
0152377 Description The present invention relates to a hardenable com-
position consisting of a) a material polymerizable by 5 cationic or free
radical polymerization, b) an iron(II)-q6- benzene-[err]-cyclopentadienyl
complex salt, c) a sensitizer for the compounds b), and d) an electron
acceptor as an oxidizing agent for the material polymerizable by free
radical polymerization, 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 ([err]-arene)-metal complex salt 15 as the
initiator. The composition 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 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 by the simultaneous use of a sensitizer in con- 25
junction with selected (ir-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.    -2- The present invention
relates to a composition con- taining: a) a material polymerizable by free
radicaL or cationic polymerization, 5  b)  at least one iron compound of
the formula I [err] 



wherein a is 1 or 2 and q is 1, 2 or 3, L is a divalent to heptavalent
metal or non-metal, 10 Q is a halogen atom, m is an integer corresponding
to the sum of the values of L and q, [err] is an unsubstituted or
substituted [err]-benzene and R2 is an unsubstituted or substituted
cyclopentadienyl anion, 15 and c)  at Least one sensitizer for 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. Advantageously, the composition including a material hardenable by
cationic polymerization also contains an electron acceptor as an oxidizing
agent, especially when used for hardening by irradiation. 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 quantity of 0.1-15% by
weight, 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 1 to the
oxidizing agent d) is preferably 1:10 to 5:1, par- ticularly 1:1 to 5:1.
The sensitizer c) 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-[err]-arene derived from benzene, [err] 35 in the formula I
can be monosubstituted or polysubstituted    -3- by identical or different
halogen atoms or [err] [err], cyano, [err] [err] acid ester, phenyl, [err]
or benzoyl groups. 5           The cyclopentadienyl anion R2 can be
monosubstituted 



or polysubstituted by identical or different [err] [err] acid ester, cyano,
[err] or benzoyl groups. The abovementioned alkyl, alkoxy, alkylthio, mono-
10 carboxylic acid alkyl ester and alkanoyl substituents can be
straight-chain or branched. Typical alkyl, alkoxy, alkylthio,
monocarboxylic acid alkyl ester and alkanoyl substituents are,
respectively, methyl, ethyl, n-propyl, isopropyL, n-butyl, sec.-butyl,
tert.-butyl, n-pentyl, n-hexyL and n-octyl, 15 methoxy, ethoxy, n-propoxy,
isopropoxy, n-butoxy, n-hexyl- 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, butyryl and 20 vaLeroyl.  The abovementioned
alkyl, alkoxy, alkylthio and monocarboxylic acid alkyl ester groups
preferably have 1 to 4 and especially I or 2 carbon atoms in the alkyl
moieties and the abovementioned alkanoyl groups preferably have 2 or 3
carbon atoms.  When R1 is a substituted [err]-arene derived 25 from
benzene, it preferably contains one or two of the. abovementioned
substituents, especially chlorine or bromine atoms, methyl, ethyl,
propyl,isopropyl, methoxy, ethoxy, cyano or carboxylic acid methyl or ethyl
ester groups and acetyl groups. 30          Examples of suitable
[err]-arenes derived from benzene are benzene; toluene, xylenes,
ethylbenzene, methoxybenzene, ethoxybenzene, dimethoxybenzene,
p-chLorotoluene, chloro- benzene, bromobenzene, dichlorobenzene,
acetylbenzene, tri- methylbenzene, trimethoxybenzene,
1,2-dihydronaphthalene, 35 1,2,3,4-tetrahydronaphthaLene, mesitylene,
cumene, biphenyl, anisole and dodecylbenzene.  Preference is given to
benzene, toLuene, xylene, cumene, mesitylene, chLorobenzene, chloro-    4
toLuene, anisole, dimethoxybenzene, biphenyl, dodecyLbenzene or tetralin. 



[err] is preferably the cyclopentadienyl anion or a [err] cyclopentadienyL
anion, particularly the 5 methylcyclopentadienyl anion. In the formula I, a
is preferably 1. Examples of suitable metals or non-metals L are Sb, Fe,
Sn, Bi, AL, Ga, In, Ti, Zr, Sc, V, Cr. Mn and Cu;  lan- thanides such as
Ce, Pr and Nd; or actinides such as Th, 10 Pa, U or Np.  Suitable
non-metals are especially B, P and As. L is preferably P, As, B or Sb, P
being particularly pre- ferred. The halogen atom Q is preferably Cl and
particularly F. In the formula I, q is preferably 1, m is preferably 15 6,
Q is preferably F and L is preferably B, P. As or Sb. Examples of complex
anions [err] are [err], m 2- [err] [err] and [err].  The particularly
preferred complex anions are [err] and [err] . 20          The compounds of
the formula I are known or can be prepared by analogous processes. The
electron acceptors as oxidizing agent d) are preferably an organic
hydroperoxide, an organic peracid or a quinone. 25          ExampLes are:
tertiary butyl hydroperoxide, cumene hydroperoxide, triphenylmethyl
hydroperoxide, tetralin hydro- peroxide, [err]-methyltetratin
hydroperoxide, decalin hydro- peroxide, 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 1
at Least 146.5 (35) [err]  (kcal/moL). They can be selected, for example,
from the group consisting of the monocyclic or poLycyclic hydrocarbon
aromatics or heteroaromatics, the 35 phenones, particularly the
acetophenones and the benzophenones, the benzils, the'stilbenes, the
poLyacetylenes, the xanthones and thioxanthones, the anthracenes, the
phthalimides, 



