06-_949'14 Description The present invention relates to conpositions

conprising 1,2-epoxides and certain types of organonetallic salts, and
optional |y certain types of .photoaccelerators. It also relates to the

pol yrreri sation of such Conpositions by mans of actinic radiatiogggh§iihe
further crosslinking of polynerised products so obtained by neans o eat - .
in the pres®aseriptiomat-curing agents, and to the use of the conpositions

as surface gRati/a@snt i1AvEktdiBhi A aPlalB8Sconpls Hilonk et QUL 5,2-8p¢kilaPs
rei nforced conposites, and as adhesives, For a nunber of reasons it has

‘becone desi #88| LERLR AR ofoPrEREPTatAll th sBYthe 4R oBFionaliniceTFalR S¥Ph.
Enpl oyi ng }OMtﬂwﬂogmh j ﬁaﬁdr@n m@m&dlﬁé!&@tdfayo fﬁi’l@l’p(ﬂ&ﬁﬂﬁ_ f sa;::ll.avaifdgtfche usedof
organi ¢ sol vents .wit eir attendant ri of toxicCi amra -y an
o ot SemtntEnors. b ana b4 GAERTC FodRag, HE YR Flrenhy HERRRL el

Phot opol ynenifspdlymartedbpasiucbs Goudbtaised ibyrmednsaof bepo st tlon presdmee of

restricted th%ag- dr@ﬁ na%(%ﬁ@ss,’ aild Q:a tﬁ$g§g o\@hitﬁ’g' cgﬁ(@sile

! LESHL %Ersﬁ:qifgéeed’ and so
permts the producti printed circurts and printing ates or all ows

t he bondi ng costingsst impeintiggbrlatenf iincprinted cjurpitd . zentedn minfoxeed | n

production RIAEENTES; dndl 8¥liadhdéfAReRpr ocedures are often nore rapid than
t hose involving heating and a subsequent cooling step. In US-A-3, 709, 861

there are described curabl e conpositions conprising (a) an epoxi de resin,
(b) a pol ycaokox \Humbet &f dreuabi sl ritdRad beparey BE4 iraplétoatndudeé | podyigeizhtiand

c) a cycl opent adi enyl nese, tricarb I, as,a_light-actiyvated
hebel er at or POREAEAY (I FaCiariht  EREIS RS P rrisdheRRabid Bropquures
act wl c radimayi oferf exaniple m;vpiés:hlemﬁ k6 Lrgatia sativemits orithi thed rf athendént
nm nwes to r . r m rature
3.—199&’ of %ﬁc'igf,y f{l%mﬁi%l%ﬁ%ﬁé ee%)urﬁﬁxg&.séi oﬂtuti&p, ah@rmgzg

produces a cure that 1s but the conposition can
heat ed, si mficearRfoEisrgverins the salyswiuEhetopalmeriestion snabled 50 to

250[err] forinkol\@iNi£ti3ntew s EshpdSLElotr 63 Bedrdhte00GUdCtE delfbndd/bfeasl,t has ~
now been found that 1,2-e QX des cap be, phot opo] yneri sgd b}/1 nmeans
i.e., those which have been irradiated, and so permits the production of
printed circuits and printing plates or allows the bonding to substrates
to be confined to required zones. Further, in production processes,
irradiation procedures are often more rapid than those involving heating

and a subsequent cooling step.

In US-A-3,709,861 there are described curable compositions comprising
(a) an epoxide resin, (b) a polycarboxylic¢ acid aﬁhydride or
- polymercaptan as curing agent, and (c¢) a cyclopentadienylmanganese
1y) tricarbonyl as a light-activated accelerator. When curing is desired,
| the compositions are exposed to actinic radiation for 10 minutes to 8

hours (irradiation times from 15 minutes to 3 hours are used in the
Examples). Exposure ét room temperature produces-a cure that is dry to
the touch, but the composition can be heated, simultaneously with or
subsequenﬁ to the expoéure, at 50 to 250°C for 1 hour to 3 days to

accelerate and complete the cure.

It has now been found that 1,2-epoxides can be photopolymerised by means

of certain salts of complexes of transition metals with arenes and



of certain salts of conplexes of transition netals with arenes and - 2-
cyclic dienes. These salts are in general soluble in liquid 1, 2-epoxideg
and thus can be readily incorporated to forma photopol ynerisabl e
conposition wthout the need to use toxic or inflanmmble solvents or
conpl ex di spersion neans. The salts used in the conpositions of this
i mvention have little or no effect on I 2-epoxi des on heating in the
absence of actinic radiation. Thus, a conposition conprising 2 parts by
wei ght of tricarbonyl- (cyclohexa-2,4-dienyliumiron tetrafluoroborate and
100 parts Qée%‘f‘d ARbndY, PERNTENG 2bd ¥ndydlekab!s8 1000 idaiG8Ed 1, 2{dRx1des
di gl ycidyl ether of 2,2- bi sg}- hydr oxyphenyl ) pr opane, di.d not | on
heating at apdothasr pant bp wRpddby igcorRoTeERd SRt 4 at ,PhBF%Q%?T%’ET‘ngﬁ?n actinic
radi ation, JoRgoIRIBRSIithaRs thé rebe ¥ @s€roxidweninflambsble skisientbloy | ong
pot lives. The invention accordingly relates to polynerisable conpositions
cont ai ni ng CHPLex SLFRATEHP "§F ™y mi xture of such conpounds, containing at
:ceastlon[eYl, 2iepoxi de grotjp and (b) an effective anmount of a salt of the
ornul a o) err rr] wh : r a
cyclic di er'l@lei ﬁ%r%ﬁ% 6’ t:%er Jé?)mrpé’ggn °§sa°nf %ﬁg{nqgﬁ%agﬁgf%ﬁ{?rtgﬁg?rgn
net al chosesffécomnt 1i2repoxddes somdearinsc ip ¢he ushseneth ginttdnie rgdiation,) ¢ |

ni ckel , COPRRE; ;icggé%iiﬁ&ggﬁgqgé o LGN bY e 1RO GfUBicRghdr3d-um sil ver;

tantal um tungsten, ] osmum iridium_platin nd_gol d, Is a
posi tive i ntgiohesach 4 RaetiAEm KoM 'Gtﬁaél"&fe‘i"g‘?éa aéﬂLégi‘Eq?Bﬁr‘gﬁVl"’eaight
configuratigig dmmeréRflIN§SHAiSable apsxIdef rezifipithe diglyeidyll etlbr of 2,2-
N\ ' bis(4-hydroxyphenyl)propane, did not gel on heating at 150°C for 40
hours. It follows that, protected from actinic radiation, the

compositions of the present invention have desirably long pot lives.

The invention accordingly relates to polymerisable compositions
containing

(a) a compound, or a mixture of such compounds, containing at least one
1,2-epoxide group and

(b) an effective amount of a salt of the formula

[Y-Q-(CO)g}+ MX, |

I
where
P Y represents an arene group or a cyclic dienylium group
k“/- Q represents an atom of a d-block transition metal chosen from

titanium, vanadium, chromium, manganese, irom, cobalt, nickel,
copper; niobium, molybdenum, ruthenium, rhodium, palladium, silver;
tantalum, tuﬁgsten; rhenium, osmium, iridium, platinum, and gold,

a is a positive integer such that the atom Q has a closed electron
shell configurétion,'

represents an atom of -a metal or metalloid,

=)

is 4, 5, or 6, and is one more than the valency of M, and
X represents a fluorine or chlorine atom, with the proviso that if M
represents antimony, n is 6, and five of the symbols X represent

fluorine, and one may also represent a hydroxo group.

This invention also relates to a process for the transformation into



IS

n is 4, 5, or 6, and is one nore than the valency of M and X
represents a fluorine or chlorine atom wth the proviso that if M @
represents antimony, n is 6, and five of the synbols X represent fluorine

and one nay al so represent a hydroxo group. This invention also relates to

a process for the transformation into - 3- hi gher-nol ecul ar wei ght

material of a conpound containing at | easf one 1, 2- epoxi de group, or a

m xture of such conpounds, conprising subjecting a said conposition of this

i nvention to actinic radiation. Wien Y denotes an arene group i.e., isS

itself a 6-qlgidr-A61dcullai Greifil &aewameoﬁanwmuﬁd Qaf.ta&uﬂgla\tnueds@aanegrour),

I ncl udi ng a_condensed ring 8r0ue'6 Prefe abI is ah r bon % oup

whi ch is opti bTERCKYdS BHeHR FrHe” %ma?‘ms‘iy ﬁ ngfifplecting
preferably iat seintangusitidcnnod ﬂﬂslﬁw@ﬁthﬁntetmmsmadmaa:sodnenzene t ol uene,
mesi tyl ene, naphthal ene, bi phenyl, phenanthrene, fluorene, and ant hracene.
When Y denotes a cyclic dienyliumgroup it is preferably a group of one of

the foll ow Wgef Of dehates| ax ErenhgreuRl .e. ddaoteliim 4H&ldetgemlpgeard,1this 4
carbon ato afna gl mu.gfeq&popfpoiﬁ\m&ac HG) hOMWRInP'a BShdehkyd | Ahgup-

i nterrupted one or nore oxycarb roups "and contalnlng u
carbon at orrﬁm‘&h-d Ppeferaply ziérb‘-" 31h>"¥°°6¥ oB g¥yup Wbe?é’BFV‘}aég}' esent s
~chrom um cqlsbtitubid s onaael et amkglrgﬁbubé oranarpr@wmn?s& cdh€aiakom M
may represent, for exa iron, tin, bismuth, alumnium lium indium
Ty ant am 2B G 1 CRHARAFRPanSRARLAT TERFHRATLYGPS nBRBLRRSES by

preferably inaphitialesenbiphenyl (Gihgnantihtend C fliweas, and givhspdeeus. The
cat@n MXn- may thus denote tetrachl oroal um nate or

When Y denotes a cyclic dienylium group it is preferably a group of one

of the following formulae

11 11 v

where

R! denotes an alkyl group of 1 to 4 carbon atoms, an alkoxy group of 1
to 4 carbon atoms, or an alkyl group interrupted by one or more
oxycarbonyl groups and containing up to 12.carbon atoms, and

b is zero, 1, 2, or 3.

Q preferably represents chromium, cobalt, nickel, and particularly

iron or manganese.

The atom M may represent, for example, iron, tin, bismuth, aluminium,
gallium, indium, titanium, zirconium, scandium, vanadium, chromium, or
manganese, but preferably it represents antimony, arsenic, boron, or

phosphorus. The cation MX,  may thus denote tetrachloroaluminate or



4 hexachloroferrate, for exanple, but it preferably denotes

tetrafl uoroborate, hexafluoroarsenate, hydroxopentafl uoroantinonate,
hexaf:l uor oanti nonate, or hexafl uorophosphate. Salts of fornmula | where Y
denotes an arene group nay be prepared by heating, for exanple,

pent acar bonyl manganese brom de with an arene in the presence of alun1n|um
chloride and treating the product in aque®bus solution with, for exanple,

pot assi um hexaf | uor ophosphate, to precipitate the arenetrlcarbonylnanganese
hexaf | uor ophosphate (T.H Coffield, V. Sandel, and R D. C osson, J. Amer.

Chem Soc., hdidRhioroterrftd) fodl @Qaaﬁ1duadut8@£ tp'ieﬁéramyradnatés \Ahere Y denotes

an arene group, which are particularly preferred incl

hexaf | uor()pﬁ?ﬁﬁfﬁéf%ﬁ?bBFaﬂ?er?ﬂxaF6Y?ﬁ?ﬁE??qatecéﬁﬂﬂﬁ?VPﬁﬁ. H@Eﬂ?“tim°nate'

[ er r] - benzenetdfilGardanbihoianga e Skexafbiddoph®sphhys enet ri - car bonyl manganese,
[err]-I-methyl-5,6,7,8-tetrahydronapht hal enetri carbonyl - nmanganese,
[err]-hexyl benzenetri carbonyl manganese, [err]-nethoxybenzene tri-

car bonyl mangatwss ef muluIaarIrx}zhdrex‘yl@nybﬁlaermenémbpr@dyerg:emgmd Bhese

Sal (s AT Shiudiig TRWLESHEN! SLhRldB6nfiRNlg Ak 0 LLAP 09BN SR U B

cl osed el ectron I on trons I1n its valency
shel |, uni v&hempreaentgant adupiniymi qlslorgmﬁaegﬂtqrvetm Flam pEedicti byytaaHers

el ectrons, Ebﬁxtﬁﬁﬁ%tﬂr% e:e&tp&eb%w&l@m%e%nmph@mawecshree car bonyl
groups contrlbutln el ectrons each._Salts of forpula | ere Y denotes a

cyclic di en?F?Wﬁ?'ﬁuﬁhﬁraéeF?VéﬁFE@“ﬁ%géPﬁP R?‘?Eﬁiﬁ]r“‘ff’tﬂ‘ le, a diene
| s heat ed W(T i .aceEtirRlldcar.bsandels uaiid RD.i ChésgpanNtICakdNPhen.0Sbéar,NL57,
tral naéeﬁm E g., tricarbonyl (cycl ohexa- 1, 3-diene)iron, and
raction }dride ion fromthe compl ex by nmeans of triphenyl nethyl
tetrafluoroborate yi el ds the correspondi ng

tricarbonyl gryfliahexadh 800 i, GhRS ¥ URnBREY AhCardne Grdup$ Gitdbn aid

particularly preferred include the hexafluorophosphates of =x-toluenetri-
carbonylmanganese, wx-benzenetricarbonylmanganese, w-mesitylenetri-
carbonylmanganese, w-l-methyl-5,6,7,8-tetrahydronaphthalenetricarbonyl-
manganése, n-hexylbenzenetricarbonylmanganese, w-methoxybenzene tri-

carbonylmanganese, and w-hexyloxybenzenetricarbonylmanganese.

