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The initial. epoxnde ring opening reaction also oocutnng with secondary and tertlary amines.
It is well known that such reactions can be accelerated by proton donors such as hydroxy

20  groups in the epoxy resin, or by water or by added donors such as phenols. This invention 20
concerns the activation of the above reaction and is brought about by proton donors which
are an integral constituent of the amine hardener, specifically by amines containing weakly
acidic a, B or y substituents.
. The present invention provides a method of curing an ollgomer or polymer contammg

25 epoxy groups which method comprises mixing the o igomer or polymer with, as a curing 25
agent, an effective amount of a comlilound having a primary, secondary or tertiary amino
group and in a position o, § or y to the amino group, a weakly acidic group selected from
-OH, -SH, -SeH, and - CONH, and maintaining the mixture until curing has taken place,
wherein the curing .agent is a compound . having the general formula chosen from the

30 following:- 30

£  35 HX-(CH,),-NRR! | ' _ o s
HXCH(CH,NRR'), . - ()
HXC(CH,NRR'); Im
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15 Wherein n =0, 1, 2, or 3; m=0-8 p=3-5; -XHis -CH -SH, -SeH

-CONH2 20~~R and Rl are each independently H alkyl or aryl group, with the
provi so 1 in conpound 20 (I1), when -XHis -OHand nis 2 or 3 and R and
R cannot \bG6th be H or an ethyl group; Hal is Cl or. Br. The node of action

of the catal%sis appears to involve nuclEsphioéi c attack at the epoxide 32
carbon by the am ne noiety with concomtant protonation by {he WeaKly
acidic functional 25 .groyp,, €.9.: = . : : :
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epoxi de t han“compounds of the type: [err] _ 5

(1) 40 where n =0, -1, 2 qxi 3. : _ .
40 A particul ar exanpl 0§ this type of substituted amine, which has a M
significant gccel erating ¢ffect i s 2-ani noet K¥Ret hi ol wherein in the

formula (1) N = 2 and X Syt her exanpl es of this type are those wherédfn .

n=0and Xis 0 or S. The follow ng types of conpound, wherein XHis a :
weakly acidic group e.g. ?ﬂh SH, 45 SeH [err], R and R are each :

I ndependent I hydrogen qr lan kyl or aryl g ,-Hal is 45 Cd or Br, m=
0-8, p = 3-5% are exdﬁb§é§ﬂkﬁ uring agents Qﬁﬁgh may .be used in the 15

present invention:- 50 [err] _

S0 [err] [err] SSynerein n = 0,1, 2, or 3; m = 0:8; p = 3 - 5; -XH is -OH, -SH, -SeH, -CONH,

55 [err] [erd] R@ndR!are each independently H, alkyi ¢ ‘group, wi i $ DOun( ’
: ently H, alkyl or aryl group, with the proviso that in compound
60 [err] [err] (1), when-XHis-OHandnis2or3and R and Rgcamlzot both bepH or an ethyl grouf'); Hal 20
s : bl . : "

-—
- .

Cl or Br. : S :
The mode of action of the catalysis appears to involve nucleophilic attack at the epoxide
carbon by the amine moiety with concomitant protonatior by the weakly acidic functional

25 group, e.g.: _ o - _ 25
| | '
30 L N\ _ 39
CH2  CHy—CH— _ :
/ .
NHz -

This activation is peculiar to compo_undS containing the activation group as an integral
35 constituent of the molecule. Thus mixtures of compounds such as RNH, = RXH are much 35
‘less réactive towards epoxide than compounds of the type: - : '

HXCHLNE o

40 wheren =0, 1, 2 or 3. 40

A particular example of this type of substituted amine, which has a: significant
accelerating effect is 2-aminoethanethiol wherein in the formula (1) n = 2 and X = S. Other
_examples of this type are those wherein n = 0 and X is 0 or S.
The following types of compound, wherein XH is a weakly acidic group e.g. OH, SH,
45 SeH, -CONH; R and R’ are each independently hydrogen or an alkyl or aryl group, Halis 45
_ Cl or Br, m = 0-8, p = 3-5, are examples of curing agents which may be used in the present

invention:-
50 HX-CH,-NRR' N ' 50 .
HX-CH,-CH,-NRR’ | | | 1
CH,-NRR!
55 _ - 55
. HX-CH .
CH,NRR' | o |
60 - ' ' 60

