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bisacylphosphine oxide compounds with other photoinitiators.

Bisacylphosphine oxide compounds are known as photoinitiators from EP-A-184095, for
example. Alkylbisacylphosphine oxides and also mixtures of these compounds with o-
hydroxy ketones or benzophenone compounds are disclosed in GB-A-2259704.
EP-A-446175 describes mixtures of three components, namely mono- or bisacylphosphine
oxide, a-hydroxyketone and benzophenone.

In industry there is a need for effective phbtoinitiators and photoinitiator mixtures which are
capable of curing photopolymerizable compositions efficiently and without extreme
yellowing phenomena.

it has now been found that compounds of the formula |

in which

R: is C4-Caalkyl,

Rz is hydrogen, C-Casalkyl or C4-Csalkoxy and

Ra, R4, Rs, Rs and Ry independently of one another are hydrogen, halogen, C-Czoalkyl,

- cyclopentyl, cyclohexyl, C2-Czalkenyl, C.-Cisalkyl which is interrupted by one or more
oxygen atoms, or are phenyl-substituted C4-C,alkyl, or are phenyl which is unsubstituted or
is mono- or disubstituted by C,~C,alkyl and/or C4-C,alkoxy, with the provisos that at least
one of the radicals Rg, R4, Rs, Rg and Ry is other than hydrogen and that, if R; and R; are
methyl, Rs and Rg are not methyl, are suitable as very good photoinitiators.

It has also been found that the photoinitiators of the formula 1a can be combined with
compounds of the formula Hl, lil and/or IV to give initiator mixtures (blends) having good



R2 is hydrogen, (ferr]-C4al kyl or (Jerr]-C4al koxy and R err], Rerr],
Rierf], R err] and R err] independently of one another are hydrogen,

hal ogen, C[err]-Clerr]alkyl, cyclopentyl, cyclohexyl, C[err]-Cerr]al kenyl,
Cerr]-Cerr]alkyl which is interrupted by one or nore oxygen atons, or are
phenyl -substituted Cerr]-Cerr]al kyl, or are phenyl which is unsubstituted
or is nmono- or disubstituted by (Jerr]=tferr]al kyl and/or

Cerr]-Cerr]al koxy, with the provisos that at | east one of the radicals
Rlerr], Rerr], Rerr], Rerr] and Rerr] is other than hydrogen and that,
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in which

R, is Cy-Cialkyl;

R; is hydrogen, C;-Cqalkyl or C4-C,alkoxy, and

R, Rs, Rs, Rs and Ry independently of one another are hydrogen, halogen, C4-Cyealkyl,
cyclopentyl, cyclohexyl, C.-Czalkenyl, C,-Cygalkyl which is interrupted by one or more
oxygen atoms, or are phenyl-substituted C-Calkyl, or are phenyl which is
unsubstituted or is mono- or disubstituted by C,-C,alkyl and/or C+-C,alkoxy;

and at least one compound of the formula (lI)

- Q@
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in which

CH,
Rs is hydrogen, C,-C,galkyl, C4-C galkoxy, -OCH,CH:-OR;,, a group CH2=(|:— ora

CH,
group cnz—c::% , in which | is a number from 2 to 10 and A is a radical
A Jdy
7 o
: C—C—R,, ;

Rﬂ

Rg and Ry independently of one another are hydrogen, C-Cealkyl, phenyl, C,-C1¢-
alkoxy, OSiR3R14R14a OF -O(CH,CH,0)q-C1-Cealkyl, in which q is a number from 1 to



Rlerr], Rerr], Rerr], Rerr] and R err] independently of one another are
hydr 6gen,. hal ogen, C1-C20al kyl, cycl opentyl, cycl ohexyl,
Cerr]-Cerr]alkenyl, (err]-Cerr]alkyl which is interrupted by one or

nor e oxygen atons, or are phenyl-substituted (Jerr]-Clerr]al kyl, or are
phenyl which is unsubstituted or isgnono- or disubstituted by
Cerr]-Cerr]alkyl and/or (Jerr]-(err]al koxy; and at | east one
conmpound of theforrrula(ll) [err] in vvhich

CH err] Rl err] is hydrogen, CLerr -C[err}alk yl 1 %errgal koxy,
-OCH err] G—?E%PfﬁnBP{‘ &q'}/ogeéh‘ijr"mh‘d erpdepplqrate ]Vh'CBﬁheél are attached, form a [err]

group [err clohexyl'nﬂ which | is a nunber from2 to 10 and A is a radical
[err] err] % err i ndependent | y of one anot her are hydrogen,
Cerr]-d erRidsg mrovar%rﬁ}isal @[Yé?"r'g PX-Gr Creglioxy ,
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-O(CchHQO)q-CPCmalkyl
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Ri2 is hydrogen, Ci-Cgalkyl, —C—CH=CH, , —C—C;i-CyAlkyl or —C—C==CH, ,
and

Ri3, Risa and Ry, independently of one another are C4-Cqalkyl or phenyl;
and/or at least one compound of the formula (1)

Ris
O

I Ria
Ry c—@ (i)

R17

in which

R1s, R1sa, R1s and Ry7 independently of one another are hydrogen, methyl, phenyl,
methoxy, -COOH, unsubstituted or C;-Cqalkyl-substituted phenyl, or a group
-OCH,CH:0R;, or -SCH2CH,OR13 in which Ri2z is as defined for formula il; and/or at
least one compound of the formula (IV)

| 2
Rys C_?—CHsz (v)
N

/7 \
Rig Ro, Ry,
in which

Ris is hydrogen, C4-Caalkyl, C4-C,alkoxy, Ci-Csalkylthio, halogen or a group N(Rzz)z;

s\ 8L
Ry is as defined for Ryg or is the group N C--(l:—CHzFi21 (Iva), in which
R /N\
18 R&

case the radical Rys from the formula IV and the radical Rys of this group (IVa) together
are a direct bond, and the other radicals are as defined below;



20, or Rlerr] and Rlerr], together with the carbon atomto which they are
attached, forma cyclohexyl ring; Rlerr], is hydroxyl, (err]-err]al koxy
or -O(CH[err-]CH[err]O)[err]-C[err]-C[err]aIkyI; where R err], Rerr] and
Rlerr], are not all sinultaneously Cerr]-Cerr]al koxy or -
-Q(CH err]CHerr]OJ[err]-Cerr]-Clerr]al kyl, [err] Rerr] is hydrogen,

Cerr]-Clerr]alkyl, [err] and Rerr],”Rerr] and R err] independently of
one another are Cerr]-Cerr]al kyl or phenyl; and/or at |east one conpound
of the forrmula (111) R err] [err] in

whi ch R[errﬂtmis@eﬁia]lkle[err] and R err] independently of one another are
hyd : h .
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Clerr]-d erafy]cmhlswwhgp, haI ogen or a group N(Rlerr])[err]; Rlerr] is as
defined f OrFlg[a FLa |nde;i>en01enﬁy Sf one’ anJl rralre Cn (ﬂ’gl\q(;l or
Rz2 and Rgs, together with the nitrogen atom to which they are attached, form a five- or
six-membered saturated or unsaturated ring which can be interrupted by-O-, -NH- or
-N(CHg)-,
Ra24 is hydrogen or C4-C,alkyl; and
Rzs is hydrogen or C4-Cyoalkyl.

C,-Czoalkyl can be linear or branched and is, for example, methyl, ethyl, propyl, isopropyil,
butyl, isobutyl, sec-butyl, tert-butyl, pentyl, isopentyl, hexyl, heptyl, octyl, nonyl, decyl,
dodecyl, octadecyl or eicosyl. Preference is 'given to C4-Cygalkyl, e.g. C1-Cy2- or C1-Cgalkyl,
especially C-Caalkyl.

C,-Cysalkyl, C1-Cealkyl and C-C,alkyl can have the same meanings as given above up to
the corresponding number of carbon atoms.

C2-Cygalkyl interrupted by one or more oxygen atoms is, for example, interrupted by 1-5,
e.g. 1-3 or 1 or 2 times by -O-. This produces structural units such as -O(CH,),OH,
;O(CHz)ZOCHa, -O(CH,CH,0),CH,CHg, -CH3-O-CHs, -CHzCH»-0-CH,CHs, -[CH;CH,0],-CHa,
where y = 1-5, -(CH,CH;0)sCH,CHjs , -CH,-CH(CH;)-O-CH,-CH,CH; or -CHo-CH(CHa)-O-
CHz-CHa.

The radical -O(CH2CH.0),-C1-Ciealkyl represents 1 to 20 successive ethylene oxide units
whose chain ends in a C;-Cyealkyl. q is preferably q 1 to 10, e.g. 1 to 8, especially 1 to 6.
The chain of ethylene oxide units ends in a C;-Cyqalkyl, e.g. C,-Cgalkyl, in particular in a

Ci-Cialkyl. Here C4-Cqgalkyl can have the meanings given above up to the corresponding
number of carbon atoms.

C.-C2alkenyl can be linear or branched and there may be more than one unsaturated bond
in the molecule. Examples are vinyl, allyl, methyivinyl, butenyl, pentenyl, hexenyl, heptenyl,
octenyl, nonenyl, decenyl, dodecenyl.



case the radical Rerr] fromthe fornula IV and the radical R err] of this
group (lVa) together are a direct bond, and the other radicals are as

defined bel ow, -4-
Rlerr] is (Jerr]-Clerr]alkyl;  Rerr] is hydrogen, -CH=CHR[err], or .-
phenyl which is unsubstituted or is substituted one to three tines by
Cerr]-Cerr]alkyl, err]-(err]al kok?'or hal ogen; or Rlerr] and
Rlerr], together with the carbon atomto which they are attached, forma
cycl ohexyl ring; Rlerr] and Rl err] independently of one another are
Cerr]- C[err]al kyl , or Rlerr] and Rlerr], together with the nitrogen
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correspondi ng nunber of carbon atons. Cerr]-Cerr]al kyl interrupted by
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Phenyl-substituted C-Cqalkyl is, for example, benzyl, 2-phenylethyl, 3-phenylpropyl, o-
methylbenzyl or a,c-dimethylbenzyl, especially benzyl.

Substituted phenyl is substituted from one to five times, for examplie once, twice or three
times, especially once or twice, on the phenyl ring. The pattern of substitution on the phenyl
ring is, for example, 2-, 3-, 4-, 5-, 2,4-, 2,5-, 2,6~, 3,4-, 3,5-, 2,4,6- or 3,4,5-. C-C,alkyl and
C1-Csalkoxy substituents can have the meanings given above. Examples of substituted
phenyl are tolyl, xylyl, 4-methoxyphenyl, 2,4- and 2,5-dimethoxyphenyl, ethylphenyl, and
4-alkoxy-2-methylphenyl.

Halogen is, for example, chlorine, bromine or iodine, especially chlorine.

R
, = '
If Rqgis the group —N C—(|2-0H2|=7k21 (va), where the radical Ry from the
18 . Ry Ry

formula IV and the radical Ryg of this group together are a direct bond, then the result is
structures of the formula IVb



[err] where y = 1-5,[err] [err] The radi cal

-O(CH err]CHerr]0)[err]-Cerr]- Clerr]al kyl represents 1 to 20 successive
et hyl ene oxide units whose chain ends in a (Jerr]-Clerr]alkyl. qis
preferably q 1 to 10, e.g. 1 to 8, especially 1 to 6. The chain of ethyl ene
oxide units ends in a CJerr]-Clerr]alkyl, e.g. (err]-Cerr]alkyl, in
particular in a err]-Clerr]alkyl. Here Clerr]-C[err]al kyl can have the
meani ngs gi ven above up to the correspondi ng nunber of carbon atons.
Cerr]-Cerr]al kenyl can be linear or branched and there nmay be nore than
one unsaturated bond in the nol eculrg, Exanples are vinyl, allyl,

nmet hyl vi nyl , butenyl, pentenyl hept enyl, octenyl, nonenyl,
decenyl, dodecenyl . o R
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met hoxy, et hoxy, prop&xy, i §opropoxy, butoxyn I §dbut oxy, sec- but oxy,
tert-but oxy, pentoxy, | ﬁtoxy hexyl oXyg” 'ﬁ(ﬁotyl oxy, octyl oxy, nonyl oxy,
decyl oxy, dodecyl oxy or octaﬁecyloxy Furt &xanpl es are

Cerr]-Cerr]al koxy or (Jerr]-Cerr]al koxy, especially Cerr]-Cerr]al koxy.
Cerr]-Cerr]al koxy and (Jerr]-Cerr]al koxy can have the same neani ngs as
gi ven abipRg, aml R4, fobethenwltleﬂmlﬁttbg@ atomite whidh they brenattecbed,.form a ring which
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The novel compounds of the formula | (and 1a) can be prepared, for example, by
double acylation of a primary phosphine (V) with at least 2 equivalents of an acid
chloride (V1) in the presence of at least two equivalents of a base and subsequent
oxidation of the resulting diacylphosphine (VII) in accordance with the equations:

P 9 Ry | R, P ('? Ry 4
Rs c-cl + |-|2P~§—=-§—ns Base, |p; c+-p R,
R’ RT Rﬂ ] 6

v ) (Vi

R Ry R,
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R, 42 R/ R,

O

M

Ry, Ra, Rs, R4, Rs, Rg and Ry are as defined in claim 8.

Examples of suitable bases are tertiary amines, pyridine, alkali metals, lithium
diisopropylémide, butyllithium, alkaline earth metal carbonates, alkali metal alcoholates and
alkali metal hydrides. The first reaction stage takes place preferably in solution. Particularly
suitable solvents are hydrocarbons, such as alkanes and alkane mixtures, cyclohexane,
benzene, toluene and xylene. The reaction is carried out at various temperatures depending
on the solvent and starting materials used. In the case of the use of bases such as lithium
diisopropylamide or butyllithium, it is expedient to work, for example, at from -40 to 0°C.



Phenyl -substituted C(ferr]-Clerr]alkyl is, for exanple, benzyl,

2- phenyl et hyl , 3-phenyl propyl, a- nethyl benzyl or
[err],[err]-dinmethyl benzyl, especially benzyl. Substituted phenyl is
substituted fromone to five tinmes, for exanple once, twice or three tines,
especially once or twice, on the phenyl_ring. The pattern of substitution
on the phenyl ring is, for exanple, 2-73-,74-, 5., 2,4-, 2,5-, 2,6-, 3, 4-,
3,5-, 2,4,6- or 3,4,5-. CJerr]-Cerr]alkyl and Cerr]-Cerr]al koxy
substituents can have the neani ngs given above. Exanpl es of substituted
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et hyl phe
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di rect (syAROratiyRponcrBtrationy The caudereadion rpé%dqsf cathe f rther wighout
-6 - purification or else can be purified by means, for example, of crystallization. However, the

second reaction stage can also be carried out without isolating (VII), using the solution of
the crude product.

Particularly suitable oxidizing agents for the second stage in the preparation of the oxides
are hydrogen peroxide and organic peroxy compounds, examples being peracetic acid, air
and pure oxygen.

The reaction products can be purified by conventional methods, for example by
crystallization or chromatography.

The phosphines of the formula (V) can be prepared, for example, by reducing the
corresponding dichlorides (V1il), phosphonic esters (1X) or phosphonous esters (X):

Ra
R Pe; ]
(viy
R, Re R, R,
R;—Qm(omz HWIN Hr@'i’ﬂz
Rl R R R
X
®9 1\
R,
R; P(OR), -
R R
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R’ is, for example, methyl or ethyl.

Reductions are usually carried out with LiAlH,; SiHCl3; Ph,SiH,; a) LiH b) H,0;

a) Li/tetrahydrofuran b) H2O or a) Na/toluene b) H;O.

Hydrogenation using LiAlH, , for example, can also be found in Helv. Chim. Acta 1966, No.
96, page 842.



[err] If Rlerr] and Rlerr], together with the nitrogen atom
fo which they are attached, forma ring which can additionally
be interrupted by -0-, -NH or -N(CHerr])-, then the ring forned is, for
exanpl e, a norpholino, piperidino or methylpiperidino ring. -
The novel conmpounds of the fornula | (apd la) can be prepared, for exanple,

by doubl e acyl ation of a pfpr'rary phosphine (V) with at |east 2
equi val ents of an acid chloride (VI) in the presence of at
| east two equival ents of a base and subsequent oxi dation of the

resul ting diacyl phosphine (VII) in accordance with the equations:
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Particularly sui tabl e sol vents are hydrocarbons, such as
al kanes and®fal e mxtures, cyclohexarfe, fs
Rs + PCl3 + AICl; —> R; PCl,
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The dichlorides (VIil) can also be obtained, for example, by Grignard reaction of the
corresponding brominated aromatic compounds (XI) with PCl; (cf. e.g. Helv.Chim. Acta
1952, No 35, page 1412):

R4, Rz R, R4, Rs, Rs and Ry are as defined in claim 8.

The diesters of formula (IX) can be prepared, for example, by reacting the brominated
aromatic compounds (XI) with a trisphosphorous ester (Xil). Reactions of this kind are
described, for example in DE-C-1810431.

R,
¢ + POR), —>. arg;gpo(om,
R/ R
| )

(XIl)

The phosphonous esters (X) can be obtained, for example by reacting a phosphorus
dichloride (VIil) with an alcohol:



benzene, toluene and xylene. The reaction is carried out at various

‘t enper at ures dependi ng on the solvent and starting nmaterials
used. In the case of the use of bases such as |ithium

dii sopropylam de or butyllithium it is expedient to work, for exanple, at
from-40 to O[err]C -9- -7-
Reactions using tertiary am nes, alkali netals or alkali metal hydrides as
bases are expediently carried out, for exanple, at from10 to 120[err]C,
preferably from?20 to 80[err]C. After the base chloride formed has been
separ at ed offk e phosphine (VIl) d& | sol ated by evaporative
concentratjo he cr yde.qieactign Rpr { N be used further wthout
purificatidn eﬁg% %aﬁ(%g purifie né§%§, for exanple, of
crystal | i zatg/on.g,However, the secondr/reagtion stage can al so be carried out
wi thout isolatjing (VIlI), using the sol&gion of the crude product.
Particularly Pt abl e oxi di zing agents for the second stage in the
preparation of the oxides are hydrogen peroxide and organi c peroxy
conpounds, exanpl.es being peracetic acid, air and pure oxygen. The reaction
pr oduct Jhedmominategraroingtic cgmpeunds {XI) arepbtained by prior-ant bepwingtion regetions,
crystal lgl zat i . : | X la (V) can
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phosphorbreminefagetic 4¢ik) or phosphonous esters (X):

The acid chlorides of the formula (VI) are prepared by generally known methods from the
prior art.

The preparation of the compounds of the formulae Il and Hll is generally known, and some
of the compounds are commercially available. The preparation of oligomeric compounds of
the formula Il, for example, is described in EP-A-161 463. A description of the preparation
of the compounds of the formula lli can be found for example in EP-A-209 831.

The preparation of compounds of the formula IV is given, for example, in EP-A-3002 or
EP-A-284 561. Furthermore, some compounds of the formula IV are available commercially.

Examples of novel compounds are:
Bis(2,4,6-trimethylbenzoyl)-2,5-diisopropylphenyiphosphine oxide;
bis(2,4,6-trimethylbenzoyl)-2-methyliphenylphosphine oxide;
bis(2,4,6-trimethylbenzoyl)-4-methylphenylphosphine oxide;
bis(2,4,6-trimethylbenzoyl)-2,5-diethylphenylphosphine oxide;
bis(2,4,6-trimethylbenzoyl)-2,3,5,6-tetramethylphenylphosphine oxide.

The novel photoinitiator mixtures are prepared, for example, by mixing, milling, melting or
dissolving the individual components, it being possible to use liquid components as solvents
for the respective combination partners. It is also possible, however, to combine the
components in an inett solvent.

The photoinitiator mixtures comprise, for example, 2-90 %, e.g. 5-50 %, 5-40 %, especially
5-25 %, of compounds of formula la and 98-50 %, e.g. 95-60 %, especially 95-75 %, of



[err]

[err]

R is, for exanple, nethyl or ethyl. Reductions are usually
Carried out with LIAIHerr]; SiHC [err]; Ph[err]SiHerr]; a) LIHb) H20;
a) Li/tetrahydrofuran b) Herr]O or a) Na/toluene b) Herr]O.

