MODI FIFED EPOXY RESINS The present invention relates to nodified egf

resins obtainable by reaction of an epoxy resin with an al kyl or é&ﬁ?ﬂf)—_
substituted, hydroxy substituted aromatic acid, to a process for;ig

producti on of such nodified resins, to curable conpositions conp
midi fied epoxy resin and to products previlded with the cured conp05|t|on

especially in coating applications and civil engineering appl i |
protect nmetal surfaces of for instance ships, .bridges, alrcrafﬁ&%Jéﬁ§¥

bui | di ng structures usually hi gh-performance coatings are used whi ch have
to be resistant to the corrosi woEfFes) EpdxedEes n®xygen, sol vents and any
other corrosive agents which mght come into contact with the coated
surfaces. ‘Nowadays, coatings, usually anbient tenperature coatlngs W th

t he required prop@hE|psesantbénvbnamondrbyauesngosmbdeﬁﬁedbépa

k i gspP ial | Cld et hers of
bolybhonol s, Pasing 8btaSnabILY. £EABILR' B8 BRPERORY Fed b nithusn whi ch
are cured witALlkyl Pﬁsﬁ&hé@Yboﬁybﬁtmbutpdbyhyduexypeuystanuﬁednlne (or
polyan1noan1dsﬁémaeebya&hdoaesustpfséegelfa?‘EﬁaRgEBHuegibagoﬁggﬂEﬁ as

described in for,instance, The Handbook_ of Epoxy S ns and K
Neville, MGIRELFLPd ReRins, kt?1gB#§blepss?5nPRé§r-h@nsc;ﬁ@mpy@syngnahe

Technol ogy, edbatfdiby épéxyNh¥81hhaﬁ§|tEE k@&ué&88§roﬁﬂde§hﬁﬁtﬁtEheand
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activators, tamdkeneil, edgineaering applications.
To protect metal surfaces of for instance ships,

bridges, aircraft’s and building structures usually
high-performance coatings -are used which have to be
resistant to the corrosive effects of water, oxygen,
solvents and any other corrosive agents which might come
into contact with the coated surfaces. Nowadays,
coatings, usually ambient temperature coatings, with the
required properties can be obtained by using solvent-
borne, two-package epoxy coating systems, comprising
. especially glycidyl ethers of polyphenols, more

particularly bisphenol A based glycidyl compounds, which
are cured with for instance polyamine, polyamide, poly-
amidoamine (or polyamincamides), polyamidoadduct and
polyaminoadduct curing agents, as described in for
instance The Handbook of Epoxy Resins by H. Lee and
K. Neville, McGraw-Hill, New York (1967), Epoxy Resins,
Chemistry and Technology, edited by C.A. May,
Marcel Dekker (1988) and Chemistry and Technology of
Epoxy Resins, edited by B. Ellis, Blackie Academic &
Professional (1993). Additives as pigments, fillers,
extenders, surface activators, thickeners, diluents,
accelerators etc. may be used.

The above descrlbed systems, however, suffer from a
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accelerators.etc. may be used. The above descri bed systens, however, suffer
from a REPLACED SHEETS SG -2- nunber of drawbacks. The use of

sol vent-borne systens results in the evaporation of organic solvents, which
is froman environnental point of view highly undesired. Further, the use
of amine curing agents, especially at low2enperatures (0-10 [err]) and/or

hi gh hum di ty nyaidedn ditiddwbddkd Nerie Gilld WX sdifvetdesd i é%f-étf‘é}ﬁé as

bl oom ng and/ or hazi ness, . due to reaction with carbon di oxide and t

presence of waSSULER/G the Svapgrahionr @ HE?ganrJfﬁzcﬁﬁ;l"&fB:%ur H%l'y J(-)%cur

resulting in tfadey dr lersrirdmiditialdigaitita s HoL «f rqsgriqu aindegieraquinber of
commercially vallable stemsolpé t hat the .qver- tabllltc%lﬁﬁégoor Thi s

