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photopolymerizable monomer and the photoinitiator dissolved therein include an ionogenic,

crosslinked microgel. The photosensitivity of these systems is said to be higher in
comparison to homogeneous systems without microgel. The systems can be used for the
lithographic production of printing plates.

In Polymers for Advanced Technologies, Volume 5, pages 297 to 308 (1994) N. Sasa et al.
mention that the photosensitivity of these systems can be increased further if the microgels
contain ethylenically unsaturated groups bonded ionogenically or covalently.

These compositions in the course of coating, in comparison to pure solutions, have the
advantage that their flowability is reduced, so that they are easier to handle from an
applications standpoint and can be masked off with plastic films formed, for example, from
polyviny! alcohol in order to protect against instances of contamination prior to exposure to
light. It is generally perceived to be a disadvantage that the photoinitiator must be dissolved
in the monomers, as is also the case with macromolecular photoinitiators. Such
photoinitiators are described, for example, by K. K. Dietliker in Chemistry & Technology of
UV & EB Formulation for Coatings, Inks and Paints, Volume 3: Photoinitiators for Free
Radical and Cationic Polymerisation, 1991 (Published by SITA Technology Ltd, Lbndon).

M. Kdhler et al. describe, in Radiation Curing of Polymeric Materials; Hoyle, C. E., Kinstle J.
F., Editors; American Chemical Society: Washington, D.C., pages 106 to 124 (1990), that



In the nononers, as is also the case with macronol ecul ar photoinitiators.
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from the standpoints of operational hygiene and use, since they are storage-stable, non-
dusting and free-flowing products which can be processed without problems to form
photopolymerizable compositions, often even without the use of a surfactant. The sensitivity
to light can, surprisingly, be increased still further if the microparticles additionally comprise

ionogenically or covalently bonded, ethylenically unsaturated groups.

A first subject of the invention is therefore a heterogeneous photoinitiator in microparticle
form, which consists of a finely divided substrate material to which identical or different

photoinitiators are covalently bonded.

Heterogeneous in the context of the invention means that the photoinitiators are insoluble or
only swellable in the photopolymerizable or photocrosslinkable compositions. Swellable
finely divided substrate materials are also referred to as microgels or emulsion polymers
(latex), and are preferred in the context of the present invention.

Microparticles in the context of the invention means a mean particle size of preferably from 2
to 1000 nm, more preferably from 5 to 500 nm, still more preferably from 5 to 300 nm, with
particular preference from 5 to 200 nm, and with especial preference from 5 to 100 nm. The

particles can have a circular or irregular form, depending on their preparation process.

In the case of the photoinitiators a distinction may be made between two embodiments,

namely (A) polymers formed from monomers with covalently bonded photoinitiators and,
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plastics, glass, ceramics, minerals, rocks, metal oxides, metal nitrides, metal carbides,
metals and metal alloys. For bonding the photoinitiators, the substrate materials include
functional groups which - if necessary - can be generated in a simple manner by plasma
treatment, in a reactive gas atmosphere if desired. Preferred substrate materials are plastics,
for example polymers with functional groups or subsequently surface-modified polymers for
introducing functional groups for the covalent bonding of the photoinitiators.

In the case of the inorganic substrate materials the functional groups comprise preferably
amine groups and, with particular preference hydroxyl groups. These functional groups are
in general provided with anchor groups to which the photoinitiators are bonded directly or by
way of a bridging group. Preferred for this purpose are silanes having a functional group, for
example tri-(C,-C,alkoxy)Si-(CH,),-NH,, tri-(C,-C,alkoxy)Si-(CH,),-OH, tri-(C,-C,alkoxy)Si-
(CH),-NH-CH,CH,-NH,, tri-(C,-C,alkoxy)Si-(CH,),-C(O)OH, tri-(C,-C,alkoxy)-(prop-1-en-3-
yhsilane, tri-(C,-C,alkoxy)-glycidoxysilane or tri-(C,-C,alkoxy)Si-(CH,),-NCO, where p is a
number from 2 to 12, preferably 2 to 6 and with particular preference 2 to 4. Some examples
are y-aminopropyl-trimethoxy- or -triethoxysilane, y-hydroxyropyl-trimethoxy- [sic] or

-triethoxysilane and 2-trimethoxy- or 2-triethoxysilylpropionic acid.

In the case of the organic substrate materials, the functional groups are preferably amine,
hydroxyl, carboxyl, -SO;H or isocyanate groups. The polymers concerned can be
subsequently modified (for example by means of plasma treatment) or ground, natural or

synthetic polymers having functional groups. Also suitable as synthetic polymers are
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materi al s I'onal “groups ar
[sic], and polystyrene sulfonic acid and copolymers with unsubstituted or substituted olefins

as comonomers; polyglycidyl ethers and hydroxyalkylated or amino alkylated polyglycidyl
ethers; and polyesters, polyamides and polyurethanes with hydroxyl-containing monomers.
Also suitable are thermosets, for example epoxy resins, melamine formaldehyde resins and
phenol formaldehyde resins. Suitable comonomers are, for example, olefins such as ethene,
propene, butene, pentene, octene; vinyl chloride, vinylidene chloride; styrene; and
acrylonitrile. Other polymers which come into consideration are crosslinked polymers, for
example addition polymers with olefins and diolefinic monomers such as butadiene,
divinylbenzene or diol diacrylates or methacrylates. Further suitable vinyl polymers are
polyvinylpyrrolidone, polyvinylimidazole and polyvinylpyridine and copolymers with
unsubstituted or substituted olefins as comonomers.

The photoinitiator is judiciously bonded covalently to the substrate material by way of a
bridging group. The bridging group can contain 1 to 30 atoms, preferably 1 to 20 atoms and,
with particular preference, 1 to 12 atoms selected from the group C, O, S and N. The
bridging group preferably comprises hydrocarbon radicals which can be interrupted by one
or more heteroatoms from the group O, S and N.
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X, and X; independently of one another are a direct bond, or X, and X, independently of one
another are -O-, -S-, -NR,-, -C(0)-0O-, -O-C(0)-, -O-C(0})-0-, --S0,-0-, -O-S0,-, -O-S0O,-O-,
-NR,-C(O)-~, -C(O)-NR,-, -NR,-C(0)-O-, O-C(0)-NR;-, NR,-C(O)-NRy-, -NR,-SO,-, -SO,-NR ;-
, “NRz-S0,-0-, 0-SO,-NR;- or -NR,-SO,-NR;-,

R, is a bivalent bridging group,

Phot is a monovalent radical of a photoinitiator,

R, H, C,-C,,alkyl, Cs- or Cecycloalkyl, Cs- or Cecycloalkyimethyl or -ethyl, phenyl, benzyl or
1-phenyleth-2-yl,

R; is a direct bond, C,-Csalkylene, Cs- or Cicycloalkylene, C¢-C parylene or C,-C,,aralkylene,
ris the number 0 or 1 and s is the number O or 1, and sis 0 ifris O.

R, defined as alky! contains preferably 1 to 6 and with particular preference 1 to 4 C atoms.
Some examples are methyl, ethyl, n- or i-propyl, butylhexyl and octyl. R, defined as
cycloalkyl is preferably cyclohexyl, and defined as cycloalkylmethyl is preferably
cyclohexyimethyl. In a preferred embodiment R, is H or C,-C,alkyl.

The bivalent bridging group is preferably a hydrocarbon radical which preferably contains 1
to 30, more preferably 1 to 18, with particular preference 1 to 12 and with particular
preference [sic] 1 to 8 C atoms and which is unsubstituted or substituted one or more times
by C,-C,alkyl, C,-C,alkoxy or =0. The hydrocarbon radical may also be interrupted one or
more times with heteroatoms selected from the group -O-, -S- and -NR,-, where R, is
preferably H or C,-C,alkyl.
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The bivalent bridging group can, for example, be Cs-C,,-, preferably C.-Cs- and, with
particular preference Cs- or Cgcycloalkkyl such as, for example, cyclopentylene,
cyclohexylene, cyclooctylene or cyclododecylene.

The bivalent bridging group can, for example, be C;-C,,-, preferably Cs;-Cs- and, with
particular preference Cs- or Cqcycloalkyl-C,-C,,- and preferably -C,-C,alkyl. Some examples
are cyclopentyl-C,H,,- and cyclohexyl-C,H,,-, in which n is a number from 1 to 4. Particular
preference is given to -cyclohexyl-CH,-.

The bivalent bridging group can, for example, be Cs;-C,,-, preferably C;-Cs- and, with
particular preference, C.- or Cseycloalkyl-(C,-C,.alkyl),- and preferably (-C,-C,alkyl), [sic].
Some examples are cyclopentyl-(C,H.-), and cyclohexyl-(C,Ha,-)2, in which n is a number

from 1 to 4. Particular preference is given to -CH,-cyclohexyl-CH,-.

The bivalent bridging group can, for example be C¢-C,arylene and preferably Cq-Ciparylene,
for example naphthylene or more preferably phenylene.

The bivalent bridging group can, for example, be C,-Cyaralkylene and preferably
C,-Ci.aralkylene. More preferred is arylene-CyHy:-, in which arylene is naphthylene and
especially phenylene and n is a number from 1 to 4. Examples are benzylene and

phenylethylene.



The photoinitiator radical attached to the functional groups on the surface
can, for exanple, conformto the fornula I
-X[err]-(Rerr])[err](Xerr])[err]-Rerr]-Phot

(1), in which Xerr] and X err] |ndepende|:}.tly of one another are a direct
bond, or X err] and Xerr] |ndependently of one another are -0-, -S-,
-NR[err] -¢(O-06, -0-C(O-, -O0CO- --SJerr]-0 OSCIerr],
--Sqerr]-O- - NR[ err]-C(O) -C(O - NR2- -NR[er -CO-0, ) )
O C( O - NR[ éfhe]blvalm[ l@rrdg}ngcg@ppr\rqrerqu exampqeerbe]a er(ﬁerp-)z dayverieh aryigner s -
-NR[err]-S le = rgl
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cycloal kyl, Cerr]- or (Jerr] cycloal kyl methyl or -ethyl, phenyl, benzyl or
1 -phenyleth-2-yl, Rerr] is a direct bond, (err]-Clerr] alkylene, Cerr]-
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and octyl. R2 defined as cycloal’kyl is preférably cyclohexyl, and

as cycl oal Ib?ﬂlﬁlﬁﬂﬁyl is preferably cycl ohexylnethyl. In a preferred
enbodiment Rlerr] is Hor Cerr]-Cerr] alkyl. The bival ent bridging group
Is preferably a hydrocarbon radical which preferably contains 1 to 30, nore
preferably Mlommetie angdi pdiyrperic¢ ipbotiodnitiatare fleve reenldisciosked mnidrge hhmpenst arcl beer
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hydr ocar bo rrormalami fd?ff(}ba&hgﬂ IRKks and erarnmt\&dumee: PhotBhiiatbis"es Fréd Radical and
het er oat On%a%rgrlngclgo%gmcferrs%m)rg 1egggl (Pu%hshed by giT/{i r'}'gcﬁnl\cla%g%r lr_t]d Lo%c?nr),eorﬁ%yics. G.
Roffey, Photopolymerisation of Surface Coatings, John Wiley & Sons, 1985. They may be
free-radical or cationic photoinitiators. The photoinitiators can be used alone or together with
sensitizers or coinitiators which can be present dissolved in the photopolymerizable system

or bonded covalently to the substrate material.
The photoinitiators from which the radical of formula | is derived can, for example, comprise

benzoin, hydroxybenzoin, and hydroxyalkylated benzoin derivatives. They can conform to
the formula Il

2 R xR
@C—? (.
R4

in which

R; is H, C,-Cgalkyl, C,-Cghydroxyalkyl, cyclohexyl, phenyl or benzyl, R, is H, C,-Cgalkyl,
C,-Cghydroxalkyl [sic] or C,;-Cscarboxylalkyl, and R;, Rg, R; and Ry independently of one
another are H, C,-C,-alkyl, , C,-C,alkoxy, F or CI; or



preferably Hor Cerr]-Cferr] alkyl. -6 - The bival ent bridging group
can, for exanple, be (err]-Cerr]-, preferably (JQerr]-Cerr] alkylene,

whi ch can be |inear or branched. Sone exanpl es are nethyl ene, ethylene,

1,2- or 1,3-propylene, 1,2-, 1,3- or 1,4:gutylene, pentylene, hexylene,
octyl ene, dodecyl ene, tetradecylene hexadecylene and oct adecyl ene. The

bi val ent bridging group can, for exanple, [lacuna] polyoxaal kyl ene having 2
to 12, preferabl W t h gart i cular. preference, 2 to 4 oxaal kyl ene

i 15 am Rt ey craxyalk o Grich RO AR is CoCaiih YaioHeU. BN BFBSHN L 1
particul arggy Rf ¢ Rc‘éndﬂR ‘?ﬁHH&Bh&&ﬁlKWWQ)&ﬁS{h’%}’EFé’ﬁ érlé4é?l€vl Ye; BTI&R¥ 'lﬁBFCI

having 2 to 6 oxaal ﬁylene units e bival ent brldglng group can
exanple, b& Cerr]- C[err] preferably Cerr]-Clerr]- and, with partlcular

reference
(F:)ycl opent y %\gf@ &’I dhex é%\gwrsjf)ﬁ?ooc'{ y?@%‘% %? Hc;f(/"g Cd%ﬁ@éci/ﬁ alkoxyfr,er CL R,
bi val ent bisi !dgl(}a@,,glkm(yp hmzyloi;orormplbrey, ared Gpeisr H; (J[1é)sal]<yl GarGahydrakytakyl,

Cerr]- C[errelo articular preference (CJerr]- derr]
cycl oal kyl %Y E‘F?‘*P Qﬂe&y ?rbogﬁ)d preferably -Clerr]-Cerr] aI kyI Some
exanpl es are cyclopentyl-CnHerr]- and cycl ohexyl-CnHerr]-, in which nis

a nunber froml to 4. Particular preference is given to

- cycl ohexyR+ 274 Be FPUta'"r?%a%Y‘\RIF@Fﬁb%P' ite & ang ‘gmbﬁﬁmé'dﬁ" Pﬂefﬁfe'é@@am é,C gloms.

Jerr]-C th_pard i r

derr]- Of’éé&%r?}y %I?+ h&?c% ihly C? ]é? r'a‘ﬂg 2| %ﬁﬁj t%ué,?e g %E%&n%g

(-Cerr]-dp ¢>1yladiml<>or9fera[nbr t]to 466natomaam &sesp@aﬂyaydmwmthy( (BtHEQntaI]!s )=t

and cycl OW&YAxy(aW[&Efel‘at)I)[ & rtl) 4I g \Qp:in%1 é?'nd' ?s, afopu&%%ple, 2-hydroxyeth-1-yl, 2-
hydroxyprop-1-yl, 3-hydroxyprop-1-yl, 2-hydroxybut-1-yl or 4-hydroxybut-1-yl. Examples of
carboxylalkyl are carboxylmethyl, carboxylethyl and carboxylpropyl. Rs, Rs, R; and R, are

preferably H.

Some examples, in addition to benzoin, are 4-hydroxybenzoin, benzoin hydroxyethyl ether,
methylolbenzoin, methylolbenzoin methyl, ethyl or propyl ether, and carboxylethylbenzoin
methyl, ethyl or propyl ether.

The photoinitiators from which the radical of the formula | is derived can, for example, be a-

hydroxyalkylphenones. They may conform to formula Ili

o Ry,
@-0—9—0&3 (),
R11
in which

R; is H, C,-C,alkyl, C,-C,alkoxy, F, or CI;

Rio and R;; independently of one another are C,-C,,-, preferably C,-C,- and, with particular
preference, C;-Cjalkyl, Cs- or Cgcycloalkyl, phenyl or phenyl-C,-C,alkyl, or R,, and Ry,
together are -C, H,,- and n is a number from 3 to 7, preferably 4 or 5;



from1l to 4. Particular preference is given to

-CH err]-cyclohexyl-CH err]-. The bival ent bridging group can, for exanple
be (Jerr]-Clerr] aryl ene and preferably Cerr]-Clerr] arylene, for exanple
napht hyl ene or nore preferably phenyl ene. 9The bi val ent bridgi ng group can,
for example, be Cferr]-Cferr] aralkylene “and preferably Clerr]-Cferr]

aral kyl ene. More preferred is arylene-CnHerr]-, in which arylene is

napht hyl ene and especially phenylene and n is a nunber from1 to 4.
Exanpl es arfa: bdﬂ\z@lﬂan‘éHMCWQWdeﬁWyeOT&z-Cshydrowalkl?lltblcb|amdl ent bridging

group can, Ofsng)@%ﬁ‘& Ee g],r L é?ga",(vgﬂ% F\%)I ﬁef‘%ﬂ{)[err] in which aryl ene

IS preferab Y ne’® an eSpec e and nis a nunber froml
to 4. Exanpiithsthe peovispl tihteRe isonod HihRp)i$ Blne( Ckﬁlleﬂ r¢.Cof Eraytiphiyls phenyRor benzyl.
contains as al kylene preferably 1 to 12 and with particular preference 1 to
6 C atoms Particularly preferred exanples are nethyl ene, ®tylene [sic],

1,2- or 1, Exafpms emeydedidalkyliBhenchesd arél%yhr&y@ﬁﬁéﬂ@llﬁf-ph%ﬁFﬂobaﬁ&eaIZM{yQFtﬁ(yL S
preferabl y%ohenyl ene and as aral kyl ene is preferably benzyl ene. Mononeric
and pol yne r@e o1&t ThiProRyirhesylipioRansBen di scl c?s@ﬂ’“?’ﬁ!‘z - ﬂntﬁf‘rﬂ'é’ld@"dﬁ@?'@ﬂ)e

descri bed, . . b
& EB Forrrulaz;t |ag§ﬁ fag? &)%r?y%%‘sm&hﬂkqs@a'nglségfj SV% @g?ﬁ&ﬁé’ %ré%ﬁf)gl niti '? f‘)rfv
for Free RdruﬂmyetanmwenﬂmrcpmnyMhmelﬂrlwdrommof(ewmhemmtm SI TA
Technol ogy Ltd, London), or by C. G Roffey, Photopolynerisation of Surface
Coatings, John Wley & Sons, 1985. They nmay be

Other suitable photoinitiators from which the radical of the formula | is derived are, for

example, hydroxyl-containing benzil ketals which may conform to the formula IV

R12

o OR,
@—c—g—ml av),
OR,,

R,

in which

R, is H, C,-C,alkyl, C,-C,alkoxy, F or CI;

Rz is -OH, -SH, C,-Cshydroxyalkyloxy or C,-Cghydroxyalkyithio;

Ry and Rys independently of one another are C,-Cqalkyl, C;- or Cecycloalkyl, phenyl or
phenyl-C,-C,alkyl;

Ri4 and R,s together are C,-C,alkylene or C,-C,-alkenylene, and

Aryl is unsubstituted or C,-C,alkyl-, C,-C,alkoxy-, F- or Cl-substituted naphthyl and especially
phenyl.

