- 2042550 HEAT CURABLE COWPCSI TI ONS AND METHCD OF CURI NG SAME The
prese invention refates to heat curable cation- ically polymerizable
org materials, such as an epoxy -resin,. cyclic ether, 2042550 .
phgnal /f or mal dehyde resi.n, which use apqaromatic oniumsalt initiator,

whi IS an aromatic haloqﬁﬁﬁts A @ 0 ' -.ggﬁgp Vla onium sal t
in further conbin- ation w ﬁg "1‘,'1:- ( éi:@ ) ﬂ%ﬁ‘
di cycl.opent adi enyl iron. The—keas L CURIRGS s—af the present

i nvention conprise (A a cationically polynerizable organic material, (B)

from0.5%to 25% b%‘@iﬁés@ﬁt(ﬁv@hﬁdﬁ%@iﬁﬁesgﬁﬁt et (Qrdpod ea%%of@-
eat t

157% by wei ght of the curabl e conposition of an aroma- tic oniumsa

| ect ), t RSt hShi f ' |, < ' t A
e oo Ay B SR e BABHLEY e 3 g spooiaots,

oni ums a oni um - Aromati ¢ onium salts can De. __.

enpl Oyeﬁféh?éoéﬁh%t,i ?tféﬁoi-%éiﬁﬁ%ie?ﬂﬁié“fés?ﬁ,a‘i’vfﬁl%ﬁxﬂsé%ﬁi n. Epoxy

resins al"so can be heat” cured wi thout tHe use of radiant energy if desired.
Hovever gidigabeat ot Yaldeinitiator, which is an aromatic halonium

 salt, or a Group Va or Group VIa onium salt in further combin-

ation with a reducing agent, such as a dicyclopentadienyl irom.
e .

The heat curable compositions of the present invention

comprise (A) a cationically polymerizable organic material, (B)-

Tty

from 0.5% to 25% by weight of (A) o£ a reducing ageﬁt and {(C) from

0.1% to 15% by weight of the heat curable éomposition of an arcma-

tic onium salt selected from the class consisting of aromatic hal-

onium salts, Group Va onium-salts and Group VIa oniug salts.
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-~w---m:4rométic onium salts can be employed

as photoinitiators to effect the cure of an epoxy rssin.
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Epoxy . . resins also can be heat cured without the use of

Y

radiant energy if desired. However, the heat cure of the

ce



epoxy re5|n eanoylng t he aforedescrlbed aromatic oniumsalts was. . ., (};

constder ably slomer than by using a fource of radi ant energy, such as

ultravioletlight. It has now been Tf

Bcovered that considerably faster heat

elires of eFasvw ﬂe@irﬂSeﬁ%w@hhgaﬁfh V4 £ir Bdescritd eidoRitLEN8hium salts

cationica

|y pol ymeri zabl e.organic materials can be obtained using aromatic

oni um sayhg icloridiiaraBby gloetmididd by USefg 2 %ﬁ&é@tbﬁnr&fd&%ﬁc energy,
redycjng agent. The aromatic oniumsalts as uséd in the practice of

the presgch meehiloravabet Ndlghied Wit hhast hew YauH adisfovered thatf 1)

[Y] [J]

, Where J is a non-nucl eophilic counterion defined nore partic-

ul ar| y bebﬁmd%%hmjr sfaseaki bleatt!@etes 6f0€pe&yarz€éﬁn§ 28! QB1LIMARAd Gfide

[err] .
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an aromatic Group Va cation, [err]
varlety of other .cationically polymerizable organic materials

can be obtalned u31ng aromatic onium salts if the aromatic

.onium salt is used in combination with a reducing agent.

The aromatic onium salts as used in the practice of

the present invention, are included within the formula,

+ = .
(L) | {1 (31,
where J is a non-nucleophilic counterion defined more partic-

ularly below, and Y is a cation selected from

— =} an aromatic halonium cation,

(2) | (®, &hH, oI,

- an aromatic Group Va catiom,

(3) Iy, <R Vg <R3>h E],
and an aromatic Group VIa catlon,
. A 5
(%) Iy @Yy ®) 6l

where R is a monovalent aromatic organic radical, Rl-is a di-

2

valent aromatic organic radical, R™ and R* are monovalent

organic aliphatic radicals selected from alkyl, cyclo alkyl and
substituted aikyl, Rgland R’ are polyvalent organic radicals
fdrming a heterocyclic or fused ring structure selected from

aliphatic radicals and aromatic radicals with E or G, D is

Cl, Br or F;ij - — lE is a Group Va element selected

from N, P, As, Sb and Bi, G is a Group VIa element selected



re Ris_a nonoval ent "aromat3<e organlc radi caI Rl is a di- valent’

i 25 o$§aﬁ-i-"él &&d cal, R and R are manoval ent organlc al-i phatic
Fadj cal s sel gcted ft@noaﬁk?hl—- c clo al kyI and substltut ed alkyl, R and R5
are pol yval eng’ orléa RGP E =iyl S < z. c.or fused rihg -
_structure se egted f rﬁ*fallphatlc rad| cals and arorratlc r adi cals with E or
G D'is [ERRD" i @m - BoRE A Heeel

radi cal 5 havi ng from;