These salts satisfy the requirement that the central atom (manganese)
has a closed electron shell configuration, i.e., 18 electrons in its
valency shell, univalent manganese with its unipositive cation
contributing 6 electrons, the arene group contributing 6 electrons, and

the three carbonyl gfoups contributing 2 electrons each.

Salts of formula I where Y denotes a cyclic dienylium group are likewise

generally known.

For example, a diene is heated with a metal carbonyl such as iron
pentacarbbnyl to form a neutral complex, e.g., tricarbonyl(cyclohexa-
1,3-diene)iron, and abstraction of a hydride ion.from the complex by
means of triphenylmethyl tetrafluoroborate yields the corresponding
tricarbonyl(cyclohexadienylium)iron tetrafluoroborate (E.O0. Fischer and
R.D. Fischer, ‘Angew. Chem., 1960, 72, 919; A.J. Birch, K.B. Chamberlain,
' M.A. Haas, and D.J. Thompson, J. Chem. Soc., Perkin 1, 1973, 1882). The

hexafluorophosphate or another desired salt of formula I may be made




R D. "Fischer, Angew. Chem, 1960, 72, 919; A J. Birch, K. B. Chanberlain,
M A. Haas, and D.J. Thorrpson J. Chem Soc., Perkin 1, 1973, 1882). The
hexa,fl uorophosphate or another desired salt of formula I may be nmade
similarly, using triphenyl methyl hexafl uorophosphate and correspondi ng
salts. Reaction of cycl opentadienyliron d%}car bonyl brom de wi th carbon
nmonoxi de in an inert solvent in the preSehce of alunminiumtribronm de as
catal yst followed by hydrolysis and then treatnment w th ammoni um

hexaf | uor ophos- phate affords tricarbonyl (cycl opentadi enyl)iron

hexaf | uor opiweapheat Tf; (fidg tfiphehfimethyll Kex&flnbtephosflivam albreorres®oadings,
1200). Reaction of a cyclopentadienyliron dicarbonyl halide w th carbon
monoxi de i n®8l¢8t one sol ution with sodium tet raphenyl borate yields tri-

car bonyl (cycl opent adi enyl )i ron tetraphenyl bor at e (A Davi son, ML.H G een

and G Wi %ar %?.%n c%cq.oBetﬁ:a%i.é a']l%gln d:i‘l.‘z on; &) thﬁ Q:H:ﬁo& H&lﬂoﬁ%et he

tetrafl uoro repare cyc I ron di carbonyl halide
may al so beimambmgﬂtasddrenn itheheprssence of aéulnif)ivmfefib?-'°mide as catalyst

hexaf | uor Op%ﬂﬁﬁBPQ& 'b% Qﬁ@%gﬂ'&eamr&% biftnodfi fuf Hidxafluorophos -
t adi enyI %

tricarbonyl yiron, tricarbonyl- (cycloheptatyienyl)iron,
and tri car bBhApe( efkards Jeaisarhony Lisyelopentadipnyd) jr‘ifi’Br g ﬁ . King,
I norg. Chentg.ol9fPschbdr £RH#K. F‘Eehfaqacﬁsmykémycimenwa,drlemy)l | un) ol ybdenum
hexaf | uor ophosphat e and tetracarbonyl (cycl opent adi enyl i umtungsten

hexaf | uor ophospate can be prepared by reaction of

cycl opent adResvrion|ofbderyeivpéntad boy) Lrahdicadienyh dal ide wirlr espoamdi ng

gsten COWQ&% e Wi D&l 0&1‘&9{@% il6h is8ai P RESIRBSADB R Il THSURY -

ch}\o’rl de fo by treatnment o he tetracarbonyl (cycl opentadi enyl i um
t et r achl or oeshenybichprantadinnyl inoneketmapbarapherdiRate Pevigongidnldr K

Fichtel, angeden hfd al.f €1 MinkSENT . Benm. sb362.198D, 3349y 2¥2dm which salts

such as the tetrafluoroborate may be prepared.

Such a cyclodienyliron dicarbonyl halide may also be carbonylated in the
presence of a mixture of hexafluorophosphor_ic acid and propionic
anhydride to afford tricarbonyl(cyclopentadienyl)iron, tricarbonyl-
(cycloheptatrienyl)iron, and tricarbonyl(cyclo-octa-tetraenyl)iron
hexafluorophosphates (R.B. King, Inorg. Chem., 1962, 1, 964).

Tetracarbonyl(cyclopentadienylium)molybdenum hexafluorophosphate and
tefracarbonyl(cyclopentadienylium)tungsten hexafluorophospate can be
prepared by reaction of cyclopentadienylmolybdenumtricarbonyl chloride
and the corresponding tungsten compound with carbon monoxide in the
presence of aluminium chloride followed by treatment of the
tetracarbonyl (cyclopentadienylium) tetrachloroaluminate with ammonium
hexafluorophosphate (E.O. Fischer, K. Fichtel, and K. Ofele, Chem. Ber.,
1962, 95, 249-252). '

Tetracarbonyl (cyclopentadienyl)chromium tetrafluoroborate_can be
obtained by reaction of hydridotficarbonyl(cyclopentadienyl)chromium
with boron trifluoride dimethyl etherate in benzene under an atmosphere
of carbon monoxide (E.O. Fischer and K. Ulm, Z. Naturforsch., 1961, 16
B, 757).



Tetracar bonyl (cycl opent adi enyl ) chromi um t et raf | uor oborate can be obt ai ned
by teaction of hydridotricarbonyl (cycl opentadi enyl)chrom umw th boron
trifl-uoride dinmethyl etherate in benzene under an atnosphere of carbon
nmonoxi de (E.0. Fischer 'and K. Um Z Naturforsch., 1961, 16 B, 757). 6
| ndi vidual salts of fornula I, where Y denotes a cycllc dlenyllunrgroup,
whi'ch are particularly preferred i ncl ude. & ri car bonyl (cycl ohexa- 1, 3-
dienyliumiron tetrafl uoroborate, tricarbonyl (1-nethyl cycl ohexa-2, 4-

di enyliumiron hexafl uorophosphate, tricarbonyl (I-nethyl-4- nethoxy-

cycl ohexa- 2rfigi @l 5a8si 60 FolbRXR I UGIHAPHOS BRI Rs 4 Idyed{ D AI¥hf13um group,
nmet hoxybi cycl.o O] deca- 2,.4- di enyI I um iron hexaf| uor gphgsphat e,

tricar bonyl {hi€ L‘a‘t@t B %ﬁ“?’rﬂl)y prefesretd ipedsorsAcarremR (Sualn ?’Ef’y&l'%‘hexa-
2, 4- di enyl |4m&\yum 1hm<¢éttmaafmrahe& e:ridalrsarﬁqmyde(thymﬁybhé:ar 2 -

r opoxycycl nyl lumiron h xa and t )
(F:)arBonyI(I- g gﬁ? % él-uﬂ °bt° xaycyc* °n§§§{] eﬁ"% ﬁ’ﬁ
tetrafl uor ot)mlaheta-‘lh@s@eaﬂﬂug) indnehm@efls@mpbégphahe. rteqennbenﬂm that the
central at %H&bﬁfﬁg)ggbf’é[aaacdﬁ%@g zehe&fe&@ﬂl@aﬂén ﬁgﬂf&qu&ﬁﬁ,bgﬁhaéhe I ron

contributing 7 rons di enyl 1 um g‘?oup contributi and the
carbonyl grbuiserbanyd (Lofseetoxymethyl) - &1 @et Wea@o?enlfqetexy) ethylaychehera- The
conposi ti ong, 041éM13wh)Me6h iHRRa PIRE mbua&onﬁﬂcerﬁé D-eanyp-4L13- and

articularly 1 to art I ght of 00 parts by weight of
(pa) . Suita ?pﬁﬁ?°}°}§§’%ﬁgx¢'&2§“§},ﬁ8ﬁg 8 b f“&’(?ﬁ%?ﬁ"?‘gte pPBPI§Fdne oxi de,
gl yci dyl etd:ua:rbsnﬂf(lﬁmﬂhydydarbﬁyiohm:ﬂathbxmenﬂle&a-zueh:.aiylmt:di))u&-yh gl yci dyl

etiher or p ether, and glycidyl esters of nono- carboxylic
acrds, sucﬂg%)sé g%crja%g acryl ate or glycidyl nethacrylate. Preferably (a)

IS an epoxide resin, i.e., a conpound containing on
These salts likewise satisfy the requirement that the central atom

(iron) has a closed electron shell configuration, the iron contributing
7 electrons, the dienylium group contributing 5, and the carbonyl groups

also contributing 2 electrons each (i.e., 18 in all).

The compositions of this invention preferably contain from 0.5 to 7.5,
and particularly 1 to 5.0, parts by weight of (b) per 100 parts by
weight of (a). '

Suitable mono-1,2-epoxides include epichlorohydrin, proplyene oxide,
glycidyl ethers of monohydric alcohols or phenols, such as n-butyl
glycidyl ether or phenyl glycidyl ether, and glycidyl esters of mono-
carboxylic acids, such as glycidyl acrylate or glycidyl methacrylate.
Preferably (a) is an -epoxide resin, i.e., a compound containing on
average more than one 1,2-epoxide group per molecule, such as a resin

containing more than one terminal group of formula

/o\
-CH-C-cH
R VII

directly attached to an atom of oxygen, where either R? and R* each
represent a hydrogen atom, in which case R® denotes a hydrogen atom or a
methyl group, or R? and R* together represent -CH,CH,-, in which case R®

denotes a hydrogen atom.



average nore than one 1, 2-epoxi de group per nol ecule, such as a resin _
containing nore than one termnal group of formula O [err] directly <:::>
attached to an atom of oxygen, where either R2 and R4 each represent a
hydrogen atom in which case R3 denotes a hydrogen atom or a nethyl group,

or R2 and R4 together represent -CH2CH2-, _in which case R3 denotes a

hydrogen atom - -7- As exanpl es of such?resins may be nentioned

pol ygl yci dyl and poly([err]- nethylglycidyl) esters obtainable by reaction

of a compound containing two or nore carboxylic acid groups per nol ecul e

wi th epi chl orohydrin, glycerol dichlorohydrin, or ,

[err]-nmethyl epi chlorohydrip in_ the presence, of ,an_al kal.i... Such pol ygl yci dyl
esters may &% FBPPARSJOF AP AeSIRR MY Mo meREionsR Ao lFE I LEE! aé'ggpd,qyéé'cci ni c

aci d, gl ut apéthyagiybidfl) Ris€eriC obtaimabbd by eeictiiors vified icompaind, cammaliaing aci d,
sebaci c aci or. dinerigsed trimerised |inokej el | phatic

pol ycar boxy%’% °FTYS SHE™ g{"t efr aﬁf/:a‘? spﬁf#lé’io:lg&glgﬁg%& eH&mﬁWﬂQﬂ' P

4- et hyl t et glypeatobplchbdnobydcing, oh dcme thy) dpinpheoreliydeimdndthegpgesence of

4- et hyl hexghy, t | I q, d oEEd t.d bagyhaicaci ds such

as phthal i cggcﬁggp?'sggﬁ %3??%1(}5%%1 egﬁﬁéﬁ g%}g-%%t %%Iiﬁgag%ia%. >(jiisher csui t abl e

pol ygl yci dypolysasbexylie agidai faBt e sgciHcypeld: s&tytariomeity @dipic aeidr s of

‘éi n%/Ihi C aci Q%elaap&qidal %abe?w_@g@alﬂ a%ﬁlé’ﬂc?h@icﬁnge@ciﬁihﬂ?ihl. e gﬂlfébﬂsg?]&r
urther exanp]es are _po ycidyl _an / rrl-me i.dyl), ethers

obt ai nabl e gg"“feééﬁﬂ &E" eq& i ofReR E’gﬁt"\éﬂﬁqﬁﬁl‘ét‘mﬁ%‘;}ﬁ#’&}cf? SaF%hol i ¢

and/ or phenasitechyhklfdrsphctagl Oe i e rs -metiadit erahydivphlkaldppacil, | héxea-

epi chl or ohydr i der. al kal i ne, condi t I Isel ' he

pr esence of g?a%gggghaaﬁl& cc%%’yélrfd %n%dég%%e%ﬂgﬁopﬁ lr:lréaa ir@n(’jagndti\é\ivi %llhd g??(";al i . These

et hers nmay bromatdpapodpticirhomybicyefids shclvlas| phthatic goid, isophthalic acid,

and terephthalic acid. Other suitable polyglycidyl esters are obtainable
by polymerisation of glycidyl esters of vinylic acids, especially
glycidyl acrylate and glycidyl methacrylate.