Hydr ogenation using LiAlH err], for exanple, can also be found in Helv.
Chim Acta 1966, No. 96, page 842.
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obt ai ned, for exanple, by reacting a corresponding aromati c conpound wth

. The di chl or ophosphi ne compoun#@-of the formula VIII can be

phosphorus trichloride and al um nium chl ori de.

compounds of the formula li, Il and/or IV. Other mixtures which are of interest are those in
which the proportion of compounds of the formula la in the mixture with compounds of the
formula Il and Il and/or IV is from 30 to 70 %.

Preferred examples of compounds of the formula Il and |l are
1-benzoylcyclohexanol, 2,2-dimethoxy-1,2-diphenylethan-1-one and 1-benzoyl-1-hydroxy-1-
methylethane.

Examples of novel photoinitiator mixtures (blends) are

5% bis(2,4,6-trimethylbenzoyl)phenylphosphine oxide and 95 % 1-benzoyl-1-hydroxy-1-
methylethane;

5 % bis(2,4,6-trimethylbenzoyl)phenylphosphine oxide and 95 % 1-benzoylcyclohexanol;
25 % bis(2,4,6-trimethylbenzoyl)phenylphosphine oxide and 75 % 1-benzoylcyclohexanol;
25 % bis(2,4,6-trimethylbenzoyl)phenylphosphine oxide and 75 % 1-benzoyl-1-hydroxy-1-
methylethane; |

25 % bis(2,4,6-trimethyibenzoyl)phenylphosphine oxide and 75 % 2,2-dimethoxy-1,2-
diphenylethan-1-one;

5 % bis(2,4,6-trimethylbenzoyl)phenylphosphine oxide and 95 % 2,2-dimethoxy-1,2-
diphenylethan-1 -bne;

25 % bis(2,4,6-trimethylbenzoyl)phenylphosphine oxide and 75 % 4-(2-hydroxyethoxy)benz-
oyl-1-hydroxy-1-methylethane;

5 % bis(2,4,6-trimethylbenzoyl)phenylphosphine oxide and 95 % 4-(2-hydroxyethoxy)benz-
oyl-1-hydroxy-1-methylethane; |

5 % bis(2,4,6-trimethylbenzoyl)-2,5-diisopropylphenylphosphine oxide and 95 % 1-
benzoylcyclohexanol;

5 % bis(2,4,6-trimethylbenzoyl)-2,5-diisopropylphenylphosphine oxide and 95 % 1-benzoyl-
1-hydroxy-1-methylethane;

25 % bis(2,4,6-trimethylbenzoyl)-2,5-diisopropylphenylphosphine oxide and 75 % 1-
benzoylcyclohexanol;

25 % bis(2,4,6-trimethylbenzoyl)-2,5-diisopropylphenylphosphine oxide and 75 % 1-
benzoyl-1-hydroxy-1-methylethane;

5% bis(2,4,6-trimethy|benzoyl)-4-tert-butyl—2,6-diméthylphenylphosphine oxide and 95 %
1-benzoylcyclohexanol;



[err], The dichlorides (VIIl) can al so be obt ai ned, for exanpl e, by
Gignard reaction of the correspondi ng brom nated aromatic conpounds (XI)

with PCerr] (cf. e.g. Helv.Chim Acta 1952, No 35, page 1412): - [err]
Rlerr], Rerr], Rerr], Rerr], Rerr], Rerr] and R err] are as defined.in
cl ai m 8. The diesters of fornula (1X), ,can be prepared, for exanple, by

reacting the bromnated aronatic corrpddﬂds (XI') with a trisphosphorous
ester (XII). Reactions of this kind are described, for exanple in DE-C 1
810431. [err] The phosphonous esters (X) can be obtained, for

exanpl e H% bis(2x,6-trimethplbeszuy)+atertchutyH208-digretifyip Hehylphbsphirenoxde ambd5s %
1-benzoyl-1-hydroxy-1-methylethane;
25 % bis(2,4,6-trimethylbenzoyl)-4-tert-butyl-2,6-dimethylphenylphosphine oxide and 75 %
1-benzoylcyclohexanol;
25 % bis(2,4,6-trimethylbenzoyl)-4-tert-butyl-2,6-dimethylphenylphosphine oxide and 75 %
1-benzoyl-1-hydroxy-1-methylethane;
5 % bis(2,6-dimethylbenzoyl)phenylphosphine oxide and 95 % 1-benzoyl-1-hydroxy-1-
methylethane;
5 % bis(2,6-dimethylbenzoyl)phenylphosphine oxide and 95 % 1-benzoylcyclohexanol;
25 % bis(2,6-dimethylbenzoyl)phenylphosphine oxide and 75 % 1-benzoyl-1-hydroxy-1-
methylethane; _
25 % bis(2,6-dimethylbenzoyl)phenylphosphine oxide and 75 % 1-benzoylcyclohexanol;
5 % bis(2,4,6-trimethylbenzoyl)-2,5-dimethylphenylphosphine oxide and 95%
1-benzoylicyclohexanol;
5 % bis(2,4,6-trimethylbenzoyl)-2,5-dimethylphenyl-phosphine oxide and 95 % 1-benzoyl-1-
hydroxy-1-methylethane;
25 % bis(2,4,6-trimethylbenzoyl)-2,5-dimethylphenylphosphine oxide and 75 %
1-benzoylcyclohexanol;

25 % bis(2,4,6-trimethylbenzoyl)-2,5-dimethylphenylphosphine oxide and 75 % 1-benzoyl-1
hydroxy-1-methylethane;

25 % bis(2,4,6-trimethylbenzoyl)-2,5-dimethylphenylphosphine oxide and 75 % 2,2-
dimethoxy-1,2-diphenylethan-1-one;

25 % bis(2,4,6-trimethylbenzoyl)-2,5-dimethylphenylphosphinoxide and 75 % 4-(2-
hydroxyethoxy)benzoyl-1 -hyd roxy-1-methylethane.

Photoinitiator mixtures of particular interest are those obtained by dissolving bis(2,4,6-
trimethylbenzoyl)phenylphosphine oxide in a liquid hydroxy ketone compound. More than 2
components, especially 3, are preferably used in the mixture. The three-component

mixtures are expediently prepared by mixing the respective constituents and heating the
mixture gently, for example at 50-60°C.

The invention additionally provides photoinitiator mixtures comprising at least one
compound of the formula la and two compounds of the formula II.



-9- [err] The brom nated aromatic conpounds (Xl) are obtai ned by
prior-art brom nation reactions, for exanple by reacting al koxyl at ed

aromati ¢ compounds with N-bronposuccinimde or brom ne/acetic acid. The
acid chlorides of the fornula (VI) are prepared by generally known nethods
fromthe prior art. The preparation of_ the conpounds of the fornulae II
and Ill is generally known, and sone of 13 he conpounds are comercially

avai |l abl e. The preparation of oligoneric conpounds of the forrmula I, for
exanple, i's described in EP-A-1 61 463. A description of the preparation of
t he conpounds of the fornmula Il can be found for example in EP-A-209 831.

The prepargtion of .compounds of .the fornula.V is aiven for exanple, in
EP- A- 3008" F’%@EQ@%ﬁ“ﬁlﬁ’fﬁ- ﬁ%g'ﬁBP‘@?"%’Br@x‘é'B‘?fb % the formula IV
are avai bghy, pisgaeErigletiylbenzoylfphanylplessphineoxide, conpounds are:
Bis(2,4,6-trinethyl benzo I%'- 2, 5-di 1 sopr opyl phenyl phosphi ne oxi de;

bi s( 2, 4, @9¢% ' rRaNEOY! pNolBNGet hy| phenyi phosphi ne oxi de;

bi s( 2, 4, 65tof, HFRNRYYIDERERYY- t-fretidtianmiony | phosphi ne oxi de;
bi s(2, 4, 6- trimet hyl benzoyl') - 2, 5-di et hyl phenyl phosphi ne oxi de;
bi s( 2, 4, €5t% PiIRER-Abrimethienzoyliphgnyiph » pheny| phosphi ne oxi de.

60 % 1-benzoylcyclohexanol and

15 % 1-benzoyl-1-hydroxy-1-methylethane; or

25 % bis(2,4,6-trimethylbenzoyl)phenylphosphine oxide,
50 % 1-benzoylcyclohexanol and

25 % 1-benzoyl-1-hydroxy-1-methylethane.

Preference is given to compounds of the formula | in which Rs, Rs, Rs, Rs and Ry are
hydrogen, C-Csalkyl, phenyl, allyl, benzyl, cyclohexyl or chlorine.

Further advantageous compounds of the formula I and la are those in which 3, Ry and Rs
are hydrogen, C;-C,alkyl, especially methyl, or phenyl.

Attention is drawn to compoﬁhds of the foi'mula | and la in which Rg and R7 are hydrogen or .
C,-Calkyl, especially methyl.

Particular preference is given to those compounds of the formula | and la in which Ry is
hydrogen or C4-Calkyl.

Preference extends to the compounds of the formula | and la in which R, is methyl.

Preference is likewise given to compounds of the formula | and la in which R, and Rz are
the same. '

Also of interest are compounds of the formula | and la in which R, and R, are C4-C,alkyi,
especially methyl.

In the novel photoinitiator mixtures, preference is given to the use of compounds of the
formula la, in which Rj, Ry, Rs, Rs and Ry are hydrogen.



The novel photoinitiator m xtures are prepared, for exanple, by m xing,
mlling, melting or dissolving the individual conponents, it being possible
to use liquid conmponents as solvents for the respective conbi nation
partners. It is also possible, however, to conbine the conponents in an .
I nert sol vent. The photoinitiator mi Xt ur es conprise, for exanple, 2-90 %
e.g. 5-50 % 5-40 % especially 5-25 %13gf conpounds of formula | a and
98-50 % e.g. 95-60 % especially 95-75 % of

- 10- conpounds of the formula Il, Il and/or IV. O her mxtures which
are of interest are those in which the proportion of conpounds of t he

formula La in the mxture with co the forpula, Il. and LIl and/or
IV is frBHiRS comppynds of th@F‘KF@H'égBEaMBPé e@m%érﬁp@'éﬁw whicf Raand Redrs, |
and |11 911 benzoyl cycl ohexanol , 2, 2-di met hoxy- 1, 2- di phenyl et han-1 -one

and 1 benzoyl 1 -hydroxy-1 - met hyI et hane. Exarrpl es of novel
photoinitiator m xtures (blends) are 5%

bi's(2, 4, @)’tﬁér ﬁ%ﬁﬂﬁ&%ﬁdﬂrﬁ’aﬁm@rwﬁ?ﬂﬁw@wﬂﬁhﬂe iRBfé SUmpPbunds of the formula
1- benzoyl I%‘Erox -1- net hyl et hane; %

bi s( 2, 4, @-ﬁ:ﬁ Mﬁyﬂfﬁmyéfﬂgeﬂhosphl ne oxi de and 95 % 1
- benzoyl cycl ohexanol ; 25 % bi s(2, 4, 6-trinet hyl benzoyl ) phenyl phosphi ne oxi de
and 75 % 1- benZOé ycI ohexanol ; 25 %

bi s( 2, 4, Guttherrpsefeyred pheteinitateranixiusesarsinese emriisingrrempoungs of the formula la
1-b |
b oo 4 Gnd eOHBOIE drandTnhlied %@W‘ﬁ%"sﬁh s fydrogen;, CeCanliyl Gy Caalkony,

2, 2- di met hoxy- 1, 2 di phenyl et I"@.[; - one; ;
-OCH.CH;OR;3, a group CH2=(|>— or a group —[CH;(:)% ; Re and Ry independently

of one another are hydrogen, C4-Csalkyl, phenyl, C4-Cyzalkoxy or -O(CH2CHz0)4-C1-Csalkyl
in which q is a number from 1 to 10, or Rg and Ry, together with the carbon atom to which
they are attached, form a cyclohexyl ring; R4 is hydroxyl, Ci-Caalkoxy or
-O(CH.CH,0)4-C1-Csalkyl; and/or compounds of the formula i, and/or compounds of the
formula 1V in which Ryg is hydrogen or methoxy; Ry is methoxy, methylithio, morpholino or a
group of the formula Va; Ry is methyl or ethyl; Rz and Rz; are the same and are methyl or,
together with the nitrogen atom to which they are attached, form a five- or six-membered
saturated ring which can be interrupted by -O-; and Ry is hydrogen or C;-Cgalkyl.

There is likewise interest in a photoinitiator mixture comprising compounds of the formula Il
in which Rg is hydrogen, C4-Csalkyl, C-Caalkoxy or -OCH,CH2OR+2; R and Ry
independently of one another are hydrogen, phenyl, methyl, or methoxy or Rg and Riq,
together with the carbon atom to which they are attached, form a cyclohexyl ring; and Ry, is
hydroxyl or methoxy.

Other preferred photoinitiatbr mixtures are those in which the compound of the formula lll is
benzophenone, 2,4,6-trimethylphenyl phenyl ketone, 4-methyiphenyl phenyl ketone,
(3-methyl-4-méthoxyphenyl 3-methylphenyl ketone, 4-(4-methylphenyithio)phenyl phenyl
ketone, 2-carboxyphenyl phenyl ketone or 4-(2-hydroxyethoxy)phenyt phenyl ketone. Also
preferred are photoinitiator mixtures in which the compound of the formula [l is 1-benzoyl-1-
hydroxy-1-methylethane, 1-benzoylcyclohexanol, 4-[(2-hydroxyethoxy)benzoyl]-1-hydroxy-1-



9 % hbis(2,4,6-trinmethyl benzoyl ) phenyl phosphi ne oxi de and 95 %
2, 2-di met hoxy-1, 2- di phenyl ethan-1 -one; 25 %

bi s(2,4,6-trimethyl benzoyl ) phenyl phosphi ne oxi de and 75 %

4- (2- hydr oxyet hoxy) benz- oyl -1 -hydroxy-1 -nethyl ethane; 5 %
bis(2,4,6- tr|nethylbenzoyl)phenylphosphlne oxi de and 95 %
4-(2- hydroxyethoxy)benz- oyl -1 -hydroxyl¥- -net hyl ethane; 5 %
bi s(2,4,6-trimethyl benzoyl) -2, 5-diisopropyl phenyl phosphi ne oxi de and 95 %
1- benzoyl cycl ohexanol; 5 %

bi s(2, 4, ﬁrethyle\lmdeyhllenwpyd»ﬁylb'énio)d) 1-hpgoRp Lrpdtayiginahe opR j2remethofe120d 95 %
1- benzoy ﬁ%ﬁ 1 - et hyl et hane; 25 %

bi s(2, 4, @pp?l W@I zoyl ) -2, 5-diisopropyl phenyl phosphi ne oxide and 75 %

1- benzopteterehcdextands to p?ﬁtc%matona mixtures in wll'nch the composunﬂ o:l gle Jgal'rrciitga Qﬁlc? 17-5
|

?I Ségnﬁo& ‘L mﬁi}q&bgg@ gﬁé&&p r 8;? o;(pgnee ? (4-mect)hyFI)th|obenzoyI) -1-methyl-1-

bi s(2, 4, ﬁrotphomééwérhaeﬁZ(a;fharpﬂoltr@béniwl)w—b&z@r-iiunﬁéthwéramabdpah@6P§' blfs(exi de

and 95 % 1 lWi)enzog cI ohexanol

bi s( 2, 4, Bt HEWP?‘M‘J@T&Q"M@WM@'@ d| rret hyl phenyl phosphl ne oxi de

and 95 %afboopRiereNt ard phBTHitROr rhixturEd fﬂWtﬁéﬂ‘ﬁ\@S:og%ﬁHr(? of the f gl ula |
bis(2,4,6-trinethyl be nzo yl)-4-tert-butyl pheny osp T ne oxi de

and 75 o/pl§(2.¢b§ﬁ%9i|h¥l§a§n;gyg;\9a$rg||songpy%henylphosphme oxnde bis{2,6-dimethyl-4-(2-

bi s(2, 4, Rl ﬁdﬁ%bﬁ%ﬂﬁﬂ%{&ﬁ&?ﬁlﬁe Bk'iE¥ 'blg(ﬁ%&ih@g%}égﬁgﬁﬁgmﬁ&%ﬂg oxi de

and 75 %1 -ben yl et
b| s(2, 6- ﬁ*'%tb'ﬁ(?lﬂﬁﬁﬁmﬁﬂ})ﬂmvlmphhmm ekideaonhig(2,4/6-trimethylbenzoyl)-2,5-

1- benzo t hane; %
bi s(Z?Gygﬁﬁgﬁwafﬁ%?éwlﬁaé‘?phospm ne oxide and 95 %

1- benzoyl cycl ohexanol ; 25 % bi s(2, 6-di met hyl benzoyl ) phenyl phosphi ne oxi de
and 75 Y% R504 BKJ)tbﬂ'flt@f&l’r hiiires cdMipde! &4 BSound of the formula la, preferably
bis(2,4,6-trimethylbenzoyl)phenylphosphine oxide.

S

Preference is given to mixtures without benzophenone.
Preference is given to mixtures comprisihg compounds of the formula |I.

Also of interest are photoinitiator mixtures comprising, as compound of the formula la, -
bis(2,4,6-trimethylbenzoyl)-2,5-diisopropylphenylphosphine oxide; bis(2,4,6-
trimethylbenzoyl)-2-methylphenylphosphine oxide; bis(2,4,6-trimethylbenzoyl)-4-
methylphenylphosphine oxide; bis(2,4,6-trimethylbenzoyl)-2,5-diethylphenylphosphine oxide
and/or bis(2,4,6-trimethylbenzoyl)-2,3,5,6-tetramethylphenylphosphine oxide.

Particular preference is given to a photoinitiator mixture comprising 25 % bis(2,4,6-
trimethylbenzoyl)phenylphosphine oxide and 75% 1-benzoylcyclohexanol.

Likewise preferred is a photoinitiator mixture comprising 25% bis(2,4,6-trimethylbenzoyl)-
phenylphosphine oxide and 75% 1-benzoyl-1-hydroxy-1 -methylethane.

Also of interest are photoinitiator mixtures comprising two or more compounds of the
formula la, or mixtures of compounds of the formula la with other bisacylphosphine oxides
and/or monacylphosphine oxides and compounds of the formulae Il and/or Hil, for example a
combination of bis (2,4,6-trimethylbenzoyl)-phenylphosphine oxide, bis(2,6-



25 % bi s(2, 6-di net hyl benzoyl ) phenyl phosphi ne oxide and 75 %

1- benzoyl cycl ohexanol ; 5 %

bi s(2,4,6-trimethyl benzoyl) -2, 5-di net hyl phenyl phosphi ne oxi de and 95% 1
- benzoyl cycl ohexanol ; 5 % _
bis(2,4,6-trinmethyl benzoyl) -2, 5-di net hyl phenyl - phosphi ne oxi de and 95 %
1- benzoyl - 1- hydroxy-1 -nethyl et hane; -2% <%
bis(2,4,6-trimethyl benzoyl) -2, 5-di met hyl phenyl phosphi ne oxide and 75 % 1
- benzoyl cycl ohexanol ; 25 %

bi s(2, 4, &'n*teltﬁd)@béhﬂwl?ﬁZ@#Jtr)mé’thﬁpdti\@%l{&gﬁh6 oXidBRbBRZdyRyersheandnst, for %0
1- benzoyl - 1- hyc#r o?% 1 -met hyl et hane; 25 % . . . .

bi s( 2, 4, 8XamRieq! a4 B Emethyibenzaylipbenyiphnsphine axidep Ristfeb-oxi de and 75 % 2, 2-
di et hoxy ' \ inoxi - -1- -

D1 5 2, 4, B Pty IE Ry iesBinoe and 1ibenzofk IWIIORt: 4. (2.
hydr oxy eMeswietiane- s for qxam%roéJass-(@.4*6rémgthxéb¢faﬁul)-phewlnhc@phme ioxidgr ni xt ur es

of parti Pi'étﬂ,Git%gﬂﬁﬂepf(f%@;%ﬁ?ﬁﬁetggméﬁmo ilﬁ%ﬁ?ﬁ‘]"ﬂ'g&ﬁgﬁf{&%ﬁ@"

i
tri met hyl benzoyl ) phény Ide’In a hydroxy conmpound.
More t hgmewy&s%amwg, Eb@p@&khthrow-1meéh\ﬂefba@e.m big(2:4 8ctrimathylbenzoyle ur e.

