*e3e%l% V6Tdz M\mm\“ooz -' . *166166* Heavy metal -free coati
formukations a\&\\\m\\ “ nvention relates to heavy netal -free uv@upgwgz,
cationically pol yngksabl e conpositions and to their use. In J. of

Phot opolym Sci. and Techn., Vol. 5 (1992), p. 247-254, F. Hanmazu et al.
publ i shed investigations regarding thejreactivity of sulfoni lmfal ts

containing different anions. A curing process for cationical WWIW/”/

pi gnented formul ations is known from WO 98/ 02493. JP-A Sho

descri bes back coatings for magnetic recording materials based v&isgl yci dyl
eay| aetabl NG RrgRIANORS sc|l oses unpi gnent ed phot ocur abl e

formul ati ons conprising glycidyl ether and a m xture of initiator

conmpounds. US 4287228 descri bes glycidyl ether-containing conpositions

pi gment Bk pesenttinveation ralae®id keavy WetadreedbBeurgblectalivaisatiapalymerisabley

pol yner i Aéﬁo%gﬁ m§&k9Q§eusing aryl iodoniumsalts as initiators and

di car bonyl" conpounds™ as sensitisers. The technol ogy has a denand for

formul ati ons which are radi ati on-curable, reactive) catio nically curable,

nas beah ¥ SLRIbhEYA R BETEN NP Bl D0 By ¥ M0 A B RBs 20

whi ch cionpstigatiens(regamingahe rdsictivityaf stifagien salts qoinginicg diffeenbarions Agtyrinigdy |

Cal't: asPishesohPRloRafy R el ot FRlorB AT R W SER B P2 o7 ©

(c) is, Shob1d789p1 dscabenbamkovdtings foomagheticredrding nfddefials bdsed oh gRIAREFG (1),

hyar ogeRtooradatons DRy BeBpFehald ey idogtedb @i edpat com-

C, - C2oapHsiny glyeityirethdraangraovixme bhiatialet cormpaiindenidS dR8TR28 deacrihed giycidyt i s not

hydr ogen, 0.3 0 CT 2002 -2 C -C20Alkyl .is |inear ched and is, for
e o8her-centaining@omgsstiops Bggen i Yih Hanumt gloxeB R cE ol SREAREeRS ' oty
propyl , catkdjoatyppblymerisatie/ formalatensuisidg, aryidedamtunh saltseastinitiatoyd andodicdrigdnyl hexyl |
heptyl, 2.4, 4-trinethyl pentyl, 2-ethyl hexyl, octyl, nonyl, decyl, undecyl,
dodecyl FOTB?lfrE?[aea@ﬁe,nS%%%F’adecyl , hexadecyl, heptadecyl, octadecyl,

nonadecyl or eicosyl. Branched alkyl is preferred, in particular C3-Ce-,

or .- can kOB s aseipepl feslirifons BhioR AR Tecmaliitenf ebhee. Sy

such asnigatiecyrbble, inexpensive, white and hardly yellowing, especially for use as coatings.

It has been found that the above requirements are fully met by a composition, which
comprises

(a) mono-, bis- or higher aliphatic or aromatic glycidyl ethers,

(b) titanium dioxide,

(c) at least one iodonium hexafluorophosphate salt as photoinitiator, and

(d) a sensitiser compound.

The photoinitiator (c) is, for example, a compound of formula |
R1
+

R; | R, PFs (1), wherein

R,

Ri, Rz, Rz and R, are each independently of one another hydrogen, C;-Cjpalkyl or unsub-
stituted or hydroxyl-substituted C,-Cgoalkoxy, with the proviso that at least one of Ry, Rz, Rs
or R, is not hydrogen.



C,-CZoAl koxy is a linear or branched radical and is, for exanple, C -C, 2-,
C -Ce-, C -Cs- or C -Chal koxy. Exanples are nethoxy, ethoxy, propox§3 0CT 2002
i sopropoxy, n-butyl oxy, sec-butyloxy, isobutyloxy, tert-butyl oxy)

pentyl oxy, hexyl oxy, heptyloxy, 2,4,4-trinmethyl pentyl oxy, 2-ethyl hexyl oxy)
octyl oxy, nonyl oxy, decyl oxy, dodecqu§¥, hexadecyl oxy or octadecyl oxy,
prefer ably methoxy, ethoxy) propoxy) isopropoxy, n-butyloxy) sec-butybxy,

i sobutyl oxy, tert-butyl oxy, nore preferably nmethoxy. Preferred conpounds
are, for exanple, n-C4-C6-, n-C -CB-, nC2-Ce-, n-C, -C4- n-CZ-CA4al koxy.

n- C, 2- C2aA:4ddly is imeat sbrancheadeand indor @ampdesfd<Cof Ch-@am@l «Cet ot G1-Bealkyl.

S SE Ay, A B g o, PSSy S R bt o

wher ei nhexyl, iRpiyl.R34 artdmBthyipeatyhrZagtbyibekyC, oc QL Oahily iecyh uatiecyh modedyl, aetcdred

hose. - SREP o8 Rofdeey AB sy, LGS RanGABPL NG of) Bt Bk B e

i nt er espreigred mpparticddant,-Cev; BHC3- AndC£Cidlkys B, anddR,aire, fEexamnth| &4 o€ galkyl,

el TR BBl B Bl L% IR

hydr ogemodédyher particularly preferred conmpounds of fornula | are those,
wherein R2 and R4 are C, -C,z al kyl, such as isobutyl or dodecyl. Preferred
conpounds of fornmula | are those) wherein R is C -Calkyl if R, R2 and R3
are hydmgzpAlkoxyds 2 life& dr B28Rdhed3aditdl and |y, édreaxamgle; GO DsCef Ci-Cgmotl a |

h in R2 is C -CAal if R. RZ and R3 d . Th
conpoun s AARPEY FApmeISs A TR BR ply. pEpahdr EP e, RN SR
R, R2 asubufylorgs ertthutyioge pentipoapexgiony, heptytmaw,@é,%ﬂméthypuhtaloky,aw-ahyl-
s LN 5 A o ol I
D1 54 oy B T e e henyi

i s(4-dec en i adoni ym hexaf | uor ophosphat e; -1 sqbu en en
odont uirRa RTBEG CEHE: P it BERRHRGs R, PHTR-Gice mere i
hexaf | uaaphosphalen-04.dikdre yh-CheDyAkpXeisalso imdmstingn hexaf | uor ophosphat e;
(2- hydr oxydodecyl oxyphenyl ) phenyl i odoni um hexaf | uor ophosphat e;

(2- hydr oxyt et radecyl oxyphenyl ) phenyl i ocbni um hexaf | uor ophosphate. This
i nvent i ompamds ef Rirmalatido bé-hightiphtby krentboyd, wileesiy R B4 &3iandR, are Cy-Cyy-

hexaf | uor ophosphat e,. j.n _particul ar dissolved in propyl ene carbonate. In
certain a&‘ﬁ@é’éeg[a%ﬁ?’a%'b@a&ﬁ(mnt ageous to use mixtures of two or nore of such

i odoni unDthat intepéstingicdhipoahds arei thodehsf fororgieol whe@irs RQfR,4 R and Ry erd branche@he
preparation of the toinitiator, c oynds of fc la |l is famliar to the
skill ed 1é$§glkylaw8fq?£&&§gaé‘\pf\8§§1]Chzaﬂﬁgorﬁr?ri?hggéé&&%ﬁﬁs, conpounds of

formula | can be prepared, for exanple, by the process described in US

patents 9071 and 432 nd_in DE 2 . f lu h h

salts caﬁ’%geéreﬁr%’ﬂ&’%a‘?s 8%89%@331‘5@&?0%%’ W@%ﬁ?ﬁ’gﬁéﬁﬁgﬁ‘ %gé(gﬁlbaﬁfﬁ&aﬂ? égé:‘:rrpl e
sal t s ofRj$dre hydrageapondi ng i odoni um conpounds (e.g. those of the

bi sul fates). These nethods have been published, inter alia, by Beringer et
al. inJ. Am Chem Soc. 81, 342 (1959). This literature al so descri bes

di f f er enOtheeinterdstingarongoengs epfarratla d arecthosd) evhabaiv 8&zand Reaedlidentmal.e sal t s,
for exanple the reaction of two aromatic conpounds with iodyl sulfate in
sul furic acid; the reaction of two aromatic conpounds with iodate in acetic
aci d, acTtose compodndsief formilila limetit partichlart henticeagherein B is CAeC galkylgdireferably
conpounds _wi.th iodine acyl ate it resence of an acid, or the
condensa%?%lhty'oqr dgg?%'goaé%A‘Coﬁﬁggﬁd,g%or%dggqegdosyl di acetate or of a iodoyl
conpound with another aromatic conmpound in the presence of an acid. In sone
cases itA| | i | di | 1 od] [0Sk t pen
condenseOlPr BpfRu BT Bielerfed Gttt BoB B SnRe Y o s Fureleif HyinHy sh i L5

condensaalkynsynhesdeatsutylifoododeayhpl e, in dilute sulfuric acid (EP 119 068).

Preferred compounds of formula | are those, wherein R; is C-Caalkyl if Ry, R, and R; are
hydrogen.



03 OCT 2002 -4 In the conpositions of this invention, the photoinitl&aibr 2002
(c) is conveniently used in an anmount from0.05%to 15% for exanple from
0.5%to 10% preferably from0.1 %to 5% based on the conposition. The

gl ycidyl ether conponents (a) used in the novel formulations are typically
gl ycidyl ethers of polyval ent phenols 8btained by reacting pol yval ent
phenols with an excess of chlorohydrin; such as epichlorohydrin (e.g.

gl ycidyl ether of 2,2-bis(2,3-epoxypropoxyphenol)propane. O her exanpl es of
gl yci dyl ether epoxides which can be used in connection with this invention
ar e desOthdredefeirad esmabdrals df foridBla3Qit8262e ahdrdimR’; Habdbatioxpff FEpRXandRSi Ns”

by Lee and vi || MG aw Hi L | . Boo . New York (1967), .Ther e al so
nuner Ougrecr&yﬁ%ge&. EF‘PV SR Gugp & '5['(}‘@? ggie aé?%%rre?ééﬁg%; %é@nzﬁrii'%ﬂ‘oéiaﬁgg@‘yused
as conpdmank,; &egd Rs herhyekegepl e gl yci dyl net hacryl ate, diglycidyl ether of

bi sphenol A, e.g. those obtainabl e under the tradenanmes EPON 828, EPON 825,
EPON 1004 and EPON 1010) of Shell; DER-331, DER-332 and DER-334, of Dow
Chemi caExarhptéshtitanpslirals addif@hiyildyé et her of phenol f or mal dehyde novol ak,

.g. DEN-4 N- 438, of ical:  a i nol dj.glycidyl ether;
o o CoPslhon i oo fiun Rt EaREh G ps o Sitishy ieeg Bhsrisey b 1 o1 7.
ﬁizf-o )C(,Y4gb%r_©;tc)ﬁc)€phgtehst(4-ect?lph]é1ﬁ.)_®§8rlﬂUmd'iﬁﬁ(iamlor&)ho@pﬁllzaﬁé; )ggldméphehymihlggw, e.g.