may be caused Wta{lﬁ |“"ﬁgge &Bu%/c&}rztr}gea}%e e fCE STt rﬁtng
and/ or hazi nedow Ittentmamemee(ro-ﬂ(mrﬂf)t raatdﬁuleﬁugiathmciﬁt}epm@pemy ns

with alkyl or alkamd ¢ étdttcﬁﬂ' etgeedf |£ acid

results in epoxy resins In CO nat I on V\At suita e CUI’I ng agents

result in coatdlgpming iand &Fpé’ﬁ?b‘rn%ﬁ)péifuq & ngaqtdamevidils garbamges of

the above des@iidiglies sid® Bhdl prifeeC WE WitatOlatd At WY Grai:s&d&ents need
to be used, thus tQ-AO env, ronr%nt al objections. The nodifi.ed resi ns

combi nat i on W MR RGFUTE e TR SYIH LRG| a;ﬁhx/am de,

polyan1doan1nénﬂmﬂannnﬂher disadvantage of quite a large number of
commercially available systems is that the over-
coatability is poor. This may be caused by a low curing
speed and/or the occurrence of blooming and/or haziness.

It has now been found that modification of epoxy

resins with alkyl or alkenyl substituted, hydroxy
substituted aromatic acid results in epoxy resins which
in combination with suitable curing agents result in
.coatings having superior properties, while the
disadvantages of the above described systems do not
occur. No volatile organic solvents need to be used,
thus no environmental objections. The modified resins,
in combination with a nitrogen based curing agent, e. g
polyamine, polyamide, polyamidoamine and/or poly-
aminoadduct curing agent, do not show undesired effects
as blooming and/or haziness, even not when used at high
humidity conditions and/or low temperature. Further, it
has appeared that very acceptable cure rates are
obtained even at relatively low temperatures (0 to
5 °C), which is quite exceptional. It will be
appreciated that this is a major advantage of the
modified resins of the present application. When used
for coating applications, the layers are overcoatable
after 12 to 24 hours. An additional advantage of the new
resins is further that no crystallisation occurs, even
not when stored for prolonged periods at lower



am noadduct curing agent, do not.show undesired effects as bl oom ng and/or
hazi ness, even not when used at high humdity conditions and/or |ow
tenperature. Further, it has appeared that very acceptable cure rates are
obt ai ned even at relatlvely | ow tenperatures (0 to 5 [err]), which is.
guite exceptional. It wll be appreC|ated3that this is a mgjor advantage of

the modified E@ﬁg@?a@hr@%e (PegdesapR,| ‘é%tpe%rial !Ebeweenf @ teoat i ng
appl i cations,

ayers are over goat abl ft 24 h
addi tional ad¥8nfS§de 8f PERLIgEW g FEU?GF%hEP Fik ﬁ&a%%&épmﬁq%ﬁﬁlon

?ccurs even ?gbﬁwheanatabﬁ@obatumhﬁ .onged periods at | ower - 3-

enper at ur es e err Lally 0 err]), a problem
whi ch often occurs S Uy E% ré%%%?Eg% E%légF% gﬁi The . present
i nventi on, theodidied legomyegasammmaema@dwﬂbyr maq:én@@t satham enexy
reaction of a X S { u g TR roup of
an al kyl or ?Eggy Wi tgls!tu%t \lg!!tceg> %E (riox llr?bgs}te?{&u ed aron)gtal c aci )c?ig
Reaction of epux?lﬂsaﬂﬂp@}“n taied | YIdEPXyy FUBREFIEESE aci ds

are al ready kagw&a@yyﬂégidnuent 3 789, 044 Fbmever as described in colum
= St ol chi omet ri o BRBGRACOY Ty GRORY. GSBREER SIEE Jo TR ANRES ISt od
epoxi de ringSh&B&bxybenzolc acids are already known from US

patent 3,789,044. However, as described in column 6,

lines 37 to 65, the epoxide-containing materials should

be reacted with a stoichiometric amount of hydroxy-

benzoic acid, as otherwise unreacted epoxide rings will

be present in the composition formed. In the examples

only stoichiometric amounts of both reactants are used.

