-1- A—18793/A Al kyl bi sacyl phosphi ne oxi des The invention relates to
blsacylphosphlne oxi de photoinitiators and to conpositions which contains
. these photoinitiators. Mno- and bi sacyl phosphi ne oxi des are known as
photoinitiators. EP-A-184 095 descri bes bi sacyl phosphi ne oxi des
used as photocuring agents for dental conpositions. EP-A-262 6 ggj
t he use of bisacyl phosphi ne oxi des in coppositions Wi ch can b eve oped
i n aqueous-al kaline media for the production of printing plates and reli ef
forms. Further nono- and bi sacyl phosphi ne oxi de photoinitiators are é(
di scl osed in EP-A-413 657. For the extensive range of applications of
photoinitiators, there continues to be a denmand for _effective
photoi nitiators which are easy to prepare. It hasAtl8d93Mound t hat certain
bi sacyl phosphi ne oxi de conpounds containing alkyl radicals on the
ot0|n|t|ators The invention thus relates to
i Z: in which [err]is [err]al kyl, cycl opentyl
or cycl ohexyl, and R2 and R3, independently of one another, are phenyl

[err]a iy'?“ﬂ%#%i%éﬁﬁeiﬁﬁ% i onde Mosiafas o oA th o,

is, for esentpinsthesep: xmmmxyl n- pr opyl , |sopropyl n- butyl, isobutyl,
sec- butyI tert- butyI pentyl, hexyl, heptyl octyl, 2,4, 4- trlnethylpent-
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[err]alk Oma@ﬂﬂlosfaﬁihe OxideP whichi ¢ Yiked adiphbtodining fgents fofdéathl/¢ompositions.

tetramet hﬁ’% 962 I629 discloses the use of blsacylphosphme oxides in compositions which can be
developed in aqueous-alkaline media for the production of printing plates and relief forms.
Further mono- and bisacylphosphine oxide photoinitiators are disclosed in EP-A-413 657.

For the extensive range of applications of photoinitiators, there continues to be 2 demand
for effective photoinitiators which are easy to prepare.

It has been found that certain bisacylphosphine oxide compounds containing alkyl radicals
on the phosphorus are effective photoinitiators.

The invention thus relates to compounds of the formula I

rant

Q

-P-C—R

P-C—Rs (@,
R

in which R, is C;-C;galkyl, cyélopentyl or cyclohexyl, and R, and R3, independently of
one another, are phenyl which is unsubstituted or carries 1, 2, 3 or 4 substituents selected
from C;-C,alkyl and C;-Cjalkoxy.

C;-C;sAlkyl R; may be linear or branched and is, for example, methyl, ethyl, n-propyl,
isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, pentyl, hexyl, heptyl, octyl,
2,4.4-trimethylpent- 1-yl, 2-ethylhexyl, nonyl, decyl, dodecyl, or octadecyl.



et hyl phenyl , di et hyl phenyl, triethyl phenyl, nethylethylphenyl

di et hyl et hyl phenyl , net hoxyphenyl, di met hoxyphenyl, trlnethoxyphenyl

di met.hoxynet hyl phenyl , net hoxynet hyl phenyl , dinethylnethoxyphenyl

et hoxyphenyl, di et hoxyphenyl, diethoxynethyl phenyl, propyloxyphenyl,

but oxyphenyl ,- di but oxyphenyl , but oxynet hoxyphenyl, et hoxynmet hoxyphenyl or
but oxyet hoxyphenyl, preferably nesityl and di net hoxyphenyl. R2 and R3 are
phenyl which carries 1, 2, 3 or 4 substituents, preferably 1, 2 or 3
sub&¥ituents, in particular 2 or 3 substi2uents selected fromJ[err] alkyl
and [err] al koxy. Preference is given to conpounds of the formula | in
which R2 and R3 are identical. Interesting conpounds of the fornula | are
those in which [err] is [err]alkyl, for exanple [err]al kyl in particular
[err]al kyl, or cyclohexyl, and R2 and R3 are phenyl which is substituted by

| kyl _and/ Furt t f |
| %ar & thos z“ BN porghel e BT B7 2ol bt 0™
corrpounds 1 .{iﬂ:&@rﬁéﬂfﬁ'dxaﬁiph tdlyls&meﬁytﬁhmmkﬁsttﬂ,mdmbﬂtytﬂhe 1@ 2,6- or
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parti cul ar methéxyphenyd,dimethokyphehyl, irithethoxypbemyl; thnie&toxymethylpheﬁylher

Lﬂéﬁifs““%&ﬂw Byl REpBYIER ?P “?”‘"‘?’ES&“"“Y.n ar’ﬁ’ b, et hoxy.

The conpourdiesh nybprquarpw lor exanple, by
di acyl at'O'buﬁfxyﬂte eﬂypam‘é R{h&@okyphe: ht-.ﬁyt ferstl meaitﬁnts
of \an acid c lor | g t he presence of at I east equi vaI ents of base,
and subseq of t he resul tant

R, and R are phenyl which carries 1, 2, 3 or 4 substituents, preferably 1,2 or 3
substituents, in particular 2 or 3 substituents selected from C;-C, alkyl and C,-C, alkoxy.

Preference is given to compounds of the formula I in which R, and R; are identical.

Interesting compounds of the formula I are those in which R, is C,-C,galkyl, for example
C;-Cyalkyl, in particular C;-Cgalkyl, or cyclohexyl, and R, and Rj are phenyl which is
substituted by C;-C,alkyl and/or C;-Cjalkoxy.

Further interesting compounds of the foﬁnula I are those in which R; is C4-Cgalkyl or
U, cyclohexyl.

Other preferred compounds ofthe formula I are those in which R, and R are 2,6- or
2,4,6-substituted phenyl

Preference is given to compounds of the formula I in which R, and R; are phenyl which is
substituted by Cl-C4a1koxy, in particular methoxy, andfor C;-C,alky], in particular
methyl.

Other interesting compounds of the formula I are those in which R, and R are phenyl



di acyl phosphine 1V to give the phosphine oxide, in accordance with the

- followi ng schene: it base [err] 2 oxidation [err]
‘[err] The asymretrical conpounds of the fornula [err] are obtained by [err]
enpl oyi ng one equivalent of an acid chloride (11) and one equi val ent of
[err]. Exanples of suitable bases are tertiary am nes, alkali netals,
l'ithiumdiisopropylam de, alkali net®l al koxides or al kali metal hydrides.
The first reaction step is preferably carred out in solution. Suitable .
solvents are in particular hydrocarbons, for exanpl e al kanes, benzene, %
t ol uene“duCWIsemmtﬁdbgcxt%hoasuhtmmculwwthﬂxb/or| de has been separated
of f, the phosphine (IV) can be isolated by evaporation or the second

react i on step is carried out. wwth the solution oérthe crude roduct without .

i sol ati dhesPmMpPYNds aogerding iodhe {pveRang3n de prgrassds torexamplseby; Ry are
hydr ogen g ipHEsphl mimlgame@sma@mmqmﬂeimdaﬁracmmdtnm theeti c acid,

or air. The osphi ed as t rti rial are
known, Pﬁesgﬁ%eo{mi%é%?ﬂ’rﬁ’é ﬁ?f?/{)%%a PRy ‘ﬂﬁm g&m&ﬁ?’fﬁ ' orepar ed
anal ogousdcylphosphinfV togipe thedrhogphing oxide, lie sprocdancs whl-ﬂmﬁﬂlmmig/tqhentt hoden
der Org. Chemie [Methods of Organic Chem stry], XiI/1, 60- 63 (1963), G

Thi eme- Verl ag, Stuttgart). The acid chl orides of the =~ -4 - formula (11)
or (lIla) areQaI so prepared by known meth mthe prior art. The
conpound he for mig. S?)e us or g to the invention as
phot oi ni | ors for thJél phbt opol yme‘r:?:ga'tgl g 'gef ot hyI eni cally unsaturated
conpounds or (@ xt ur es Whitich - _ vy .
o/
loxidation
(e
R~P1C-R; |,
| 9909
The asymmeu'ical compounds of the formula Rz-C— F” -C—Rs (I) are obtained by
AT : A, : :

o
. . n
employing one equivalent of an acid chloride (II) and one equivalentof Rsy-C-Cl (Ila).

Examples of suitable bases are tertiary amines, alkali metals, lithium diisopropylamide,

alkali metal alkoxides or alkali metal hydrides. The first reaction step is preferably carried

out in solution. Suitable solvents are in particular hydrocarbons, for example alkanes,

benzene, toluene or xylene. After the resultant base chloride has been separated off, the

phosphine (IV) can be isolated by evaporation or the second reaction step is carried out

with the solution of the crude product without isolation of @AV). Particularly suitable

oxidants for the second step are hydrogen peroxide and organic peroxy compounds, for ’
example peracetic acid, or air.

The primary phosphines (III) used as the starting material are kndwn, in some cases
commerciaily available compounds, or can be prepared analogously to known compounds
(in this respect, see Houben-Weyl, Methoden der Org. Chemie [Methods of Organic

* Chemistry}, XII/1, 60-63 (1963), G. Thieme-Verlag, Stuttgart). The acid chlorides of the



contain such conpounds. The unsaturated conmpounds may contain one or nore
ol efinic doubl e bonds. They may be of | ow nol ecul ar wei ght (nonomeric) or
relatively high nol ecular weight (oligomeric). Exanples of nonomers
cont ai ning a doubl e bond are al kyl or hydroxyal kyl acrylates or

nmet hacryl ates, for exanple nethyl, ethyl, butyl, 2-ethylhexyl and

2- hydroxyet hyl acrylate, isobornyl acrydate, and nethyl and et hyl
nmethacryl ate. Further exanples of these nononers are acrylonitrile,
acryvanm de, methacryl am de, N-substituted (rmeth)acryl am des, vinyl esters,
such as vi ﬁ?ﬂﬂlﬂéﬁi)eﬂfe(na)/mﬂsodlm bysknstwramethodbiiomithe prigd arkt her, st yr ene,
al kyl styrenes, hal ostyrenes, N-vinylpyrrolidone, vinyl chloride and

vi nyl i dene_chl ori de. E}?eﬁl“(ﬁl es of nmononers contai ning nore than one double

bond are etif§cempognds onmply I&eebeaﬁwmggtpy%mmtma; IPhetinitiatgient v
gl ycol di agénthe Bombayﬁ;eﬁkdlwhejfedgﬂdmnly@hm{eatcem ufmhﬂlﬁﬁkmfesdhﬁ@hw ate,
Hi acry! at 6% ra%»ﬁnéféfﬁet“ 57 T P ¢ a”ehfl%{n'aa”‘éé#‘ ik oF B alefipia,
triacryl at , ritol
dlh V|h n?/l et ideuble bonds. Taey miagtbe of ihw moldciolan weight (rdononmeric) erimetativelyehighli al | yI
pht hal at e, t

tris(2-acr §+ &&ﬁﬂrhyﬁl@n I'S oc%a'l&]ur ma%r#&égdp fl\}ﬁ ﬁﬁ:}‘r?e?ﬁ]&ttﬁmng adoublerfbgg are alkyl
triethyl en®r Qy @zsyallqy \Acnglate%@mpthammx @semple methylcsthylhbuyl, Resthadbexyl

wei ght (ol 'aﬂ@QfH efh?l di?ﬁﬁ:t !k"o%x‘ﬂl UaiPmeth 1%@0@%&% X, 1 esins,
acryl ated %Oﬁlﬁ%et hers g%rggo ure hogx?tée:nd é’at ed polgéteéters
Furt her ex ¥%36T'ré f resins,
G oFs and haee s?%‘"“%m'g%g iﬁ@%’ﬂé‘&ﬂ%ﬁﬁf@%@jﬂg %"2‘*‘%‘83"""‘8‘#:‘2;;“2{“2? ’
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mi xt ur es ofcbbrﬂcapdmyhdemalﬂnmepol yunsat ur at ed nononer or three conponent
m xtures which al so contain a nonounsaturated nonomer are frequently used.