Further examples are polyglycidyl and poly(ﬂ—methylgiycidyl) ethers
obtainable by reaction of a compound containing at least two free
alcoholic and/or phenolic hydroxyl groups per molecule with the
appropriate epichlorohydrin under alkaline conditions or, alternatively,
in the presence of an acidic catalyst and subsequent treatment with
alkali. These ethers may be prepared from acyclic alcohols such as
ethylene glycol, diethylene glycol, and higher poly(oxyethylene)
glycols, propane-1,2-diol and poly(oxypropylene) glycols, propane-1,3-
diol, poly(oxytetramethylene) glycols, pentane-1,5-diol, hexane-2,4,6-
triol, glycerol, 1,1,1-trimethylolpropane, pent#erythritol, sorbitol,
and poly(epichlorohydrin), from cycloaliphatic alcohols such as
resorcitol, quinitol, bis(h;hydroxycyclohexyl)methane, 2,2-bis(4-
hydroxycyclohexyl)propane, and 1,l-bis(hydréxymethyl)cyclohex-S-ene; and
from alcohols having aromatic nuclei, such as N,N-bis(2-hydroxyethyl)-
aniline and P,p’' -bis(2-hydroxyethylamino)diphenylmethane. They may also
be prepared from mononuclear ﬁhenols, such as resorcinol and
hydroquinone, and from polynuclear phenols, such as bis(4-hydroxy-
phenyl)methane (otherwise known as bisphenol F), 4,4'-dihydroxydiphenyl,
bis(4-hydroxyphenyl) sulphone, 1,1,2,2-tetrakis(4-hydroxyphenyl)ethane, .
2,Zfbis(4-hydroxypheny1)propane (otherwise known as bisphenol A), 2,2-



_ethylene gl ycol, diethylene glycol, and hi gher poly(oxyethylene) glycols, ‘
propane-1, 2- d|oI and pol y(oxypropyl ene) glycols, propane-1,3- diol,

pol y(.oxyt et ranmet hyl ene) glycols, pentane-1,5-diol, hexane-2,4,6- triol,
glycerol, 1,1,1-trinethylol propane, pentaerythritol, sorbitol, and

pol y(epi chl orohydrin), fromcycloaliphatic al cohols such as resorcitol,
qui'ni tol, bis(4-hydroxycycl ohexyl ) met hane -2, 2- bi s(4-

hydr oxycycl ohexyl ) propane, and 1, 1-bi s(hydroxynet hyl ) cycl ohex- 3-ene; and
from al cohol s having aromatic nuclei, such as N, N-bi s(2- hydroxyet hyl) -

aniline and, ;g s l&iﬁé hXOEE Lﬁ%@%ﬂephﬁ{&’h%ﬂﬁ&\%rw&fraﬁy al so be

pr epar ed fron1nbnonu ear SUCh as resorci nol and hydr oqui none, and
from pol ynualidehydeshewelt ¢s 1%?513!5?6(3&9%57&? prorpt) f@hane (ot herwi se

known as bi ﬁﬂ:@ﬁ{“ﬂdeﬁ de Awith Shbdoir exyediep henphendll Sﬁﬁk‘tﬂyﬂkdaxyip hbeyting by

sul phone,’ 2,2-te rakls(4 h drox hen et hane

2, 2- bi s(4- WB*%H@W PErhH ‘lE,)I?S\/\/f%‘é"2 ﬁﬁ%ﬁ’rn&g BPsEhEnGTTRRR, 2ms .

-8- bis(3, SSwhbagrmcHIMHénqlphwlthﬂmm and\ & - nestobakyglphenolsd from

al dehydes such as fornal dehyde, acetal dehyde, chloral, and furfural dehyde,
wi th phenol itself, or phenol substituted in the ring by chlorine atons or
by al kyl grmjpsnéglryhidﬂm eemponyds may calgockes meed ateogs, thedirgiycidyl

4-chl or Ophe&%vfsoﬁgt 5 'ﬁgﬁw'suc@rég & I%I‘_iﬁé Q%Méyﬁhﬁi’&l bf’é{'t»)i&i\ﬁo%x&ﬁdyl )

conmpounds may a e use erivatives of am nes such

as ani |l i ne, methigne y |andi IPPé(‘*bql%CPKh"miﬁe?}}?éw )%/ethﬁ%q.hgﬁ%glyamvl isocyanurate;
bi s(4- met hyéﬁdmnﬁphﬁgﬂ&ﬂa?i r@i@vaiﬂv&ﬂ'dﬂbﬂé’licl SNGYane ugbss, atch as

e et oL 3 Qb Jof B iRieiLelesoaht 1507 o2

d| met hyl hy dafiie®hflhydanteiner bt gehewaly cligwevbey they aretnqir pfefiereed.

Pol y(S-gl ycidyl) conpounds nay al so be used, e.g., di(S-glycidyl)
derivatives of dithiols such as ethane-1,2-dithiol and bis(4-nercapto- -
met hyl phenyPdlydShgkycibyl) tchepoualls mayr slagobe msefere.gd. di(S-glycidyl)

derivatives of dithiols such as ethane-1,2-dithiol and bis(4-mercapto-
methylphenyl) ether, but they also are not preferred.

Examples of epoxide resins having groups of formula VII where R, and R,
conjointly denote a -CH,CH,- group are bis(2,3-epoxycyclopentyl) ether,
2,3-epoxycyclopentyl glycidyl ether, and 1,2-bis(2,3-epoxycyclo-
pentyloxy)ethane. | '

Epoxide resins having 1,2-epoxide groups attached to different kinds of
heteroatoms may also be employed, e.g., the glycidyl ether-glycidyl
ester of salicylic acid.

Epoxide resins in which some or all of the epoxide groups are not
terminal may also be employed, such as vinylcyclohexene dioxide,
limonene dioxide, dicyclopentadiene dioxide, _

" 4-oxatetracyclo[6.2.1.0%7.0.%5]undec-9-yl -glycidyl ether, 1,2-bis(4-
oxatetracyclo (sic) [6.2.1.0%7.0.%3]undec-9-yloxy)ethane, 3,4-epoxy-
cyclohexylmethyl 3',4'-epoxycyclohexanecarboxylate and its 6,6'-dimethyl
derivative, ethylene glycol bié(3,4-epoxycyclohexane carboxylate), 3-
(3,4-epoxycyclohexy1);8,9-epoxy-2,4-dioxaspiro[5,5]undecane, and
epoxidised butadienes or copolymers of butadienes with ethylene

compounds such as styrene and vinyl acetate.



Exanpt es of epoxide resins having groups of forrmula VIl where [err] and

[err] conjointly denote a -CH2CH2- group are bis(2, 3-epoxycycl opentyl) (ij:)
et her., 2, 3-epoxycycl opentyl- gl ycidyl ether, and 1, 2-bis(2,3-epoxycycl o-

pent yl oxy) et hane. Epoxi de resins having 1, 2-epoxide groups attached to

di fferent kinds of heteroatonms may al so be enployed, e.g., the glycidyl

et her-glycidyl ester of salicylic acid.-Bboxide resins in which sone or al
of the epoxide groups are not termnal may al so be enployed, such as

vi nyl cycl ohexene di oxi de, |inonene dioxide, dicyclopentadiene dioxide,
4-oxatetracyclo[6.2.1.0[err].O[err]]undec-9-yl glycidyl ether, 1,2-bis(4-
oxatetracyclo (sic) [6.2.1.0[err].O0. err]%undec-Q-yIoxy)ethane, 3, 4- epoxy- |
cycl ohexyl nkf fepizpd, 1a mxsuce: 0F| $A0EXIM ELEINFHORFY DEUSEM i ts 6, 6' - di met hyl
derivative, ethylene glycol bis(3,4-epoxycyclohexane carboxylate), 3-

(3, 4- epoxycycl ohexyl )-8, 9- epoxy-2, 4-di oxaspiro[5 decane, and epoxi di sed
but adi enes %ﬁpeﬁﬁﬁﬁyy sierge lfﬁg’éﬁqeeﬁ‘é%“\ﬁ’f de?‘kﬁhg%gﬂi% I such as
styrene anddiglyyidyicetkdra, whichOmay havkebeereddvanceidxtafi ediydepospherolsesi ns
may be used. Espec gl referred epoxi esi ps syuseq { S J L.Qn are
di gl yci dyl %‘t“i%‘erggfd'\%ﬁ%’%ﬁw‘aﬁ‘g&&ﬁﬂg‘eﬁ‘ggﬁ%ﬁ%‘%%8%,5"1%?‘?3‘?) ﬁ€° i t‘g‘%«@ﬁgﬁ“"‘guch

as 2, 2- bi s(dnhpfrdthyghin pliphaspe rrd cahelsosuqiy apyhitergghérddolaet hane and of -
di hydric aliphatic al cohols such as butane-1, 4-diol. Wen Y denotes an

arene group it will normally be necessary to apply heat as well|l as_actinic
radi ation t¥hesy Kndeneles 2o aFsaegsTaup; he Wb aogeabiyobpdechs3aty & &PBY for mul a
VI1: with spedt aalwellt ie adEeniel roafxisie thekting adoakecdrdiag 112 the @pogidegr oups

are directly attaghed . to cyglpaliphatic rbon, atqus i.s preferred
Pr gf/er ably ’ﬁ%‘péofﬂ)d@t?rc?nég r{""f‘\)foas @%Vé’% osﬁ‘cglssagt%o °a'|93i'1e é’% epoxide
resins where the 1,2-epoxide groups are directly attached to

cycloaliphatic carbon atoms is preferred.

Preferably the compositions of this invention also contain a
photoaccelerator. It has been found that, by incorporation of suitable
photoaccelerators, the speed of curing is further increased, thereby
permitting the use of shorter exposure times and/or of less powerful

sources of irradiation.

Substances suitable as the photoaccelerator include ketals of aromatic

diketones, particularly compounds of formula

1
O Ar! ce0 | Art — ce0
VIII or _ IX
where

R5 represents a hydrogen atom, an alkyl group of 1 to 5 carbon atoms,
an alkenyl group of 2 or 3 atoms, an aralkyl group of 7 to 9 carbon
atoms, an aralkenyl group of 8 or 9 carbon atoms, or a group of
formula - (CH,) R’

wherein

R’ denotes a halogen atom or a group of formula -OR®, -SR®, OAr®, sar®,
OCOR®, or -COOR®,

m is 1, 2, or 3,



phot oaccel erator. It has been found that, by incorporation of suitable
phot oaccel erators, the speed of curing is further increased, thereby (}Z>
perni-tting the use of shorter exposure tinmes and/or of |ess powerful

sources of irradiation. Substances suitable as the photoaccel erator include
ketal s of aromatic di ketones, particularlx conpounds of fornula [err] where

R5° represents a hydrogen atom an aIKyﬂ group of 1 to 5 carbon atons, an

al kenyl group of 2 or 3 atons, an aral kyl group of 7 to 9 carbon atons, an

aral kenyl group of 8 or 9 carbon atons, or a group of formula [err] wherein

R7 denot es g halQetefertisON goup o ekmAbk fom,ondrd) { @kr IcH,en(rP)en,-, is 1, 2,
or 3, -1Q- R6 represents a group_of forrrulargerr or [err] R8 denotes an
al kyl grouftof deneses ataaheyt é‘ﬁ‘r?s?fl%tﬂe‘h&taﬁ? R ogen at om or an al kyl
group of 1 g0 lderk@edhpd:vgen o6 §r2lah] alkyll gfodpi sfidpendentinboafl atwns,

anot her each represent a phenyl group which is unsubstituted or is
substituted by to 3 substitutents chosen from hal ogen atons, al kyl or

al koxy groups, ofr?] 4ral Art andapendéroiiy, ofande pinotlydr gachigeprédeatd gbenyl

conmpounds o r ol i [ enzial di etal,
benzi | di ( rr‘r’te‘? h@iﬁgt ?\{Jy }.;}.S%st%%FS, &aangr gg‘gﬁ%?‘f‘%’aﬁ% |“§ ;oS se“t%g‘%{%ﬁ“%g
Exanpl es of chosapothreashatoeenratans, aXkek or2alkerygropps of 1 to 4 carbon

benzoyl - 4- ngioaX!, -dna3pklPLOggs and 2- phenyl - 2- benzoyl - 1, 3- di oxane. The

Examples of compounds of formula VIII are benzil dimethyl ketal, benzil
\_ diethyl acetal, benzil di(2-methoxyethyl) ketal, and benzil d4i(2-
chloroethyl) ketal. Examples of compounds of formula IX are 2-phenyl-2-
benzoyl-4-methyl-1,3-dioxolane and 2-phenyl-2-benzoyl-1,3-dioxane. The
particularly preferred photosensitiser is benzil dimethyl ketal.