1171 er , Cres C er., . 0. noalti er 2,
ot - Byl herugyBb Boshab PR Lo P O ladBRlim B /P PR PNE ! (8ot onal
a :E{ % 'X$ y |ty|?iwnﬁzen%/ﬁngX?rﬁMegaffijo@{pﬁebﬂw:‘te; @id(lﬁrso?ﬁtly[bhlényfw?o@ﬁ&ﬂi ﬁéxﬁfétﬁoor%{

I T1er , | Cl r.o ne en C , €.(0.
Todi 11 ePresPnaE (-JhdesyiPrenyisheny! iedopiughas e BTPRASSRHRET (2-tydioxYdesiasxipy
nodi f i ephdfl)phémiyi mohwlnoh@gama@Qpﬁdépgwpmwdr@@mde@m?:pﬂr&ly eryPiddrier 44,
trimethyl Olf?){gﬁ ane triglycidyl ether, e.g. HELOXY nodiftier 48, polyglycidyl

[
et her oM fPeh%ﬁPr“g@r s, e.g. HELOXY nodifier 84 (all HELOXY gl ycidyl
ethers are available from Shell). Qher suitable glycidyl ethers are those

cont ai ni_ng copol yners of acrylates, for exanple styrene glycidyl

ot hacr yNBEVaofalsyPlaiRst AHispuriBhepeieryl lodenyiess lustenhomalatarie 1: 1

st yr enepghitlaf dissdRd AGIrypydR, calbohatet hyl et hacryl ate/ gl yci dyl acryl ate,
62.5:24:13.5 methyl nethacrylate/ ethyl acrylate/glycidyl methacrylate. The

pol ymers of the glycidyl ether conpounds can, for exanple, also contain
ot her f umeénmaiddsiiehay Bé ad dolieyw whe mirturésgiawd ot heredftdueRicodine. O her

gl ycidyl ether conpounds suitable gs.conponent (a) and comrercially
avai | abISQ'tPF%tﬁinttiags ‘Sb'gficampf’%ﬁ‘% i @@'}‘t@”pol yfunctional |iquid and solid
novol ak gl ycidyl ether resins) for exanple PY 307, EPN 1179) EPN 1180, EPN
1182 and, ECN 9699. ~~~Zl -5 1t is, of course, also possible to use
i xt ur 64 B PIeReR R e PP RO EATEpoLag gL LS 1is Beian BrBRe ey Poreh
geisyf: ?gﬂan%&@é@riﬁ@g& in&the ;itef&ﬂreexmmb?npm?@ﬂfbg&ulﬁfl c&%mk@a»éd. QrH&lamC- CH2 O
, erein X X is an er frq to 6; g S noy nt to
nexaval Bif DY ProgesedgEThahin L Saan Javspeiiane 4sBiiedEnd s ok PR e,
e.g. compraf@dsoptospiutedhits ¢dn beprepided Hol@ an{ples bRexERdninghée BiRibAs ¥f the a
nunmber fror’p 1, .2 OFn 3; and . . . :
simple salts of the corresponding iodonium compounds (e.g. those of the bisulfates). These
methods have been published, inter alia, by Beringer et al. in J. Am. Chem. Soc. 81, 342
(1959). This literature also describes different methods for the preparation of the above-
mentioned simple salts, for example the reaction of two aromatic compounds with iodyl sul-
fate in sulfuric acid; the reaction of two aromatic compounds with iodate in acetic acid, acetic
anhydride, sulfuric acid; the reaction of two aromatic compounds with iodine acylate in the
presence of an acid, or the condensation of a iodosyl compound, of a iodosyl diacetate or of
a iodoyl compound with another aromatic compound in the presence of an acid.
In some cases it is also possible to oxidise an aryl iodide in situ and to then condense it with
another aromatic compound. This variant of the condensation proceeds, for example, in

dilute sulfuric acid (EP 119 068).



R5, if x=1, is unsubstituted or C, -C, zal kyl -substituted phenyl, p3@tTn?,
ant hracyl, bi phenylyl, C, -Czoal kyl, or Cz-Czoal kyl which is interrupted by

one or nore than one oxygen atom or R5, if x = 2, is 1, 3-phenyl ene,

1, 4- phenyl ene, C6-C, ocycl oal kyl ene, unsubstituted or hal ogen substituted

C, - Cdoal kyl ene; Cz-C4oal kyl ene which is, interrupted by one or nore than one

oxygen atom or a group ~~R6 ~~, or i zHs i Hs R5, if x =3, is a
radical -GGG , -GGG , or HZ| HZz Hz | HZ G CHz Hz Hz i
-~OCHz-CH(CH~ Hi -~OCHz-CH(CH3)~- ; CGEOCHz-CH(CH3)~ Hz y is a nunber

from1 thotHeOconapudition® oBth®s iGventido e Ebotbmit'ﬁlmmdab@yAeeieetly usngerammmou:‘no

HzCH-CHZO/g(T cid et her e und of
formul a Ioln}ﬂOBSF{? Bt%pfgr\edgﬁﬁl Fé 0\?\%&?31@% rﬁelfégbl)ll ﬁ&WS {)é? ?pg o?n
C, - C, 2altkeg torapdstiart ut ed phenyl ; napht hyl ; anthracyl; biphenylyl; C, -C20
al kyl ; C2-C2oal kyl which is interrupted by one or nore than one oxygen
atom or a group of 0 formula H2C~- \HCH2 O R5 ; R5 is phenyl ene,

C, - CzoalThel gyuidyl EheC2oapéndneng@) ubéctin thesnovel farmulatiets g typiellp glyeilyeethéran one
oxygen at,0

v der, G Py athrbeRbetine T racis RBGARE: aferdls WA $HasSRHosiEen

rin, such as epichlorohydrin (e.g. glycidyl ether of 2,2-bis(2,3-epoxypropoxyphenol)propane.
Other examples of glycidyl ether epoxides which can be used in connection with this inven-
tion are described, inter alia, in US 3018262 and in “Handbook of Epoxy Resins” by Lee and
Neville, McGraw-Hill Book Co., New York (1967).

There are also numerous commercially available glycidyl ether epoxides which can be used
as component (a), for example glycidyl methacrylate, diglycidyl ether of bisphenol A, e.g.
those obtainable under the tradenames EPON 828, EPON 825, EPON 1004 and EPON
1010, of Shell; DER-331, DER-332 and DER-334, of Dow Chemical; 1,4-butanediol diglycidy!
ether of phenolformaldehyde novolak, e.g. DEN-431, DEN-438, of Dow Chemical; and resor-
cinol diglycidy! ether; alkyl glycidyl ether, such as Cg-C1oglycidy! ether, e.g. HELOXY modifier
7, C12-C4glycidyl ether, e.g. HELOXY modifier 8, butyl glycidyl ether, e.g. HELOXY modifier
61, cresyl glycidyl ether, e.g. HELOXY modifier 62, p-tert-butylphenyl glycidyl ether, e.g.
HELOXY modifier 65, polyfunctional glycidyl ethers, for example diglycidyl ether of 1,4-bu-
tanediol, e.g. HELOXY modifier 67, diglycidy! ether of neopentyl glycol, e.g. HELOXY modi-
fier 68, diglycidyl ether of cyclohexanedimethanol, e.g. HELOXY modifier 107, trimethylol-
ethane triglycidyi ether, e.9. HELOXY modifier 44, trimethylolpropane triglycidyl ether, e.g.
HELOXY modifier 48, polyglycidy! ether of aliphatic polyols, e.g. HELOXY modifier 84 (all
HELOXY glycidyl ethers are available from Shell).

Other suitable glycidyl ethers are those containing copolymers of acrylates, for example
styrene glycidyl methacrylate or methyl methacrylate glycidyl acrylate. Examples are 1:1
styrene/glycidyl methacrylate, 1:1 methyl methacrylate/glycidyl acrylate, 62.5:24:13.5 methyl
methacrylate/ethyl acrylate/glycidyl methacrylate.

The polymers of the glycidyl ether compounds can, for example, also contain other functio-
nalities, provided they do not impair the cationic cure.

Other glycidyl ether compounds suitable as component (a) and commercially available from
Ciba Spezialitatenchemie are polyfunctional liquid and solid novolak glycidyt ether resins, for
example PY 307, EPN 1179, EPN 1180, EPN 1182 and ECN 9699.



HC\HCH2 OR5 OHH ~CH2 (Il b), wherein z RS is phenyl ene, )

C, - Czoal kyl ene; C2-C2oal kyl ene which is interrupted by one or nore e LTI
oxygen atom or a group ~ ~ R6 ~ ~; and Rs is C, -C2oal kyl ene or oxygen.

Al kyl radicals are, for example, C, -Czoalkyl, C-Cs-, C-C2-, C-C o-,

C -GCs-, C-Cs- or C, C4al kyl. Meani ngsnr’gf these radi cal S are gl ven above

C, - C20Al kyl ene is linear or branched a for example, C -Cs-, C-C, s-,
C-C4-, C-C2-, CCo, C-Ce-, C-GCs-, CZ C 2-, C2-GCs-, C4- Ce- or

C, - C4al kyl ene. Exanpl es are net hyl ene, ethyl ene, propyl ene, isopropylene,
n- but yl ene)ofsearshuslpb enssible sobs iyixenes ot difdreftutiydidyhether cdin@UddEad c2002
pentyl ene, hexyl ene, heptyl ene, octylene, nonyl ene, decyl ene, dodecyl ene,

t et radec%pl 8'ﬁte( ‘hept adecyl ene or octadecyl ene. C,-C2~Alkylene is preferably
under st oo ghyidpeathess @) afeiBorekarypeneompmeyt ehermulett , -CH CHZ- -G

-CH (CH2)z- , CnH2s CHa CH3 CH3 C2Hs -CH (CHz)3- , -C(CHa)z-CH2- or -CH2
C CHz- , CH3,@H3 Hal ogen i|s fluoro, chloro and brono, preferably brono and
chl oro, @‘p‘r‘ &bl;y-© . CKiDBwhekglirogen- substi t ut ed C, - C4oal kyl ene i s,

for exa - .- #- , CH2Br CZ- C20Al kyl ene which is interrupted by
one or qgatomis also linear or branched and is
interrup?gg&%&g@g‘ng Eé@ne to nine times, one to five tinmes or once or
twce byﬂﬂeammwetentimxequgﬁmllqt@rm’yl radiica. gi ves structures such as