{ospect | (o BREGHho Bk, 2,88 GierfibeRe idbnahyBHoBAAL oRle T BUBWLYC
50- 60[ er hydroxyl-1imethylethaneiapd/onddienzeytdHhydroxyolsmethylethaneo pnoftbis(@a6-ni xt ur es
conpri si Wne%ylBé‘r%&l)-%Eﬁdﬁ@ﬂ%%@n%héé&ﬁmfe%xiﬂé', §-efzEY1 -fiydPoxgdyrpounds _of the

formul a -12 -
Pr ef er enoethiyletiganecand/érot-benzoybi -bydroxy-3-nwethylethene. mi xt ures conpri si ng

~ In accordance with the invention, the compounds of the formula | and the mixtures (blends)
of compounds of the formula la with compounds of the formula |l and/or Il and/or IV can be
used as photoinitiators for the photopolymerization of ethylenically unsaturated compounds
and of mixtures which include such compounds.
This use may also be practised in combination with other additives.

The invention therefore also provides photopolymerizable compositions comprising

(@) atleast one ethylenically unsaturated photopolymerizable compound and

(b) as photoinitiator, at least one compound of the formula | or a photoinitiator mixture as
described above,

it being possible for the composition to contain not only component (b) but also other
additives.

The unsaturated compounds may contain one or more olefinic double bonds. They may be
of low molecular mass (monomeric) or of relatively high molecular mass (oligomeric).
Examples of monomers containing a double bond are alkyi or hydroxyalkyl acrylates or
methacrylates, for example, methyl, ethyl, butyl, 2-ethylhexyl- or 2-hydroxyethyl acrylate,
isobornyl acrylate, or methyl or ethyl methacrylate. Silicone acrylates are also of interest.
Further examples are acrylonitrile, acrylamide, methacrylamide, N-substitututed (meth)acryl-
amides, vinyl esters such as vinyl acetate, vinyl ethers such as isobutyl vinyl ether, styrene,
alkyl- and halostyrenes, N-vinylpyrrolidone, vinyl chloride or vinylidene chloride.



25 % bis(2,4,6-trinethyl benzoyl ) phenyl phosphi ne oxi de, 70 %

1- benzoyl cycl ohexanol and 5 % 1 -benzoyl -1 -hydroxy-1 -nethyl et hane; or 25
% bi s(2, 4, 6-trinmethyl benzoyl ) phenyl phosphi ne oxi de, 60 % 1

- benzoyl cycl ohexanol and 15 % 1-benzoyl - 1- hydr oxy- 1- met hyl et hane; or 25 %_
bis(2,4,6-trinmethyl benzoyl ) phenyl phosphi ne oxi de, 50 %

1- benzoyl cycl ohexanol and 25 % 1- benzoyl€1- hydr oxy- 1- net hyl et hane.
Preference is given to conmpounds of the formula I in which Rerr], Rerr],
Rlerr], Rerr] and R err] are hydrogen, ([err]-Clerr]alkyl, phenyl , allyl,
benzyl , Exﬁdnpiaebyh\oﬂbrrrem &dritdiRing twd BF AR dAUDIGPOIRIBERY thediaBglatsdofof t he

f I e those in err , err are h drogen
CF re;nrj] aCP pﬂ"&lgﬁﬁi’?’ PERRyisse glycpl, HEPIW{W' ol WF;‘“Y'%? Sé’ﬁ?'laé"ﬁ of 9'58 ek t o
conmpound, 4’ -Bl&HE-écWIGW&)@eihoﬁﬂélphanyIﬁr E&‘l& finrﬁétﬂ?lb]pr@ﬂﬂe'?ﬁ r¥llltear e hydrogen
or CJerr]-(err Kyl, éspeciall Particul ar erence i s given
t o t hosePedpwiHil tiacrylate qré?traﬂca/lateawl perylate, \Mlﬂ"&'ubﬂplﬁnﬁ] divigylsugeinaten or

d err] Chidi m%{];ﬂﬁ'tﬂ%‘féte mTuﬁr sﬁﬁggﬁﬁfeetr@nﬁ%&?ama{e%dqﬁ%w@e@ fhe formula |

and la in erence 1s en to
corrpound!$°§$’aftl4ﬁ%teforrrul al and la in which Rerr] and R[err] are the sane.
Al 'so of interest are conpounds of the fornmula | and la in which R err] and

Rlerr] are CJerr]-Clerr]al kyl, especially methyl.
Examples of relatively high molecular mass (oligomeric) polyunsaturated compounds are

acrylicized epoxy resins, and polyethers, polyurethanes and polyesters which are
acrylicized or contain vinyl ether groups or epoxy groups. Further examples of unsaturated
oligomers are unsaturated polyester resins which are mostly prepared from maleic acid,
phthalic acid and one or more diols and have molecular weights of from about 500 to 3000.
In addition it is also possible to employ vinyl ether monomers and vinyl ether oligomers, and
also maleate-terminated oligomers having polyester, polyurethane, polyether, polyvinyl
ether and epoxy main chains. Combinations of oligomers which carry vinyl ether groups and
of polymers as described in WO 90/01512 are particularly suitable. However, copolymers of
vinyl ether and maleic acid functionalized monomers are also appropriate. Such
unsaturated oﬁgomers can also be referred to as prepolymers.

- Examples of particularly suitable compounds are esters of ethylenically unsaturated
carboxylic acids and polyols of polyepoxides, and polymers containing ethylenically
unsaturated groups in the chain or in side groups, for example unsaturated polyesters,
polyamides and polyurethanes and copolymers thereof, polybutadiene and butadiene
copolymers, polyisoprene and isoprene copolymers, polymers and copolymers containing
(meth)acrylic groups in side chains, and mixtures of one or more such polymers.

Examples of unsaturated carboxylic acids are acrylic, methacrylic, crotonic, itaconic and
cinnamic acid, and unsaturated fatty acids such as linolenic acid and oleic acid. Acrylic acid
and methacrylic acid are preferred.

Suitable polyols are aromatic polyols and, in particular, aliphatic and cycloaliphatic polyols.
Examples of aromatic polyols are hydroquinone, 4,4'-dihydroxydiphenyl, 2,2-di(4-
hydroxyphenyl)propane, and also novolaks and resols. Examples of polyepoxides are those
based on the said polyols, especially on the aromatic polyols and epichlorohydrin. Other



In the novel photoinitiator m xtures, preference is given to the use of
conpounds of the fornula la, in which Rerr], Rerr], Rerr], Rerr] and

Rl err] are hydrogen. -13
- Furt her conmpounds of the fornula |a used with preference are those in
which R err] and R err] are nethyl. O her photoinitiator mxtures of '

interest are those in which, in the cofdpounds of the formula la, Rlerr],
Rlerr], Rerr], Rerr] and Rl err] are hydrogen. Further preferred
photoi nitiator m xtures are those conprising conpounds of the formula |la

and conMQjiaee défyotﬂﬁclﬁ@é H&I{(ﬁte}s' addbdgglyﬁiérﬂvﬁibh]coh&ﬂ%i'&@?@rou s in the

Clerr]-(err]alKyl, err]-Cerr]al [ of” oné anot her are
hydr ogerpoh@@rrqmaquréa idg|dcgups, {ﬂﬁenempleqo!wm @F@hql PAA KERGJyrAers thereof, or
-Q(CH erﬁﬂd%igﬂﬁ?ﬂ&ﬂn%tﬁicr%@sr&r csﬁambélthaﬂeof FukthbCdlitEblepofyolbrer from1

to 10, her with the carbon atom’to which they
are atta@b@QStewwlﬁgbV@'ﬁéﬂ)Gn QFQ@S Rlerr] is hydroxyl,

Cerr]-Cerr]al koxy or [err]; and/or compounds of the formula 111 and/or
conpounds of the formula IV in which Rlerr] is hydrogen or nethoxy; R err]
i s net hokxamptes dialiphatic antbeysiealiphaticpolyalsgare ajkylenetdials, fpseferably wtha2 tR2) i s
met hyl o e eq e | et her

w th”tnecaif Yome S 1 ds SRR e, Folol Mordihelieh 1351 b Vi tionedld
si x- rrerrbmmmmlmexaeetilolu qgambdmlhdmﬂmamﬂlolndleﬂwlqne@tydoy triedhylerenglyéjlerr] i s

hydr oge np(%et%lgﬁé’ bny&&? (Nﬁti\ %ché@mar weights of preferably from 200 to 1600, 1,3-
cyclopentanediol, 1,2-, 1,3- or 1,4-cyclohexanediol, 1,4-dihydroxymethylcyclohexane,
glycerol, tris(B-hydroxyethyl)amine, trimethylolethane, trimethylolpropane, pentaerythritol,
dipentaerythritol and sorbitol.

The polyols may be partially or completely esterified by means of one or more unsaturated
carboxylic acids, where the free hydroxy! groups in partial esters may be modified, for
example etherified or esterified with other carboxylic acids. '

Examples of esters are: ,

Trimethylolpropane triacrylate, trimethylolethane triacrylate, trimethylolpropane
trimethacrylate, trimethylolethane trimethacrylate, tetramethylene glycol dimethacrylate, - - -
triethylene glycol dimethacrylate, tetraethylene glycol diacrylate, pentaerythritol diacrylate,
pentaerythritol triacrylate, pentaerythritol tetraacrylate, dipentaerythritol diacrylate,
dipentaerythritol triacrylate, dipentaerythritol tetraacrylate, dipentaerythritol pentaacrylate,
dipentaerythritol hexaacrylate, tripentaerythritol octacrylate, pentaerythritol dimethacrylate,
pentaerythritol trimethacrylate, dipentaerythritol dimethacrylate, dipentaerythritol
tetramethactrylate, tripentaerythritol octamethacrylate, pentaerythritol diitaconate,
dipentaerythritol trisitaconate, dipentaerythritol pentaitaconate, dipentaerythritol
hexaitaconate, ethylene glycotl diacrylate, 1,3-butanediol diacrylate, 1,3-butanediol
dimethacrylate, 1,4-butanediol diitaconate, sorbitol triacrylate, sorbitol tetraacrylate,
pentaerythritol-modified triacrylate, sorbitol tetramethyacrylate, sorbitol pentaacrylate,
sorbitol hexaacrylate, oligoester acrylates and methacrylates, glycerol di- and -triacrylate,
1,4-cyclohexane diacrylate, bisacrylates and bismethacrylates of polyethylene glycol of
molecular weight from 200 to 1500, or mixtures thereof.



There is likewi se interest in a photoinitiator m xture conprising conpounds
of the formula Il in which Rlerr] is hydrogen [err]; R err] and R err]

i ndependent|y of one anot her are hydrogen, phenyl, nmethyl, or nethoxy or
Rlerr] and Rlerr], together with the carbon atomto which they are
attached, forma cyclohexyl ring; and err] is hydroxyl or nethoxy.

O her preferred photoi ni ti ator m xt uresl®re those in which the conmpound of
the formula Il is benzophenone, 2,4,6-trinmethyl phenyl phenyl ketone,
4-nethy|pheny| phenyl ket one, (3-nethy|-4-nethoxypheny| 3- et hyl phenyl

ket one, (4 nethylphenylthio)phenyl phenyl ket one, 2-carbo?yphe3yl phenyl
ket one or_ 4- r oxyet hoxy) phenyl phenyl ketone. Al so eferred are
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photor nitiator ures in which ound of or
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met hyl - 2dluﬂlyhérmltriamipe Oriethylenetetramine; digh-amiretivxg)- or dif-amirpropoixglettiinear €
photoinitjator mxtures iin which the conpound of the formula la is

bi s( 2, 4, GupherRutAble Polyagynes are ecbrmes%a%ﬁgnqbrm Whichapay eentajpiadgitional
bi s[ 2, 6- @RS %bhgern(tﬂe iRt dhaln? éﬁ@ﬁh#ﬁﬂé&é’éddﬁ]ﬁiﬂﬁ laR{iRs Bhd Bl%u%'lﬂémples of

bi s(2, 6-di net nzoyl pheny phosphi ne oxi d

bi s( 2, 4, GneRtURAhMiseR lﬂmrgrwne@wﬁnﬁr@smla@mﬂ 6- _
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| bis(methacrylamidopropoxy)ethane, B-methacrylamidoethyl methacrylate, and N-[(B-
hydroxyethoxy)ethyllacrylamide.

Suitable unsaturated polyesters and polyamides are derived, for example, from maleic acid
and diols or diamines. Some of the maleic acid may be replaced by other dicarboxylic acids.
They can be employed together with ethylenically unsaturated eomonomers, for example
styrene. The polyesters and polyamides may also be derived from dicarboxylic acids and
ethylenically unsaturated diols or diamines, especially from relatively long-chain compounds
containing, for example, from 6 to 20 carbon atoms-. Examples of polyurethanes are those

built up from saturated or unsaturated diisocyanates and from unsaturated and/or saturated
diols.

Polybutadiene and polyisoprene and copolymers thereof are known. Examples of suitable
comonomers are: olefins such as ethylene, propene, butene, hexene, (meth)acrylates,
acrylonitrile, styrene and vinyl chloride. Polymers containing (meth)acrylate groups in the
side chain are also known. These may be, for example, products of the reaction of novolak-
based epoxy resins with (meth)acrylic acid, homopolymers or copolymers of vinyl alcohol or
hydroxyalkyl derivatives thereof which have been esterified using (meth)acrylic acid, or
homopolymers and copolymers of (meth)acrylates which have been esterified using
hydroxyalkyl (meth)acrylates.



The novel photoinitiator m xtures conprise, as conpound of the formula I|a,

preferably bi s(2, 4, 6-trinet hyl benzoyl ) phenyl phosphi ne oxi de. Pr ef erence

is given to m xtures w thout benzophenone. Preference is given to

m xt ures conprising conmpounds of the fornmula I, Al so of interest are

photoi nitiator m xtures conprising, as conpound of the fornmula I|a,

bi s(2, 4, 6-trimet hyl benzoyl) -2, 5-di i sopri@pyl phenyl phosphi ne oxi de;

bis(2,4,6- trinethyl benzoyl)-2-net hyl phenyl phosphi ne oxi de;

bis(2,4,6-trinmethyl benzoyl)-4- mnethyl phenyl phosphi ne oxi de;

bl s(2,4, ‘ﬁné bhé@é&yhbméamﬁo&dd icah B leRipRsysURsHESHiN anp db sl datistiupds.
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bis(2,4,6- trinethylbenzoyl)phenyl phosphi ne oxide and 75%

1- benzoylcyclohexanol Li kewi se preferred is_a photoinitiator m xture
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oxi de, bihe(fieldof use and on the propetties required therefor, such as the facuhty for development -

in aqueous and organic solvent systems, adhesion to substrates, and sensitivity to oxygen.

Examples of suitable binders are polymers having a molecular weight of about 5000 -
2 000 000, preferably 10 000 - 1 000 000. Examples are homo- and copolymeric acrylates
and methacrylates, for example copolymers of methyl methacrylate/ethyl acrylate/
methacrylic acid, poly(alkyl methacrylate), poly(alkyl acrylates); cellulose esters and

" cellulose ethers, such as cellulose acetate, cellulose acetate butyrate, methylicellulose,
ethylcellulose; polyvinyibutyral, polyvinylformal, cyclized rubber, polyether such as
polyethylene oxide, polypropylene oxide, polytetrahydrofuran; polystyrene, polycarbonate,
polyurethane, chlorinated polyolefins, polyvinyl chloride, copolymers of vinyl

~ chloride/vinylidene chioride, copolymers of vinylidene chioride with acrylonitrile, methyl
methacrylate and vinyl acetate, polyvinyl acetate, copoly(ethylene/vinyl acetate), polymers
such as polycaprolactam and poly(hexamethyleneadipamide), and polyesters such as
poly(ethylene glycol terephthalate) and poly(hexamethylene glycol succinate).

The unsaturated compounds can also be used in mixtures with non-photopolymerizable
film-forming components. These may, for example, be physically drying polymers or
solutions thereof in organic solvents, for example nitrocellulose or cellulose acetobutyrate.
However, they can also be chemically curable or heat-curable resins, for example
polyisocyanates, polyepoxides or melamine resins. The additional use of heat-curable
resins is important for use in so-called hybrid systems, which are photopolymerized in a first
step and are crosslinked by thermal aftertreatment in a second step.

The photopolymerizable mixtures may contain various additives in addition to the
photoinitiator. Examples of these are thermal inhibitors, which are intended to prevent
premature polymerization, examples being hydroquinone, hydroquinone derivatives, p-



di met hoxybenzoyl ) (1, 4, 4-tri et hyl pentyl ) phosphi ne oxi de,

1- benzoyl cycl ohexanol or, for exanple, of
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2- et hyl hexyl - or 2-hydroxyethyl acryl ate, |sobornyl acrylate, or rret hyl or

et hyl neh‘ﬁﬁ%’ﬁ?la&?iﬁes ALSone acryl ates are also of interest. Further

exanpl es R4 fpi@s of S UV bsorb@ atedight Ranifirbard v! am de, N substi tut ut ed
(meth)acryl - amdes, vin esters such as vinyl acetate, vinyl ethers such

as i sobuﬂg&@aﬂi&[%ﬂ&&).ﬁﬂé@i@?&!ﬁaﬂokﬂamﬂlﬁ@' aysirexy-@aethyiphenyl)-
N- Vi nyl pyehRkiadBRe -3 514 -terb AYILE By Soxypn{ i bER26ta 2818, 3- B2 tert-butyl-2-

hydroxyphenyl)benzotriazole, 2-(2'-hydroxy-5’-(1,1,3,3-tetramethylbutyl)phenyl)-
benzotriazole, '2-(3',5'-di-tert-butyl-.2‘-hydroxyph_enyl)-5-chlorobenzotriazole, 2-(3'-tert-butyl- .
2'-hydroxy-5'-methylphenyl)-5-chlorobenzotriazole, 2-(3'-sec-butyl-5’-tert-butyl-2'-
hydroxyphenyl)benzotriazole, 2-(2"-hydroxy-4’-octoxyphenyl)benzotriazole, 2~(3',5'-di-tert-
amyl-2’-hydroxyphenyl)benzotriazole, 2-(3',5"-bis(o:,a-dimethylbenzyl)-2'-hydroxyphenyl)-

benzotriazole, a mixture of 2-(3'-tert-butyl-2'-hydroxy-5’-(2-octyloxycarbonylethyl)p'henyl)-5-
chlorobenzotriazole, 2-(3'-tert-butyl-5'-[2-(2-ethy|hexyloxy)carbonylethyl]-2'-hydroxypheny|)-
5-chlorobenzotriazole, 2-(3'-tert-butyl-2'-hydroxy-5'-(2-methoxycarbonylethyl)phenyi)-5-
chlorobenzotriazole, 2-(3'-tert-butyl-2'-hydroxy-5'-(2-methoxycarbonylethyl)phenyl)-
benzotriazole, 2-(3'-tert-butyl-2'-hydrdxy-S'-(z-octyloxycarbonylethyl)phenyl)benzotriazole, 2-
(3'-tert-butyl-5'-[2-(2-ethylhexyloxy)carbonylethyl]-2'-hydroxyphenyl)benzotriazole, 2-(3'-
dodecyl-2'-hydroxy-5'-methylphenyl)benzotriazole, and 2-(3'-tert-butyl-2'-hydroxy-5'-(2-
isooctyloxycarbonylethyl)phenylbenzotriazole, 2,2'-methylenebis[4-(1,1,3,3-
tetramethylbutyl)-6-benzotriazol-2-ylphenol); the transesterification product of 2-[3'-tert-
butyl-5'-(2-methoxy-carbonylethyl)-2'-hydroxyphenyllbenzotriazole with polyethylene glycol



-16 - Exanpl es of nononers containing two or nore double bonds are the

di acryl ates of ethylene glycol, propylene glycol, neopentyl glycol,
hexanet hyl ene gl ycol and of blsphenol-

A 4,4 -Dbi s(2-acryl oyl oxyet hoxy) di phenyl propane, tri nethyl ol propane
triacrylate, pentaerythritol triacrylate or tetraacrylate, vinyl acrylate
di vi nyl benzene, divinyl succinate, died1yl phthalate, triallyl phosphate,
triallyl isocyanurate and tris(2-acryloylethyl) isocyanurate. Exanpl es of
relatively hi gh ol ecul ar mass (ol i goneri c) polyunsaturated conpounds are
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methoxycinnamate and N-(B-carbomethoxy-8-cyanovinyl)-2-methylindoline.
5. Sterically hindered amines, for example bis(2,2,6,6-tetramethylpiperidyl) sebacate,
bis(2,2,6,6-tetramethylipiperidyl) succinate, bis(1,2,2,6,6-pentamethylipiperidyl) sebacate,
bis(1,2,2,6,6-pentamethylpiperidyl) n-butyl 3,5-di-tert-butyl-4-hydroxybenzylmalonate, the
condensate of 1-hydroxyethyl-2,2,6,6-tetramethyl-4-hydroxypiperidine and succinic acid, the
condensate of N,N'-bis(2,2,6,6-tetramethyl-4-piperidyl}hexamethylenediamine and 4-tert-
octylamino-2,6-dichloro-1,3,5-s-triazine, tris(2,2,6,6-tetramethyl-4-piperidyl) nitrilotriacetate,
tetrakis(2,2,6,6-tetramethyl-4-piperidyl) 1,2,3,4-butanetetraoate, 1,1'-(1,2-
ethanediyl)bis(3,3,5,5-tetramethylpiperazinone), 4-benzoyl-2,2,6,6-tetramethylpiperidine, 4-
stearyloxy-2,2,6,6-tetramethylpiperidine, bis(1 ,2,2,6,6-pentamethylpiperidyl)-2-n—butyl-2-(2-
hydroxy-3,5-di-tert-butylbenzyl) malonats, 3-n-octyl-7,7,9,9-tetramethyl-1,3,8-
triazaspiro[4.5]decane-2,4-dione, bis(1-octyloxy-2,2,6,6-tetramethylpiperidyl) sebacate,
bis(1-octyloxy-2,2,6,6-tetramethylpiperidyl) succinate, the condensate of N,N’-bis(2,2,6,6-
tetramethyl-4-piperidyl)hexamethylenediamine and 4-morpholino-2,6-dichloro-1,3,5-triazine,
the condensate of 2-chloro-4,6-di(4-n-butylamino-2,2,6,6-tetramethylpiperidyl)-1,3,5-triazine
and 1,2-bis(3-aminopropylamino)ethane, the condensate of 2-chloro-4,6-di(4-n-butylamino-
1,2,2,6,6-pentamethylpiperidyl)-1,3,5-triazine and 1,2-bis(3-aminopropylamino)ethane, 8-
acetyl-3-dodecyl-7,7,9,9-tetramethyl-1,3,8-triazaspiro[4.5]decane-2,4-dione, 3-dodecyl-1-
(2,2,6,6-tetramethyl-4-piperidyl)pyrrolidine-2,5-dione, 3-dodecyl-1-(1,2,2,6,6-pentamethyl-4-
piperidyl)pyrrolidine-2,5-dione.