6 to 20 carbon atons, which can be substltlﬁ»\éd’vmth from1l to 4 nonoval eru

radi cal s sel eceBd fthem sym _oF Brkoty, "B is/equalktepr—(1-8) alkyl nitro,

chloro, etc. R IS rmre part i cul ar] écphenyl chl oro- phenyl, nitrophenyl,
met hoxyphenyl p?lr Frhemeal 9L Bl uded by- Rl are dival ent radicals,

such as [errJ‘fR an@,R rZach,aba' tncl ude C(18§ al kyI such as nethyl,
ethyl; .

O tor 2
g is a-whola—amberequai:—tc—e—ta—%—nm
O 'WZ-
. _"h" lS 0 . [e) ln

and the suﬁi 'of' e+ “g" + "h" is 'a-vai:t:e

equal—ter 4 or the valence of E,
- O awl3
"j" is a—whale number equa.l to 0 to 3 inclusivae,
107,70 : @ 10\,&
k" is é-ﬁhgli.ﬂmher—equal—ta—g—te—}—mel-usﬁe— and
O ovi '

“"m'" is a—whole-n&mber—equa'l—m—e—c:—t‘

where the sum of "j i g "k" + "m" is a.—va-}ue-

eq-ea—]r-ee(-3 or the valence of G.

Radicals :anluded by R can be the same or d:.fferent

aromatic carbocycl:.c or heterocyclic rad:.cals having from 6
-to 20 carbon atoms which can be subst:l.tuted with from 1 to 4
monovalent rad:.ca.ls selected from C(l 8) alkoxy, C (1 8) -alkyl,
~nitro, chloro, etec., R is more particularly phenyl, chloro- -
phenyl, nltrophenyl methoxyphenyl, pyridyl. Ra.dlcals

~ included by Rl_

are divalent radicals, such as

Lo
O

-

b . - |
and R radicals include C(1—8_) alkyl, such as methyl, ethyl,

etc., substituted alkyl, such as .-C2H40CH3, CHZCOOCZHS,

'-CHZCOCH3, Q' is defined below R3 a.nd R.5 ra.d:.ca.ls

include such structures as



deflned bet ow, ‘R3 and R5 radlcgls i ncl ude 'such structures as equal t
1- 4" |ncIu5|ve Z is selected from-0-, -S- and -N-, and Rl is sel ected fro
_hydrogen, C(18) aIkyI C(6-13) aryl. Non- nucl eophi I i ¢ counterions incl uded

by J of f Ia (1) are gf?:jnions where Mi g P lloid,” Qis a
hal.ogen radichl, »and d i $ @n{i nteger »such as ncIu5|v C)I addltlon J
of (f or mul "al so canSnefude non-nucl eo- PRIANeG ns such as.

perchl orat e, CF3SCB and CBHASO3 etc. In instances ere the cationically
pol ymeri zable material is. a phenol-fornal dehyde resin, or other

f or mal dehyde. ¢onden- sation, resin such as urea, J of fornula (1) can be a
hal i de counterion such as-Cl, Br-, F, etc., as well as nltrate phosphat e.
Metal or netalloids includéd by M of the non- nucl eo- o :

‘C‘ o8 O@(DO

etc. substltuted al kyl,, such as -CiH OCH3, CHZCCOCZHS - CH2GOCH3, " Q is é:ji'

 where Q"is-selecﬁed_from:o,'(Cﬂzjn, Wh and S, n is an integer |
S S .
equal to 1-4 inclusive- Z is seiected from -0-, -S- and -ﬁ—, and
R' is selected fr?g yydrogen, C<1 8) alkyl, C(6 13) ary]
Non-nucleophlllc counterlons included by J of formula

(1) are MQd anlgns, where M is a metal or metalloid, Q is a
halogen radical, and d is an iﬁteger such as 4-6 inclusive.