The reaction is carried out at temperatures above

148.9 °C (300 °F), see column 7, line 23. It is in this

respect observed that the curing agent used in this

reference is an isocyanate, which is a curing agent

which reacts with hydroxy groups rather than epoxy

groups. In the compositions according to the present

invention, usually nitrogen based curing agents as

described above are used, i.e. curing agent which will

react with epoxy groups.

The substituted aromatic acid to be used in the
present invention is suitably a mono-alkyl, mono-hydroxy
substituted benzoic or naphtoic acid, more particularly

- a substituted benzoic acid, especially a mono- or di-
alkyl substituted benzoic acid, more especially a mono-
alkyl substituted salicylic acid, or a mixture of mono-
alkyl and dialkyl substituted benzoic acid in which the
mono-alkyl compound is the main compound. A certain
amount of dicarboxylic acid, e.g. up to 25 mol percent,
especially up to.iS mol percent, based on corresponding”



be present in the conposition fornmed. In the exanples only stoichionmetric
anounts of both reactants are used. The reaction is carried out at o
tenperatures above 148.9 [err] (300 [err]), see colum 7, line 23. It is in
this respect observed that the curing agent used in this reference is an

i socyanate, which is a curing agent whieh4reacts.with hydroxy groups rather

t han epox roRScatBokPEi &0 t hQPSpacC g.tepkhgiRygsent invention,
usuaIIS nYt?o catbokhei HBQagnt§9agédgg%§?ﬁ %ove a?e used, i.e.

e (in
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amxture of ADMSryakirh sRdedkabhvbusLPELILUSCleBEDZEl Sopl 10 whi ch the

nono- al kyl conpound IS maln co al n anoun d?carboxyllc
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ten to twentyatdmsprehpckfelefin rsuieabby Ikay obd Solbted Desd abpns.
oligomerisation of ethylene, followed by carboxylation
of the alkylated phenol. Suitable processes to prepare
such alkylated salicylic acids are described in for
instance UK 586461, UK 1146925 and EP 370555. The amount
of mono-alkyl salicylic acid is usually between 60 and
90 percent, mostly straight chain alkyl groups
substituted at the one or three-alkyl position at the
ortho position of the hydroxy group of the aromatic
ring.

The amount of substituted aromatic acid is suitably
up to 60 mol percent per epoxy group, preferably between
10 and 40 mol percent, more preferably about 20 mol
percent

The epoxy resins used as starting material in the
present invention generally have an average of more than
one, suitably at least 1.5, preferably at least 1.7,
reactive 1,2-epoxy groups per molecule. These epoxy
compounds generally have an average of up to 6,
preferably ﬁp to 4, more preferably up to 2.5, reactive
1,2-epoxy groups per molecule. These epoxy compounds can
be monomeric or polymeric, saturated or unsaturated,
aliphatic, cycloaliphatic, aromatic or heteroaromatic
and may be substituted, if desired, with other
substituents in addition to the epoxy groups, e.g.
hydroxyl groups, alkoxyl groups or halogen atoms,



A very nmuch preferred substituted benzoic acid is a m xture of

predom nantly nonoal kyl substituted salicylic acid obtained by al kyl ati on
of phenol with an al pha- olefin, especially an olefin having from 14 to 18
carbon atons, which olefin SU|tany may be obtained by oligonerisation of
et hyl ene, fol | owed by carboxyl ation of th& alkyl ated phenol. Suitable

processes to é&ﬁﬁ@i&lﬁycbréhkﬂéa&§6m§a|Fﬁfthér?crééc@ieeddiEﬁéﬁed in for
i nstance UK 586461

#g and EP 37 5%5 The annﬁa é nggo aIkyI
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osition of the r f

Eubstltuted arongggéeé%}g 8§8x8 ?&@ﬁo&ﬁagﬁgfgo£hggrelbel %ﬂédﬂégiy group,
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percent. The é@fﬁiléﬁ?&?§n§segm§ﬁe§tﬁﬁ&'QﬁlﬁalSﬁyakth tQﬁlghﬁ§ent
i nvention general |y have an’ average of npfe_than one, Sujt at _| east

