensitizer for the conpound of the
polyneri zation is an epoxy resin. fornmula 1, and, in the case of materials
pol ynmeri zable 17. A conposition according to claim1, wherein by free

radi cal polynerization, also d) an electron ac- the nmaterial polynerizable
by free radical poly- ceptor as an oxidizing agent.

nerization is a nonoethylenically or polyethylenical- 2. A conposition

éeéording to claim1, wherein |y unsaturated conpound. an el ectron
acceptor is also present as an oxidizing 18. A conposition according to
claim1l, wherein agent. for the material polynerizable by cationic t he

material polynerizable by free radical poly- polymerization.
lzation is a partial ester of an epoxy resin and 3. A conposition
accordlng toclaim1l or 2, acrylic acid, nethacrylic acid or a

‘m xture of the wherein the iron conpound b), or the iron conpound acids,

or an acrylic acid ester or nethacrylic acid b and the oxidi zing. agent dl,
are present in a quantity ester of a polyol. of 0. 1 to 15% by wei ght

based on conponent a). 19. A coated material, wherein a | ayer of
thecom 4. A conposition according to claim3, wherein position
according to claiml is applied to at |east one the weight ratio of the
iron conpound b) to the surface of a substrate. oxidizing agent d) is
from1l: 10 to 5: 1. - 20. Use of the material according to claim
19 for 5. A conposition according to claim1, wherein t he production of

protective coatings and as a the sensitizer cl ispresent in aquantityof 0.1
to 10% - photographic recording material. by wei ght based on conponent a)
21. A process forthe polynerization of a material 6. A conposition
according to claim1, wherein pol ynmeri zabl e by free radical or cationic
pol ynerize- Rl is nonosubstituted or polysubstituted by iden- tion, under
the action of radiation, in-the presence of tical or different hal ogen
atons or [err] C a photoinitiator and, if appropriate, with heating,

Cl2-al kenyl, [err] [err] cyano, wherein the photoinitiator is a mxture
of [err] acid ester, al at |east one iron conpound of the fornula I
phenyl, [err] or benzoyl groups. 7. A conposition according to claima1,
wherein- [err] R2 is nonosubstituted ar pelysubstituted by iden-

g tical or different [err] - alkynyl, [err] acid ester, cyano, wherein
[err] or benzoyl groups. aislor 2and qis 1, 2 or

3,



.8. A conposition according to claim1, wherein a L Is adivalent to

hept aval ent netal or non- is 1 in the fornula 1.
.neLa) 9. A conposi ti on accordingtoclaim1, wher hal ogen
atom is 6, Lis B, P, As or Sh, Qui:$%F" and q |se”"'"” me'""gﬂm”ﬁ'ls an

I nt eger correspondl ng to the sum of the rruI l.
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8. Cﬂmotﬁé ey cidgentdal eyl or

R!is benzene, toluene, xylene, cumene, meSifylde,

phiorghanzanes chiasetpluane.culisle. dimethoxy-

CZ-CS, le cyano, | esb‘?‘i‘F‘ifair‘?tBSH"é's"%?fV'@"@S ordetrafindn the

11. A composntu&nqw«:ﬁlmf mclaﬁrt 1. lw‘ﬁ@é’ I:

a'nethylcvclopenta
dlenyl anion in the formula {.

anpog jon a@coqd@g_gatcla@hb wherein

in the oxidizing agent is tertiary butyl hydroperoxide,
egierendm@hyl Rydroher-

B e
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chl or ot ol USRsin |'anisole, le , ou cat i oni qu etlcs or heteroaromatics, the phenones, particularly

di n6t hoxybeagane2 addq; i1, HBY! €,
r 6pondalis adivaient fodweptavatent nhezal brdbn-@étaine.
11. Conposi Biisgyhaleeandtpm. a r evendi cation 1,

fer

| e dodecyl bent?eﬁﬂl@ the stibbhelRhd polysddt

mul ®odes and thioxanthones, the anthracenes the

car ehghalirides| Perticularly ctbe (phthalimiden thid- a

he acetophenones and the benzo z enones, the
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. values of di 14, wh
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nyl e. dansanbaquel a coumarin and particularlyJad anth/@BR&S| T 1 0N

sel on | a r efonah ‘matbmmequr s@tmnatad ckiogaita- egal
t6ri sde erfiems g&eavd oxydant st un hydro
°un per%?

eMQtl 33 )aﬂueéiﬂn&on met a4he
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A 3,

qui none.

c) at least one sens izer for th

formulal, and inthe case of ate
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Conposi ti mapﬁdscmoi-dizurrgey&mdl cation 12,

car act er i se@ef caengsjtign' agsopding

A 18.0AIcofnp@sition according to claim 1, wherein

oat?e materigk pelyypdrizable by pgtipnig
ie
Mn%ﬁ gto c[gun 1, wherein

lymenzabla free radical poly-

rte elgiml T, Iwynetmper oxy'densamn@plcmmde un atone

d' hal ogbnein electron acceptor is also presgnt ag an-qidjzing \ | ' °'d lgiena wherein
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wherein the iron compound b), or the iron compound
b) and the oxidizing agent d), are presentin a quantity
of 0.1 to 15% by weight based on component a).