HX-C- (CH,-NRR');
XH XH

| | o
RR’N-CH,-CH-(CH,),,-CH-CH,-NRR'
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“of the present invention is 2-am npethanethiol. The curing reaction{rt
‘advant ageousl y ‘be carried out- at anbi ent tenperature although it ca I'so
be i mbuced at” higher tenperatured584f86tine taken to effect cure Banges
from[err] 30 hour 'to 8 hours dependi ng upon the tenperature at which the
-redction is conduFL d. The 30 ampbunt of curing agent used may vary with

25 A particularly preferred anfne for use as a curing agent in the Zﬁ;;od
(4]

the nol ar rati.ogZpf curing agent to polymer or prepal yner being fromo0.5:1
to 5:1. Thejpd@%g:red ratio.is about 2:1. The followi ng exanple illustrates
.the igvention. 3$p-kmanple 1 - e IR S :

- 35 A commerci al epoxy resitn (CIBA ref: ACACA 17e gy 257) having époxy
equi val ent 175 was wi xed .wi th 2:-am-noet hanethiol in the proportions 0.22g
of Tardener per /ZO%pf resin.. The subsequent adhesive strength was neasured
on alggm nium tept pieces having an area of overlap of 1 sg.m Thg bond
strength was measdiregstby stretching the test sanple 40 perpendi 8Iar|y to
the bond in an TRON (Regi stered Trade Mark) tensonmeter at a 40 pulling

rate of 0.5 cm™Mn-1. The results are shown in Table 1. TABLE |I 45
Har dgrer (Hal),C- Cure Tine Strength. ég
2- am noet hanet hi ol 6 hours. - 455 kgf 2 days - 460 kgf 50

50 Table | showWdHzhat a 2-aminoethanethiol is an effective and rapid

har dener for commerci al epoxy prepolynmers. Conparison with the data for the
adhesgigve forned by use of a conventional am ne hardener with the,sane resin
(Tabl e 2FHenPHasCHes the effectiveness of the nodified hardener for anbient

t enper at CUr Qg9 - _ ,

55 TABLE 2 Hardener - ! Cure Tinme Strength 60 _
Convegst i onal 6 hours 7 kof ' 60
pol yam ne A particularlyprefegpesl amine for use as ajq@Hngagenttin thbemethod of the present7 aays

260 kaf ention is 2-aminoethanethiol.
g ) e curing reaction may advantageously be carried out at ambient temperature althou;
65 it can also be induced at higher temperatures. The time taken to effect cure ranges from%z
30 hour to 8 hours depending upon the temperature at whicli the reaction is conducted. The 3¢
amount of curing agent used may vary with the molar ratios of curing agent to polymer or
prepolymer being from 0.5:1 to 5:1. The preferred ratio is about 2:1.
The following example illustrates the invention.

35 Example 1 - ’

A commercial epoxy resin (CIBA ref: ACACA 17¢ gy 257) having epoxy equivalent 175
was mixed with 2-aminoethanethiol in the proportions 0.22g of hardener per g of resin. The
'subsequent adhesive strength was measured on aluminium test pieces Eaving an area of
coverlap of 1 sq.m. The bond strength was measured by stretching the test sample :

40 perFendlcularly to the bond in an INSTRON (Registered Trade Mark) tensometer at a 40
pulling rate of 0.5 cm min-1. The results are shown in Table I. _ o