- CH2- O CH2-, -CH2CH2- O CH2CH2-, -[CH2CH20]y , where y = 1-9,

- (CH2CH20) , CH2CH2-, or -CH2-CH(CH3)-O CHZ-CH(CH3)-. ©6-C, 0Cycl oal kyl ene is
for exarﬁeeglygidyl ethers(a) are dretdrahty elgotmmydumde of tormaladlo Hz fiz in

1,4-positio r -c2H5 c2 , Wherein the al kylene radicals are preferably
R5|spreerab)<agroup~~Rs~~ .
H,C——C—CH;—0 Rs (1), wherein

X is a number from 1, 2 or 3; and

Rs, if x =1, is unsubstituted or C,-Cyzalkyl-substituted phenyl, naphthyl, anthracyl, biphenyl-
yl, C1-Cyoalkyl, or C,-Cypalkyl which is interrupted by one or more than one oxygen atom, or
Rs, if x =2, is 1,3-phenylene, 1,4-phenylene, Cs-Cyocycloalkylene, unsubstituted or halogen-
substituted C,-C4oalkylene; C,-Cyoalkylene which is interrupted by one or more than one

oxygen atom, or a group @—Rs—@ , or

Rs, if x =3, is a radical -—ﬁ

Hz?—Eo-—CHZ-CH(CHQ}—y—-
Hc—Eo—CHz-CH(CHS)HT :
C-EO—CHZ-CH(CHS)?,Y—

H,

y is a number from 1 to 10; and



CH3 R6 is preferably C -C 2alkylene, nore preferably -C , or oxyg@s.0(F¥
0 30CT 2002 8 Oher exanples of conponent (a) are polyglycidyl ether
and pol y((3-nethyl gl yci dyl )ether which are obtainable by reacting a
compound containing at |east two free al coholic and/or phenolic hydroxyl
groups per nolecule with the corresponq§ng epi chl or ohydri n under al kal i ne
conditions, or also in the presence of an acid catal yst with subsequent
treatment with alkali. It is al so possi ble to use m xtures of different

pol yol s. These ethers can be prepared with poly(epichlorohydrin) from
acyclic al cohols, such as ethylene glyegk, di et hyl ene gl ycol and hi gher

pol y(oxyet hyl ene) gl ycol propane-lkgcdbo 4 d pol y(oxypropyl ene) gl ycol s,
propane-1, 3-di ol , butane-1, 4-diol|, ﬁoIM(OQertranethylene)glycols

pent ane-1, 5-di ol , hexane-1, 6-di ol{, h@xane-2,|4,6-triol, glycerol,
1,1,1-trinethyl ol propane, pentaerly a d sorbltol fron1cyc|oa|iphatic
al cohol §}s du€hCaglyleser@iygen or quits 4= hydr oxycycl ohexyl ) net hane,

2, 2- bi s(4- hydroxycycl ohexyl ) pr opgne~gitd y
1,1- b|s(hydroxynethyl)cyclohex 3-ene, and from al cohol s containing aromatic

Bugl EIb; s-l?\% 4}90 oxye Sﬁ{/?é'n%‘l ﬂ%%&g}ﬁﬁ@t &ﬁ%@ﬁg%é% rﬁlr}llgs”aal SO possible to

prepare these ethers/£10n1nnnonuclear phenol s, such as resorcinol and
hydrqu|ﬁ@nep-aﬁd—fCoﬁrﬂmﬂynu@kbawmnhmnols such as
bi s( 4- hydr oxyphBayl Fnet hane, 4 4- d|hydroxyd|phenyl

bi s(4hydr ox Bheny sul f ane 1 2,2-te %rakls droxxpheng]%ethane

2, 2-bi s (- H% PgAEs Eﬁﬁiﬁr)%r%p%lhé sylbqt%ﬁ RRSNYA aal;t| yl; anthracyl; biphenylyl; Cy-Cyq-

2, 2- bi s (atyh, @L@{]&mwdmgw@mﬁﬂww oY OPAGR-th&X BT 0x5/dbh alin® dNudjrevsy of
conpounds for the preparatlon of pol yglycidyl ethers and

pol y((i-methyl gl yehdyl )ethers are the novol aks obtai nabl e by condensing
al dehyddermuy Ca€‘§éﬁ%ﬁTﬂkh?ﬁ— »acet al dehyde, chloral and furfural, and
phenol s, such as ph |, o-cresol, mcresol, pcresol, 3, 5-dinethy|pheno|,
4-chl or qwmélgheme%;-erzgatkpwwl @peﬁeﬂkyleR@wkhhghwugwd)bywwme tean be
obt ai ned, for exanp dehydrochl orinating the reaction products of
eplchlorohydrln with at Ieast t a8 ai ni ng active hydrogen bound
t 0 ani noorel dxdyggeatoat, one gréupr X %, nabutyl ani ne,

bi s(4- am nophenyl ) net hane and ¥m nophenyl ) met hane. O her

sui tabl e pol y(N-glycidyl) conpounds are triglycidyl isocyanurate and

N, N - di ghyci dylc, d};g@%ﬁe\/@%xﬁéemycl i c al kyl ene ureas, such as ethylene urea
and 1, 3-propyl ene urea, and hydantoins, for exanple 5, 5-dinethyl hydant oi n.
Pon(S—egC|dyI) conmpounds are al so suitable. Exanples are the

di - S- gl yriethrteddsydidyhetiheRsare thalédrmpounds otfdehulasibet hane- 1, 2-di t hi ol and

bi s(4- nerc%2§onethylphenyl)ether CIher sui tabl e conponents (a) are al so

X8

epoxy resi \n which the gl C|dyl Bups or (| me thyl gl ycidyl groups are
bound t oHgeTTeEentCim _8‘5— at TT omsfHe. g. ({MeWRERIMO-triglyci dyl de 0O
30Ct ?~02 nvative of 4- henol , the gl ycidyl ether/glycidyl

Elil-séle;/m d@?%kpﬁ%@l&q & g:ﬂa(]) Pengyeglﬁ;(oxg%gﬁgbv%lc?l ﬁherlajgnetd bynonaend more than
2-gl yci dyl oxy-1, 3-bi s(5, 5-di neth -1 eg.'ethydant0|nyI 3) propane. The

di gl yci dyde &by Eg,ﬁ ato, olP'asg%lﬁﬁO @ -Ex@npl es thereof are
di gl yci dyl ethers of blspheno sucﬁ "‘LDIT GY 250, of Ciba
Spezi al i tatenchem e, diglycidyl ether of bisphenol F and diglycidyl ether

of bi sphﬁpqgeﬁczg@,é&@ Shdxygddrer of bisphenol Ais particularly preferred.
| f desired, the conp05|t|on can also contain a free-radically polynerisable

mat eri al , |nclud|ng et hyl eni cal ly unsaturated nononers, oligonmers or
pol ymer SAlkﬁ%aer%rmreerxhaJp% eqngﬁaw @,-d, 9ae¥ 09206(:16@, Yb?J@JS @ lo;-ypeat ur at ed
doubl e bond, and are capable undér goi ng addition pol ynerlsatlon Such

fr ee- r adPell. W%‘WT@BIT@'%§ afei iyedh ag¥eude nmono-, di or pol yacryl at es
and nonog, C90A1ky1%rne@é3||r}’é§‘%|"%h¥rkéﬁ§‘r§i |§%Pex%$np@td1)d ?-CCYb?Gt 9C1 @E ,fb’lCm Ci-
nethacrylate acrylate) isopropyl nethacry ate n- hexy

stearyl a@roylcat% él -Cyl éc@yr &teCo P afem OB L1 @%W‘%%ﬁéamgﬂe?@é& met i/qnﬁcr yl at e,
ethyl encelkael orbbhRéiel i3bRopyRhe ! AR tek baly dheaBENUALRe, b bEHIeeNe

gl ycol di methacrylate, 1,3-propanedioldiacryl’ate, 1,37 propanedi ol

di met hacryl at e, tr|nethylolpropanetrlacrylate
1,2,4-butanetrioltrinethacrylate, 1,4cycl ohexanedi ol di acryl ate,
pentaerythritol triacrylate, pentaerythritol tetraacrylate, pentaerythritol
tetramet hacryl ate, sorbitol hexacrylate,

bi s[ 1- (2- acryl oxy)] - p- et hoxyphenyl di net hyl net hane,

bIS[l (3 acryloxy 2 hydroxy)] p- propoxyphenyldlnethylnethane and

. " R o,



- 10 nyl gl yoxal ate derivatives, nono- or bisacyl phosphi ne oxi de, squugpmm
(2,4, 6-trinmethyl benzoyl ~ phenyl phosphi ne oxi de,

bi s( 2, 6-di met hoxybenzoyl)-(2, 4, 4-trinet hyl pent-1-yl)phosphi ne oxi de,
bis(2,4,6-trinmethyl benzoyl ) phenyl phosphi ne oxi de or

bis(2,4,6-trinmethyl benzoyl)-(2, 4d|pento%yphenyl)phosph|ne oxi de. The novel
conp05|t|ons can al so contain vinyl ether nononmers such as

cycl ohexanedi nmet hanol divinyl ether or hydroxybutyl vinyl ether. O her
addi ti onal conponents may be, for exanple, hydroxy-functional conponents
such as mEntddral, bexypaliey espigienpodopdérss, npofisret Hecylga, yiodies:yle@asttaoadeﬁiylenand t he

;:Eslenegggrgggon?ggﬁ# %&% 8?a¢a%@§&gpaéhph%%éﬁwp (%fls tlé&Q@§$%9hylene

glycol, 1,2- or 1,3-propanediol, 1,2-, 1,3- orpd,4- butanedlol pent anedi ol ,
hexanedlol oct anedi ol , dodecanedlol dlethylané gl ycol) trlethylene

gl ycol , eloyignea Werdere, gI’yT,QH’s h,avrng'*‘rﬁrmzecul ar—QUET ght s—f¢tortChpef er abl y 200
to 1500 1, 3- cyclopentanqﬁupl 1, 2ew, 1,3- or ¥ﬁ$ cyclohgxanedlol