In addition, J of fbrmula (1), also can include non-nucleo-
'philic éountericns such. as pérchlorate, CF3SO3' aﬁd 0634803',

etc. In instances where the catipnically polymerizable material

v is. a thenol-formaldehyde resin, or other formaldehyde conden-

sation resin such as urea, J of formula (1) can be a
'  halide counterion such as Cim Bf-;_é;tugézlj-é;“ﬁelinéa nltrate
phosphate. |
Metal or metalloids included by M of thg non-nucleo-

philic counterion, MQd previously defined and included within J




~philic<counterion, MM previously defined and included within J
S formula (1) are transition netals such as.Sh, Fe, Sn, Bi, -Al; &,

* of
kn,

’

Ti,

Sc, V, &, My, Cs, Cd rare earth elenents- such ‘as the | anthanides, for

e le, Pr, Nd, etc., antinides, such as Th, Pa, U Np, etc., and
tal |l oids such as B, P, As_,. Conplex anions included by MY are,

for

G oup

oniuin salts included b75+ornula (1) and having fornmula (3) cations are.

for exanple, 10
of formula (1) are transition metals such as Sb,

Fe, Sn, Bi, Al, Ga, In, Ti, Zr, Sc, V, Cr, Mn,
Cs, Cd rare earth elements such as the lanthanides,
for example, Pr, Nd, etc., antinides, such as
5  Th, Pa; U, Np, etc., and metalloids such as B,
P, As. Complex anions included by MQd are, for

example, BF4-, PF6—,_AsF6—, SbFé-, FeCl4-, SnC16=

3

Sb016", BiC15=. _
Group VA onium salts included by formula (1)

and having formula (3) cations are for example,
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[ERR: G oup Vla onlun1salts I ncl uded by fgngulach) and hav- 5 I ng
formla (4) cat'ions-are, for exanp 23 "epoxy resdn- as

9- "The
ut™N i zed in the descrip- tion of. O aBT'QHQ(Tﬁ:po s of the deeht .

A

1k

i nvention, includes any, nononeri c, eri ggQr oligorerfc or polyneric epoxy . -

_naterial contalnlng one or a plurallty of epoxy func- tional groups. For
exanple those resins which result fromb5 . the reaction of bisphenol-A
: -i sopropyl i denedi phenol) and epi chl orohydrin, or by the reaction of

| ecul ar wei ght phenol - fornald- de CH |nso(No kK resins) with
eplchloro- hydrin, can be used al g ﬁnbgnat 29 ith an ep%ﬁﬁ?G-

"

+’ 11] -
cuz-c-@ BF, .
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- ere),



tai ning conpoeund as a reactive H+t uent. Such dil uents as-10 - phenyl
cidyl ether, 4-vinylcyclohe di oxi de, |inonene di oxi de,. : .

2-cycl ohexene oxi de, gl yci dyl late, glycidyl rmethacrylate, styrene
-oxi de, allyl glycidyl ether, g""as vi scosi ty nodi fggng', agents. In
addi tion, the range of these ds&can be 15 ext ended4 & i ncl ude
polynmeric materials containin inal or pendant epoxy groups: Exanples
of these conmpounds are (vinyl copolyners containing glycidyl acrylate or u
met hacryl ate as one of the comononers. O her classes of epoxy containing
pol ymers anenabl e to cure using the above catal ysts are 20 -

epoxy-sil oxane resins, €epoxy-pol yurethangg and eppxy- pol yesters. Such
pol ymers usual ly have epoxy fung qal gro ps ac.th s of their chains.
Epoxy-si | oxane resins and net hoﬁﬁg'g —ﬁr@tl cuB&p Iy shown by
E. P. Plueddemann and G Fanger,=3 Am _{ c 2-5 (1 59) As
described in the lit- 25 erature, y resins can al'so be nodified in
a nunber of standard ways such as reac $ with am nes, carboxylic acids,
thiols,. phenols, alcohols, as shown in™.'S. patents 2,935, 488;
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Group VIa onium salts included by formula (1) and hav-
ing formula (4) cations are, for example,

0
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CH,
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3, 235 620 -3, 369, 055; 3, 379, 653; 3,398, 211; 3, 403 199; 3,563, 850;
3,567,797; -3,677,,995. Furt her exampl es of epoxy resins which can be
used are shown in the Encycl opedi agof Pol ymer- Sci ence and Technol ogy, Vol .
6, 1967,-Interscience Publishers, Rlew York, pp. 209-271. Additional

cationi caNy pol yneri zabl e organic nauyrlals 5 whi ch can be used in the
heat -curabl e conpositiqg ret --rsettlgg mal dehyde resins,. cyclic
et hers, | actones; | act @ - @ %TQHZ nyl forganic prep rS.

I nc ded by t her moset t i Mg or gani ondensat.i o sins of formal dehyde which
can be used in the practice of the present 10 invention are, for

exanpl e, urea type resins, such as [err]
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I'n addltlon there can be usgd nel am ne r.esins, t.hi o re r esins,

fea aldehyde r esi ns ecF%E@I-FBPﬁHIH@ﬁﬁﬂe FENTISSRES Rer 3 SA%HP ot her

boxy, d t
T Ve o 20 R enEigale TRRSRRABL085, Bl BERRe %‘%ﬁ%ﬁn’