particularly the phthaLimide thioethers, and the diones    -5- with
adjacent CO groups. Other suitable sentizers and examples are mentioned in
S.L. Murov, Handbook of Photo- chemistry, M. Dekker Inc., New York, pages
27 et seq. (1973). Preferred sensitizers are thioxanthones, phthalimides, 5
particuLarly phthaLimide thioethers, coumarins and anthra- cenes.  SuitabLe
phthalimide thioethers are described in patent documents DE-A-31 17 589 and
EP-A-0,062,615. Suitable thioxanthones are described, for example, in
patent documents DE-A-30 18 891 and EP 0,033,720. 10          Particularly
preferred sensitizers are unsubstituted or substituted anthracenes or
mixtures of such anthracenes. They can correspond to the formuLa II [err]
wherein R3 to R8 independently of one another are a 15 hydrogen atom,
haLogen, cyano, Linear or branched [err] aLkyl, [err] or [err] cyctoalkyl
which is unsubstituted or substituted by C1-C6- aLkyL, Linear or branched
[err] aralkyl, [err] [err] 20 wherein n is a number from I to 18, R9 is
Linear or branched [err] which-is unsubstituted or substituted by [err]
[err] or a metaL    -6- cation, R10 and R   independently of one another
are a hydrogen atom, [err] or [err] or [err] and [err] together are
tetramethylene, pentamethylene or 3-oxapentylene, and Z is a hydrogen atom
or [err] 5  alkyt. 



In a preferred embodiment, at least one of the radicals [err] to [err] is
one of the substituents defined previously. In another embodiment, [err]
and [err] are a hydrogen atom and R and/or [err] are [err] or 10 [err]. In
another preferred embodiment, R4 and R  to [err] are a hydrogen atom and R
and [err] are one of the substituents defined previously, R3 being bonded
especi- aLly in the 6-position or 7-position and R5 in the 2- position. 15
Halogen R3 to R  are preferably chlorine, ethyl, alkoxy and alkylthio [err]
to [err] preferably contain 1 to 12 and particularly 1-6 C 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 [err] are preferably 20
phenylalkyl having especially 7 to 12 C atoms. The number n is preferably I
to 12 and particuLarly 1 to 6.  Alkyl R9 preferably contains 1 to 12 and
particularly 1 to 6 C atoms and cycloalkyl R9 preferably contains 5 or 6
ring carbon atoms.  Aryl R9 is preferably phenyl, alkaryl 25 R9 is
preferably [err] aralkyl R9 is preferably [err] to C12-phenylalkyL and
alkaralkyL R9 is preferably [err]  Metal cation R9 is. preferably selected
from the alkaL-i metal and alkaline earth metal group, for example Mg, Ca,-
K and particularly Na. 30          AlkyL [err] and R11 preferably contain 1
to 12 and particularly I to 6 C atoms.  Cycloalkyl R10 and R preferably
contain 5 or 6 ring carbon atoms. Alkyl Z pre- ferably contains I to 12 and
particularly 1 to 6 C atoms. Examples of alkyl, alkoxy and alkylthio are:
methyl, 35 ethyl, n-propyL, i-propyl, n-butyl, i-butyl, t-butyl, 1-, 2- or
3-pentyl, 1-, 2- or 3-hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl,
tetradecyl, hexadecyL or octadecyl and    -7- corresponding alkoxy and
aLkylthio radicals. Examples of cycloalkyl are: cyclopentyl, methyL- 



cyclopentyl, cyclohexyl and methylcyclohexyl. Examples of alkenyL are:
allyl and prop-1-enyl. 5          ExampLes of aryl, aralkyl, alkaryl and
alkaralkyl are: phenyl, benzyl, 2-phenylethyl, methylphenyl, ethyl- phenyl
and methyLbenzyl. Some of the compounds of the formuLa II are known. Novel
compounds of the formula II can be obtained by known 10 processes, for
example by FriedeL-Crafts alkylation reactions carried out on anthracene or
substituted anthracenes. Examples are: perylene, 3,4-benzopyrene, 1,12-
benzperylene, pyrene, pentaphene, 1,2-benzopyrene, fluoro- anthrene,
1,2-benzochrysene, 1-aminonaphthalene, coronene, 15 1-nitronaphthalene,
3,4-benzofluorene, 2,2'-binaphthyl, 1-naphthaldehyde, 5,6-benzochrysene,
1-acetylnaphthalene, 3,4,5,6-dibenzophenanthrene,, chrysene, 1,2- and
2,3-benzo- fluorene, 1-benzoylnaphthaLene, 1-naphthonitrile, naphthalene-
1-carboxylic acid, 1,2,6,7-dibenzopyrene, 9-acetylphenanthrene, 20
1-naphthoL, 1-iodonaphthalene, 2-phenyLnaphthaLene, 3,4- benzophenanthrene,
3-acetylphenanthrene, 1-bromonaphthalene, 1-chLoronaphthalene,
2-naphthonitrile, acenaphthene, 2- naphthaldehyde, naphthalene-2-carboxylic
acid, 2-acetyL- naphthalene, 2-benzoylnaphthalene, 1-methylnaphthalene, 25
1-methoxynaphthaLene, 1-fluoronaphthalene, 2-iodonaphthalene,
2-bromonaphthaLene, 2-chloronaphthaLene, 2-naphthol, 2- methylnaphthaLene,
naphthalene, phenanthrene, anthraquinone, triphenyLene, 4-benzoylpyridine,
2-benzoylpyridine, fLuorene, 3-benzoylpyridine,. carbazoLe,
4-acetylpyridine, 4-methoxy- 30 benzaldehyde, 4-methylbenzaldehyde,
benzaldehyde, anthrone, 1-tetraLone, 4-phenylacetophenone,
3,4-methylenedioxyaceto- phenone, 4-cyanoacetophenone,
[err]-chloroacetophenone, 3,4,5- trimethylacetophenone,
3,5-dimethylacetophenone, 4-bromo- acetophenone, 4-methoxyacetophenone,
3,4-dimethylacetophenone, 35 triphenylmethylacetophenone,
4-chLoroacetophenone, 4-tri- fluoromethyLacetophenone,
2,4,6-trimethylacetophenone, 3- methoxyacetophenone, 3-methyLacetophenone,
3-bromoacetophenone,    