35

TABLE.I ..
45 ‘. . Hardén_éf * Cure Time L 'Stréngth. o o 45
| 2-aminoethanethiol 6 hours 455 kef |
* S . i+ 2 days . .. 460 kef
. 50 : A L 50
- Table I shows that a 2-aminoethanethiol is an effective and rapid hardener for commercial
@ epoxy prepolymers. Comparison with the data for the adhesive formed by use of a
conventional amine hardener with the same resin (Table 2) emphasises the effectiveness of
the modified hardener for ambient temperature cures.
55 - . e . :
o - TABLE2 - ... . . .. . >
Hardener Curé Time Stréngth
60 Conventional 6 hours 7 kgf . 60
polyamine 2 days 165 kgf

hardener 7 days 260 kgf
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1 580 906 4 WHAT WE CLAIMIS:- 1. A
nmet hod of curing an ol igonmer or polyner containing epoxy groups which
nmet hod conprises mixing the oligoner or polyner with, as a curing agent, an

effective anount of a conpound having a prinary, secondary oOr tertiary
am no group and in a position [err] or [err] 5 .to the am no group, -:a
weakly acidic group selected from-0OH, -SH, -SeH, and [err] and 5: K

mai nt ai g the mxture until curing has taken place, wherein the curing
agent i @ conmpound having the general fornmula chosen fromthe foll ow ng: -
[err] 4 _ 1580 906 - (1) 10 4
10 HXCH err] - _ (TT) HXC(Terr]
(L) 15 WHAT Wi lcLamv 1s:- X - u
15 [err] 1. A method of curing an oligomer or polymer containing epoxy %rffou s whickmedfdd '
[err] comprises mixing the oligomer or polymer with, as a curing ageny/ar ve amount of a

25 [err] 30 compound having a primary, secondary or tertiary amino group and in a position o,  or y

30 [err] [er rﬁ %ﬁg gﬁggo %ﬁgug{i_a weakly acidic group selected from -OH, -SH, -SeH, and -CONHy ap |)5 35
35 Wherein n = Qompound hadihg 3.;? 'Exﬁ‘c%‘J{OFo 4 P 2?523?’5&?5@5%&. o gﬁag?"g(elhg ok
-CONH2 R and [err]_are each independently H alkyl or aryl group, with thé" -
proviso that in coP¥oeiB)-(NBR" when -XH is:-OH and n is 2 or 3R and [err],
can not both be H gyéﬁcﬁgﬁyhz}?roup; Hal is G 40 or Br. an 0 «
40 2. A nethod as clainmed in CTaim1l wherein the curing agent I's

2- anmi noet hanet hi ol BXS(CH.NRRD0d as clained in either Caim1@®P daim2,
wherein the {g)l ar ratio 3£ curi Rgyagent to pol ymer or prepolyner is _frorq5
0.5:1 to 5:1.7 4. A nmethod of cujing an oligoner or polyner as clained in

Cl ai m 1 subst ant i aRRYNGH,CGHCH)/BICH)NRR e descri bed. = - - av)

45 5. Cured epoxy polyners of epoxy oligoners whenever .made by the nethod
clained in agy one of cl gi__g}. 1 to 4. STEVENS, HEWETT & PERKINS, 50 20 *
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by Croydon Printing Co}'p wLi mted, Croydon, Surrey. 1980. Published by
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NH,

(Hal);CCH-XH (VID)
35 . . 35

Wheiein n = 0, 1, 2, or 3; m = '0-8; p = 3-5; -XH is. -OH, -SH, -SeH, -CONH,
R and R! are each independently H, alkyl or aryl group, with-the proviso that in compound .
(I), when -XH is -OH and n is 2 or 3 R and R! can not both be H or an ethyl group; Hal is Cl
40 or Br. T : o _
: 2. A method as claimed in Claim 1 wherein the curing agent is- 2-aminoethanethiol.
3. . A method as claimed in either Claim 1 or Claim 2, wherein the molar ratio of curing
agent to polymer or prepolymer is from 0.5:1 to 5:1.
4. A method of curing an oligomer or polymer as claimed in Claim 1 substantially as
45 hereinbefore described. : : 45
5. Cured epoxy polymers or epoxy oligomers whenever made by the method claimed in
any one of claims 1 to 4. ' g

40
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