Some examples of such benzil ketals are 2,2-dimethoxy-2-phenyl-hydroxy- or -mercaptol-
acetophenone, 2,2-dimethoxy-2-phenyl-hydroxyethoxy- or -hydroxyethyithioacetophenone,
2,2-diethoxy-2-phenyl-hydroxy- or -mercaptol-acetophenone, 2,2-diethoxy-2-phenyl-
hydroxyethoxy- or -hydroxyethylthio-acetophenone and 2-hydroxybenzoyl-2-phenyl-1,3-

dioxalane [sic].



free-radical or cationic photoinitiators. The photoinitiators can be used
al one or together with sensitizers or coinitiators which can be present
di ssolved in the photopol yneri zabl e system or bonded covalently to the

substrate material. The photoinitiators f

m whi ch the radical of formula I

r
is derived can, for exanple, conprise ber? i n, hydroxybenzoin, and

hydr oxyal kyl at ed benzoin derivatives. They can conformto the fornula I
[err] in which Rerr] is H derr]-Cerr] alkyl, (err]-Cerr]

hydr oxyal kyiurthey suitsides photoipitiators from bichythe rflisalr ¢f the ferm@p dris|defjved afe, for

al kyl , errl-Clery I L o, .cerrl.- [r ar.boxyl al k nd
Rerr], R Ep eyt BhEs. WhirE et Bl sRbles, SRHcTolpE of ey
d err] - J ergrdups! dnd which kag cbhfofeh & the fednaxy, F or C; or -8- R _err] S
Cerr]-Cerr] hydroxyal kyl or Clerr]-CJerr] carboxylalkyl, Rerr] is
Cerr]-Cerr] alkyl, cyclohexyl, phenyl or benzyl, and R err], Rerr],
Rlerr] and R err] i ﬂdependently of one another are H (err]-Cerr] alkyl,

Cerr]-Cerr] al koxy =qr
I s hydroxyl and the a
F or QO[err], Rerr]

@; mr one of Rlerr], Rerr], Rerr] and Rerr]
ﬁ_@__ J_Ng‘(ﬁrr]-qerr]alkyl, C[err]-(i;[ﬁrr]alkoxy,
erf]-Jer¥] al koxy, benzyl oxy or enyl oxy,

and Rlerr] is H derr]tCerr] Bekyl, Cerr]-derr]hydroxyal kyl,
cycl ohexyl, phenyl or tﬁmzyl. Rlerr] and Rlerr] contain as al kyl preferably
1to 6 and with particular preference 1 to 4 C atons. Sone exanples are
met hyl ethyl, n- and i-propyl, n-, i- and t-butyl. R4 contains as
in which

R;is H, C,-C,alkyl, C,-C,alkoxy, F or Cl;

Rig is -OH, -SH, -NHR,; C,-Cghydroxyalkyloxy or C,-Cghydroxyalkylthio or C,-Ce-
hydroxyalkyl-NR,- and R, is H, C,-C,,alkyl, C;- or Cscycloalkyl, Cs- or Cscycloalkylmethyl or -
ethyl, phenyl, benzyl or 1-phenyleth-2-yl;

Rz and R;s independently of one another are C,-C,,alkyl, C;- or Cgeycloalkyl, Cs- or Ce-
cycloalkylmethyl or -ethyl, phenyl, phenylmethyl or 1-penyleth-2-yl [sic], where the phenyl
groups are unsubstituted or substituted by C,-C,alkyl or C,-C,-alkoxy; and

Ry and Ry, independently of one another are C,-C,,alkyl, C,-Cqalkenyl, C,-Cshydroxyalkyl,
Cs- or Ceeycloalkyl, Cs- or Cgeycloalkylmethyl or -ethyl, phenyl, phenylmethyl or 1-penyleth-
2-yl [sic], where the phenyl groups are unsubstituted or substituted by C,-C,alkyl or C,-C,-
alkoxy, or Ry, and R,, together are -(CH,),-, -(CH,)s-, -CH,CH,-O-CH,CH,- or -CH,CH,-NR,-
CH,CH,-; and

R, is H, C,-Cj.alkyl, C,-Cghydroxyalkyl, Cs- or Cgeycloalkyl, Cs- or Cscycloalkylmethyl or
-ethyl, phenyl, benzyl or 1-phenyleth-2-yl.

Some examples of such o-aminoalkylphenones are 2-methyl-1-[4-hydroxyphenyi}-2-
dimethylamino-propan-2-one, 2-methyl-1-[4-thiolphenyl]-2-dimethylamino-propan-2-one, 2-
methyl-1-[4-aminophenyl]-2-dimethylamino-propan-2-one,  2-methyl-1-[4-hydroxyphenyi]-2-
morpholino-propan-2-one, 2-methyl-1-[4-thiophenyl]-2-morpholino-propan-2-one, methyl-1-
[4-aminophenyl]-2-morpholino-propan-2-one, 2-methyl-1-[4-(hydroxyethoxy)phenyl]-2-
dimethylamino-propan-2-one, 2-methyl-1-[4-(hydroxyethyithio)phenyl]-2-dimethylamino-prop-
an-2-one, 2-methyl-1-[4-(hydroxyethylamino)phenyl]-2-dimethylamino-propan-2-one,
2-methyl-1-[4-(hydroxyethoxy)phenyl]-2-morpholino-propan-2-one,  2-methyl-1-[4-(hydroxy-



hydr oxyl al kyl preferably 1 to 4 C atons and is especially hydroxynet hyl .
R err] contains as hydroxyl al kyl preferably 1 to 4 C atons and is, for
exanpl e, 2-hydroxyeth-1-yl, 2- hydroxyprop-1-yl, 3-hydroxyprop-1-yl,

2- hydr oxybut - 1-yl or 4- hydroxybut 1-yl. E¥@nples of carboxyl al kyl are
car boxyl met hyl, carboxyl ethyl and carboxylpropyl. Rerr], Rerr], Rerr]
and R err] are preferably H Sone exanples, in addition to benzoin, are

4- hydr oxybenzoi n, benzoi n hydroxyethyl ether, gylolbenzoin, .
met hyl ol beﬁﬂmth!omrw’ﬂ-m@tmhnQabepamayqneean@rmetaw -Hthydreyyetbrigmineipheny]-2-

met hyl , The photoinitiators from which the radical
of the for%“}rgﬁpmgﬁ ernl veﬁgcan for exanple, be a- hydroxyal kyl phenones.

They may conformto formula Il [err] in which Rerr] is H,

naependemaotiigpls sifadica Bhoiak Yeincpupfors) neahf coh S ahpl o the

and, wth gesup @mﬂheracprpﬁbqo‘rmmexndéi Qi-h}dréiwl’mhe&{émﬁes ngehrc] peroXo €bapsUnds,
cycl oal kyl, phenyl or phenyl - rl-cerr] Rl e and R[err%
t oget her  af@ °9M@rr]acet8mﬁﬂ‘?"ﬁ% améﬁﬂg’b"”FW%ﬁ‘i:B ttféjx@"th%eéf elgigl y ¥angponss,

rycr oxyal kTt e-incrily ppfhacehiore it o RUARERLIARY o il S

cycl oal kyl phpteinitigtorsrsuch rasy for eMantple, rehopochremically idebloskable |.ewis anids &hd fonium

E&ﬁ;” . s Haltsqv‘?ﬁ fl.]nc&%nea glouﬁg léXJ‘n ausg[b%szL,a fgrrco(\;LISﬁtr tlon(&}ﬁ%ltg %le(éﬂa’te Rﬂ%ﬁéls or

The amount of the photoinitiators bonded covalently to the substrate material can, for
example, be from 0.0001 to 100, preferably from 0.1 to 100, more preferably from1 to 80,
with particular preference from 2 to 80 and with especial preference from 20 to 80% by
weight, based on the substrate material.

In order to increase the sensitivity to light, photoinitiators are often employed in combination

with other initiators or together with sensitizers.

To increase the sensitivity, photoinitiators can be used together with sensitizers or
coinitiators. In one preferred embodiment of the invention the sensitizers and coinitiators are
bonded covalently to the substrate material by way of functional groups. Known sensitizers
and coinitiators are, for example, xanthones, anthraquinones, naphthacenequinones,
thioxanthones, ethanolamines, aminobenzoic acids and Michler's ketone. Such
functionalized sensitizers and coinitiators are known in large numbers and are therefore not
specified further here. For the immobilization, the above-described bridging groups and
functional groups come into consideration.

The amount of the covalently bonded sensitizers or coinitiators can, for example, be from
0.0001 to 98.8999, preferably from 0.1 to 100, more preferably from 1 fo 90, with particular
preference from 2 to 80 and with especial preference from 20 to 80% by weight, based on

the substrate material.



Exanpl es of hydroxyal kyl phenones are 2-hydroxy-2-net hyl - 1- phenyl pr opanone,

2- hydroxy- 2-nethyl-1 -(4'-i-propyl phenyl) propanone, 2- hydr oxy- 2- net hyl -
-(4' - hydroxyphenyl ) - propanone,

2- hydr oxy- 2-met hyl - 1- (4" -i - pr opyl phenyl') pyopanone,

2- hydr oxy- 2-met hyl - 1- (4' - hydr oxyet hoxyyl phenyl ) propanone [sic] and

1- hydroxycycl ohexyl phenyl ketone. O her suitable photoinitiators from

which the radical of the formula | is derived are, for exanple,

hydr oxy! - c§herg Riefrjraskembodimentthere\are erditienally bendedrionegarically oF aevalently to ther |
Rerr] 1's. Sgpatefatérabied-Focacabf caBhibkhy pidhddiyracrizabll Hdtfic Yomfoufias Wrich
hydr oxyal kytefériably ’aprmsp]onannb Rieertyfle icﬂdm‘gamdemmpnwﬁﬁouseldamottherpaiymerlzable
| .

ohenyt - of oPPTeRHt | 15 fbpadidily - olymlerEiae  Biiisisaler Cipasatecosystet claiclo,
EJ:[Z C4] ageayéaaaglyausb f:’sr ydadeaadmmgb?bl{lél)?bﬁétmerﬁw ru}lsfjt‘[lﬁltéd c&hF?(dndshhawr;g

err er Xy-, - r Su | an es a en
Sone exarrpf"(%{C ?%‘&‘Fpsbéﬁg i %@?@Fé'va‘?fﬁv@erfagr sychy gﬂ&ﬂ" %?é\"g"x "yBrr
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- hydr oxyet t hi oacet ophenoné, 2, 2-'di et hoxy-"2- phenyl - hydr oxy- or
- mer capt ol - acet ophenone, 2, 2- dlethoxy 2- phenyl - hydr oxyet hoxy- or

i nglf oxyet Yl figs a5 e4ine 8 Oé}ﬁyléﬁ'igalﬁf ONEUAYRE RFHic 2ofBEINds hatding FuRRInaNe
groups, which are known in large numbers. The radicals of ethylenically unsaturated organic
compounds that are attached covalently to the substrate material can, for example, conform

to the formula VI
“Xi{R1)~(X2)s-Rs-CR,=CHR,, : (Vh),

in which

X, and X, independently of one another are a direct bond, or X, and X, together with the
functional group independently of one ancther are -O-, -S-, -NR,-, -C(0)-O-, -O-C(0)-, -O-
C(0)-O-, -80,-0-, -0-80,-, -0-80,-0-, -NR,-C(0)-, -C(0)-NR;-, -NR,-C(0)-O-, O-C(0)-
NR;-,

-NR;-C(0O)-NR3-, -NR;-SO,-, -SO,-NRy-, -NR,-S0,-0-, O-SO,-NR,- or -NR,-SO,-NR -,

R, is a bivalent bridging group,

R; is H, C;-Cy,alkyl, Cs- or Cqeycloalkyl, Cs- or Cgeycloalkylmethyl or -ethyl, phenyl, benzyl or
1-phenyleth-2-yl,

R, is a direct bond, C,-C,salkylene, Cs- or Ccycloalkylene, C,-C,parylene or C,-C,,aralkylene,
r is the number O or 1 and s is the number O or 1, and sis 0 if ris 0;

R, is H or C,-C,alkyl, especially methyl; and

Ra; is H, C,-Cy,alkyl, phenyl or benzyl.

X1 X2, Ry, R; and R; are subject to the preferences set out in the case of formula I. R,, are

[sic] preferably H or methyl, and R, is preferably H.



-10- Further suitable photoinitiators fromwhich the radical of the fornula
1l is derived are, for exanple, a-am noal kyl phenones, which contain hydroxyl
groups, thiol groups or -NHR2- groups and which may conformto the formula
V [err] in which Rlerr] is H (err]-Ceryg.alkyl, Cerr]-Clerr] alkoxy, F
or C; Rerr] is-OH -SH -NHRerr], Cerr]- C[err] hydr oxyal kyl oxy or

C2- CGhydroxyaI kyl thio or C[err] C[err] hydroxyal kyl -NR[ err]- and R[err] S
H derr]- err] al kyl err] cycloalkyl, Clerr]-. or (Jerr]

cycl oal kyl legyrof- e@wlﬁwcalhph@wfturatsénprwdﬁ SRBtaIRNG: Hupctipnal Feims| agd

Rlerr] indeéiﬁ;{!éi‘%ﬁlqur@atlﬁ%daﬂ%M ahmesd &id’ ]sogy[é?\rafds ghdry bas, greéiémplé’rallyl
Cerr] cycloal k Cerr]- or (err]- cycloal kylnethyl or -ethyl, p enyI

phenyl net hyalcahol, 1alianyinet lalig- isocyariats, cnmmwb aldesobhmapeestaraups ragnoamides of

bstit t t |
insuDSt | g6 et Bt R SUaRheRid K, G 1 s,
Cerr]- C[ erex]anmld;ylc,hlcﬁ{:raeth};ls@imer ] aiyklmxyétyreﬁ‘éer hjdréi{yetho}(hstﬂnengy abtysdneamine,
- t.hyl . - et hyl.
ohenyl . pheTEEDRYP-EvidBey | ShienesaippatiE] (3 v sBierdsnlSif i At o
unsubst i t ut rdwemybéﬂhéﬁ Lﬁﬁ;cbéblcq Aéthheylie atiiakbiyl- aHd ﬂeﬂ‘farc}ylﬁn@ér lacryltc and

al koxy, or HR.err] and err|] together are -(CHerr]) l]

-(CHerr]) [rggth]acrth @H:l dsexvpiky). amjdey ,a}:qgqu apdroet acry ic acid C,Ce-hydroxyalkyl
-CH err] CHgRidy] -NRerr] - CH2CH2-; and Rerr] is H (err]-(err] alkyl,
Cerr]-Cerr] hydroxyal kyl, C[err] - or (Jerr] cycloalkyl, Cerr]-

Cerr] cycloal kyI nmet hyl or -ethyl, phenyl, benzyl or 1-phenyleth-2-yl.

Some exanpl 0 i I
2- met hy! - 'fh} ) Oﬁ%ﬁg@g}@@%#ﬁ@ﬁﬁyp@%@@? pP%nrgiéerc]i 2f_reoenl'ea’dlcaIly or cationically
2- met hyl - 1 Mddolyuiqmizebigl droanidi carhipgunasi can [beofeanesanpie, fréta 018001y Ite 199,9989,

i % j: ﬁydpgg?pg%fé%ﬁl % rgr!nrae% g (?dn more %Fe(%gragly%ron? T'to 98 with pXr!tlcu]lar preference from 2 to

80 and with especial preference from 20 to 80% by weight, based on the substrate material.
The percentages by weight always add up to 100%. .

The immobilization can be carried out by generally known techniques. In this context it is
also possible, in principle, to transform existing functional groups into other functional
groups, for example -CH,OH groups by oxidation into carboxylic acids, carboxylic acids into
amides or halides, amine groups into isocyanate groups, alcohols or amines into carbonates
or urethanes. It is possible, furthermore, to react alcohols or amines first with halocarboxylic
acids (for example chloroacetic acid). Chain extenders, such as, for example, epoxides,
azirine, diols, diamines, dicarboxylic acids or esters and diisocyanates, can also be
employed one or more times in succession and thus the length of the bridging group can be
determined in a defined manner. These methods and techniques for immobilization are
known and are described in the technical literature. In this context, the bridging group can be
built up starting from the substrate material or from the functional compound. The
subsequent reaction with the functional compound or with the substrate material leads to the
heterogeneous photoinitiators of the invention. The reactions can be carried out with

customary inert organic solvents and at temperatures from 0 C to 200 C.

The comments below relate to the embodiment (B).



nmor phol i no- pr opan- 2- one,

2-met hyl - 1-[ 4-t hi ophenyl ] - 2- nor phol i no- propan- 2- one, net hyl -
[4-aninophenyl]-2-nDrphoIino-propan-2-one

2-met hyl - 1- [ 4- (hydr oxyet hoxy) phenyl ]-2- d %ethylanino pr opan- 2- one,
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i nones and_.a-arylthioacet ophenones Furthernore, cationic

ht h
hot ol i ¢ | EOUMETE ReIlaaions Maye, pEeG. OipRes. olRiash PRGOS AEY i despiigds for
aci ds and gRimpeSEH) kSKV\DféﬂlkéMﬂ@Heﬂﬂﬁl'y Qﬁ%ﬁﬂ%l&q’%@\?& B FHTRatloA o e n@lnggt

bonding to substrate materials. The ampunt of hotoinitiators bo
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wth ot her BBt ook bimaaipiang hifisaten destribed
The polymers can consist of monomer units with monovalent radicals of a photoinitiator and,
if desired, comonomer units. The photoinitiator can be attached to the monomer directly or
by way of a bridging group and, in addition, spacer groups. The bridging groups are derived
from functional groups that are attached to the monomer (or to the polymer).

In the case of the polymers the functional groups are preferably amine, hydroxyl, carboxyl,
-SO5H or isocyanate groups. The polymers concerned can be ground natural or synthetic
polymers having functional groups. Also suitable as synthetic polymers are emulsion
polymers and latices formed from at least one monomer having functional groups. Examples
of natural polymers are polysacharides [sic] such as cellulose, starch, carrageenan or
chitosan, which can be in part etherified with C,-C,alkyl or acylated with C,-Czacyl. Synthetic
polymers having functional groups are known in large numbers or can be prepared by
analogous processes. Some examples of synthetic polymers [lacuna] polyvinyl alcohol and
copolymers with unsubstituted or substituted olefins as comonomers; polymethacrylic acid,
polyacrylic acid and polymaleic acid and copolymers with unsubstituted or substituted olefins
as comonomers; polyhydroxyalkyl acrylates, polyhydroxyalkyl methacrylates and
polyhydroxyalkyl maleates and copolymers with unsubstituted or substituted olefins as
comonomers; polyacrylamides and polymethacrylamides and copolymers with unsubstituted
or substituted olefins as comonomers; polyaminoalkyl acrylates, methacrylates and maleates
and copolymers with unsubstituted or substituted olefins as comonomers; polyhydroxyalky!

or polyaminoalkyl vinyl alcohol and copolymers with unsubstituted or substituted olefins as



To increase the sensitivity, photoinitiators can be used together with
sensitizers or coinitiators. In one preferred enbodi nent of the invention
the sensitizers and coinitiators are bonded covalently to the substrate

mat erial by way of functional groups. KnQﬂp sensitizers and coinitiators
are, for exanple, xanthones, anthraqui nones, naphthaceneqU|nones

t hi oxant hones, et hanol am nes, am nobenzoic acids and Mchler's ketone. Such
functional i zed sensitizers and coinitiators are known in | ar ge nunbers and
are theref mmommnerspmmxmjed polyb@adineeseformied fromebitadisne, isorrenear chlergprene

above- desc ol 0 rou

consi der at PR EoPANEE il aRbRRLGT S sotBiio Bon i EinRert - or amino
coinitiat opelysmnenefcﬂloremt‘rwbelystbmnér[au]l an@aamstymne&nm&eecmam eopmihinyers mdthn
0.1 to 100 r ref erabl Wi th particul ar cefro 2
Lo 80 and HAReGuReC: 8 °Buistihed oot b " comeBomBys aryiochs alies, o0
substrate ﬁ}ﬁireiyaﬂiylated or bino lalkyRitéd PbREHEIERdetABIRO BnaEsYlydshes epdlydmides and
addi ti onal | y bonded i onogenically or covalently to the substrate materi al

free-radi cBPVyeBaNe®t WA duRIaXyLFRAtaINBs y MANCRESS.o dﬁj\shl guitablfh o DAlYRelthi *'8

preferably t a eUSE

pol yneri zagﬁg\hco‘z%@is?ﬁ | g’ﬁ&bﬁxﬁ%ﬁragéﬁéra F‘gamo@\’g‘g'@mrl zabl e etﬁbﬁogﬁ?eésal IW'th
unsat ur at ednsupstituted|arisubstituted olefins g gpmasemers. nade advant ageously of

et hyl eni cal |y unsaturated conpounds having functional groups, and in
cationically polynerizable systens such as, for exanple, di- or

pol yepoxi dPeefersence & gieaheto pulymersusasgd of fonctionallypsubgtitnted, éthylehivallyngnsaturated
functi onal m%ngrl\Jwglgs

In one preferred embodiment the polymers of the invention contain from 100 to 0.1 mol-% of
identical or different structural units of the formula Vi,

. (vi),

T
Rys Xi(Ry)~(X,)gRy-Phot
and from 0 to 99.9 mol-% of identical or different structural units of the formuia VIli

128 ) (vin,

in which

X, and X, independently of one another are a direct bond, or X, and X, together with the
functional group independently of one another are -O-, -S-, -NR,-, -C(0)-O-, -O-C(0O)-, -O-
C(0)-0-, --S0,-0-, -0-80,-, -0-80,-0-, -NR,-C(0)-, -C(O)-NR,-, -NR,-C(0)-O-, O-C(0O)-
NRz-, '

-NR,-C(O)-NR,-, -NR,-SO,-, -SO,-NR,-, -NR;-S0,-O-, O-SO,-NR,- or -NR,-SO,-NR,~,

R, is a bivalent bridging group,



Preference is given to ethylenically unsaturated organi c conpounds havi ng
functional groups, which are known in | arge nunbers. The radical s of

et hyl eni cal ly unsaturated organi ¢ conpounds that are attached covalently to
the substrate material can, for exanple, ggnformto the formula Vi
-Xerr]-(Rerr])[err](Xerr])[err]-Rerr]- err]=CHR[ err]

(VI), in which X err] and X[err] I ndependently of one another are a direct
bond, or X err] and X err] a?et her with the functional group independently
of one anothef isz monevalent mdical gfg phetpinitiatar 0)-0-, -0 C(O -, -0- C(O-0O,

et Ruis USR] O pl 3h8 G or OSBRI 2 <t e BBy or

-NR[err] - S(’I{-mnyleth-Z-SCIerr] NR[err]-, -NR[err]-SOerr]-
oS
0 S ert] ek thatona Bl LAk SR KoLk 5%&83%'kx}¢ne%r¢1?aw'3%$ ogef e
(iyclﬁal klyl rlqgemu}nbeﬁoo€[1e;hd]s|§(}ihdmﬁhﬂferlcm’t1hyahdeﬁse€ﬂrf’s/0,, plhﬁnlw befc‘:[ZW fr

-phenyl eth-2-yl, Rerr] is ire e a ene err
or ?:[er?/] @t?@%k%ﬁ%ﬁé“‘]‘ '¥r"(}1 P“?:FB?‘}‘P&?"?I"&% Q;P'k{i[ Proa&' 8r P?‘%ﬁ&'%l ene,
r is the nmpgmgrmég;o@w;(g)@m he nunber 0 or 1, and s is O if r is Q

, especially rrethyl and Rerr] is H,

Rlerr] is Hor err rr]  al Ky
Clerr]-d efegisdl, I@A’rceatKMbFFy'&mﬁfylbéﬁrﬁzaraﬂpérr] X err], Rerr], Rerr] and
Rl err] are,.-\sugjl_?q:t t out in the case of forrrula 1.
Rerr], are SIC] d‘ b‘P ﬂﬁg—'{? , and R22 is preferably H
Ry is H, C,-Cealkyl or -C(O)O—R29
Rz is H, C,-Cealkyl, Cs-Cyparyl, C,-Cy,aralkyl, imidazolyl, pyrrolidonyl, F, Cl, CN or the group
X-(R)~(X2)s-H, and
Ry is H, K, Na, C,-C,salkyl, C,-C,shydroxyalkyl, cyclohexyl, cyclopentyl, cyclohexylmethyl,

phenyl, C,-C,alkylphenyl, benzyl or C,-C,alkylphenylbenzyl.