-8  - 4-methylacetophenone, 3-cyanoacetophenone, 3-trifluoro-
methyLacetophenone, acetophenone, allylacetophenone, benzo- phenone,
4-phenylbenzophenone, 4,4'-bisdimethylaminobenzo- phenone,
4-cyanobenzophenone, 4,4'-dichLorobenzophenone, 4- 5
trifluoromethyLbenzophenone, 3-methoxybenzophenone, 4-chLoro- benzophenone,
3-chLorobenzophenone, 4,4'-dibromobenzophenone, 4-methoxybenzophenone,
3,4-dimethyLbenzophenone, 4-methyL- benzophenone, 2-methylbenzophenone,
4,4'-dimethylbenzo- phenone, 2,5-dimethyLbenzophenone,
2,4-dimethyLbenzophenone, 10 4-fluorobenzophenone, orthobenzyLbenzophenone,
4,4'-dimethoxy- benzophenone, 2-phenylbutyrophenone,
[err]-phenyLpriophenone, propiophenone, valerophenone, butyrophenone,
benziL, trans-stilbene, cis-stilbene, diphenyLtetraacetylene, tetra-
acetyLene glycoL, diethyltetraacetylene, diphenylacetylene, 15 xanthone,
thioxanthone, 2-isopropylthioxanthone, 2-chLoro- thioxanthone,
2-dodecyLthioxanthone, 1-methoxycarbonyL- thioxanthone,
2-ethoxycarbonylthioxanthone, 3-(n-methoxy- ethoxycarbonyL)thioxanthone,
4-butoxycarbonylthioxanthone, 1-cyano-3-chLorothioxanthone,
2-ethoxycarbonyl-3-nitrothio- 20 xanthone, anthracene, 1-chLoroanthracene,
2-methylanthracene, 9-methyLanthracene, 2-tert.-butyLanthracene, 9-methoxy-
anthracene, 9,10-dimethoxyanthracene, 2,6- or 2,7-dimethyL- anthracene,
2-t-butyLanthracene, 2,6- or 2,7-di-t-butyL- anthracene,
2-(methoxycarbonylmethyL)anthracene, 2-(5- 25
methoxycarbonyL-2-methyLpent-2-yL)anthracene, 2,6- or 2,7-
di(5-methoxycarbonyl-2-methylpent-2-yl)anthracene  1,2- benzanthracene,
1,2,3,4-dibenzanthracene, 1,2,5,6-dibenzo- anthracene,
1,2,7,8-dibenzoanthracene, 3-thiophenyL- phthaLimide,
N-methyl-4-thiophenylphthaLimide, 2,3-butane 30 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 possibLe 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 include: 



1. Monoolefins and diolefins, for example isobutylene, butadiene, isoprene,
styrene, [err]-methylstyrene, divinyLbenzenes, N-vinylpyrrolidone,
N-vinylcarbazole and acrolein. 2. Vinyl ethers, for example methyl vinyl
ether, isobutyl 5   vinyL ether, trimethylolpropane trivinyl ether and
ethylene glycoL divinyl ether; and cyclic vinyl ethers, for example
3,4-dihydro-2-formyl-2H-pyran (acrolein dimer) and the 3,4-
dihydro-2H-pyran-2-carboxylic acid ester of 2-hydroxymethyl-
3,4-dihydro-2H-pyran. 10  3.  Vinyl esters, for example vinyl acetate and
vinyl stearate. II. Heterocyclic compounds polymerizable by cationic poly-
merization, for exampLe ethylene oxide, propylene oxide, epichlorohydrin,
glycidyl ethers of monohydric alcohols or phenols, for example n-butyl
glycidyL ether, n-octyL 15 glycidyl ether, phenyl glycidyl ether and cresyl
glycidyl ether; glycidyl acrylate, glycidyl methacrylate, styrene oxide and
cyclohexene oxide; oxetanes such as 3,3-dimethyl- oxetane and
3,3-di(chloromethyl)oxetane; tetrahydrofuran; dioxolanes, trioxane and
1,3,6-trioxacyclooctane; lactones 20  such as [err]-propiolactone,
-valerolactone and E-caprolactone; thiiranes such as ethylene sulfide and
propylene sulfide; azetidines such as N-acylazetidinese for example
N-benzoyL- azetidine, as well as the adducts of azetidine with diiso-
cyanates, for example toLuylene-2,4-diisocyanate and 25
toluylene-2,6-diisocyanate and 4,4'-diaminodiphenylmethane diisocyanate;
epoxy resins; and 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 importance
among these abovementioned polymerizable compounds are the epoxy resins and
especiaLly the diepoxides and polyepoxides and epoxy resin prepolymers of
the type used to prepare crosslinked epoxy resins. The diepoxides and
polyepoxides can be aliphatic, cycloaliphatic 35 or aromatic compounds.
Examples of such compounds are the 