Compounds of formula VIII or IX are described in GB-A-1,390,006, where
they are employed for the photopolymerisation and photocrosslinking of
~ethylenically-unsaturated compounds such as methyl acrylate, styrene-
containing polyesters based on maleic acid, and diallyl phthalate
prepolymers.

Other substances suitable as the photoaccelerator include aromatic-

aliphatic ketones of one of the formulae

R10

: {
Ar ¢c0 —C—R
11

ql3 113 X1

| |
Arl-CO-C-Rlz-C°CO-Ar1

| I
git 1



particularly preferred photosensitiser is benzil dinethyl ketal. Conpounds
of formula VIIl or I X are described in GB-A-1, 390,006, where they are

enpl oyed for the photopolyrerisation and photocrosslinking of

et hyl eni cal | y-unsat urat ed conpounds such as net hyl acrylate, styrene-
cont ai ni ng pol yesters based on nmaleic acid, and diallyl phthalate

prepol ymers. Other substances suitabl e a3l the phot oaccel erat or incl ude
aromatic- aliphatic ketones of one of the formulae Ar Co- R 3

X [err] - 11 - 10 10 [err] wherejperrip has the meani ng given
above, [err] and [err] each denote aRnpnoBal ent aliphatic, cycloaliphts c,
or arali- phatic group, or tog ;h§{ é@ 1# lached carbon atom denote a
cycl o- al kyl ene group, [err] is a. caj bon on bond or a dival ent organic
radical, [err] represents a hygl ibxy roup or an am nao group, or a
nDnovaIent etherified or silylated such group, [err] represents a

di val ent am no, ether, or siloxy group, [err] represents a direct

chem cal formation (sic) or [err] .and
-S2-, -CH2-, or -C(CH3)2-. Thesegsco
i ncl ude 2- aIIonxy 2- et hyl- pr®
2- benzyl oxy- 2- et hyl pr opi ophendg l-hydraw - 2- et hyl - p-
phenoxypr opi ophenone, 1-benzoyl CYRe > , | -benzoyl cycl opent anol, and
bi s(4- (a- hydr oxyi soburyl ) phenyl) (sic) ether, are |ikew se described as
phot opol yneV¥#&#&t i on catal ysts for ethyl enically-unsaturated conpounds
Ar? has the meaning given above,

represents -0-, -S-,
{){ff erred rrenbers of whxgﬁ

] R and R} each denote a monovalent aliphatic, cycloaliphatic, or arali-
phatic group, or together with the attached carbon atom denote a cyclo-
alkylene group,

R¥2 is a carbon-carbon bond or a divalent organic radical,
R13 represents a hydroxyl group or an amino group, or a monovalent

etherified or silylated such group,

R represents a divalent amino, ether, or siloxy group,
R15 represents a direct chemical formation (sic) or -CH,-, and
R16 represents -0-, -S-, -S0,-, -CH,-, or -C(CHj),-.

These compounds, preferred members of which include 2-allyloxy-2-methyl-
propiophenone, 2-benzyloxy-2-methylpropiophenone, 2-hydroxy-2-methyl-p-
phenoxypropiophenone, 1l-benzoylcyclohexanol, l-benzoylcyclopentanol, and
bis(4- (a-hydroxyisoburyl)phenyl) (sic) ether, are likewise described as
photopolymerisation catalysts for ethylenically-unsaturated compounds
and as photocrosslinkers for polyolefins in European Patent Application
No. 0 003 002.

Other compounds which may be used to enhance the photopolymerisation
rate of 1,2-epoxides by the salts of formula I are 2-substituted
thioxanthones of formula

co ‘17
© .
s | |

where RY denotes either a chlorine atom or an alkyl group of 1 to 6



-

and ‘as photocrosslinkers for polyolefins in European Patent Application No./
0 003 002. O her conpounds which may be used to enhance the @
phot opol ynerisation rate .of 1,2-epoxides by the salts of fornula | are
2-substituted thi oxanthones of formula [err] where [err] denotes either a
chlorine atomor an alkyl group of 1 to 6 - 12 - carbon atons such as an

| Sopropyl or tert.butyl group. Conpoundsldf- formula XV, especially the

2-chl oro conmpound, are used comercially as photopol yneri sation catal ysts

for ethylenically-unsaturated conpounds and as photocrossli nkers for

pol yol ef i ns, That ggmggggars]s g{) ifgégaé;gq oylt%LBtlenéi ?%@g]?elcgﬁ

phot oi nduce(?r oy ymeri sat oxI de organorret aI lic
salts is trf@mm EIVnespeciaddy the 2<chiprd @pwwnsi@ 3recBegsh camereighhyoas t o

7. 5X by we éﬁm:o ﬁ@ﬂeﬁ%%%n calzi]»sfté Ofprleityleni dal 1¥RingBEurdfed NRmpounds

phot oaccel ator cal culated on'the V\Blght of (a). In the
phot opol ymeandsas ipbatagress Hnkers cf°FaTEﬂ piefin8f wavel ength from 200 to 600 nm
is preferably used. Suitable sources of actinic radiation include carbon

arcs, mercuyry our arcs flupre h 1 ttin
ul travi o] et™3f ‘Ff?"”‘é’i’ off a#f’(fmﬁgﬁ‘foﬁgg‘{] nﬁgce]‘teﬁﬁpes% B8 %%gn@u%%% ’
phot ographlpmlﬁrhmdatmtpsf 1R2-ehedides r’wrmemys vﬁpﬂsamme@sllipaﬂlt@ul-arl y sun

| anps, fluq and netal halide |lanps are nost suitable. The
tinme requi rget%%%gér}tet ﬁg&@fggl?ure wi || depend upon a variety of factors which

i ncl ude, for exanple, the individual pol ymeri sabl e substance used, the type

of 1ight Sgw §8p dr%:igr%édf tdlﬁkagf&até ﬁﬂ‘f‘o{nr? 5 ulsa;dlsnttgﬂwgpﬁ&r i aAd eSpédiabl e
teg’iefll gﬁgs ae lgrealalgn ntcg_ 5%”?}} ngigh o}:' Seephoaf:rc?actl:e [;arx\{l:c;[rh Ea %E..l?g dy gr? r1:Ihseat on

weight of (a).

In the photopolymerisation step actinic radiation of ﬁavelength from 200
to 600 nm is preferably used. Suitable sources of actinic radiation
include carbon arcs, mercury vapour arcs, fluorescent lamps with
phosphors emitting.ultraviolet light, argon and xenon glow lamps,
tungsten lamps; and photographic flood lamps. Of these, mercury vapour
arcs, particularly sun lamps; fluorescent sun lamps, and metal halide
lamps are most suitable. The time required for the exposure will depend
upon a variety of factors which include, for example, the individual
polymerisable substance used, the type of light source, and its distance
from the irradiated material. Suitable times may be readily determined
by those familiar with photopolymerisation techniques. If, as in a
process described below, it is necessary that the product so
photopolymerised must still be curable on heating with a heat-curing
ageﬁt mixed therewith, then, of course, irradiation is to be carried out
at a temperature below that at which substantial heat-curing of the
photopolymerised product by means of the heat-curing agent would occur.

The compositions of this invention may be used as surface coatings. They
may be applied here to substrates such as steel, aluminium, copper,
cadmium, zinc, paper, or wood, preferably as a liquid, and irradiated.
By polymerising part of the coating, such as by irradiation through a
mask, those sections which have not been exposed may be washed with a

solvent to remove the unpolymerised portions while leaving the



process described below, it is necessary that the product so

phat opol yneri sed nust still be curable on heating with a heat-curing agent CES)
m xed therewith, ‘then, of course, irradiation is to be carried out at a
tenperature bel ow that at which substantial heat-curing of the

phot opol yneri sed product by neans of the heat-curing agent woul d occur. The
conmposi tions of this invention may be usdd as surface coatings. They may be
applied here to substrates such as steel, alum nium copper, cadm um zinc,
paper, or wood, preferably as a liquid, and i rradi ated. By pol yneri sing

part of they Bbf}&er§§&h S5 dbld P8Rk Oth HNAQHUIBhE: RRE lcombbiTeon$ Gl ONS
whi ch have not een exposed may be washed with a solvent to_renove the

unpol yner i SEIEFSpbPY?rGﬁSnW | ke pgadiingthe, @roductian ofprinGing platesgnd
i nsol ubl e p@fiﬂtﬁﬂscﬂrﬂui)&saCﬂeth-EhHSoﬂ PeodiRiRg Prineing platebi 4nd piitedon may be

used .in the uct rintin ates and. r| nt ed rcuits, Methods of
produci ng pf' ?ﬁ‘ﬁq éﬁf’ﬂté’é’tg ‘H‘yﬁ'ﬁ%agif c"1°F'ETﬁ’tt§: 5 8AT g#o%’t??’?n{esrl sahige’
conposi ti oneB-&-&, Wﬁl J746nown (see, e.g., GB-A-1,495,6746). The conpositions
may al so be used as adhesives. A layer of the conposition may be sandw ched

between two surfaces of objects, at |east one of which is transparent to
t he acti ni cThadonpesisions gay %F°d?°a§§ed #adadhesivessefblayer <of K% i rradi at ed

and, if despififhes BER Ry bR SAIRLER Bbﬁveealmegﬁﬁ%wmf JbRcEs MRS 1dds@nS
are also useful in the production of fibre-reinforced conposit I ncl udi ng

sheet moul dPRRy °Eofpictinl EremsRATRRY tBedéFpﬁFF’ét}cd’Fﬁ"’éEH%" an I’i ﬁﬁ gaftrm to

rei nf or ci Ngahd theSadsefiblydisNEhent ixvadsatdd hAdiE AE Sdesafeld Whestedr 89 ,compiade may
in the fg{l‘m 01fL woyen_or. nonwoven cloth, unidirecti onal fibres, or

ch ped strandLOFHEPRBIR: r ei nfor ced conposite may be made by a batch

process, the fibrous reinforcing material being laid on a filmof the

The compositions are also useful in the production of fibre-reinforced

composites, including sheet moulding compounds.

They may be applied directly, in liquid fbrm, to réinforcing fibres
(including strands, filaments, and whiskers), which may be in the form

of woven or nonwoven cloth, unidirectional fibres, or chopped strands.

The fibre-reinforced composite may be made by a batch process, the
fibrous reinforcing material being laid on a film of the
photopolymerised composition, which is advantageously held under slight
tension, when a second such film may, if desired, be laid on top, and
the assembly is pressed while being heated. It may also be made
continuously, such as by contacting the fibrous reinforcing material
with a film of the photopolymerised composition, then, if desired,
placing a second such film on the reverse face of the fibrous
reinforcing material and applying heat and pressure. More conveniently,
two such films, preferably supported on the reverse side by belts or
strippable sheets, are applied simultaneously to the fibrous reinforcing
material so as to contact each exposed face. When two such films are

applied, they may be the same or different.

Multilayer composites may be made by heating under pressure interleaved
films and layers of one or more fibrous reinforcing materials. When

unidirectional fibres are used as the reinforcing material, layers of
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phot opol'yneri sed conposition, which is advantageously held under slight '
tensi an, when a second such filmmay, "if desired, be laid on top, and the <§§>
assenbl.y is pressed while being heated. It may al so be made conti nuously,

such as by contacting the fibrous reinforcing material with a filmof the
phot opol yneri sed conposition, then, if desired, placing a second such film
on the reverse face of the fibrous reinfordiéng material and applyi ng heat
and pressure. Mre conveniently, two such filns, preferably supported on
the reverse side by belts or strippable sheets, are applied simultaneously

to the fibrougydeindl Y obfedtahod @Lrn?Qr@és-%Qy%Qﬁ@&fre@?Ch exposed face.
When two such filns” are applied, they nay be the sane or different.