X, X2 Ry, Ry R 1, s and Phot are subject independently to the embodiments and

preferences indicated above.

R.; and Ry, as alkyl are preferably C,-C, alkyl, for example methyl, ethyl, n- or i-propyl and n-,
i- or t-butyl, as aryl are preferably naphthy! or phenyl and as aralkyl are preferably benzyl.
With particular preference Ry; is are [sic] H and R,, is H or methyl.

Rgs is preferably H, -C(O)OH or -C(O)O-C,C,alky! [sic].

Ry as alkyl is preferably C,-C,alkyl, for example methyl, ethyl, n- or i-propyl and n-, i- or t-
butyl, as aryl is preferably naphthyl or phenyl and as aralkyl is preferably benzyl. With
particular preference Ry is H.

R, as alkyl is preferably C,-C,alkyl, for example example [sic] methyl, ethyl, n- or i-propyl
and n-, i- or t-butyl, and as aryl is preferably ph_enyl and naphthyl. With particular preference
Ry is H, Cl, CN, phenyl or C,-C,alkyl.



-13 - Exanpl es of ethylenically unsaturated conpounds containing functional
groups are ethylenically unsaturated al cohols, am nes and i socyanates such
as, for exanple, allyl alcohol, allylam ne, allyl isocyanate, crotonyl

al cohol ; nonoesters or nonoam des of dicajpoxylic acids and unsaturated

al cohol s and am nes; functional styrenes such as, for exanple,

chl or onet hyl styrene, hydroxystyrene, hydroxyethoxystyrene, styreneam ne,

st yrene- hydr oxyet hyl am ne, styrenecarboxylic acid, styrenesolfonic [sic]
aci d, vi nyRand%iabyhis preferastyHerCialikyvh o examnlel exampiedsiel |methylc eyl &ic o I-propid
met hacryl agj _ackyki t Y hi 16 d rls - { Y,

am de, acry g?‘ h’?\ldés'?/r{te%’ ﬁ‘%{@pﬁltﬁg él@lﬁéj Ef@rc’? & e%?g- ﬁbﬁ%@%bk%@%géﬂth@%’e
anount of preferablyd®ePyatkyl, sychoas, fonvedampid, ymethyldetdy!, propgl: balyl, pantyly hexyl, heptyl,

0001 to 85Y6gBHIF Bebebhdel fucehl, \eiaB 3 eRATscEr Bod Rstelor (YR, Sarb?
90, with ppretfé;eubeaRzapg Hf €C(©)OF dri-C(0)ROIC-GRalkgnd Wit h especi al preference

from20 to 80% by wei ght, based on the substrate material. The percentages
by wei ght always add up to 100% . The inmopbilization can be carried out by

general Iy RQO¥8 alk§Ci8Hréfafibly EILCiAlkyE, foP Bk&ple! dxahriple[skq rﬁ\ﬁﬁﬂ,‘ B, nl Br i-propyl
principle, to transformexisting functional groups Into other functional
groups, foRneéaniplos t-Datyl cas preHisgerefasably phemsyl @adi naphthyt end asiasaleyliie paefepbly
car boxylic ' | E ' - ' ] : 4N ' t€ .
aroups, ol 2 Ra ¥ BeRRATH R GG Bhend RRIBBLE QIER SBEURE £r ).
furthermor @) react al cohols or anmines first w th hal ocarboxylic acids
(for exanple chloroacetic acid). Chain extenders, such as, for exanple,
epoxi des, azirine, diols, diamnes, dicarboxylic acids or esters and

di i socyanaRgscart for étahapld becHPIKO W] ©ARCalkyl, DFChytrmgalky), syuishexgl epclopehtyl,
thus the | ength of th? ridgi n(t]n roup can Pe
cyclohexyimethyl, phenyl, methy hen{jjl, benzyi or methylphenylbenzyl.
The structural units of the formula VIl can be present in an amount of from 0.1 to 100 mol-%,
preferably from 0.5 to 90 mol-%, more preferably from 0.5 to 80 mol-%, still more preferably
from 1 to 80 mol-%, with particular preference from 1 to 60 mol-%, with especial preference

from 1 to 50 mol-%, and with very particular preference 1 to 30 mol-%.

The structural units of the formula VIIi can be present in an amount of from 99,9 to 0 mol-%,
preferably from 99.5 to 0 mol-%, more preferably from 99.5 to 20 mol-%, still more preferably
from 99 to 20 mol-%, with particular preference from 99 to 40 mol-%, with especial
preference from 99 to 50 mol-%, and with very particular preference from 99 to 30 mol-%.

To increase the sensitivity, photoinitiators can be used together with sensitizers or
coinitiators. In one preferred embodiment of the invention the sensitizers and coinitiators are
bonded covalently to the polymer by way of functional groups. Known sensitizers and
coinitiators are, for example, xanthones, anthraquinones, naphthacenequinones,
thioxanthones, ethanolamines, aminobenzoic acids and Michler's ketone. Such
functionalized sensitizers and coinitiators are known in large numbers and are therefore not
specified further here. For the immobilization, the above-described bridging groups and
functional groups come into consideration. Preferably, in the polymer of the invention, from
0.1 to 100 mol-%, preferably from 0.5 to 90 mol-%, more preferably from 0.5 to 80 mol-%,
still more preferably from 1 to 80 mol-%, with particular preference from 1 to 60 mol-%, with



determned in a defined manner. These nethods and techni ques for
Imobilization are known and are described in the technical literature. In
this context, the bridging group can be built up starting fromthe
substrate material or fromthe functional ;gonpound. The subsequent reaction
wi th the functional conpound or with the substrate material |eads to the
het er ogeneous photoinitiators of the invention. The reactions can be
carried out with customarfy inert organic solvents and at tenperatures from
€0

0 C to 200 aspeqiplrrefererset omd) tonp¢ aokleand wikievenihradiowastrefsience, from4l to 3¢,
anot her pr %ar%%?tkﬁ@%{d?ﬁ%ltggf fh@‘?o aerlfé}Q r%ﬂgcé@fﬁ@%ﬁﬂﬁ%ﬁs of the formula

phot oi nitiator conprises poly ose pol one nnnova

radi cal s oflXj dentical or different phot0|n|t|ators are covalently bonded,
directly or by way of a bridging group. Polymneric photoinitiators have been
di sclosed in | arge nunbers and are described, for exanple,~by K K
Dietliker in Chemstry & Technol ogy of W & EB Formul ation for Coatings,

| nks and Paints, Volunme 3: Photoinitiators for Free Radical and Cationic
Pol yneri sati on, pages &QR”to 227 (1991) (Published by SITA Technol ogy Ltd,
London). The macro ufsar. photoinitiators are sol ubl @X)n the

phot opol yneri zabl e cog£?$|t|ons | nsol ubl e het er ogeneous photoinitiators
for mass pol ynerizati Halfe) WodsThriei8rt o been described. The pol ymers can
consi st of nononmer units with nonoval ent radicals of a photoinitiator and,
if desired, conononer units. The photoinitiator can be attached to the
nmononmer directly or by way of a brldglng group and, in addition, spacer
groups. Thdn W]I%UR sgﬁauésv Bewe Xaeki V@Rd s independently have the aforegoing definitions,

including the preferred forms, and Sens is the monovalent radical of a coinitiator or

sensitizer.
The figures in mol-% always add up to 100%.

in one preferred embodiment there are additionally bonded covalently to the polymer
material free-radically or cationically photopolymerizable organic compounds which
preferably correspond to the type of organic polymerizable compounds used in the
polymerizable composition. In free-radically polymerizable ethylenically unsaturated system
[sic], accordingly, use is made advantageously of ethylenically unsaturated compounds
having functional groups, and in cationically polymerizable systems such as, for example, di-
or polyepoxides use is made judiciously of di- or polyepoxides having functional groups.

Preference is given to structural units of ethylenically unsaturated organic compounds having
covalently bonded olefin groups, which are known in large numbers. The radicals of
ethylenically unsaturated organic compounds that are attached covalently to the polymer
material can, for example, conform to structural units of the formula X

$26 $27
Rys X-(Ry) -(X)) {RyCR,,=CHR,,

(X),



fromfunctional groups that are attached to the nononer (or to the
polynmer). In the case of the polyners the functional groups are preferably
am ne, hydroxyl, carboxyl, -SO3H or isocyanate groups. The pol yners
concerned can be ground natural or synt h_e{d'_c pol ynmers havi ng functi onal
groups. Al so suitable as synthetic polyners are emnul sion pol yners and

| atices formed fromat | east one nononer having functional groups. Exanples
of natural polyners are pol ysacharides [sic] such as cellul ose, starch,
carr ageenal® WHClthi t osan, which can be in part etherified with

Clerr] -l gt Lk lindiocierh! it Liboid 0 L G5 EbASYAC XY ROtoo AetS
avi ng functiondl groups are known I n larde nunbers or’Tan bé epared by
anal ogous funoficres groupSndependentyl efsonef armtimgriere i-O-,p&-yiNR,S -CLQEORaO-B(D)y,VvHOry |

comonomer SCGERS A REDry 10 B-SPeidchBr P e R Ao e 6D 52 6 Qb
copol ynmer sNm,{ h unsubstituted or substituted ol efins ?Zt ggrrgzgrrers;

pol yhydr oxyal kyl acryl ates, polyhydroxyal kyl methacr

bol yhydr oxNRaGOIHR EcN-S0m0 -SoRemeN B ROy RSBk Re A eliRoE iR ¢ ut e
ol ef i ns asReRMPKREABAridBRbgReUp,| @am des and pol ymet hacryl am des and

copol ymers with unsubstituted or substituted ol efins as conononers;

pol yami noaRkisl H.derG1.altd sCs- ok Ceeisioplkat, £3- enmGscuelpalisyimetiwher -etiyb iphary! sbenzylor
unsubst i tuq_%q %etﬁ%ﬁt ituted ol efins as conononers; pol yhydroxyal kyl or
pol yam noal yF Inyl “al cohol and copol yners with unsubstituted or

substi t ut eR; isleedirats baxd, C,-G,Jdikylene) CororiGicyclodikyienex CL-6t atiene! orldytCichralkgene,
formed from hut adi ene, isoprene or chloroprene, and, copglynmers with
umsubst 1 1 of BaNS RO ot £84 S B R mEBe DR AoAEHE R FRB Sy or ani no

R, is H or C,-C,alkyl, especially methyl;

Ry, is H, C,-C,.alkyl, phenyl or benzyl; and

R.s Ry; and Ry, are as defined for formula V.

Xi, X;, Ry, R; and R; are subject to the preferences set out in the case of formula I. Ry, is
preferably H or methyl, and Ry, is preferably H.

The structural units of the formula X can replace from 0.1 to )).9899 [sic] mol-%, preferably
from 0.5 to 80 mol-%, more preferably from 0.5 to 80 mol-%, still more preferably from 1 to
80 mol-%, with particular preference from1 to 60 mol-%, with especial preference from 1 to
50 mol-% and, with very particular preference, from 1 to 30 mol-% of the structural units of
the formula Vill.

The polymers of the invention can be crosslinked, furthermore, with at least difunctional
monomers, for example from 0.01 to 30 mol-%, preferably from 0.1 to 15 mol-% of such
monomers, based on the polymer. Depending on the nature of the polymer there can be
used for this purpose at least trifunctional carboxylic acid [sic], isocyanates, alcohols, amines
or epoxides or, for addition polymers, organic compounds containing at least two
ethylenically unsaturated groups. These cross]inking agents are known in large numbers.
The ethylenically unsaturated crosslinking agents can, for example, [lacuna] divinylbenzene,
bis-dimethylmaleimide-alkylenes (for example bis(dimethylmaleinimidyl)methylene or

-ethylene), acrylic or methacrylic esters or amides of polyols, preferably diols to tetrols, or,



pol ystyrene, chl oronet hypol ystyrene [sic], and pol ystyrenesul fonic acid and
copolynmers with unsubstituted or substituted olefins as conononers;
pol ygl ycidyl ethers and hydroxyal kyl ated or am no al kyl ated pol ygl yci dyl
et hers; and pol yesters, polyam des and pp% urethanes with

hydr oxyl - cont ai ni ng nononers. Further suiTable polyners are

pol yvi nyl pyri di ne, polyvinylimdazole and pol yvi nyl pyrrolidone and
copolynmers with unsubstituted or substituted ol efins_as conononers. =
Pr ef er enceT¢spegiivein Pelyapines npieterally digmines igrietransings Rrefaugnaei is giveq to aliphatic,
et hyl eni ca r :S ardHAEaNG: rr O t Eparti

pol §mer S oLT; &¥%ﬂﬁﬁ%§/§nﬁ°§%yg@ﬁ%ﬁéﬁ lrlé)Hr%ﬁﬂgoglolt%(r) 1 %ﬁ%oﬂéﬁ@nﬂtﬁ;awr&?ular
di fferent gptaference fibmuhta 42 end with eSpeciallpefetance ffrom 2 taBC Aloos. Sotre @@nrples

ol o | BB Mo e A et B Ml s 5 A B o 4 )
or Xerr] and Al4buthnédiget pertanédidl, t hexdnediol,i @atinediol U Rietarbeivtn ddstiebanadiol,
O o or ] Eylonemtedial; Fitbydrdpmetlicislotexane NpL ARRERsdlY COR-P CPIEEEH 1GCo
AT 1 ot Gruntlg 10 20 g 8 s s o 2
OSqerr]- 3@?&’1%”%‘1"°'—W‘$Fe?ﬂ‘f witbyvery pamticylar preferepgecfremn 2 tp 20 islkylainertiiol units,
bri dgi ng 9sQ4Pas, for example, polyethylene glycols, polypropylene glycols, polybutylene glycols and
polyethylene/polypropylene glycols, and also 1,1,1-trihydroxymethylethane or -propane,
pentaerythritol and dipentaerythritol. Some examples of polyamines are ethylenediamine,
1,3- and 1,3-propanediamine [sic}, 1,2-, 1,3- and 1,4-butanediamine, 1,6-hexanediamine,
diethylenetriamine, triethylenetetramine, cyclohexanediamine, aminomethylcyclo-

hexanamine, isophorondiamine and di(aminomethyl)cyclohexane.

In one preferred embodiment the polymers of the invention comprise at least one structural

unit of the formula Xi,

T o

| |
H X, ~(Ry)(X)gRy-Phot
X,

in which Rg, is H or methyl and X,, X,, R;, R;, Phot, r and s are as defined above, including

the preferences and particular embodiments.

The group -X;-(R)~(X2)s-Rs- in the structural units of formula Xl is preferably

-C(0)-0O-, -C(0)-0-C,-Cealkylene-0O-, -C(0)-O-(C,-Csalkylene-0),- where u is equal to a
number from 2 to 10, C(0O)-O-(C,-Csalkylene-0),-C,-Cqalkylene- where u is a number from 2
to 10 and -C(O)-0-C,-Calkylene-S-.

The radical “Phot" can, for example, be radicals of the formulae



-16 - Phot is a nonoval ent radical of a photoinitiator, Rerr] is H,
Cerr]-Cerr] alkyl, (err]- or (Jerr]jcycloalkyl, Cerr]- or (Jerr]

cycl oal kyl net hyl or -ethyl, phenyl, benzyl or 1 -phenyleth-2-yl, Rerr] is
a direct bond, Cferr]-Cerr] alkylene, Cgrr]- or Cferr] cycloal kyl ene,
Cerr] -Clerr] arylene or (Jerr]-Clerr] aralkylene, r is the nunber 0 or 1
and s is the nunber 0 or 1, and s is O if r is O, Rerr] and R err]

i ndependently of one another are H (err]-Clerr]alkyl, Cerr]-Cerr]aryl
or err]-Cerr] a)r kyl—R[err] is Hpor the group - C(cO)@| err], Rlerr] is
H, C[err]-C[err] I N r]- C[err]é | or CJerr ? yl, Rerr]
is H F d ~=CN errr] Zrr] 0 r] - rr] is H,
C[err]-C[eryI Wor - O)OR[ is err]O@[lﬁrr al kyl ,
Cerr]-CerrNaryl, (err]-derrNaral kyINv mi dazsryl, pyrrolidonyl, F, O,
CN or the group Xerr]-(Rerr])[err](Xerr])s.-Herr] and Rerr] is H K
Na, (Jerr]-Cerr] alkyl, (Qerr]-Cerr] hydroxyal kyl, cycl ohexyl,

cycl opentyl, cycl ohexyl nethyl, phenyl, Cer]-Cerr] al kyl phenyl, benzyl or
Clerr]-Cerr] al kyl phenyl benzyl . X[err]O-G«[Qérr] Rlerr], Rerr], Rerr] r,
s and Phot are subj ecm-(r;m‘,dependently OOM he enbodr ments and pref erences

i ndi cat ed above. r and R[err as"al“kyl are prefera y

Cerr]- C[err]al kylll or P |-p;rop and n-, i- or
t-butyl, as ably thyI enyI jlkyl are
preferably ) . WO. par ti cul™a prefer s ar Sic] H and

OH 0

Rerr] is H thyI R25 is preferably H C(O) -C(O0derr]derr]
al kyl [sic]. R[err] as alkyl is preferably CJerr]-Cferr] alkyl, for exanple
met hyl, ethyl, n- or i-propyl and n-, i- or t- butyl, as aryl is preferably

napht hyl or phenyl and as aral kyl is preferably benzyl. Wth

LI
(") $31 7 R34 I
C—C—N_ Ry
*'*32 Ras

in which

Rs and R;, independently of one another are C,-Cgalkyl, C;-Cqalkenyl, Cs- or Cgcycloalkyl,
C,-Cpsaralkyl and especially allyl, benzyl or R; and R;, together are tetra- or’
pentamethylene, R;; and Rj; independently of one another are C,-C,,- and preferably
C,-Cgalkyl, Cs- or Cgcycloalkyl, C,-C,.aralkyl and preferably benzyl or 1-phenyleth-2-yl, or Ry,
and R;s together are tetramethylene, pentamethylene, -CH,CH,-O-CH,CH,- or
-CH,CH,-N(C,-C,alkyl)-CH,CH,, and Ry and R, independently of one another are
C,-Cqalkoxy, Cs- or Cecycloalkoxy, phenyloxy or phenyl-C,-C,alkoxy, or R;s and Rj; together
are C,-C,alkylenedioxyl or C,-C,alkenylenedioxyl.