glycidyl ethers and [err]-methylglycidyl ethers of aliphatic or
cycloaliphatic diols or polyols, for example those of    - 10 - ethylene
glycol, propane-1,2-dioL, propane-1,3-dioL, butane- 1,4-diol, diethylene
glycol, polyethylene glycol, poly- propylene glycol, glycerol,
trimethylolpropane or 1,4-di- methylolcyclohexane or of
2,2-bis(4-hydroxycyclohexyl)- 5   propane and
NN-bis(2-hydroxyethyl)aniLine;  and the glycidyl ethers of diphenols and
polyphenols, for example resorcinol, 4,4'-dihydroxydiphenylmethane,
4,4'-dihydroxydiphenyl-2,2- propane, novolaks and
1,1,2,2-tetrakis(4-hydroxyphenyL)- ethane. Further examples are N-glycidyL
compounds, for 10  example the diglycidyl compounds of ethyLeneurea, 1,3-
propyleneurea, 5-dimethylhydantoin or 4,4'-methylene-5,5'-
tetramethyldihydantoin, or those Like triglycidyL isocyan- urate. Other
glycidyl compounds of industrial importance 15  are the glycidyl esters of
carboxylic acids, especially dicarboxylic and polycarboxylic acids.
Examples of these are the glycidyl 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-
dioxaspiro[5,5]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 may 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: II.  MethyLoL compounds:    1.  Aminoplasts
such as the N-hydroxymethyl, N-methoxymethyl, N-n-butoxymethyl and
N-acetoxymethyl derivatives of amides or related compounds, for example
cyclic ureas such as ethyleneurea (imidazolidin-2-one), hydantoin, urone
(tetra- 5   hydrooxadiazin-4-one), 1,2-propyleneurea (4-methylimidazoL-
idin-2-one), 1,3-propyleneurea (hexahydro-2H-pyrimidin-2-one),
hydroxypropyleneurea (5-hydroxyhexahydro-2H-pyrimidin-2-one),
1,3,5-melamine and other polytriazines such as acetoguanamine,
benzoguanamine and adipoguanamine. 10           If desired, it is also
possibLe to use aminoplasts which contain both N-hydroxymethyl and
N-alkoxymethyl groups or both N-hydroxymethyl and N-acetoxymethyl groups
(for example a hexamethylolmeLamine in which I to 3 of the hydroxyL groups
are etherified with methyl groups). 15           Preferred aminopLasts are
the condensation products of urea, urone, hydantoin or melamine with
formaldehyde, and partially or completely etherified products of these con-
densation products with an aliphatic monohydric alcohol having I to 4
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- chlorophenol, a phenol
substituted by one or two alkyl 25  groups each having I to 9 carbon 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 condensed with the phenol is preferably formaldehyde, but
other aldehydes, such as 30  acetaLdehyde and furfurol, are also possible.
If desired, 



a mixture of hardenabLe phenol/aLdehyde resins of' these types can be used.
The preferred resols are condensation products of phenol ,p-chlorophenol,
resorcinol or o-, m- or p-cresoL 35  with formaldehyde. Suitable organic
materials polymerizable by free radical polymerization are, in particular,
monothylenically    -12- or polyethylenically unsaturated compounds.
Examples are: styrene, vinylpyridine, vinyl acetate, divinylbenzene, vinyl
ether, acrylamide,. methacrylamide, bisacrylamide, bismeth- acrylamide and
unsaturated polyesters, especially those based 5   on maleic acid.
Preferred materials are the esters or amides of acrylic acid and/or
methacrylic acid with Linear or branched alcohols or polyols or,
respectively, with mono- amines or polyamines.  Partial esters may also be
used in the case of the polyols and polyamines. 10           ExampLes of
polyamines are ethylenediamine, propylene- diamine, butylenediamine,
hexylenediamine, phenylenediamine, benzylenedi amine, naphthylenedi amine,
diethylenetri ami ne, triethylenetetramine and diaminoethyl ether. Examples
of polyols are linear and branched alkylenediols such as ethylene- 15
dioL, propyLenediol, 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. Examples of suitable alcohols and monoamines are
25 methanol, ethanol, propanol, butanol, pentanol, hexanol, heptanol,
octanol, 2-ethylhexanol, cyclohexanol, phenol, glycidol, methylamine,
dimethyLamline and ethylamine. 



Preferred organic materials polymerizable by free radical polymerization
are partial esters- of epoxy resins 30  and acrylic acid, 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
Liquefaction of    -13- solid polymerizable organic materials, if
appropriate with the addition of suitable solvents, in the dark or under
red Light, heating to temperatures above their glass transition
temperature, the addition of components b) and c) and if 5   appropriate
d), and cooling of the mixtures formed.  If desired, the resulting
glass-Like products can then be comminuted. Inhomogeneous glass-like
products can be obtained, for example, by mixing glass-Like polymerizable
materials in powder form with components b) and c) and if 10 appropriate
d). The compositions according to the invention are stable, and thus
capable of being stored, at room temperature and under yellow Light
conditions. They can be hardened directly by the action of heat,
advantageously at temperatures 15 near the melting point or decomposition
point of components b) and c) 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 essential advantage of the composition according to the invention which
contains component d) is that it can be hardened by the action of
radiation, complete hardening generally being 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 organic
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 the formula I [err]    -14- wherein a is I or 2
and q is 1, 2 or 3, L is a divalent to heptavalent metal or non-metal, Q is
a halogen atom, 5   m is an integer corresponding to the sum of the values
of L and q, [err]  an unsubstituted or substituted   [err]-benzene and
[err] is an unsubstituted or substituted cyclopentadienyl anion, 10  b)  at
least one sensitizer for the compound of the formula I and c)  at Least one
electron acceptor as an oxidizing agent, 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, argon Lamps, tungsten lamps, carbon arcs, metal 20 haLide
lamps and metal arc lamps such as low-pressure, medium-pressure and
high-pressure mercury discharge lamps. 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 factors including, 