Mil tilayer conposites nay be made by heating under pressure interleaved
films and | ayqesh @he OFi®rods FelKfdrc DAL watédiall €e@b NEayTBé Qised! fadi VAl types

unidirectional fihres are used as th ei pforcin terial, layerg of
UTa o oy OB T REERARS Furbm 4 3 PoLts QL RIPEEL | FHAHE TeBFbus
reinforcing material there may be used additional types of reinforcenent

such as a foil._of a | ast,i c, or ber sheets. In th rod Lon of
Shoat roul o nancthe B e tio o el Houl I LoRlbiRAS, o Lonbdy HERWELHED D
t he chopped stnwmnticwi rtogethengvitint the ghopped srmandt redmfexnippmaresialapad any

exposed t0 ragdiRld QBug behey,era?_e tRLOL £8 %qgaémgié hsgaés thPGgROLOPFBEL BRD! fe

conposition is preferably applied so that the conposite contains a total” o
from20 to BOQ@EﬁFﬁMﬂ ght of the said conposition and, correspondingly, 80
to 20% by weight of the reinforcenent. Particularly preferably, a total of

o . L ) Yo

Chi s Hvent ) ofba ks WREAIRE 16, CORPRSF b 4¢: RAFEBT<RT PAeed,ad Fiad ERS. They

may be used asomipqeiceaionngins antatali«af €rém 20eto 80% by weight of the said
composition and, correspondingly, 80 to 20% by weight of the
reinforcement. Particularly preferably, a total of 30 to 50% by weight
of the composition is employed.

The compositions of this invention are useful in the production of
putties and fillers. They may be used as dip-coatings, an article to be
coated being dipped in the liquid composition, withdrawn, and the
adhering coating being irradiated to photopolymerise, and hence solidify
it, and subsequently, if desired, being heated.

It has been found that it is possible, using the compositions of this
invention, to cure epoxide resins in two stages; the resin is first
converted into the parti#lly cured B-stage by exposing it to actinic
radiation in the presence of an organometallic salt of formula I and a
latent, heat-activated crosslinking agent for the epoxide resin and, in
a second stage, the partially cured composition is heated so that curing
is completed by means of the heat-activated crosslinking agent. Thus, a
liquid or semiliquid composition may be prepared, which may then be
shaped or used to impregnate a substrate while being irradiated to
sblidify it; then the solidified body is heated when desired, to
complete the cure of the resin.

This invention accordingly also relates to a process for the

polymerisation of an epoxide resin, wherein a) an epoxide resin is
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Suitable heat-activated crosslinking agents for the epoxide resin com-
positions include polycarboxylic acid anhydrides, complexes of amines,
especially primary or tertiary aliphatic amines such as ethylamine,
trimethylamine, and n-octyldimethylamine, with boron trifluoride or-
boron trichloride, and latent boron difluoride chelates. Aromatic poly-
amines and imidazoles are usually not preferred, because indifferent
results are obtained, possibly due to a reaction between the acid cata-
lyst liberated and the amine. Dicyandiamide can be used successfully,

providing it is relatively coarse particles.

The temperatures and duration of heating required for the heat-curing
and the proportions of heat-activated curing agent are readily found by
routine experimentation and easily derivable from what is already well

known concerning the heat-curing of epoxide resins,

By virtue of the compositions having groups through which they can be
heat-cured after photopolymerisétion, they are particularly useful in
the production of multilayer printed circuits.

Conventionally, a multilayer printed circuit is prepared from several
double-sided printed circuit boards of copper, stacked one on top of
another and separated from each other by insulating sheets, usually of
glass fibres impregnated with an epoxide resin in the B-stage. If a

. heat-curing agent is not admixed with the layer of photopolymerisable

i f



e§6227;1ly primary or tertiary aliphatic am nes such as ethyl am ne,
trimes hyl am ne, and n-octyl di nethyl am ne, wth boron trifluoride or boron
tri.chloride, and | atent boron difluoride chelates. Aromatic poly- am nes -
and i m dazoles are usually not preferred, because indifferent results are
obt ai ned, possibly due to a reaction between the acid cata- |yst |iberated

and the anine. Di cyandi ani de can be used-s¥&cessfully, providing it is
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coverlng t he
can damage the copper of the printed circuit or the surface of the.

laminate on which the circuit rests, and so there is a need for a method
which would avoid the necessity of removing the photopolymerised |
material prior to bonding the boards together. The presence of residual
1,2-epoxide groups means that crosslinking can occur when the boards are
bonded, resulting in good adhesion to the copper and to the resin-
impregnated glass fibre substrate, so avoiding the necessity just
referred to. |

Another application involving heat-curing after photopolymerisation of
the compositions of this invention is filament winding. Thus, a
continuous tow of fibrous reinforcement is imﬁregﬁated with a
composition containing a latent heat-curing agent for epoxide resins and
then wound around a mandrel while exposing the winding to actinic

_ radiation. Such filament windings still have a certain degree of
flexibility, permitting the mandrel to be removed more readily than when
a rigid winding is formed in one step. When required, the winding is

heated to crosslink the composition.

In a further such application, a layer of the composition in liquid form
is irradiated until it solidifies, producing a film adhesive which is
then placed between, and in contact with, two surfaces which are to be
bonded, and the assembly is heéted to complete crosslinking of the



I's therefore normal practice to renove the residual photopolymer after t
etching stage, either by neans of powerful solvents or by a nechani cal

nmet hod, e.g., by means of brushing. Such a stripping process can damage the
copper of the printed circuit or the surface of the | am nate on which the
circuit rests, and so there is a need forlh -method which woul d avoid the
necessity of renoving the photopol yneri sed material prior to bonding the
boards together. The presence of residual 1,2-epoxide groups neans that
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4ppe'r‘ I's therefore inherently weak and in use can becone del am nat ed. I

Epoxide Resin I denotes a diglycidyl ether of 2,2-bis(4-hydroxyphenyl)-
propane, of epoxide content 5.2 equiv./kg.

Epoxide Resin II denotes 3,4-epoxycyclohexylmethyl 3,4-epoxycyclohexane-

carboxylate.

Epoxide Resin III denotes an advanced epoxide resin of epoxide content
2.30 equiv./kg, prepared by reaction in a conventional manner of
bisphenol A diglycidyl ether (38;56 parts) and bisphenol A

(10.82 parts).

Epoxide Resin IV denotes a diglycidyl ether of 1,4-butanediol, of
epoxide content 9.35 equiv./kg.

Epoxide Resin V denotes an epoxidised bisphenol A novolak having a
softening point of 72°C and an epoxide content of 4.9 equiv./kg.

The organoiron salts employed in these Examples are prepared as
described by A.J. Birch et al., loc. cit.

n-1-Methyl-5,6,7.8-tetrahydronaphthalene-tricarbonylmanganese

hexafluorophosphate



. . <
éstar‘lce which is tacky at roomtenperature but which crosslinks to a
hard, insoluble, infusible resin under the conditions of heat enployed to
complset e crosslinking of the composition. However, an adequate degree of

t acki ness often exists without additional treatnent, especially if

pol yneri sation of the conposition has not proceeded too far. Suitable

bondi ng substrates include netals such as ¥ren, zinc, cadm um copper,

ni ckel, and alum nium ceramcs, glass, and types of rubber. The follow ng
Exanpl es serve to illustrate the invention. Unless otherw se indicated,

parts are byrygi ght G2 £h 4811365103 dned50018%0A 13 0'cbekbtly, & NQEndl) ana

2, 2- bi s(4- hydr oxyph% pr opane, epoxi de cont ent 2 equi v. / kg.

Epoxi de Resi R-P{ Cdepssmeslar.4c lF}oxycycl ohexyl met hyl 3, 4- epoxycycl ohexane-
carboxyl ate. Epoxide Resin Il denotes an advanced .epoxide resin of epOXI de
content 2.30 equiyv. /kgf, prepared by reaction in a caonventional manner
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equi v./kg. Tite dregaepinaged mwsenpl@}ed fisn addeais potERsa iyt élsxezﬂelomtépapmreas

descri bed by( 7] ggBh{QElgéd "ih 30 ImQC I:er The yellow recri itate is filtered
[err]-I-Methyl-b5. t et r ahydr onapht alenet i carb 8 nganese

hexaf | uor oph@§fhataghed witlwlce waties , | apdpekeds for flélhwngt HAE/A3000 /B Tire

Coffield, V. ppaddq nad@ BeﬂmQ;%‘i%@%f ho$c Eddcompt )1 Xt ure of
penbcar bonyI namganese brom des(% 26 g\J um ni urgn chI 9 ide

39.55; H
Calculated for C,H,,FgMnO,P - C, 39.09; H, 3.28; F, 26.50; Mn, 12.77;
P, 7.20%). -
-Toluene-tricarbonyl anese hexafluoropho at

This is prepared in a similar manner by the method of T.H. Coffield et
al. (loc. cit.). The product melts at above 250°C.

(Found: C, 31.9; H, 2.2; F, 31.7; Mn, 14.8.

Calculated for C,oHaFgMnO,P; C, 31.94; H, 2.14; F, 30.31; Mn, 14.61; O,
12.76; P, 8.24%). |

r-Methoxybenzene-tricarbonylmanganese hexafluorophosphate
O A mixture of pentacarbonylmanganese bromide (2.5 g), aluminium chloride

(2 g) and methoxybenzene (30 ml) is heated to 110°C for 3.5 hours with
stirring under nitrogen. The mixture is cooled and hydrolysed with 100 g
ice-w_ater and to the -separated aqueous solution is added potassium
hexafluorophosphate (1.7 g) dissolved in 30 ml of water. The yellow
precipitate is filtered off, washed with ice-water and dried for 16
hours at 40°C/13000 N/m2. The product melts at above 290°C.

(Found: C, 30.5; H, 2.2; F, 29.6; Mn, 13.4.

Calculated for C,H,FgMnO,P; C, 30.64; H, 2.06; F, 29.07; Mn, 14.01).

n-Hexyloxybenzene-tricarbonylmanganes el hexafluorophosphate

This is prepared in a similar way as the corresponding methoxybenzene
compound, hexyloxybenzene (30 ml) being used in place of the

methoxybenzene. The product melts at 146-151°C.



(2 g) and 1-nmet hyl naphthal ene is stirred for 6 hours under nitrogen at
10Q[err]. The mixture is cool ed and hydrol ysed with 100 g of ice water,
to the separated aqueous solution is added potassi um hexafl uorophosphate
(1.7 g) dissolved in 30 nl of water. The yellow precipitate is filtered
of f, washed with ice water, and dried for 16 hours at 40[err]/ 13000 N m
The product has a nmelting p0|nt of 175[eRP]- (deconp.) (Found: C, 39.55; H,
3.25; F, 26.6; M1, 12.6; P, 7.2. Calculated for [err] - C, 39.09; H 3.28;
F, 26.50; WM, 12.77; P, 7.20X). [err]-Tol uene-tricarbonyl manganese

hexaf |'uor ophosphate This is prepared in a simlar manner by the method of
T.H Coffield et aI (Ioc C|t ). The product nelts at above 250[err].
(Found: C, BHe penylmagganese Wexafluorophosphate [err| C, 31.94:

H 2.14; F, TI?!.Q@Q- rupareli‘lit@]a s@m.lla@ Jﬁj aE’ th% QMksponding methoxybenzene
ir-mMet hoxybenzene tr| car bonyl man(ganes hexaf | yor ogh\?ﬁ h? A nm xt(gé] 19
EMi%ol &

pent acar bonSauRarRan bexy ibe m - ) )Peing WP oA

met hoxybenzen @16 ofl thé metiaadybéendene 1 iheeprddut bmedtH aArolsds164%Ch stirring
under nitro up,e ol a olysed with 100 g ice-water
and to the °b??atrkgdg%§UegUs EOIC}fl’t |2§gs i S ag‘éeg pot assi um

hexaf | uor opbeisphatesl €or TyghRilnhB! od49 B830H N1+ BT Wat 23-55THE, y13 433\
precipitate is filtered off, washed with ice-water and dried for 16 hours
at 40[err]/13000 N n2. The product nmelts at above 290[err]. (Found: C,
30.5; H, 2 EXAMPLES®J-8 My, 13.4. Calculated for [err] C, 30.64; H 2.06; F,

29.07; M, ggoxdl) reds@hll aHexwﬂiexmzmﬁiamdmmgnymgﬂmaes are mixed

hexaf | uoropho phate . This i_s r siml e _Ccorr, ondi ng
e oxybenzé’ﬁZ"lEB danthe A8 wgg B‘eéﬁ}%he £ FE"RPS 5 18?% a%ﬁs%’p | né)plfg(i;% of the
met hoxybenzeme .thiéie opr cﬂtprlatemhustm iuﬂﬁeiﬁék{ errg distance of 20 cm to

radiation from a medium pressure mercury arc lamp (80 W per cm) for the

indicated time. The results obtained are also shown in Table I.