1.5, preferaU??n%?XPéﬁgtCQmP°uP€§C?P9eeﬂlﬁaEﬁBYQerﬁupE°$¥Fa PEYLLE. These
epoxy conpoungisigenandl epihayehpdr iner égemdktiipebothergoeferably up to 4,
nore preferably u nmol ecul.e. . These

2.5 1, 2-
epoxy conpounds cgﬁégﬁrﬁ%ﬁoégsgél%$mBBV?ﬁgr?%egg§ FﬁgﬁgIBF BﬁggPﬁFﬁted
al i phatic, cyefopblypbhenolsaandanepihalohpdrina; oofit polyalicohplbeand

S‘rlgﬁtistmeed %ndﬂﬁibfxﬁﬁroiﬁ%t hp8?.2 rﬁasa?%#gsggaﬁagnadgbahaﬂohf}dwﬁsepoxy
J ps. €. d or mixtures thereof, the reac ion products of poiy-

phenols and epihalohydrins especially preferred.
Illustrative examples of epoxy compounds are described
in for instance The Handbook of Epoxy Resins by H. Lee
and K. Neville, McGraw-Hill, New York (1967), Epoxy
Resins, Chemistry and Technology, edited by C.A. May,
Marcel Dekker (1988) and Chemistry and Technology of
Epoxy Resins, edited by B. Ellis, Blackie Academic &
Professional (1993).

Epoxy compounds of particular interest in the
practice of the present invention include diglycidyl
ethers of bisphenol compounds, particularly those
compounds represented by general formula I,

CH,OCH-CH,-0-CgXq -A-CgXq-O- (CHCH (OH) CHy0CgX4 -A-CgXyg) -
© -0-CHy-CHOCHy, | I

wherein each A independently is a divalent hydrocarbon
group having 1 to 8 carbon atoms, preferably methylene
or isopropylidene, -C(0)-, -O0-, -8- , -S-S-, -8(0)-,
-S(0)2- or a covalent bond, each X independently is
hydrogen, an alkyl group having 1 to 4 carbon atoms,
preferably methyl, or halogen, preferably chlorine or
bromine, and n has an average value of 0 to 12,



-5- especially brom ne atons. Further, reactive diluents, especially

nmono- epoxy conpounds may be added to the reaction mxture, especially to

| ower the viscosity. Suitable epoxy conpounds are the reaction products of
pol yphenol s and epi hal ohydri ns, pol yal cohols and epi hal ohydri ns, am nes and
epi hal ohydrins, sul phur contai ni ng conpourfis- and epi hal ohydri ns,

pol ycar boxyl i ﬁﬂéi:?e;kﬁrw @p&c%'l?d DW%&&E@Ee#EM rz@ﬁié h.l.@&ﬂf?ﬂéﬁ@! red
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and epi hal ohydro 5. 2r m xtures thereof, the reaction products of poly-
phenol s and epihayﬁny ' peci.all I | s | npl es of
epoxy conpounds are d%g%%sg% %di%rgﬁs\gaﬁ%r{eéﬁeel%gndb%gif%? %%xy Resi ns
by H Lee and iefiexably £3¢rG IR Hup  tdaboar 3 (U®6 Dxe iyl Ragp rso

Cheni stry and gkashngha9 L L ach WY s Bt el Dekker (1988) and
Chem stry and Technol og§pr(;f Epox Relgi ns, edi tel\dcaii;?y B. Ellis, Blackie

Acadeni ¢ & Prof esHReF1I340Pre the (SRUPArCemRURAS | n
the practice cfrd Neigpleaesl A nvedibisphdolide, dapeEi fly aispitedl A,

bi sphenol conpounds articularh¥ t.hose coqfounds represented b ener al
formula I, [ertfPuiR EPURs, R 7 f‘fesr%?’%i%?@ﬁte‘ﬁif’d‘%/ on

weight of from 160 to 200. They are commercially
available from Shell Chemicals Europe under the trade
names EPIKOTE 828, 862 and 806. Further especially
preferred examples are brominated bisphenol A compounds
which for example have an epoxy equivalent of from 200
to 800. _ :