The preferred addition polymers can in addition to the structural units of the formula X! also
comprise identical or different structural units of the formula XII

H Ry

H X(R)-(X)gRsH
(X,



particul ar preference R26 is H Rerr] as alkyl is preferably (err]-Clerr]
al kyl, for exanple exanple [sic] nethyl, ethyl, n- or i-propyl and n-, i-
or t-butyl, and as aryl is preferably phenyl and naphthyl. Wth partlcul ar

preference Rlerr] is H d, CN, phenyl orp&lerr]-Cferr] alkyl. -17 - R28
as alkyl is preferably CJerr]-Cferr] al ky?, for exanple exanple [sic]
methyl, ethyl, n- or i-propyl and n-, i- or t-butyl. In the group

-C(OORerr], Rerr] is preferably Hor (err]-Clerr] alkyl, nore
preferably CJerr]-Clerr] alkyl, such as, for exanple, nethyl, ethyl,
propyl, buty {Nhicﬁg{&iﬁ W, Xz,‘ﬁ()/h rl\‘l”llats\’é\re é%cdéf hed 996\)6 T hQ§§¥thmMEﬂﬁ'ﬁ%|are present

dodecyl tetrade hexadecyl "and octadecyl . th particul ar preference

Rlerr] is ﬁspe@ly)) @hew the ctbe)) [st] dreyn [Plgted fi$ ]prena(gqi byRFeacting & palyrier having
preferably fgc% hdi ggl}?)rsgnda%&gdt?mlp%r i {uﬁct%%f’@pﬁ?i sic] methyl, ethyl, n-
, aS ar

or i-propyl s pr ably phenyl and
napht hyl and as aral kyl is preferably benzyl R29 is preferably H,

- | id t.h
X orr] - (R APb e sBBRL poi e Fan Sekitiop t 1 srebiraloinar s Bhmpie X oee
d err] - ( ercompfseidentidal 6F ditferehestrctdrsicingts bathebrmulay Xliphexyl , cycl opentyl ,
cycl ohexyl net hyl , phenyl, nethyl phenyl, benzyl or nethylphenylbenzyl. The

structural units of the fornmula VII can be present in an anount of fromO.1
to 100 nol -% prefera from0.5 to 90 nol-% nore preferably fromO0.5 to
80 mol -% still nore He‘?@rably froml to 80 nol-% wth particular
preference from1l to—6D-@ot-% with especial preferendé(”f)rom 1 to 50 nol-%
and with very parti culg.arRatgreference 1 to 30 nol -

Rs is H or methyl, and

Ry is H, C,-Cjalkyl, C,-C,alkoxy, -CN, Ci, phenyl, pyrrolidonyl, pyridinyl, imidazolyl,
-C(O)ORg, or -C(O)-NRyRu4,

Ry is H or C,-C4s- and preferably C,-C,,alkyl, and

R4 and R,, independently of one another are H or C,-C,,- and preferably C,-Cgalkyl.

In a further preferred embodiment, the addition polymers of the invention having structural
units of the formula Xl and, if desired, of the formulae Xll and Xill are crosslinked with
identical or different structural units of the formulae XIV or XV

Y Y
—g-g—~_H—c-¢— o,
H H H H
R Rao
—C—C——C(0)-X;R ;- Xs(0)C— C—C— (XV),
H H H H

in which

Rsp is H or methyl,



The structural units of the fornula VIIlI can be present in an anmount of
from99,9 to O nol-% preferably from99.5 to O nol-% nore preferably from
99.5 to 20 nol-% still nore preferably from99 to 20 nol-% wth
particular preference from99 to 40 nol - ¥%p3wi th especial preference from 99
to 50 nol-% and with very particular preference from99 to 30 nol-% To

I ncr ease the sensitivi ty photoi nitiators can be used together with
sensitizer 0|n referred enbodi ment of the invention

t he senS|t %‘o aﬁo?'%ﬁ)ar %honded coval ently to the polynmer by
way of fung] %n@i-cgr QH@%ref&‘éﬁWCﬁG&‘ﬁdyFénéeéﬁcl&i&ylﬁﬁé NdykloRb&/iehedinfethjiBhe or X,

exanpl e, xant hones, ant ui nones, napht hacenequi nones, thi oxant hones,

et hanol am ﬂ%@'%ﬁ%!ﬁeﬁx@sﬂ‘yﬁfﬁd&%kmw%ozs dialulensuch functional i zed
sensitizers and coinitiators are known in |arge nunbers and are therefore
not specified further here. For the immbilization, the above-described

bri dgi ng grioupSurshvest pmf&r[e’doambo@mnmm:(additibntpnlymersi ofethet inventid?r etemptiding

|0 0 o4 S A e, 3 b 08 ol TSRk S8R °

from1l to Ompeke O/(dennchlhopdlffei‘@Wﬂn’ucwmf m@nwaucﬁram&:swaﬁﬁcml nYgidi dhains,
- 18 - especial moreferencc?%froml to 50 mol -% and, with very particul ar
preference'°’?°fgs C19"PEPS3 BUGTH RS (ﬁ?bﬁxﬁ'ﬂﬁlesrﬁ:@pu%rsgn|°t"§"Uf‘°"E'W@ IreHRRI A Whigh

are repl acednpyiss! sttiched ah idd bRaifd, éth@aétOﬁAFHJb%-beﬁmn%eéiF LYH“!S rpéfaﬁf e
Rlerr], Rerr R‘[err] Rlerr], X[err] Xerr], r In egen ently ve
t he af or eg(§;rﬁgum§pn$§ witly ARine groups and structural units with -C(O)O" or -S

are preferably emulsion polymers or a latex.

These polymers

In a particularly preferred embodiment the addition polymers comprising the structural units
of the formula Xl and, if desired, structural units of the formulae Xll, Xill, XIV and/or XV are
those which in addition comprise identical or different ionogenic structural units of the
formulae [sic] XVi

i R
—C—C— (XV1),
RuR

in which

Rap is H or methyl,

Ry is H and Ry; is -C(O)OR,5, -SO;Rs, -CeHs~COOR 5, -CeH-SO;3R 5, -CoHo-Rys OF
-C(0O)-X,-C,-Cqalkylene-R,;,

R4 and Ry, independently of one ancther are -C(O)OR,s or -C(O)-X,-C,-Csalkylene-R,;,
Rys is an alkali metal, preferably Li, Na or K,

R4s is an ammonium group or an ammonium methyl group, and

R4z is an ammonium group.

The ammonium groups, or the ammonium in the ammonium methy! group, can be derived
from primary, secondary or tertiary amine groups; the groups concerned are preferably



including the preferred forns, and Sens is the nonoval ent radical of a
coinitiator or sensitizer. The figures in nol-%always add up to 100% In
one preferred enbodi ment there are additionally bonded covalently to the
polymer material free-radically or catiogkﬁqlly phot opol yneri zabl e organi c
conpounds whi ch preferably correspond to e type of organic polynerizable
conpounds used in the polynerizable conposition. In free-radically

pol ynmeri zabl e ethylenically unsaturated system|[sic], accordingly, use is
made advantGigiestary pmatonigrngreusisc Iheé gmmenitro grouns ardhe @mmoenidmm the ammonium

functi onal L.an] ri.zabke systens such as, for
exanpl e, n%t@*l ;a/%%ot(o? %%h@e&ﬁ@&@;@%ﬁ%ﬁ@’aoﬂlﬂy of di- or pol yepoxides
havi ng funct [ onal groups Preference is given to structural units of
ethylenically unsatw or gani ¢ conpounds havi ng coval en bonded ol efin
groups, which are 'reo| ar ge nunbers. The radical s of }I enically
unsat urat ed organi ¢ conpounds that are attached covalently to the pol yner
material can, for_exanple, conformto structural units of the formula X

[err] _ {myWwhich Ry RN Rss indepenpertis of pne anethenaeni ynsybstitiedaryvithelsickpe
a direct bopep)Prc XREEECH -§Gl§§tﬁﬂt@t§ r%xc ogeén’e,r %fér]ab?h% fdjnchhg‘moregr%ably
| ndependent |y of one”’ano are -0- -,

-0- C(O) - OG-Cealkyl Gs-rqrmcydoalkyBQhenyl] benzylofl pOeoyleth-Byl, orNR[ err] - C( O) -
-0 -NY eR, J and R, %Sétﬁler gl‘le%tr%ethge% OBentamethylene or -CH,CH,-O-CH,CH,- and Ry, is

as defined above.

Suitable counterions are the anions of inorganic or organic acids, such as carboxylic acids,
sulfonic acids and hydrohalic acids, for example. Chloride and bromide are preferred. With
the quaternization, further ethylenically unsaturated groups can be covalently bonded at the
same time. Quaternary ammonium groups are preferred.

The addition polymers of the invention comprising the structural units of the formula Xl and,
if desired, structural units of the formulae XII, Xill, XiV, and/or XV can in addition comprise
structural units having acidic groups such as -C(O)OH or -SO;H, for example, and
additionally structural units having basic groups such as primary, secondary or tertiary amine
groups, for example, especially when the addition polymers concerned are emulsion
polymers

in another particularly preferred embodiment the addition polymers comprising the structural
units of the formula Xl and, if desired, structural units of the formulae XIlI, Xiil, XiV, and/or
XV are those which in addition comprise identical or different structural units of the formulae
XVII and XIX

—C~C— _ (XVHD),



NR[err]-, -NR[err]-C(O-NR[err]-, -NR[err]-Sderr]-, -SdJerr]-NRerr]-,
-NR[err]-SOerr]-0, OSOerr]-NRerr]-or -NRerr]-SOerr]-NRerr]-, Rerr]
is a bivalent bridging group, Rerr] is H derr]-Cerr] alkyl, Cerr]- or
Cerr] cycloalkyl, Cerr] - or (Jerr] cygéfal kyl met hyl or -ethyl, phenyl,
benzyl or 1-phenyleth-2-yl, Rerr] is a drftect bond, (Jerr]-Cerr]

al kyl ene, Cerr]- or (Jerr] cycloal kylene, Cerr]-Cerr]aryl ene or
Cerr]-Cerr]aral kylene, r is the nunber 0 or 1 and s is the nunber 0 or 1,
and s is O if r is O, yRperr] is Hor Cferr]-Cerr]alkyl, especially nethyl;
Rlerr] is H, C[err]-_CLl:fe_giT_ral kyl, phenyl or benzyl; a?)gl)%err], Rlerr] and
Rlerr] are as definedyfof formula VIII. Xerr], Xerr], err], Rlerr] and
Rlerr] are subject toRg;preferences set out in the case of fornula 1.
Rlerr] is preferably Hor nethyl, and Rlerr] is preferably H The
structural units of the formula X can replace fromO0.1 to 9).9999 [sic]

nol -% preferably fromO0.5 to 90 nol-% nore preferably fromO0.5 to 80

mol -% stilMWhehe preferably from1 to 80 nol-% with particul ar preference
from1 to RY i§W or%hetfit h especial preference from1l to 50 nol-%and, with
very particular preference, from1l to 30 nol-%of the structural units of

t he for mul BV HandiRe ispS(QiRi s-S6%:Ht HaHiBRQOH, SeHc8she crossl i nked,

furthernorg, it | di functional nononers, for exanple fromO0.01 to
30 nol - % pf"e%Mgr%b?g/e fdr?gﬁns'a’;l to 15 nol - % of such nononers, based on the

pol ymer . DBpde thang Ry ist pyeidingt, imidazolylf pyveratidonyeC.H ARy er &(0)g-Cistdlkiiene-Rad, s
pur pose at Il gast | fu | arboxylic acid [sic], isocyanates,
al cohol s, XiSns 'W'é’b%ﬁ@d‘ggg%}",ﬁ for addition polyners, organic conpounds
cont ai ni ngRatandeRys independintly bEsrecandthyerné €)X, Tl-ClalkyieRe-RIese
crossl i nki ﬂg .agents are known in |arge nunbers.

s5 IS an amine group or an aminomethyl group, an

Rss is an amine group.

The amine group, and the amine group in the aminomethyl group, conforms [sic] preferably
to the formula XX

-NR R4 (XX),

in which

R4 and R,; independently of one another are H, unsubstituted or with [sic] or

-O(0)C C R3=CH,-substituted [sic] C,-C,s~, preferably C,-C,- and more preferably
C,-Cgalkyl, Cs- or Cg-cycloalkyl, phenyl, benzyl, 1-phenyl-eth-2-yl, or

R4 and R, together are tetramethylene, pentamethylene or -CH,CH,-O-CH,CH,-.

Preference is given to secondary amine groups, especially di(C,-C,alkylamino) [sic], such as,
for example, dimethylamino, diethylamino, di-n-propylamino and di-n-butylamino.

A preferred subgroup of addition polymers which may be present alongside the structural
units of the formula X| and, if desired, structural units of the formulae Xii, XllI, XIV and/or XV
are those which can be modified subsequently to form quaternary ammonium groups.
Examples of such groups are amine groups or haloalkyl groups, which can be reacted either

with customary alkylating agents or, respectively, with secondary amines, it being possible to



The ethylenically unsaturated crosslinking agents can, for exanple,
{lacuna] divinyl benzene, bis-dinethyl nal ei m de-al kyl enes (for exanple

bi s(di met hyl mal ei ni mi dyl ) net hyl ene or -ethylene), acrylic or methacrylic
esters or am des of polyols, preferably dpbgls to tetrols, or, -20 -
respectively, polyamnes, preferably diamnes to tetramnes. Preference is
given to aliphatic, cycloaliphatic and cycloaliphatic-aliphatic diols and

di am nes having with particular preference from2 to 12 and with especi al
pref erence °FF%rﬁ“? toig rsa@oat krraogensagsy i plutian o hetrsagengously sybsequert te the

di ol s such pasiflalionh 8fSurBk¥s of the %lgrop&‘hclés %9@&&[&@1@ Wits cémférm preferablydd the

1, 4- but anedi ol , pentanediol, hexaned oct ane decane
dodecanedlém"m&W bhexanedlol, d|(hydroxynethyl)cyclohexane,
pol yoxaal kyl enegl ycol s of preferably CJerr]-Cerr] alkylenediols with
preferably 2 to 100 al kyl ene diol units, with particular preference from?2
to 50 al kyl ene di ol unjt and with very particular preference from2 to 20
al kyl ene diol units, %yc as, for exanple, polyethylen | ycol s,
pol ypr opyl ene glycols T?butylene gl ycol s and pol yet ene/ pol ypr opyl ene
gl ycols, and also 1, llﬂ R&lhydroxynethylethane or -propane, pentaerythritol
and dipentaerythritol. Sonme exanpl es of pol yam nes are ethyl enedi am ne,
1, 3- and 1lBwhicApanedi amine [sic], 1,2-, 1,3- and 1, 4-butanedi am ne,
1, 6- hexanedj am ne, dieth Ienetrlanlne triethylenetetram ne,
cycl ohexanéd - n‘é“H' Ora Qno@nﬂk}i{ 1vcycl o- hexanam ne, isophorondi am ne and
d|(an1none¢$yg}pyphgﬂﬁﬁgﬁg In one preferred enbodi nent the polyners of the
invention conprise at "l east one structural unit of the fornula X,

R57 IS ‘CaH4'CHzcl 'C3H4‘CH2Br 'CGH4‘CH2CH2CI, ‘C5H4'CHchzBr, "C(O)'X4‘

C,-CqalkyleneCl, -C(O)-X,-C,-Cealkylene-Br, pyridinyl, imidazolyl, pyrrolidonyl, -C¢H,-Rss or
-C(0)-X,-C,-Cqalkylene-Rgg,
Rss is an amine group or an aminomethyl group, and

Rsg is an amine group.
For X, Rss and R, the above-described preferences and embodiments apply.

The polymer of the invention comprising the structural units of the formula XI can as well as
the additionally possible structural units also comprise structural units having covalently
bonded sensitizers or coinitiators, as have been described above. Preference is given to
structural units of the formula XXii

T o

—6-¢— oKX,
H C(O)}X(R,)-(X,) Ry-Sens

in which

Rg0 is H or methyl,

Ri, Ra, Xy, X,, r and s are as defined above, including the embodiments and preferences,
and

Sens is a radical of the formuta XXI| [sic]



[err] in which Rerr] is Hor methyl and X err], Xerr], Rerr], Rerr],
Phot, r and s are as defined above, including the preferences and

particul ar enbodi nents. The group -Xerr]-(Rerr])[err](Xerr])[err]-Rerr]
in the structural units of formula X1 is_pgeferably -C(O -0,
-C(O-0cC1-(err] alkylene-O, -C(O-O0(Cerr]-Cerr] alkylene-O,- where u
Is equal to a nunber from2 to 10, C(O-O((err]-derr]

al kylene-O [err]-Cerr]-Cerr] Zal kyl ene- where u is a nunber from2 to 10
and -C(O-0O0(err]-Cerr] alkylene-S-. The radical "Phot" can, for exanple,
be radicals of the fornul gg -21 - [err] in which Rerr] and R err]

i ndependently of "one anotfier are CJerr]-Clerr] alkyl, Cerr]-Cerr]al kenyl,
Cerr]- or (Jerr] cy Slerr]-Clerr]aral kyl and especially allyl,
benzyl or Rerr] and er are tetra- or pen(t)@@mthyl ene, R[err]
and Rlerr] independ ezanot her are CJerr]-Cerr]--and preferably
Cerr]-Cerr]al kyl, C[erri;J or CJerr] cycloalkyl, Cerr]-Cerr] aral kyl and
preferably benzyl or 1-phenyleth-2-yl, or Rlerr] and Rlerr] together are
tetramet hyl ene, pentanethylene, -CHerr]CHerr]-OCHerr]CHerr]-

-CH err ] CHigwhicpN(Cl err]-Clerr] alkyl)-CHerr]CH err], and R36 and R37,

| ndependent |y Pone another are CJerr]-Cerr] alkoxy, Cerr]- or (Jerr]
cycl oal kox%sl?pi@raﬂdm@femblm{‘ﬁenyl-C[err]-C[err] al koxy, or R36 and R37
together are (Jerr]-Clerr] al kylenedioxyl or CJerr]-Clerr]

al kenyl enedi oxyl . The preferred addition polynmers can in addition to the
structural Someé exarhplebcoff polymérizalile addicals from which the radical of the formula XXl is

derived are 1-, 2- or 3-carboxylthioxanthone or -xanthone, thioxanthone 2-ethylacrylate, thio-

xanthone 2-methacrylate, thioxanthone 2-(oxaethyl)acrylate or- methycrylate [sic],
thioxanthone 2-(thioethyl)acrylate or- methycrylate [sic], thioxanthone-2-acrylamide or
2-methacrylamide [sic].

The polymers comprising the structural units of the formula X contain these structural units
preferably in an amount of from 1 to 30, preferably from 2 to 15% by weight, based on the
polymer. The structural units of the formula Xli can be present in an amount from 99 to 0,
preferably from 98 to 0% by weight. The structural units of the formula Xlll can be present in
an amount from 99 to 0, preferably from 98 to 0% by weight. The structural units of the
formulae XIV and XV can be present in an amount from 0.1 to 30, preferably from 1 to 15%
by weight. The structural units of the formula XVI can be present in an amount from 99 to 0,
preferably from 98 to 10% by weight. The structural units of the formula XVill and XIX can
be present in an amount from 99 to 0, preferably from 98 to 10% by weight. The structural
units of the formula XXI can be present in an amount from 99 to 0, preferably from 98 to
10% by weight. The structural units of the formula XXlI can be present in an amount from 99
to O, preferably from 98 to 10% by weight. The percentages by weight add up to 100% by
weight.

in the case of the polymers of the invention comprising structural units of the formulae Vil or

Xl, the polymers concerned are preferably emulsion polymers.



conprise identical or different structural units of the forrmula XIl [err]
(X)), -22 - in which Rerr], Xerr], Xerr], Rerr], Rerr], r and s
are as defined above. These structural units are present especially when
the the [sic] group "Phot" is prepared by ?eacti ng a pol yner having
functional groups and a photoinitiator hat ng functional groups. The
preferred addition polyners can in addltlon to the structural units of the
formula Xl al so conprise identical or different structural units of the
formul a Xl I'The] preparatipreof theipolyrhars torbe géq incantoRfance }Nithe‘.he-iinve){:tmnrqanCQeecar]ied

| kyl . k -CN, g henyl. lid
i dazolyi O EVytbagiR knopich rgymdt st bt arBfnoh ! can be
Clerr]-C erprrépareand byr ekrdnabl tﬁcﬁﬁn@iésl RKrown| Pdrverizatioe Rechihiguesinciréy] @blution
I ndependent | ¥ of one anot her and preferably

or (qerr
L erv] - O orRaaRSEERNG. n Tse o (bAIRy RAGRSEREn. o ABIAR Ofbr ROV =GR Py nterfacial
pol ymer s Ofpd)}hﬁbﬂzaﬂﬁﬂtlt %nadl\:%\ﬁtdgﬁot?é E&@H}H@l thetetiniqle MemuRIOAUbAYnérizahoh at f

desired, of the fornmulae XII and X1l are’crosslinked with identical or
di fferent dJYghustirinraispeeds, sinee in s wwmgaélcmpan@resm thednvention ogn be Arprared

I's Hor metdielyy and subsequent treatments such as, for example, milling can be avoided. The milling
of polymers is also generally known. Ball mills are suitable, for example. To lessen the
impact on the polymers, milling can be carried out with cooling. The preparation of the
microparticles of the invention can also take place in solution, as above for the modification
of surfaces in a heterogeneous reaction, by the reaction of natural or synthetic polymers with
functional groups and functionalized photoinitiators and, if desired, further functionalized
compounds such as cocatalysts, sensitizers or polymerizable compounds. Microparticles can
then be obtained by precipitation from the solutions or by milling of the isolated, modified
polymers. With this preparation it is likewise possible to employ the known methods of
introducing spacers. In particular, it is also possible to carry out subsequent surface
modification of polymers comprising the structural units of the formula VII and further
structural units having functional groups, and to bond polymerizable groups and/or

sensitizers or coinitiators, covalently, only to the surface of the microparticles.