1, 4- d|hydroxynethylcyclohexane glycerol tris(J3- hydroxyethyl)anlne
trlnethylolethane trimet hyl ol pr opane, pentaerythrltol di pentaerythritol
and sorbitol. The polyols can be partﬂaHgy or conpletely esterified with
one or diffgne yuns b @y i.ds, it being possible for the
free hydrox gr 6 &psa?gmﬁzsgla?ﬁestéréngﬁ%e nodi fied, for exanple
etherified ors esterified, with other boxylic acids. Exanples of esters
ar e: trinethylolpropanetriacrylate, trimethyl ol ethanetriacryl ate,

tri met hytabgaroipdinetor chtetorarcrbyrbap epreterabiplpioyiodnett didovet moshprdfarablyl kavmo.
tetramet hyl ene gl ycol dinethacrylate, triethylene glycol dinethacrylate,
tetraet hyl ene glycol diacrylate, pentaerythrltolC&h%@rylate

pent act Wiklbhdobudstl AL o181 BikyRRAIARI Kbk Ol -CHg ylate,

di pentaerythritol dlacry ate, di pentaerythrito Q{ rylate

di pentaerythritol tetraacrylate, dipentaerythritol 2pentaacryl ate,

di pentaerythritol hexaacrylate, tripentaerythritol octaacrylate,
pentaerythritol dinmethacrylate, pentaerythritol trimethacrylate,

di pent aeccycgmkwheWrmtmﬁérydpqé@by &»@&nﬁ&@rtb{éménet&l Igfaﬁhfoﬁmétalib%%)éb%re

tripentaerythritol octanethacryl ate, entaer%”f1 ritol” diitaconate
di pent agifgbeadtand is interrupiech fliexamalepana 1odiing e one e Aveximeas enence or

di pent aedydehdy Ad- cdﬁ%é@dtﬁ/é‘éwgén CatorR. hBH:@ @esﬂét%&]re@é&‘h@é‘ -8H6-0-CH,-,

1, 3- but anedi ol di acr utanedlo di net hacr yl at e,

1, 4- but avdlFEe@-FHa %’dna‘d@" Qi1 ere ¥imale Py iR QHC6k- Cet r aacr yl at e,

pentaeryxjmgém&}ﬂpdﬁéﬁgdkm¢mgcryIate sorbitol tetranmethacrylate) sorbito
pent aacryl ate, sorbitol hexaacrylate, oligoester acrylate and oli goester

met hacryl ate, glycerol diand -triacrylate, 1,4-cyclohexanedi acryl ate)

bi sacr y|@$~@§;0@ﬂdalh%l§ﬁ@tsh@ﬂé%'nﬁﬂ@$ 401 P Y&t bydieHyhy laiddavi ng a nol ecul ar
wei ght of 200 to 1 m xtures t her eof . D30CT 2002 -11 Conponents

(a) of particuar interest are e glycidyl ether fornulations, i.e.

m xtures &gn 3@ }-onby ofc Q§ﬁ¥er hefHih rRr Stfler rHthQK'ar@brlé%rably
conmpounds. "The thni um di oxi de gnen (b) can be ‘added to the novel
conpositions in a very w de range of forms. Thus, it can be incorporated,
for exanplies-pogitidrie formof fine particles or pomders The particle size is
usefully from 100 to 400 nm but is not restricted to these sizes. The
titani um di oxi de pigments used are preferably surface-treated, for exanple
with stabilisers, to increase_their dlsper5|b|I|ty Such stablllser
conponengs, a Qxi Qr d oxi des of silicium nagnesium or
alunlnluﬁ? rggﬁﬁﬁ/%gxwpot or ni anpounds Exanpl es thereof are cited
in US 4054498. Al though the |tan|un1o|OX|de can be present in different
crystalline fornms, it is preferred to use the rutile formwhich is also
commercially available The anpunt of titani Ghydi oxi de conponent (b) in the
pol ymer i I yn a ependi ng on the
desired g%ﬁéﬁ?? or exaﬁ%@ﬁ@f%§%¥%%%%§|60@b|typ|cgr§®’?€on120 %to 55%
preferably from40 %to 50% based on the cofpgsition. In order to inprove
the dispersion of the pignent in the fornmulation to be polynerised, it is
possi ble, for exanple, to first predi sperse the pignent in part of the
formul ation and then to incorporate this dispersion into the renai nder of
the formulation. Suitable sensitiser conpounds (d) are, for exanple,
conpounds fromthe class of the aromatic hydrocarbons, such as anthracene
and its derivatives, fromthe group of the xanthones and their derivatives,
benzophenones and their derivatives, for exanple Mchler's ketone, Mnnich
bases or bls(p N N—d|nethylanlnobenzylldene)acetone Clher sui tabl e

o -




Ra and Rb are each independently of the other hydrogen, alkyl, alkar 2
aralkyl; bis 1 or 2; and A and Z are each independently of the ot he QPE @
al kyl, al karyl or aral kyl, which groups are unsubstituted or substituted,

or A and Z toget her forma ring which is substituted or unsubstituted,
cycloaliphatic, aromatic or heteroaromatic. Suitable ketones of this
fornula are, for exanple, nonoketones -&=0) such as 2,2-, 4,4- or

2, 4- di hydr oxybenzophenone, di pyridyl ket one, difuranyl ket one,

di t hi ophenyl ket one) benzoin, fluorenone, chal cone, Mchler's ketone,

t hi oxant i { I

2- chIoré?ﬁ?@?gﬂ?ﬁ%%§Q¥g%§?gﬁﬁgn%ﬁg%wggﬁ@ggﬁ@ﬁéﬁgF%§rﬁﬁgﬂgkgggpgﬁgghthone

9- acet ylvemttharacitenate by Bsacbng @cameowmrmmn@aéaest Mo &reetaldobolfzhelydr,

5 ooty RBIRG PR A EERR PR R gec LE RISt A Mt ones

such as antitioss]wr asoen tl-pzt‘peasaemch pearegeid naalyst with susequeht redindare twth heaiene,
1, 3- tyl napht hal ene, 1,5-, 1,8- and
9, 10~ di a&'étagﬁoa?ﬁsﬁﬁbge ‘8&’5%%“@& qf’ﬂ* e”q%%?/‘t%sbl e di ketones (b=1 and X=CO)

i ncl ude T™he3e latieanedh bapreparedt withntayiepcliorehy@ir3 frhexaoyelth acahols, such as

4. 5- oct AP GRayo el VEhe G55 e hiodel M PGS Iy eel sioRRE PR 11 o

1. 2 bycl nexanenl one 1.2 bt RAUL nonEs A %M”W”'?ﬁ“gmh%'ﬁ bf)?‘eye‘f'ﬂ)e
5 5 O S SR O et ARG RS DO S SRR S MR pe pets

ant hracetaemhrimahb@lﬁﬁol bemzayplbeltpha&tsalamblﬁ lsucix astdsorotsl, qahm) his@tiydigag t he

o part 1 TAhUIERBa PR SRLR R S et Lo RuRie R pSE °

usef ul | yioreld®@né, Qadd'f&)rfﬂ elcehole @mamln@mwdn@m ajoh as Nf N-bB @hﬂdr%(ﬁ%yne g.

fromO. 2%.1. 5% bl 04‘V OfV he nov 0

Comven: s 2 hp Tge M gonRirmr R iepmeiehe R e I fo Dsare 20- 60%
of the tthé@enethmsdrmhdmoﬁ@r)lear(bhEHde%Jolﬁ a$ Fess opotvas! an@h?draﬁ@nor(a;)anaﬂdmO 1-3%
of the sensi %I ser c

. |
conposi t¥ QEP'&%EO?%SH%?)%%%@ rty%oxy?rgﬁnyﬂ@ggh\éﬁaﬁ-(yﬁijh_yg %‘Bﬁ%@?tbﬁé e(r;]? V:r e
| i ght stta}nirdxyﬁﬁérﬁﬂ)siﬁlwneexam &thGAbWMpBeWGMaaS 2, 2o¢-bfdrba@henyl)-

hydr oxyphenyl b fls% n oxalic acid am de or
hydroxpré?Pl @us[pﬁw QIS%QE Eg"n%' 'ﬁ&ifagypi‘ﬁﬂyﬁdéwﬁé‘&d separately or as
M xt ur esothat silita@le wdrdsb@worrwwm fonthefprepaeatianadflpylyhiybidpreiera eha esly (3-AbS) .

The novel conpositions can contain as additional additive, inter alia, an

el ect r onthyelyexlydeshers anel themoyaigke sbiainakla by copdensingcridetvdesisyeh po imaldeus

5545676. m@éaa&ltﬁaewo% éw&saéh arPfpliaf aRa KBRS BicPbs BhéDI -RENL oI désol, p-
conmpounds, wher ej n group is substi t ut ed by one or several

el ectr oncréﬁ(?'r%étqm@th@'%ﬁ@ﬂ' sﬁ-ch'@ﬁam%énq ﬁé‘?"éBH"tV'BF‘%”C& di met hyl ani nobenzoi ¢
acid, ethyl 4-dinethylam nobenzoate, 3-dinethyl am noben20| c acid,
4-di met hyl am nobenzoi n, 4-di net hyl am nobenzal dehy

4- di met h§PMN-alyeievy epmPeYNds Canaefb@"wdtfror ﬁﬁfﬂm%weqf-%rﬁéh'om%e o, 86 mar y
addi ti vefyo §epeneiiBnpdrin Wit /Nehstit® ArRiAbS EENBIRING actifd Wj d

whi t eni n rﬁ%rgﬁ?g f@FImI ers, S;dtinyes wet tsl ng agents or f?cifcvlco%ro ageRts The
novel co%’pﬁf@'f‘? NBiPSCRRIPED I AXAMAe wﬁnﬁﬁéPufaﬁm"ﬁ Piset-gnijpepehmethane and

enul si flsle@rmawa%aﬁq@hﬁ)méthm Cﬁlﬁéﬁ@bitékﬁ@bély&)hﬁﬁl?&dyl%cﬁﬁ%h&s afd ribQEigy! €. 9.

tal cum gypsum “sili aci d, , carbon , zinc oxide, iron

oxi des, [BaANUEAe ae@éll I\ércaglw%y' dP'I"@\R/V%‘?fth'GJIC eaediresse tHFhed %@é‘ﬁf‘% urea

thi Ckeneéﬁd 1 fSLpﬁfBHIé‘rge %@nérﬁi h)@@hﬂofr@af@exaﬂﬁﬁlé 8)%-dlaBtryIngashtehher auxiliaries
customarily used 1n the paint” systemtechnol ogy. Suitable dispersants are,
for exanple, high nolecular weight organi c conpounds contai ni ng pol ar

groups) sHEIS- ?F}cn@?l ¥ BYlinBl 6 BRb SuitddR. ¥¥xbMples BV fheldi @omlcm d@.walnuéso&e
ether. Suitablé emulsifiers are non-ionic or ionic enulsifiers. 0 0OCT

2002 14d¢m@30"r¥l§f‘@é eganenbe-addipkanddus(traprerroanYIRBeNYBEHEE L i ve fiel d of
applications and on the properties desired in this field. The additives are
standard in the technology and are thus used in ambunts known to the

skill ed Péhesshitabiteompordnts Rnpresdisq epnxy desingle whidhdthe glygidyk erepepr ofi-@eds, for

exanpl e 5hylgcf)pc?c}yll Br%ug‘siarerﬁo%n% to different kinds of heteroatoms, e.g. the N,N,O-triglycidyl de-