The prepol here is primarily responsible for the properties of the
coati ng fi?ﬁﬁmm&slqﬁmmwsqmnwgmmpnammbenqamemm.glma in the

art to nodidiatryibe, sBeoldiadrifiteS HédYe {eyHé)&ﬂiem yagponer

e i Boa B B Rk BBl o -
trimethylolpropane triacrylate, pentaerythritol triacrylate and tetraacrylate, pentaerythritol
divinyl ether, vinyl acrylate, divinylbenzene, divinyl succinate, diallyl phthalate, triallyl
phosphate tnallyl isocyanurate, tris(2-acryloylethyl)isocyanurate and divinyl ethers, for
example triethylene glycol divinyl ether.

Examples of relatively high-molecular weight (oligomeric), polyunsaturated compounds
are acrylated epoxy resins, acrylated polyethers, acrylated polyurethanes and acrylated
polyesters. Further examples of unsaturated oligomers are unsaturated polyester resins,
which are usually prepared from maleic acid, phthalic acid and one or more diols and have
molecular weights of from about 500 to 3000. Unsaturated oligomers of this type are also
known as prepolymers

" Two-component mixtures of a prepolymer with a polyunsaturated monomer or
three-component mixtures which also contain a monounsaturated monomer are frequently

v used. The prepolymer here is primarily responsible for the properties of the coating film;
variation of this prepolymer allows a person skilled in the art to modify the properties of
the cured film. The polyunsaturated monomer functions as crosslinking agent which
renders the coating film insoluble. The monounsaturated monomer functions as reactive
thinner by means of which the viscosity is reduced without the need to use a solvent, -



~ thinner by neans of which the viscosity is reduced w thout the heed to use
~a sol vent. -5 - Two- and three-conponent systens of this type based on a
prepol yner are used both for printing inks and for surface coatings,

phot oresi sts or other photocurable conpositions. Unsaturated pol yester
resins are usually used in two-conponent systens together with a
nonounsat ur at ed nononer, preferably-Styrene. For photoresists, specific
one-conponent systens are often used, for exanple polymal ei m des, )
pol ychal cones or polyim des, as descrlbed in DE-A 2 308 830. The Yord
unsaturated conpounds nay also be - used in a mxture -wth ' '

non- phot | \EE el ;ﬁb-a sxanpl e,
physi cal’f"g rying %m%it r Sg};ﬁ@&ﬁg@ﬁ%@gtggﬁ fmanl C g"zﬂ vents for
exanpl e pnmmee@ks aﬂddgesmface epatingsphotaresi vy oF gthatmmqamommsms@y also «
be chemcally or thermally curable resins, for exanple polyi socyanat es, -
PO e b ST g S g S 5o S e B A = ©
resins i

phot opol nioRdunssdrated mofiomed, preferpblgistyrarcoFor phokeresidy, spbcifiovhe-ebinporieneat ment

it ur o< IRRYP R oy ok SR pbBulbiRiqts hualipres AobIRlaR e 1T 27 ©

i nhi bi t odes¢ribediio DErAC2 808 83led t o prevent premature pol ynerisation, for
exanpl e hydroqui none or sterically hindered phenols. The shelf life in the

dark can_be extended by using, for exanple, copper, conpounds, phos horus
conpoundEhe gnsatugatetcompoHRGS max AsoRsdised a)mlmr&m&ynmk@%@mma

At ”Dspheﬁh&f&iiﬁﬁg?&rﬁﬁdheh& ﬂ@s}etﬁ@h@cbdimrldmn he%miwry znié%’sélddl t i on W
paraffin or SI ar..wax- | i ke substances i C rate P urface on :
onmenc YOS AIGTFRE 18 GFERHiS SOLVERIS, o SXumble diirocsllgs o ceflufose pctortsygier s f or

exanpl e waearpdxesdmajodaabechmnhldy oﬂbmmﬂymumbh rebtynsl,rfoxgzxdnqﬂyl -s-triazine
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resins is 1mportant for use in so-called hybrid systems, whlch are photopolymensed ina
first step and crosslinked by thermal aftertreatment in a second step.

In addition to the photoinitiator, the photopolymerisable mixtures may contain various
additives. Examples of these are the'r_mal inhibitors, which are intended to prevent
prematurei palymeﬁsaﬁon, for example Hydroquinone or sterically hindered phenols. The
shelf life in the dark can be extended by using, for example, copper compounds,
phosphorus compounds, quaternary ammonium compounds or hydroxylamine derivatives.
Atmospheric oxygen can be excluded during the polymerisation by addition of paraffin or
similar wax-like substances, which migrate to the surface on commencement of the -
polymerisation. As light stabilisers, UV absorbers, for example those of the benzotriazole,

- benzophenone, hydroxyphenyl—s—tria’zine or oxalanilide type, can be added in small
~amounts. Still better is the addition of light stabilisers which do not absorb UV light, for
example sterically hindered amines (HALS).

The photopolymerisaﬁon can be accelerated by adding amines, for example
triethanolamine, N-methyldiethanolamine, ethyl p-dimethylaminobenzoate or Michler’s
ketone. The effect of the amines can be increased by adding aromatic ketones of the v
benzophenone type. The photopolymerisation can also be accelerated by adding |
photosensitisers, which shift or broaden the spectral sensitivity. These are, in particular,

aromatic carbonyl compounds, for example derivatives of bcn'szhenone, thioxanthone,
anthraquinone and 3-acylcoumarin, and 3-(aroylmethylene)thiazolines.

"



" exanple sterically hindered am nes (HALS). The photopol yneri sati on can be
accel erated by adding am nes, for exanple triethanol am ne,

N- net hyl di et hanol am ne, ethyl p-dinmethyl am nobenzoate or Mchler's ketone.
The effect of the ami nes can be increased by adding aromati c ketones of the
benzophenone type. The photopol yneri sati on can al so be accel erated by
addi ng photosensitisers, which shift -o6-broaden the spectral sensitivity.
These are, in particular, aromatic carbonyl conpounds, for exanple
derdwvati ves of benzophenone, thioxant hone, anthraqui none and

3-acyl coumarin, and 3-(aroyl net hyl ene)thi azol i nes. -6- O her

convent i oGtheradivéntional &ldRives dRNAdPendng Bn tHeappREdtion alopatal brightehers)

bri ght ener fillers, es, wetti ents or flow control

' ts, d ,
agents. T I%Bl%‘?%‘%pg‘lt‘%ggﬂﬂ%ﬁgﬁ%tsl%B,ﬂﬂ’(Yl'%’nPrg&%%BFdi ng to the invention are

particularly suitable for curing polynerisable conpositions which contain
subst anceseWhi . [ e : | , | ' can
be.our od_ By RHGRLTBRLETof e iCPALGNY, 1o i oot ¢ PEREU SABMSEF
descri bed cufing pelymepisable compssitiors wiiich g@ygain shkstangeewhich seduse ther ore al so
relates t | ymeri sabl e conpositions conprising (a) at |east one

et hyl eni ca unsat ur at ed phot opol yneri sabl e conpound and (b) at |east one
conmpound of the formula | as photoinitiator, it being possible for the

SOy T Ao b st bndti o gty et
phot oi ni t |5¥l‘53$1b??§) a3 &%ﬁ%‘ﬁﬁ?‘m&?ﬁ’r ?’Eﬂ?b&'égi?’g%ég% by vveiyght , preferably
from0.2 to 5% by weight, based on the total solids content. The invention
al so rel atfg h fetRMRAGELIE B0 FlattdoPhotd IR EbIE BdmpSsi@idns cofipkistige

(a) at least one ethylenically unsaturated photopolymerisable compound and

(b) at least one compound of the formula I as photoinitiator,

" it being possible for the composition furthermore to contain another photoinitiator and/or
other additives.

The photopolymerisable compositions expediently contain the photoinitiator (b) in an
amount of from 0.05 to 15% by weight, preferably from 0.2 to 5% by weight, based on the
total solids content.

The inventioh also relates to compositions in which component (a) is at least one
ethylenically unsaturated, photopolymerisable compound dissolved or emulisified in water.

- Radiation-curable, aqueous prepolymer dispersions.of this type are commercially
available in many variations. This term is taken to mean a dispersion of water and at least
one prepolymer dispersed therein. The concentration of the water in these systems is, for
example, from 5 to 80% by weight, in particular from 30 to 60% by weight. The
radiation-clirable 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 prepolymer in these compositions is in

. each case 100, to which are added the assistants and additives in various amounts,
depending on the application.