25 for example, the polymerizable organic material, 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 convection ovens. If short heating or reaction times are 30
required, the heating can be effected by exposure with, for example, IR
radiation, IR lasers or microwave devices. The polymerization temperatures
are in the range from room tem- perature to about [err]. The compositions
according to the invention can also 35 contain other known additives
normally used in the tech- nology of photopolymerizabLe materials. Examples
of these additives are pigments, dyes, fillers-and reinforcements,    - 15
- - glass fibres and other fibres, flame retardants, antistatic agents,
flow controL agents, antioxidants and Light stabili- zers, as well as
conventional photoinitiators such as aceto- phenones, acylphosphine oxides
or aromatic ketones. To 5   improve the final properties of epoxy resins,
it is possible to incorporate polyfunctional hydroxyl compounds, for
example those described in German Offenlegungsschrift 26 39 395. To
increase the storage stability in the dark, the hardenabLe compositions can
contain weak organic bases such 10  as nitriles, amides, lactones or urea
derivatives.  To pre- vent premature reaction through unintentional
exposure, small quantities of UV absorbers and/or organic dyes can be
added. The composition according to the invention can be applied by usual
methods to at least one surface of a sub- 15  strate.  The coated material
also forms a subject of the invention. Examples of suitable substrates are
metals and metalloids, 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  layers and passivating
layers by exposure, and this forms a further subject of the invention. 



If, on exposure, only part of the coating is irradia- ted through a
photomask, the unexposed areas can subse- quently be removed with a
suitable solvent.  Thus, the coated 25  material is also suitable as a
photographic recording material, for the production of printing plates and
particularLy printed circuits, and as a solder resist.- The use as a
photographic recording materiaL aLso forms a subject of the present inven-
tion. 30           The compositions according to the invention which
contain a material polymerizable by cationic polymerization and which do
not contain any oxidizing agents d) can be hardened by processes described
in patent document EP-A-O, 094,915.  These compositions 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 resulting activated    - 16 -- precursors then being
hardened by the action of heat, for example at temperatures from about 50
to [err] If irradia- tion is carried out through a photomask, photographic
images can be produced. The irradiation time is approximately bet- 5   ween
5 and 60 seconds and the thermal hardening time is approximately between 30
seconds and 5 minutes.  These com- positions according to the invention are
characterized by a high photosensitivity. The compositions according to the
invention can aLso 10 be used as adhesives or for the manufacture of
putties, fillers or fibre-reinforced composites and Laminates. The
compositions according to the invention have a high photosensitivity, which
also means short exposure times for the hardening process. Initiators
having a cationic 15 action and a free radical action are produced
simultaneously on exposure, which broadens 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
illustrate the invention in greater detail. 25  Example a:
([err]-Toluene)([err]-cyclopentadienyl)iron(II) hexafluorophosphate is
prepared according to Bull. Soc. Chim. France, 2572 (1975). E-xampLe b:
([err]-Anisole) ([err]-cyclopentadienyl)iron(II) hexafluorophosphate is
prepared according to Dokl. Akad. 30  Nauk SSSR, 175, 609 (1967). Example
c:  ([err]-p-Dimethoxybenzene)( [err]-cyclopenta- dienyl)iron(II)
tetrafluoroborate is prepared according to J. Chem. Soc. C, 116 (1969).
Example d:  ([err]-p-Chlorotoluene)( 5-cyclopentadienyl)- 35 iron(II)
hexafluorophosphate is prepared according to J. Organomet. Chem. 20, 169
(1969). Example e:  ([err]-Isopropylbenzene)([err]-cycLopentadienyl)-    17
- iron(II) hexafluorophosphate is prepared according to C.R. Acad. Sc.
Paris, Ser. C, 272, 1337 (1971). Example f:  ([err]
-Isopropylbenzene)([err]-cycLopentadienyl)- iron(lI) hexafluoroantimonate
is prepared according to 5   Example e, but using potassium
hexafluoroantimonate. Example g:
([err]-Isopropylbenzene)([err]-cyclopentadienyl)- iron(II)
hexafluoroarsenate is prepared according to Example e, but using potassium
hexafluoroarsenate. Example h:
([err]-Biphenyl)([err]-cycLopentadienyl)iron(II) 10  hexafluorophosphate is
prepared according to J. Chem. Soc. Chem. Comm. 907 (1972). Example i:  (
6-Tetrain)( 5-cycLopentadienyl)iron(II) hexafLuorophosphate is prepared
according to J. Organomet. Chem. 101, 221 (1975). 15  Application Examples 



Example 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 (
6-toluene)([err]-cycLopentadienyL)iron(II) hexafluorophosphate
(prepared-according to Example a), 0.25 g 20  (1.3 x 103 mol) of
9-methylanthracene and 4 g of 1- acetoxy-2-ethoxyethane is applied to a
copper-coated epoxy board with a 25 nm wire doctor. The initially wet film
is dried at [err] ( dry film thickness approx. 15  nm). The photo-polymeric
board-prepared in this way 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 seconds and the exposed board is then 30  hardened for 2 minutes
at [err]  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 (arene-ferrocenium complex)
is always 2.5 per cent    by weight based on the epoxycresol novolak, and
the cor- responding sensitizer concentration is always 1.3 mmoL based on
the epoxycresol novoLak. Exposure is carried out for 10, 20 and 30 seconds
in each case.    - 19 -- [err]    - 20 - 