4. A composition according to claim 3, wherein
the weight ratio of the iron compound b} to the
oxidizing agent d}is from 1 : 10to 5: 1.

5. A composition according to claim 1, wherein
the sensitizerc)is presentin a quantityof 0.1to 10%
by weight based on component a).

8. A composition according to claim 1, wherein
R? is monosubstituted or polysubstituted by iden-
tical or different halogen atoms or C1-Cq2-alky}, C2-
Ciz-alkenyl, €2-Ciz-alkynyl, Ci-Cg-alkoxy, cyano,
C1-Cg-alkyithio, C;-Cg-monocarboxylic acid ester,
phenyl, Ca-Cs-alkanoyl or benzoyl groups.

acrylic acid, methacryllc acid or a mixture of the
acids, or an acrylic acid ester or methacrylic acid
ester of a polyol.

19. Acoated material, wherein alayer of thecom-
position according to claim 1 is applied to atleast one
surface of a substrate.

20. Use of the material according to claim 19 for

. the production of protective coatings and as a
- photographic recording material.

21. Aprocess for the polymerization of a material
polymerizable by free radical or cationic polymeriza-
tion, under the action of radiation, in the presence of
a photoinitiator and, if appropriate, with heating,
wherein the photoinitiator is a mixture of

a) at least one iron compound of the formula |

7. A composition according to claim 1, wherein R2Ey j+a 8 —e
R? is monosubstituted or polysubstituted by iden- R WRFelhal q Q) o
tical or different Cy-Cg-alkyl, C2-Ca-alkenyl, C2-Cs-
alkynyl, C;-Ce-monocarboxylic acid ester, cyano, whaerein

C2-Cs-alkanoy! or benzoyl groups.

8. A composition according to claim 1, wherein a
is 1 in the formula J.

9. Acomposition accordingtoclaim 1, whereinm
is8,LisB, P, AsorSh,QisFandgis llnthefor-
muia |.

aistor2andqis1, 2or3,

L is a divalent to heptavalent metal or non-
metal,

Q is a halogen atom,

m is an integer corresponding to the sum of the
values of L and q,
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substituants, identiques ou différents, pris dans teurs et comme matidres d’enregistrement photo-

Fensemble constitué par les alkyles en Cy-Cg, les graphique.
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rmatiere poly- L repr6sente Uri 'rrBtaI ou a va-
_,ne%r‘l/sabl e par voie radicalaire ou catio que sous | ence peut aller

| *action d' un rayonnenent, en pr6s Lmllntmlﬂ"u”m ﬂn presen
atone d' hal ogbne, anorceur et, 6ventuel I’ errent r o-
d6ési gne un nonbre entier qU| eat bgaﬂ 152 37a somre c d6 ca’?acst er'i s6 en ce q

| e phot o- anpr ¢ ur est un ence de L et e con
RLT eprr§§ ‘f{ 55 Ja ca@%ﬁ zpuﬁ%olﬁﬁ ué ou lQn rIeﬁ:::'eé llerH: %ﬁa_’mw Gﬁta 8%30\?6 du
for r an& nflement, en (dse c@ﬂwll:lﬁt Q représente un atome d'halogéne,
R2 reprmeatret @ventuBiietantCaved GRE i@ Poe nyI e SUdgdsigne intiGmineenti@ Byi est {galb lasomme
) ( R2Fel c)édgy;ractg_nsf ErQe aug le q:oto amorceur est un de la valence db). et¥eqy noDi NS un
R! représente ‘'un n®-benzéne substitué ou non, de

sensi bi “I‘i"igﬁ( umoinsidn CTnéposéscruC?errerondﬁam a et

f or nul Gorrnule @t R2 représente un anion cyclopentadlényle substlg)
d'au noi ns un accept eur d' el ectrons comme ws éadhesente un nonbre 6gal a 1

ou a 2,lRMA%FeN.** Z-Lagxydant pour | ahmati breb)p@hymmkjb-&apapow@sewads q
represente un nonbre bgal A 1, a 2 .ou A 3.deformuleletcg| gjre

dans laquelle: c) d'au moins un accepteur d’électrons comme
a représente un nombre égal 3 1 ou a 2, oxydant pour la matiére polymérisable par voie radi-

N q représente un nombre égala 1,8 20ud 3, calaire.