The radiation-curable, water-dispersed, film-forming prepolymers, which are frequently
also dissolved, are, for aqueous prepolymer dispersions, monofunctional or polyfunctional,



_ethylenically unsaturated, photopolynerisable conpound dissol ved or
emulsified in water. Radi ation-curabl e, aqueous prepol yner dispersions of

this type are commercially available in many variations. This termis taken

to mean a dispersion of water and at | east one prepol yner dispersed

therein. The concentration of the water in these systens is, for exanple,

from5 to 80% by weight, in particulac from30 to 60% by wei ght. The

radi ati on-curabl e prepolymer or prepolynmer mxture is present, for exanple,

in concentrations of from95 to 20% by weight, in particular from70 to“‘#é%
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nol ecul e | east, one rat ed bo l'ic aci
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adduct s ©4C double bonds per 100 g of prepolymer. Other suitable aqueous dispersions based on
specific alkyl (meth)acrylate polymers are described in EP-A-41 125, and suitable
water-dispersible, radiation-curable prepolymers made from urethane acrylates are
described in DE-A-2 936 039. ' '

These radiétion-curable, aqueous prepolymer dispersions may contain, as further

additives, dispersion assistants, emulsifiers, antioxidants, light stabilisers, dyes, pigments,

fillers, for example talc, gypsum, silica, rutile, carbon black, zinc oxide and iron oxides,

reaction accelerators, flow-control agents; lubricants, wetting agents, thickeners, matting Q
agents, antifoaming agents and other assistants which are conventional in surface-coating
technology. Suitable dispersion assistants are water-soluble, high-molecular-weight

organic compounds containing polar groups, for example polyvinyl alcohols,

polyvinylpyrrolidone and cellulose ethers. Emulsifiers which can be used are nonionic

emulsifiers, possibly also ionic emulsifiers. '

"

In certain cases, it may be advantageous to use mixtures of two or more of the ' ¥
photoinitiators according to the invention. It is of course also possible to use mixtures with
known photoinitiators, for example mixtures with benzophenone, acetophenone d

derivatives, benzoin ethers, benzil ketals, monoacylphosphine oxides, further
bisacylphosphine oxides, peresters or titanocenes. o

The invention therefore also relates to compositions in which the additional photoinitiators



pol ymeri sabl e” prepol ynmers having a nmean nol ecul ar wei ght of at |east 600, a
car boxyl group content of fromO0.2 to 15% and a content of from0.01 to 0.8
nol of pol ynerisable C C double bonds per 100 g of prepolynmer. O her

sui t abl e aqueous di spersions based on specific alkyl (neth)acrylate

pol ymers are described in EP-A-41-125, and suitable water-dispersible,

radi ati on-curabl e prepol ynmers made fr8m urethane acrylates are described in
DE.A-2 936 039. These radi ation-curabl e, aqueous prepol yner dispersions may
contain, as further additives, dispersion assistants, enulsifiers,

gnt i oxi dasresompoghds oftthpfarmela ] dyes, pignents, fillers, for exanple talc,
gypsum silica, rutile, carbon black, zinc.oxide and iron oxides, reaction

accel erators, flowcontrol agents, |ubricgantg, wetting agents, thickeners,

matting agents, antifoami ng agents aad otfherj assi stants which are
conventional in surface-coatingR§ — GutRBabl @Dgi spersi on assi stants
are wat er-sol ubl e, high-nol ecul ar - ht orghni ¢ conpounds cont ai ni ng pol ar

groups, for exanple polyvinyl alcohols, polyW nylpyrrolidone and cel |l ul ose
ethers. Emulsifiers which can be used are nonionic enul sifiers, 8ossi bly
also ionic enulsifiers. In certain cases, it may be advant ageous,'f'rb use

m xtures ; rs i Iph L4 j cCHhe=ICnvent i on.
It is of g}{)ﬁpis&g %lggy%%ggé’glg@?gng%glﬂl ?Eé’gés?\ne? kglt?ml%'ghot%i niti ators, -
for exanple m xtures with benzophenone, acetophenone derivatives, benzoin
et hers, benzil ketd s, cyl phosphi ne oxi des, further bisacyl phosphine
oxi des, peresters (qr titgnodenes. The invention therefore also relates to
coQposi t i gRsupidt awkHeOH) ~t igroup) inpiidtlon hag a waloe of from-28to-10band G éswbounds

of the formula Il [lerr] i|n ich [err] is hydrogen, [err]
G
W |
—@—C—?—Fh radical, R5 and R, independently of one another, are
R

hydrogen, C;-Cgalkyl, phenyl, C;-C;¢alkoxy or -O(CH,CH;0),,-Cy-Cyealkyl, in which m
is a number from 1 to 20, or Rs and Rg, together with the carbon atom to which they are
bonded, form a cyclohexyl ring, R5 is hydroxyl, C;-Cgalkoxy or _ _
-O(CH,CH,0),,-C;-Cy¢alkyl, where Rs, Rg and Ry are not all simultane’gusly

S ' i} :
C;-C;galkoxy or -O(CH,CH,0);;-C;-Cygalkyl, and Ry is hydrogen, —C—CH=CH; or

’ . 1] ﬁ . THs
~ —C—C=CH,,
and/or of the formula III
R4 ﬁ
Rg C ——@ (I,
Rio

in which Rg, Ry é.nd R;1, independently of one another, are hydrogen or methyl,
or mixtures thereof.

Cl-CigAlkyl R4 may be as defined for R;. Cl-CsAlkyl R; and R¢ and C;-C,alkyl R; may
also be as defined for R;, apart from the respective number of carbon atoms.



. [err] group or aferr] group, in which n has a value of from2 to 10 and G
isthe [err] [err] radical, [err] and [err] independently of one another,
are [err] hydrogen, [err]al kyl, phenyl, [err]alkoxy or [err] in which mis

a nunber from1l to 20, or [err] and [err], together with the carbon atomto
whi ch they are bonded, forma cyclohexyl ring, R7 is hydroxyl, [err]al koxy
or [err] where [err] and [err] are-®ct all sinultaneously O [err] or and/or
of the formula Il [err] in which [err] independently of one another, are
hydrogen or methyl, or mxtures thereof. [err] nmay be as defined for et
[err]Alkyl O [err] and [err] and [err]alkyl [err] may al so be as defined for ;

[err]. epasiAkbRYR,RE FERSARIIE, bRankHEDSH urlbtartRéd ARy, BFexample MethbRy,r | 1S,
for exampl é, br ancﬁed or unbrapnched al koxy, for exanple ne hoxg),(‘. et hoxy,
n- pr opoSEROXY. SRFPBYE% JSOPHORFY o Pthgdsqh"&a&, SCCERUIPKYy Y DUIOXY-(PERIRYx y
pent oxyheAydoxy!, BeptyloRgpoctyioxy, 2,4 timettyl-1defitoty | 2-ehipIhByyloky, moayioxky,
2- et hyl H&)&ﬂx&x%no I OX%F g%%xl oxy, dodecyl oxy or octadecyloxy. [err]are
as defi r ,cyg%aro{ \a ??‘é"correspondi ng nunber of carbon atons.
They are preferably decyl oxy, nethoxy or ethoxy, in particular nethoxy or
et hoxy. C;-CieAlkoxy Rs, Rg and R; are as defined for Ry, apart from the corresponding number

of carbon atoms. They are preferably decyloxy, methoxy or ethoxy, in particular methoxy

or ethoxy.

The -O(CH,CH,0),,,-C;-C, salkyl radical represents 1 to 20 successive ethylene oxide : U

units whose chain is terminated by a C;-C,¢alkyl radical. m is preferably 1 to 10, for

example 1 to 8, in particular 1 to 6. The ethylene oxide unit chain is preferably terminated

by a C;-C,galky! radical, for example C,;-Cgalkyl radical, in particular a C;-Cjalkyl

radical. ' | '

Preference is given to compositions in which R and R in the formula IT are,
independently of one another, C;-Cgalkyl, or, together with the carbon atom to which they
are bonded, form a cyclohexyl ring, and R is hydroxyl. '

Further preferred _compositions are those in which the proportion of compounds of the
formula I in the mixture with compounds of the formulae II and/or III is from 5 to 95%,
preferably from 30 to 70%. _ , ' e

Important compositions are also those in which R; in the compounds of the formula I'is
n-butyl, i-butyl or 2,4,4-trimethyl-1-pentyl, R, and R5 are identical and are
2,6-dimethoxyphenyl or 2,4,6-trimethylphenyl, and R5 and Rg in the compounds of the

_formula II are identical and are methyl, and Ry is hydroxy! or i-propoxy.
Preference is likewise given to compositions wherein compounds of the formula I in 2
which R; is n-butyl, i-butyl or 2,4,4-trimethyl-1-pentyl, and R, and R3 are identical and '
are 2,6-dimethoxyphenyl or 2,4,6-trimethylphenyl, and a mixture of compounds of the ’
formula III comprising 20% of compounds of the formula Il where Rg and Rygare
hydrogen and Ry, is methyl and 80% of the compounds of the formula Il in which R, Ryq
and R,, are methyl are present.



The [err] radical represents 1 to 20 successi ve et hyl ene oxi de units whose
chain is termnated by a [err] radical. mis preferably 1 to 10, for
exanple 1 to 8, in particular 1 to 6. The ethylene oxide unit chain is

preferably term nated by a [err] radical, for exanple [err] radical, in
particular a [err] radical. Preference is given to conpositions in which R5
and R6 in the formula Il are, indeperd@stly of one another, [err] or,

together with the carbon atomto which they are bonded, forma cycl ohexyl

ringy andP[err I s hydroxyl. Further preferred congositi_ons are those in
whi ch the #yxmr@fmgsqwma@rwe these asdeseribed|abpye whishgpriaire wit h

conpounds pﬁﬁtoixﬁeazapﬁmth&@ of thedfofth@ae I, aﬂcﬁorfmcuﬁuilﬂléh &é%quﬂrﬁfr%xﬂbl y from

30 to 70% ortant conpositions aré also those in which [err] in the
conpounds ?WP ormula | is n-butyl, i-butyl or 2,4,4-trinethyl-1-pentyl,
R2 and R3 are identical and are 2, 6- di et hoxyphenyl or

2,4, 6- d R5 d h i f .the f la Ll
2O A o B 2 1 SR e 8 b Sl
| i kewi se gomewf the compounds amnemmmellyravaﬂa’qﬂou%prqum dfligomeric i n whi ch
[err] is ry Rg&uﬁdsdpgé’f?fﬁx II?sd{'ﬁéiF]ﬁ%@fﬁFé)@ﬂfléuPﬁPtﬁYb16’1‘%3%?“ R3 are

i denti cal ar e éﬁl met h and a
T Xt U 6 oPTRRSTASN 9 SomPowR of e prmulaiTl is Ghiorbed. fer cxamblsy It EMLRRNEIb ¢ he
formula 111 where [err] and [err] are hydrogen and [err] 1s methyl and 80%

of the conﬂou the ormula LIl in whic err err are [Eashyl are
present . ersable CPTPPSiHeRsLan be gis 4 qscﬂ'f ferfyamp
desgri bed painnngmum asrvmshsras\phm;mxm,tﬂoaémpn fdrwood o@indnﬂeasfcwﬁng ae |, 11

and/or” 11 Icoﬁiggsx%ﬁsc, ?nt@f ﬁxa fog Bﬁp%r,a&/oéd? (antatl %nBﬁgtﬁ;, { Esloured pigmented paints, as
daylight-curable coatings for buildings and road markings, for the preparation of clear or
pigmented aqueous dispersions, for photographic reproduction processes, for image
recording processes or for the production of printing plates which can be developed using
organic solvents or aqueous-alkaline media, for the production of masks for screen
printing, as dental filling materials, as adhesives, as etch or permanent resists and as solder
stop masks for printed electronic circuits, for the production of three-dimensional articles
by bulk cunng (UV curing in transparent moulds) or by the stereolithography process, as
described, for example, in US Patent 4 575 330, for the preparation of composite materials
(for example styrenic polyesters, which may contain glass fibres and other assistants) and
other thick-layer compositions, for the coating or encapsulation of electronic parts or as