What is claimed is: 1.  A composition containing: a) a material
polymerizable by free radical or cationic polymerization, b) at Least one
iron compound of the formula I [err] 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 atom,
m is an integer corresponding to the sum of the values of L and q, [err] is
an unsubstituted or substituted [err]-benzene and R2 is an unsubstituted or
substituted cyclopentadienyL anion, and c) at Least one sensitizer for the
compound of the formula and, in the case of materials polymerizable by free
radical polymerization, also d) an electron acceptor as an.oxidizing agent.
2. A composition according to Claim 1, wherein an electron acceptor is aLso
present as an oxidizing. agent for the material polymerizable by cationic
polymerization. 3.  A composition according to Claim I or 2, wherein the
iron compound b), or the iron compound b) and the oxidizing agent d), are
present in 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 1:10.to 5:1. 5.  A
composition according to Claim 1, wherein the sen- sitizer c) is present in
a quantity of O.1 to 10% by weight .based on component a). -... 6.  A
composition according to Claim 1, wherein [err]          is mono-
substituted or polysubstituted by identical or different halogen atoms or
[err] 



[err] aLkynyl, [err] cyano, [err] monocarboxylic acid ester, phenyl, [err]
or benzoyl groups. 7.  A composition according to Claim 1, wherein R2 is
mono- substituted or polysubstituted by identical or different [err]
monocarboxylic acid ester, cyano, [err] or benzoyl groups. 8. A composition
according to CLaim 1, wherein a is 1 in the formula I. 9.  A composition
according to Claim 1, wherein m is 6, L is B, P, As or Sb, Q is F and q is
1 in the formuLa I. 1 10. A composition according to Claim 1, wherein R is
benzene, toluene, xylene, cumene, mesitylene, chlorobenzene, chlorotoluene,
anisole, dimethoxybenzene, biphenyl, dodecyl- benzene or tetraLin in the
formuLa I. 11.  A composition according to Claim 1, wherein R  is the
cyclopentadienyL or methylcycLopentadienyl anion in the formula I. 12.  A
composition according to Claim 1, wherein the oxidizing agent d) is an
organic hydroperoxide, an organic peracid or a quinone. 13. A composition
according to CLaim 12, wherein the oxi- dizing agent is tertiary butyl
hydroperoxide, cumene hydro- peroxide, triphenylmethyl hydroperoxide,
tetralin hydro- peroxide, a-methyltetralin hydroperoxide, 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 heteroaromatics, the phenones, particularly the acetophenones
and the benzo- phenones, the benzils, the stilbenes, the polyacetylenes,
the xanthones and thioxanthones, the anthracenes, the phthalimides,
particularly the phthalimide thioethers, and  



- 22 the diones with adjacent CO groups. 15. A composition according to
CLaim 14, wherein the sen- sitizer c) is a thioxanthone, a phthaLimide, a
coumarin and particularly an anthracene. 16. A composition according to
Claim 1, wherein the organic material polymerizable by cationic
polymerization is an epoxy resin. 17. A composition according to Claim 1,
wherein the material polymerizable by free radical poLymerization is a
mono- ethylenically or poLyethyLenically unsaturated compound. 18. A
composition according to Claim 17, wherein the material polymerizable by
free radical polymerization is a partial ester of an epoxy resin and
acrylic acid, methacrylic acid or a mixture of the acids, or an acrylic
acid ester or methacrylic acid ester of a poLyo. 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
Claim 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 or 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 [err] [err] 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 atom, m is an integer corresponding to the sum of the values of L
and q, 



R  is an unsubstituted or substituted [err]-benzene and    * C    L    M
S  * 23 R  is an unsubstituted or substituted cyclopentadienyl anion, b)
at Least one sensitizer for the compounds of the formuLa I, and c)  at
Least one electron acceptor as an oxidizing agent for the material
polymerizable by free radical polymerization.    24 0 152 377 As printed
10. A composition according to claim 1. wherein [err] is benzene, toluene,
xylene, cumene, mesitylene, chlorobenzene, chlorotoluene, anisole,
dimethoxy- benzene, biphenyl, dodecylbenzene or tetralin in the formula 1.
1 1. A composition according to claim 1, wherein R2 is the cyclopentadienyl
or methylcyclopenta- dienyl anion in the formula 1. 12. A composition
according to claim 1, wherein the oxidizing agent d) is an organic
hydroperoxide, an organic peracid or a quinone. 13. A composition according
to claim 12, where- Claims                                              in
the oxidizing agent is tertiary butyl hydroperoxide, cumene hydroperoxide,
triphenylmethyl hydroper- 1. A composition containing:
oxide, tetralin hydroperoxide, a-methyltetralin hy- a) a material
polymerizable by free radical or ca-  droperoxide, decalin hydroperoxide,
perbenzoic tionic polymerization,                              acid,
m-chloroperbenzoic acid or benzoquinone. b) at least one iron compound of
the formula I      14. A composition according to claim 1, wherein the
sensitizer c) is selected from the group consisting [err]
(1)        of the monocyclic or polycyclic hydrocarbon aroma- q
tics or heteroaromatics, the phenones, particularly wherein
the acetophenones and the benzophenones, the 