Exanpl es of unsaturated carboxylic acids are acrylic, methacrylic,
crotonic, itaconic and cinnam c acid, and unsaturated fatty acids such as
linolenic acid and ol eic aci d. Acrylic acid and nmethacrylic acid are
preferred. Suitabl e polyols are aromatic polyols and, in particular,

al i phatic and cycl oaliphatic polyols. Exanples of aromatic polyols are

hydr oqui none, 4, 4'-di hydr oxydi phenyl ,-222-di (4- hydroxyphenyl) propane, and
al so novol aks and resols. Exanpl es of pol yepoxi des are those based on the
said polyols, especially on the aromatic polyols and epi chl orohydrin. O her
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esterif id?rgewyltpner?&l)% 3, 5-tnazn yé t tha éx?/-4 (2-hydroxy-3-butyloxypropyloxy)phenyl] -4,6-

bis(2,4-dimethylphenyl)-1,3,5-triazine, 2-[2-hydroxy-4-(2-hydroxy-3-octyloxypropyloxy)-

phenyl]-4,6-bis(2,4-dimethylphenyl)-1,3,5-triazine, 2-[4-dodecyl/tridecyloxy-(2-

hydroxypropyl)oxy-2-hydroxyphenyl]-4,6-bis(2,4-dimethylphenyl)-1,3,5-triazine.

8. Phosphites and phosphonites, for example triphenyl phosphite, diphenyl alky! phosphites,

phenyl dialkyl phosphites, tris(nonylphenyl) phosphite, trilauryl phosphite, trioctadecyl

phosphite, distearyl pentaerythritol diphosphite, tris(2,4-di-tert-butylphenyl) phosphite,

diisodecyl pentaerythritol diphosphite, bis(2,4-di-tert-butylphenyl)pentaerythritol diphosphite,

bis(2,6-di-tert-butyl-4-methylphenyl)pentaerythritol diphosphite, '

bisisodecyloxypentaerythritol diphosphite, bis(2,4-di-tert-butyl-6-

methyiphenyl)pentaerythritol diphosphite, bis(2,4,6-tri-tert-butylphenyl)pentaerythritol

diphosphite, tristearyl sorbitol triphosphite, tetrakis(2,4-di-tert-butylphenyl) 4,4'-biphenylene

diphosphonite, 6-isooctyloxy-2,4,8,10-tetra-tert-butyl-12H-dibenzo[d,g]-1,3,2-

dioxaphosphocin, 6-fluoro-2,4,8,10-tetra-tert-butyl-12-methyl-dibenzo[d,g}-1,3,2-

dioxaphosphocin, bis(2,4-di-tert-butyl-6-methylphenyl) methyl phosphite, bis(2,4-di-tert-

butyl-6-methyiphenyl) ethyl phosphite.

Consequently, the invention also provides photopolynierizable compositions comprising as
photoinitiator at least one compound of the formula I, or a photoinitator mixture as
described above, and a UV absorber from the class of the hydroxyphenyl-s-triazines and/or
hydroxyphenylbenzotriazoles and/or sterically hindered amines based on 2,2,6,6-
tetramethylpiperidines.



Exanpl es of esters are: Trinethylol propane triacrylate, trimethylolethane
triacrylate, trinethylol propane trinethacrylate, trinethylolethane
trimethacrylate, tetranethyl ene glycol dinethacrylate, triethylene glyco
di nret hacryl ate, tetraethylene glycol diacrylate, pentaerythritol

di acryl ate, pentaerythritol triacrylate, pentaerythritol tetraacryl ate,

di pentaerythritol diacrylate, dipentaefr®hritol triacrylate,

di pentaerythritol tetraacrylate, dipentaerythritol pentaacrylate,

di pentaerythritol hexaacrylate, tripentaerythritol octacrylate,
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di([err]-am nopropoxe%gt hane. Further suitable Pnol yam nes are pol yners and

copol ynerduteuidiesrs g, thiols, thicgthgrsy disultides and phosphines; as are described, for
example, in EP-A-438 123 and GB-A-2 180 358.

The photopolymerization can also be accelerated by the addition of photosensitizers, which

shift or broaden the spectral sensitivity. These are, in particular, aromatic carbonyl
compounds, such as benzophenone derivatives, thioxanthone derivatives, anthraquinone
derivatives and 3-acylcoumarin derivatives, and also 3-(aroylmethylene)thiazolines, and
also eosine, rhodamine and erythrosine dyes. '

The curing procedure can be assisted, in patticular, by compositions which are pigmented
(for example with titanium dioxide), and also by adding a component which forms free
radicals under thermal conditions, for example an azo compound such as 2,2'-azobis(4-
methoxy-2,4-dimethylvaleronitrile), a triazene, a diazo sulfide, a pentazadiene or a peroxy
compound, such as a hydroperoxide or peroxycarbonate, for example t-butyl hydroperoxide,
as described in EP-A 245 639.

The novel compositions can also include a photoreducible dye, for example xanthene, _
benzoxanthene, benzothioxanthene, thiazine, pyronine, porphyrin or acridine dyes, and/or a
trihalomethyl compound which can be cleaved by radiation. Similar compositions are
described, for example, in EP-A-445 624.
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copolyne f vinyl alcohol or hydroxyal kyl derivatives thereof which have
been esterfgled using (neth)acrylic acid, or honopol yners and copol yners of
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prepolymer dispersed therein. The concentration of water in these systems is, for example,
from 5 to 80 % by weight, in particular from 30 to 60 % by weight. The radiation-curable
prepolymer or prepolymer mixture is present, for example, in concentrations of from 95 to
20 % by weight, in particular from 70 to 40 % by weight. The total of the percentages
indicated for water and prepolymers in these compositions is in each case 100, to which are
- added the auxiliaries and additives in various amounts depending on the intended
| application.

The radiation-curable, water-dispersed, film-forming prepolymers, which are frequently also
. dissolved, are, for aqueous prepolymer dispersions, monofunctional or polyfunctional
ethylenically unsaturated prepolymers which are known per se, can be initiated by means of
free radicals and contain, for example, from 0.01 to 1.0 mol of polymerizable double bonds
per 100 g of prepolymer, and have a mean molecular weight of, for example, at least 400,
in particular from 500 to 10,000. Depending on the intended application, however,
prepolymers having higher molecular weights might also be suitable.
For example, use is made of polyesters containing polymerizable C-C double bonds and
having a maximum acid number of 10, polyethers containing polymerizable C-C double
bonds, hydroxyl-containing products of the reaction of a polyepoxide containing at least two

epoxide groups per molecule with at least one a,B-ethylenically unsaturated carboxylic acid,
polyurethane (meth)acrylates, and c,B-ethylenically unsaturated acrylic copolymers

containing acrylic radicals, as are described in EP-A-12 339. Mixtures of these prepolymers



It is also possible to add binders to the novel conpositions, which is
particularly expedient if the photopol ynerizabl e conpounds are |liquid or
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cont ai n eraulsifiers. additives in addition to the photoinitiator. Exanples of
these are thermal inhibitors, which are intended to prevent premature
pol yneri zati on, exanpl es bei ng hydroqui none, hydroqui none derivatives, p-

The photopolymerizable compositions comprise the photoinitiator or the photoinitiator
mixture (b) advantageously in an amount of from-0.05 to 15 % by weight, preferably from
0.1 to 5 % by weight, based on the composition.

Where the novel photoinitiators are employed in hybrid systems, use is made - in addition to
the novel free-radical hardeners - of cationic photoinitiators, for example benzoyl peroxide,
aromatic sulfonium or iodonium salts, or cyclopentadienylarene iron(il) complex salts.

In certain cases it may be an advantage to use further initiators in addition to the novel
compounds or photoinitiator mixtures. For example, phosphines or phosphonium salts or,

i '
for example, compounds of the formula R/-P—P—R/ (described in US-A-5,436,280 or
R, Ry

JP-A-Hei 6 263809) in which Q is S or O and Ry, Ry, Ry’ and Ry’ are, for example, alkyl,
alkenyl or aryl, and phosphites can be used as additives.
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chlorobenzotrlazole
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triazole,
skilled in the art to influence the properties of the cured film. The polyunsaturated monomer

functions as a crosslinking agent which renders the coating film insoluble. The
monounsaturated monomer acts as a reactive diluent by means of which the viscosity is
reduced without the need to use a solvent.

Unsaturated polyester resins are usually used in two-component systems together with a
monounsaturated monomer, preferably with styrene. For photoresists, specific single-
component systems are often used, for example polymaleimides, polychalkones or
polyimides, as are described in DE-A-2 308 830. ~

The novel compounds and mixtures may also be used, for example, in coating materials
which are in organic solvents and/or water or are solvent-free.
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t he condensate of
N, N - bi s( examplegreferagiinutiiefitaniumg diexide san\becsmplayed,in SABRANIAIONS ofiHP 19.50% ¢ -

octyl am n a6 . iy )
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bi's(1,2,2 e?arﬁﬂB?Hﬂ&&Uﬁﬁ&XL&Jr@ %&M )afn?ﬁs? n%‘fél ¥||aﬁ3é lgﬁips or xenon lamps. A patticular
advantage of the radiation-curable powder coatings over their heat-curable counterparts is
that the flow time after melting of the powder particles can be delayed if desired in order to
ensure the formation of a smooth, high-gloss coating. In contrast to heat-curable systems,
radiation-curable powder coatings can be formulated to melt at lower temperatures without
the unwanted effect of shortening their lifetime. For this reason, they are also suitable as
coatings for heat-sensitive substrates, for example wood or plastics.
In addition to the novel photoinitiators, the powder coating formulations may also include UV
absorbers. Appropriate examples are listed above in sections 1.-8.

The novel photocurable compositions are suitable, for example, as coating materials for
substrates of all kinds, for example wood, textiles, paper, ceramic, glass, plastics such as
polyesters, polyethylene terephthalate, polyolefins or cellulose acetate, especially in the
form of films, and also metals such as Al, Cu, Ni, Fe, Zn, Mg or Co and GaAs, Si or SiO, to
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The novel radiation-sensitive compositions find application as negative resists, having a |
very high sensitivity to light and being able to be developed in an aqueous alkaline medium
without swelling. They are suitable as photoresists for electronics (electroplating resist, etch
resist, solder resist), the production of printing plates, such as offset printing plates or
screen printing formes and/or the production of dies, for use in chemical milling or as a
microresist in the production of integrated circuits. The possible layer supports, and the
processing conditions of the coated substrates, are just as varied.

Substrates used for photographic information recording include, for example, films of
polyester, cellulose acetate or polymer-coated papers; substrates for offset printing formes
are specially treated aluminium, substrates for producing printed circuits are copper-clad
laminates, and substrates for producing integrated circuits are silicon wafers. The layer



dii sodecyl pentaerythritol diphosphite,
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yl -1 2-met hyl -di bepzo[d, g]-1, 3, 2- di oxaphosphoci n,
bi s( 2, 495 Hdp 101im.Whilg forRriNad Fitsyis %Wﬁ%{me&]gya}mﬁ"t Peb‘?y 4-di-tert-
but yl - 6- et hyl phenyl ) ethyl phosphite. Consequently, the invention also
provi des_phot opol yneri zabl e conpositions cqg‘g{i sing as photoinjtiator at

| east orf@llewing dameoatingof thersybslratgs, the gplvantis lameyRd, genarally by dryipgele leave

descri befosabeie phbfbrésis?énaheé Sibstfatd.” om the class of the
hydr oxyphenyl - s-tri azi nes and/ or hydroxyphenyl benzotri azol es and/ or

sterically hindered am nes based on 2,2,6,6- tetranethyl pi peridines.

23 - TredbRh aRaBehiReTbNREulindy ekbSHre MigUighd btsmaioédiHstrig O
m xture of conpounds of the fornmulae l'a, ‘especially )

bi s( 2, 4,reedatenmtined pattem.dor 9xamnle a shide; expo’ure by areans of adasep beamswhich fore
formul a necl all 5 Y, - atbate ROXY-1 -
ot hyl eténxlgrr{\gf‘eglg‘g@vgh n"%“gt;ru W&S@X/@ %?era@@ &t the e Wvattate2Hd i

4, 6- di ( 2hig-vwaiyrprodiudes lapriphge, anddrragiationwyithicqmputerseantrolledieldetsn bsamsind
tridecyl oxy) (2- hydr oxy) propyl - 3- oxyphenyl ]-1, 3,5-triazine and 15 % 1-

met hoxy- 2- propanol as UV absorber. To accel erate the photopol yneri zati on
it is pdliowing theinagbwise exposurieqf tieexmaterial and pridrdo devalopment, it may be

The- act i SheBROpRS Weary Bt M dealiodbYo LHRRORAE 3R iia Bhed dgelpbotll o
ket ones gwictions are thermally cured. The temperatures employed are generally 50-150°C,

" preferably 8-130°C; the period of thermal treatment is in general between 0.25 and

10 minutes.

The photocurable composition may additionally be used in a process for producing printing
plates or photoresists as is described, for example, in DE-A-40 13 358. In such a process
the composition is exposed for a short time to visible light with a wavelength of at least
400 nm, without a mask, prior to, simultaneously with or following imagewise irradiation.

After the exposure and, if implemented, thermal treatment, the uhexposed areas of the
photosensitive coating are removed with a developer in a manner known per se.

As already mentioned, the novel compositions can be developed by aqueous alkalis.
Particularly suitable aqueous-alkaline developer solutions are aqueous solutions of
tetraalkylammonium hydroxides or of alkali metal silicates, phosphates, hydroxides and
carbonates. Minor quantities of wetting agents and/or organic solvents may also be added,
if desired, to these solutions. Examples of typical organic solvents, which may be added to
the developer liquids in small quantities, are cyclohexanone, 2-ethoxyethanol, toluene,
acetone and mixtures of such solvents.



the benzophenone type. |f use is made of novel m xtures conprising
compounds of the formula IIl, an inprovenent in the reactivity can be
obt ai ned through the addition of am nes. Exanples of am nes which can be
used as oxygen scavengers are substituted N, N di al kyl ani lines as described
in EP-A-339 841. Further accelerators, coinitiators and autoxidizers are
thiols, thioethers, disulfides and phosg@irnes, as are described, for
exanple, in EP-A-438 123 and GB-A-2 180 358. The photopol ynerization can

al so be accelerated by the addition of photosensitizers, which shift or
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met hoxy- printing Rpiatasy Thiglappligation upes, foraemmpém em&ture;s of i sotublss linear pelyamides or

Der oxy ar DhanspuBdRRS Aiof SARHAepr3i BEr BoNKER RS SHlAdN o 1 1 cp. A
845 639. memﬁ@vhtﬂs@onmtm@sarbomSlrwa. mlmnyl abbhdz;':auwﬂmmmwwah ?)c/)ﬁl .
for exa BH&? %m y )
por phyr FHJ or "acri di %%l dyes, 3 or a érgfa%%%]a%}f o?&ﬁ%tg% ngPéh can be
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EP- A-445 o(?%fly) are exposed over the negative (or positive) of the printed original, and the uncured

parts are subsequently washed out using an appropriate solvent.

Another field where photocuring is employed is the coating of metals, in the case, for
example, of the coating of metal plates and tubes, cans or bottle caps, and photocuring of
polymer coatings, for example of floor or wall coverings based on PVC.

Examples of the photocuring of paper coatings are the colourless varnishing of labels,
record sleeves and book covers.

Also of interest is the use of the novel compounds for curing shaped articles made from
composite compositions. The composite composition consists of a self-éupporting matrix
material, for example a glass fibre fabric, or alternatively, for example, plant fibres
[cf.K.-P. Mieck, T. Reussmann in Kunststoffe 85 (1995), 366-370], which is impregnated
with the photocuring formulation. Shaped parts comprising composite compositions, when
produced using the novel compounds, attain a high level of mechanical stability and
resistance. The novel compounds can also be employed as photocuring agents in
moulding, impregnating and coating compositions as are described, for example, in EP-A-
7086. Examples of such compositions are gel coat resins, which are subject to stringent
requirements regarding curing activity and yellowing resistance, and fibre-reinforced
mouldings, for example light-diffusing panels which are planar or have lengthwise or
crosswise corrugation. Techniques for producing such mouldings, such as hand lay-up,
spray lay-up, centrifugal casting or filament winding, are described, for example, by P.H.
Selden in “Glasfaserverstérkte Kunststoffe*, page 610, Springer Verlag Berlin-Heidelberg-



O her conventional additives are - depending on the intended application -
fluorescent whiteners, fillers, pigments, dyes, wetting agents or |evelling
assistants. Thick and pignented coatings can suitably be cured by the

addi tion of glass mcrobeads or powdered glass fibres, as described in

US- A-5, 013, 768, for exanple. The invention al so provides conpositions
conprising as conponent (a) at |east on@ ethylenically unsaturated,

phot opol yneri zabl e conpound which is enulsified or dissolved in water.

Radi ati on-cur abl e, aqueous prepol yner dispersions of this type are
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carboxylic acid, polyurethane (neth)acrylates, and
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of information carriers is also important. In such apphcatlons as already descrlbed above
the layer (wet or dry) applied to the support is irradiated through a photomask with UV or
visible light, and the unexposed areas of the layer are removed by treatment with a solvent
(= developer). Application of the photocurable layer to metal can also be carried out by
electrodeposition. The exposed areas are polymeric through crosslinking and are therefore
insoluble and remain on the support. Appropriate colouration produces visible images.
Where the support is a metallized layer, the metal can, following exposure and
development, be etched away at the unexposed areas or reinforced by electroplating. In

this way it is possible to produce printed electronic circuits and photoresists.