. coatings for optical fibres. '

The photocurable compositions according to the invention are suitable, for example, as
coating materials for substrates of all types, for example wood, paper, ceramics, plastics,
such as polyesters and cellulose acetate films, and metals, such as copper and aluminium,
to which a protective coating or an image is to be applied by photopolymerisation. The
. substrates can be coated by applying a liquid composition, a solution or suspension to the
. substrate. This is accomplished, for example, by dipping, brushing, spraying or
reverse-roll coating. The application rate (coating thickness) and the substrate type
¢ (coating base) depend on the desired area of application. Examples of coating bases for
photographic information recording are polyester or cellulose acetate films or
plastic-coated papers; coating bases for offset printing plates are specially treated
aluminium, and coating bases for the production of printed circuits are copper-coated
laminates. The coating thicknesses for photographic materials and offset printing plates



The preparation of the conpounds of the formulae Il and |1l is known in
general terns and sone of the conpounds are commercially avail able. The
preparation of oligoneric conpounds of the formula Il is described for
exanple, in EP-A-0 161 463. The preparation of conpounds of the fornula II
I's described, for exanple, in EP-A-209 831. The photopol yneri sabl e
conpositions can be used for varioudlpurposes, for exanple as printing

i nks, as varnishes, as white paints, for exanple for wood or netal, as _ .
coating conpositions, inter alia for r, wood, netal or plastic, as ™*
col our edregepemdlydrom aboutd).5 tosabouy 10 g Ifgsemmse-ﬁewéi they aregemeued afitergs and - «
road mekkd Qagin %ﬂ&x$§e preparation of clear or pignmented aqueous

di sper si ons, % phot ographi ¢ reproduction processes, for inage recording
processes or for-the production of printing plates which can be devel oped -

usi ng ommcﬁnﬁgis\wgreatempeamtfer pridtngiinies, siack te diying tifre qfrmduaumu of

masks for_scr 1 |li.n Siv

etoh or SRtk aner fadh figeq B pielldin of e oRAGH R ogBPCmIRE DIET o1
ci r cui t of flactionshof speads cfVecuratile irksaes ofi pastieilas impomsance foraffdey phinding. cur i ng
(W curing in transparent noulds) or by the stereolithography process, as
described, for exanple, in US Patent 4 575 330, for the preparation of
conposi tkhemixaresacsording to:the pyeation Weallﬁod‘lﬁﬂy slisabls; for the-preduction afont ai n

glhass f'tﬂ?Inﬁﬁ %IHi’es%PﬁET lﬁ&é? He?é%ré e&tsim(]gﬂ ons, tforI
e coatl QJ encapsu on o ecC I’Ol’ll S.,0r a oa gs 1or optica
fibres. SPHPle¥RAEPAYIME s%ﬁ%%‘!?%‘%‘?é |“ﬂ HhStQH‘?B"F h‘gl on are
sui t abl anoﬁdﬁiergfaﬁatmplammxmﬂmmalaﬁd f phowinidiordre aseaf. Fillds atnylpes u :

cel | il odUPEe RS Frof ek - SRRRTRELp M ERk s Bed YR I RedBWGITAT S o i o
a proteche panmgmastgr, anddw:um:ngvd pags ag sbbsequmymlutb@wpﬂms;pablprsemesat i on.
The subghg E#P&xeﬁ ‘B@Tcﬁl‘ilxe%ugﬁn@l &né‘s&l{r h&@*ﬂ@éhﬁé-ﬁﬁah sol ution

e

or suspenS|o substrate acconp or exanple, by
dlpplng}“%¥W§h|ng, spraying or reverse-roll coating. The application rate
(coating thlckness) and the substrate type (coating ‘base) depend on the

desired 0 t|.on | es .of coatin s.for phot ographic
o o o SR s P30 o PHABRITR e SRR E T BRRRS 1 PR 87

pl asti c-coatingdf shepting, tubssatans gr bettle saps) andhe photopuring of wagica teatings for
speci al lékaﬁl'bfeadﬁgv C-based floor coverings or wall coverings.

An example of photocuring of coatings on paper is the colourless coating of labels, record
sleeves or book covers.

Also important is the use of photocurable compositions for imaging processes and for the

optical production of information carriers. In these applications, the cdating (wet or dry)

applied to the base is exposed with short-wave light through a photomask, and the

unexposed areas of the coating are removed by treatment with a solvent (= developer).

The photocurable coating can also be applied by electrodeposition on metal. The exposed

areas are ci"osslinkedlpolymexjic and thus insoluble and remain on the base. If appropriate

staining is carried out, visible images are formed. If the base is a metallised coating, the 2
metal can be removed from the unexposed areas by etching after exposure and |

development or increased in thickness by electroplating. In this way, prmtcd electronic "
circuits and photoresists can be produced.

The polymerisation is carried out by known methods of photopolymerisation by exposure
to sunlight or to light which has a high short-wave content. Examples of suitable light



al um nium and coating bases for the production of printed circuits are
copper-coated | am nates. The coating thicknesses for photographic materials
and offset printing plates are generally fromabout 0.5 to about 10
[err]. If solvents are used, they are renoved after the coating process.
Photocuring is of great inportance for printing inks, since the drying tine
of the binder is a crucial factor forl2he speed of production of graphic
products and should be in the order of fractions of seconds. UV-curable

i nkSare of particular inportance for offset printing. The mixtures

accor di ng SPYFCESRIC Merey imadivppressuis, kighipressure ppdlomepressure hanpsy Speractinie of

pri nt: ng rﬂ_uefe@éeﬁc an%eg,l :ﬁé@ﬁlliaamlﬁiwmwoﬂ lﬁ%e?@&l_ilfjs@%ﬁﬁé%fdn?ﬁﬁiﬁa a'g‘?{nQ(ljlg Fdtge -
exanpl e, m xtur 0 u i near pol yam des or styrene-butadi en€ rubber
o £ phot BEOYERESD 388 ASD Aok aser BERFsorcey B 16S aiapiagt INRC BhRbmASk AR 5. and
g p)hot oi niuhhedesyary isincy sissiconkiollsd lasexcbeamabites ambﬂy;mmga plirscurable tedting( Yt o (r]I
ry) are exposed.via.the negative (or i tiye) of t rinting master, an
the uncur 8ot B biGioREe ety b vy Yie: s 1 BE Lt e v 16

Devel opne6f0 asncantadso becusedr ri ed out in an organic solvent or in an
aqueous-al kaline nmedium A further area of application of photocuring is

the coating of metals, for exanple the coating of sheeting, tubes, cans or
bottl e caﬁg‘,e ipveatiom alsp Relales Lo & REpcess fpr the phetepalymerisation of epmpounds| e of

PVCE based chhaminCauPehidaily Bisatithied QOMRE bOTS; wihich Bx@FRLeS eRposifis Ocur i ng. of
coatings on

ook, 09m e RombaRT b HsrabeH ateve b e B rest SB0I 0URoner 1 o 1ot

i TRgi ng pr ocesses -and for the optical production of information carriers.
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of t.he cohaving gaod glossrwalees drg obtagwd vehen thdytare asedoDuetut th¢ lowleendengyer ). The .

g;‘gggggr ahGariGRG WS AR Aldulifs REHdidgto Die iHvéitioh AFRESTLMAR flbFLR - The
use in white paints, and their ability to cure thick coatings enables them to be used for the
production of printing plates and coinposite materials. Storage of the cured compositions
according to the invention in daylight enables their hardness to be further increased and
the discoloration values to be further decreased.

The exampieg below serve to illustrate the invention further. Parts and percentages are by
weight unless otherwise specified, both in the remainder of the description and in the
'patent claims. The abbreviation "calc.” in the examples and tables indicates the calculated
values in the elemental analyses.

Example 1: Preparatidn of bis(2,4,6-trimethylbenzoyl)isobutylphosphine oxide

140.6 ml (0.225 mol, 1.6 M) of butyllithium are added dropwise under nitrogen at 0°C
over the course of 30 minutes to a solution of 31.9 ml (0.225 mol) of diisopropylamine in
80 mI of tetfahydrofuran. This solution is added dropwise at -30°C over the course of

“ 90 minutes to a solution of 41.1 g (0.225 mol) of 2 ,4,6-trimethylbenzoyl chloride and 12
ml (0.102 mol) of isobutylphosphine in 200 ml of tetrahydrofuran. After the mixture has

¢ been stirred for 2 hours at -30°C, the yellow solution is allowed to warm to room
temperature and is washed once with water. The organic phase is dried using magnesium
sulfate, filtered and evaporated on a rotary evaporator. The residue is dissolved in 200 ml
of toluene, and 11.6 g (0.102 mol) of 30% hydrogen peroxide are added. After the mixture
has been stirred for 2 hours, it is washed first with water then with saturated sodium



areas are crosslinked/polymeric and thus insoluble and remai n oh the base.
| f appropriate staining is carried out, visible images are formed. I|f ‘t he.
base is a netallised coating, the metal can be removed from the unexposed
areas by etching after exposure and devel opnent or increased in thickness
by electroplating. In this way, printed electronic circuits and

phot oresi sts can be produced. The polygfrisation Is carried out by known
met hods of phot opol yneri sati on by expoSure to sunlight or to |ight which

has a hi gh short-wave content. Exarrpl es of sw table |ight -12- sourcesed
are nerc “hﬁm :
super act ﬁﬁ:n&ﬂhﬁ@%@%@ﬁ@%ﬂe a ? arrps orgel?gé{ars 0S€ em ssion
nmaxi ma aand filered, ammpa_ratg@r&vs ion froms have = -

t he advapiage giv@@ gﬂ‘g“? ﬁomﬁdaﬁdgg %mg‘*,ed | aser = «
i |

beam writes dlrectl on t;h urable coating. If "a conbination of
phot osenBoWder<The meltingnoint is, Iy | ong-wave |ight or |aser beams up to
600 nm can al so be used 'The i'nvention also relates to a process for the

phot opol ri n.of conpounds containing.et inGakl V. ted _
doubl e b%ﬂ’%? E’iﬁﬁ“@ orrprl ses exposing-a cgﬂg‘o‘%ﬁ ﬁgﬁaaﬁg%ﬁlgg‘égabove to
light in the range from 200 to 600 nm Thecgtd & n7.84 found%cd9di ng to t he
i nvention have high reactivity, and coating surfaces having good gl oss

val ues are obtained when they are used. Due to the | ow tendency toward
yel l owi ng, the conpounds according to the invention are particularly

sui t abl eEkfhple 3¢ Prepatifioh Of BR(2)6-Gimetskybbioyl)allbitylphosphirie 6:8dé hi ck coat i ngs-

enabl es emto be used for the production”of printing plates and conposi{g
materials. Storage of the cured conpositions according to the invention in
dayl i ght Aanixhire of 18 gi(0.10 ol 306:% mmlheneb of n-fbatylphmsplﬁneanﬂ 3017 nill{0.22 mol)