The microparticies of the invention are outstanding photoinitiators for the free-radical or
cationic polymerization, induced by actinic radiation, of monomers. They are of increased
sensitivity, the polymerization time is shorter, and they form stable dispersions during the
polymerization period. The physical and mechanical properties are improved relative to
polymers prepared with conventional and soluble photoinitiators. The microparticles are
stable on storage, with storage away frem light possibly being advisable. The microparticles
comprise free-flowing powders or latices. They can be formulated with ease, formulated
systems also having a high storage stability in the absence of light. Latices can be used as
such if the solubility of the monomers in the latex is tailored by the choice of solvents or

monomers.

A further subject of the invention is a photopolymerizable and/or photocrosslinkable

composition comprising (a) identical or different nonvolatile free-radically or cationically



-23- Xerr] is -0- or -NH or -N((err]-CJerr] alkyl)-, and Rerr] is
Cerr]-(Jerr]- and preferably CJerr]-(err]al kyl ene, cycl ohexyl ene,

cycl ohexyl enedi net hyl ene or X[err] is -0- and Rerr] is (Jerr]-Cerr]
aIkerne-(C[err]-C[err]aIkerne-O)[err]t_p%&_rr]- Cerr]-Clerr] alkylene-. In
a further preferred enbodi nent the additi’on polynmers of the invention
conprising structural units of the fornmula XI and, if desired, of the
formulae XIl, XIll, XIV and XV conprise identical or different structural
units whi cnh@gnqivmg@zabéa erphatecrossiinkable mieapmers anshiby @rhetergaengssis photeinitigtor

for exanpl g mu;gcép% Je f3fm Mﬁ}%qeéJn]S{stsocgf a lHH@@gﬁﬂéﬂ?treu@%teWQI t§ th?%%ér#tﬁ:?l or

attached in si al ns, on-Tormn ural

exanpl e stdlffetamltphotumltlamrsvatd“cmmenﬁy boraeds and structural units with -C(0)0
or -SOerr]-. These polyners are preferably enul sion polynmers or a | atex.
In a particularly preferred enbodi nent the addition polymers conprising the

struct ur al THaidnfoupt of e héfei’@de%eb’us Phéloinitiatatas ipréfdrabht el 610049 by weigHthe

formulae XIlI, XIlI, XIV and/or XV are those which in addition conprise

i denti cal Brejipreferabi at deashO-01% sy weidht.abasesi P8 the qompostienwiThe yroee Jimiby)

[‘é{ 8 d?{]e\;\??ﬁéhdg[&i ;tﬂr\e ::\fgﬁ phﬂ'%%gﬁr{%l ?Ea rr %&jé_{[&ﬂtér?ﬂn%feéédltldrﬁl effects. It is
-Cerr]H epeqsuwc@mp]tpz? Yo by, weighte prefeqplly nip-te[t 6% By weight, more preferably up to 10%

-0 - Xer 5} \ngiéﬂtr J\lilgpgﬁrchlaﬁlplfé(fgﬁe'ﬂgé 'ﬂpe{or é% by weight and, in particular, up to 3% by
weight to be present if it is essentially the photoinitiator effect which is to be utilized. The
heterogeneous photoinitiator can, however, be used simultaneously as a filler, in which case
depending on the substrate material it is possible to influence the physical and/or mechanical
properties of the polymers prepared. In the case of large amounts added, sufficient
photosensitivity can be effected by adapting the refractive indices, so that translucent or
transparent polymerizable compositions are present. For this purpose it is possible for up to
90% by weight, preferably from 10 to 80% by weight and, with particular preference, from 10
to 60% by weight to be present in the composition.

The heterogeneous photoinitiator in the composition is likewise subject to the above-
described embodiments and preferred forms.

Photopolymerizable and photocrosslinkable monomers are known in large numbers and
[lacuna}, for example, in Chemistry and Technology of UV & EB Formulations for Coatings,
Inks and Paints, Vol. 2, Prepolymers and Reactive Diluents for UV and EB Curable
Formulations, SDITA [sic] Technology, London 1991. In the context of the invention the term
monomers is understood to include oligomers and polymers, preferably low molecular mass
polymers with structural units, which comprise covalently or ionogenically bonded,
photopolymerizable groups in the polymer back bone or in side chains. Such oligomers and

polymers have likewise been disclosed in large numbers.

Among the cationically polymerizable and/or crosslinkable monomers particular mention
should be made of epoxide compounds having more than one epoxide group in the

molecule, which are known in large numbers and are described in the literature.



Rlerr] and R err] independently of one another are -C(OORerr] or
:C(O-Xerr]-Cerr]-Cerr]alkylene-Rerr], Rerr] is an alkali netal,
preferably Li, Na or K, Rlerr] is an anmonium group or an amoni um met hyl
group, and R err] is an anmoni um group. Tﬁ& anmoni um groups, or the
ammoni um i n the ammoni um net hyl group, be derived from primary,
secondary or tertiary am ne groups; the groups concerned are preferably
-24 - quaternary anmmoni um groups. The amoni um groups or the anmoniumin
t he ammoni um net hyl group can, for exanple, conformto the formula XVII

- +N L : i 0 whi

RLerr) . R P hionioal and ma:radialy omeriabis menemers pENEDar rsfid i
or with [ sibe]made efOnOhé&mé&rsRiawing] atﬂkﬁsirdn]aambamtatllwmﬁslatp-ted gBupy whickisskmdwn
b e r] &5 i bl Worke i oo Birddts ey aimprstarainh sglbSlefiopm, e, iUt the
t oget her arsgbétRiitea BRfing) éﬁmdﬂ?mﬁ@a‘agm bﬁd‘%é!ﬁacryllc esters and amides. Examples of
-CHerr]CHerr]-OCHerr [err defi ned above. Suitable

count er i on$UBSEUENTR 2t E olre GITefe] ﬁhl)gﬁnpuakw Vﬂ’i‘@fhﬁl L&‘SH€$tt§§ed Sn&ubstituted by “OH,
car boxylic | S f [ S,. -
Chl ori ée angﬂbg}gm[:deld aér)1 QP%‘]?%-rQ{r%rﬂdv\ﬁY§%9ﬁﬂ uaézdr)ﬂl zg(%%@(w "ﬁl (00
et hyl eni caIQa&M&!W&kY'eeC@)@GNOhﬂMl b@(Q)@&.‘eh-lzesruldhj':deofﬁi@dOahenyheC@)ﬁbemzvha

Qe 1ot GO 05 B e efCH) LRRLY T, P16 .
and preferably C,-Cgalkoxy, C,-C,,- and preferably C,-Cihydroxyalkoxy, -C(O)OH, -C(O)O-
C,-Czalkyl, -C(0)0O-C,-C ghydroxyalkyl, -C(0)Ocyclohexyl, -C(O)OCH,cyclohexyl,
-C(O)Ophenyl, -C(O)Obenzyl; Cl, -CN, pyrridinyl [sic], imidazolyl; phenyl which is
unsubstituted or substituted by C,-C,alkyl, C,-C,alkoxy, -OH, -CN, halogen (such as, for
example, F, Cl and Br), -C(O)OH, -C(O)-OC,-Cjalkyl, -C(0)O-C,-C,shydroxyalkyl,
-C(O)Ocyclohexyl, -C(O)-OCH.cyclohexyl, -C(O)Ophenyl, -C(O)Obenzyl -SO;H, -SO;-
C,-Csalkyl, chloromethyl, bromomethyl, -NH,, primary or secondary amino having 1 to 20 C

atoms, primary or secondary aminomethyl having 1 to 20 C atoms; -C(O)OH, -C(O)-O-
C,-Cxoalkyl or ~hydroxyalkyl, -C(O)Ocyclohexyl, -C(O)OCH,cyclohexyl, -C(O)Ophenyl,
-C(0)Obenzyl -C(0)-0-(C,H,,0)-H with a eqhal to a number from 2 to 6, preferably 2 to 4,
and b equal to a number from 2 to 12, preferably 2 to 6; and -C(0)-NRs;Rs,, in which Rss and
Rsy independently of one another [lacuna] H, C,-C,, preferably C,-Csalkyl, C,-C,o-,
preferably = C,-Cghydroxyalkyl, C,-Cealkyl-C(O)OH, C,-Csalkyl-C(O)O-C,-C,alkyl or
(C.H2.0)-H with a equal to a number from 2 to 6, preferably 2 to 4, and b equal to a number
from 2 to 12, preferably 2 to 6.

For crosslinking, at least diethylencially unsaturated organic compounds can be added to the
monoethylenic organic compounds, for example in amounts of at least 0.1% by weight,
based on the monomers. Such crosslinking agents have been mentioned before. Preferance
is given to di- or trifunctional, ethylenically unsaturated compounds. However, it is also

possible to use only at least diethylenically unsa_turated compounds as monomers.

In the art it is common to use mono- or polyfunctional acrylic or methacrylic esters or

amides, alone or in a blend with at least two such esters or amides and /of the [sic] in a



I f desired, structural units of the fornmulae XIl, X1, XIV, and/or XV can
in addition conprise structural units having acidic groups such as -C(O CH
or -SG3H, for exanple, and additionally structural units having basic
groups such as primary, secondary or tergég[y am ne groups, for exanple,
especially when the addition polynmers conterned are enul sion polyners In
anot her particularly preferred enbodi nent the addition polyners conprising
the structural units of the fornula XI and, if desired, structural units of
t he fornul lengdiwith atjleast oxe vtheasthylenicaily atleastmasneunsatutatadmaaermer. dhe esteps Pse

|dent|cal f struct t
e %Fqu&’éﬁ Iu? ﬁ&}u nSdr %ﬁi%é[]&lﬁfgﬂr%p] a,jdéﬁsﬁé’{h@ﬂu@?@éry +a?@gr|1_§x\lra(é$ e |
R err] |s f@(r@)i]@(lVSCIerr]H, -C[err]H[err] COOH, -Cerr]Herr]-Sgerr]H,
Rlerr] and Rlerr] are -C(OOH Rerr] is Hand Rerr] is pyridinyl,
I m dazolyl, pyrrolidonyl, -Clerr]Herr]-Rerr] or -
-C(O- X[err] derr] rg:[err] al kyl ene-R[err], Xerr] is -0-, -NH or
-N(Cerr]-Clerr] alkyl)Reo ©

((|3 C—C—Xs)cRg (XXIV),

H

in which

Rap is H or methyl,

c is a number from 1 to 8,

X is the groups -O-, -NH- or -N(C,-C,alkyl)-, and

Reo is @ monovalent to octavalent hydrocarbon radical having 1 to 50, preferably 1 to 30, and
with particular preference 1 to 20 C atoms.

In formula XXIV ¢ is preferably a number from 1 to 6, with particular preference from 1 to 4.

The hydrocarbon radical can comprise one or more identical or different groups selected
from ether, thioether, amine, ester, carbonate, amide, urea and urethane groups, especially
if spacer groups are introduced with chain extenders. The hydrocarbon radical can be
selected from identical or different radicals from the group of the aliphatic, cycloaliphatic,
heterocycloaliphatic  cycloaliphatic-aliphatic,  heterocycloaliphatic-aliphatic, = aromatic,
heteroaromatic, aromatic-aliphatic and heteroaromatic-aliphatic radicals.

With preference, Ry, is derived from alcohols or amines or, respectively, from polyols or
polyamines, where, in the case of the polyols and polyamines, it is possible for free OH
groups or, respectively, amine groups to be present. The monomers of the formula XXIV are

known in many cases or can be prepared by analogous techniques.

The composition of the invention may comprise an inert solvent. Inert means that the choice
of the solvents is guided by the reactivity of the constituents present in the composition, and

the solvents are selected so that no unwanted reactions are able to occur.



Rlerr] and R err] independently of one another are
-C(O-Xerr]-derr]-Cerr] alkylene-Rerr], R55 is an am ne group or an
am nonet hyl group, and R{err] is an am ne group. The ami ne group, and the
anm ne group in the am nomethyl group, congprns [sic] preferably to the
formula XX -NR[err] R err] (XX), in
which Rerr] and R err] independently of one another are H, unsubstituted
or with [sic] or —-QOCC Rerr]=CH err]-substituted [sic] (Jerr]-Clerr]-
preferably CJerr]-Clerr]- and nore preferably Cerr]-Cerr]alkyl, Cerr]-

or Jerr]- @xg,lnggglargu, MeRsh solReREYare ﬁ}?t%- 3] O'rsn%téifr&w’éolveﬂis, RbfenoRsh 58 dsed
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subsequent kihet)? HalbdBnateat ‘h&&%&&b@ﬁé‘%éﬂﬁ?l&@%&nd@ FARrSTEmef 1£2udam&roemaﬁe
are an ne roqu or hal oal rou can be reacted either wth
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customary Al t&hlof@?ﬂa%j%t%%?r 'Qt@b@tqeitwe} carhopylice @staiar 3ndaiagieres j(ethyl
bei ng possipligiel Omethlxr g;ﬁ ?loﬁéiéryet t béﬁﬁo%té e%%étﬂﬁ‘x))éﬁ{wgfd'é?é%é's'yybdtﬁolactone

sol ution or hetérogene y subsequent to
d-valerolactone, pivalolactone), carboxamides and lactams (N,N-dimethyiformamide, N,N-di-

ethylformamide, N,N-dimethylacetamide, tetramethylurea, hexamethylphosphoramide,
y-butyrolactam, e-caprolactam, N-methylpyrrolidone, N-acetylpyrrolidone, N-methyl-
caprolactam), sulfoxides (dimethyl sulfoxide), sulfones (dimethyl sulfone, diethyl sulfone,
trimethylene sulfone, tetramethylene sulfone), tertiary amines (N-methylpiperidine,
N-methylmorpholine), aliphatic and aromatic hydrocarbons such as, for example, petroleum
ether, pentane, hexane, cyclohexane, methylcyclohexane, benzene or substituted benzenes
(chlorobenzene, o-dichlorobenzene, 1,2,4-trichlorobenzene, nitrobenzene, toluene-, xylene)

and nitriles (acetonitrile, propionitrile, benzonitrile, phenylacetonitrile).

Preferred solvents from an ecological standpoint are water, alkanols and mixtures of water
and water-miscible solvents, using polymerizable monomers which are soluble in these
solvents.

The compositions of the invention are storage-stable in the absence of light and insensitive
to air and moisture, thus permitting storage and reaction without inert gas and even with
water as solvent. Prior to the photochemical polymerization the composition can be stored
as a ready-to-use formulation, which is advantageous for large-scale industrial use.
Alternatively, however, the mixing of the components can take place directly prior to

processing.

The composition of the invention can comprise formulating auxiliaries. Suitable such

auxiliaries are the compounds indicated above as solvents. Known auxiliaries are



nodi fication of surfaces of the mcroparticles These structural units
conformpreferably to the fornula XXI [err] in which Xerr] is -0-, -NH or
-N(Cerr]-Cerr] alkyl)-, R30 is Hor nmethyl, and Rl err] is
-Cerr]Herr]-CHerr]C, -derr]Herr]- %err]Br

-Clerr]H err]O-CHerr]CHerr]d, -derrJHerr]-CHerr]CHerr]Br,
-C(O-Xerr]- Jerr]-Cerr] al kerneCI

-C(O-Xerr]-Cerr]- Cg:gerr al kyl ene-Br, é’yrldl nyl, imdazolyl, pyrrolidonyl,
- [ er r] H eranfioxigants, light stabizgrs >olasticizers, elyes, -igraents, fallera/nr@wrlq @qurcmga[f@errs]

s an amn d Rlerr] is an am ne group.
For X[err]q\'@[a(ralr.*ﬁg d %| errﬁwﬁﬁrg]}éLg%g hsacﬂ%lgbed preferences and

enbodi nents apply. The pol ymer of the invention corrprl Si ng the structural
units of t forrrul gan as wel | a the a r%q%tlon bIe st ruct ur al
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composition. Insofar as the microparticles settie or become concentrated, they can be evenly

redispersed in a simple manner by stirring them again.

From the composition of the invention it is possible, through the action of actinic radiation, to
produce shaped articles of all kinds, coatings and relief images or relief structures. The
actinic radiation can range from v radiation up to the near IR range. The radiation employed
is guided essentially by the absorption of the photoinitiators used. Preference is given to the
use of light from the UV region to the visible region. Suitable radiation sources are known.
They can, for example, comprise lamps or lasers. Preference is given to the use of UV
lamps (mercury vapor lamps) or UV lasers. The period of irradiation depends on the nature

of the light source,; it can range from seconds to minutes.

If the composition of the invention additionally comprises monomers which are heat-curable
after the photoreaction as well, then heat curing may follow. In addition, a thermal
aftertreatment following the photoreaction can be advantageous.

The process of the invention is preferably carried out at room temperature to slightly
elevated temperature. An increase in temperature serves to increase the reaction rate. The
process of the invention is conducted in particular at temperatures from room temperature
up to +110°C.

A further subject of the invention is a process for polymerizing or crosslinking a
photopolymerizable and/or photocrosslinkable composition comprising (a) identical or
different nonvolatile free-radically or cationically photopolymerizable or photocrosslinkable
monomers and (b) a photoinitiator, which is characterized in that the photoinitiator is present
as a heterogeneous photoinitiator in microparticle form which consists of a finely divided



-27 - in which Xerr] is -0- and preferably -S-. Sonme exanpl es of

pol yneri zabl e radicals fromwhich the radical of the fornula XXl is derived
are 1-, 2- or 3-carboxylthioxant hone or -xanthone, thioxanthone

2-ethyl acryl ate, thio- xanthone 2-net hacr%q ate, thioxanthone

2- (oxaet hyl )acryl ate or- methycrylate [si t hi oxant hone
2-(thioethyl)acrylate or- nethycrylate [si c] t hi oxant hone- 2- acryl am de or
2-met hacryl am de [sic]. The polynmers conpri si ng the structural units of the
formul a X sdbstrater material tor minichu rdehticahi ars diffiersiné rptistainitiatorsn ernpletoinifiatars candl
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0, preferably from 98 to 0% by weight. The structural units of the formula
XI'll can b resen
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units of the fornmula XXIl1 can be present in an anmount from99 to O,
preferably from98 to 10% by wei ght. The percentages by weight add up to
100% by welThétleavage products are the breakdown products of the photoinitiator which are formed by

actinic radiation. The presence of unconsumed, covalently bonded photoinitiators depends

essentially on their concentration in the polymerizable composition.

Depending on the monomer used the polymers of the invention can have very different
properties. Some feature very high oxygen permeability, low dielectric constants, good
thermal stability and low water absorption. Others have outstanding optical properties such
as, for example, high transparency and low refractive indices, or good mechanical
properties. Furthermore, emphasis should be given to low shrinkage and the excellent
surface smoothness. As a consequence, they can be used in a very wide variety of technical
fields.

These polymers are suitable for the production of medical devices, implants or contact
lenses; for producing electronic components; as binders for coating materials; as
photocurable compositions for modeling or as adhesives for the bonding of substrates, and
as a photopolymerizable composition in stereolithography. The compositions of the invention
can also be used to produce coating materials by means of photopolymerization, in which
case on the one hand clear (transparent) and even pigmented compositions can be used.

Both white pigments and color pigments can be used.

As coats on the surface of substrate materials, the compositions of the invention feature high
bond strength. In addition, the coated materials feature very high surface smoothness and

surface luster. They are outstandingly suitable as resist materials.



In the case of the polyners of the invention conprising structural units of
the formulae VII or X, the polyners concerned are preferably enul sion

pol ymers. - 28 - The preparation of the polyners to be used in
accordance with the invention can be carrged out by the techniques known in
pol yner chem stry. The nononers are known or can be prepared by known
techni ques. Known pol yneri zation techni ques are sol ution pol ynerization,
mass (bul k) pol ynerization, enulsion polynerization and interfacial )
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t r eat ment s psacehs af thef inverdioarfpt prepamhg cmjeat matemlsaami dejntf iMagesnan SUlbsg*atﬂs in
polynmers is.also general |y known. e 8y ble, for exa

assen ¢ he Wik capesmian ol D ientan wifl, gr duffof, SHkotiacennied %, & Ra51S .
The plr epar atxbarat@l;)fot bﬁamplé rtﬁp@ippmgl msmﬁg tﬂsmmngvmnmgp nmfead:bauhg @rtsplrecqdting e
in solution, as aboye t he i cation of surfaces et er ogeneous
oacti on Bie SAUSTH QN sedhismeeh:ad B o eaEe et Meadiatoh. 91 e sehin

groups a”deH“étéd QRRBUGE & pﬂB@HﬁsR'édanHHnStl'énﬁon-lrfad@éd lafshs hrer Fé?ﬁéved with a
functionalized conpounds such as cocatal ysts, sensitizers or polynerizable

conpounds. SmiventoYlith itkis e@! oeess it Herpaseibighim |PFQ§@I°"b9f podify substrate rsurfages. t ereto

sol utions I tip.t

preparati O%F?#'\éle’? o+' ieke phﬁtggl f’s{, g’%tﬁﬁ@a{ W"Ws'% V'ﬁ tne cggé of the

i nt roduci ngreguatier of ptimteﬂam‘cults; e compositiors! sfothpoe\sarﬂ:be cao alsr by emnloyed as

subsequent s f BeRRALLERIER SloiBRloRTRrS tEBBAITbA Bt LS bhtth s Bhd ©
the use as radiation-curable printing inks for offset, screen and flexographic printing. In the

course of irradiation, the photopolymerizable coat can be masked off with a radiation-

permeable protective film.