epoly

AR 408 SFabRE sy HE0EROCeR 5315{%.3?2%9@ BB 0 TS

pr esent

t
?J’?fhhﬁi&é}%ﬂe ebEL [foBc i Fhifig BakO020 A b It ¥y Mlaxy, fune- N\
trinmeth I n t e r gh f | o
ol oeul artIEHER %%ﬁla%%’ﬁngﬁ g*s?%gpghé%"%c%s%ﬁ o lﬁ%mé%%%‘ Gomon O
CQFt'pmf¥H%f¥e on oPrB§H§E§n6§3M|K&n@ LhQ E@% W&édﬁdfﬁﬁéhol) and

conposi tions can ge used as printing ink3 and%gther appl i catiions typical or

t her nos
be used
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etdd I¢hI&SoRpdr fnf uai—hsg eRkegeay tebnt BE UcsAM JWildY AbSight ch can
to make the polynerlza | e conpositions are cyclic

phenol-formaldehyde resins (Novolak resins) with epichloro-.
hydrin, can be used aloA;”or in combination with an epoxy
containing compound as a reactive diluent. Such diluents as
phenyl glycidyl ether, é-vinylcyclohexgne dioxide, limonene
dioxide, 1,2-cyclohexene oxide, glycidyl acrylate, glycidyl
methacrylate, styrene oxide, allyl glycidyl ether,
may be added as viscosity modifying agents.
In addicion, the range of these compounds can be
extended to include polymeric materials containing terminal
or pendant epoxy groups. Exampleé of these compounds are
Xvinyl copolymers containing glycidyl acrylate or methacryléce
as one of the comonomers. Ocﬁer classes of epoxy containing
polymers amenable to cure using the above catalysts are
epoxy-silbxane resins, epoxy-polyurethanes and epoxy-polyesters.
Such polymers usually have epoxy functional groups. at the ends
of their chains. Epoxy-siloxane resins-and method for making
are more particularly shown by E. P. Plueddemann and G. Fanger,
J. Am. Chem. Soc. 80 632-5 (1959). As described in the lit-
erature, epoxXy resins can also be modified in a number of
standard ways such as reactions wich amines, carboxylic acias,
thiols,. phenols, alcochols, as shown in U.S. patents 2,935,48S8;
3,235,620; 3,369,055; 3,379,653; 3,398,211; 3,403,199;
3,563,850; 3,567,797; 3,677,995. Further examples of

b i
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ethers ar

o KoxyorREaRElyREE Bihendes S TeMBLARY Y, VoL § 6751968 " FAGHER T Gmne @
iigﬁaﬁéibﬁﬁ%iwé%ﬁt@%ﬁ3953%3§£ 08573 T oxane, di oxal ;ﬁi;ydf oLuran
ik RS R . s
Veri ol SHERD SAE 49 BASCT SR HHE HeaforuEad ?ﬁigéans %euimmﬁr
nnnovaignt 83‘ nlﬁ ra iggk uch as meth%y iﬁQJ gr?lghls anlrigﬁtams

equal

hexanet h i Si | oxa octa th tegrasil oxgne. The products made in
accordan%g ;FFh {f%seﬁ%ngiu§%5§ﬁﬁﬁr8 TRPQTTRATR I ar
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Included by thermosetting organic condensation resins
of formaldehyde which can be used in the practice of the present
invention are, for example, urea type resins, such as |

[CH,=N-CONH,]_.H,0 ,

[CH2=NCONH2]XCH3COOH ,
[CHZSNCONHCHZNHCONHCHzoﬁ]x ;

phenol-formaldehyde type resins, such as

o |
H—L-O-CHZ_ CH ;~1—OH
CH,-0 ——f—H ]
L | 4
i OH 7]
H OCH,~1" 5 ~CH; OH
CH
- 3 -
n

where X and n are integers having a value of 1 or greater than 1;

HO-CH, ,CH,OH
Y
HO-CH T Y o om
IZ\N i\x/ 2 ,
HO-CHZ/ ' \cnzon



i ght oils and guns. Included by the reduci ng agents whi.ch can be used in
conbination.with the aromatic. oniumsalts of the present-inven: tion, are
pr - exanpl e, thiophenols, reducing_ gars ascorbi ¢ aci.d, citric acid, iron
alts, such as (C5H5)2Fe; (C7H15C02 cobalt salts,. such as -~

C7H15002) 2Co, CDZ(CI»GO(CBHﬁﬂﬁﬂHQ. In gﬂ PH on to iron and cobalt salts,
there.al so can be used tin salts, s (C7H15C302) 2Sn, - and copper saLts
such as Cul, CuSr and CuCL The heat able conpcsi tions of the present

i nvention can be nade by bl endi he C ni cal |l y pol ymeri zabl ¢ organic
material with an ef fB@QtHe anou of t he aifjomat ' salt and -13- in
further conbination with ;26 I nstances where the
cationically polynerizabl rgani c Tal - epoxy resin, cyclic
ether, cyclic edl g%ﬂdcﬂhe like, as 1?)r e- CH,0-C,Hqe" '

In addition, there can be used melamine resins,--.
thiourealresins; ! urea aldehyde reéins, cresol-formaldehyde
reéins in combination with other carboxy, hydroxyl, amino and ’
mercapto containing resins, Such as pclyesters, élkyds and poly-
sulfides.