T, R Mo S b e
solution of 44.1 g (0.22 mol) of 2 Gdimeﬂloxybenzoy chloride in 200 ml of toluene. After
the mixture has been stirred at 100-110°C for 6 hours, the suspension which has formed is
allowed to cool to room temperature and is diluted with toluene and washed first once
with water then once with saturated sodium bicarbonate solution. 11.3 g (0.10 mol) of
30% hydrogen peroxide are added to the organic phase, and the mixture is stirred at 40°C
for 2 hours. The mixture is then washed with water and saturated sodium bicarbonate
solution, and the organic phase is dried using magnesium sulfate, filtered and evaporated
on a rotary evaporator. Crystallisation from ethyl acetate gives 30.2 g (69.6% of theory) of
the abovementioned compound as a yellow powder. The melting point is 151-152°C. .

Elemental analysis: calc. % C 60.83 found % C 60.84
' “calc.%H 626 found % H 635

Examples 3-31: The compounds of Examples 3-31 are prepared analogously to the
compound of Example 1 (= method A) or the compound of Example 2 (= method B) using

- the appropriately substituted benzoyl chlorides and phosphmes. The compounds and their <
analytical data are shown in Table 1 '



wei ght Unl ess ‘ot herwi se specified, both in the renmainder of the description
and in the patent clains. The abbreviation "calc." in the exanples and

tabl es indicates the cal culated values in the el enental anal yses. Exanple
1: Preparation of bis(2,4,6-trinethylbenzoyl)isobutyl phosphine oxi de 140.6
m (0.225 nol, 1.6 M of butyllithiumare added dropw se under nitrogen at
[err] over the course of 30 mnutes teld-solution of 31.9 m (0.225 nol) of
diisopropylanmine in 80 nl of tetrahydrofuran. This solution is added
dropwit se at [err] over the course of 90 minutes to a solution of 41.1 g
(0.225 nol) of 2,4,6-trinethyl benzoyl chloride and 12 m (0.102 nol) of
isobutylphosphine in 200 M of tetrahydrofuran. After the m xture has been
stirred for 2 hours at [err], the yellow solution is allowed to warmto

room t enper at up ﬁ++++w5hed—eﬁeeAM44+*%&{ﬁ——41mhe+gan+e—pha&eqék4r|ed
usi ng magnesi UNSE {age, féldergds angd £vapey atee ong 8 rQ,;@ry SYAPQL Y qr .
The residue is|d&pIFG iR R002E RZolfSe STdJLE 6 JYOIR fBEY |of
30% hydr ogen p¢rpxi flecare mddedz After the m xtureaas keen sti rrerl fgr 2
hours, it is waghed|first with water then with saturated sodi um -13-
hydr ogen carbopd e $ol uti on. The organic phase is then dried using
magnesi um sul f @:@1%18 | tBRd, JFd BB PRt PG | SRRt RSN §F qtary
evaporator. O y§ o |iS@i ot dromde@ s OF 8 P8 6L B0 @ 3 hapgy) of
t he aboverenti ¢rfed fappound as @ yeldow powdero The> nel thng mei nt ®s [lerr].
El enent al anal;ﬁis:L . calc. %uC 72.34 founduC 72.13 cdlc. %
H 7.84 found %A 7974 ExanpteZ2—PreparatTomnm of
bi §(2, 6- di met h¢xbenzoyl ) - n- but yl phosphi ne oxide A nixture of 18 g (0.10
mol, 50 %in t¢laéne) of n- butylphosghlne and 30.7 m (0.22 nol) of
triethyl ani ne i%adie‘& dr oPwi seat [Zrr] Clover®the ®our & of B0 niflutgs to
a solution of 480 E g (0.22 nmol) of 2,6- di met hoxybenzoyl chloride in 290 mni
of toluene. After -
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the m xture has been stirred at [err] for 6 hours,
formed is allowed to cool

bi car bonat e sol uti on.
to the organi c phase,

m xture is then washed with water

sol uti on,

and evaporated on a rotary evaporator.

powder .
cal c.
3-31: The conp
conpound of Ex
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The conpounds
[err] - -15-

Table 1 (continuation)
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11.3 g (0.10 nol) of 30% hydrogen peroxi de are added
and the mxture is stirred at [err] for 2 hours.
antp sat urated sodi um bi car bonat e
and the organic phase is dried using magnesi um sul f ate,
Crystal lisation from et hyl
gives 30.2 g (69.6%of theory) of the abovementioned conpound as a yeIIow

The nelting point
% C 60.83 found % C 60. 84 calc.

The
filtered
acet at s
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- 16 - [err] - 17 - [err] Exanpl e 32: Preparation of

2, 6- di met hoxybenzoyl - 2, 4, 6-t net hyl benzoyl - n- but yl phosphi ne oxide A m xture
of 9.0 g (0.05 nmol, 50%in toluene) of n-butyl phosphine and 10.1 g (0. 10
nol) of triethylam ne is added dropw se under nitrogen at [err] over the
course of 10 m nutes to a solution of 9.1 g (0.05 nol) of

2,4,6-trinmethyl benzoyl chloride in 1006m "of toluene. After the m xture has
beenr=stirred at [err] for 3 hours, a solution of 10 g (0.05 nol) of

2, 6%df net hyl benzoyl chloride in 50 M of toluene is added dropw se over the
course of 30 mnutes at the sane tenperature. After the m xture has been
stirred at [err] for a further 5 hours, the yell-ow sh suspensi on whi ch has
formed is allowed to cool to roomtenperature and is washed once with water

and once with scﬂTUﬁ1ﬁTCaT5UﬁarET‘5?T1I1jITETTﬁﬂj‘Tﬂ'BUWFﬁVUTﬁgEﬂ per oxi de
are added to thg ni c phase, and the m xture is stirred at [err]] for 2
hours. The mxtyr®@a $ then washed wth water and saturated sodi um
bi carbonat e sol ytéa onj and the organic phase is dried using nmagnesijum
sul fate, filterquanh evaporated on a rotagy,evghoraiqgr. Ruki figLatli on by
chromat ogr aphy (| uept: hexane/ et hyl acetageglzg.)“.an %ubgegue NG
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calc. %C  66.33

into a white paint formulation conprising: 67.5 parts of [err] Ebecryl
(pol yester acrylate from UCB, Bel gi um -

found % C 65.61 calc. %H 7.02  found %H
7.04 Exanple 33: Photoinitiator reactivity in a white paint The :
photoinitiators are incorporated in concentrations of 0.5 and 1% by 'wei ght

of hexanedi ol diacrylate 2.5 parts‘é?'tri net hyl ol propane triacryl ate and

25.0 parts of titaniumdi oxide (R-TC2) of the rutile type.

830
EBECRYL is a Trade Mark) 5.0 parts

The sanples are

applied to chi pboard using a 100 [err] hand coater and cured using an 80

Wcm nmercury nmedi um pressure |anp (Hanovia type -

at a belt speed of 10 mimn. The -19- nunber of passes until

strength is reached is determ ned. The Koni g _pendul um hardne

is neasured on the

the curing. The [codi
[

(Philips TL 03),

and 16 hours. THeg,Yel

1925-70 after 14 @ou

measures of the |r@act
nunber of passeq Def
pendul um har dneqsg ¥a

yel | owness indeq &

val ues, the | esg
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Tabl e 2 Conpound Concen- Number Pendul um hardness Yel | pwness from Ex.
tration of passes ime- after after index [%by w.] [10 m m n]

diately 15 min 16 h after 16 h 4 0.5 5 165 179 185
1.2 1.0 3 164 182 197 1.2 7 0.5 6 164
169 178 1.1 1.0 4 178 -184 199 | 1.2 13 0.5

6 157 160 174 1.4 1.0 4 158 172 - 186 1.6

Exappl e 34: Photoinitiator reactivity in a white pal nt A white paint is
pr epar ed fwmwwﬁm@umﬂez% thylbepaoyl-ndv 502 A
(BAYER, Gerbqwmp ¥ideL is a Trade Mark), 0.5% of Byk 300

(Byk-Mal |'i ncKriodt™ - BYK s a Trade Mark) and 25 parts of titanium dioxide.
The photoinitiators are incorporated in the stated concentrations by

[Shaki n?fWi tﬁhmbmﬁﬁ)f(g@g(ﬁ’.%hwl\mh t ii\tto?énef)fwfnaj lph@bhhl):aﬁdlo.\l gs(o.mhm at
err or 0 wel at o | on 1s en
applied to® %%ﬁ%%“ gﬁ@m%“ﬁ?ﬁﬁaﬂ%@%m‘a{i alhﬁcg'lﬁ? gis

pr eexposed 10mmindte$ tora solution ofi i g (0.05 mol)0of\2/4,6rimethiylbenzqyd chlondSin 100l
furth

eg:)osg{:i tC\l/J\nrcaﬁuén% é@&&@%ﬁr one %gewmqmugdn@gksm l’essure nga e
(Hanovi a t {965 mol) Qf%@ldlmﬁbmlmwﬁo ﬁpd&si pwthw ce
under one Egﬁs%?mﬂiﬁdtﬂfht@l beEnRtifed af € | anp

The Koni g SEdie Redinbes fary e&g&;@m@%ﬂsg@m et is allowd ongs

; cool to room temperature and is washed once with water and once with sodium

N bicarbonate. 5.7 g (0.05 mol) of 30% hydrogen peroxide are added to the organic phase,
and the mixture is stirred at 60°C for 2 hours. The mixture is then washed with water and
saturated sodium bicarbonate solution, and the organic phase is dried using magnesium
sulfate, filtered and evaporated on a rotary evaporator. Purification by chromatography -
(cluent: hexane/ethyl acetate 1:1) and subsequent crystallisation from cyclohexane give
1.80 g (8.7% of theory) of the title compound as a yellow powder having a melting point
of 94-96°C.