a is 1 or 2 and q is 1, 2 or 3,                   benzils, the stilbenes,
the polyacetylenes, the xan- L is a divalent to heptavalent metal or
non-metal,  thones and thioxanthones, the anthracenes, the Q is a halogen
atom,                              phthalimides, particularly the
phthalimide thio- m is an integer corresponding to the sum of the   ethers,
and the diones with adjacent CO groups. values of L and q,
15. A composition according to claim 14, where- [err] is an unsubstituted
or substituted [err]-benzene  in the sensitizer c) is a thioxanthone, a
phthalimide, and                                                 a coumarin
and particularly an anthracene. R2 is an unsubstituted or substituted
cyclopenta-   -  1 8. A composition according to claim 1, wherein dienyl
anion, and                                   the organic material
polymenzable by cationic c) at least one sensitizer for the compound of the
polymerization is an epoxy resin. formula 1, and, in the case of materials
polymerizable  17. A composition according to claim 1, wherein by free
radical polymerization, also d) an electron ac-  the material polymerizable
by free radical poly- ceptor as an oxidizing agent.
merization is a monoethylenically or polyethylenical- 2. A composition
according to claim 1, wherein    ly unsaturated compound. an electron
acceptor is also present as an oxidizing  18. A composition according to
claim 1, wherein agent for the material polymerizable by cationic    the
material polymerizable by free radical poly- polymerization.
merization is a partial ester of an epoxy resin and 3. A composition
according to claim 1 or 2,       acrylic acid, methacrylic acid or a
mixture of the wherein the iron compound b), or the iron compound  acids,
or an acrylic acid ester or methacrylic acid b and the oxidizing agent dl,
are present in a quantity  ester of a polyol. of 0. 1 to 15% by weight
based on component a).       19. A coated material, wherein a layer of
thecom- 4. A composition according to claim 3, wherein     position
according to claim I is applied to at least one the weight ratio of the
iron compound b) to the     surface of a substrate. oxidizing agent d) is
from 1: 10 to 5: 1.          -  20. Use of the material according to claim
19 for 5. A composition according to claim 1, wherein    the production of
protective coatings and as a the sensitizer cl ispresent in aquantityof 0.1
to 10%  - photographic recording material. by weight based on component a).
21. A process forthe polymerization of a material 6. A composition
according to claim 1, wherein    polymerizable by free radical or cationic
polymerize- R1 is monosubstituted or polysubstituted by iden-   tion, under
the action of radiation, in the presence of tical or different halogen
atoms or [err] Cr  a photoinitiator and, if appropriate, with heating,
C12-alkenyl, [err] [err] cyano,   wherein the photoinitiator is a mixture
of [err]  acid ester,     al at least one iron compound of the formula I
phenyl, [err] or benzoyl groups. 7. A composition according to claim 1,
wherein     [err] R2 is monosubstituted or polysubstituted by iden-
q tical or different [err] - alkynyl, [err] acid ester, cyano,    wherein
[err] or benzoyl groups.                     a is 1 or 2 and q is 1, 2 or
3, 



8. A composition according to claim 1, wherein a    L Is a divalent to
heptavalent metal or non- is 1 in the formula 1.
metal, 9. A composition accordingtoclaim 1, wherein m      0 is a halogen
atom, is 6, L is B, P, As or Sb, Q is F and q is   in the for-  m is an
integer corresponding to the sum of the mule I.
-   values of L and q,    '    *  C   L   M   S * 0 152 377 [err] is an
unsubstituted or substituted [err]  alcenyles en C2-CS, les alcynyles en
C2-CS. les radi- and                                                 caux
d'esters d'acides monocarboxyliques en [err] is an unsubstituted or
substituted cyclopenta-  CZ-CS, le cyano, les alcanoyles en C2-Cs et le
ben- ienyl anion,                                       zoyle. b) at least
one sensitizer for the compounds of the  8. Composition solon la
revendication 1, caracte- formula 1, and
risbe en co que l'indice a, dans la formule 1, repre- c) at least one
electron acceptor as an oxidizing  sente le nombre 1. agent for the
material polymerizable by free radical  9. Composition selon la
revendication 1, caracte- polymerization.
risee en co quo, dans la formule 1, m est egal 3 8, L represente 8, P, As
ou Sb, Q repr6sente F, et q est egal A 1. Revendications
1 0. Composition solon la revendication 1, carac- terisde en ce quo, dens
la formule 1. RI reprdsente le 1. Composition qui contient:
benzene. le toluene, le xylbne, le cumene, le mdsity- a) une matibre
polymerisable par voie radicalaire  lene, le chlorobenzbne, le
chlorotoluene, I'anisole, le ,  ou cationique.
dim6thoxybenzene, le biph6nyle, le dodecylbenzene b) au moins un compose du
fer r6pondant A la for-  ou la t6traline. mule l:
11. Composition selon la revendication 1, carac- terisee en ce que, dans la
formule 1, R2 represente [(R1)(R2Fe )  -l+a .Lm)'                (Il
I'anion cyclopentadi6nyle ou l'anion-cyclopentadie- q
nyle. dans laquelle:                                        12. Composition
selon la revondication 1, carac- a est egal A 1 ou A 2,
t6risde en ce que l'oxydant Id) est un hydroperoxyde q est egal A 1, A 2 ou
A 3,                        organique, un peracide organique ou une
quinone. L reprdsente un m6tal ou un non-metal dont la       13.
Composition solon le revendication 12, valence peut aller de 2 A 7,
caracteriseeen cequel'oxydantestl'hydroperoxyde a represente un atome
d'halogbne,                 de tert-butyle, I'hydroperoxyde de cumene,
I'hydro- m represente un nombre entier qui est egal A Is    peroxyde de
triph6nylmethyle, I'hydroperoxyde de 