- 19 [err]-Hexyl benzene-tri carbonyl manganese hexaf | uor ophosphate This iizng
prepared in a simlar way as the correspondi ng net hoxybenzene conpound,

hexyl benzene (10 m .) being used together with octane (20 m) in place of

t he net hoxybenzene. The product nelts at 148-151[err]. (Found: C, 39.9; H,

4.1, F, 25.8;, M, 12.0. Calculated for [err] C 40.38;, H 4.07;, F, 25.55;

Mh,- 12.31). EXAMPLES 1-6 Epoxi de Resin 1 28md
tricarbonyl (cycl ohexadi enyliumiron salts are mxed as listed in the

followi ng Table, the conpositions are drawn as filns 6pmthick on tinplate

and then-s;@%gﬁtfd at a distance of 20 cmto radiation froma nedi um

pressure y arc lanp (80 Wper cm for the indicated tinme. The results
obt ai ned ar e—atso—stowT T Tabtre 1. - 20 - TABLE T Conpl ex Exanple
Nane Amount b Pemel@ati on Resul t, No
wei ght on Example t | mp Re§P¥P 1 Trica gy cl i_rradia ion Result
2 Fi I¥-slightly hexa-1,3-di enyl (%Gi§it °8° Do, time m nut es
tacky, becones iron tetrafl uoro- sin _ tack-free
on borate t andi
Tri car bonyl (1 - mht hy%gicarbonyl(cydo' 2 G Lp tsacktrké-11a slightly
. exa-1,3-dienylium) 2% e “Cacky, becomes
cycl ohexa- 2, 4-dienyl- . + UOTO- m nut es free 1um |gag[1_h@gafnl, uor o-
phosphate 3 Tri caghguﬁ - et hyl - 2 standidg | mtack-
4- met hoxycycl ohexa- 2% nminut es free -
2 Tricarbonyl(l-methyl- 2 Film tack-
U : cyclohexa-2,4-dienyl- 3% minutes free
jum)iron hexafluoro-
phosphate
3 Tricarbonyl(1l-methyl- 2 Film tack-
4 -methoxycyclohexa- 2% minutes free
2,4-dienylium)iron
hexafluorophosphate
4 Tricarbonyl(2-methoxy- 40 Film tack-
- bicyclo[4.4.0]deca- 3% seconds free
2,4-dienylium)iron
hexafluorophosphate
5 Tricarbonyl(l-(acetoxy- 2 Film slightly
methyl)-2- (methoxy- 4% minutes tacky, becomes
\_/ carbonylacetoxy)ethyl- tack-free on
cyclohexa-2,4-dienylium- standing

iron hexafluorophosphate

6 Tricarbonyl(l-methoxy- 2 Film slightly
carbonyl) -4-methoxycyclo- 3% minutes tacky, becomes
hexa-2,4-dienylium)iron tack-free on
tetrafluoroborate standing

-  None - 20 No effect

minutes
EXAMPLES 7-8

The procedure of Examples 1 to 6 is repeated, with Epoxide Resin II. The

results obtained are shown in Table II.



2 4-di enyliumiron hexafl uorophosphate 4  Tricarbonyl (2- met hoxy-
free

40, Fil mtack- bicycl o[ 4.4.0]deca- 3% seconds

2, 4-di enyliumiron hexafl uorophosphate 5 Tricarbonyl (I - (acet oxy-

2 Filmslightly methyl)-2-(nmethoxy- 4% m nut es

tacky, becones carbonyl acet oxy)ethyl - tack-free

on cycl ohexa- 2, 4-di enyl i um - 21 - st andi ng iron

hexaf | uor ophosphate 6 Tri carbonyl (I - met hoxy- ' 2

Filmslightly carbonyl)-4-nethoxycyclo- 3% ~ m nut es t acky,

beconmes hexa- 2, 4-dienyliunmiron tack-free on

tetrafl uoroborate st andi ng None

- IABLE X3 No effect minutes EXAMPLES 7-8 The procedure of

Exanples 1 to 6 is repeated, with Epoxide Resin Il. The results obtained

are shown in Table I1I. -21- TABLE |1 Conpl ex Exanpl e Nane

Annunt by |rrad|at|on gult No. _ wei ght
' e5|11 7 Tric&M® ﬁ§|(|-lnethxl Irradiation

F| | m sli gh I ohexa- 389 di enyl - Welgf} ,mnguif es ‘t‘ack

becones iu |ron hexaf | uor o- tack-free on

Resin

7 Tricarbonyl(l-methyl- 2 Film slightly
cyclohexa-2,4-dienyl- 3% minutes tacky, becomes
ium)iron hexafluoro- tack-free on
pho sphate standing

—

8 Tricarbonyl(2-methoxy- 2 Film tack-
bicyclo{4.4.0]deca- 3% minutes free
2,4-dienylium)iron -
hexafluorophosphate :

EXAMPLE 9
A mixture comprising 5 grams of Epoxide Resin II, 0.2 g of w-l-methyl-
5,6,7,8-tetrahydronaphthalenetricarbonyliron hexafluorophosphate, and 1
drop of a commercially available flow control agent (a fluorocarbon) is
applied to tinplate as in Examples 1 to 6. The film becomes tack-free
after irradiation for 12 seconds. After the film has been heated to 100°C
for 10 minutes it withstands 12-13 rubs in the standard acetone rub test
va. for solvent resistance, in which a cotton wool swab soaked in acetone is

rubbed across the surface.

EXAMPLE 10 :
Epoxide Resin III (49.38 parts) is dissolved in a mixture of acetone
(14.81 parts) and ethyl methyl ketone (34.57 parts). To this solution is
added =-toluenetricarbonylmanganese hexafluorophosphate (1.5 parts), and
the homogeneous solution is spread on a copper-coated plate of epoxide
resin / glass laminate by means of a 24 um roller coater (i.e., the wet
film is 24 pm thick). The coating, after being dried at 75°C for 20
minutes, 1s irradiated with a 5000 W metal halide lamp for 3 minutes
through a Stouffer 21 step sensitivity guide. The plate is heated for 3
minutes at 80°C and then developed with ethyl methyl ketone. Etching in
50% ferric chloride solution yields a No. 2 step image.



phosphat e standi ng 8 @
Tricarbonyl (2- met hoxy- 2 Filmtack-

hi cycl o[ 4. 4. 0] deca- - 3% m nut es . free 2,4-dienyliumiron
hexaf | uor ophosphat e EXAMPLE 9 A mi xture conprising 5 grans of Epoxide Resin
Il, 0.2 g of [err]-l-methyl- 5,6,7,8-tetrahydronaphthal enetricarbonyliron
hexaf | uor ophosphate, and 1 drop of a com?rcially available flow control
agent (a fluorocarbon) is applied to tinplate as in Exanples 1 to 6. The
filmbeconmes tack-free after irradiation for 12 seconds. After the film has
been heated to 1000C for 10 mnutes it wi thstands 12-13 rubs in the
standard acetone rub test for solvent.resistance, in which a cotton wool
swab soakedEXAMPEESAAnk3 i s rubbed across the surface. EXAMPLE 10 Epoxi de
Resin 111 (ARs38eRibléed, iset ButSOt MeBLd MId, Nilthsyratefthiecesone (14.81 parts)
and ethyl nethyl ketone (34.57 parts). To this, solution js.added

w-t ol uenetr?ﬁ?%’rﬁ}l‘ﬁ%’ﬁggﬁe‘é%jﬁ&&f’f‘u t%p?’lo"'soﬂlf’ula xe#l#gm‘ﬁ%ar tlsgjgi and t he
honogeneousplsstlopblymerise apremetion rastwpFbe -posedaepbfiEsanglegpb:§ de resin /
gl ass | am nagte b ans of 2 : [ t klfpis 24
ot hi o). ReRbareRe, B phmefeltl Shblith ERABYT L. Gon, |G slfiprey 12 2
irradi at ed smd 13cEfs@@0e \Resin dl ihalsede | anp for 3 minutes through a Stouffer
21 step sensitivity guide. The plate is heated for 3 m nutes at 800C and

t hen devel oped with ethyl nmethyl ketone. Etching in 50%ferric chloride
solution yields a No. 2 step inmage. - 22 - EXAMPLES 11-13 These

exanpl es, set out in Table Il1l, illustrate the use of photoinitiators in
C({l-j/_unction with a conplex of formula | to



phot opol yneri se an epoxi de resin. The procedure of Exanples 1-6 is foll opes
here. In Exanple 11 Epoxide Resin Il is used, in Exanples 12 and 13 EpqgXid
Resin | is used. -23- [err] [erJgzs- - 24 - In Exanples 14 to 23 an gf
epoxi de resin is photopol ymerised and subse- quently heat-cured. EXAVPL 4"
A nmixture conprising 5 parts of Epoxide Resin I, 0.2 part of tri-

carbonyl (I - et hyl - 4-i sopropoxycycl ohexa- 2, 4- di enyI iumiron hexafl uoro-
phosphate, jand 0.2 paft of boron trichjoridetrinethylan ne conplex is
applied as £ a},lng b [err] thick ontp tinplate and irfadiated with a | anp
(80 Wper c Btwa di gtance of 20 cm fpr 50 seconds. The filmis tack-
free. On ru l@ggche coating wit.h a cofton wool swab sopked in acetone it
is attacked| af tef two|rubs. Nexﬂ the plate is heated af 450[err] for 1
hour, after| h&c8 8 he|c agl ng has appr eci §3Iy grgater rgsgstance todthe
sol vent, wi}isTagd ngj13 wuch rgbs. EXAVPIEE 15 ABmi xt ur g Lonpri si ng,,EpOX| de
"Resin | (10D parts), [err -net hoxybenzéne tricarbonyl marﬁganese
hexaf | uor opposphate (3 parts), and acetone (3 parts) is|applied as a
coating 8 pmthick on|tinplate. The cofting is irradiated using a nmedi um
pressure nefcurygarc Iarrp (80 Wper cnj] at a distance ol 20 cm and then
heated in ap o»«i"eialﬂs_?~| 120[err]. Irradl ation for 3Q secondls followed by
heating for tep pr-oducesma hard} tack-free ' <+
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film: EXAMPLE 16 The procedure of Exanple 15 is repeated, replacing the <§§§>
hexaf | uoro- phosphate with [err]-hexyl oxybenzenetri carbonyl manganese

hexaf | uor ophosphate (3 parts). Irradiation of the coating for 30 seconds

foll owed by heating for 3 m nutes produces a tack-free film EXAMPLE 17 The
procedure of Exanple 15 is repeated, replacing the hexafluoro- phosphate
wi'th ir-hexyl benzenetricarbonyl nanganese hexafl uor ophosphate (3 parts).
Irradiation of the coating for 20 seconds followed by heating for 1 mnute
gives a tack-free film - 25 - EXAMPLE* 18 The procedure of Exanmple 15 is
repeated using a m xture of Epoxide Resin | (50 parts), Epoxide Resin Il

(30 parts), Epoxide Resin IV (20 parts),

[err]-hexylige €44 1132ED Y LARPERNNRS e 1o 6 | ghoESIIOEMHRLE {nd Pabides) and
acetone (3 parts)_in place of the m xture used in-Exanple 15. Ir- radiation
of the coatd“ABtPoPea%rc8E¥hnds fol | owed by heating for 1 ninute gives a hard
tack-free film EXAMPLE 19 The procedure of Exanple 18 is repeated,

repl aci ng E§§§§§§iéluoro- phosphate with an equal wei ght of
[ err]-hexyl net ri car bonyl manganese hexaf | uorophosphate. Irradiation

for 10 secandsxtwdel cowpibinghbaarng doEpoxiderRasdn br fddastaotharl; tack-free
film EXANPJaE‘BZIgIEIE?e Qsﬁ.q%grog HBhékal 8, 4-a1ERA%8hPGon X8 IdIG- t he
phosphate W th an

. bx
hexaf | uor o- _ %gga anount ot

[ err] - met hebpBehptenctnd La? onY | HaheEaTe SElqhREidefEinsshatamae £oP % dfat i on
for 10 secapgsiddlabonadabing16aid RBid0ObnEo Bifplats MdDAUERH ated adkh fa dowd i | M
. (80 W per cm) at a distance of 20 cﬁ for 50 seconds. The film is tack-
— free. On rubbing the coating with a cotton wool swab soaked in acetone
it is attacked after two rubs. Next, the plate is heated at 150°C for 1
hour, after which the coating has appreciably greater resistance to the -

solvent, withstanding 13 such rubs.