Further useful epoxy compounds are epoxy novolac
resins. The epoxy novolac resins can be obtained by
reacting, preferably in the presence of a basic
catalyst, e.g. sodium or potassium hydroxide, an
epihalohydrin, e.g. epichlorohydrin, with the resinous
condensate of an aldehyde, e.g. formaldehyde, and either
a monohydric phenol, e.g. phenol itself, or a polyhydric
phenol. Further details concerning'the nature and -
preparation of these epoxy novolacs resins can be
obtained in the three general references mentioned
above. A suitable phenol-formaldehyde epoxy novolac
resin is EPIKOTE 155 available from Shell Chemicals
Europe. _

The above-mentioned epoxy compounds can be obtained
by means known for the preparation of epoxy resins from
a compound containing hydroxyl groups by reacting such
compounds with an epihalohydrin in the presence of a
suitable catalyst and reacting the resultant inter-
mediate halohydrin ether with a basic acting substance
such as an alkali metal hydroxide. It has to be obserwved



group having 1 to 8 carbon atons, preferably nethylene or isopropylidene,
-¢(9-, -0, -S , -SS, -S(O-, [err] or a covalent bond, each X
|ndependently S hydrogen an al kyl group having 1 to 4 carbon atons,
preferably nethyl, or hal ogen, preferably chlorine or bromne, and n has an
aver age val ue of 0 to 12, -6- preferabl§y 6 to 2. More preferably Ais

| sopropyl ene, ogen n p ydiroggn d Is up to
0.2. The averaehégpﬁégyegﬁlSgFeﬁ%Qa%légOQ? eﬁhgbhﬂdg,éérgseyggﬁyfgfon1170
|fe

up to about 3 £abPy af Fbegsedlﬁaﬁé EFé#-EPaBﬁytHibst dnygahLionso.
Especial ly pre&§11egeeaaﬁﬁggalgilyhgvgﬂpayléonpounds are blsphenol A and

bi sphenol F, especiall L ounds_havin aver age
epoxy equi val ent ¥ §%§£?§n¥§%bn?ogg05ﬁg %?sﬁ? &Bﬁﬁﬁgé?ﬁlﬁ Yabﬁllable
from Shel | Chqgtephse&ubppeaaad&ontbé anadponynresEEIKEEE 8ﬁ8alB§2 amrd 806.

Further espect sliuapi eLepedearaiphos,te Buattoetedabiaghepel. Auggnpounds

whi ch for exanple equr v ron1 her
useful epoxy cBapouneastien epoaylhabbvaearvsedsouthbeéwggy h@Qoaad resins

can be obtainegofyo&eapgibperaBligf BERRE¥n 14bNEnk" €66N6L, Oko# BaBife
catal yst, e.g. sodiumor Eota55|un1h ydr oxi_de, an epi hal ohydrin, e.g.

eplChlorohydrlﬁufﬁ}FhePﬁe PccPmphete the desired reaction, which is
suitably from 0.25 to 8 hours, more suitably from 0.5 to

6 hours, preferably between 2 and 4 hours. At the lower
temperatures longer reaction times are required whereas
at the higher temperatures less reaction time is
required to complete the reaction. At temperatures above
200 °C and at the longer reaction times undesired
reactions may occur, while at temperatures below 100 °C
the reaction times become very long, which may be
inconvenient. The reaction can be conducted at any
suitable pressure from subatmospheric to super-
atmospheric, e.g. from 0.1 to 10 bar. Atmospheric
pressure is preferred. The reaction is preferably
carried out until essentially all alkyl substituted,
hydroxy substituted aromatic acid as initially present
in the reaction mixture have reacted. Essentially all
substituted benzoic acid has reacted when no free acid
can any more be detected in the reaction mixture. In
that case at least 90, usually at least 95 mol percent..
of the acid has reacted. The reaction may be carried out -
by addition of the epoxy compound to the aromatic acid,
by addition of the arqmatic acid to the epoxy compound,
by mixing the two reactants followed by reacting or
combinations thereof.