The photosensitivity of the novel compositions extends in general from the UV (about

200 nm) region about 600 nm and therefore spans a very broad range. Suitable radiation is
present, for example, in sunlight or light from artificial light sources. Consequently, a large
number of very different types of light source are employed. Both point sources and arrays
(lamp carpets”) are suitable. Examples are carbon arc lamps, xenon arc lamps, medium-,
high- and low-pressure mercury lamps, possibly doped with metal halide (metal-halogen
lamps), microwave-stimulated metal vapour lamps, excimer lamps, superactinic fluorescent
tubes, fluorescent lamps, argon incandescent lamps, electronic flashlamps, photographic



-25 - may al so be used. Al so suitable are the pol ynerizabl e prepol yners
described in EP-A-33 896, which are thioether adducts of polynerizable
prepol yners havi ng a nmean nol ecul ar wei ght of at ‘| east 600, a carboxyl
group content of from0.2 to 15 % and a content of from0.01 to 0.8 nol of
pol ynmeri zabl e C-C doubl e bonds per 100 g of prepolyner. OQher suitable
aqueous di spersions based on specific aBRyl (neth)acrylate prepolyners are
described in EP-A-41 125; suitable water-dispersible, radiation-curable
prepol yners made from urethane acrylates are disclosed in DE-A-2 936 039.
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The invention additionally provides a coated substrate which is coated on at least one
surface with a composition as described above, and provides a process for the
photographic production of relief images, in which a coated substrate is subjected to
imagewise exposure and then the unexposed pottions are removed with a solvent.
Imagewise exposure in this case can take place through a mask or else using a controlled
laser (without a mask).

The invention thus also provides a process for the photopolymerization of compounds
containing ethylenically unsaturated double bonds, which comprises irradiating a
composition as described above, with light in the range from 200 to 600 nm.

The compounds of the formulae | and la are photosensitive solids, which are generally
yellow, and which are soluble, for example, in esters, aromatic compounds, alcohols and
chlorinated hydrocarbons.

The novel photoinitiator mixtures (blends) are of good solubility in the substrate that is to be
cured. In this context, the solubility of the blends in the substrate to be cured is generally
better than the solubility of the individual components. In the blend, one component acts as
a solubilizer for the others.



for exanple, compounds of the fornmula [err] (described in US-A-5,436,280 or
JP-A-Hei 6 263809) in which Qis Sor 0 and Rerr]', Rerr]', Rerr]' and
Rlerr]" are, for exanple, alkyl, alkenyl or aryl, and phosphites can be
used as additives. -26 -
The phot opol yneri zabl e conpositions can be used for various purposes, for
exanpl e as printing inks, as transparen®ctoatings, as white paints, for
exanple for wood or nmetal, as coating nmaterials for substrates including
paper, wood, netal and plastic, as daylight- curable coatings for marking
bui | di ngs and roads, for photographic reproduction techniques, for

hol ographic recording materials, for i e recordi ng processes oy, f.or the
product i WF‘QS\‘C%WFW&‘?‘R&’WI‘QAWB% t%’n’i‘%{ E'&@%@"d’é\%@ugb ogap ﬁ@ 0 f"’é'éerﬁ%etgﬁ?r\'/ent s
or aqueoyre Alrlrdldi it StRfHca of i sublfater fidus!thRughicumgks for screen printing,
as dental filling materials, as adhesives, as E{‘es?ure-sgnm j ve adhesi ves,
as | am ndiherpiotoinitiater mixiuras are reactives andlowyaligy 8{oe achieyed in thg) ger
masks for,Gls8kb@iigc circuits, for the production of three-dinensional
articles by bulk cdring (UV curing in transparent noul ds) or by the
stereolithography process, as is described, for exanple in US-A-4,575, 330,
for the RiBRAGRDIAWIE SR ARisiréie b fivertioh intndte dtall PANEaRPHeIBEHEESS, a8 CN
may, if approprrate, contain glass fibres and other auxiliaries) and other
t hi ck- | ayiethecemainsier pbthe deseriptionand intherglpims, aredwpraighttuniags dndieatedt r oni ¢
conponent g, . Of-eas coatings for optical fibres. The novel conpounds and
photoi nitiator m xtures can additionally be used as initiators for enul sion
pol ynmeri zations, as initiators of a polynerization for the fixing of
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(a) 4-Methylphenyldiethylphosphonate

lin a Hickmann apparatus, 51.3 g of 4-bromotoluene are heated with 3.9 g of nickel(ll)
chioride to 160°C. 74.8 g of triethyl phosphite are added dropwise over the course of one
hour. The reaction mixture is then heated at 160°C for 2 hours. Subsequently, 22 g of ethyl
bromide are distilled off. Distillation at 90°C/102 mbar gives 38.6 g of
4-methylphenyldiethylphosphonate.

(b) 4-Methylphenylphosphine

8.23 g of lithium aluminium hydride are placed in 180 ml of dry diethyl ether, and 16.43 g of
4-methylphenyldiethylphosphonate are added at -10°C. The suspension is stirred at room
“temperature for 18 hours and then washed carefully with 8 ml of water at 0°C and 5°C, and
hydrolysed with 8 g of 15 % NaOH solution and 24 ml of water, to give a bulky white
precipitate. This precipitate is filtered off under argon, and washed with 50 ml of ether, and
the solvent is distilled off under argon, to give 9.0 g of 4-methylphenylphosphine which is
used without further purification for the preparation of the next stage.



In surface coatings, mxtures of a prepolynmer w th pol yunsaturated nononers
are often used which also include a nonounsaturated nononer. The prepol yner
here is primarily responsible for the properties of the coating film and
variation thereof allows the person skilled in the art to influence the
properties of the cured film The pol yunsaturated nononer functions as a
crosslinking agent which renders the c®ting filminsoluble. The
nonounsat urat ed nononer acts as a reactive diluent by nmeans of which the
viscosity is reduced without the need to use a solvent. Unsat ur at ed

pol yest efc) BRE2,48-tAmetHyfdeakow)- myushe‘nwhagﬂwent systems toget her with a

m)nounsaturat ed ref er ab) or es
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830. The novel conpounds and m xtures may al so be used, for exarrpl e, In
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sol vent
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phot oi ni andithenshesolyéndisiemdvied under reducashpressure,rtagivetaduhg ofibiald,4.6powder
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acryl at efd) Bisf2,y|Gatnimettsyltzanzoyl)-4imethyphéryiphosphive bxide- r adi cal | y UV- curabl e
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novel fr iuenedindahe polation i’slﬁdatédlb 503012 gaufi301 %8 hiydroge perogideare addsd bed,
for example, in the paper "Radiation Curing of Powder Coating", Conference

Pr oceedi ﬁ@gmwém qu.rqug opedwupThen rewtpp,r@xture is then allowed to cool to room
temperature, and the phases which develop are separated. The organic phase is washed

with 30 mi of water, 30 ml of 10 % sodium bicarbonate solution and water until neutral, then
is dried over magnesium sulfate, filtered and concentrated in vacuo, to give 24.5 g of a yellow
oil. Column chromatography and recrystallization from petroleum ether give 12. g of the title
product as yellow crystals with a melting point of 151-1 52°C.
Elemental analysis: _
calc. C: 74.98% found: C: 74.90%
H: 6.76% H: 6.75%

Examples 2-9: The compounds of Example 2 to 9 are obtained by following the method
described in Example 1 and using the appropriately substituted starting materials. The
compounds and their physical data are given in Table 1 below.



and Th. Gohmann. Free-radically UV-curable pomder coatings can al so be
fornul ated by mi xi ng unsaturated pol yester resins with solid acryl ates,

met hacryl ates or vinyl ethers and with a novel photoinitiator (or

photoi nitiator m xture). The powder coatings may al so conprise binders as._
are described, for exanple, in DE-A-42 28 514 and in EP-A-636 669. The
UV-cur abl e powder coatings may additi o@dy conprise white or col oured

pi gnents. For exanple, preferably rutiletitani umdi oxide can be enployed in
concentrations of up to 50% by weight in order to give a cured powder
coating of good hiding power. The procedure nornelly conprises

el ectrostatic or tribostatic spraying of the powder onto the substrate, for
exanpl e h@®@l or wood, nelting of the powder by heating, and, after a
smoot h fil m has forned radi atJ on- curln of the coating with ultraviol et
and/or visible light, using, flor B .o Mdi um pressure mercury |anps,
metal halide | anps or xenon | gp grt; gdvantage of the

radi ati on-curabl e powder coati tjhei at®curable counterparts is
that the flowtime after neltijng of ;he RO articles can be del ayed if
desired In order to ensur e t he formation of’ a snoot h, hi gh- gloss coatlng

I n cont fFast—tpothegt=curabte—s$ystens; TradratTomr-curqbte-powd = TIgs] can
be formjtg_tedleﬁo meg,t at | oweig, t enpef g ures|pit hout| ghel 4 Wxaﬁag,seéfect of
short enl gapikhiei r lifetime. For this eason, | t hey arje al pc§tr%p | e as
coating$ for heat-|sensitive substrates, for|exanpl g wood or | phlegateds. |l n
additioh to the ndvel photoinpitiatorp, the powder coatijng f of%lfaatd onsj may
al so in¢lude UV absorbers. propriate e les arel ljisted abo®e jinH
section$ 11- 8} CHs THeHaovel phét ocur apCls conpbisi ti onsHar e 182ij t @9 | &%
exanplel_as chating materialg for supstrates of alll kinds 1 07498 4 fisl6e
wood, téxt?2l ekCHpddells cer ami|@€Hsgl asgH pl as{ Hcs sucjHas| #82 JeZ4-8% 4 6.80

pol yethylene tereghthalate —molvoleflns or tollulo

at ¢ 7494 %&_@_y in
the fori of f FH&; Gl al so f&ttal s s|iBHeas AH  cu, |NPHs FA63 ) n75§79 (;rggCo and

& AS, Q| oF Q ol t.n
-28 - whitch F'fls s¢|“nt ended t%'(glﬂﬂq Ha pr of SE(FHRe ’ayer 189 5& a?\% Df
| Magew g€ g/\pueﬁar ’CHsU getret Lalsd € me),acuH rager CHs | 146 76.58 | 8.
76.47 { 7.82
6 CH; | CHCH(CHg), | H H H H resin | 76.22 | 8.02
76.47 | 7.82
7 CH; | H H H H H 93 73.61 | 6.02
73.81 | 5.94
8 CH; | CHs H H H H 132 | 74.63 | 6.50
: 74.67 | 6.52
9 CH; | CH; { CH; H CH;3 H 122 | 75.04 | 6.97
7532 | 7.00

* The shift 3 in the *'P-NMR spectrum is 7.50 ppm.
** The shift § in the *'P-NMR spectrum is 14.95 ppm.

" Example 10: Preparation and curing of a transparent coating
A UV-curable clearcoat is prepared by mixing
99.5 parisof  ®Roskydal 502 (= 66 % unsaturated polyester resin and 34 % styrene;
Bayer) '
0.5 part of ®Byk 300 (= levelling assistant, Byk-Mallinckrodt).
Two parts of a mixture of 95 % 1-benzoyi-1-hydroxy-1-methylethane and 5 % of the
photoinitiator from Example 8 are incorporated into this formulation. The coating material is
applied to a chipboard panel using a doctor blade with a 200 um gap and is then cured.



Coating of the substrates can be carried out by applying to the substrate a
| i quid conposition, a solution or a suspension. The choice of solvents and
t he concentration depend principally on the type of conposition and on the
coating technique. The solvent should be inert, i.e. it should not undergo
a chemcal reaction with the conponents and should be able to be renoved
again, after coating, in the course of3@rying. Exanples of suitable

sol vents are ketones, ethers and esters, such as nethyl ethyl ketone,

I sobutyl nethyl ketone, cyclopentanone, cycl ohexanone, N nethylpyrrolidone,

di Oxa”e,C&ﬁfdié‘%ﬁﬁ&ié&%as%gﬁﬁﬁé‘Qéh‘lﬁfebal‘?@'oon?eﬁ' BBk v Hla.speed of

1- met hoxy-2-propanol , I,2- dinmethoxyethane, et'hyl acetate, n-butyl acetate
and et hyd mémis; Heserpeath twe megiumrpeesswielneISHIYi lBmpp of thed 20/ W/ce Riesjon | type
substr at 0 ' | . '

coat i ng, e SEEBme Lol B o0 Nl e D Sl e A SR e O g,
especi al pepdylunchardnesssiDAN i5818Drof jhengmearprpaf eoatingds ﬁgISP-CQm’ét ing. It is also
possible to apply the photosensitive |layer to a tenporary, flexible support
and then to coat the final substrate, for exanple a copper-clad circuit
boar d, hExampled1:-Prepatgtion and syring ofiaawhiterpaint | on. The quantity applied

(layer thigK : : . substrate (layer support) are
dependen’fb%aﬁﬁééa@glgtprggﬁﬁ}gkﬁé%?%gﬁgﬁgation. The range of |ayer

t hi cknes825 pgesof FEbgcryBll (Polyesien baykatd fromUEBBelgiuh) pm t 0 nore t han 100
pm The_novel radjation-sensitive conpositions find application as

negati ve 5'@59%‘?9? hé’@?@eg'iawwﬁtﬁh sensitivity to light and being able to

be devel opgGhalts of rim@thytitogarettiatiglateshd!m Wi t hout swel ling. They.are
sui tabl e as photoresists for electronics (electroplating resist, etch

resist, 38PRarsolsRsTE2 (rutile ttaniem digxide, iemplionide)ng pl ates, such as of f set
Por "use 3 Baft 8 BhoB AR i o7 Se¥ Lol hflinoky  hethbn e Hnd 25 0 &7
i nt egr at efdhe photoinitiatorTiom Brample|8cark dyerparateddnto this paint fdmaulation. el paint is

diti of .th bst r at ' i ed, Substrat d
For phot BEMBRAT & SofRRiRd aRisARMERaR) 1y alckalos Bl b 1amin b ars;
pol yest esxpoesti bH 'aGRvéycr balt to & 80 WMﬁﬂhediQﬁchﬁéséiﬁ@ fiebcury lRf @hﬁd-f or
of fset printing fornes are specially treated al um nium’  substrates for

pr oduci ntfapevistiA)e The maxinum bekt sperd atavhieh # ameatrreaf and Naroyghysured ceat is or
produci nghthine8 W & hivdstile’dt the Ralfivity Dt tHSHOtIIRiBP mixkihe. ARYEL cured at a belt

speed of 3 m/min has a Kdnig pendulum hardness (DIN 53157) of 159 seconds.

Example 12: Preparation and curing of a white paint

Similarly, in each case 3 parts of a photoinitiator mixture of 75 % 1-benzoyl-1-hydroxy-
cyclohexane and 25 % of the photoinitators from Examples 2, 4 and 7 were tested in the
formulation described in Example 11. The corresponding white-paint coats are likewise
cured at a belt speed of 15 m/min.

Example 13: Preparation and curing of a highly pigmented white paint
A UV-curable white paint is prepared by mixing
45 parts of *Ebecryl 830
3 parts of 1,6-hexanediol diacrylate
2 parts of trimethylolpropane triacrylate
50 parts of ®R-TC2 (rutile titanium dioxide)
4 parts of a photoinitiator mixture of 75 % 1-benzoyl-1-hydroxycyclohexane and 25 % of the
photoinitiator from Example 8 are incorporated into this paint formulation. The paint is



-29 - t hi cknesses for photographic materials and offset printing forns
are generally fromabout 0.5 pmto 10 pm while for printed circuits they

are from0.4 [err]mto about 2 [err]m Fol l owi ng the coating of the
substrates, the solvent is renoved, generally by drying, to |l eave a coat of
t he photoresist on the substrate. The term "i magew se" exposure includes

bot h exposure through a photonmask conpr@d7si ng a predeterm ned pattern, for
exanple a slide, exposure by neans of a |aser beam which for exanple is
noved under conputer control over the surface of the coated substrate and

0 thi _ . ; ra N, ) T ed
el cct  orthpa e IR ol ARt in oAee B dbacbittd W QTBY WA g4 BI 8 C
prior tocuted oh adavéyor ibklt URNertwoBOW thagedium-pressaveyeroury lahps (ABtel,r eat nent

for a short tine. In thi ase,only the exposed sections are .thernall
cured.  THEA) Aiadielsheed ob 4% MUl Sneagaingt a1 Hroughuaind sodf i ORRBrd MaaRg

8- 130[ er kbiig pehdul@mMaPdhe’s (DINSSTE7) I 853§dt0RHs.| Sparts drNSHoMiniBgloyRBAUE.ofS> and
10 m nutes. The phot ocurabl e conposition may additionally be used in a
process 1ot bRERARI-UBEYdRhexand sad 25 Fnplohs Peiiitaterio Exgneleided, 1 or
exanpl e, |iggviddgive 48mbarptest surfacé WAA titolgHREMea cbltat BN spebd OF 10 f/RiRD AR
for a short tine to visible light wth a wavel ength of at |east 400 nm

wi t hout @ pgRdWumbhardnessef 78 saeAndineously with or fol | owi ng i magew se

i rradi ation. After the exposure and, if inplenented, thermal treatnent,
the unexposed areas of the photosensitive coating are renoved with a
devel opeEmgh_&ex 145 GHERg Rbw lamiparcogposite

A formulation is prepared from
99 parts of “Vestopal X7231 (unsaturated polyester from Hils, Germany) and

1 part of a photoinitiator mixture of 75 % benzyl dimethyi ketal and 25 % of the

photointiator from Example 8

A lamina of 4 layers of a glass fibre mat (chopped strand material) and the above
formulation are covered with a transparent Mylar film and subjected to firm compression.
This assembly is then irradiated under 5 lamps of type TL40W/03 (Philips) at a distance of
15 cm for 10 minutes. A stable composite layer is obtained which has a Shore hardness D
(in accordance with DIN 53505; determined with a hardness tester from Otto Wolpert
Woerke, Ludwigshafen, Germany) of 65.

- Example 15: Preparation and curing of an amino-containing clearcoat
2 parts of a photoinitiator mixture of 45 % benzophenone, 45 % 1-benzoyl-1-hydroxy-
cyclohexane and 10 % of the photoinitiator from Example 8 are mixed with 98 parts of an
amino-containing polyether acrylate (*Laromer PO84 F, BASF). The coating material is

applied to chipboard panels using a doctor blade with a 100 um gap and is cured at a belt

speed of 10 m/min using two 80 W/cm medium-pressure mercury lamps (Aetek, USA). The
smearproof coat has a Kénig pendulum hardness (DIN 53157) of 65 seconds. -



As al ready nentioned, the novel conpositions can be devel oped by aqueous
al kalis. Particularly suitable aqueous-al kaline devel oper solutions are
aqueous sol utions of tetraal kyl ammoni um hydroxi des or of al kali netal
silicates, phosphates, hydroxides and carbonates. M nor quantities of
wetting agents and/or organic solvents nmay al so be added, if desired, to
t hese sol utions. Exanples of typical or8&nic solvents, which may be added
to the developer liquids in small quantities, are cycl ohexanone,

2- et hoxyet hanol, toluene, acetone and m xtures of such sol vents.

-30 - Photocuring is of great inportance for printing inks, since the
drying tinme of the binder is a critical factor for the production rate of

gr aphi ¢ (Ex3mpie 16: Rrgparafion ped ering pfaROwdeH Pa4NT 1 ract i ons of seconds.

W- cur abl guividiRaiié Bowdér doatihdis' prepdre@ibant for screen printing.  As
al ready nentioned above, the novel m xtures are also highly suitable for

pr oduci ngB®P ipatts af) *AAS128 (DM, Hollansh i cat i on uses, for exanple, mixtures of
sol ubl e | jpear .pal wapi S eng/ but adi ene and/ or styrene/isoprene

r ubber, pw%&ﬁgf’gt 25133§§é@$9'n€'¥@%ﬂ%mt hacryl ates containi ng carboxyl
groups, pgd.Bpany bf 2RCIED(rtile titaniudi BidRidepcr yl ates wi th phot opol yneri zabl e
nononers, for exanple acryl am des and/or nethacryl am des, or acryl ates

and/ or nmeth@earticht Resifiod PY5EJI.ONntles, Gasmanyi | ns and pl ates of these
systens ( or, dr e expase r .t he negatjve (or positive) of the
printed o\r,\&éipﬁﬁp? ﬁ“@%ﬁ@@r@r@é&?@%ﬂgﬁ%@ﬂ%equentIy washed out usi ng
an approprd ol t v ' ' IR d_is
Che boat | o Bite oy o 2lpotoiffRAloribalro 3t 75 20 A2y eROl B Pin v LN &

pl ates and tubes, dagibylgthapeend258aptthephgtiqinitatectiomngxasmpled yner coati ngs,

for examphpofthe tbMPonéHts YR hixeWfah BRFudP8f80°2 t&Yre a homogeneous white paint.
After cooling, the solid mass is ground and sieved. The powder with a particle size of
< 90 pm is applied in a film thickness of 60-80 um to an aluminium panel using an
electrostatic spray method. The coated panel is heated at 125°C in an oven for 3 minutes.
During this period, the powder melts and a homogeneous film is formed. The filmis -
irradiated while still hot, at a belt spéed of 7.5 m/min, under two 80 W/cm medium-pressure

mercury lamps. After irradiation for 30 minutes, a Kdnig pendulum hardness of 105 seconds
is measured.