Some'of the vinyl organic prepolymers which can te
used to make thé polymerizable compositions of the preéent
invention are, for examplse, Cﬁ ="-0—(CH2—CH20) -CH=CH2, where
n is a p031t1ve integer having a wvalue up to about 1000 or:
higher; multi-functional vinyl ethers, such as 1,2,3-propane
trivinyl ether, tr;mﬁthjlolpropane trivinylether, prepolymers
{ Q- CHz\ , and
| .

\ ca=ca, /

having the formula,

low molecular weight polybutadizne having a viscosity of frcx

200 to 10,000 centipoises at 25°C, Products resulting
from the cure of such compositions can be used as printing inkz - < .

'and other appTlcatlons typical o--tharmos tting resins.

A further category of the organic materials which
can be used i maks the polymerizable compositicas are cyecliz
ethers which are convertible to thermcplastics. Included by
such cyelic ethers are, for ex tample, oxetan°s such as 3,3-bis

chloromethyloxetane alkoxyoxetanes as shown by U.S. Patent




- 3,673,216, assigned to the same assignee as the present inven-
V|ously defined, the aromatic oniumsalt used is shown by 5 fornul a

(') ti W?ﬁf Qxoldnad M%&naéntetﬁ%ﬁQofaﬁw%ﬁpahavwxygem eRaen

wher e e cationically, polynerizabl'e material is a fornaldehyde

Condﬂggifxi Ngh €8N ﬁ&guslt\tidﬁiaﬂed ddoxvlangp be halide, etc., as
previ de crlbed he- resultlng curabl e conpositions can be in the form

of a.0 vatgl ié‘ﬁ 2oVl éYeEhefr@fEHeﬁénhrEOIaSl%é 01 ALY XY

ceRti poi ses at 25 or a ffee fl ow ng powder. The curabl e conpositions

Cankge 'é§9e&9 %d@d'&éy Qﬁ.a%ﬁbiiéét egoly S&dinpYenpirepilo IeBsnand cured

e tack ree state mnthln fron1 5 {o 20 m nutes, depénding upon the

g"it:}l{ eaﬁﬂﬂle%ye%uéh seny 1o Eblienel Grid 81';5%&&6-] C.

Depe I'ng” upon thé conpat |ty of e onfumsalts wth the epdxy resin as

wel .L.ﬁ&ﬁt‘#?t gér aﬂs‘ftex Q=_n' %éa&aarsam 1&&&&0%‘%@& torRRised

al ong W ucli ng” agen o an organic sol vent
ni tromet hane, "aceto- nitrile, e Ci, prlor TOji ncorporation. - In instances

where the epoxy resin is a solld n of the onlun1salts can be
achi eved by dry milling-or by mel 2|ng

W

. where R" can be the same or different.moncvalent organic radical
such as methyl-or.bhenyl and m is an integer equal to 3 to 8
iﬁclusive. An example of'aﬁ organosilicon cyclic is hexamethyl
trisiloxane, octamethyl tetrasiloxane. The products made
in accordance with the present invention are high molecular
weightidils and'gums. |

| Incluﬂed_by the. reducing agents which can be-used in
combination with the aromatic onium salts of t.hé present invea-
tion, are for example thiophenols, reducing-sugars, ascorbic
acid, citric acld iron salts, such as (CSHS)ZFe’ (C7H15002)2Fe
cobalt salts, such as (C7H15C02)2Co, COZ(CO) [(C6H5) P]z o

fI; addition to iron and cobalt salts, there also can be

used tin salts, such as (C7H SCOZJZan,

v . - ' CH-C-0

a ﬁ m\\~5n » etce,.

!H-S-O'
0

and copper salts, such as Cul, Cubr ‘and 84 L.

The heat curabla compcsitions oﬁ the present invention
can be made by blending the caticnically polymerizable oréanic'
material with an effective amcunt of the arcmaﬁic_onium saltland

~

»
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tion of the oniumsalt in situ also can be achieved if - de5|red

wi dely inasnuch as the salhh3rsubstant|ally inert, unless activated.