A further subject of the present invention is a coated substrate material which is
characterized in that a coat of a composition of the invention is applied to a substrate.

Likewise a subject of the present invention is a coated substrate with a continuous or
interrupted coat of a polymer formed from identical or different nonvolatile free-radically or
cationically photopolymerizable or photocrosslinkable polymers, which is characterized in
that the polymer comprises microparticles to which identical or different cleavage products of

photoinitiators, or photoinitiators and sensitizers or coinitiators, are covalently bonded.

Suitable substrates (substrate materials) are, for example, those of glass, minerals,
ceramics, plastics, wood, semi-metals, metals, metal oxides and metal nitrides. The coat
thicknesses depend essentially on the desired use and can be for example from 0.1 to
1000 um, preferably from 0.5 to 500 ym and, with particular preference, from 1 to 100 ym.
The coated materials are notable for high bond strength and good thermal and mechanical

properties.



structural units having functional groups, and to bond pol ynerizabl e groups
and/or sensitizers or coinitiators, covalently, only to the surface of the
m croparticles. The mcroparticles of the invention are outstanding
photoinitiators for the free-radical or cgéionic polynerization, induced by
actinic radiation, of nononmers. They are of increased sensitivity, the

pol yneri zation tinme is shorter, and they form stabl e di spersions during the
pol ymeri zati on period. The physical and nechani cal Eroperties are inproved
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away from 1 ght possi el ng -advi sab e mcroparticles conprise
free-fl ow noatingvatepin avatingat i ces. They can be fornulated with ease,
formul ated systens al so having a high storage stability in the absence of

| ight. Latices can be used as such if the solubility of the nononmers in the
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phot ocr ossl i nkabl e nononmers and (b) a heterogeneous photoinitiator In

i cropart i BhAOErepsHinkAble aReMerst s of a finely divided substrate material to
whi ch identical or different photoinitiators are coval ently bonded. The

anount of the heterogeneous photoinitiator is preferably at |east 0.001% by
vei ght, noiTbe prei¢rogeisioys dlacupajsof thediettioniaieg barticblady cotable, hsurprisinghs i for @n.
The upper l'élgﬂvtely high sensitivity and relatively short reaction times, with, in addition, the conversion
of the monomers after the start of polymerization taking place within a substantially shorter
period of time compared with the same amount of photoninitiator in the homogeneous

reaction mixture (photoinitiator dissolved).

The examples which follow illustrate the invention.

A) Preparation of heterogeneous photoinitiators

Example A1: Preparing a microgel based on styrene
The following comonents [sic] are used:
96 g (0.92 mol) of styrene
96 g (0.628 mol) of vinylbenzy! chloride
8 g (0.062 mol) of divinylbenzene
16 g (0.058 mol) of a-hydroxyacetophenone p-ethoxyacrylic ester
2.8 g of K,S,0,
0.96 g of NaHSO,
10.8 g of sodium lauryl sulfate

672 ml of deionized water

Sodium lauryl sulfate and 600 mi of deionized water are charged to a flask. This initial
charge is stirred at 200 revolutions per minute, flushed with nitrogen and heated to 60 C.
20 ml of an aqueous solution of the monomers are added. After 10 minutes, 1.4 g of K,S,0;



depends on the desired photosensitivity or on the obtention of additional
effects. It is possible for up to 20% by weight, preferably up to 15% by
wei ght, nore preferably up to 10% by weight, with particular preference up
to 5% by weight and, in particular, up tgaﬁgbby wei ght to be present if it
I's essentially the photoinitiator effect- which is to be utilized. The

het er ogeneous photoinitiator can, however, be used sinultaneously as a
filler, in which case dependi ng on the substrate material it is possi ble to
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Example A2: Quaternizing
The latex obtained according to Example A1 is subsequently quaternized with
dimethylbenzylamine. The following are used:

500 g of latex according to Example A1

47.05 g of N,N-dimethylbenzylamine

620.3 g of deionized water

501.15 g of isopropanol
The stated amount of latex is charged to a flask at 200 rpom and room temperature a 1:3
mixture of water and isopropanol added except for a remaining amount of 50 ml [sic].
N,N.Dimethylbenzylamine [sic] is dissolved in the 50 ml of solvent and this solution is added
dropwise over 1.5 hours. Then the mixture is stirred at room temperature for 16 hours. This
gives a homogeneous dispersion having a pH of 7.

The product obtained is coagulated with saturated NaCl solution and the coagulated product
is filtered off, washed with deionized water and dried. Yield: 159.3 g (95% of theory).
Analysis: Clto N: 2.41 (theory 2.54).

Example A3: Introducing unsaturated groups by quaternization
The following constituents are used:
200 g of latex according to Example A1 (24.3% solids content)



nol ecul e, which are known in | arge nunbers and are described in the
literature. -30 - Anong the cationically and free-radically

pol ymeri zabl e nononers particular nention should be made of nononers havi ng
at | east one ethylenically unsaturated g[g#p, which is known to the skilled
worker in |arge nunbers. They are preferably selected fromthe group of the
substituted olefins, especially the acrylic and nethacrylic esters and
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secondary am no having 1 to 20 C atons, primary or secondary am nonet hyl
having 1 to 20 C atons; -C(OOH, -C(O-O0 derr]-Cerr]al kyl or
- hydr oxyal Iekbm%.ﬁ) Ocycl ohexyl, -C(O OCH err]cycl ohexyl, -C(O Ophenyl,

-C( O benz O -0 ( CaHerr]O) Hwth a equal to a nunber from2 to 6,
preferably @etf@ oyving components are used:

10.5 g of ethyl acrylate (0.105 mol)

1 g of butanediol dimethacrylate (0.0044 mol)

14.5 g of methacrylic acid

24 g of a-hydroxyacetophenone p-ethoxyacrylic ester (0.0862 mol)

0.8 g of sodium dodecyl sulfate and 200 ml of deionized water are charged to the reaction
flasks. This initial charge is stirred (about 250 rpm), flushed with nitrogen and heated to
80 C. The a-hydroxyacetophenone p-ethoxyacrylic ester is added and the mixture is flushed
with nitrogen for 20 minutes. Then the ethyl acrylate, butanediol dimethacrylate and the
methacrylic acid are added, and 0.5 [sic] ml of a 7% strength aqueous Na;PO, solution is
added. The supply of nitrogen is stopped and the emulsion is homogenized for 10 minutes.
Then 2 mi of an aqueous 5% strength potassium persulfate solution are added. The batch is
polymerized for 1 hour and then a further 2 ml of the aqueous 5% strength potassium
persulfate solution are added. The batch is heated at 80 C for 3 hours more. It is then filtered
over glass wool to give 248.5 g of polymer latex. The dried polymer has a glass transition

temperature of 173 C. The emulsion has a content of 19.3 per cent.

Example A5: Quaternizing the latex according to Example A4
The following constituents are used:

150 g of latex according to Example A4



and b equal to a nunber from2 to 12, preferably 2 to 6; and
~-C(O-NRerr]Rerr], in which Rerr] and R59 independently of one another
[lacuna] H, Cerr]-Cerr]-, preferably err]-Cerr] alkyl, (Jerr]-Clerr]-
preferably C2-C6hydroxyal kyl, (Cerr] -qgér] al kyl - C(O) OH,
Jerr]-Cerr]jalkyl-C(OOderr]-Clerr] alkyl or ((err]l]Herr]O-Hwth a
equal to a nunber from2 to 6, preferably 2 to 4, and b equal to a nunber
from2 to 12, preferably 2 to 6. For crosslinking, at |east diethylencially
unsat ur at ed3&dganf ¥.N-dimpsviarsinoathylroethderylate (OMAM) nonoet hyl eni ¢ organi c
conpounds, ggﬁggmé’ggrgp ngy amount s of at least 0.1% by wei ght, based on the
nonomners. ) 0S |ng agents have been nentioned before. Preferance
I S gi ven t d44l8-g afrdeioniZedwdteronal , et hyl eni cal |y unsat urated conpounds.
However, it is also possible to use only at |east diethylenically
unsaturated conpounds as nononers. In the art it is comorr to use nono- or

pol yfunct i qnal latexr il tifar@éd ft@tahdlﬁékﬂdnﬁ RSétitfed at 2amrphas,Thal MBEure ofi Water barend
wth at | east two such esters or anmides and /of th SIC

bl enct i t b ABPraRBAgk SuFREL A0 mioisrApded: T PYVAM i issotveriy 1 30 Fi e a@iuton is
monomner . Tlaﬁdét?&r%bﬁns‘ér(o@éf‘dﬁéf’hoﬁF)eanEIriHéWth‘érba?&ﬂs Reérrdd 8068 €40y hé‘uﬂ@' PNRkered

techni ques. They nay conformto 'the formul Vierr] tnwiich Rerr] 1s H
or methyl, overgia%swmmglve%&gl to 8,

B) Use Examples

Example B1: Producing relief images

100 parts by weight each of polymer particles according to Examples A1, A2 and A3 are
mixed uniformly, while stirring, with 100 parts by weight of bispentaerythrol [sic]
monohydroxy-pentaacrylate (Sartomer® 389). The mixtures are applied by knife coating to
copper laminate plates as films 8 to 10 ym thick and are covered with an 8 to 10 ym thick
film of polyvinyl alcohol. The plates are exposed from a distance of 20 cm through a mask
(Stouffer wedge) with a UV lamp. After development, a firmly adhering relief image with very
good resolution is obtained.

Example B2: Determining the reaction enthalpies
The following formulations are used:

Formulation A Formulation B

54 .4 g of hydroxyethyl methacrylate 50 g of hydroxyethyl methacrylate
50.0 g of butanediol diacrylate 50 g of butanediol diacrylate

8.09 [lacuna] o-hydroxyacetophenone (Irgacure® 22 g of latex from Example A5
2959)

307.51 ml of water/isopropanol (2:1) 288 of water/isopropanol (2:1)

Both formulations (4.3 g, 30 per cent strength in water/isopropanol)) contain the same
amount of double bonds (2.19x10° mol/g) and photoinitiator. By means of differential

scanning calometry [sic] the course of the polymerization by irradiation with an He/Cd laser



Xis the groups -0-, -NH or -N(Cerr]-Cferr] alkyl)-, and Rerr] is a
nonoval ent to octaval ent hydrocarbon radical having 1 to 50, preferably 1
to 30, and with particular preference 1 to 20 C atons. In fornula XXIV c is
preferably a nunmber from1l to 6, with pa[%'gular preference from1l to 4.
The hydrocarbon radi cal can conprise one nore identical or different
groups selected fromether, thioether, am ne, ester, carbonate, am de, urea
and urethane groups, especially if spacer groups are introduced with chain
ext ender s. aTRe5 nyndis dieauna) by rthelisothermahmiessiyreineot efcthé heat gidemoff@asla function of
di fferent gadi t . . ih,phatic,. cycl j t] .

het er ocycl g@% ;ﬁéﬂ% %{a?(cm)%{hga%%{slgé-'éi?ﬁ%‘ﬂétbl%cs&ng n rXﬁdOtﬁLf Bn@ 6hco’(omlt|ators
het er ocycl Gahdgzhatithe sarfagelufthecmicrepastiolds can Becéffactive. (Resuit:C,
aromatic-aliphatic and heteroaromatic-aliphatic radicals. Wth preference,
Rlerr] is derived from al cohols or am nes or, respectively, from polyols or

pol yam nes, where, in the casedefion PeaklsiterMisutadd PRewaiBn sk dfter 5 inutes
possible for free OH groups or, respectively, am ne groups to be present.
The nononeFermB¥latiqeAt ormul a XXI V are Khédn in many cases or 848%e prepared
by anal ogogghqstisi gues. The conpositigpgyof the invention magggeprise an
inert solvent. Inert nmeans that the choice of the solvents is guided by the
reactivity of the constituents present in the conposition, and the solvents
are selected so that no unwanted reactions are able to occur. - 32 -
Exanpl es of suitable inert solvents are protic-polar and aprotic solvents,
whi ch can be used alone or in mxtures of at |east tw sol vents. Exanpl es
are: water, al kanols (nethanol,



et hanol , propanol--butanel - et hyl ene gl ycol nononethyl or nonoethyl ether,
ethers (dibutyl ether. tetrahydrofuran, dioxane, ethylene glycol nononethyl
or di net hyl jr“u mu | :“H EME\/WO' monoet hyl or diethyl et peip—di-et-hyl-ene-
gl ycol diethyM ! ene glycol _gjnethyl ether), h&HISBHETEHAS BEEN
hydr ocar bons (nethylene chloride, chloroform 1, 2-dichlorogthan@EpPACED
1,1,1-trichloroethane, 1,1,2,2-tetrachl oroethane), carboxyrrc-esters—and

| act ones (%t Sél acetate, nethyl propionate, ethyl benzoate, 2-nethoxyet hyl
acetate, y I e, 8-val erol actone, pivalolactone), carboxam des and
| actanms (N, N-di met hyl f ormam de, N, N-di- ethylformam de,

N, N-di et hyl acetani de, tetranethyl urea, hexanethyl phosphorani de,

y-butyrol actam E-caprolactam N-nethyl pyrrolidone, N-acetyl pyrrolidone,

N-net hyl - ga O] | ; foxi de | f one s I
sul f one, dﬁe%&%ﬁéér%ﬁﬁbﬁé'ﬁ@g ﬁ?/rf gﬂé@éﬁﬁ?ng’%t @F'Fﬁ@ﬁ%eﬂg asﬁfl’é*’grﬁ{g‘i,e%y
tertiary asubstmtd Materiahtpl whicreidedticabor differehtphotainitiéitots are covaéntyiinded.and
aromati ¢ hydrocarbons such as, for exanple, petroleum ether, pentane,
hexane, cycl ohexane, nethyl cycl ohexane, benzene or substituted benzenes
(chl or obenzeProtomitiatatHcedirRtocdiim 1. chafactdrizeB lid b &R RiPopdHidiés REVEZ 8 Mean
tol uene, xylene) and nitriles (acetonitrile, propionitrile, benzonitrile,
phenyl acet BRtick;size)of figm2 & 1P &8I vents from an ecol ogi cal standpoint are
wat er, al kanols and m xtures of water and water-m scible solvents, using
pol yneri zabl e nononers which are soluble in these solvents. The

conposi t i oAsPbetoinitiataracsendingriolaims2, cthatasterizad e that theh microparticles béve aghean
and i nsensit i : i | sture, thus permtting storage and reaction
wi t hout i ng%'ltﬂglgas&sﬁaﬁﬁog@ggogﬁﬁ%\h/at er as solvent. Prior to the

phot ochem cal pol ynerization the conposition can be stored as a

o Al R i £ PR RSB L

directly ppasitletsize of from 5 to 300 nm.

5. Photoinitiator according to claim 2, characterized in that the microparticles have a mean
particle size of from 5 to 200 nm.

6. Photoinitiator according to claim 2, characterized in that the microparticles have a mean
particle size of from 5 to 100 nm.

7. Photoinitiator according to claim 1, characterized in that the substrate material is selected
from the group plastics, glass, ceramics, minerals, rocks, metal oxides, metal nitrides, metal
carbides, metals and metal alloys.

8. Photoinitiator according to claim 7, characterized in that the substrate material comprises
polymers with functional groups or subsequently surface-modified polymers for introducing
functional groups for the covalent bonding of the photoinitiators.

9. Photoinitiator according to claim 7, characterized in that the functional groups of the

inorganic substrate material comprise amine groups or hydroxyl groups.
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processi ng. The conposition of the invention can conprise fornulating
auxiliaries. Suitable-such-auxitiaries are the conpounds indicated _above as

sol vents. Known | dol A -33 - antioxidants, |ight ;STHIBISHEES $AS BEFN
pl asti ci zers, dygg |MQH%:‘M“J ers, ipgpuding reinforcingfill eRBPLACED .
| ubricants, surfa T I"d«T el ease auxiliaries. The corposttt+-on—of— ‘
the invention can be prepared by sinple m xing of the conponents, in which

context the pE toinitiators of the invention can be incorporated with
particul ar '8a B?m!m{ft‘lfi perding # claina oisharastanized im that the féncticerlareupsuef i
of the het gipgaiicastraihaleRhlldrabRiife, hjidxyli SR6684, 058,13 beiseS/ AR dr&up%l. abl e,

whi ch depends in the nmain on the viscoSity of theé conposition. Insofar as
the mcroparticles settle or becone concentrated, they can be evenly

redi spersedqi ' B by St r L : ' E | L..on
of the i nvgpl't Fgﬁtolﬁ’ztglmsfeapossf}gtg, é‘?'ﬁ‘r%’u%d??ﬁée@glﬁg@étg{?e ggﬁﬁ nclt %&sﬁ%@rﬁ?fgﬁ%
t 0 produce comppisas subsequently afodified ok miltksl, natwral orrsystheticlpolginesf | mages or
relief structures. The actinic radiation can range fromy radiation up to
the near IR range. The radi ation enployed is guided essentially by the

absor pti on 1f Phb®iriitedroadtotdifg € Slaith el chaffkétzet R that tevstibtdiitiatde is! Benddd
light fromthe UV region to the visible region, Suitable radiation sources

/ | ¢
are known. CoYRISNtYde the giibstrate material by Way of @ ridein IFPUR- asers. Preference is
given to the use of UV |anps (nmercury vapor |anps) or WV |lasers. The period

of irradiation depends on the nature of the |ight source; it can range from
seconds t o 18i Roeteigitiator according to claim 12, characterized in that the bridging group contains 1

to 30 atoms selected from the group C, O, S and N.

14. Photoinitiator according to claim 12, characterized in that the bridging group comprises a
hydrocarbon radical or a hydrocarbon radical interrupted by one or more heteroatoms
selected from the group O, Sand N

15. Photoinitiator according to claim 1, characterized in that the heterogeneous photoinitiator
consists of microparticles to whose functional groups on the surface a photoinitiator is
covalently bonded, directly or by way of a bridging group.

18. Photoinitiator according to claim 15, characterized in that the photoinitiator radical
attached to the functional groups on the surface conforms to the formula |,

-Xi-(Ry)~(X2)s-Rs-Phot M,

in which

X, and X, independently of one another are a direct bond, or X, and X, independently of one
another are -O-, -S-, -NR;-, -C(0)-0-, -O-C(0)-, -O-C(0)-0-, --S0,-0-, -0-S0,-, -0O-S0,-0O-,
-NR;-C(0)-, -C(O)}-NR;-, -NR,-C(0)-O-, O-C(O)-NR,-, NR,C(O)-NR,-, -NR,-SO,-,
-S0,-NR;-, -NR;-S0,-0-, O-SO,-NR;- or -NR,-SO,-NR,- ,

R, is a bivalent bridging group, |

Phot is a monovalent radical of a photoinitiator,
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| f the conposition of the invention additionally conprises nDnoners mhlch
are heat-curable after the photoreaction as well, then heat

HIs"ey
follow. In addi ftertreatment foIIovmngthe hoto
can be advant agmmm"m"mnl,mm,a of the |Q entlon is pref era‘bJ \. ri}fr%&
at roomtenperatturé tb stightlty el evated tenperature. An i ncrease in
tenperature serves to increase the reaction rate. The process of the
invention is conducted in particular at tenperatures fromroomtenperature
up to +110[Ferth]&G:CuelikihrG:her Coayploalkyl, 64 arttecyainatvimethylios -ethyr phanyk beasyl or 1-
pol ymeri zi MheRYle ﬂ:,er?,sl i nking a photopol yneri zabl e and/ or photocrosslinkable
conposition conpris (a) identical or different nonvolatile
free-radi cdtliya drreztd:tohdrﬁ)c@laalilylpm)tﬁzpoﬂ Qepcloalkylens, €- Qz&anylem osGJ-Cparalkylene,

e e By R R ot B MR D RSB 8T e e

m croparticle formwhich consists of a fi neI y d| vi ded -34 - substrate
Dhot of ni t 1 A7oPRSiRaERcEetHingita Slaim 35; Hharhdipires n 114 theakalont bridoing areup is a
Anot her  sulpygicabnt Fb@hdaﬂ\vﬁ{%H Q;Bnt%l’r@ 4he Bol E”Bfo'ﬁ'\é)l&hé' Whieh e;s%ﬁémb&med or
process of the invention, fornmed fromidenti cal ferent nonvolatile

free-radi c&HMPstitged one op AoFatimes Bh@ﬁ-@p@hﬂn@rC@ékﬂxé Obr-ophot ocr ossl i nkabl e
nononers, which polyners are characterized in that they conprise

m croparticles to which identical or different cleavage products of

phot oi ni t i 48oPhotainitigtbroacdonding 4¢ claimatil charestarizedris tbat thei mydracarimons radivab is

coval ently i&gﬁﬁﬁgd one or more times with heteroatoms selected from the group -O-, -S- and -NR,-,
where R; is H or C,-C,alkyl.