Example 17: A pastel-coloured paint is prepared by mixing

75.5 parts of Ebecryl® 830 (polyester acrylate oligomer)
9.0 parts of 1,6-hexanediol diacrylate (HDODA)
4.5 parts of trimethylolpropane triacrylate (TMPTA)

To this paint there are added 3 % (3 parts) of a photoinitiator mixture of 75 % benzyl
dimethyl ketal and 25 % of of the photoinitiator from Example 1. A paint film of 100 pm is
applied to a wooden panel and is exposed, at a belt speed of 3m/min, under two 80W/cm

medium-pressure mercury lamps (Aetek, USA). A smearproof and through-cured coat is
obtained whose Kdnig pendulum hardness (DIN 53157) is 115 seconds.



Exanpl es of the photocuring of paper coatings are the col ourless varnishing
of | abels, record sl eeves and book covers. Al so of interest is the use of
t he novel conpounds for curing shaped articles nmade from conposite

conposi tions. The conposite conposition consists of a self-supporting -
matrix material, for exanple a glass fibre fabric, or alternatively, for
exanple, plant fibres [cf.K -P. Meck,39 Reussmann in Kunststoffe 85
(1995), 366-370], which is inpregnated with the photocuring formrulation.
Shaped parts conprising conposite conpositions, when produced using the
novel compounds, attain a high |evel of nechanical stability and

resi stance. The novel conpounds can al so be enpl oyed as photocuring agents

i n nmoul gikaeiplel 180 ASGNGW ipaiht eparell frdgh conpositions as are described, for
exanpl e, in EP-A %86? Exfrfg@f of such conpositions are gel coat resins,

- which are subj ect toggbrpdHEestiEDRAAT 30N (ROIVEsteeanidieWligemehng activity and
yel | owi ng resistance, and fibre-reinforced noul dings, for exanple
| i ght - di f fusi ng panel $5wpartsofd.é-hexanediol diecrylale (HMRBAGAhW se or crosswi se

corrugation. Techniqu I ' gﬁh% H%)d‘l{; ' ch as hand | ay- up,
spray | ay-up, centri f‘gga_ﬁaésa@tt@ﬂgﬁ%@g){l am:}n Ig{ne&'ﬂﬁngﬂgre descri bed, for
exanpl e, by P.H Sel d2f parts'dll hgdziv Gelb GLTA (yellowpigstent)of f e", page 610,
Springer Verlag Berlin-Hei del berg-

- 31h- ~ 3lgansoptHe ﬂWni}i&@amhm f:ozlfm Exar‘ﬂplbgs augiadbeatlﬂmthls_epart]ntouglmpad?hs t geze
t echni ques, are boat.s i bre bo (. chi ar nel s a, doupl e- si de
coat i ngaBPl"’gaz%&sFF?ﬁqe'-"r%ampg? i‘éﬁngfsa%’ipi"g‘?gﬁt Bé’%ﬁ seﬁﬂq\é\%]HV@',"' ZQ‘fL{ aNcyrt her
exanpl egoW/chpmbdiuitSprebsite ity Rinp mﬂhnavis,qnm;)s The pBAdWGR Hditinesi N
gel coats for noul di ngs contai ni ng?ag,ass fibres (GRP), such as corrugated
sheet s &hthesmrarpmoghandthrughreured coal s 112 8RCORES- e based on urea resins or

mel am ne resins. Prior to production of the |am nate, the gel coat is
produced on a support (for exanple a filn). The novel photocurable

conposi iEyamplC o LAV Stabiigationed afcfgarécett | Ng resins or for enbedding articles,
for exanple electronic conmponents, etc. Curing is carried

A clearcoat is prepared by mixing
99,5 parts of Roskydal® 502 (=66 % unsaturated polyester with 34 % styrene, BAYER), and

0.5 part of Byk® 300 (levelling assistant, Byk-Mallinckrodt)

A liquid 3-component mixture is prepared by heating a photoinitiator mixture of 75 %
1-benzoyl-1-hydroxycyclohexane and 25 % of the photoinitiator from Example 1 to 50°C-
and adding the same amount by weight of a mixture of 85 % 4,6-di(2,4-dimethylphenyl)-2-
[2-hydroxy-4-(mixture of dodecyloxy and tridecyloxy)(2-hydroxy)propyl-3-oxyphenyl]-1,3,5-
triazine and 15 % 1-methoxy-2-propanol. 4 parts of this liquid mixture are incorporated into
the clearcoat. Coats are applied to wood (pale substrate) using a doctor blade with a 150
um gap, and are exposed at a belt speed of 3m/min, using two 80 W/cm medium-pressure
mercury lamps. The pendulum hardnesses (PH) and yellowness indices (YL) (according to
ASTMD 1925) are measured directly after curing and after 4 hours of subsequent exposure
under TL 20W/05 fluorescent lamps (Philips).

The sample with the liquid 3-component mixture can be cured readily and gives an
adequate photoprotective action (UV stabilization), as shown by the data in Table 2.



out using nedium pressure nercury |anps as are conventional in UV curing.
However, there is also particular interest in less intense |anps, for
exanple of the type TL 40W03 or TL40WO05. The intensity of these |anps
corresponds approximately to that of sunlight. It is also possible to use
direct sunlight for curing. A further advantage is that the conposite
conposition can be renoved fromthe |r§ﬂr source in a partly cured, plastic
state and can be shaped, with full curing taking place subsequently. The
use of photocurabl e conpositions for inmaging techniques and for the optical

product iTapled2 i nformation carriers is also inportant. In such applications,
as al r gady—desertbed—above—thetayer—{twetr—er—dry—appreeqt 0 t he support

A2 T My‘.TI \V\IL:L Ul AT _Yl u'.l'.ll rrou

is irrddiated through a phot ofastsr suring UV |[of hoursiTii2owW/moght | and t he
unexpoded areas of the |ayer &r enoyed Ry treatment_ wth{a solvent (=
devel odefddtVES | i cation of the Eﬁi)t ocMFabI e Iéléer to Wetal |can al so be
carri eq—out—by -electrodeposity lymeric through
crossl inkpaies GHiduil Redmporin®! § i88sol ublge and yg4mai n ogist he |support.

Approprli ate col ouration produges visible ijmages. Were the|support is a

met al | i|Z8etUr@yer, the netal cgn, follow ng exposure and deyel opnent, be
etched laway at the unexposed dreas or rej )jpl ating. In this
way it is possible to produce printed electronic circuits and photoresi sts.
The photosensitivity of the novel conmpositions extends in general fromthe

W ( abm%f#&gﬁ Qﬁ?ln&&gb&%oﬁBPH lig@i ikttt dn'&furbas Bightatsy Bri@atior 0ad

range. € radiation is present, for exanple, I'n sunlight or |ight
f rom art A bigm d'@{ao bfiftion {0 preparea In¥ixing thé{olEwinY EBRIpoRéntST ¥
differen'lt\H peg‘lée o? ig ?&sourlgg a eserrpl ye‘él; 6BotL poghgt sggrces and arrays

("1 anp c&0 prarts'of Roskydall 8ahWe (ursatunated polyestes BAY&ER)ar ¢ | anps, xenon arc

ot natd coaneintdaromer Bl W Freech & A Bhis e R Seieh BaBrl oo,
| anps, e«yiﬁg}{sdfqmmgg&%q:@.q-bgi(ﬁmfé‘?ﬁé)escem t ubes, fluorescent |anps,

argon incandescent | anps, electronic
-32 - 20 parts of water

ashl anps, phot ographic

The photoinitiator mixture of 75 % 1-benzoyl-1 -hydroxycycfohexane and 25 % of the
photoinitiator from Example 1 is liquefied at 50°C, and 3 parts thereof are incorporated at
room temperature into the above formulation, with stirring. Coats 150 um thick are applied
to wood, dried at 80°C for 4 minutes and then exposed at 3 m/min under two 80 W/cm
medium-pressure mercury lamps. The coating with the liquefied photoinitiator mixture gives
a pendulum hardness of 50 seconds, a yellowness index of 4.3 and gloss values (at

measurement angles of 20° and 60°) of 75/87.



f 1 oodl —e 5 and X-rays, produced by nmeans of synchrotrons or
| aser plasma. The di stance between the | anp and the substrate to be exposed

in acco“mmu“m”mnﬁ nvention may vary dependi ng on the intended
appl i cat'f'om! | and output of the lanp, and nmay be, for exanple, _
from2 cmto 150"cm’ Laser | i ght sources, for- exanple exciner |asers, are
especially suitable, such as krypton Flasers for exposure at 248 nm
Lasers in the visible region can also be enployed. In this case, the high
sensitivity of the novel materials are very advantageous. By this nmethod it
is possible to produce printed circuits in the electronics industry,
| thograWﬂﬁ&fé%ME(Hiéjti ng plates or relief printing plates, and al so
phot ographi'c I'mage-recordi ng naterial s. The. i nvention additionally
provides for the use of the above-described conposition for preparing
coating W?z&jnﬁ&%d &rhg}gr% Inks, printing plates, dental conpositions,
resist materiarls, ané as 1 nmage recording material, especially for
hol ogr aphi ¢ recordi ngs. The invention additionally provides a coated
substrate which is coated on at l/&ast|on&ssurfce with a conposition as
descri bed above, and pro\i des &2§ e phot ographi ¢ producti on of
relief inmages, in which 3R -@ e bject@y to imagew se
exposure and then the ungxpos&e=porti pns a enoved wth a solvent.

~t hrough a mask or el se using

| magewi se exposure in thils case
a controlled laser (wthout a ma ¢ invéhtion thus also provides a

process for, . the photopol ynerization of conpounds containing ethylenically
unsat ur at"e¥iebubl e bonds, which conprises irradiating a conposition as
descri beg, aigqy,ec,,amyt,h light in the range from 200 to 600 nm The
conpounds of the fornulae | and la are photosensitive solids, which are
gener al | {2 yisihygiegennGr-GualiohoabeCealkaxyl @0d f or exanpl e, in esters, aromatic

conmpound I I i eh..
phot oi ni tﬁls 'a?‘bﬁgm%xatﬁg ?ﬁﬂ"‘%@ﬁﬁ@f} g?;g@ ??'bgﬁﬁ ng)@? ﬂ?ﬁ?ﬁma k&%\ﬂt Eé Cotll ) ot e
that is eylapeniylcyelohexyltGurGralienyb Gz:Craligyl whichis interyuptéd byrenedmmaee i n t he
substrat r i =1 t : il .
i vi duSTVESn g e Brd St Sltiruted oG Bk BRef iRl beuBbute or

is mono- or disubstituted by C,-C,alkyl and/or C,-C,alkoxy, with the provisos that at least

one of the radicals Rs, R4, Rs, R and Ry is other than hydrogen and that, if R; and R, are
methyl, Rs and Rg are not methyl.

2. A compound according to claim 1, in which Rs, R4, Rs, Rs and R; are hydrogen, C,-Cg-
alkyl, phenyl, allyl, benzyl, cyclohexyl or chlorine.

3. A compound according to claim 1, in which Rs, R4 and Rs are hydrogen, C1;C4alkyl or
phenyl.

4. A compound according to claim 1, in which R, is methyl.
5. A compound according to claim 1, in which R and R, are the same.

6. A photoinitiator mixture comprising
at least one compound of the formula (la)

This Sheet Has Been

T



a solubilizer for the others.
-33 ————Mhen carrying out curing with the novel blends, an optinmumratio
can be obtai ned between the curing of the surface of the substrate and its

t hr ou?,mmmmmu otoinitiator mxtures are reactive, and | ow yel | owi ng
val uesis Hm in the course of4 curi ng. The exanpl es which fol |l ow

illustrat® the W nvention in nore detai’l*¢"Parts and percentages, as in the
remai nder of the description and in the clains, are by wei ght unl ess
i ndi cat ed ot herw se. Exanpl e 1: Preparation of bis
(2,4, 6-trinethyl benzoyl) =4- net hyl pheyl phosphi ne oxi de
(a) | 0 Ray [ef]
nmln
R; C—1P Ry (la)
R, d2 Rj R

in which
R, is Cy-Caalkyl;
R: is hydrogen, C4-C,alkyl or C4-Csalkoxy, and
Rs, R4, Rs, Rs and Ry independently of one another are hydrogen, halogen, C;-Caalkyl,
cyclopentyl, cyclohexyl, C»>-Cqzalkenyl, Co-Cigalkyl which is interrupted by one or more
oxygen atoms, or are phenyl-substituted C;-Cjalkyl, or are phenyl which is
unsubstituted or is mono- or disubstituted by C4-Csalkyl and/or C;-C,alkoxy;

and at least one compound of the formula (1)

P %
R;—@—c—clz—n,o D)
R‘“

in which

CH,
Rs is hydrogen, C4-Cysalkyl, C4-Cygalkoxy, -OCH,CH>-OR;,, a group CH2=(':— ora

CH,
group cuz-c::—]- , in which | is a number from 2 to 10 and A is a radical
A dy
N
C—C—R,, ;
F‘11

Re and Ry independently of one another are hydrogen, Cy-Cealkyl, phenyl, C1-C1§-
alkoxy, OSiRaR14R14a 0r -O(CH2CH,0),4-C1-Cyealkyl, in which q is a number from 1 to
20, or

Rg and Rjo, together with the carbon atom to which they are attached, form a cyclohexy!
ring;

Ry1 is hydroxyl, C-Cysalkoxy or -O(CH;CH,0)q-C1-Ciealkyl;
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(a) 4-Met hyl phenyl di et hyl phosphonate Iin a H ckmann apparatus, 51.3 g of
4 bLorml_oLaene—&r—e—hea{ed with 3.9 g of nickel(Il) chloride to 160[err]C.
g of triethyl phosphite are added dropw se over the course of one
hour m“m‘ 1 l“!“&l ture is then heated at 1 60[err]C for 2 hours. -
Subs ethyl bromde arg.distilled off. Distillation at
90[err']C/10 err] nbar gives 38.6 g of 4-nethyl phenyl di et hyl phosphonate. (b)
4- Met hyl phenyl phosphine 8.23 g of lithium al um nium hydride are placed in
180 m of dry diethyl ether, and 16.43 g of
4- met hyl phewlyérdiRat B;olqmldd%@amtallaﬁaulmeeuslﬁ&-cl@[mxyPC. The suspension is
stirred at rcggm 8 ga M 18 hours and then washed carefully with 8
m of water B?e?r&]‘ e ‘err] C, and hydrolysed with 8 g of 15 %NaC]—I
solution and 24 m of water to ghve a bul ky vhite preci prtate CH)

1]
or o) BLY 2 s s & i tend skci, o wbsbedovud 50%'@"%”‘”

4- et hyl phenyl phosphi ne which is used without further puri f| cation for the
prepar ati onf8t the next stage.

-34 - ( ¢) RBiRAnd, By, indepehdentiyon ooy bhothenae 3 -Qlatkphorpheaphi ne A sol ution

of 16. 2 f d| i soprop | am n tetrahydrofuran (THF) is cool ed
to - ? prj @t leaghgn 'B‘Pmb“df?eltﬂ??ﬂmh‘nlﬂﬁ?h hexane (1.6 M are added

dropvvr se. Then, at -40[err]C, first .09 of 4-met hyl phenyl phosphi ne and,
subsequent |y, a solution of 29.22 g/of 02 4, 6- tFrr met hyl benzoyl chloride in
150 m of THF are added. The sol WURE ~ ed*f or 1.5 hours and then the
solvent is renoved under redb& o@' 5 ?'E'/gl vdlli»g. 0 g of bis(2,4,6-

tri met hyl benzoyl ) - 4- met hyl phenyl prrogphi ne as”a yel | ow povvder (d)

Bi s(2, 4, 6-trinethyl benzoyl ) -4-nmet hylghenyl phosphi ne oxide 28.0 g of

bi s( 2, 4, 6-tri met hyl benzoyl) - 4- net hyl phenyl phosphi ne are di ssolved in 100 mnl
of toluene gghitthe solution is heated to 50[err]C 8.2 g of 30 % hydrogen
peroxi de are added dropw se over the course of one hour. The reactijon

mxture i s RiseRualRenpd Rioindependestly strne analear are hydrogeni metkylppheswl whi ch
devel op arepy ambHT&%uggﬁg@H%r@}@@kylssvvawﬁtgpégﬁwef\ﬂnemg,iol Bf wat er, 30

m of 10 %so I um bi carbonate sol uti on and t hen
-OCH,CH20R 2 or -SCH,CH,0R2 in which Ry; is as defined for formula li;

and/or at least one compound of the formula (IV)
'
Ry C-?-CHzﬁm (wv)
R /N\ :
18 R, Ry

in which
Rig is hydrogen, C,-Caalkyl, C4-Csalkoxy, C:-C,alkylthio, halogen or a group N(Rz2)2;

st O Rao
| i |
Rig is as defined for Ryg or is the group —N c:—(‘:—CH.‘,FIz1 (IvVa), in which
e AN
18 R,,

case the radical Rg from the formula [V and the radical Ryg of this group (IVa) together
are a direct bond, and the other radicals are as defined below;

R is C-Cgalkyl;

Rz is hydrogen, -CH=CHR,4, or phenyl which is unsubstituted or is substituted one to
three times by C,-Csalkyl, C,-C,alkoxy or halogen;
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IS erum sulfate, filtered and concentrated in vacuo,

give 24.5 \mm ow oil. Columm chromat ography and recrystallization
oy

f:ro mm

nt of 151-152[err]C. El enent aI anal ysi s: cal c.
74.98% found: C  74.90% H  6.76%
6. 75% Exanples 2-9: The conpounds of44ExarrpI e 2to 9 are obtai ned by

to

give 12. g of the title product as yellow crystals

foll owi ng the method described in Exanple 1 and using the appropriately
substituted starting materials. The conpounds and their physical data are
gi ven i n TerifRp aid Bg], ®ogether with the carbon atom to which they are attached, form a

Tabl e

cyc&)hexyl ring;

Ra2 and Rz independently of one another are C4-Csalkyl, or

R22 and Rz, together with the nitrogen atom to which they are attached, form a five- or
six-membered saturated or unsaturated ring which can be interrupted by-O-, -NH- or
-N(CHg)-,

Rz is hydrogen or C4-C,alkyl; and

Razs is hydrogen or C,-Cy.alkyl.

7. A photoinitiator mixture according to claim 6, comprising compounds of the formula la
and compounds of the formula Il in which

CH,
Rs is hydrogen, C-Cqalkyl, C-Cqalkoxy, -OCH,CH2OR12, a group CH2=(l)— or a group

H,

CH;y i Roand Ry independently of one ano_ther are hydrogen, C-Caalkyl,

>»—=Q—-Q

| phenyl, C4-C;.alkoxy, or -O(CH2CH.0),-C+-Cealkyl, in which q is a number from 1 to 10, or

Ry and Ry, together with the carbon atom to which they are attached, form a cyclohexyl
ring; Ry, is hydroxyl, C-Csalkoxy or ~-O(CHzCH,0),-C1-Cgalkyl;

and/or compounds of the formuia lil,

and/or compounds of the formula IV in which Ryg is hydrogen or methoxy; Ry is methoxy,
methylthio, morpholino or a group of the formula [Va; Ry is methyl or ethyl; Rz and Rz3 are
the same and are methyl or, together with the nitrogen atom to which they are attached,
form a five- or six-membered saturated ring which can be interrupted by -O-; and Ras is
hydrogen or Cy-Cgalkyl.