e%vmeﬁu&t & x‘P&th ithé ﬁé&ae%hgoag%é ront&‘yihebgﬁéésby |

wei ght of onium sa |s enp oye based on the wei~ght ‘of cur- a

conpPQghdian. thige d‘dﬁf&&fc&? gbtﬂy%ih%i‘?dbfénbé Bt Gid ¥eri 89 €5 an - 14-

di ents, such as inorganic fi dyes, pignmenls, extenders, viscosity \ﬂ;

cont réﬁ pﬁfei?E%u.nor il Qﬁhew I%ﬁfc?.l?ﬂﬁ estEraEﬁW‘tﬂié)fIﬂQet Oaéoﬁr@..r ts

filler 100 parts of epoxy rés e curabl e conpositiohs ca

S0Pl PAbRLELBREMAS che stbpta ity B Phegy g0 Pate
appl i £5¢hang I(m)whlv&tgf@eﬁﬂ&aahewdﬁp&ﬁon or CF3S0; and CHgSO3” .
However, in instances where the cationically polymerizable
- material is a formaldehyde condensation resin as previously

defined, J can also be halide, etc., as previously described.
The resulting curable compositions can be in the form of a
varnish having a viscosity of from 1 centipqise to 100,000
centipoises at 25°C, or a free flowing powder. The curablé
compositions can be applied to a variety of substrates by con-
ventional means and cured to the tack-free state within from
.5 to 20 minutes, depending upon the temperature employed,
which can vary from 25°C to 250°C. |

Depending upon the compatibility of the onium salts

. with the epoxy resin as well as the reducing agent, the onium
salts can be dissolved or dispersed along with the reducing
agenﬁ iﬁto an organic solvent, such as nitrcmethane, aceto-~
nitrile, etc., prior to incorporation. In instances where the
epoxy resin is a solid, incorporation of the cnium.salts can
be achieved by.dry miliing or by melt mixing.

Formation of the onium salt in situ also can be :
achieved if desired. Experience has shown that the proportion '
of onium salt to epoxy resin can vary widely inasmuch as the
salt is substantially inert, unless activated. Effective
results can be achieved if a proportion of from 1% to 15% by
weight of onium salt is employed, based on the weight of cur-
able composition. |

The curable compositions may contain inactive ingre-



tions of thg present ipnventi,on can be are, for _ exanple, rotectlv f

decorative q%su?ﬁ? n&%x$QQ?Eﬁplﬁo¥Fiﬂ§ ﬁﬂs P#gmen {”¢§ppﬁ§ers,k9%

i'nks, seala ts, adhesives, co ounds, 3 | ation, textile

coati ngs, 9&& 54 F RPEE, 9&%%%#%% Srn r3&rasns . tHﬁbe

skilled in the art be better able t tice the.i.nvention, .

fol lowi ng éNAHREY @ euES to ié@l%ﬁ ﬁyo%a&rﬁfc]@?l%%?r&pﬂoﬁ% n® ﬁ?oﬂy

of {ir tatlon Al l arts are by t,ur 3%

wei git of EaShe- ROBRIR ORI BaR | Ber SRPLSES Lo SR Fuh-

wei ght of Epon 828, cid et her of henol A of ,
fical CRTRARAS V\é?emﬁéétled G SubET, ob lag thsoy aro TeSEARRGE D ot £hTme , opaper,

heating, there was, no evidence 0 el ation. The, above procedure was

repeat ed, 008 3%%§stﬁ °ﬁ%ﬂLhQPSBﬁFSPnGGrQW?%Mdlt|on to the

above- ment i oned i ngre; di ents, ,3% hy wei ght of

pent achl or ot hi ophenol Sompt Qﬁa§h%lﬁﬂplﬁ&? on#& e’cpt‘&'&kchr &?%r‘ﬂ%ﬁé‘?lﬁaﬁomp‘”’-'

obt ai ned by .heatin
yzons og tﬁe present invention can be used are, for example,

-‘; _ protective, decorative and insulating coatings, potting compound:
1o - printing inks, sealaﬁts, adhesives, molding compounds, wire
insulation, textile coatings,’laﬁinaces. impregnated tapes,
varnishes. |
In order that those skilled in the art will be better
able to pfactice the invention, the following examples are

15 ~ gilven by way of.illuscration and not by way of limitation. All
parts are by weight. |
Exmple 1. , |

A mixture of 3% by.weighc of tetramethylenephenacyl
sulfoniuﬁ hexafiuoroarsenace and 97% by weighﬁ of Epon 828,

20 a diglycidyi ether of bisphenol-A of Shell Chemical Company,
were heated in a vial to 150°C. After 20 ﬁinutes of heating,
there was no evidence of gelation.