1am nating adhesives, in printing inks, white enanel fornulations, ngU(J?mz
exanple for wood or netal, or in paints used, inter alia, for paper ,
metal or plastic materials. The conpositions of this invention can be used
to coat or bond substrates of ail klnds for exanple wood, textiles, paper,
ceram cs, glass, plastic materials, éh as pol yester, polyethylene

t erepht hal at e, pol yol efins or ceIIqus acetate, in particular in the form
of films, and netals such as Al, Cu, Ni, Fe, Zn, My or Co and GaAs, Si or
Si02 to which a protective coating is to be applied. The substrates can be
coat ed lmyaia/;ememgmaprhempultkﬂe glgopy etiter/glycidgl estdriof balityltracklismengdroxyden- t he
substrat.e. f Ivent use d.it oncentra depends mainly
on the- colseer NanEE iR IRt e SRl Saar Y fRREEIA T8 o SRER ot
shoul d & 5idireethyl-1-ggcidyhysdreihg-3yobparfeem cal |y react with the conponents
and shoul d be renpvabl e during drying after coating. Suitable solvents are)
for exanple, ketones, ethers and esters, such as nethyl ethyl ketone,

i sobut yIThﬁmﬁdemkem@mBof teaplenple Braprefeered CB cdrnofles e el areNt gpdiy lewrs ef | done,

| OX QTF
o e pisbBehdta St 5 AR BBy ARty SIBE e fehekte. Aahoiov) sthey P! bt at o

and et hyhedolet M&@S/@iﬂyl(vﬂ%r@f bl’s'bt@erfoos NDigRcidPrethér diBishRERY) X iapRtit@gry 0 a
substrate ?% known coating processes, for exanple centrifuging) dipping,

kni fe apfPe&%i on) curtain coating, brush application, screen printing,
spraying, especially by electrostatlc sprayi ng and reverse roll coating.
The coa ‘%% t hi ckness and %%Uﬁ sybstrat e depe on the desired field of
appl i cat'i ¥rirediihe EoRPPsitPn ?Pe%‘g‘t?'%aé@ﬁé?g' ?'B’ Wﬁrﬁa?'ﬁ@art%ﬁﬂe'n‘f rom about
0.1 p mcIL!@ilrfy @h;ﬂémbé]@rmn%%rdledﬂnoﬂorﬁersf 6ltyﬁhﬂer§)6ﬂ é&yrﬁ&smltame%étreﬂ@lby from4
conposition may be used is

ot he
ﬁet al c&&f‘&ﬁbﬂt least °8§‘<3W|eé"‘@83é%'”%§”ﬁ%9 SP“%'ﬁget‘% 2D Are caRadle ¢fiungergo-hot t | e
caps. They 88divdnSpdlyim &R abORISUEN CRB-rhdicaly poRhRisale m&@r%tlaaudegmohab Hﬁ

substrates are eggFC|all%%n§tals such s alum niumor tinplate. 030C¢C

T 2002 CiBoYASYVIRERFANARP oﬂw&r@?t%@aﬁeésa? 23 methyieqeiptoymetivi ng very
good r esmah@cnYlatet ethyRlchymg, ngopr&mhi@afacay@tantmlacmét@asteérﬂscrbeeé/huyret al

ani ons nor nal used . in the tec olo | e 6ani ons, are not
Pt esent SR RS EoRa RSHEIS, 91SREO NRRTAe P IPSR HA e R Beingahe Bad! at i on
with li @btdlaayrahe tN@Nﬁér@@l?&bl afmezmrﬁ&@ ﬂmermeaomaemawa phdMane-

f or mul at ?n ca Aecte a irradi ation. The
t her mal Jéﬂ tdgF?tB%%"ﬁ{@nf W“’sthY:'B'H(Pé’ﬁP%IH?CWat@aF@r‘b?f"tér&‘it"?'wmc%%%e? 4ture range
from 5O-CQEI@EexaﬂelloldfachfatéO&rﬁ’é’@ﬁhntbrtﬂé@ylatd weﬁté@mﬁlﬁﬂtegrbgﬁyla‘l’&%hﬁ ngly,

this inventi | so  rel s tq ol.yneri sation o
conposi t‘:i%th% E‘@gem?@& Zad?)'vs@rb‘\?/ﬂh%‘ﬁ %ﬁ%ﬂ'si{eéz f“?r}"p g'?’leﬁtj’an%'glﬁﬁ)m tion
with Ii glhl;ilmbmahbeblwa\(elael‘}@i@ z:rﬁyd%)@)]&ﬁﬁ}opmypamyldumemymtmampaﬁ@itr&g process
in mh|cq‘the irradiatio at ment

t

el o vbl s R e e B s e bRt AR pecn e POl usi ng

l'i ght ln;tl’ﬁ)h!a\el\@ lsemﬁﬂigéhmlaca(&%@@ﬂt SFrR00BO0, sdPoBynicdidatiie inftukRabses, for
fromartifici A | arge nunber of

| t
o aory e Brariershand I portirings Siétis e Rl ERAIR] drHErB
sour ces rargl cwiygg8ipafe drfdigeyl @hthb@tmsrmx@x@smltws offr@re SlAh&Fréd-fadicamps,

Xxenon arc me i and | ow pressure | anps which are
doped, %ﬁ@?@gﬁﬁaﬁﬂ?@ﬁ”méf?%g §1qﬁ§FWﬁ£s (netgl hal ogen rgnps),

m cr owave- exci ted netal vapour |anps, exciner Ianps superactlnic

fluorescent tu uorescent | a | ow | a flash | apps)

hotoor AoV AHRaU PPy HeESatls Bompamh s aadetohs ap e ReuRipadne B! 1 abi o

| anps arngefulsd Q60 laamaﬁe ¥ @orhixase éfuadaree”spbhduﬂ@rammnprscﬁonﬁmaor(gﬁIf@rterxummdl um
mai n, em ssi ons: 350-450 nm ., fusi V (main

pressure spectru sion D

Dt o1 oSN 2Pt BrOPR BB AN s AP BT IF-AM RSO BB SR SRl 00- 410
nm . ThejdsdRAGE PRIIER/yEISNTKyBRAENYIERSS GHoehyidPo -k thgd %h@@l&%‘an‘bﬂéy
dependi ng on the purpose of application and t'ype or strength for
exanpl e d-hgarogy- amat—mu]:ﬁ@celophe@onhmrsusma:t ghinethly BiTpiserapy) Ilmtnylhwgbnphslmmr ces,
for exanpl e exciner |aser a ble to use | aser he VISIb|e
ange. 19ha LETBRPRR G 2ak-SihenEH) SR E T G 4 et ba-dsolgon v or
fusi on Menzsinakyltdtier aidl Benkilded asith Bg bedditBnatiastd|j sHenQlgRBx4dleleairepheo t he
use of the above conpositions and to a process for the preparation of
coatings, paints, printing inks, powder coatings, |am nating adhesives,
dental conpositions, in particular white enanel fornul ations.



0 30CT 2002 -16 In another of its aspects, this invention rel ates ﬁﬁ [ﬂ"T?']ﬂ?
coated substrate which is coated on at |east one surface with one of e
above conpositions, and to a coated substrate to which the novel

conposition is applied at a coating thickness of at least 0.1-100 p.m e.qg.
1-30 p.m preferably 4-15 p.m The fol Iﬁgw ng Exanples illustrate the
invention in nore detail. As in the rémainder of the description and in the
patent clains, parts and percentages are by weight, unless otherw se

stated. If alkyl radicals or alkoxy radicals containing nore than three

car bon alygexakee @hrivetives) mbautortdiwcylph@smmlomufeosmh atsr(em 8- hweth;%@fzom?) t he

respectiye I SO 1: Pre ar at ut ny| pheny

i odoni urﬂY‘ﬁBQB‘F?ﬁRgE‘Sﬁggﬁﬁg&egﬂ"f‘%oﬁy ‘f”%‘l%égdf'ﬁﬁg‘é{ 't?;yﬁfg? éh'”@ondenser
t her moneixefe, bistd, 4,6animatgibBhidy)geshyiphbsihind Sxiderigd, 4v8-trin AR@b éh 26 )-24.10l )

of (diacet IOd@é/R zene in 800 m of acetic acid and, after heat| ng to
40C, 3651'@%3/"(3@“ ‘I’S)O E‘Poﬁdleol uenesul fonic acid are added in portions
over 3 h. The reaction mxture is stirred overnight at 40C, cooled to room
terrperatwyre and filtered. The filter cil ﬁ is washed with water and dried at
60C undeedioyRl QP&ER%H‘P“E;P%’? ige seain VipYHethRUAPBXY]E SEGT BX §YSAsBesBee. In a

750 m fthmd,vﬁgugtﬁa.e& Fdxyb@yllvingl @Bgenser, thernoneter, stirrer and
Wd of h | oxy) i odobenzene and 67.15 g

nitrogen_inl et 4 nol dr ox S
(0.5 ?ml S‘Fa%‘{%‘& ?H%%’r‘n‘f@ﬁé“%)f%e e Xéﬂ‘pi%g)éé)r &FUZ@WW@WH“&SU&B@& c
aci d andaléUPnolE‘ p@pes't@ﬁscswé rpblyethfeepows mauros ofl an&@@nké\fmwm&oérb Rfpidiie

reaction mixture to roo nper at ur e wat er are added and the

mi xt ur e 3§ glepliphelig p%’?'ﬁ SH‘FQ:N @Fﬂﬁ%ﬁ%ﬂ@ontﬂfw‘é Preferablye o Grbitemshases

Wi th maghesdt h@de1, 206t 113-bicpahédia), 1,bhe ss@warﬁutarfedr& Weshedidf fexvacuum
A solid |§; p?ir%:rﬁo@l]?at ed b trg'to?rrent (Nlt hexane. Fil tratrﬂlbon el ves 131 29

of 4-i saRedipl, ﬁﬁtﬁﬁ‘?ﬂ'ﬁhé’ﬁwcﬁns%hﬂl?ﬁhﬂ%;ﬂ'%&@b"%MFFBGQ')Q?@' Selyrthyeng glycolso m

flask, ey nﬁslewamé. t!s%wpp}efé 560 ttoh:%bapﬂgic?aopesﬂarrerdﬁﬁ 128 1 3L bF ogen
inlet, 40. 7 i odoni um't osyl ate and
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i someric product. Exanple 4: (2, 4-Di net hoxyphenyl)phenyl iodonium 030CT 200
hexaf| uor ophosphate Prepared from 1, 3-di net hoxybenzene. The title product
is asolid having a nelting point from 129-130C. ' H NVR neasured in
DVMSO-ds [ppnj: 8.19 (1 H, d, J=8.8Hz H6), 8.07 (2H, m Hz~s~), 7.63 (1 H,

m H4.), 7.49 (2H m H3.5.), 6.80 (1. H m H3), 6.69 (1 H dd, J=8.8 and
2.1 Hz, HS), 3.94 (3H, s, OCH3), 3.83 H, s, OCH3). Exanple 5:

(2, 4- Di et hoxyphenyl ) phenyl i odoni um hexaf | uor ophosphate Prepared from

1, 3-di et hoxybenzene. The title product is a solid having a nelting point of
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rhodamine and erythrosine dyes.