Elemental analysis:

calc. % C 66.33 found % C 65.61
calc. % H 7.02 found % H 7.04

Example 33; Photoinitiator reactivity in a white paint

The photoinitiators are incorporated in concentrations of 0.5 and 1% by weightintoa
white paint formulation comprising:

67.5 parts of ®Ebecxy1 830 (polyester acrylate from UCB, Belgium - EBECRYL isa
- Trade Mark)

5.0 parts of hexanediol diacrylate
& 2.5 parts of trimethylolpropane triacrylate and

25.0 parts of titanium dioxide (R-TC2) of the rutile type.

The samples are applied to chipboard using a 100 um hand coater and cured using an
80 W/cm mercury medium-pressure lamp (Hanovia type - HANAVIA is a Trade Mark) at
a belt speed of 10 m/min. The



I medi ately,
40 Wl anmps (Philips TL 03).
The yel l owi ng (yel | owness i ndex,
determ ned in accordance with ASTM D 1925-70 after further exposure for
the | ess-19e yellowi ng of the coating. The

formul ati on.

hour s.

after

The | ower the val ues;:

15 minutes and after
The hi gher the val ues,

16 hours of further exposure under
the better cured the

YlI) of the coatings is

results of exposure variant a) are shown in Table 3. The results of
exposure variant b) are shown in Table 4. Table 3 (Exposure variant a))-.

Conpoundnurfiberafipasses Batildhe wipdsiredgthds reachedds determined.| ThedKoiig

16

6 h
179

179
181

L " Dl NS g on 6 il ol iy e

1.0 6 after thg cwging. The ¢oatings areghen further, under fpur 40 W Janps (Philips TL 188
\1(elol -cl)-\aftn?las ?é\djgg%i#%‘rﬁnwﬁ tksrigzn%-o %ﬂ ﬁ&san&’?ﬂﬂ&rih'd af{gpess

[ Yoywt . | Yellawness vd&’swwménn W%W&E?ST&D?%JWM ours. 153
1.1°2.0 160. 165 167 - 1.1 6 _ 151 158

1.0 2,0 17, 21- Ex 35:. Ph t

" oact| vi The pepdiiog pifess and b mm%mmwg%ﬁaw o Qe el 0
from photoinitiator; the lower the number of passes before the wipe strength is reached and the

higher the pendulum hardness values, the more reactive the photocuring agent. The

yellowness index values are a measure of the yellowmg‘ the lower the values, the less the

yellowing of the tested formulation.

The measurement results are shown in Table 2 below.

Table 2 . : : -
Compound | Concen- | Number |Pendulum hardness Yellowness| -
fromEx. |(tration |ofpasses |imme- after after| Index
' {% by wt.]{ [10 nvmin] |diately 15 min - 16 h after 16 h
4 05 5 165 179 185 1.2
1 1.0 3 164 182 197 1.2
7 05 6 164 169 178 | 14
1.0 4 178 184 199 ] 1.2
13 05 6 157 160 174 | 1.4
1.0 4 158 172 186 1.6

Example 34: Photoinitiator reactivity in a white paint

A white paint is prepared from 75 parts of a formulation of 99.5% of Roskydal UV 502 A
(BAYER, Germany - ROSKYDAL is a Trade Mark), 0.5% of Byk 300 (Byk-Mallmckmdt
- BYK is a Trade Mark) and 25 parts of titanium dioxide. Thephotounnatots are
incorporated in the stated concentrations by shaking with beads (for 2% by weight of
photoinitiator) or by stirring at 50°C (for 1.5% by weight of photoinitiator). The
formulation is then applied to chipboard using a 150 um hand coater, arid the coating is
preexposed for 1.5 minutes under four 40 W lamps (Philips TL 03). The further curing is
carried out in two exposure variants: a) the samples are exposed twice



13.5 parts of [err]Ebecryl 830 (polyester acrylate fromUCB, Belgiun) 0.5
part of trinethylol propane triacrylate (Degussa) 1.0 part of 1, 6-hexanedi ol
diacrylate (Rohm) 5.0 parts of titaniumdioxide (rutile type, [err]R-TC 2
from Ti oxi de, France). M xtures of the photoinitiator from Exanple 14 (A

wi th 1-benzoyl - 1- hydr oxy-1-nmet hyl ethane (B) in the anounts shown in Table 5
are mxed with this conposition. The fggoulation is applied to al um nium
sheeting in a coating thickness of 100 [err], and the resultant sanples are
expdsed to a nercury nediumpressure |lanp (80 Wcm Hanovia type). During
this exposunder ondnSOéWcm mercurempdissepressucelampt{Haneviptype) at aheltspeed/ohg. at a

speed of 1y | ower

t he nunber passg%% pwFﬁgﬁzbetter ﬁ:ﬁen g@?ﬁ%lnz@(iisﬁcnﬂﬁésl&i)bﬁﬁoﬂ%@

phot oi ni ti &f o merCHYOnedinm prassyre lampr(Hapavia tpe) yreanged PReATET thehematd es i s
det er m nedpdipspeed of daafinV th ASTM D 1925-70 as the yell owness index. The
| ower the value, the less the yellow ng of the sanple. The yellowing is
nmeasured i Mmedi ately after curing, after additional exposure of 15 m nutes.
and 16 houThe Kofligr peinduluml hardfiéss SDIN 5P E57) 40miEisufedionitiesgured beatingsul t s ar e

of passes  IHRESRELY. afief £5 pifuPOHRRE B B OERIRGE: cxPBuMNAGE doWimb 2" ! O
0.5 8(Philips TI1 08). The higher meWah)es, the better gured the formulation. Thg yellowing - 0.5 A
1.5 4(yellownes§ xgdex, 4 Igof thi céatﬁws is deterfifitd in accofdance withASTM 191825-78- 2 A

0.5
. after further exposure for 16 hours. The lower the values, the less the yellowing of the
), coating. The results of exposure variant a) are shown in Table 3. The results of exposure
variant b) are shown in Table 4.

Table 3 (Exposure variant a))

Compound | Concen- | Pendulum hardness Yellowness Index
from Ex. tration imme- after = after after
[% by wt] | diately 15min 16h 16h
4 1.5 ] 108 130 179 10
-~ 2.0 115 147 - 178 1.0
5] 15 | 113 130 182 0.8
20 120 154 188 10

Table 4 (Exposure variant b))

Compound | Concen- |Pendulum hardness Yellowness Index
from EX. {ration imme- after after after
[% by wt] | diately 15min 16h 16h

4 1.5 150 183 - 179 1.1

»
2.0 160 165 167 1.1
2
6 15 151 158 181 1.0

“ 2,0 165 170 176 1.1




-0.
0.
1 0 A

Phot oi ni

0.5 A 0.75 3 1.6 1.7 -0.6B 0.75 A
2 1.8 3.1 -0.8B 1.0 A 0. 65 4 1.
9 B 0.35 A 1.0 3 1.1 0.8 -1AB -
1.3 2 2.9 4.2 -0.2B . 0.7 A 0.35 4
7 -0.8B 0.65 A 033 4 0.7 0.8 -1.2B
0.7 2 1.9 2.27-0.6 B 1.3 Exanple 36:

.
0.5

tiator reactivity in a white paint A photopol ynerisable conpositign

is prepared from 99.5 parts of [err]Roskydal UV 502 A (UPES/ styrene

sol ution;
di oxi de)

phot oi ni

BAYER, contains 35% of styrene and 25%of rutile titanium

et

0.5 part of [err]Byk 300 (flowcontrol :agent, Byk-Mallinckrodt).

The init mlelﬁsxthemt(aﬁ)nﬁactﬁft%mi\\mheppinOt oinitiator from Exanple 14 +
50% of 1-benzoyl -1-hydroxy-1-nmethyl et hane] and (D) [= 33% of the

tlator from Exanpl e 14 + 67% of
photopolymerisable composition is prepared from

13 5 parts of ®Ebecryl 830 (polyester acrylate from UCB Belgium)

0.5 part of trimethylolpropane tnacrylate (Degussa)

1.0 part of 1,6-hexanediol diacrylate (Rhm)

5.0 parts of titanium dioxide (rutile type, ®R-TC 2 from Tioxide, France).

Mixtures of the photomnator from Example 14 (A) with
1-benzoyl-1-hydroxy-1-methylethane (B) in the amounts shown in Table 5 are mixed with
this composition. The formulation is applied to aluminium sheeting in a coating thickness
of 100 pm, and the resultant samples are exposed to a mercury medium-pressure lamp

(80 W/cm, Hanovia type). During this exposure, the samples are passed under the lamp on
a belt moving at a speed of 10 m/min until a wipe-resistant paint coat has formed. The
lower the number of passes (n), the better the action of the tested photoinitiator or
photoinitiator mixtures. The yellowing of the samples is determined in accordance with
ASTM D 1925-70 as the yellowness index. The lower the value, the less the yellowing of
the sample. The yellowing is measured immediately after curing, after additional exposure
of 15 minutes and 16 hours under four TL 40/03 lamps (40 W, Philips). The results are
shown in Table 5. | |



-23- 1-benzoyl
are mxXed with this conposition.

- 1- hydr oxy- 1- net hyl et hane]

in the amounts shown in Table 6
The formulation is applied to chi pboard |n

a coating thickness of 150 [err] and cured under various exposure

condi ti ons.
| anps (40 W Philips).

1) The sanpl es are preexposed for
Curing is then ca22i ed out under one 80 Wcm nercury

1.5 m nutes under 4 tl

40/ 04

medi um pressure | anp by passi ng the sanple under the | anp once at a speed

o1 o3

m n. ngle'ghe curl ng)

is carried out by passing the sanples,

o AL oo

naodl g

Wi t hout

Bosur N AL FeF-EtH-y—FRa-tH-pr essure | anps at a speed
of 3 m mn. Number, | é’ems%\'f‘@”‘t he [Koni g pendul um har dness
(DIN 53 15 f'%x imme-, aftef, JMfteE it h” ASTM D 1925- 70 and
the gl oss 3 10 F"égeylt mip o16h, in Table 6. Table 6
Phot o- Amgunt A Pé¢ndisl un 8 Yel | awnesstgndexy J oss initiator [%by w.]
har dness A 1020/ OB 1) wtteh preexpessrd C 2 93
2.3 84/82 C | 15 4 4 3B 42 0.1 3.6 84/ 92 D 2
75 A2.2 | 20 4892 D41 B9 02 92 _ 2:9 '
84/ 92 2) wift hout pré¢exposufje C 4 137 4.1
86/ 93 D 05 10p 4 08 A& -1.2 | 86/93 Exanple 37:

Phot oi niti gt orBreacfi 9Pty | n a varjish The photoifni tiators in the
concentratijons, sho g Taple 7 are di ssol ved, in J100 parts of [err] Roskydal
502 (unsatuagﬁd po yg';;er résin, di%solVved B8 adout 80%in butyl acetate,
f rom BAYER)|. € ph¢tOinit}ators fjrom Exanpl es 1 Jand
2, 2-di met hcxy-'j‘, 2-d p}psnyl et Ban- 1-qr§e (-—345) 8 Used. The fornul ations are
apw'ed to B 1:0 ’ : )

A 0.65 4 1.3 16 -09

B 0.35 '

A 1.0 3 111 08 -14

B 05

A 1.3 2 29 42 02

B 0.7

A 0.35 4 08 0.7 -08

B - 0.65

A 0.5 4 0.7 08 -1.2

B 10 :

A 0.7 2 19 22 06

B 13

s

Example 36: Photoinitiator reactivity in a white paint

A photopolymerisable composiﬁon is prepared from:

99.5 parts of ®Roskydal UV 502 A (UPES/styrene solution; BAYER; contains 35% of

styrene and 25% of rutile titanium dioxide)

0.5 part of ®Byk 300 (flow-control agent, Byk-Mallinckrodt).