BI:EI\L !

venad

19. Photoinitiator according to claim 16, characterized in that the photoinitiators from which
the radical of the formula | is derived are benzoin, hydroxybenzoin, and hydroxyalkylated
benzoin derivatives.

20. Photoinitiator according to claim 19, characterized in that the photoinitiators from which

the radical of the formula | is derived conform to the formula I,

9 ] 9 1}
0—9‘@ (n,
R R

in which

R, is H, C,-Cgalkyl, C,-Cghydroxyalkyl, cyclohexyl, phenyl or benzyl, Ry is H, C,-Cgalkyl,
C,-Cghydroxalky! [sic] or C,-Cscarboxylalkyl, and R, Rs, R; and Ry independently of one
another are H, C,-C,-alkyl, C,-C,alkoxy, F or Cl; or

R, is C-Cghydroxyalkyl or C,-C¢carboxylalkyl, R, is C,-Czalkyl, cyclohexyl, pheny! or benzyl,
and R;, Rg, R; and Ry independently of one another are H, C,-C,alkyl, C,~C,alkoxy, F or CI;
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The cl eavage products are 't he breakdown products of the photoinitiator

whi ch are forne Lo pation. The presence of unconsuned,
covalently bond ll ['ml“)‘“"ﬂl
e pol wre

s depends essentially on theiTH|S SHEET !
concentration ins ] za!)ll e conposiyi on. Depending of the EET HAS BEEN

used the polymers of the invention can have very different p - ae__j
feature very high oxygen perneability, low dielectric constants, good

thermal stability and | ow water absorption. Qthers have outstandi n%v@q_pt i cal
properti es °58@H RafRe. Roand Raifohyroxy and thenthkara aenidy Calsaliyb ¢ r&plkaxy.ifer Cl, R,

I ndi ces, or o} _ge&,t@@i p ' urj.he ) I SeS
given to I(%?Ng-gh% nf<age h%gh%)ﬁ%)&e%gr%zyrﬁﬁéurp agg‘%%otéﬂ?@?” %B&deoﬁakyl,
consequenceyclohexyl, phanylorbemzylin a very wide variety of technical fields.
These polyners are suitable for the production of nedical devices, inplants
or contact |enses; for producing electronic conponents; as binders for
cgﬁti ng ma]'Ezar Phbtblnti)tm%rfﬁmbmtgf mg:bwmwrmi&%amw ﬁmfhhaﬁﬂ@bli\dlﬁnm.étoaifrom which
adhesi ves for the i_n substrates, apd as a. phot opol yneri zabl e
conposi ti ofN§ F?dg"@éi’ﬁg?if?rﬂwgar Lis deriv e@b%ﬁ@%xveﬁwmgmneﬁhe i nvention can

al so be used to produce coating materials by nmeans of photopol ynerizati on,

I n which case on the one hand clear (transparent) and even pi gnented

conposi t i o#2. Phstoindiatercaaccomintoglaime2 bichaastasizad in that the phajoinitiatorss fiombwhich
used. As c . ' t he conpositions of
t he i nvent ?’gtlh ea% {DﬁgeE#gﬂ%@ﬁgggﬁg;%?%ﬁﬁpnmé@%magﬂ the coated materials

feature very high surface snoothness and surface luster. They are
outstandingly suitable as resist materials.

12 I? $1°
@‘0—9-0&3 am,
R11

R,

in which

R, is H, C,-C,alkyl, C,-C,alkoxy, F, or CI;

Ry and Ry, independently of one another are C,-C,, alkyl, Cs- or Cycycloalkyl, phenyl or
phenyl-C,-C,alkyl, or Ry, and R,, together are -C H,,- and n is a number from 3 to 7;

Ry is H, -OH, -SH, C,-Cihydroxyalkyloxy or C,-Cghydroxyalkyithio; and

Rys is H, C;-Cealkyl, Cs- or Cseycloalkyl, phenyl or benzyl,

with the proviso that R,; is not H if R,3 is H, C,-Csalkyl, C;- or Cecycloalkyl, phenyl or benzyi.

23. Photoinitiator according to claim 16, characterized in that the photoinitiators from which
the radical of the formula | is derived are hydroxyl-containing benzil ketals.

24. Photoinitiator according to claim 23, characterized in that the photoinitiators from which
the radical of the formula | is derived conform to the formula 1V,
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-35 - The phot ocurabfer conposi-t-Lons of the invention are particularly

further subj ect is a variant of the procesg

sui table for th Ei@n of ot ective coats and relief inmages. A

i nvention for pr ep terials_gad relief images jEﬁLQJﬁgEEEHé&BEEN
in which a conpositi on of the |nventi on with or wthout sol yent iREPAABED ed

as a coat to a substrate, for exanple by dipping, brushing, pouriig,

rolling, knife coating or spin coating, the solvent (if used) is renoved,

and the coat is pol gperized by irradiation, or the coat is irradiated

t hrough a phot omask axg heﬁ?tr%Rmon-i rradi ated areas are renoved with a

solvent. Wth this prig 5—iCt—G—pgksi bl e to protect or n)f y substrate

surfaces, or to producefor e Ll e, printed circuits, printing plates or

printing rollers. In the case of 'the production of prlnted circuits, the

conpositions of the i nvéntion can al so be enpl oyed as sol der resists.

Furt her possible applications are the production of screen printing nmasks,

and the use as radiation-curable printing inks for offset, screen and

f | exogr aphirewpichnting. In the course of irradiation, the photopol ynerizable

coat can be, nmaskad .of f t ra'at'_on- permeabl e protective film A

further su%ﬁ @r%ﬁ‘.‘@"%@@ﬁ‘? %l lion is a coated substrate material

whi ch is clryyigcOer Lmecbzl.(pshzm;(ya'mm@tor@‘ L-GihgdtbR@Myithien of the invention is
ewi se a subé‘ect of the present invention is a

applied to_a sugé‘;ate

coated sub$ts 202 R ifepepdarty reforre gpothes are ﬁn%eikﬂo&s 8F Caeysinalkyb rPhegyingi
from i dent ipghyg,-clakfier ent nonvolatile free-radically or cationically
phot opol yrrerl zabl e or phot ocrosslinkabl e gol ynmers, which is characterized

in that th&p@?@/hﬂogﬁéhﬁﬂar%@s%l&ﬂ@mm¢z alkenyengjand i dentical or

di fferent r .
slensi tizer ?r@?gggﬁjnqg{t&gyo%&? (E O\h'gf| %’hé%%bgﬁgﬂ éu&@ﬁ.}t? M@LOA@ ra gclally
(substrat ephemnyrial s) are, for exarrpl e, those of glass, mnerals,

25. Photoinitiator according to claim 16, characterized in that the photoinitiators from which
the radical of the formula | is derived are a—aminoalkylphenones which contain hydroxyl

groups, thiol groups or -NHR, groups.

26. Photoinitiator according to claim 23, characterized in that the photoinitiators from which
the radical of the formula | is derived conform to formula V,

Q Ry
@"C_?_NRszo V),
Ris

in which

R; is H, C,-C,alkyl, C,-C,alkoxy, F or Cl;

Ri is -OH, -SH, -NHR,, C,-Cshydroxyalkyloxy or C,-Cghydroxyalkyithio or C,-Ce-
hydroxyalkyl-NR;- and R, is H, C,-C,,alkyl, Cs- or Ceeycloalkyl, Cs- or Cicycloalkylmethyl or -
ethyl, phenyl, benzyl or 1-phenyleth-2-yl;
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ceram cs, plastics,.wod, sem -netals, netals, netal oxides and netal
nitrides. The coat thicknésses" ‘depend essentlal ly on the dep SH§§H§ BRE BEEN

can be for exa 1000 [err]m preferably fromn _
[err] mand, Wmﬂumﬂﬂﬂﬂﬂ Hmf erence, fygm 1 to 100 [err] m—T mag.e%mm
materials are notabl & f&r hi gh bond strength and good thermal and

nmechani cal propertles -36 - The preparation of the coated materials of

th t by k t hod h for ex

br ushi ng. T A3 domiRBRGRILY 35, MECHIO FEchrs oY, Sarch GecHelamlklh oo 86 Gemg

or spin coaytibaikyifettyl bhedth Ubhéh?yll mﬁen&meths%rqf pétfieth 29198} uhers the phenyl
AT f o

photoinitiators I n mcroF form whi ch consi st of I nely divid
substrat e GEQURSiae upeubatiiuted CPf(féthtit@f&ﬂ by rC el kit arr(- CE»BIKDK)&I @ndi ators are

I I f
coval ent| ¥ BAT ! Rsebck A b oAb SRACHLL I 2l . cuyromyalon,
[ I acuna] ofCst ﬂeCdcmolealkylpﬁs @r@stfjmlva:kqmmh)rly:r rathyl pphenyls phqmylmeﬂ’ngllqﬂ -penyleth-2-
I I t t acti.o
d 1 on, hdSeh BBl b hefilcotelng ks vl dibfhbed, B, sistuted B il B,
t aki ng pl a@s- Gl,yalkbxy) oansm R} togdther 8 Yo, PECH A -CH,CHYD-CRITHL 0F-CHOM,-

t he sane arﬁg_{r# photoninitiator in the honbgeneous reaction m xture
(phot oi ni ti H "53@" ed) The exanples which followillustrate the

i nvention. RY)is 1,eECRkaIKN OLCHIERRPARMNCOLSoP BXYRIRIKYI, &LT6F Coeycloalkylmethy! or
-ethyl, phenyl, benzyl or 1-phenyleth-2-yl.

27. Photoinitiator according to claim 1, characterized in that the amount of the photoinitiators
bonded covalently to the substrate material is from 0.0001 to 100% by weight, based on the
substrate material.

28. Photoinitiator according to claim 27, characterized in that the amount of the
photoinitiators bonded covalently to the substrate material is from 0.1 to 100% by weight,

based on the substrate material.

29. Photoinitiator according to claim 27, characterized in that the amount of the
photoinitiators bonded covalently to the substrate material is from 1 to 90% by weight, based
on the substrate material.

30. Photoinitiator according to claim 27, characterized in that the amount of the
photoinitiators bonded covalently to the substrate material is from 2 to 80% by weight, based
on the substrate material.

31. Photoinitiator according to claim 27, characterized in that the amount of the
photoinitiators bonded covalently to the substrate material is from 20 to 80% by weight,
based on the substrate material.
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ExanDl e Al: Preparing a mcrogel based on styrene The foll ow ng cononents

[sic] are used: 96-g=(0.92 nol)” 6f styrene 96 g (0.628 nol)_of vinyl benzyl
chloride 8 g (Q. I iagf Nyl benzene 16 g (0. 058 nol S SHEET HAS BEEN
a- hydr oxyacet o ﬂilﬂmg ﬁ((nlrl m‘:ryl ic estgy_2.8 g of KlerrjSlerr Lk

0.96 g of NaHS c : s Ofx sodium |l auryl sulfate 672 m =Y I

wat er Sodi um |l auryl sulfate and 600 ml of deionized water are charged to a

flask. This initial charge is stirred at 200 revol uti ons per

m nut e,

f1 ushed wi 88 rfthotinjligton AscarEinge & 1aiwo 1C. chatadigrized ian thay uadsditionally Aensitizess.
t he nononeLsing; ] , [ [ r ;

1537 i ssor e e g Bondes BhRMrRY 19 oRtatEl AR L Wl & fhetonal
iin [sic] @radpsof water are added. The renmi nder of the nononers is added
slowy thereafter over the course of one hour. Subsequently, the remaining
1.4 g of Klerr]S[err]Jerr] and 0.48 g of NaHSOJ err] are added and the

m xt ur e i s 38t Photeinitiator asctrdingsto diaimg32; eh8ractelized (Ot tife arhewnt\of thd sensitizers

aqueous enul si on '(agoaftﬁﬁéwfrgﬂ%mﬁ{'% eri a ion,B qghlgrf%‘%b‘%@gﬁgalg%ggﬁgﬁr&

coagul at ed 3 CRINE § flegm
dei oni zed vight, baa€d bh &k sliisedtel Matéasiuo. This gives 24 g of pol ymer,

34. Photoinitiator according to claim 1, characterized in that there are additionally bonded
ionogenically or covalently to the substrate material free-radically or cationically
photopolymerizable organic compounds which correspond to the type of organic compounds

used in the polymerizable composition.

35. Photoinitiator according to claim 34, characterized in that the radicals bonded covalently

to the substrate material are ethylenically unsaturated organic compounds of the formula Vi,
-X1-(R1)~(X2)s-Ra-CR2=CHRy, (Vh,

in which

X and X; independently of one another are a direct bond, or X, and X, together with the

functional group independently of one another are -O-, -S-, -NR,-, -C(0)-O-, -O-C(0)-, -O-

C(0)-0-, ~-80,-0-, -0-80;-, -0-SO,-0-, -NR,-C(0)-, -C(0)-NR,-, -NR,-C(0)-O-, O-C(O)-

NR,-,

-NR-C(0)-NRy~, -NR;-SO;-, -SO,-NR3-, -NR,-S0,-O-, O-SO,-NR,- or -NR,-SO,-NR,-,

R, is a bivalent bridging group,

R; is H, C,-C,zalkyl, Cs- or Cecycloalkyl, Cs- or Cgeycloalkylmethyl or -ethyl, phenyl, benzyl or

1-phenyleth-2-yl,

R, is a direct bond, C,-C,salkylene, C;- or Cscycloalkylene, C.-C,,arylene or C,-C,,aralkylene,

ris the number 0 or 1 and s is the number O or 1, and sis 0 if ris 0;

Ry, is H or C,-C,alkyl; and

Ry is H, C,-C,,alkyl, phenyl or benzyl.
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corresponding to a content of the latex of 24% (theory 24. 3% The chlorine

content is determned as 9791% (theory: 10.01%. The size
particles in th n is determ ned by means cﬁ'ﬂﬁﬁﬁ|%ﬂ‘éw
light scatterin Immmi#m ml Deternigation of the parfticl eREPRACESY

el ectronm croscopy g¢gi ves,n I 18 geod correspondence, 50 nm Exanple A2:
Quat erni zi ng The | at ex obt ai ned according to Exanple Al is subsequently
guat erni zed wi t h di net hyl benzyl ami ne. The follow ng are used: 500 g of

|'at ex accoP®i F?ﬂj’t‘?'ﬁ't'é%ﬁ?ﬁ%dlm claigr34y cheradtexized incthalthe emopnbefi the igpgerica)lyof
dei oni zed (! t

charged t O&g&ﬁagg 9,1 bgﬁ%&'o ﬂ%ﬁ r‘?@ﬁéc]@%% %‘?"1%“3& ?Q%ﬁgy@g@#@teﬁrg&ah@e&mﬂoﬁn % 's
and i sopr ofsamd).0C01dte @9H898%+ byf weight, baseri oni thg sabstrate matermad nM [ sic].

N, N. Di et hyl benzyl amine [sic] is dissolved in the 50 mM of solvent and this
solution is added dropw se over 1.5 hours. Then the mxture is stirred at

room terrpeB‘&t Bhatoihitiatol Gacbording. toTélaim 9] eRsradteifaDBEMAD Ui ﬁbl?lﬂ@fsstmehﬁ‘dl ag a
pH of 7. wgroduct obt ai ned is coagulated with saturated NaCl sol ution
a@ R QnesmpRQya

and the co t gRdicals,gfdigentica) enfifreatphoteiniiatoes  argnd

dried. Yi eb@bale?ﬁl?b@n&bo(,aﬁg/étgfortb?WyYGfa bﬁagin Yréup. G to N 2.41 (theory
2.54). Exanple A3: Introducing unsaturate groups by quaterni zation The

foll ow ng constituents are used: 200 g of |atex according to Exanple Al
(24. 3% sol sglspkABihfatot according to claim 37, characterized in that the polymers concerned are

addition polymers with from 100 to 0.1 mol-% of identical or different structural units of the
formula Vi,

(v,

R,s X1'(R1)r'(xz)s'Rs°Ph°t
and from 0 to 99.8 mol-% of identical or different structural units of the formula Vi

(Vil),

in which

X, and X, independently of one another are a direct bond, or X, and X, together with the
functional group independently of one another are -O-, -S-, -NR,-, -C(O)-O-, -O-C(0)-, -O-
C(0)-O-, --80,-0-, -0-80,-, -0-S0,-0-, -NR,-C(0)-, -C(O)-NR;-, -NR,-C(0)-0-, O-C(0)-
NR;-,

-NR,-C(O)-NR;-, “NR;-SO,-, -SO,-NR,-, -NR,-SO,-0O-, O-SO,-NR,- or -NR,-SO,-NR,-,

R, is a bivalent bridging group,

Phot is a monovalent radical of a photoinitiator,

R. is H, C,-C,,alkyl, Cs- or Cecycloalkyl, Cs- or Ceeycloalkylmethy! or -ethyl, phenyl, benzyl or
1-phenyleth-2-yl,
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- 38 - 22.01 g of-- 2- di-pet-hyl am-noet hyl nethacrylate (DVAM 273.5 g of

dei oni zed water 212.4 of i anol. A 1:3 mxture of water/isopropanol
i s charged, excepltr HE ak@am)unt of 50 M, with thdg A ]
flask and is stir B l nd then, OMVA in 50 nl of ﬂ-ﬂg%)ﬂE;E?%—f’Ag BEEN}
wat er /i sopr opanol (1 3) |s added dr opw se at room tenperatudre ov@&c' lﬂf\@ .

hours. Then stirring is continued at 60 C for 16 hours. The resulting
honogeneous enul sion has a pH of 7. The emulsion is coagulated with 50 m

of sat ur at Balisiadirect bpad. iCorCwalittiens: Corariycyaloaiotenepf-CoaryianerriiitGearalkyldne.he
pol ymer i spkithd ﬁﬁﬁge%?gﬁwg@%‘wnﬁ’ﬁb@?E%W tda; py dried at 50 Cin

vacuo. i eI X eory I"entn anal ysi's ratio C to N
2. 65 (t heoRy:ang Ry indepariieptiy ofighe ariotheraire blv\,Cngtsaikmmq@;aarsl ar®-Csardikyl] 0. 5

of ethyl aﬁry%]ﬁt&tﬁggﬁ%gg-'g%' g of butanediol dinethacrylate (0.0044 m)l)

14.5 g of acr ®of a- hydroxyacet ophenone p-ethoxyacrylic
ester (0. 08@23 hiDC) GQaIByI,gp@C,oa@dd)rlm-(deemyl sul fate and 200 M of dei oni zed

(Rbout 250k Fe bR B ek Getidland heated to 80 C. The — o
a- hydroxyaRgt,Qthn@;Qkﬂbgt(t@ma@ryI Ic ester is added and the m xture is
fl ushed R29 is H, C-Cgalkyl, C¢-C,oaryl, C,-C,zaralkyl, imidazolyl, pyrrolidonyl, F, Cl, CN or the group
X:-(Ry)-(X2)s-H, and
Rs is H, K, Na, C,-C,salkyl, C,-C,shydroxyalkyl, cyclohexyl, cyclopentyl, cyclohexylmethyl,
phenyl, C;-C,alkylphenyl, benzyl or C,-C,alkylphenylbenzyl.

39. Photoinitiator according to claim 37, characterized in that from 0.1 to 100 mol-% of the

structural units of the formula VIl are replaced by structural units of the formula IX,

R R
i 26 I 27
T (X),

I
Ras Xi-(R,) r—(Xz) s—Rs-Sens

in which Ry, R;, Ry, Ry, Ry, Xy, Xo, r and s independently are as defined in claim 38, and

Sens is the monovalent radical of a coinitiator, sensitizer or both.

40. Photoinitiator according to claim 37, characterized in that the polymer additionally
comprises covalently bonded radicals of ethylenically unsaturated organic compounds as
structural units of the formula X,

R.. R
12827 (X),
Rz X,—(R,)r-(X2)§R3-0R2,=CHR22
in which
This Sheet Has Been Repl
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W th nitrogen for—20—mnutes: Then the ethyl acrylate, butanedi ol

di met hacryl ate an c acid are added, and 0.5
strength aqueous m ﬁﬂm MMDI s added. The suppl y of nit LTB%@H%EHAS BELN’
st opped and the eni zed fgy_ 10 minutes. Then 2 MERGACER {

aqueous 5% strength pot assi um persul fate sol ution are added. The batch T3
pol ymeri zed for hour and then a further 2 m of the aqueous 5% strength
pot assi um ersulfate solution are added. The batch is heated at 80 C for 3

hours nor eX BRdi%s indaRengentlycofcanecanathesi aig# disat bpad.gw\/& emtaxastgpetﬁerwtwmr

| at ex. The o5 _-__ L

emul si on hfaLg‘Eg&(%cl) A nﬁ&?%‘*@"ﬁ%r ce%teti %{Frp e & E?Oféz)l ngz;)gtgté?a | at ex
accordi ng C&DEQan**pS@z-m T8-S0l +Qrﬁﬂa@-coNBt-C(ant@(CﬁfM?zuséiRz-Q@) Qr, @-G(@-ex
accordi ng Exarrpl e A -39 - 15.34 g of N, N-di nmet hyl am noet hyl

nmet hacryl a e?(DMAM 132.9 g of isopropanol 144.8 g of deiohized water The

latex is cHNRZBD)ENRA, NRSOANSO, MR, I-NReSCH0-200SOPNR,-IdreNRL-8OHNR Qf  wat er
and isopro anol for 30 M, is added. The DMMAM is dissolved in this
30 nl, the l{:w% tlekg'dgﬁ’@&ﬁméﬁvopw se (over one hour) and then the batch is

stirred at R§% t¢ ¢ .o, 81kNO0L-%r Ogéyddalkyl, [0.L6e0,coMBakEMBEYI $Rthyl, PhBhy Cochfi &
B) Use Exanple
1-phenyleth-2-yl
R; is a direct bond, C,-C,galkylene, Cs- or Cqeycloalkylene, C¢-Ciqarylene or C,-C,.aralkylene,
ris the number O or 1 and s is the numberQOor 1, andsis 0ifris O;
R, is H or C;-C,alkyl, especially methyl;
Rz is H, C,-C,,alkyl, phenyl or benzyl; and

R, Ry; and Ry, are as defined defined [sic] in claim 38.