The sensitiser compound should be soluble in the photopolymerisable composition and
should be free of functional groups which crucially influence the cationic crosslinking pro-
cess. The light absorption of the compounds should furthermore be in the range of about
300 to 1000 nm.



This is a resin prepared from octyl benzene.' H NVR neasured i n CD3CN [zp@g;mm
7.95 (4H, m ArH), 7.34 (4H m ArH), 2.64 (4H t, J=7.7 Hz, 2CH2), 09

(4H, m 2CH2), 1.26 {20H, m 10CH2), 0.85 (6H, t, J=6.6 Hz, 2CH3). Exanple
11: Bis(4-isopr opyl phenyl )i odoni um hexaf| uor ophosphate Prepared from

4-i sopropyl phenol . " H-NVR si gnal s rreasuESd in DMBO-ds [ppnl: 8.14 (4H m
ArH), 7.40 (4H m ArH), 2.92 (2H sept; J=6.9Hz, 2CH), 1.16 (12H, d,
J=6.9Hz, 4CH3). Exanple 12: Bis[4(1, 1-di met hyl prop-1-yl)phenyl]i odoni um
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p- but oxy>phesu§BIQ)<hre®@4Rbl odoniumtosylate in the formof a beige solid having

| t fl
condenscrs A3 et atindentend b e o thyaldeBR e MeRR G il 101 o
but oxypt‘tényspm@yand odoni umtosyl ate and 6.6 g (0.036 nol) of pot assi um
hexaf | uog 89&'2%2@@581 ﬂP§ e%tdbﬁﬁ &k 1Y St i&QF ]glk?lt §|Qargi orOaTraléﬁe\k@Bﬁg £ gpm

tenperature e resu S ensi on ered and e 1S
concent runsgbistituted or w@tlwt@/@pémﬁ&tog%emrr@a rivg wihjahea eulesiituied dreurmub added
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and flltratlo 'vent 1's stripped o under vacuum A solid is
precipitated by treatnment with hexane. Filtration gives 15.0 g of
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El enent al  anal ysi s: calculated C
38. 56% H.4:d qutzezwzaa%rrons‘ Q'Q%dylkzsmMwwlmtooesgﬂm@wlbetm%bsnmn.61 % P

6.18%J f%rgf?oﬁb!zﬁ‘l?d@n@,sMi'cﬁrelgketone, thioxanthone, isopropylthioxanthone, 2-fluoro-9-
fluorenone, 2-chlorothioxanthone, acetophenone, benzophenone, 1- or 2-acetonaphthone,
8-acetylanthracene, 2-, 3- or 9-acetylphenanthrene, 4-acetylbiphenyl, propiophenone,
n-butyrophenone, valerophenone, 2-, 3- or 4-acetylpyridine, 3-acetylcoumarine and the like.
Suitable diketones include aralkyldiketones such as anthraquinone, phenanthrenequinone,
0-, m- and p-diacetylbenzene, 1,3-, 1,4-, 1,5-, 1,6-, 1,7- and 1,8-diacetylnaphthalene, 1,5-,
1,8- and 9,10-diacetylanthracene and the like. Suitable diketones (b=1 and X=CO) include
2,3-butanedione, 2,3-pentanedione, 2,3-hexanedione, 3,4-hexanedione, 2,3-heptanedione,
3,4-heptanedione, 2,3-octanedione, 4,5-octanedione, benzile, 2,2'-, 3,3'- and 4,4'-dihydroxy-
benzile, furile, di-3,3'-indolylethanedione, 2,3-bornanedione (camphorquinone), biacetyl,

1,2-cyclohexanedione, 1,2-naphthaquinone, acenaphthaquinone and the like.



The conpounds of Exanples 15-16 are prepared in analogy to the net ho[jzl3 BE
Exanpl e 14, using the correspondi ng educts. The conpounds and their T 2002
physi cal data are listed in the following Table 1. Table 1: ~ ~ | +~O- R PFs
Exanpl eRMel ting poi nt El emental analysis [9% cal cul ated foundC: 38.56

39. 84H: 03. 64 03. 72152- et hyl pr opyl res1i nF: 22.88 21.61P: 06.22 06. 18I:

25.47 25.32C. 47.23 48.60H. 05.70 05.'6fl'6dodecyl 87 - 89 CF:. 17.04 18.67P:
04.82 05.071: 20.71 20.79 0 3 0 CT 2?2002 -21 Exanple 17: A white enanel
fornmulation is prepared by m xing the foll ow ng conponents: 35.3 % of

di gl yci Bydferetdhammsitibersi sgptterselof he( gl Oithe BvthmBneLixbathSpey ibahzdpheaondsen e,
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i na eat treat or 5 mnutes at 180Cin a circulating air oven, the
yel | owi H@er&PmPﬂB%ghti ng is determned via the Yell owness Index (Yl) in
accordance with ASTMD- 1925-70. The | ower the Yl value, the | ess yell ow ng

of the ating.. This forrmulation is cured tack-free at a belt .s of 12.5
o e st Siiurs may beacged lnParotsl SoRas idainskdES ehmoBnetts | B5 ) “ang
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ormul ation |is epar e m Xi the follow ng conponenfs:. 17. arts of
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ut 1 2 pitbamasian ok siadoRR rasreaaRea ARy ' 250 Yar s of
p- i sobut yl phenyl phenyl i odoni um hexafl| uor ophosphate (see Exanple 1), 1.0
parts of_ i sopr,opyl t hi.oxant hone .2.0 ‘ts,of .di spersant_(Di sperbyk 110; Byk
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pound. Examples of such compounds are described in US 56545676. Examples are alkyl-

aromatic polyethers or alkyl-aryl-amino compounds, wherein the aryl group is substituted by

one or several electron-attracting group(s). Examples thereof are 4-dimethylaminobenzoic

acid, ethyl 4-dimethylaminobenzoate, 3-dimethylaminobenzoic acid, 4-dimethylaminoben-

zoin, 4-dimethylaminobenzaldehyde, 4-dimethylaminobenzonitrile and 1,2,4-trimethoxyben-

zene.

Other customary additives are - depending on the end use requirements - fluorescent
whitening agents, fillers, dyes, wetting agents or flow control agents. The novel compositions
may contain as further additives dispersants, emulsifiers, antioxidants, light stabilisers, dyes,
pigments, fillers, e.g. talcum, gypsum, silicic acid, rutile, carbon black, zinc oxide, iron
oxides, reaction accelerators, flow control agents, wetting agents, thickeners, flatting agents,
antifoams, antioxidants and other auxiliaries customarily used in the paint system technolo-
gy. Suitable dispersants are, for example, high molecular weight organic compounds con-
taining polar groups, such as polyvinyl alcohols, polyvinyl pyrrolidone or cellulose ether.
Suitable emulsifiers are non-ionic or ionic emulsifiers.



03 0CT 2002 -22 The m xture is heated to 60C and shaken for 6 m @gtm ZUUZ
After. heating it once nore to 60C and shaking it for another 6 m nutes,

is stirred for 30 mn utes at 60C. The fornulation is applied to 300 ~ m

al um nium sheets using a 12 ~mspiral applicator. Irradiation is carri ed
out using a UV processor under a 120Wc¢m m crowave-excited M Fusion |anp
(of Fusion UV Systens) by passing the’ ‘é\rrpl e to be cured on a belt under
the | anps. The hi ghest belt speed is determ ned at which the sanple ~s
cured with the surface still remaining tack-free. At a belt speed of 10
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What is clained i A avi,ol.et - cur bIe |cIIy ol ri sabl e
composi (-6 GRrl e abisiiets 2B At aee St & e PirGoox A Pined e epa

ar onmat i an ghpahidkhoehhe tre, skille) persoani um di oxi de, (c) at |east one iodoni um
hexaf | uor ophosphate salt as photoinitiator, and (d) a sensitises conpound,
provided that the conposition does not conprise any cationically curing

mat er i alThetriveel ctdwbsgnloyigbgiybe eédrtahsj:ferentAerdemposxdmpmmmmﬁgimtagerraﬁs claim 1,
wherelnthe hotgrl}mtlator 3:\42!( Infd of formula l + R4~~~ ~
~ Rz PrRéATIMRIngadhesivespa PRAtINGIpks, 'tﬁﬁa 8%”‘%*&%% fPhﬁ’@ﬁé‘Hﬂ&Ht"‘r%?d&F one
anot her rhaelr, epiaMairts uSEDatkiyaliadfor pé‘;%ﬂbwﬁéd im#tglGr plastiy MaXidls: substi t ut ed
C, - C2oal koxy, with the proviso that at | east one of R, R2, R3 or R4 is not

hydrogen. 3. A conposition according to claim2, wherein in the conpound of

fornul a 1 doﬁw&sm&f@@‘ s indgtloRean Wu@é’tﬁto%a%rﬂaoﬁﬁ@(zm@ﬁbs cﬁ allfirfi@Mepsi tion
accordin to cI a%én wherein the sensitises co is a corrg(ound
&

sel ect e RS BRRRS TRIGS: cﬂ*asénP'ﬁFtéfc’BﬁgEalsx%‘ﬁg ReREYesiseRPphenones

and thi C@thylene terephthalate, polyolefins or cellulose acetate, in particular in the form of films, and
metals such as Al, Cu, Ni, Fe, Zn, Mg or Co and GaAs, Si or SiO;, to which a protective
coating is to be applied.

The substrates can be coated by applying a liquid composition, a solution or suspension to
the substrate. The choice of solvent used and its concentration depends mainly on the type
of composition and on the coating process used. The solvent should be inenr, i.e. it should
not chemically react with the components and should be removable during drying after
coating. Suitable solvents are, for example, ketones, ethers and esters, such as methyl ethyl
ketone, isobutyl methyl ketone, cyclopentanone, cyclohexanone, N-methylpyrrolidone, di-
oxane, tetrahydrofuran, 2-methoxyethanol, 2-ethoxyethanol, 1-methoxy-2-propanol, 1,2-di-
methoxyethane, ethyl acetate, n-butyl acetate and ethyl 3-ethoxypropionate.