The initiator mixtures (C) [= 50% of the photoinitiator from Example 14 + 50% of

1-benzoyl-1-hydroxy-1-methylethane} and

(D) [= 33% of the photoinitiator from Example 14 + 67% of



chi pboard in a coating thickess of 100 [err], and the coatings are dried
for 1 mnute at [err]. The curing is carried out by exposure using two 80
Wcm nmercury nmedi um pressure -24- | anps by passing the sanples under the
| anps at a belt speed of 20 mimn. In order to determne the reactivity,

t he nunber of passes is neasured whici23ks necessary to achieve a

W pe-resistant surface (= n). In addition, the Konig pendul um hardness (DN
53157) and the yell owness index in accordance with ASTM D 1925-70 of the
sanpl es amenn!;dduh)dtoxwmenqlbyldohhmhimdlednmntsishow&h Table &larg/miredwitled af el

Tabl o 7 B sOmpoiton P¢Yor fuid [iphled RIDHII IS Sl MG 104G ©

intiator lpukbymuS]eXPwmmdmys ness after Index Exanpl e

[722 rlﬂ Mi 1)IThe saﬁples aré'preekposed for 1.5 minutes ugder 44 40/043mnps (40 W6ﬁnhps)91 0 75 :

2 lesthwmdout?néerfnz@&/gnwm RIS 'am&*yfmésee@r aphi ¢
pri nti nghe bdnhple andér. the landp drceat a spsed Jof Baafdn. 565 (anti oxi dant; G ba- CGei gy,

o 2" | e kg o ASind B ool VAR ol b BRPA 86
Mar k) ari/am sireiry miediyn-pressure lampsmt atspeddof Baufmid. are di ssol ved in 41.54

parts of 1,6-hexanediol diacrylate (HDDA) at a maxi numof [err] with

stirring _for 30 mnutes. 332.30 parts of [err]Cariflex TR 1107 (bl ock
pol yner qusmmm%wm %@nm@mmme@@mammw | and -

CARI FLEXellowiieshiadtx iWRckorddice with ASTMD 102270 and tdR>giess at 207 anl607 THE €S atq

[err] on t t%é:easlh%rv}v%e'ﬁlt%legéve a sheet ed- out

Table 6

Photo- Amount Pendulum Yellowness Index Gloss
initiator  [% by wt.] hardness [20/60 °]
1) with preexposure
C 2 93 23 84/92
c 4 91 - 36 84/92
D 2 75 22 84/92
D 4 92 29 84/92
2) without preexposure | \J
C 4 117 4.1 86/93
D 4 102 ' 35 : 86/93

Example 37: Photoinitiator reactivity in a varnish

The photoinitiators in the concentrations shown in Table 7 are dissolved in 100 parts of “

®Roskydal 502 (unsaturated polyester resin, dissolved to about 80% in butyl acetate, from
BAYER). The photoinitiators from Examples 1 and -

2,2-dimethoxy-1,2-diphenylethan-1-one (= E) are used. The formulations are applied to
chipboard in a coating thickness of 100 pm, and the coatings are dried for 1 minute at
50°C. The curing is carried out by exposure using two 80 W/cm mercury medium-pressure



conpound. The dropw se addition of the previously prepared HDDA solution is
begun at [err]. The dropw se addition takes about 15 mnutes. The entire
formul ation is then honogeni sed on the calender at [err] for a further 15
m nutes. After renmpoval fromthe cal ender, the crude sheeted-out conpound is
pl aced between two Teflon filns (TEFLON is a Trade Mark) and cooled in a
wat er - cool ed press at a pressure of 100 [err]. 70 g of the sheeted-out
conmpound are encl osed between two 76 [eriq polyester filns in a 2 mmthick

pr eSs/f r ame lanps by passiag theosag:pla wndercthe ldnpsnat a belt speeld of 20 mnih daordeg té he

Sor{abes o ..,OH% €SS ’pre eaﬁgﬂ%&;?&#@ﬁ%ﬁ%ﬂ@?%ﬁg% feve's®

surfaces of a s cved

sandwi ch f ownpperesnsmm svefage (=an)p Ineaddition, thedSénig penﬁtﬂmbandqus[s@m 5315B and

sandwi ch is Bé&r&a!n AP
thE?@Ik il n Eéhtﬁ U‘@Z/S*?ng and |s su%Je uently cut

23{ é? [n hQUt emﬁ%ng %m%‘#ﬁim%ﬁéﬁ Al emwam posur e

time for bagnpley Thé redtltire showRirTablepver ed on both sides with pol yester
film a strip neasuring 4 x 24 cmis cut out. This strip is exposed

stepwi se in a BASF Nyl oprint exposure unit fitted with 20 W Nyl oprint 2051
tubes by novimpgled mask between 9 exposure steps each |asting 20 seconds

err],

(NYLOPRNT is g Trade Mark)., This prodyces on the strip a curing pattern
conprising 1@nswect i ond AméuneSPdNimber 60 | Pendaimaiard- § YellowhessO, | 20, 40, 60,
80, 100, 12Qnitfafs?frorh6( pawk W0 | passesdn) [Thesspdtiei e i nd a 1.5 cm
broad centrdlExamplep i § covered |i nf2oimmidlopgi nnal nr¢ction. The entire
stAugture ig_covered Hy a thinllN-trans ' i nst the
exposure st dgegby nearls o4 a vdcuumazand The exposed
plate is defel oped by fwashing qut the insufficiently crosslinked areas in a
BASF Nyl oprijnt1circul jr washer Jat [er] pusit2g a ¥8&hi ngg3ol ut] on conpri si ng
a 4:1 mixturje of tetrdchl oroet iyl ene and| n-butanol . {The plate|]is dried for

1 075 2 139 148 75

1.25

Example 38: Production of a flexographic printing plate

a) 1.13 parts of ®lrganox 565 (antioxidant; Ciba-Geigy, Switzerland - IRGANOX is a
Trade Mark), 0.03 part of ®Ceres Black (pigment, Sudan Black No. 86015; Fluka,
Switzerland - CERES is a Trade Mark) and 0.6% of the photoinitiator to be tested are
dissolved in 41.54 parts of 1,6-hexanediol diacrylate (HDDA) at a maximum of 50°C with
stirring for 30 minutes. 332.30 parts of ®Cariflex TR 1107 (block polymer made from
polyisoprene and polystyrene; Shell Chemie, Holland - CARIFLEX is a Trade Mark) are
melted with 2 g of excess for 10 minutes at 140°C on the calender to give a sheeted-out
compound. The dropwise addition of the previously prepared HDDA solution is begun at
110°C. The dropwise addition takes about 15 minutes. The entire formulation is then
homogenised on the calender at 100°C for a further 15 minutes. After removal from the
calender, the crude sheeted-out compound is placed between two Teflon films (TEFLON
is a Trade Mark) and cooled in a water-cooled press at a pressure of 100 kp/cm?. 70 g of
the sheeted-out compound are enclosed between two 76 um polyester films in a 2 mm
thick press frame and pressed to give sheets 2 mm in thickness by heating the sandwich
first for one minute



1 hour at [err] in a fan-assisted oven, left for 5 mnutes, dipped in a

0. 4% brom ne solution for fixing and di pped for 10 seconds in an aqueous.
sol ution of 1.15% sodi um thiosul fate/sodi um carbonate for neutralisation.
The plate is then rinsed with dem neralised water for 30 seconds. The
“central strip of the plate treated inpghis way is evaluated. The exposure
time which results in the formation of a 1400 [err] base (= reverse side
exposure tinme) is determined. c) A piece of a plate sandw ch produced as
under a) is exposed over the entire surface for the exposure tinme. Yt?

det der b rdler b9 § ale b h {
et ot ol wihot g Blessite Briern B2, sutadhs 5 B sfond JRSS gl WEORG Ad e (| o) g5 ¢
is appl |p0eksm§>thﬂmuiw1ch‘fot @ minitesdt afpreﬂsﬂ!gpéss?iwfaﬂ@ﬂﬁplwﬁammndmcéar ried

t or »
i o A A, i U S P OB,
fromflmsmgmmof?ﬁe and is subsequenilsticut oyt of tkemanaémm bed above. -
The pl atbg h Brdek A€ the Op uﬂ‘ﬁpﬁﬁhéhﬁle%fﬁﬁé%ﬂhdéﬁbl‘ﬂ&'ﬂ&é for a

Front  sioGues BB Bottsies B palvesie O s s it 1420 & g S 5
Table 8 1@@&&%@@@3&%@1&@&&%@&@ With 20 W Nyl6print 2051 r om EX.
LiMe [ Hibes by movigg h sl Béfrets b dSpostire Sy ¢t Tasging 20 seconds (NYEOPRINT |, ¢
* V\HAT lisSa WratieNEaYk). Shﬂprodn@smpahampacunagpnmmpnm 10 sectionsi ch [err]
'S [erT leofrbépoflfng o heUxpbtint B2 Y] 20, 307607802100, [0, 140 FRANANR0's¥cdhls.
The plate is rotated and a 1.5 cm broad central strip is covered in the Iongitudinal
direction. The entire structure is covered by a thin UV-transparent film, sucked against the
exposure stage by means of a vacuum and exposed for 6 minutes. The exposed plate is
developed by washing out the insufficiently crosslinked areas in a BASF Nyloprint
circular washer at 20°C using a washing solution comprising a 4: 1 mixture of
tetrachloroethylene and n-butanol. The plate is dried for
1 hour at 80°C in a fan-assisted oven, left for 5 minutes, dipped in a 0.4% bromine
' solution for fixing and dipped for 10 seconds in an aqueous solution of 1.15% sodium
thiosulfate/sodium carbonate for neutralisation. The plate is then rinsed with
demineralised water for 30 seconds. The central strip oftheplate treated in this way is
evaluated. The exposure time which results in the formation of a 1400 um base (= reverse
side exposure time) is determined. - : :
c) A piece of a plate sandwich produced as under a) is exposed over the entire surface for \J
the exposure time determined under b) in order to form a plate base. The plate is then -
rotated, the polyester film is removed and a test negative having 4 fields is applied. -
Exposure of the 4 test fields of the test negative is carried out in steps using a movable
" mask. The first field is exposed for 6 minutes, and the exposure time of fields 2-4 is
increased by one minute from field to field. The plate is developed and fixed as described
above. The plate is then exposed over the entire surface on both sides for a further
6 minutes. The exposure time for achieving a shade value of 2% (- front side exposure
time) is determmed. The results are shown in Table 8. '

v

Tab1e8- _ . o .
Compound |Reverse side exposure | Front side exposure time.
from Ex. time (s] to shade value = 2 % [min]