8. A photoinitiator mixture according to claim 6, in which the compdund of the formula lll is
benzophenone, 2,4,6-trimethylphenyl phenyl ketone, 4-methyiphenyl phenyl ketone,
3-methyl-4-methoxyphenyl 3-methylphenyl ketone, 4-(4-methylphenyithio)phenyl pheny!
ketone, 2-carboxyphenyl phenyl ketone or 4-(2-hydroxyethoxy)phenyl phenyl ketone; the

compound of the formula Il is 1-benzoyl-1-hydroxy-1-methylethane, 1-benzoylcyclohexanol,

4-[(2-hydroxyethoxy)benzoyl}-1-hydroxy-1-methylethane, 1-(4-isopropylbenzoyl)-1-hydroxy-

35

1-methylethane or 2,2-dimethoxy-1,2-diphenylethan-1-one;
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[err] * The shift [err] in the [err] P-NVR spectrumis 7.50 ppm * The
shift [err] inthe—ferrfP-NVR spectrumis 14.95 ppm Exanpl e 10:
Preparation and curi ni“Of a transparent coating A UV-curable clearcoat is

prleparﬂmmmmnl‘tmﬁg parts of [err] Roskydal- 502 (= 66 % unsaturated.
pol yes

% styrene; Bayer) 0.5 part of
[err]Byk 360 Y =Y evel I'i ng assi stant, Bﬂ@-‘l\/al linckrodt). Two parts of a

m xt ure of 95 % 1- benzoyl - 1- hydr oxy- 1- et hyl et hane and 5 % of the
photoinitiator from Exanple 8 are incorporated into this fornulation. The

coating tretcefipaund of tigHbinffa I\Visat mamﬁd(ybeimbtl)usﬁmylal-doct or blade with
a 200 [er rolprpoﬁr?gpropane1 (t{-meﬂ\yﬁﬁlogenzoyl)- 1-methyl-1-morpholinoethane, 1-(4-
morpholinobenzoyl)-1-benzyl-1-dimethylaminopropane or 3,6-bis(2-methyl-2-
morpholinopropan-1-one)-9-octylcarbazole; and
the compound of the formula la is bis(2,4,6-trimethylbenzoyl)-2,5-
diisopropylphenylphosphine oxide, bis{2,6-dimethyl-4(2-
methylpropyl)benzoyl]phenylphosphine oxide, bis(2,6-dimethylbenzoyl)phenylphosphine
oxide, bis(2,4,6-trimethylbenzoyl)phenylphosphine oxide or bis(2,4,6-trimethylbenzoyl)-2,5-
dimethylphenylphosphine oxide.

9. A photoinitiator mixture according to claim 6 comprising at least one compound of the
formula la and two compounds of the formula Il.

10. A photoinitiator mixture comprising 25 % bis(2,4,6-trimethylbenzoyl)
phenylphosphineoxide and 75 % 1-benzoylcyclohexanol.

11. A photopolymerizable composition comprising _

(a) atleast one ethylenically unsaturated photopolymerizable compound and

(b) as photoinitiator, at least one compound of the formula | according to claim 1 ora
photoinitiator mixture according to claim 6.

12. A photopolymerizable composition according to claim 11, comprising as photoinitiator at
least one compound of the formula | according to claim 1 or a photoinitiator mixture
according to any one of claims 6-10, and a UV absorber from the class of the
hydroxyphenyl-s-triazines and/or hydroxyphenylbenzotriazoles and/or sterically hindered
amines based on 2,2,6,6-tetramethylpiperidines.

13. A process for the photopolymerization of compounds containing ethylenically
unsaturated double bonds, which comprises irradiating a composition according to claim 11
with light in the range from 200 to 600 nm.

14, The use of a compound of the formula | or photoinitiator mixture according to claim 6 for
the photopolymerization of compounds containing ethylenically unsaturated double bonds.
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- 3 cted by passing the sanple, on a conveyor belt

novi n eed of 5 mMmn, underneath two nedi um pressure nercury | anps
of thgmm u "H type (Fusion Systens, USA) and 80 Wcm Hanovi a
type . ¥YMUSA). The K[err]nig pendul um hardness (DI N 53157) of

t he smearproof coating is 52 seconds. Exanpl e 11: Preparation and curing
of a white paint A UV-curable white paf’%f is prepared by mxing 67.5 parts
of [err] Ebecryl 830 (Polyester acrylate fromUCB, Belgiun) 5.0 parts of 1

, 6- hexanedi ol diacrylate 2.5 parts of trinethylol propane triacrylate and

- 25. 0 parsThé usdfldRorfpatiidneadcbtding torolaimoidi foeprotlucing ¢oatingdngteflalpprintingf a
phot oi ni.t,i ator. m xture of 75 % 1.-benzoyl-1 -hydroxy-1 -nethyl ethane and 25
Do of Cof MisPOHBB SIS e SomBsira et malsriel i pep BReing P Elna;
f or nul atdspecialliffor welographis réguipdingsl to a coil -coated al um ni um panel using a
doctor blade wth a 100 [err]mgap, and is exposed on a conveyor belt to an
80 Wcm nedi um pressure nercury |anp (Canrad- Hanovia, USA). The nmaxi num

bel t speigd Agiroodas @BcardmgRa tlairh 98 ferploduvinyigiating hifertt printingilks iphftind S a
rreasureégj t he raﬁ?ctlw,-t of the photoinjtiator m xture. A,qi'oat cu eg(at a
bel t spdiRieddegtal Fomposiigns,regyst ?ﬂaif' ﬂ&iﬁ:‘!‘mﬁﬁﬁ?ﬂﬂ@%“"(tﬁ %‘3’?8‘?93’ 159
seconds.hologrHidte@ordfigsPr epar ati on and curing of a white paint Simlarly,
in each case 3 parts of a photoinitiator mxture of 75 %

1- benzoyl - 1- hydr oxy- cycl ohexane and 25 % of the photoinitators from
Exanpl esj72 A chafticsubsi@ieSvHi@bisdated Ik 16k BHé Slikd vifhSE brhisshitidn decardie 11-
The COI’I’eSPQndI ng white-paint coats are |likew se cured at a belt speed of
15 mf mi Ao claimddnpl e 13: Preparation and curing of a highly pignmented white
paint A UV-curable white paint is prepared by mxing 45 parts of

[err] Ebecryl 830 3 parts of 1,6-hexanediol diacrylate
18. A process for the photographic production of relief images, in which a coated substrate

according to claim 17 is subjected to imagewise exposure and then the unexposed areas
are removed with a solvent.



2 parts of trinethylol propane triacrylate 50 parts of [err]R-TC2 (rutile
titanium di oxide) 4 parts of a photoinitiator mxture of 75 % 1 -benzoyl-1
- hydr oxycycl ohexane and 25 %'of the photoinitiator from Exanple 8 are
incorporated into this paint fornulation. The paint is -
-37 - applied to coil-coated al um ni_w_ panel s using a doctor blade with a
150 [err]mgap and is cured on a conveyor belt under two 80 Wcm

medi um pressure nercury |anps (Aetek, USA). At a belt speed of 10 mimn, a
smear proof and through-cured coat is obtained whose Klerr]nig pendul um

har dnes@bsad 53157) is 85 seconds. 4 parts of a photoinitiator mxture of
75 %1 -benzoyl -1 -hydroxycycl ohexane and 25 % of the photoinitiator from
Exanple 3 likew se give a snearproof surface and through-cured coat at a

bel 1 Sp%‘ri_!%_ I%en%gis%*!%ﬁbspmntefbﬁeﬁ%ﬁﬂpﬁfﬂid@t@\'ﬁﬁcﬁjr@é 79 seconds.  Exanple
14: Curi am nar conposite ormulation 1S prepared from99 parts
of [err]Vestopal X7231 (unsaturated polyester fromHerr]ls, Germany) and 1
part of a photoinitiator mxture of 75 % benzyl dinmethyl ketal and 25 %
of the photoi ntiator fromExanple 8 A lam na of 4 layers of a
gl ass fidynfodiibis bFtheRBRsLIi rand material) and the above formul ation are
covered wth a transparent Mylar filmand subjected to firm conpression.
This assenbly is then iryadi atedgunder 5R| anpsg, of type TL40OW 03 (Phili ps)
at a distance of 15 cmfpr 10 mi ptt es| A'stablf'é conposite |ayer is obtained
whi ch has a Shore hardne$s D 41T (§ £ W th DIN 53505; determ ned with
a hardness tester from OfRp—@ '@shaf(@n, Ger many) of 65.
aFrHo- cont ai ni ng cl ear coat

Exanpl e 15: Preparation and cY¥Hnhg of| an

in which R, is C{-Cjalkyl, Rz is hydrogen, C4-C,alkyl or C;-Csalkoxy and R, R4, Rs, Rs and
R; independently of one another are hydrogen, halogen, C-Cxalkyl, cyclopentyl,
cyclohexyl, C»-C.alkenyl, Co-Cisalkyl which is interrupted by one or more oxygen atoms, or
are phenyl-substituted C,-Cqalkyl, or are phenyl which is unsubstituted or is mono- or
disubstituted by C4-C,alkyl and/or C4-C,alkoxy, with the provisos that at least one of the
radicals Rs, R4, Rs, R and Ry is other than hydrogen - and that, if Ry and R; are methyl, R;
and Rg are not methyl, and mixtures of such compounds with a-hydroxy ketones,

benzophenones and a-amino ketones, are suitable as photoinitiators.



. _ . o -
2 par f a photoinitlator m xture of 45 % benzophenone, 45 % 1 qg%%%ﬁfﬁ \
- hydraaamnlmﬂﬁﬁmmﬂ”" and 10 % of the photoinitiator from Exanple 8 are '
m xed ’ an am no- cont ai ni &f- pofyety LACEMENRT SHEETS! | L8Gone
P084 F, BASFL). "Th& cbdating material is appli eggﬁ% ArdhopPrRelts pagedd..a

. ; S0t
doctor blade with a 100 [err]mgap and«is curg p:) t. 1Qf phigediti
using two 80 Wcm nedi um pressure nercury | anps—( 8\‘% (@U, gg%iqo ﬂi%ed.‘:..
3 e -
seconds WHAT IS CLAIMED IS A@?rﬁ : a_ggé-_tgsgaged -----

coating is prepared from56.0 parts of [err]ZA TIAFE (BSREGHPTaft)- 44

~part of [err] Wrlee Add|{900 (E. H GeRyany) 3.0 parts of a
conponents are mxed in

[err]mto an al um ni um panel using an el ectrost at | [ Dascripfiomepdged ..~T.héo paged ...:%..

parts ofl. Acamponng epthefoonglaol | and) 33.0 parts of [err]R T1C2 (rutile
photoinitiator mxture o
p Exampl e 8 ALl of the
white paint. After cooling, the solid mas¢ is rotnd RP#L%@{E%HEE?SF’OW , )
mthic
coated pamgichi s heated at 125[err]C in an oven f ofdiinfit €Spagbli*ting td paged 4&.

snear proof coat has a Klerr]nig pendul um hard 1e'é‘l

Exanpl e 16: Preparation and curing of a powdeff coating A W—curﬁbg@\rpQgMer
titaniumdioxide) 1.0 part of [err]Resiflow PV5 (E.H Wrlee, Gernmany) 0.5
nmet hyl et hane and 25 % of

wth a particle size of 90 [erRjm i-<? aBpliedsinl a fi ness of 60-90

peri od, the powder melts and a honogeneous filmipforned.. The film -
i rr adi atfd iakrCealyi || hot. at a belt speed of 7. Fr#ﬂ‘f"ﬂg(s’uh%@?df@"g%p Qe
nedi UM PRESS HydrofBr, TILY,alk§ BT ,-Balkiy, dnidadi at i on [@rAbgtacki nipagsd . a---- to paged .......

Klerr]ni Igs, %E,ngslf lRl; ?ng %{rfiircldee%%ngéntl%loo? orswg %ﬂgtcri%r Lrse H&cﬂ’gggrﬁélogen, C1-Cooalkyl,
cyclopentyl, cyclohexyl, C.-C1oalkenyl, Co-Cisalkyl which is interrupted by one or more
oxygen atoms, or are phenyl-substituted C+-Caalkyl, or are phenyl which is unsubstituted or
is mono- or disubstituted by C4-Caalkyl and/or C;-Cqalkoxy, with the provisos
that at least one of the radicals Rs, Rs, Rs, R and Ry is other than hydrogen
and that, if Ry and Rz are methyl or R, is methyl and Rz is hydrogen, Rz and Rg are not
methyl, and that, if Ry and R. are methyl or R, is methyl and R; is hydrogen and Rg, R4, Re
and R; are hydrogen, Rs is not methyl.

2. A compound according to claim 1, in which R, R4, Rs, Re and R; are hydrogen, C-Cg-
alkyl, phenyl, allyl, benzyl, cyclohexyl or chilorine.

3. A compound according to claim 1, in which Rs, R4 and Rs are hydrogen, C4-Cjalkyl or
phenyl.

4. A compound according to claim 1, in which R, is methyl.
5. A compound according to claim 1, in which R; and R: are the same.

6. A photoinitiator mixture comprising
at least one compound of the formula (la)
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Exarrpl e ' as coI oured paint is prepared by m xing
par Mum' ] 830 (polyester acrylate oligoner)
9 0 partS* i ol diacryl at e-@8BCODA) 4.5

‘parts of trlmathyf'ol bropane triacrylate (TMPTA) To this paint there are
added 3 % (3 parts) of a photoinitiator m xture of 75 % benzyl di nethyl
ketal and 25 % of of the.photoinitiator fromExanple 1. A paint filmof 100

Ind Bss exBosed, at a belt speed of
ry lanps (Aetek, USA). A

er-Ku
@ sMrse Kagerr] ni g pendul um
har dness (DI N 53157) is

-39 - Exanpl e 18: A |s epaged from

83.0 parts of Ebecryl[err] 830 ( ol yester" acrytate ol i goner)

9.5 parts of 1 ,[err]-hexanediol diacrylate (HDODA) 4.0
parts of trinet hyI ol propane triacrylate (TM PTA) 3.0
parts of Irgagigferr] Gelb GLTN (yellow pigment) 3 parts of the
photoinitiator mxture from Exanple 17 are added to this paint. The paint
is appli ed Bs'sé‘eébaikwéd in Exanple 17 and is exposed, at a belt speed of 3
m m n, ury | anmp (Canrad-Hanovi a, USA).
The pendul l%aiﬁ h?% 1;@%@%%1?%%8 rgjl{ldg t hrough-cured coat is 142
seconds. Ry BapfRe and By indepbindéntiytof one ahotheitarediydmgen, halogen, Cy-Capalkyl,

cyclopentyl, cyclohexyl, C,-Ci.alkenyl, Co-Cygalkyl which is interrupted by one or more

[err\mis applied to a
3m mn, under two 80Wc
snmear proof and through-c

oxygen atoms, or are phenyl-substituted C,-C4alkyl, or are phenyl which is
unsubstituted or is mono- or disubstituted by C4-Caalkyl and/or C;-C,alkoxy;
and at least one compound of the formula (II)

in which

CH,
Rs is hydrogen, Cy-Cysalkyl, C4-Cygalkoxy, -OCH,CH3-OR;2, a group CH2=Cl:— ora

Ha
group CH;C—} » in which | is a number from 2 to 10 and A is a radical

g M
-_Q_C-?—Rw ;

R11

»—0-0

Re and Ry independently of one another are hydrogen, C4-Cgalkyl, phenyl, C;-C1e-
alkoxy, OSiR13R14R14q Or -O(CH,CH,0)4-C;-C1ealkyl, in which q is a number from 1 to
20, or ,

Re and Ry, together with the carbon atom to which they are attached, form a cyclohexyl
ring;

R11 is hydroxyl, Cy-Cisalkoxy or -O(CH,CH,0),-C+-C1salkyl;

where Ry, Ryo and R4 are not all simultaneously C;-Cisalkoxy or

-O(CHzCHzO)q-C1-C1sa|ky|, REPL ACEMENT SHEET
_ - This Sheet Has Been Rep

ozswvs | | NNV




A clearcoat is prepared—by mixing 99.5 parts of Roskydal 502 (=66 %
unsat ura tih 34 % styrene, BAYER), and 0.5 part of Byk[err]
300 (I evmm@m,ﬁmﬂ%ﬁn Byk-Mal | i nckro#8) A liquid 3-conmponent m xture
IS prepared by theatl photoinitiator m xture of 75 %

1- benzoyl - 1- hydr oxycycl ohexane and 25 % of the photoinitiator from Exanple
1 to 50[err]C and adding the sanmg anount by wgi ght of a mxttdecmf 85 %

4, 6-di (2, 4-di [24Ih m"xtur de

tridecyl oxy 1{'%{%95 bb?%k g éﬁ' e‘ﬁ%}l 5 & 8r Life E)r:éd 3{;(_@_,

1- met hoxy- 2- pr opanol . 4 parts of thrs Irqurd m xture are i ncorporated into
the clearc@®fl. Coats are applied to wood (pal e substrate) using a doct or
bl ade with 0 ﬁlnuﬂo péypd of 3m min,

usi ng two é:g 60‘&"'{'@ d‘]'ﬁang%&ggs eﬁ&?rﬁgﬁ%ghngs%}ﬁgbgendul um har dnesses
(PH) an@nylglrlablﬂﬁetefmermnﬂe@d@f(ﬁ‘bemeld%)ﬂHyng to ASTMD 1925) are measured
directly after curing and after 4 hours of subsequent exposure under TL
20W 05 fluorescent |anps (Philips). RisThe sanpl e with the liquid 3-conponent
m xture can be cured readily ang; @ ve§I an Bat e photoprotective action
(UV stabilization), as showhgby ta abl e(llD.

- 40 - Tabl e 2 after curing 4 hours TL
20W 05 Additives Yl 4 parts of
liquid 3-conponent 88 9.8 13417 9. 5 m xt ure

in which
Ris, Risas R1s and Ryy independently of one another are hydrogen, methyl, phenyl,
methoxy, -COOH, unsubstituted or C,-C,alkyl-substituted phenyl, or a group
-OCH;CH;0OR;2 or -SCH2CH,0OR;; in which Ry is as defined for formula Ii;

and/or at least one compound of the formula (1V)

oTzo

in which |
Ris is hydrogen, C;-Cqalkyl, C;-Cjalkoxy, C,-Csalkylthio, halogen or a group N(Razz);

T\ R
Ry is as defined for Ryg or is the group —N C--CI:—CHZF!21 (IvVa), in which
/N\
Rig R, Ra

case the radical Ry from the formula IV and the radical Ris of this group (IVa) together
are a direct bond, and the other radicals are as defined below;
Ry is C4-Csalkyl;
Rz is hydrogen, -CH=CHR_4, or pheny! which is unsubstituted or is substituted one to
| three times by C4-Cyqalkyl, C4-Caalkoxy or halogen;
or Ry and Ry, together with the carbon atom to which they are attached, form a
cyclohexyl ring;
R22 and Rg; independently of one another are C4-Cjalkyl, or
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Exanpl ; ratdon of a liquid mxture into an aqueous pi gnent ed
f or mul Emﬁ‘wmm-nﬂhﬂgjg ed aqueous fornulation is prepared by m xing the
foll om mg conpore %50 parts of Rosky#4lr 850 W (unsaturated pol yester,
BAYER) 50 parts of Laroner[err] PE 55 W {(enul sion of a polyester acrylate
in water, BASF) 10 parts of titaniumdioxide R TC2 (rutile type) 20 parts

of wat er The apthBentagethientwith the ritnogen efonv® which theyaregitached, form a five- or

- hydr oxycygl e % LOLt I ! &l d.S

et oo S RBTERN Ebiat of Bapblbod A 8RR raf b HRFEETE Sk o

t enper at urpl(CH{)9 t he above fornulation, with stirring. Coats 150 [err]m
thick are appljied to ried,at 80[err]C for 4 mnutes and then exposed
at 3 nm %Fﬁ'@fﬁ?%%%@ﬁﬁy{@mum pressure nercury |lanps. The coating

w th the |Rgischydeshamar®Ohdlkyt or m xture gives a pendul um hardness of 50

seconds, a yellowness index of 4.3 and gl oss val ues (at neasurenent angles
of 20 and 60) of 75/87. -41

- VWHATA priotéihiibldeRhiktfe according to cldif 6/Mab@prising compounds of the formula la
and compounds of the formula Il in which

CH,
Rs is hydrogen, C;-C,alkyl, C4-C,alkoxy, -OCH,CH,OR1,, a group CH2=C|:-— or a group

CH;

>—=0Q-0

H3
% ; Re and Ry independently of one another are hydrogen, C,-Caalkyl,
, .

phenyl, C-Cyzalkoxy, or -O(CHzCH;0)q-C1-Csalkyl, in which q is a number from 1 to 10, or
Rg and Ry, together with the carbon atom to which they are attached, form a cyclohexyl
ring; Ry1 is hydroxyl, G1-Caalkoxy or -O(CH;CH;0)q-C1-Caalkyl:

and/or compounds of the formula Ill,

and/or compounds of the formula IV in which Rg is hydrogen or methoxy; R,g is methoxy,
methylthio, morpholino or a group of the formula 1Va; Ra is methyl or ethyl; Rs; and R are
the same and are methyl or, together with the nitrogen atom to which 'they are attached,
form a five- or six-membered saturated ring which can be interrupted by -O-; and Rys is
hydrogen or C;-Csalkyl.