The reaction may be carried out with or without
solvent. Solvent may be used especially when the
reaction is carried out at a relatively low temperature.



condensate of an al dehyde, e.g. fornal dehyde, and either a nonohydric
phenol, e.g. phenol- itself, or a polyhydric phenol. Further details
concerning the nature and preparation of these epoxy novol acs resins can be
obtained in the three general references nentioned above. A suitable
phenol - f or mal dehyde epoxy novol ac resim i% EPI KOTE 155 avail abl e from Shel
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conpounds togtx@ups,edrf @mradtdas odvad lan a)fcatwmulﬁ d@edesiFeY of this
i nvention w lgen-00 T dHld dor2 WA | 1 v SReid i@ Neaitys of the

present invention nmay be prepared hy reacyéon of an, .epoxy resin with an

al kyl or al k&®fie i Syt AT ES e iaPovere
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reaction, whi ngtanag s%ﬁt "{91 %ﬁt}‘é}{s} ﬂ’éﬁ taﬂb H‘3)(sft-1'sdm 0.5to
6 hours, prefn@mblqpetmtﬁ/mi]ar dredrtd dmyuramings t h}ualt@mxary ammonium

and phosphonium compounds and metal salts, especially of

organic acids. Suitable tertiary amine catalysts
include, for example, triethylamine, tributylamine,
benzyldimethylamine, tris(dimethylaminomethyl)phenol,
dimethylethanolamine, n-methylmorpholine, and
combinations thereof. Suitable guaternary ammonium
compounds are benzyl trimethyl ammonium chloride,
Suitable phosphonium compounds include, for example,
ethyl triphenyl phosphonium salts, tetrabutyl
phosphonium salts and combinations thereof. Suitable
metal salts of organic acids are for example stannous
salts of carboxylic acids as octanoic acid. The amount
of catalyst to be employed is that amount which will B
effectively catalyse the reaction between the epoxy
resin and the monocarboxylic acid. The specific amount
of catalyst will depend upon the particular reactants
and the catalyst being employed. Generally the catalyst-
is employed in amounts between 0.1 to 100 ppm weight,
especially between 1 and 10 ppm, based on epoxy resin.
The modified epoxy resins of the present invention
can be cured with any suitable cross-linking agent such
as a polyamine, polyamide, polyamidoamine and
polyaminoadduct, a polycarboxylic acid or anhydride
thereof or a polyphenolic éompound. In this respect also
reference is made to the three general references '



t enper at ures Ionger reaction tinmes are required whereas at the higher
tenperatures |l ess reaction tinme is required to conplete the reaction. At
t enperatures above 200 [err] and at the | onger reaction tines undesired
reactions may occur, while at tenperatures below 100 [err] the reaction
ti mes- becone very |ong, ‘which may be incon¥enient. The reaction can be

conducted at m&%ﬁ&b'&&r&swﬁéﬁm&m@gmpﬂm&é PRy and
at mospheric, e.g. omO to 10 bar. Atnospheric, press re |s yg%fe”ed

The reaction iS€ vapinesy SqArRMYIie T &%
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reaction m xture haye reacte |y aci d has

react ed when r?oua\‘rfléel%é(’:l% cbairj?“ﬁ’? ”rlon%e'aslb %&{% ;?ﬂ?ﬂé lﬁw reac éoérzlsm xture.