The formulation is uniformly applied to a substrate by known coating processes, for example
centrifuging, dipping, knife application, curtain coating, brush application, screen printing,
spraying, especially by electrostatic spraying and reverse roll coating.

The coating thickness and type of substrate depend on the desired field of application, The

coating thickness is generally within the range from about 0.1 um to higher than 100 pum,

e.g. from 1 um to 30 um, preferably from 4 um to 20 um.

An other field in which the novel composition may be used is metal coating, for example
coating metal sheets and tubes, tins or bottie caps. The metals to be coated can be uncoat-

ed or precoated. Suitable substrates are especially metals, such as aluminium or tinplate.



ant hones.- 5. A conposition according to claim4, wherein the sensi th %i
conpound (d) is a thioxanthone derivative. 6. A conposition accordi 3 32002
claim1l1, wherein the glycidyl ether (a) is a conpound of formula Il Oi HzC
CCH2 0O RS (Il), wherein H x 03 O0OCT 2002 -24 x is a nunber from1l to
6; and R5 is a nono- to hexavalent alkyl or aryl radical. 7. A conposition
according to claim1l, wherein the propottion of the conponent (a) is 4070%
that of the titaniumdioxide (b) is 20-60% that of the photoinitiator (c)
is 0.5-10% and that of the sensitiser conpound (d) is 0.1-3% 8. A coated
subst r atfee w4l lwhits coepbetdoraraldistieqeshearns rawigaeey yoddresiseaopasydib@mg.

accor di oclaiml. 9. A coated bstrate according to claim@8, to which
e compaslr G aaissiafing e e A aniena pim i aed B 6o RTRGOBRIAIGHEES o
0. 1-100pp SBF:dflond) apé ACGHEsdnIn thbss ¢micepes.yneri sation of a conposition
according to claim1, which conprises irradiating the conposition with
light in the wavel ength of 200-600 nm 11. A process according to claim 10,

wher ei n Tae Medd| férRpdtioRe ard Curé@by inediaioh wah light it e waveRmigat 41@0-6b8. nnf
process ccordl%g to claim110 for the

T o [ NN e R P
CoNposi theMmal afteitrétdimbehCid lcafivedienthichfie€ Banm lthd RiipelatieQasge from 50-250°C,
e.g. from 100-220°C, preferably from 150-210°C.
Accordingly, this invention also relates to a process for the polymerisation of compositions
described above, which comprises irradiating the composition with light in the wavelength of
200-600 nm, and to a corresponding process in which the irradiation is followed by a heat
treatment.

The UV irradiation for curing the novel formulation is usually carried out using light in the
wavelength from 200-600 nm. Suitable radiation comprises, for example, sunlight or light
from artificial light sources. A large number of widely different types of light sources can be
used, including point sources and arrays of reflector lamps. Examples are: carbon arc
lamps, xenon arc lamps, mercury medium, high and low pressure lamps which are doped,
where required, with metal halides (metal halogen lamps), microwave-excited metal vapour
lamps, excimer lamps, superactinic fluorescent tubes, fluorescent lamps, argon glow lamps,
flash lamps, photographic floodlights, electron beams and X-rays. Examples of suitable
lamps are fusion lamps, such as fusion H (main emissions: mercury medium pressure spec-
trum), fusion D (main emissions: 350-450 nm), fusion V (main emissions: 400-450 nm) or
fusion M (main emissions: 360-370 nm and 400-410 nm). The distance between lamp and
substrate to be irradiated can vary depending on the purpose of application and type or
strength of lamp, for example from 2 cm to 150 cm. Other suitable lamps are laser light
sources, for example excimer laser. It is also possible to use lasers in the visible range.
Irradiation using fusion lamps, e.g. fusion H, fusion D, fusion V or fusion M, is particularly

interesting.

This invention also relates to the use of the above compositions and to a process for the
preparation of coatings, paints, printing inks, powder coatings, laminating adhesives, dental

compositions, in particular white enamel formulations.
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After cooling the reaction mixture to room temperature, 500 ml of water are added and the
mixture is extracted with dichloromethane. After drying the organic phases with magnesium
sulfate and filtration, the solvent is removed under vacuum. A solid is precipitated by treat-
ment with hexane. Filtration gives 131.2 g of 4-isobutylphenylphenyl iodonium tosylate as a
beige solid.
In a 760 ml flask, equipped with reflux condenser, thermometer, stirrer and nitrogen inlet,
40.7 g (80 mmol) of 4-isobutylphenylphenyl iodonium tosylate and 29.5 g (160 mmol) of
potassium hexafluorophosphate in 500 ml of acetone are refluxed overnight. The cooled
suspension is filtered and the filtrate is concentrated under vacuum, 200 ml of dichloro-
methane are added and the solution is washed with water. After drying over magnesium
sulfate and filtration, the solvent is stripped off under vacuum, giving 36.5 g of p-isobutyl-
phenylpheny! iodonium hexafluorophosphate in the form of a colourless oil. The 'H-NMR
spectrum (measured in dimethylsulfoxide-ds) exhibits displacement signals at the following
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2.47 (2H, m, 2 CHy), 1.82 (1H, m, CH(CHa),), 0.82 (6H, d, J=6.2 Hz, 2 CH).

Elemental analysis CgH gFglP:

calculated C39.86% H3.76% F23.64% 126.32% P 6.42%

found C40.14% H3.89% F2363% 126.20% P 6.28%

The compounds of the following Examples 2-6 are prepared in analogy to the method of
Example 1 from the corresponding substituted aromatic compounds.

Example 2: (4-Hexylphenyl)phenyl iodonium hexafluorophosphate

Prepared from hexylbenzene. The title product is obtained as a brown oil. 'H-NMR measured
in CDsCN [ppm]: 8.02 (4H, m, ArH), 7.71 (1H, m, ArH), 7.53 (2H, m, ArH), 7.36 (m, 2H, ArH),
2.65 (2H,t, J=7.7 Hz, ArCHy), 1.55 (2H, m, CH,), 1.28 (6H, m, (CH,)s), 0.85 (3H,t, J= 6.5Hz,
CHj). According to 'H-NMR, the product contains about 8% of the 2-hexyl isomeric product.

Example 3: (4-Octylphenyl)phenyl iodonium hexafluorophosphate

Prepared from octylbenzene. The title product is obtained as a reddish oil. "H-NMR
measured in CD;CN [ppm]: 8.0 (4H, m, ArH), 7.70 (1H, m, ArH), 7.52 (2H, m, ArH), 7.36 (m,
2H, ArH), 2.65 (2H, t, J=7.7 Hz, ArCH,), 1.57 (2H, m, CH,), 1.25 (10H, m, (CHy)s), 0.85 (3H,
t, J= 6.5Hz, CH3). According to 'H-NMR, the product contains about 8% of the 2-octyl
isomeric product.

Example 4: (2,4-Dimethoxyphenyl)phenyl iodonium hexafluorophosphate

Prepared from 1,3-dimethoxybenzene. The title product is a solid having a melting point from
129-130°C. 'H-NMR measured in DMSO-d; [ppm]: 8.19 (1H, d, J=8.8Hz Hg), 8.07 (2H, m,
Hag), 7.63 (1H, m, H4), 7.49 (2H, m, Hjg), 6.80 (1H, m, H3), 6.69 (1H, dd, J=8.8 and 2.1Hz,
Hs), 3.94 (3H, s, OCH3), 3.83 (3H, s, OCH,).

Example 5: (2,4-Diethoxyphenyl)phenyl iodonium hexafluorophosphate

Prepared from 1,3-diethoxybenzene. The title product is a solid having a melting point of
158°C. 'H-NMR measured in DMSO-ds [ppm]: 8.17 (1H, d, J=8.8Hz He), 8.05 (2H, m, Hzsg),
7.64 (1H, m, Hy), 7.50 (2H, m, Has), 6.75 (1H, m, Ha), 6.66 (1H,dd, J=8.8 and 2.5Hz, Hs),
4.14 (4H, m, 20CH,), 1.33 (6H, m, 2CHj).
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125°C. 'H-NMR measured in DMSO-ds [ppm]: 8.15 (1H, d, J=8.8Hz Hg), 8.03 (2H, m, Hyse),
7.63 (1H, m, Hy), 7.50 (2H, m, Has), 6.73 (1H, m, H3), 6.66 (1H, dd, J=8.8 and 2.2Hz, H;),

4.78 (2H, m, 20CH), 1.23 (12H, m, 4CHy).

Example 7. Preparation of bis(p-isobutylphenyl)iodonium hexafluorophosphate

In a 6 | flask, equipped with reflux condenser, thermometer, stirrer and nitrogen inlet, 211.2 g
(1.57 mol) of isobutylbenzene and 140.3 g (0.65 mol) of potassium iodate are cooled to 0°C
in @ mixture of 1850 ml of acetic acid and 525 ml of acetic anhydride. A mixture consisting of
385 ml of acetic acid and 310 ml of sulfuric acid is added dropwise. The mixture is stirred
overnight at room temperature and 39.15 g of sodium bisulfate in 2000 ml of water are add-
ed. The solution is extracted with hexane and dichloromethane. The organic phases are
dried over magnesium sulfate and filtered and the solvent is stripped off under vacuum,
giving 304.9 g of bis(4-isobutylphenyl)iodonium bisulfate in the form of a brown oil.

in a 1.5 | flask, equipped with reflux condenser, thermometer, stirrer and nitrogen inlet, a
mixture consisting of 152.4 g (0.31 mol) of bis(4-isobutylphenyl)iodonium bisulfate and

68.7 g (0.37 mol) of potassium hexafluorophosphate and 750 ml of water is stirred for 5 h.
The solution is extracted with dichloromethane and the organic phases are then washed with
water. Drying over magnesium sulfate, filtration and removal of the solvent by evaporation
gives 107.4 g of bis(4-isobutylphenyl)iodonium hexafluorophosphate in the form of a brown
resin. The 'H-NMR spectrum (measured in CDCls) exhibits displacement signals at the
following values [ppm]: 7.85 (4H, m, ArH), 7.20 (4H, m, ArH), 2.42 (4H, d, J=7.2 Hz, 2 CH,),
1.79 (2H, m, 2 CH(CHj3),), 0.82 (12H, d, J=6.6 Hz, 4 CHj).

The compounds of the following Examples 8-13 are prepared in analogy to the methods of
Example 7 from the corresponding substituted aromatic compounds.

Example 8: Bis(4-butylphenyl)iodonium hexafluorophosphate

Prepared from n-butylbenzene. The title product is an orange resin. 'H-NMR measured in
CD4CN [ppm]: 7.95 (4H, m, ArH), 7.35 (4H, m, ArH), 2.65 (4H,t, J=7.7 Hz, 2CH,), 1.54 (4H,
m, 2CH,), 1.30 (4H, m, 2 CHy), 0.89 (6H, t, J=7.2 Hz, 2CHj).