EXAMPLE 15

A mixture comprising Epoxide Resin I (100 parts), wx-methoxybenzene-
tricarbonylmanganese hexafluorophosphate (3 parts), and acetone (3
parts) is applied as a coating 8 um thick on tinplate. The coating is
irradiated using a medium pressure mercury arc lamp (80 W per cm) at a
distance of 20 cm and then heated in an oven at 120°C. Irradiation for 30

seconds followed by heating for 10 minutes produces a hard, tack-free

/ film.

EXAMPLE 16

The procedure of Example 15 is repeated, replacing the hexafluoro-
phosphate with x-hexyloxybenzenetricarbonylmanganese hexafluorophosphate
(3 parts). Irradiation of the coating for 30 seconds followed by heating
for 3 minutes produces a tack-free film.

EXAMPLE 17

The procedure of Example 15 is repeated, replacing the hexafluoro-
phosphate with ﬁ-hexylbenzenetridarbonylmanganese hexafluorophosphate (3
parts). Irradiation of the coating for 20 seconds followed by heating

for 1 minute gives a tack-free film.



EXAMPLE 21 A m xture of Epoxide Resin V (60 parts), Epoxide Resin Il (40
parts), [err]- methoxybenzenetri carbonyl mnanganese hexaf| uor ophosphate (
parts) and acetone (5 parts) is applied as a coating 8 pmthick on

- tinplate. The coating is irradiated using a nmedium pressure nmercury | anp
(80 Wper cm at a distance of 20 cm and then heated in an oven at

- 100[err]. Irradiation for 20 seconds fol?dwed by heating for 3 minutes
results in a tack-free film EXAMPLE 22 Exanple 21 is repeated, replacing
t he hexafl uorophosphate wi th an equal weight of

[err]- hexy%net ri car bonyl manganese hexaf | uor ophosphate. Irradiation
for 20 sec owed by heating for 35 seconds results in a{ ck-ere
film - Th6 proEx@wiel Bf Example Bp okrcgepentsf ysingp @lsyunesof KpeX: ‘ged,“es n

repl aci ng txg%sé‘ 2Ed HOEPsxRBORRARL B B0 Fpa2Bs BaRBbx 18RI REHINOIV (20 parts),
[ err]-hexyl benzenetri car bonyl mmnganese hexaf] uor h0ﬁ hate. lrradiation for
20 seconds *BexdRemzanptriearP Ry lpgReaness Wéfwaﬁﬁ@’é gt%ésoqarfagka-"?r ee

Egl) m - a%ngneOQQng-i/N {V%& ofA thel piituis aské imOBYapleiIn Tont ai ni ng
a conpound, or a_mxture.,o u (of0) n I ni
15 apoxi dFgERIgn Shabt PR FPECLY e B L are S eufe (R E Y Bl

gives a hard tack-free film.

EXAMPLE 19
The procedure of Example 18 is repeated, replacing the hexafluoro-

NN phosphate with an equal weight of w-hexyloxybenzenetricarbonylmanganese
hexafluorophosphate. Irradiation for 10 seconds followed by heating for

2 minutes produceé a hard, tack-free film.

EXAMPLE 20

The procedure of Example 18‘is repeated, replacing the hexafluoro-
phosphate with an equal amount of x-methoxybenzenetricarbonylmanganese
hexafluorophosphate. Irradiation for 10 seconds followed by heating for

2 minutes produces a tack-free film.

EXAMPLE 21
A mixture of Epoxide Resin V (60 parts), Epoxide Resin II (40 parts), =-
methoxybenzenetricarbonylmanganese hexafluorophosphate (3 parts) and
acetone (5 parts) is applied as a coating 8 um thick on tinplate. The

" coating is irradiated using a medium pressure mercury lamp (80 W per cm)
at a distance of 20 cm and then heated in an oven at 100°C. Irradiation
for 20 seconds followed by heating for 3 minutes results in a tack-free
film.

EXAMPLE 22

Example 21 is repeated, replacing the hexafluorophosphate with an equal
weight of w-hexyloxybenzenetricarbonylmanganese hexafluorophosphate.
Irradiation for 20 seconds followed by heating for 35 seconds results in
a tack-free film.



represents an atom of a d-block transition netal chosen fromtitanium
vanadi um chrom um nanganese, iron, cobalt, nickel, copper, niobium
nol ybdenum ruthenium rhodium palladium silver; tantalum tungsten,

[terr]"v\,here Y represents an arene group or a cyclic dienyliumgroup Q @

rhenium osmum iridium platinum and gold, a is a positive integer

such that the atom Q has a closed el ectt@h shell configuration, M

represents an atomof a netal or netalloid, n is 4, 5, or 6, and is one
-nmore than the valency of M and X represents a fluorine or chlorine

atom wth ﬁg@&gﬂﬁ@éi so that if Mrepresents antinmony, nis 6, and five of
t he synbol s represent fluorine, and one nay al so represent a hydroxo
group. 2. Aheorpeseidure piaExapde i) Lo xepaptady, refering the hegpflwnes an arene
hydrogen?)gr%&pmecm&s aﬁpécitﬁmgt!véﬁghﬁl&s?rlﬁéﬁyml r&mﬁngiﬁcgi?)d?lﬂat@h{i@%y .
groups. 3. C osition according.to claimi, erein notes.,a cyclic
0l onyl | um PO LR OBHRTIRCE S FIIRGHPh 4T hnabesiep chtoved By heatite e
- 28 - [err]l nihete prdducdenatiasdprtaakkfdeegfiamp of 1 to 4 carbon atons, an

al koxy group of 1 to 4 carbon atons, or an al kyl group interrupted by one
or nore oxycarbonyl groups and containing up to 12 carbon atons, and b

is zero, 1, 2, or 3. 4. A conposition according to claiml, in which Q
represents chronm um '



1,.in which Mrepresents antinony, arsenic, boron, or phosphorus. 6. A
composition according to claim1, wherein (a) is an epoxide resin
containing nore than one termnal group of fornmula O [err] directly
attached to an atom of oxygen, where either [err] and [err] each represent
a hydrogen atom in which case R3 denotes a hydrogen atom or a nethyl

group, or R2 and R4 together represent [e;r] in which case R3 denotes a
hydr ogen atom 7. A conposition accofdﬁng to claim®6, wherein Y in
formula | denotes an arene group and (a) is an epoxide resin wherein the

1, 2-epoxide group is directly attached to cycl oaliphatic carbon atons. 8.

A conposition according to claim6 or 7, which also contains a | aDe¥914
heat - curi ng agent for the epoxide resig g A conposition according to
claim1l1, containing from0.5 to 7.5 pa wei ght of (b) per 100 parts by
wei ght of (13). AlPolyhetbsgbdsi ¢ampnsttioor ehintginimgel ai m 1, which al so contains
a phot oaccel ergtor. 11. co Sjid | ' : [ ai ns
the diglycidyl a‘é? har®° °‘§\,d2-‘g?§( ﬁ{’@?t")%%{é%P%é%ﬁ%?%%%ﬁ’geﬁg%ﬁ%t 5.2
equi v. / kg) oandl t2-epexidengtoup2-angt hoxy- bi cycl o[ 4. 4. 0] deca- 2, 4-di enyliumiron
hexa- fluorophqgphgf @eederivd MoAEESTE b Walkhsr tchansfaar@t i on into

hi gher - nol ecul ar "wel ght nmaterial of a conpound containing at |east one

1, 2-epoxi de resin group, or a mixture of such conmpounds, conprising

subj ecting a conposition (y.aféo)jaeeqriding to claim1 to actinic radiatlion.

-

éobéLt, ni ckel , iron, or manganese. 5. A conposition according to cl ai .
Jil!'

- where

Y represents an arene group or a cyclic dienylium group

Q represents an atom of a d-block transition metal chosen from . | -
titanium, vanadium, chromium, manganese, irom, cobalt, nickel,
copper, niobium, molybdenum, ruthenium, rhodium, palladium, silver;
tantalum, tungsten, rhenium, osmium, iridium, platinum, and gold,

a is a positive integer such that the atom Q has a closed electron
shell configuration,

M represents an atom of a metal or metalloid,

n is 4, 5, or 6, and is one more than the valency of M, and

X represents a fluorine or chlorine atom, with the proviso that if M

| represents antimony, n is 6, and five of the symbols X represent

;_; fluorine, and one may also represent a hydroxo grbup.

2. A composition according to claim 1, wherein Y represents an arene
hydrogen gfoup which is optionally substituted by one or more alkoxy
groups. ' '

3. A composition according to claim 1, wherein Y denotes a cyclic

dienylium group of one of the following formulae

e 111 ' v

AT
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13. A process according to cl aimi2—wierein—-a)—-an epoxide resin is

I rradi ated, in the presence of an _anmpunt of a conpound of fornula I X
effective for the polynmneri sationjﬂllm"ugm“meuuﬂsi n and of a curing ano

of a latent heat-curing agent for'} in, to forma partially
cured B-stage product and, if desired, b) curing of the com position is

conpl eted by heating. 14. The use of the conposition according to claima1,
as surface coat- ings, in printing plates, in printed circuits,in
reinforced conposites and_as adhesives- 28 C L _M S * 0094914 [err]
where 25 Rt denotes an ; group of 1 to Lardon atons, an al koxy
group of I to 4 carbonht an al kyl ﬂto i.p,te rrupted by one or nore
oxycar bonyl groups an : g up to 12 don atgns, and b is zero, 1,
2; or 3. 4. A conpositiong ding to claiml, ein Qrepresents .
chrom um cobalt, nickel, iron, gor manganese. 5. A co sition according to
claiml, whalegen M represents antinony, arsenic, boron, or phosphorus. 30
o]

6. A conposistion accordi o_cl ai , erei,n (a) is an oxi de resi
cont ai ni ng ‘hor e&tnﬁg s 5ﬁ'e2£glfyr8'uﬁr°o ?%)Elrrﬁ}l’,\g Gy ]"2%"6’ N 32??’%7 ﬁ’f?ué’cﬁ}é-gi t
an atom of oxygen# vdrxbos stomlerorRan mlityRerenp Hinteprupsedtbyaohs drogme at om

in which case R}. 4 r.Qge Y. r and R4

t oget her represe tﬁP%JR?%_ézo%?naQ\%hP% g@s‘%ﬂ% &BR%@ é'lrﬁgétgs%% y 4ri%gen atom
7. A conpos?ti okF &eEer disndy 6 T aim 1, wherein Y in fornula | denotes an
arone groupg andy (q%)nﬂéssl_tﬁan eReYF R €5 iclafif 'l Nth ¥hick §PAPrdBettisObSondiuh Ct | Y
linked to gé/oélra?al I R ?t I c . carbon atons. 8. A conposition according to either
of@l ai ms % Akt AF¥y 6 MEREARRESE-| atent heat-curing agent for the

5. A composition according to claim 1, in which M represents antimony,

arsenic, boron, or phosphorus.
6. A composition according to claim 1, wherein (a) is an epoxide resin -

containing more than one terminal group of formula

8)
7\ :
RZ R3 R‘

directly attached to an atom of oxygen, where either R? and R* each

represent a hydrogen atom, in which case R® denotes a hydrogen atom or a

methyl group, or R? and R* together represent -CH,CH,-, in which case R?

| denotes a hydrogen atom. ' '

7. A composition accofding to claim 6, wherein Y in formula I denotes
\vj an arene group and (a) is an epoxide resin wherein the 1,2-epoxide group

is directly attached to cycloaliphatic carbon atoms.

8. A composition according to claim 6 or 7, which also contains a

latent heat-curing agent for the epoxide resin.

9. A composition according to claim 1, containing from 0.5 to 7.5 parts

by weight of (b) per 100 parts by weight of (a).

10. A composition according to claim 1, which also contains a

photoaccelerator. |

11. A composition according to claim 1, which contains the diglycidyl

ether of 2,2-bis(4-hyroxyphenyl)propane (epoxide content 5.2 equiv./kg)

and tricarbonyl (2-methoxy-bicyclo[4.4.0]deca-2,4-dienylium)iron hexa-

fluorophosphate.