In that case &etiswistes0 Omir}eatanéamnmamiomrtd@neﬁ of the acid has

reacted. The rgagt %,b;u a1 y%ﬁglﬁ{bmdé heggpoxy conpound
éyl addi t1on of'%#?né)a

to the aromatic acl e aromatjc acid to the epoxy
conpound, by rﬁ’séf@i?}%hee‘%%#%cﬁmlanmci%ﬁm EARIRL or conbi nati ons
thereof. The r@&éﬁ et dieraniind e Rfandidnide Wdlfmﬂmfdg}dmexam vent
may be used esapdem_a v&(en t he rea.ctlon és carri.ed out at rel |ver | ow
t enper at ure. | ¥ RAPLR s and/ or

ket ones can bedanaecbf Titee rsmxﬂabme ocmr:tmg Ccagentes] aord cammercially

' available. The curing agents are employed in an amount
which will effectively cure the composition containing
the modified epoxy resin. These amounts will depend upon
the particular epoxy resin and the curing agent
employed. Suitable amounts are from 0.4 to 1.2, suitably
from 0.6 to 1.1, more suitably from 0.8 to 1.0, most
suitably about 1 equivalent of curing agent per epoxide
equivalent for those curing agents which cure by
reacting with the epoxy group of the epoxy resin. The
Handbook of Epoxy Resins and the other two references
mentioned above contain various discussions concerning
the curing of epoxy resins as well as a compilation of
suitable curing agents. .

If desired, the thermosettable compositions of the

present invention can be blended with other materials
such as solvents or (reactive) diluents, fillers,
pigments, dyes, flow modifiers, thickeners, anti-foamers
reinforcing agents, fire retarding or suppressing agents
and combinations thereof. These additives are added in
functionally equivalent amounts, e.g. the pigments
and/or dyes are added in quantities which will provide
the composition with the desired colour. Suitably the
amount of additives is from 0 to 150 percent by weight,
especially 20 to 100 percent, based upon the combined
weight of the epoxy resin and the curing agent. Solvents



the presence of a suitable catalyst for conducting the reaction between an
epoxy group and a carboxylic acid group. In practice usually a catalyst is
used. For general information about solvents and catal ysts reference is
made to three references discussed above. Suitable such catalysts are acid
and base catalysts, for instance Lewis acil® catal ysts and netal salt

Cﬁt al KSt S, NDIgnd p@giﬁéﬁ%él ‘vrtd?ﬁt 'éiﬁt& ybénéﬁﬁﬁq,yfwaﬁ@fafﬁ YiRETRAE U g‘féﬂd
phosphoni um conpoungds metal salts, especia of organic aglds
Sui t abl e tertié%%m%ﬂ?n X%f%??%?%n?nc*%ﬁ%&e?orgLi%ﬂ%l%FQ?F?etﬁ YSPH e,
gribuLy:anLne,ehb@zyédéﬂatéslamﬂne%?biﬁéﬁﬂéﬁgthnéas&ﬁonnt@yl%@ﬁen?é.g.

i met hyl et hano r phol i ne pat j on reo
Sui t abl e quat e':'Lr‘r%l(r'Erl €8%%€%%F%%Y%%Rn%bu%%ggﬁ$%f& n%oi@ﬂtl?i n%’? h%/l aJa R Ry
chloride, Sui thélesedosphopdify conpovhsicosity udeach orf exbephedifiays
triphenyl phosphogi yg éﬁi&ﬁenéf&,raf’%ﬁ!m@&ff?@?é“é&@zt?ﬁéslﬁefi ggibpgat i ons

thereof. Suitable netal salts_of organic acids_are exa e stannous
salts of car boX¥PleYadi 8uibhablyt dforBowRts . o hEremodin®S ofocht al yst to be
enpl oyed is thegpedDaDLy Wi chedi 3| pefdest | Wl Wefghel ¥SSed NepbRaERE ON

bet ween the epox jes%n andhthe nnnocarboxialc §C|d..The sge0|f|c amount of
catalyst will ?ﬁﬁgﬁqﬂe pBALERE BEr PP e ER e SULHRE t 382Gt al yst bei ng
enpl oyed. GeneRednforbtingahatgsials swieigh oysn be employedbiséretn 0.1 to 100
ppm wei ght, es | V. n X sip. The
nodi fi-ed epoxyﬂﬁgéﬁéé %geéﬁgfp?éggﬁgnggﬁggg}%ggggg %@ gﬁ%eéoéﬁtégany
sui t abl e crosswovemni ngatgenengfithanent, pohoppedef ipoey aamdetheol Ve doan ne