The above procedure was repeated, except that the

. mixture contained; in addition to the above-mentioned ingre-

25 dients, 3% by weight of pencachlorothiophenol. It was'found
that a cured tack-free produét was obtained by heating the
mixture for 5 minutes at 150°C. Those skilled in the art

know that the aforementioned curable mixture would be suit-

able for encapsulating electronic components.



ctronic

mxturésfor 5 minutes at 150C. Those skilled in the art know t hat 't he
Nenmentioned curable m xture would be suit- able for encapsul ating

conmponents. Exanpl e 2 -15- A.uniform m xture of 3

s of tetranethyl- enephenacyl sulfonium hexafl uoraoantinonate and 7
rts of Epon 828 was found to convert to the solid tack-free 5 state

after being heated in a vial at 1580€ for 15 nminutes. Another sanple of ‘the
same m xture was blended with 3 parts of pentachl orothi ophenol per 100

parts of m

2 was found that cure of the resulting mixture to a

tack-free state 1Q uefodhthEX¥€lreNo? 3 PariLoAlt dOPAREERG1 Exanple 3 A
bl end of 97 parts of Efon 828 and 3 parts of tetranethyl enephenyacyl

sul foni um h&R

5

- 10

15

isulfonium hexafluorocantimonaté and 7 parts
of Epon 828 was found to convert to the solid tack-free
state‘gfter being heated in a vial at 150°C for

15 minutes...Another sample of the same mixture

was blended with 3 parts bf pentachlorothiophenol

per 100 parts of mixture. It was found that cure

of the resulting mixture to a tack-free state

[] &

was achieved in 2.5 minutes at 150°C.
Example 3. ' '
A blend of 97 parts of Epon 828 and 3 parts
of tetramethylenephenyacyl sulfonium hexafluoroanti-
monate was blended with 3 parts of thiophenol.
It was found that a tack-free cure was obtained

after 5 minutes at 1505C. Another blend was made .

" following the same procedure, except that thiosalicylic

20

acid was substituted for the thiophenol. A similar
cure of ﬁhe mixture was achieved after 3 minutes

at 150°C. '

Example 4 : _

A blend of 97 parts of Ciba Geigy 179% and

3 parts of phenacyltriphenylphosphonium hexachloroanti-

‘monate was heated in a glass vial at 130°C. 1t

25

30

was found that after 20 minutes, no significant
change in the mixture occurred.

The above procedure was repeated, except
that ‘3 parts of pentachlorothiophenol was added
to the mixture. It was found that a tack-free

product was obtained after 5 minutes at 130°C.

"% Ciba Geigy 179 is a cycloaliphatic bis—epoxy material

&)
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nﬁnatq:mas»blended with 3-parts of thiophenol. 15 It. was found that a
tack;free cureiwas obtained after 5 mnutes.at..150[err] C. Another bl end
rade fol | owi ng the sane procedur.e, except tHat thiosalicylic acid was -
substituted for the thi,ophenol. A sinilafbcure of the nixture was achieve
"after 3 minutes 20 at 150[err]C. Exanple 4 A blend of 97 parts of C ba
Geigy 179* and 3 parts of phenac$d fx i#pfieM/|Shosphoni um hexachl or oanti -
ﬁDQﬁ?e was heated in a glass vial at 130[err]C It 25 was found that after
20 nf'nutes, no significant change in the mixture occurred. The above
procedure was repeatkd, Beaspecunahls gempesitions momprisingphenol was
added to the mixture., It was found that a tack-free 30 product was obtai ned
after 5 nminutes at 168)ea&r pationdicnllei polyrenizabls 9vganpsamaterial,

bi s-epoxy material -

(B) an aromatic onium salt of the formula

R )
[¥Y] [J] , and
S : ' (C) a reducing3 agent,

where there is present in the heat curable composition, based

[¢2

-on the weight of (A), from 0.1% to 15% by weight of (B) and
from 0.5% to 257% by weight of (C), J is a non-nucleophilic
counterion, Y is a cation selected from Ehe—ctass‘ccnsisting

10 of an aromatic halonium cation,
[(®), ®Y, DI
a b ’
an aromatic Group Va cétion,
| | 2 3
(R ®D, ®)y EL,
and an aromatic Group VIa cation,
: ' Py 5
s | [®); RDy ®)y 61,
' 1

where R is a momovalent aromatic organic radical, R™ is a di-

valent aromatic .organic radical, R? and R4 are monovalent

organic aliphatic radicals selected from alkyl, cyclo alkyl and

5

v substituted alkyl, R3 and R® are polyvalent organic radicals

20 ' forming a heterocyclic or fused ring structure selected from

[/

aliphatic radicals and aromati; radicals with E or G, D is a

Cl, Br or F }— —E is a Group Va element selected

from N, P, As, Sb and Bi, G is a Group VIa element selected from

S, Se and Te,

25 "a" ig 0, 1 or 2, X R

X

"B 4s 0o 1, | AN O O
. * [ L M S *

-
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Heat curabl e conposi.tions conprising (A) a cationicaldy
’ri zable organic material, (B) an aromatic ° oni umsalt, of the
a where there is present in the heat curable conpgsition, based on
th ight of (A),from0.1%to 15% by weight of (B) and from0.5%teo 25% by
wei ght of (C), J is a non-nucleophilic 10 of an aromatic hal oni um
cation, where Ris a nonoval eril7s omatic organic radical, R is a di-

val ent aronmatic organic radical, R2 and R are nonoval ent organic ali phat [ c
radi cal s sel ect ed farfﬁ*ntéT%yEFumwﬁl 8ad| kyl"bdnd s icthent equalkyp, R3 and

are pol yval ent organidgy ik CehBerBe of Df,ormng a heterocyclic or fused
ring structure sel ected from ali phatic radicals and aromatic radl cals with
QD|§a wEw :1:.’301"4_;