8. A photoinitiator mixture according to claim 6, in which the compound of the formula Ill is
benzophenone, 2,4,6-trimethylphenyl phenyl ketone, 4-methylphenyl phenyl ketone,
3-methyl-4-methoxyphenyl 3-methylpheny! ketone, 4-(4-methylphenyithio)phenyl phenyl
ketone, 2-carboxyphenyl phenyl ketone or 4-(2-hydroxyethoxy)phenyi phenyl-'ketone; the
compound of the formula 1l is 1-benzoyl-1-hydroxy-1-methylethane, 1-benzoylcyclohexanol,
' 4-[(2-hydroxyethoxy)benzoyl]-1-hydroxy-1-methylethane, 1-(4-isopropylbenzoyl)-1-hydroxy-
1-methylethane or 2,2-dimethoxy-1,2-diphenylethan-1-one;
the compound of the formula IV is 1-(3,4-dimethoxybenzoyl)-1-benzyl-1-
morpholinopropane, 1-(4-methyithiobenzoyl)-1-methyl-1-morpholinoethane, 1-(4-
morpholinobenzoyl)-1-benzyl-1-dimethylaminopropane or 3,6-bis(2-methyi-2-
morpholinopropan-1-one)-9-octylcarbazole; and
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R[érr]I!mE'err] d errTJal kyl, R[errr] I's hydrogen, (err]-Cerr]al kyl or

Cerr ﬁm nd R[err] Rl err], and R err] independently of one
anot h Hmhal ogen, C[ err] -4 r]al kyl, cyclopentyl, cyclohexyl,

Cerr]- C[err al®kefyl * Cerr]-Cerr]alkyl which is interrupted by one or
nore oxygen atons, or are phenyl-substituted Clerr]-Cerr]alkyl, or are
pheny! thei eomposind obthedoimula talisdis(2.4, emimthmﬁtzbﬂha;& i tuted by

Clerr]- er r%P thgp&gﬁo r}?qx‘? ]ms%ﬁdfn]ré%% Rlerr] and R err)\

|ndepen ar e rogen alogen cycl opentyl,

cycl oheméthyl@wl)b]enz@]}ﬁhémwmdsphme oaide, Iplh(@rﬁydmmﬂlqdbenzuyl)pdhenylphosphine

@ subst PRdpeisy it benRy oy Phasehing oXgE Pt A Fmdthub§r i Rie-Che
provi soginidiRfipiednylphasphincexiaé. the radicals Rerr], Rerr], Rerr], Rerr]

and Rlerr] is other than hydrogen and that, if R[err] and Rlerr] are
nmethyl, Rerr] is not nethyl. 2. Acorrpound according to claiml, in

whi ch RbeArphotoﬁﬁ!ﬁbtﬂrﬁiS(fdre a&@arbmgrt@aam 6 Gbmpribin§atleasedrieydonpoundenie and

Rlerr] is hydrogen or pheny 3. hotoi nitrator m xture conprising at
| east oMl (ﬁﬁ‘HdWBFOE'WQU'FQﬁ?ﬁ]h%f‘{rF‘& L [err] i n which

Rlerr] is (err]-(err]al kyl;
10. A photoinitiator mixture comprising 25 % bis(2,4,6-trimethylbenzoyl)
phenylphosphineoxide and 75 % 1-benzoylcyclohexanol.

11. A photopolymerizable composition comprising

(a) at least one ethylenically unsaturated photopolymerizable compound and

(b) as photoinitiator, at least one compound of the formula | according to claim 1 or a
photoinitiator mixture according to claim 6.

12. A photopolymerizable composition according to claim 11, comprising as photoinitiator at
least one compound. of the formula | according to claim 1 or a photoinitiator mixture
according to any one of claims 6-10, and a UV absorber from the class of the
hydroxyphenyl-s-triazines and/or hydroxyphenylbenzotriazoles and/or sterically hindered
amines based on 2,2,6,6-tetramethylpiperidines.

13. A process for the photopolymerizatio'n of compounds containing ethylenically
unsaturated double bonds, which comprises irradiating a composition according to claim 11
with light in the range from 200 to 600 nm.

14. The use of a compound of the formula | or photoinitiator mixture according to claim 6 for
the photopolymerization of compounds containing ethylenically unsaturated double bonds.

15. The use of a composition according to claim 11 for producing coating materials, printing
inks, printing plates, dental compositions, resist materials and as image-recording material,
especially for holographic recordings.
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- err] is hydrogen, C[err] Cerr]alkyl or (err]-(err]al koxy
and JM"J um{”'mg and R err] independently of one another are
hydr o " r] Cerr]alkyl, -46-cycl opentyl, cyclohexyl,
Cerr]- C[err al1'<en§/I *Jerr]-Cerr]al kyI which is |nterrupted by one or
nor e oxygen atons, or are phenyl-substituted (Jerr]-Cerr]alkyl, or are
phenyl| mrxbrobéssmuhmig foldiith 13fog§@ot:l&m B6ating’mateRald Sirinting eﬂksb;yrmtmg

K d/ kox
 noperBeIRs| ST COMPOREN abeiriaayls BRAS MAdSomEAIINGyBHiSgamepecall for

cycl ohepybgra h,cq&rrd,},gg err]al kenyl, or are phenyl-substituted

Cerr]- C[errf of are phenyl Wmch i's unsubstituted or is nono- or
di substituted by C[err] Cerr]al kyl and/or Clerr]-(err]al koxy; with the
provi so ley. [ i sinand at
east ops esoatdd sdfeRple wiefisdated offledSoRf surffR A o cBrBBLiiEF biraing

CH[ err] to claimJler r ] |s hydrogen Cerr]-Cerr]alkyl, (err]-derr]al koxy,
-OCHerr]CH err]-ORerr], a group CHerr] or a group [err] ,in
which 1 is a nunber from2to 10 and A is a radical [err] Rl err]
and R el8.)A prodegschod thet photegraphie pudoctiosr of aelief hpa@@gmnlyhiﬂi ercojte@sabsitate kyl ,

oy i ofeobib il 17 isycupiete8 fnagditich Rlofosieadd e el vibposesiarers r  om 1

to ar, removed witiRpesolMenand R err], toget her with the carbon atomto which
they are attached, forma cyclohexyl ring; Rlerr] is hydroxyl,
Cerr]-Cerr]alkoxy or O(CH err]CHerr]OJerr]-(err](err]alkyl; wher'e

Rlerr], Rerr] and R err] are not all sinultaneously Clerr]-Clerr]al koxy or
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- - ’ AT =TAA,
O(CH err]O[err]-Cerr] -Clerr]alkyl, hf\GEMENTsSHEErs)ge . 6}
ﬂerTm , [err] or [err] ?ﬁ?“PﬂOﬂ paged ..Tto @e “’—-]~-
Rerr], ”mm endent|y of one anot 1S} er rpagef¥t.r b [|.§r
phenyl Wm" m one conpound of the am(g(s)l Jpaged . tb ﬁd"‘
in k\Ch ¢ R emr rr], Rlerr] ang, Rer ]U ifkhstrpetnd erpalo¥d 6F 19 ANGThg

-

are hydrogen, net hyI henyl met hoxy -[oOoH, unsubstituted o gl v
Cerr]-Cerr]al kyI substltuted phenyl, or a PrDAPE OF R A qq
-OCH[ err ] CH err! R&err or -SCH err] CH[err] l'll'ﬂ---—- ---------- LT T
def i ned Ur‘\ f1§ EPIIS: and/ or at |east one co O
[err] - ;
.| O Description Tpaged ... o !
1. A compound of the formula | ZrClaim(s)  : paged~L.. to paged us }
R R A O Drawing(s) : paged ..7.... :
1 9 f—
olo tl Abstract  : paged .......
SR/
R; C—HP R 4))

R, 2 RS R

in which

Ry is Cy-Cjalkyl,

R. is hydrogen, C,-C,alkyl-or C;-C,alkoxy, and

Ra, Rs, and Ry independently of one another are hydrogen, halogen, C1-Caoalkyl, cyclopentyl,
cyclohexyl, Ca-C12alkenYI, C»-Cgalkyl which is interrupted by one or more oxygen atoms, or
are phenyl-substituted C,-Calkyl, or are phenyl which is unsubstituted or is mono- or
disubstituted by C;-C,alkyl and/or C;-C4alkoxy;

R, and Rg independently of one another are hydrogen, halogen cyclopentyl, cyclohexyl, Co-
Cizalkenyl, or are phenyl-substituted C,-C,alkyl, or are phenyt which is unsubstituted or is
mono- or disubstituted by C,-C,alky! and/or C,-C,alkoxy;

with the provisos that at least one of the radicals R, Rs, Rs, Rs and R; is other than
hydrogen and that, if Ry and R, are methyl, Rs is not methyl.

2. A compound according to claim 1, in which Rs, and Rs are hydrogen, C,-C,alkyl or phenyl
- and R, is hydrogen or phenyl.

3. A photoinitiator mixture comprising
at least one compound of the formula (la)

R; -C—pP— R, (la)

in which

RisCrCally  [REPLACEMENT SHEET|
2 0 AUG 19%¢




in ich Rlerr] i's hydrogen, Cerr]-Cerr]alkyl, (err]-{err]al koxy,
ﬂe%mwm hal ogen or a group N(Rlerr])[err]; R19 is as
def mtﬂ,’m is the group [err], in which case the

radi c m, ﬂ” Ue formula IV and the radical R err] of this group
(1'Va) togetherw s a direct bond,.gnd the other radicals are as defined

bel ow, - Rlerr] is Jerr]-Cerr]al kyl; Rl err] is hydrogen,
-CH=CHR[ err], or phenyl which is unsubstituted or is substituted one to

three tinesg, b err]- rr].al kyl err]-C err]al koxy or hal ogen; or
Rlerr]- andE['%Pﬁf?gﬁnggﬁ%'Wﬁﬁ'%@’&vaﬁh%n atomto which they are
a]E tached, fﬂﬁ,r Ry,and Ry imepbndlmuylof ona@nother ar&h mbgmmﬁidaba,rmﬂ-cgoﬂdﬁpendgnL | yh
of one anot her are rr yL, _or rl an err together with the
ni t rogen atC(XFflPFW'ﬁh&%@k@ﬁé#@algﬁyé&?égﬁm chis %ﬂ" d by -g”es‘?r@%rrber ed
Sﬁl} uO: Ftt ed] ;Ux gerbatomms porete phayl-sbbtitute T, 02alkyf Grrarel phes {giicﬁ)is] unés[Nbbtit?té? i
- err])-lerr . . err] i ogen or err]-Cerr]al kyl;
and R[ epr"iﬁ mpéo’iﬂf@fsb'aﬁtﬁmﬁfj b&lcg%,,]afk@][a&d?qr%%,p OXYi4. A photoinitiator
lr)rixt urﬁ acwahgr% itédepahdérmgitif oﬂél an?hem’eh?drl?gmmmb:af cydr}ﬁleﬁﬁr, &ytlﬂawdﬁwl :S

enzophenong, -trinet n n t one, 4-net enyl phepy
D OO e o DAL X 5P o A st RN
4- (4- et hyl griemphdorejsubetitided by S1yC.aikyl and/or C4-C,alkoxy;

with the proviso that, if Ry and R, are methyl, Rs is not methyl;

and at least one compound of the formula (l)

- | 2 7%
R,,—@—c—?—nw )
Rﬂ
in which
. oHy
Rg is hydrogen, C;-Csalkyl, C;-Cisalkoxy, -OCH.,CH,-ORyz, 2 group CH,=C— ora
gt
group CHyC , in which | is a number from 2 to 10 and A is a radical
A d
§ M
.C_(,:"Rw '

Re and Ry independently of one another are hydrogen, C,-Cgalkyl, phenyl, C;-Cs-
alkoxy, OSiRsR14R14a OF -O(CHLCH,0)4-C;-C1ealkyl, in which q is a number from 1 to
20, or :

Ro and Ry, together with the carbon atom to which they are attached, form a cyclohexyl
ring; .

Ry is hydroxyl, C;-Cyealkoxy or -O(CH,CH,0),-C1-C1ealkyl;

where Ry, Ry and R;4 are not all simultaneously C;-Cealkoxy or
-O(CH,CH;0)4-C+-C1ealkyl,

, i 9 Q GH,
Ri2 is hydrogen, Ci-Cealkyl, —C—CH=CH, , —C—~C-CsAlkyl Or —C—C==CH, ,
and _ REPLACEMENT SHEET
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- ket MJJ)DXJM phenyl ket one or '4-_-(2- hydr oxyet hoxy) phenyl phenyl
Xketone; the conmpound of the formula Il is .

1- benH mmm;m,’] nmet hyl et hane, 1-benzoyl cycl ohexanol ,

4-1(2 ; M’” nzoyl ] - 1- hydr oxy- 1- net hyl et hane,

(4-i sopropyl BenZoyt) - 1- hydr oxy- 1- nejdy! et hane or

2-di net hoxy- 1, 2-di phenyl et han-1 -one; the conpound of the fornula IV is
(3, 4-di met hoxybenzoyl ) - 1- benzyl - 1- nor phol i nopr opane,
(4- et hyl t hioben 1) -1-nmet hyl -.1- mor phol i hget hape .
(4 ror phdts Rumand b hedeTaro of En6 BnAiBer s dr Bl Aeny:
6- bi s (ahdrortahdastonEonipoung opthefermula (ie) - 9- oct yl car bazol e; and the
conpound of the formula la is '
bis(2,4,6-trinmethyl benzoyl)-2,5-dii
bi s[ 2, 6- di net hyl - 4( 2- met hyl pr opy/9H | |k
bi (2, 6-di me- t hyl benzoyl ) phg# e, iy
bis(2,4,6-trinmethyl benzoyl ) phen I Ne=oXi de or
bis(2,4,6-trinmethyl benzoyl)-2,5-di mgt hyl phenyl phosphi ne oxi de. 5. A
photoinitiator m xture according to & aim 3 conprising at |east one
conpound of, the formula la and two conpounds of the formula I1. 6. A
phot oi ni ti dPH xt ure conprising 25 % bis(2, 4, 6-trinet hyl benzoyl )
.pﬂetnw IOIhOS ph{snﬁgfs iHi@aMHw]n‘tijéﬁeﬁdedn?@_ioyé gicther s & g?n, n?ethﬁ\t %helnyl,_ .
phot opol yneri zabl e oSi ti conpri gi 2 ast one ethylenically
unsat ur at edmﬁﬁ\?i%ﬁgg&gwﬁ‘éﬁﬁ%@tﬁ%ﬁ@ﬂ&h%ﬂ{sﬂﬁ ﬁﬁﬁ%‘t B #B1YBt or, at | east
0Q€, CONpouNdCH,CHOR: S BLH,CHIBR irthiviish R, i§ s defidedor RrRbIAIKI ni ti at or
m Xt ure accﬁor |l€ﬁ% to CW. § 8f A g@ opol yneri zabl e conposition
accor di ngder #jlegshpRe ¢ Qe IgeURGVYi ni tiator at | east one conpound of
the formula | according to claim1 or agphotoinitiator m xture according to
any one of clainms 3-6, and a Uvalorﬁerl romthe class of the

\\ n &

1-
2,
1-
1-
1-
3,

@pr opyl phenyl phosphi - ne oxi de,
pRlsphosphi ne oxi de,

hydr oxyphenyl - s-tri azi nes rpd y-dCo-ptgmy benpgt ri azol es and/ or
sterically hindered am nes base 2, 2,“3, 6-1 6t r anet hyl pi peri di nes.
/ N\ '

R1s R2’2 st
in which . :
Rig is hydrogen, Cq-Cgalkyl, C1-Calkoxy, C,-C,alkylthio, halogen or a group N(Rz)z;
' R
o .- e B
Rug is as defined for Rqg or is the group —N C—C'z—CHth.‘,1 (IVa}, in which
' N
R, H/ N
—/ 2

case the radical Rsg from the formula IV and the radical R, of this group (IVa) together
are a direct bond, and the other radicals are as defined below; '
Rag'is C1-Csalkyl;
'Rm is hydrogen, -CH=CHR4, or phenyl which is unsubstituted or is substituted one to
three times by C4-C,zalkyl, C4-C,alkoxy or halogen;

or Ry and Ry, together with the carbon atom to which they are attached, form a
cyclohexyl ring;

Rz2 and Ry independently of one another are C,-C,alkyl, or

Rz and Ry, together with the nitrogen atom to which they are attached, form a five- or
six-membered saturated or unsaturated ring which can be interrupted by-O-, -NH- or

e NN S
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_45———4——9—#—;5%‘55 for t he phot opol yrrerl zation of corrpounds cont ai ni ng'
et h I en| rated doubl e bonds, which conprises irradiating a
ﬁ‘i‘g g to claim?7 Wlth|lght in the range from 200 to 600
Ss according to claim9 for producing coating materials,
pr| nt| ng i nks, printi.ng plates, dental ggonpositions, resist materials and
as inage-recording mat eri al , especially for holographic recor di ngs.

-46 - 16. A process according to claim 13 for producing coating
materi al s, I nk rinting plates, dental conpositions, resist
mat eri al s ‘%ﬁaé’r%é'ccg?lw qgrat erial, especially for hol ographic

recor di ngs. stbmydkgaa@'m-GWrate which is coated on at |east one surface
with a conposition according to claim11. 18. A process for the
phot ographi ¢ production of relief inmages, in which a coated substrate

accor di n4) A@holonitiatclr mikitresadgordiieid dlalmi 3rpwitich thecednipound obithe toineuta NiNe

unexpos elgjen%p aesno%'ez 5, %@%&%y%enyl phenyl Ketone 4-methyiphenyl phenyl ketone,
3-methyl-4-methoxyphenyl 3-methylpheny! ketone, 4-(4-methylphenyithio)pheny! phenyl
ketone, 2-carboxyphenyl phenyl ketone or 4-(2-hydroxyethoxy)phenyl phenyl ketone; the
compound of the formula Il is 1-benzoyl-1-hydroxy-1-methylethane, 1-benzoylcyclohexanol,
4-[(2-hydroxyethoxy)benzoyl]-1-hydroxy-1-methylethane, 1-(4-isopropylbenzoyl)-1-hydroxy-1-
methylethane or 2,2-dimethoxy-1,2-diphenylethan-1-one;

N/ the compound of the formula 1V is 1-(3,4-dimethoxybenzoyl)-1-benzyl-1-morpholinopropane,
1-(4-methylthiobenzoyl)-1-methyl-1-morpholinoethane, 1-(4-morpholinobenzoyl)-1-benzyl-1-
dimethylaminopropane or 3,6-bis(2-methyl-2-morpholinopropan-1-one)-9-octylcarbazole; and
the compound of the formula la is bis(2,4,6-trimethylbenzoyl)-2,5-diisopropylphenylphosphi-
ne oxide, bis[2,6-dimethyl-4(2-methylpropyl)benzoyl]phenyiphosphine oxide, bis(2,6-dime-
thylbenzoyl)phenylphosphine oxide, bis(2,4,6-trimethyibenzoyl)phenylphosphine oxide or
bis(2,4,6-trimethylbenzoyl)-2,5~-dimethylphenylphosphine oxide.

5. A photoinitiator mixture according to claim 3 comprising at least one compound of the
formula la and two compounds of the formula 1.

6. A photoinitiator mixture comprising 25 % bis(2,4,6-trimethylbenzoyl) -
N~ phenylphosphineoxide and 75 % 1-benzoylcyclohexanol.

7. A photopolymerizable composition comprising
(a) atleast one ethylenically unsaturated photopolymerizable compound and

(b) as photoinitiator, at least one compound of the formula 1 according to claim 1 ora
photoinitiator mixture according to claim 3.

8. A photopolymerizable composition according to claim 7, comprising as photoinitiator at
least one compound of the formula | according to claim 1 or a photoinitiator mixture
according to any one of claims 3-6, and a UV absorber from the class of the hydroxyphenyl-
s-triazines and/or hydroxyphenylbenzotriazoles and/or sterically hindered amines based on

2,2,6l,_Q-tetramethylpiperidines. REPLACEMENT SHEET
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9. A procesg_for the photopolymerization of compounds containing ethylenically unsaturated

double bonds,-which comprises irradiating a composition according to claim 7 with light in
the range from 200 to 600 nm.

10. A process according to claim 9 for producing coating materials, printing inks, printing

plates, dental compositions, resist materials and as image-recording material, especially for
holographic recordings.
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