41. Photoinitiator according to claim 37, characterized in that the structural units of the
formula X replace from 0.1 to 99.9999 mol-% of the structural units of the formula ViI.

42. Photoinitiator according to claim 37, characterized in that the polymer additionally

comprises structural units of an at least difunctional monomer as crosslinking agent.

43. Photoinitiator according to claim 37, characterized in that the polymers comprise at least
one structural unit of the formula XI,

H Rs

|
H X(Ry)-(X,)gRy-Phot
(X1),

in which Ry is H or methyl and X,, X,, R;, R;, Phot, r and s are as defined in claim 38.

44. Photoinitiator according to claim 43, characterized in that the group
-X;~(R)(X2)s~-Rs- in the structural units of the formula Xl is -C(0)-O-, -C(0)-O-C,-Calkylene-
O-, -C(0)-0-(C,-Csalkylene-0),- where u is equal to a number from 2 to 10, C(0)-O-(C,-
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Exanpl e Bl: Producing rel.ief _imges 100 parts by wei ght each of pol yner
-particles according to Exanples Al, A2 and A3 are m xed unrf-—m*rﬂg;p«-vm
il THIS S

EET HAS BEEN |
easott MRAR, o o s ey, Lo e St e

nonohydr oxy- pent

ed

knife coating to copper | ani nat é pl ates as fI|ITB 8 to 10 [err[mThrck and
are covered with an 8 to 10 [err]mthick filmof polyvi nyI al cohol . The
plates are exposed froma distance of 20 cmthrou h a mask (btouffer Wedge)
with a U PelilensrObCidealyisprewheres 'ﬁlarwngbeamqm iy 10 and & (OhRbe-Caplkvenesr y
good resolgtion is obtained. Exanple B2: Determning the reaction

ent hal pies The follow ng fornul ati ons are used: Fornulation A

Forrmul ation B 54.4 g of hydroxyethyl nethacrylate 50 g of

hydr oxyet h t g
of but anedlwgl d‘s‘ g@?é k%{:@@@g%%&é@&n cﬂgﬁa@ ﬁ%ﬁ@é’@g{ o;lt)'ﬂé Faghcgl F Pcr’tg%ocntﬁ?re gtrgr]
22 g of | atefofmuae Exarrpl e A5 2959) 307.51 ml of water/isopropanol (2:1)
288 of water/isopropanol (2:1) Both formulations (4.3 g, 30 per cent
strength in water/isopropanol)) contain the sane anount of doubl e bonds
(2.19x10-[err] noly g) and photoinitiagor. By means of djl ferentlal scanni ng

calonetry [sic] t | of the polg rization by |r||ra[rI wth an
He/ Cd Iaser@) -C
H

0-C(0)-

=0

o QHG She;

in which

Rs and R;, independently of one another are C,-Cgalkyl, C;-Cealkenyl, Cs- or Cqcycloalkyl,
C,-Cparalkyl, or Ri;, and R;, together are tetra- or pentamethylene, R, and R
independently of one another are C,-C,,alkyl, Cs- or Cscycloalkyl, C,-C,,-{lacuna], or R3, and
Rss together are tetramethylene, pentamethylene, -CH,CH,-O-CH,CH,- or
-CH,CH,-N(C,-C,alkyl)-CH,CH,, and Rj;; and R;; independently of one another are
C,-Cealkoxy, Cs or Cgeycloalkoxy, phenyloxy or phenyl-C;-C,alkoxy, or Rj; and Ry, together
are C,-C,alkylenedioxyl or C,-C,alkenylenedioxyl.
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at 325 nmis [lacuna] by the-isothermal measurenent of the heat given off

‘as a function of tj ' the conparison it should.be horne in
m nd that only phl)’"’"“ % f‘)@ﬂded at the surface of th@HI8 SHEPRHAEBEES |
can be effective. Resallt: Deak _ajot.er m nutes React igEpl AR f

after 6 mnutes Fornul ati on A 5.73
41. 9% Fornul ation B 3. 67 88. 9%

- 41 - PAT ALNG 1. Heterogeneo hotoinitjatgr in the form of
i cr opar ¢ 1 58 EAADRRIr oRuRingR, RE) d3s Foaagierzedh $iat GoWTHH i AN 4n the
consi sts oftretirainglits o¥itheé SmuRLIRPAISS CBMPRSEY idahtidaP oMBifféfent SRIthARLINIEY of the
different photoinitiators are covalently bonded. 2. Photoinitiator
accordi ng BngleAlln 1, characterized in that the substrate material is
selected fromthe group plastics, glass, ceramcs, mnerals, rocks, netal
oxi des, netal nitrides, netal carbides, netals and netal alloys. 3.
Photoi niti ator accordnng%go claim 2, characterized in that the substrate
mat eri al conprises EQ%%?§L§ wi th functional groups or subsequently
surface-nodi fied pol yiferis for introducing functional groups for the
coval ent bondi ng of tHe XpkR)XpER{tt ors. 4. Photoinitiator according to
claim1, characterized in that the heterogeneous phot ¢Xihjti ator consists of
m croparticles to whose functional groups on the surface a photoinitiator
is coval ently bonded, directly or by way of a bridging group.

in which Rg, X4, X3, Ry, Rs, r and s are as defined in claim 38.

47. Photoinitiator according to claim 43, characterized in that the polymer in addition to the
structural units of the formula X| also comprises identical or different structural units of the
formula XIil,

" 8
—Cl:—(':— i,
H R

R3o is H or methyl, and

Rs is H, Ci-Chalkyl, C,-Cialkoxy, -CN, Cl, phenyl, pyrrolidonyl, pyridinyl, imidazolyl,
-G(O)ORg or -C(O)-NR R4,

Rss is H or C,-C,s- and preferably C,-C,,alkyl, and

Ry and R, independently of one another are H or C,-C,,- and preferably C,-Cgalkyl.

48. Photoinitiator according to claim 43, characterized in that polymer having structural units
of the formula Xl and, if desired, of the formulae X!l and Xll! is crosslinked with identical or
different structural units of the formulae XIV or XV,

o i
Reada
H H H

— ' (XIV),

I-0O—XI
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5. Photoinitiator according to claim4, characterized in that the
photoinitiator rad o the functional groups ongthe-surface
conforms to the ‘WM ‘mﬂm‘a@m (Rlerr])[err] (X err])[err] THSSHEETPHAS BEEN
(1), in which X[ ert] * ndependggt!y of one anothef areREPHACE!
bond, or X err] and Xerr] mdependently of one another are U~ TS+ ,
-NRerr]-, -C(O-0, -O0C(O-, -0CCO- --SJerr]-0, -0- SCIerr]-
-0-SJerr]-0-, -NRerr]-C(O-, -C(O- NR[err] -NR[err] - C(O)-

OC(O-NR[err]- NR[eHr mC(O) NR[err] -Nlﬂa@hir] SJerr]-

-sOerr]-NRerr] - %ng{,g SLL] - NR[err]- orxv),
-NR[err]-SJerr] - NR[elrr |val ent bridging group, Phot is a
monoval ent radical of? a phot0| nltlator R[é‘fr']I H derr]-Cerr]al kyl,

Cerr]- or Jerr]cycloalkyl, Cerr]- or (Jerr] cycloal kyl methyl or -ethyl,
phenyl , benzyl or 1- phenyleth-2-yl, -42 - Rerr] is a direct bond,
Clerr]-d o whical kylene, Cferr]- or (Jerr] cycloal kylene, Cferr]-(err]
arylene or_ (Jerr] err] aralkylene, r is the number O or 1 and s is the
number 0 dlwoigFhaomsthys 0 if r is 0. 6. Photoinitiator according to claims5,
characteri t fat 0, n| tors fromwhich the radical of the
formul a | )@?sdé%p::rvlgg a Igﬁgggi%l %fgr oxybenzoi n, and hydroxyal kyl at ed

benzoi n dd} isati-Bgsand prd%&rablglml-(tdaMyMneacyanxyigne ayclohéxylenedinhatnyderiecon Xed

in that the photal B0 L& &9 k?;lgnre(%a-mélﬁyqerge%)m 20~ Co-Cealkylene-.

49, Photoinitiator according to claim 43, characterized in that polymer comprising structural
units of the formula Xl and, if desired, structural units of the formulae Xil, XHli, XIV and/or XV
in addition comprise [sic] identical or different ionogenic structural units of the formulae [sic}]

" 7
—C—C— (XVi),
R,R

in which

Rag is H or methyl, and

Ry is H and Ry is ~C(O)OR,s, -SO3R s, -CsHs-COOR,s, -CoH-SO3R,s, -ColHy-Ryg OF
-C(O)-X-C,-Cealkylene-R,;,

Rss and Ry, independently of one another are -C(O)OR s or -C(0)-X,-C,~-Csalkylene-R,;,
R,s is an alkali metal, preferably Li, Na or K,

R, is an ammonium group or an ammonium methyl group, and

R,z is an ammonium group.

50. Photoinitiator according to claim 43, characterized in that the polymer having the
structural units of the formula Xl and, if desired, structural units of the formulae Xii, Xiil, XiV,
and/or XV in addition comprises identical or different structural units of the formulae XViil
and XIX,
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radi cal of the fornmula | is _derived are a-hydroxyal kyl phenones. 8.
- Photoinitiator "according to claimb5, characterized in that the

photoi nitiators i mam‘ dical of the fornmula I is derived are
hydr oxyl - cont ai nmﬁmm&m‘m . 9. Bhptoinitiator acqg:-di-ng—t-g—s-l-ai-m—S—,
characterized iin'that the phcotoi*nitiators from which t he THISi SHAETAAS BEEN
formula | is derived are [err]-am noal kyl phenones whi ch icont aREPAGCHDD XY
groups, thiol groups or -NHR2 groups. 10. Photoiniti ator-accordrmg - to trarm
1, characterized in that the anmount of the photoinitiators bonded
covalently to the su@s%ﬁ:te material is from0.0001 to 100% by wei ght,

based on the substraje’material. 11. Photoinitiator according to claim1,
characterized in ttaf—&dditional ly sensitizers, coi niXVillors or both are
bonded coval ently togrtlge substrate material by way of functional groups.

12. Photoinitiator ac®fding to claimi1l, characterized in that the anount
of the sensitizers and coinitiators bonded covalently to the substrate
material is fromO0.0001 to 99.9999% by wei ght, based on the substrate
material. 13. Photoipifg ator according to claiml1, characterized in that
there are additional Iy IBonded i onogenically or coval ?\)gg y to the substrate
mat eri al free-radicaflyy or cationically photopol yrmer | e organic
conpounds whi ch corrRgind to the type of organic conpounds used in the

pol ynmeri zabl e conposition. REPLACEMENT SHEET

in which

R is H or methyl,

Rs; is H and R, is -C{O)OH, -SO;H, -C¢H,-COOH, -C4H,-SO3H,

Rs; and R;, are -C(O)OH,

Rs4 is H and Rg;, is pyridinyl, imidazolyl, pyrrolidonyl, -C¢H,-Rss or -C(0O)-X-C,-Csalkylene-Rgg,
X, is ~O-, -NH- or -N(C,-C,alkyl),

Rss and R;, independently of one another are -C(0)-X,-C,-Cgalkylene-Rss,

Rss is an amine group or an aminomethyl group, and

Res is an amine group.

51. Photoinitiator according to claim 43, characterized in that the polymer having the
structural units of the formula Xi and, if desired, structural units of the formulae XH, XiHi, XIV,
and/or XV additionally comprises identical or different structural units of the formula XXi,

TR
—C—C— (XXi),
H R

in which

X4 is -O-, -NH- or -N(C,-C,alkyl)-,

Ra, is H or methyl, and

Rsy is <-CeHeCH,Cl, -CeHeCH,Br, -CeHi-CH,CH.,Cl, -CeHi-CH,CH.,Br, -C(O)-X,
C,-CealkyleneCl, -C(0)-X,-C,-Csalkylene-Br, pyridinyl, imidazolyl, pyrrolidonyl, -C¢H,-Rss or
-C(O)-X,-C,-Cealkylene-Rg,
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-43- 14. Photoinitiator according to claim 13, characterized in that the

-anmount of the i i I oval ently bonded, free-radically or
cationically prmmﬂaﬂuimi]ilmmmrorgani c conpounds is from0.0001 to
99. 9999% by wei ght ¢ based on t*he substrake material. 15. Photoinitiator
according to claim1, characterized in that the polyners cdnggg RIfng BEEN3
pol yners to whose backbone nonoval ent radicals of identical{ or h é%rcﬁﬁt i
photoinitiators are covalently bonded, directly or by way of—a-bridgliig
group. 16Rssisan IpHeaieun oran amigametyl gieupotdossl i nkabl e conposi tion
conpri Si. 1 t or different nonvolatile free-radically or
cati oni cglgﬁeﬁqi%rg@%cﬂr%ri zabl e or photocrosslinkabl e nononers and (b) a
het er ogeneous photoinitiator in the formof mcroparticles having a nean

particle sj . . 1000 nn [ nsi st f finely divi.de
Cubst r at Sardrsivnfie®f SoebBirt B2 b F5. Fhaiprp e, Bias top ifinfe Ghaisf dne
(i gval ﬁnt Igrubmrwegqi;slaf rt}fﬁéﬁ%rﬁ‘m %trealsa adohpriees)pass ivtell0gs angcudditiagaltwpcéﬁtiflm

, Characterized.in, t the photoinitiator is present in an anmount o
from 0 0l oty idsaficat or difeien Bict W] Eoeenty onded Senstiers or
Phot opol ydsiitisterelof tredshAgia dO@n according to claim 16, characterized in that
t he nononer. conpri ses at | east one polynerizable ethylenically unsaturated
group. 19. Phot opol yneri zabl e conposition according to claim 16,
characterized in that at |east diethylenically unsaturated organic
conpounds are additi%nﬁ%ﬂy present. 20. Photopol yneri zabl e conposition
according to cl ai miG+-Ceharacterized in that it conprise?ogg'fornulating
auxiliaries solventsﬁ éﬂ%ﬁ@&hqaa%ﬁR-bEﬂpt stabilizers, plasticizers, dyes,
pigments, fillers, including Vel ABofcing fillers, lubricants, surfactants
and/or nold rel ease auxiliaries. 21. Process for polynerizing or
crosslinking a photopol yneri zabl e and/ or phot ocrossl i nkabl e

in which

Rap is H or methyl,
R,, R, X, X;, r and s are as defined in claim 38, and
Sens is a radical of the formula XXill,

O
il

so R

5

in which
X5 is -O- and is preferably -S-.

53. Photopolymerizable and/or photocrosslinkable composition comprising (a) identical or
different nonvolatile free-radically or cationically photopolymerizable or photocrosslinkable
monomers and (b) a heterogeneous photoinitiator in microparticle form which consists of a
finely divided substrate material to which identical or different photoinitiators are covalently
bonded.
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57. Photopolymerizable composition according to claim 56, characterized in that the
substituted olefin is selected from the group of the acrylic and methacrylic esters and
amides.

58. Photopolymerizable compaosition according to claim 56, characterized in that the
substituents are selected from the group of C,-C,salky! which is unsubstituted or substituted
by -OH, -CN Cl, F, C,~C,,alkoxy, -C(O)OH, -C(O)0O-C,-C,salkyl, -C(O)O-C,-C,shydroxyalkyl,
-C(0O)Ocyclohexyl, -C(O)OCH,cyclohexyl, -C(O)Ophenyl, -C(O)Obenzyl; C,-C,,alkoxy which
is unsubstituted or substituted by -OH, F, -Cl, C,-C,,alkoxy, C,-C,hydroxyalkoxy, -C(O)OH,
-C(O)O-C,-Czalkyl, -C(O)O-C,-C,shydroxyalkyl , -C(O)Ocyclohexyl, -C(O)OCH,cyclohexyl,
-C(O)Ophenyl, -C(O)Obenzyl; Cl, -CN, pyridinyl [sic], imidazolyl, phenyl which is
unsubstituted or substituted by C,-C,alkyl, C,-C,alkoxy, -OH, -CN, halogen, -C(O)OH, -C(O)-
OC-Caalkyl, -C(O)O-C,-C,shydroxyalkyl, -C(O)Ocyciohexyl, -C(O)-OCH,cyclohexyl,
-C(O)Ophenyl, -C(O)Obenzyl -SO,H, -SO,;-C,-C,salkyl, chloromethyl, bromomethyl, -NH,,
primary or secondary amino having 1 to 20 C atoms, primary or secondary aminomethyl
having 1 to 20 C atoms; and -C(O)OH, -C(0)-O-C;-Calkyl or -hydroxyalkyl,
-C(0O)Ocyclohexyl, -C(O)OCH,cyclohexyl, -C(O)Ophenyl,

-C(0)Obenzyl -C(0)-0O-(C,H,,0)-H with a equal to a number from 2 to 6 and b equal to a
number from 2 to 12; and -C(0)-NRsRss, in which Rgs and R, independently of one another
are H, C,-C,,alkyl, C,-Cyshydroxyalkyl, C;-Cealkyl-C(O)OH, C,-Cealkyl-C(O)O-C;-Cyoalkyl or
-(C,H,,0)-H where a is equal to a number from 2 to 6 and b is equal to a number from 2 to
12.
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59. Photopolymerizable composition according to claim 53, characterized in that at least

diethylenically unsaturated organic compounds are additionally present.

60. Photopolymerizable composition according to claim 59, characterized in that the
amounts of the compound is [sic] at least 0.1% by weight, based on the monomers.

61. Photopolymerizable composition according to claim 57, characterized in that the acrylic
and methacrylic esters and amides are those of the formula XXIV, |

H
|

( (|3=C——C-—X5-)CR60 (XXIV),
H

in which

R is H or methyl,

c is a number from 1 to 8,

X is the groups -O-, -NH- or -N(C,-C,alkyl)-, and

Reo is @ monovalent to octavalent hydrocarbon radical having 1 to 50 C atoms.

62. Photopolymerizable composition according to claim 53, characterized in that it comprises
as formulating auxiliaries solvents, antioxidants, light stabilizers, plasticizers, dyes, pigments,
fillers, including reinforcing fillers, lubricants, surfactants and/or mold release auxiliaries.

63. Process for polymerizing or crosslinking a photopolymerizable and/or photocrosslinkable
composition comprising (a) identical or different nonvolatile free-radically or cationically
photopolymerizable or photocrosslinkable monomers and (b) a photoinitiator, characterized
in that the photoinitiator is present as a heterogeneous photoinitiator in microparticle form
which consists of a finely divided substrate material to which identical or different

photoinitiators are covalently bonded.

64. Polymers formed from identical or different nonvolatile free-radically or cationically
photopolymerizable or photocrosslinkable monomers, characterized in that they comprise
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microparticles to which identical or different cleavage products of photoinitators, or
photoinitiators and sensitizers or coinitiators, are covalently bonded.

65. Coated substrate material, characterized in that a coat of a composition according to
claim §3 has been applied to a substrate.

66. Coated substrate with a continuous or interrupted coat of a polymer formed from
identical or different nonvolatile free-radically or cationically photopolymerizable or
photocrosslinkable monomers, characterized in that the polymer comprises microparticles to
which identical or different cleavage products of photoinitiators, or photoinitiators and
sensitizers or coinitiators, are covalently bonded.

67. Process for preparing coated materials or relief images on substrates, in which a
composition according to claim 53 with or without solvent is applied as a coat {o a substrate,
the solvent (if used) is removed, the coat is polymerized by irradiation, or the coat is
irradiated through a photomask and then the non-irradiated areas are removed with a

solvent.

68. Use of heterogeneous photoinitiators in microparticle form, which consist of a finely
divided substrate material to which identical or different photoinitiators are covalently
bonded, for the radiation-induced polymerization of photopolymerizable or
photocrosslinkable monomers.

This §

LT