105 105 105-#10%& ()-'-#109B& ()-' & #109%&' () -f109%& () - RRSXWW X[ dEnbC
'193% #10%4& () - #109&' () - @HLO0%& () - @FL0%H& () - @F10%& () - @LO%H& ()grd HEH 2002\
\\bC "1 10%& ()-' Y10%& ()- 10H 10H

10H : 910%H& () - " y8!10%K ()-93% #10%& ()-\" """ caSbbChC

"1 &SF"10%& () - &SF'10%& () - &SF"109&

){&SF"10%K&' () - & #10%&' () - & #10%&' ()-Bbf fffff2gghC "I

"10% & ()-#10% & ()-10% & ()-'Z10% & ()- 105 105 105&) "10%& ()-gghh

| 4| j 1 dEBC

| F"" 10%x&mple f$YB[bO@/<h€uyﬂ )Jher&)@)%d&h@ntlhe&ﬂam%r&pr@spgétw% & ()-z10% & ()-11 ooppp
ppio%lj Ehlols/%& %%p&&%re%ﬁ%ﬁgﬁé%é%%& Nﬂ?l(a{ measurec?m CDsCN [ppm]: 7.94 (4H,
109%¢& ( )m"ﬂr@f}/& 83 t48, O H) ) 2.64 0 & JE - mi%&) (56L&, RHIR S B MMaMxEEDC

R R R A S Lo ) e e

Example 10: Bis(4-octylphenyl)iodonium hexafluorophosphate

This is a resin prepared from octylbenzene. 'H-NMR measured in CD:CN [ppm]: 7.95 (4H,
m, ArH), 7.34 (4H, m, ArH), 2.64 (4H, t, J=7.7 Hz, 2CH,), 1.56 (4H, m, 2CH,), 1.26 (20H, m,
10CHy), 0.85 (6H, t, J=6.6 Hz, 2CHj).

Example 11: Bis(4-isopropylphenyl)iodonium hexafluorophosphate
Prepared from 4-isopropylphenol. 'H-NMR signals measured in DMSO-d; [ppm]: 8.14 (4H,
m, ArH), 7.40 (4H, m, ArH), 2.92 (2H, sept, J=6.9Hz, 2CH), 1.16 (12H, d, J=6.9Hz, 4CH3).

Example 12: Bis[4(1,1-dimethylprop-1-yl)phenylliodonium hexafluorophosphate
Prepared from 4(1,1-dimethylprop-1-yl)phenol. 'H-NMR signals measured in DMSO-ds
[ppm]: 8.14 (4H, m, ArH), 7.48 (4H, m, ArH), 1.61 (4H, m, 2CH.), 1.21 (12H, s, 4CHj3),
0.56 (6H, m, 2CHa).

Example 13: Bis(4-C3-Cysalkylphenyl)iodonium hexafluorophosphate

Prepared from a mixture of phenols substituted in 4-position by Cg-C14alkyl. 'H-NMR signals
measured in CDCl; [ppm]: 7.88 (4H, m, ArH), 7.30 (4H, m, ArH), 2.80-2.35 (=2H, m), 1.75-
1.35 (=12H, m), 1.35-0.65 (=30H, m).

Example 14: Preparation of p-butoxyphenylphenyl iodonium hexafluorophosphate

A 350 mi flask, equipped with reflux condenser, thermometer, stirrer and argon inlet, is
charged with 100 g (0.31 mol) of diacetoxyiodobenzene in 200 ml of acetic acid, to which,
after heating to 40°C, 45.8 g (0.48 mol) of p-toluenesulfonic acid are added in portions over
3h. The reaction solution is stirred overnight at 40°C, cooled to room temperature and fil-
tered. The filter cake is washed with water and dried at 60°C under vacuum, giving 71.2 g of
hydroxy(tosyloxy)iodobenzene.

In a 200 ml flask, equipped with reflux condenser, thermometer, stirrer and argon inlet,

14.1 g (0.036 mol) of hydroxy(tosyloxy)iodobenzene and 5.1 g (0.034 mol) of 4-butoxyben-
zene are heated for 2h to 40°C in a mixture consisting of 5 ml of acetonitrile and 2 ml of
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over magnesium sulfate, filtered and concentrated in a rotary evaporator. A solid is preci-
pitated by treatment with hexane. Filtration gives 17.0 g of p-butoxyphenylpheny! iodonium
tosylate in the form of a beige solid having a melting point of 169-171°C.
In a 200 ml flask, equipped with reflux condenser, thermometer, stirrer and argon inlet,
17.0 g (0.032 mol) of butoxyphenylphenyl iodonium tosylate and 6.6 g (0.036 mol) of po-
tassium hexafluorophosphate are stirred overnight in 50 ml of acetone at room temperature.
The resulting suspension is filtered and the filtrate is concentrated in a rotary evaporator.
50 mi of methylene chioride are added and the solution is washed with water. After drying
over magnesium sulfate and filtration, the solvent is stripped off under vacuum. A solid is
precipitated by treatment with hexane. Filtration gives 15.0 g of p-butoxyphenylphenyl! iodo-
nium hexafluorophosphate in the form of a beige solid having a melting point of 101-103°C.
Elemental analysis:
calculated C3856% H364% F2288% P622% J25.47%
found C39.84% H3.72% F2161% P6.18% J25.32%

Examples 15-16:

The compounds of Examples 15-16 are prepared in analogy to the method of Example 14,
using the corresponding educts. The compounds and their physical data are listed in the
following Table 1.

Table 1; @—F——QO—R PF,

Example | R Melting point Elemental analysis [%)]

calculated found

C: 3856 39.84
H: 03.64 03.72

15 2-methylpropyl | resin F: 22.88 21.61
P: 06.22 06.18
l: 25.47 25.32
C:. 47.283 48.60
H:  05.70 05.61

16 dodecyl 87 -89 °C F: 17.04 18.67
P: 04.82 05.07
I

20.71 20.79
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35.3 % of diglycidyl ether of bisphenol A ARALDIT GY 250, Ciba Spezialitatenchemie,
Switzerland),
14.1 % of trimethylolpropane triglycidyl ether,

9.4 % of Cyzn4alkyl glycidyl ether,
39.2 % of rutile titanium dioxide (R-TC2, Tioxide, UK),

1.5 % of p-isobutylphenylphenyl iodonium hexafluorophosphate (see Example 1),

0.5 % of isopropylthioxanthone.
The mixture is heated to 60°C and shaken for 6 minutes. After heating it once more to 60°C
and shaking it for another 6 minutes, it is stirred for 30 minutes at 60°C. The formulation is
applied to a 300 um aluminium sheet using a 12 um spiral applicator. Irradiation is carried
out using a UV processor under two 80 W/ecm mercury medium pressure lamps. The highest
belt speed is determined at which the sample is cured with the surface still remaining tack-
free. The higher the belt speed, the more reactive the formulation. Moreover, immediately
after irradiation and also after subjecting the sample to a final heat treatment for 5 minutes at
180°C in a circulating air oven, the yellowing of the coating is determined via the Yellowness
Index (Y1) in accordance with ASTMD-1925-70. The lower the Y| value, the less yellowing of
the coating.
This formulation is cured tack-free at a belt speed of 12.5 m/min. Immediately after irradia-
tion, the measured Y| value is -2.5, and after the subsequent heat treatment it is -3.4.

Example 18
A white enamel formulation is prepared by mixing the following components:

17.0 parts of diglycidyl ether of bisphenol A (ARALDIT GY 250, of Ciba Spezialitadtenchemie,
Switzerland),
17.0 parts of trimethylolpropane triglycidyl ether,
13.0 parts of Cyansalkyl glycidyl ether,
50.0 parts of rutile titanium dioxide (R-TC2, Tioxide, UK),
2.0 parts of p-isobutylphenylphenyl! iodonium hexafluorophosphate (see Example 1),
1.0 parts of isopropylthioxanthone
2.0 parts of dispersant (Disperbyk 110; Byk Chemie, Germany)
0.5 parts of wax (polyfluo 540).
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The mixture is heated to 60°C and shaken for 6 minutes. After heating it once more to 60°C
and shaking it for another 6 minutes, it is stirred for 30 minutes at 60°C. The formulation is
applied to 300 um aluminium sheets using a 12 um spiral applicator. lrradiation is carried out
using a UV processor under a 120W/cm microwave-excited M-Fusion lamp (of Fusion UV
Systems) by passing the sample to be cured on a belt under the lamps. The highest belt
speed is determined at which the sample is cured with the surface still remaining tack-free.

At a belt speed of 10 m/min, the sample is cured with a tack-free surface.
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1. A ultraviolet-curable, cationically polymerisable composition, which comprises
(a) mono-, bis- or higher aliphatic or aromatic glycidy! ethers,
(b) titanium dioxide,
(c) at least one iodonium hexafluorophosphate salt as photoinitiator, and
(d) a sensitiser compound,
provided that the composition does not comprise any cationically curing material other than
glycidyl ethers.

2. A composition according to claim 1, wherein the photoinitiator (c) is a compound of
formula |

R,

+ -
R@‘l_@Rz PFs (1), wherein

Rs

R1, Rz, R3 and R, are each independently of one another hydrogen, C;-Czalkyl or unsub-
stituted or hydroxyl-substituted C;-Cyalkoxy, with the proviso that at least one of Ry, Ry, R,
or R, is not hydrogen.

3. A composition according to claim 2, wherein in the compound of formula R; is C4-C1alkyl
and Ry, R; and R, are hydrogen.

4. A composition according to claim 1, wherein the sensitiser compound (d) is a compound
selected from the group consisting of anthracenes, xanthones, benzophenones and thiox-
anthones.

5. A composition according to claim 4, wherein the sensitiser compound (d) is a thioxan-
thone derivative.

6. A composition according to claim 1, wherein the glycidyl ether (a) is a compound of
formula Il

/7N
[HZC—(l_:'—CHZ;—O}—R5 (1), wherein
X
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8. A coated substrate which is coated on at least one surface with a composition according
to claim 1.

9. A coated substrate according to claim 8, to which the composition according to claim 1 is
applied at a coating thickness of 0.1-100 um.

10. A process for the photopolymerisation of a composition according to claim 1, which
comprises irradiating the composition with light in the wavelength of 200-600 nm.

11. A process according to claim 10, wherein a heat treatment is carried out after the
irradiation.

12. A process according to claim 10 for the preparation of coatings, paints, printing inks,
powder coatings, laminating adhesives or dental compositions, in particular of white enamel
formulations.

13. Use of a composition according to claim 1 for the preparation of coatings, paints, print-
ing inks, powder coatings, laminating adhesives or dental compositions, in particular of white
enamel! formulations.
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