1 80 , 7

8 80 8




one anot her, are phenyl which is unsubstituted or carries 1, 2,3 or 4
substrtuents selected fromf[err] and [err] 2. A conpound accordlng to claim
1, in which R and R3 are identical. 3. Aco laim2, in

which [err] is [err] or cyclohexyl, and R2 and carrying 1,
2, 3 or 4 substituents sel ected from [err] and Em m&ﬁ ﬂund
accordrngto claim3, in which [err] [err]al

corrpotrnd according to claim2, in vvhic R2 and R3 are 2,6- or .
2,4767substituted phenyl. 6. A conpound according to claim2, in which R2
and R3 are phenyl which is substituted by [err]al koxy, in particular
met hoxy. A tion conprising (a) at |east one ethylenically
unsaturatmmm abl e conpound and (b) at .| east one conpound of
the formula | accordr ng to claim1 as photoinitiator. 8. A conposition
accordi ng | ai m n hyot her photoinitiatiors and/or additives are
o1 & B o b L T - -

pr esent I‘rt (b). 9. A conposition according to claim
7, in vvhrch conmponent (b) is present |n an amount of from0.05 to 15% by

wei ght, based on the total soli ds of the conposition. -27 - 10.
A conposition according to clai -- | the addi tional photoinitiators
are conpounds of the fornula |1 rQ]' HIkerr] is hydrogen,

[err]al kyl, [err]al koxy, [err] [err] gqoup or [err] group, in
which n has a value of from2 to 10 andGis the

in which R, is C;-C,galkyl, cyclopentyl or cyclohexyl, and R, and R3, independently of

one another, are phenyl which is unsubstituted or carries 1, 2, 3 or 4 substituents selected
from C;-C,alkyl and C;-C4alkoxy.

2. A compound according to claim 1, in which R, and R are identical.

3. A compound according to claim 2, in which R, is C;-C,galkyl or cyclohexyl, and R,
and R5 are phenyl carrying 1, 2, 3 or 4 substituents selected from C;-C,alkyl and
C,-Cjalkoxy.

4. A compound according to claim 3, in which R, is C,-Cgalkyl or cyclohexyl.

5. A compound according to claim 2, in which R, and R3 are 2,6- or 2,4,6-substituted
\; phenyl.

6. A compound according to claim 2, in which R, and R are phenyl which is substituted
by C;-C,alkoxy, in particular methoxy.

7. A composition comprising
(a) at least one ethylenically unsaturated photopolymerisable compound and
(b) at least one compound of the formula I according to claim 1 as photoinitiator.

8. A composition according to claim 7, in which other photoinitiatiors and/or additives are
present in addition to component (b).
9. A composition according to claim 7, in which component (b) is present in an amount of
from 0.05 to 15% by weight, based on the total solids content of the composition.



G[err] radical; [err] R5 and R6, mdependenl_l_y—-ei—ene—-anm—ma'r— are

hydr ogen, [err]al kyL, phenyl, [err]al koxy or [err a nunber
from1l to 20, or R5 and R6, together with the““a“ mm Bmm ch they ‘are
bonded, forma cycl ohexyl ring; R7 is hydroxy

hydrogen, [err] provided that [err] are not al I’ si rrultaneously [err] and/ or
conpounds of the formula |11 [err] ; in which [err] independently of one
anot her, are hydrogen or nethyl; 6%/ xt ures thereof. 11. A conposition.’
according to claim10, in which [err] in the fornula Il are, “!'."

i ndependently of one another, [err] or together with the carbon atomto {
whi ch they are bonded, forma cycl ohexyl rin and [err] is hydroxyl. 12. A
conposilfi Amomposmnngcqrdmgltacma,mwhm Hionpk phewinitighorvieconpounds of
the fo unds' oF thd'forfuld fir € Wi t h conpounds of the formula Il and/or Il is”
from5 t0"95% 13 A conposition according to claim10, in which [err] in
the conpounds of the formula I is n-butyl, i-butyl or
2,4,4-trinethyl-1-pentyl, [err] are id nt Real and are 2, 6-di net hoxyphenyl

or 2,46-tirinmethyl phenyl, angI e<;§|n th co‘ggpmdggs of the fornula Il are

i dentical and are nethyl, an hy ro opoxy. 14. A conposition
according to claim 10, V\/nerel n conpounds @& the formula | in which

CHg
)
in which Ry is hydrogen, C;-C;galkyl, C;-C,galkoxy, '-OCH2CI_'12‘0RS: a CHy;=C

l "/
CHg

' . .
group or a Hy — group, in which n has a value of from 2 to 10 and G is the

O Ry |
LN
e | -
R; and Rg, independently of one another, are hydrogen, C;-Cgalkyl, phenyl, C;-C;¢alkoxy
or -O(CH,CH,0),;-C;-Cy4alkyl, in which m is a number from 1 t0 20, or Rg and Ry,
together with the carbon atom to which they are bonded, form a cyclohexyl ring;

R7 is hydroxyl, C;-Cgalkoxy or -O(CHZCHZO) -C;-Calkyl; .
O CH -
o 3
I | N
and Rg is hydrogen, — C—CH=CH, gr — C-—C==CH, ; provided that R5, R¢ and R,
are not all simultaneously C;-C;¢alkoxy or -O(CH,CH,0),,,-C;-C;alkyl;
and/or compounds of the formula III

Ry . ﬂ“@ (I,

P
in which Rg, R;o and R, ;, independently of one another, are hydrogen or methyl;
or mixtures thereof. o

11. A composition according to claim 10, in which Rs and Rg in the formula II are,



[err] is n-butyl, i-butyl or 2,4, 4-trimethyl-I-pentyl, and R2 and R3 are
I dentical and are 2, 6-di net hoxyphenyl or 2,4,6-trime — a -

m xture of conpounds of the formula I1l conprising v S _'of':t"he':
formula I'll where [err] are hydrogen and [err] is m %W’
conpounds of the formula Il in which [err] and [er¥] & , ware

present. 15. A process for the phot opgkymeri sation of a conpound conhtai ni ng
et hylieni cal | y unsaturated doubl e bonds? "wherein a conposition according to
any ehe of clains 7 to 14 is exposed to light in the range from 200 to 600

16. A; ' | 1 . [ '
Var ni sheo MYEBERIRA OF B0 bdlfindsy CECOARYT O tofiehb GioR ERARN oin S whgh'they, ©
prepar at i @re banded.formarcyglobexyl ring, angRds bydioxpler si ons, for the preparation

of printing inks, for the production of three-dinensional articles by bulk

curing or .stereolithography, for the preparation of dental fillin
mat eri al s,lif gr""ms‘ﬂf)g gt G‘P-‘“ébﬂ’ﬂﬁy%é‘g‘ t&fﬁm@offcgfnppmdsmf ction

of printi fgmudlal fithe niiktuird1@ith lirids fof e fonfwla If £id/crdTIHS frofi § 195%., f or
the preparation of photoresists for printed electronic circuits, for the

preparation of adhesives, for the preparation of coatings for optical
fibres or 180A cotupositiet nceprding eonclains 10,40 whichdR ; inl the compounds ofithefermiuda I 17. A

: : : E . e
oat i ng wisirodtyhd tiro 3,40 Einbdlor | pendl RpapAR, e Bendldl Sl @' 000 01,
dayl i ght - e«fr-dimeshaxyphenyh gr 2.4:6-wimethylphenyl and Rgaid Rg in thp@nmpnemgro&gm ation
of CONPOS irfulISHed iefiticd] hd bl Indth A0tk R P2 H9lirdRyiof ates, for the

préducti on of masks for screen printing, the prepdration of _
photoresists for printed electronic circuits, for the preparation of

adhesi ves 14f Aoinposition Rédording fo €laint 06} iwhiessin tompoutids of theffolusla I &f whieh t he
co 00, Ok, AR Pile 2k AL SR BROR, g e SR o 79
2,6-dimethoxyphenyl or 2,4,6-trimethylphenyl, and a mixture of compounds of the
formula III comprising 20% of compounds of the formula IIl where Ry and R;q are
hydrogen and R,; is methyl and 80% of compounds of the formula IIT in which Ry, Ryq
and R;, are methyl, are present.

15. A process for the photopolymerisation of a compound containing ethylenically - .
unsaturated double bonds, wherein a composition according to any one of claims 7 to 14 is
exposed to light in the range from 200 to 600 nm.

U 16. A process according to claim 15 for the preparation of paints, or varnishes, for the
preparation of coloured pigmented coatings, for the preparation of clear or pigmented
aqueous dispersions, for the preparation of printing inks, for the production of
three-dimensional articles by bulk curing or stereolithography, for the preparation of
dental filling materials, for the preparation of composite materials, for the production of
printing plates, for the production of masks for screen printing, for the preparation of
photoresists for printed electronic circuits, for the preparation of adhesives, for the
preparation of coatings for optical fibres or for the coating or encapsulation of electronic
components. '

17. A process according to claim 15 for the preparation of white paints for coating wood
and metals, or varnishes, for the preparation of paints for daylight-curable building
finishes and road markings, for the preparation of composite materials, for the production
of printing plates, for the production of masks for screen printing, for the preparation of



stereolithography. 19. A conpound according to claim]| substanti al | y as . -
her ei nbef ore described with lreference to any one ﬁmmw&anpl'e$.;_

) 0 0 "

-29.
photoresists for printed electronic circuits, for the preparation of adhesives, for the
preparation of coatings for optical fibres or for the coating or encapsulation of electronic
components. o - ‘ | -

18. A process according to claim 15, which is carried out by bulk cm'ing
stereolithography. . . '

19. A compound according to claim 1 Substamially as hereinbefore described with
reference to any one of the foregoing Examples.

P