12, A process for the transformation into higher-molecular weight

material of a compound containing at least one 1,2-epoxide resin group,

or a mixture of such compounds, comprising subjecting a composition



epoxi de resin. 50 9. A conposition according to claim1, containing frg
0.5 to 7.5 parts by weight of (b) per 100 parts by weight of (a). 10 A
conposition according to claim 1. which also contains a photoaccel erator.
11. A composition according to claim1, which contains the diglycidyl ether
of 2,2-bis(4- hydroxyphenyl)propane (epoxide content 5.2 val/kg) and

tri carbonyl - (2- net hoxybi cycl o[4.4.0]deca-2,4- 55 dienyliumiron

hexaf | uor ophosphate. 12. A Process for -c@dvwerting a conmpound cont ai ni ng at

| east one 1, 2-epoxide resin group, or a mxture of such conpounds, into

hi gh nol ecul ar material, which conprises exposing a conposition as cl ai ned
inclaiml to a&%)gn;__c ragl af |tgna¢t%mc @ag{&qgﬁs according to claim 12, which
conpri ses ? 38 i"at't g Aan epoxide resin in the presence of a
conpound of13f orAnpiracéssi acranrdaxmet clsa}hf 1%i wherelp pblapnenoxéde restpdsi de

resin and gragid@utnin *&ﬁé‘tpr‘égéﬁdwo@%ﬁh&% $9% BaRKILAE Jrebinill BN amount
suff|C|ent to torma partirally cured [err]-stage product, and i f desired,

b) curing teffeeinsodrr itha PalyResksakicn of anjepe TSRS PF oh SHEING ai med
in claiml aauabrdaelRati Kt -éutingidilenbOEoR! e SporkideprédingdecC fotiiiat S, in

65 reinforced conp05|te and as adhesi.ve, 0094
Revendi cat i RS 141LCEHTRS Br #tRee RANRE A antte é %%]rTFerPanf“raj) PE,PE é:g'?rp%"éne

cont enant apogdiBiers isncdiipdepsl bpctheattng., 2 ou un nel ange de tel s conposes et

b) une quan ef fi c d un .

MXI 70 dansﬂf Sﬂeﬁse reer%oéng %Jétlgﬁ ic%og&%n%a?%;é;{%%@unaséfsc?%%edfgarﬁll ium

c cl i que Q-ng;prtlsemlstitm ahms d‘lmarmélCIGG“%‘FSaﬁ§|1teiiBﬁ°’EFeéh‘Eﬁ“?PSHEﬁ5m | e
a yapadi iesiteschrone, | e manganese, le fer, Is cobalt, |e nickel,

Ie cwvre e ni obium | e nol ybdene. le ruthenium Ie rhodi um Ie

palladium 1"argent; le tantals, |le tungstene, le

A



rhenium |"osmum |'iridium le platine et |'"or. a est un nonbre entier

posfgif tel que |'atonme Q presente une configuration de |a couche
el ectroni que conplete. Mrepresents un atxgxs de netal ou de netalloide, n
est 4. 5 o0u 6 et est superieur de 1 i |la valence de Met X est un atons de

fluor ou de chlore, sous reserve qus, @@%$84d4e Mrepresente de |'antinoine,

dans | esquelles Y
event uel | enent g : >4
Conpositions solon I'a revendi cation 1, dans | esquelles represents un
group. di6nyliumcyclique r6pondant a 'une des formul ss suivantes: 25 30

| ~~~~~~~~ | 35 40 V 1 X III Vzx 45 ou R--represente un
groups al kyle avec 1 a 4 atones de carbone. un groups alcoxy avec 1 i 4

at ones de carbone ou un groups al kyl e posasdant jusquA 12 atones de carbons
“intertonpu par un ou plusieurs groupes oxycarbonyles et b est 0, 1, 2 ou 3.
4. Conmpositions selon la revendication 1, dans lesquelles O represente le .
chrome, e cobalt, le nickel kg for ou le mangghiesd 5. Conpositions selon
la revendication 1, dangll g¥qyeh\es Mest | mnfimoine] |'arsenic, le bore
ou | ¥ phosphors. 6. Conpagsktionsyselon |a rRverdy catibn 1, dans | esquelles
(a) est une rsine 6poxyde cdapartant plus d' un OdQ
lie i un atone d' oxygene. de formule [err] 0094914 dans |l aquelle R2 et
R4 sont chacun un atons d' hydrogene, auquel cas R3 represente alors un
at\an¥ d' hydrogene ou un grou methyle, ou R2"et R4 reprisentent ensenbl e
- CH2CH2- . “auquel cas R3 repreSents i

where
25 Rt denotes an alkyl group of 1 to 4 carbon atoms, an alkoxy group of 1 to 4 carbon atoms, or an alkyl group _
- interrrupted by one or more oxycarbonyl groups and containing up to 12 carbon atoms, and
biszero,1,2;0r3.
4. A composition according to claim 1, wherein Q represents chromium, cobalt, nickel, iron, or manganese.
5. A composition according to claim 1, wherein M represents antimony, arsenic, boron, or phosphorus.
30 6. A composition according to claim 1, wherein (a) is an epoxide resin containing more than one group of

formula
o .
_ ' /
35 - 'ca - f -\fa VII
R2 R3 R’o .

directly attached to an atom of oxygen, where either R2 and R* each represent a hydrogen atom, in which
case R3 denotes a hydrogen atom or a methyl group, or R2 and R* together represent -CH,CHy-, in which case
45 Ridenotes a hydrogen atom. ) .
7. A composition according to claim 1, wherein Y in formuia 1 denotes an arene group and (a) is an epoxide
resin having 1,2-spoxide groups directly linked to cycloaliphatic carbon atoms.
8. A composition according to either of claims 6 or 7, which also contains a latent heat-curing agent for the
epoxide resin. :
50 9. A composition according to claim 1, containing from 0.5 to 7.5 parts by weight of (b) per 100 parts by
weight of (a). :
10 A composition according to claim 1, which also contains a photoaccelerator.
1. A composition according to claim 1, which contains the diglycidyl ether of 2,2-bis(4-
hydroxyphenyl)propane (epoxide content 52 val/kg) and tricarbonyl-{2-methoxybicycio[4.4.0]deca-2,4-
55 dienylium)iron hexafluorophosphate.
12. A Process for converting 3 compound containing at least one 1,2-epoxide resin group, or a mixture of
such compounds, into high molecular material, which comprises exposing a composition as claimed in claim 1
to actinic radiation. :
13. A process according to claim 12, which comprises
80 a) irradiating an epoxide resin in the presence of a compound of formula | in an amount sufficient to
polymeric the epoxide resin, and of a latent heat curing agent for the epoxide resin in an amount sufficient to
form a partially cured 8-stage product, and., if desired,
b) curing the composition by heating.
14. Use of a composition as claimed in claim 1 as surface coating, in printing plates, in printed circuits, in
85 reinforced composites, and as adhesive. . 00—

| R O A



alors un atom d' hydroene. 7. Conpositions selon |a revendication 6, dans g
| esquelles Y dans la fornuls | represente _un groups arene et est present
sous forns (a) d' une resins epoxyde conp6r2t9§nt un groups epoxy-1.2

directenent lie a des atones de carbons08848%&l i phati ques. 8. Conpositions
selon la revendication 6 ou 7, renfermant en outre un durcisseur therm que

| at ent poRevendicitesmsne epoxyde. 9. Conpositions salon la revendication 1,
contenant 0.5 6 7.5 partjes en poids .de (Db ur 0 .ties en poids 10
o (2) 101 Gureori pawggrgag'mf;mygg@{g@ﬁ sB Bt ouliil RS iRe Bifcfe i o
phot o- acc BFPagesis e’ cPPPoRRs B 81 EN e Selon ['s revendi cation 1, contenant

| ' t her 5di gl yci di que du bi s- (hydroxy-4 phenyl)-2,2 propane (teneur en epoxy
5.2 val/kg) et de | hexafl uorophos$) terde tri-carbonyl - (et hoxy-2

bi cycl o[ 4, 4, 0] decadi en#’, & QI ruf§ g;j 12. Prdbgge de corversion d'un

- conpose renfermant au rns un group€ epoxy-1.2 ou d' un nel ange de tel
conpos®s en un natiere de poids noleculaire selchpjgari_eur. _carecterise en ce
R ol bt ol Ao e O el s
act i ni quegtelie HEAGRAE mobbite. I rahahtle #&crﬁﬁuﬂ?.ii.ﬁﬁiﬁ%éi‘: 1 Goritlle, O e) e
on irradi @edGe, 1oeBiuMSIiRIGK Y6l Blage 0 6S 8B&RINGoMBR erltis pbdifi eﬂquurraﬁ&m& eﬁﬁ‘i une
f or mul’@ | cosfigurgiac de jagowchp ale@tdniquoaimphize, Msraprésentedia atomerde siénaboofaongtaileide n est 4, 5
d' une quam‘tri b= g‘i’:(‘,'ﬁa%"s‘.’%ﬁtaé pleage druM el X s#tyn atome defluns ou Herchiare. spusugserva qpe drirsaee
epoxyde Elodue Rydiexa a T OFEtT BhS A eHEReIPT X Boat By thior ethup per) dprigment représenter un
cor r egpondartompusitind deloS 1€ tevihdic@ibonli [dehs | STRUPd

chauf ?J;gé.““luk"em_ﬁ_t Bybstitué par ud%pl&ﬁ@f&iﬁ?\%&a:ﬁkbﬁg&%%%&,&at | oaﬁgafg%o%m%'
r gvi temar;g:' q‘g';‘?"gf.'j’:é'gg‘f“ﬂd devaadicatpm dudans desiapgiies Ysieprésenticgn groupel idiésylium cyclique
it i mes. 0es Conpos t S YEIPXIMSs et comme adhesifs. 25 30 35 40 45 50 55

60 6525
b b R
30
T .
IIT . 1v
35
1 -1 1
R =
40
* v
N/ &5 i
50 ou R! représente un groupe alkyle avec 1 & 4 atomes de carbone, un groupe alcoxy avec 1 a 4 atomes de

carbone Ou un groupe alkyle possédant jusqu’'a 12 atomes de carbone interrompu par un ou plusieurs groupes
oxvcarbonyle_.v.. etbest0,1,20u3. '

4. Compositions selon la revendication 1, dans lesquelies Q représente le chrome, le cobalt, le nicke!, le fer

. oule manganése.
55 5. Compositions selon la revendication 1, dans lesquelles M est I'antimoine, {'arsenic, le bore ou le

phosphore. ’ '

8. Compos_itions selon la revendication 1, dans lesquelles (a) est une résine époxyde comportant plus d’un
groupe terminal directement lié & un atome d’oxygéne, de formule
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dans laquelle R2 et R4 sont chacun un atome d'hydrogéne, auquel cas R? représente alors un atome
d’hydrogéne ou un groupe méthyle, ou R2 et R4 représentent ensemble -CH,CHj-, auquel cas R3 représente
alors un atome d’hydroéne.

1. Compositions seion la revendication 8, dans lesquelies Y dans la formule | représente un groupe aréne et
est présent sous forme (a) d'une résine époxyde comportant un groupe époxy-1,2 directement li¢ a des atomes

- de carbone cycloaliphatiques.

8. Compositions selon la revendication 6 ou 7, renfermant en outre un durcisseur thermique latent pour la
résine époxyde.

8. Compositions selon la revendication 1, contenant 0,5 4 7,5 parties en poids de (b) pour 100 parties en poids
de (a).

10. Compositions selon la revendication 1, contenant en outre un photo-accélérateur.

11. Compositions selon la revendication 1, contenant V'éther diglycidique du -bis-{hydroxy-4 phényl)-2,2
propane (teneur en époxy 52 val/kg) et de [I'hexafluorophosphate de tri-carbonyl-(méthoxy-2
bicyclo[4,4,0]décadiéne-2,4 ylium)fer.

12. Procédé de conversion d'un composé renfermant au moins un groupe époxy-1,2 ou d’un mélange de tel
composés en un matiére de poids moléculaire supérieur, caractérisé en ce qu'on expose une composition
selon la revendication 1 & un rayonnement actinique.

13. Procéde selon la revendication 12, caractérisé en ce que

a) on irradie une résine époxyde en présence d'une quantité d'un composé de formule | efficace pour la
polymérisation de Ia résine époxyde et d'une quantité durcissante d’un durcisseur thermique latent pour la
résine apoxyde an vue de {a formatian d'un produit partiellement durci correspondant au stade B et

b} on durcit éventuellement la composition par chauffage.

14. Utilisation des compositions selon la revendication 1 comme revétement de surface, dans des plaques
d'impression, des circuits imprimés, des composites renforcés et comme adhésifs.
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