E or

5

10

15

20

30

ngh is 0, 1 or 2;

"h" is 0, 1 or 2 and the sum of M"f" 4+ "gv 4
"h" is either equal to 4 or the vanence of E;
"j" is 0, 1, 2 or 3;

"k" is 0, 1 or 2;

"m" is 0 or 1, where the sum of "j" + "k" 4+

Lo,

"m" is either equal to 3 or the valence of G. - %
2. A heat curable composition in accordance

with claim 1, where the cationically polymerizable .

organic material is an epoxy resin (as hereinbefore

defined). '
3. A heat curable composition in accordance

with claim 1, where the cationically polymerizable

organic material is a phenol-formaldehyde resin.

4. A heat curable composition in accordance

with claim 1, where the reducing agent is a thiophenol.

5. A method which comprises heating a curable
composition to a~temperaturé in the range of between
25°C to 250°C comprising: '

(A) a cationically polymerlzable organlc

material,

(B) from 0.1% to 15% by weight.of {(A) of an

aromatic onium salt haivng the formula

+ -
[Y] [J] , and
(C) from 0.5% by weight of (A) of a

reducing agent,

-~y

AR | |



[ERR]- 2. A heat curabl e conposition in accordance with claim 1, mhere t
cayjdhlcally poiyner1zab|e organi c naferlal i's an epoxy Tesin (as *
her'ei nbef ore defined) . ' 3. "A heat curable conposition in
accordance w th cfa|n11 mhere the cationically polynerizable organi c
material is a phenol - fornaldehyde resin. 4. A heat curable conposition in
accordance with claim 1, where the reducing agent is a thiophenol. 20

5. \ A, met hod whi ch conprises heating aléar abl e conposition to a tenperature
in the range of between [ERR] -18- where there is present in the heat

curable CQﬂQﬁg EﬁSQe gas%%esent in the heat curable compos1tlon based
on the weight of (A), from Q.1% to 15% by weight of (B) and

from 0.5% to 257 by weight of (C), J is a non-nucleophilic
counterion, Y is a cation selected from the class consisting
s+ 5 of an aromatic halonium cation,
' 1
[(®), (R, DI,
an aromatic Group Va.cation.
2 3
(R ®RY), (®R%)y E,
10 and an aromatic Group VIa cation,
| by 05
(R ®RYy ®)y 6,
where R is a monovalent aromatic organic radical, RY is a di-

4

valent aromatic organic radical, R% and R* are monovalent

organic aliphatic radicals selected from alkyl, cyclo alkyl and
15 substituted alkyl, R3 and R? are polyvalent.organic radicals
forming a heterocyclic or fused ring structure selected from

aliphatic radicals and aromatic radicals with E or G, D is

F, C1, or Br, E is Group Va element selected from N, P, As,
Sb and Bi, G is a Group Via element selected from S, Se and
> 20 Te,

"a' is 0, 1 or 2,

L2 SR 1

"b" is O or_l, and the sum of "a" 4 "b" is either equal

to 2 or the valence of D,

-

AT R O

’



he. weight of (A), fromQ 1%.to 15% by wei ght of (B) and from0.5%to

by weight of (C), J is a non-nucleophilic counterion, Y is a cation

cted fromthe class consisting 5 of an aromatic haLoniungéation, [ (R a

b D], an aromatic G oup Va cation, 6. A heat gurabl-e conposition.as-

claimed in claim1 substantially as herei nbefore described in any one of

the Exanples. The text of the spgcification has been reproduced by S

. photocopyi ng the applicants original typescript. It may contain a fews:
anendnents which are difficult to read.: The original typescript :- :

cont ai ni ng t hese il’?gndﬁentos; n]a’y %e ngﬁe@t’ed on the prenises of the Patent

Ofice "g" is 0, 1 or 2, ' -

"h is 0 or 2, and the sum of "f" + ¥gh 4 Wh" is either
equal to 4 or the valence of E,
5 "j" is 0, 1, 2 or 3,
mk" is 0, 1 or 2,
"m" is 0 or 1, where the sum of "j" + "k" + "m" ;-

is either equal to 3 or the valence of G. _ t

6. A heat curable composition as claimed in claim 1
10 subsfantially as hereinbefore described in any one of the

Examples.

The text of the specification has been reproduced by photocopying the aﬁplicants original °
typescript. It may contain a few amendments which are difficult to read. ‘The original
typescript containing these smendments may be inspected on the premises of the Patent Office
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