somme de la valence de L et de q,                   tetraline,
I'hydroperoxyde  d't-m6thylt6traline, RI represente un qG-benzbne substitu6
ou non, et    .   I'hydroperoxyde de d6caline, I'acide perbenzoique, R2
represente un anion cyclopentadi6nyle substi-   I'acide
m-chloro-perbenzoique ou la benzoquinone. tu6 ou non,
14. Composition selon la revendication 1, carac- c) au moins un
sonsibilisateur pour le compos6 de  terisde on ce quo le sonsibilisateur Ic
est choisi dans formule 1, et, das le cas de matibres polymerisables
l'ensemble constitue par les hydrocarbures arornati- par voie radicalaire,
ques et les composes aromatiques heterocycliques dl un accepteur
d'electrons en tant qu'oxydant.   comportant un ou plusiours cycles, les
phenones, en 2. Composition selon la revendication 1, caracte-  particulier
les acetophenones et lea benzophenones, risee en co quelle contient
egalement, pour Ia      lea benziles, les stilbenes, les polyacetylenes,
les matiere polym6esable par voie cationique, un accep-  xanthones et
thioxanthones, les anthracines, lea tour d'electrons comme oxydant.
phtalimides, en particulier lea thilothers phtalimidi- 3. Composition selon
lune des revendications 1    ques, et les diones A radicaux -CO- voisins.
et 2, caract6risee en ce quo le compos6 du for lb) ou  15. Composition
solon la revendication 14, '  le compose du for lb) et l'oxydant (d) sont
presents  caract6risee en co quo le sensibilisateur Ic) eot une en une
quantite de 0,1 a 15% on poids par rapport a  thioxanthone, une phtalimide,
une coumarine ou, Ia composante (a).
mieux, un anthracAno. 4. Composition salon In revendication 3, caract6-   1
6. Composition solon la revendication 1, carac- ris6e en ce quo Is rapport
pond6ral du compos0 du for  tdrisde en co quo la matiAro organique
polymerisable (b) A l'oxydant dl est compris entro 1: 10 et 5: 1.  par voie
cationique est une rdsine epoxidique. 5. Composition solon la rovwndkcation
1, caract6-   17. Composition salon Ia revendication 1, carac- risee en ce
quo Is soneibilisateur (c) eat pr0sent on  tdris~e en ce quo Ia matiAre
polym6risable par voie une quantit de 0,1 a 10% en poids par rapport A la
radicalaire est un compos6 monothyldnique ou composanto (a).
poly6thyl6nique. 6. Composition solon Ia revendication 1, caract6-   18.
Composition solon la revendication 17, risee on ce quo R1 porte un
substituant ou plusieurs  caractdris60 en co quo la matibre polymerisable
par substituants, identiques ou diff6rents, pris dans   voie radicalaire
eat un ester partiel form6 par une l'ensemble constitu par los
atomesd'halogenes, les  rsine 6poxydique et I'acide acrylique, I'acide
alkyles en CI-C12, les alcinyles en C2-CI2, les     mdthacrylique ou un
mdlange de ces acides, ou eat alcynyles en C2-C12, les alcoxy en C1-Cg, Is
cyano,  un ester acrylique ou m6thacrylique d'un polyol. les alkylthbo en
C1-Cs, los radicaux d'esters d'addes  19. Matiere revetue caracterisee on
ce qu'une monocarboxyliques en C2-C6, Is phenyle, lfs alca-   couche dela
composition solon la revendication 1 eat noyles en C2-CS et le benzoyle.
appliqudo sur au moins une surface d'un support. 7. Composition solon Ia
revwndication 1, caracte-   20. Application de Ia matiure selon Is
revendica- risde en co quo R2 porte un substituant ou plusleurs  tion 19
pour Is realisation de rev~toments protec- substituants, identiques ou
difflrents, pris dans   tours et comm. matibres d'enregistroment photo-
I'ensemble constitu0 par les alkyles on CI-Cs, les    -   graphique.  



0 152 377          *M                   * 21. Procedd pour polymdriser une
rmatiere poly-      L repr6sente Uri m6tal ou un non-m6tal dont la va-
merisable par voie radicalaire ou cationique, sous   lence peut aller de 2
a 7. I'action d'un rayonnement, en pr6sence d'un photo-     Q represente un
atome d'halogbne, amorceur et, 6ventuellement, avec chauffage, pro-      m
d6signe un nombre entier qui eat bgal a la somme c6d6 caracteris6 en ce que
le photo-amorceur est un  de la valence de L et de q, melange constitu6:
R1 repr6sente un Tie-benzbne substitu6 ou non, a) d'au moins un compos6 du
for rbpondant & la      et formulo l:
R2 represente un anion cyclopentadienyle substi- tu6 ou non, I(R1
)(R2Fel),a+. a (LQ,,,)-q                          b) d'au moins un
sensibilisateur pour les compos6s q                                      de
formule 1, et dans laquelle:                                          c)
d'au moins un accepteur d'electrons comme a represente un nombre 6gal a 1
ou a 2,             oxydant pour la matibre polymerisable par voie radi- q
represente un nombre bgal A 1, a 2 ou A 3.        calaire.    