and Suitable reinforcing materials include glass, ceramicsg,

nylon, rayon, cotton, aramid, graphite and combinations
thereof. Suitable fillers which can be employed include,
for instance, inorganic oxides, inorganic carbonates,
ceramic microspheres, plastic microspheres, glass
microspheres, clay, sand. gravel and combinations
thereof. The fillers can be used in amounts suitably
from 0 to 100, especially 10 to 60 percent by weight
based upon the combined weight of epoxy resin and curing
agent.

The modified epoxy resins of the present invention
can be formulated for use in such applications as, for
instance, coating, flooring, casting, crack repair,
moulding, adhesives, potting, filament winding,
encapsulation, structural and electrical laminates, -
composites and the like.

The modified epoxy resins are especially suitable
for use in coating applications. In that case the |
starting epoxy resin is especially a liquid resin, a
semi solid epoxy resin or epoxy resin solution,
especially a bisphenol A based resin, while the curing
agent is a polyamine, polyamide, polyaminéamide or amine
adduct. These coating compositions can be used at



pol yam noadduct, a pol ycarboxylic acid or anhydride thereof or a

pol yphenolic conmpound. In this respect also reference is nmade to the three
general references -9- nmentioned above. Suitable exanples include
prinmary and secondary pol yam nes, carboxylic acids and anhydrides thereof,
phenol i ¢ hydroxyl - cont ai ni ng conpounds, gdahidi ne' s, bi guani dine's,

pol yam des, Meptq £bi Pas§S1okCEERbEBLuLE870L.§ESERHH CRFDPOatHORS Plgreof . -
Particularly suita }

_ le_curing agents include, Tor,exanple,. ethylene diamne,
d!ethylenetria%$P@§l?¥}¥tﬁ?P@né?eF?aﬁPnég'd?Eyﬁﬁh?§ﬁ$%£¥ nf4h
di am nocycl ohepanedied| pecgacEdompbospbopEcpaecenbr rchobi espechalirer eof .

2gonts are enptETBAEP ntanod BaREoaR, Ent FPaEirdcPREYad gF  fopche curing
conpoihélogrf?ﬂémggragurée?howiékegléﬁnkyprQDEntiﬁaegéthnﬁﬁﬁpgcﬁdFP depend
ahounts are 1ol oCaiBEEtel SBLRAE pENBLEMRARG BTGy CH e e, O Fom
0.8 to 1.0, noaresovesspptabdetaftegubviPert BPUEEY | HEUALLK 2 EFagb%xi de
equi val ent forgzgkpgsesgcpbi g aeaprks theCboadiaghyompasitignyi thnt be epoxy
group of the epox ,r35|n. The Handbook of Epox siyNs_an he Q r two
ref erences nen?PEiéB a98v€°88ﬁPEFﬁn93rF8@§1§95§55598ﬁsSESﬁCéPnP%S e
curing of epoxyoha€shgsand wpkhyasoatdanmni Cariing cansgehelhélyubeng agents.
carried out by exposure of the applied composition to
ambient conditions for one hour to one week.
Coating compositions according to the invention may
be provided as a two-container system. The first
container contains the modified epoxy resin component
and the second container contains the curing agent for
the epoxy resin. Any diluents used may be incorporated
into either container, although any amine reactive
diluents are preferably provided with the resin
component .
The following examples illustrate the present
invention. Unless otherwise mentioned, all parts and
percentages are weight parts and weight percentages. B
EXAMPLE 1 :
' EPIKOTE 828, a bisphenol A based epoxy resin
available from Shell Chemicals Europe, 500 g, a mixture
of 3-alkyl substituted salicylic acids in which the -
alkyl group contained from 14 to 18 carbon atoms, 327 g
(20 mol percent.per epoxy group), and ethyltriphenyl-
phosphonium iodide, 0.15 g,-weré mixed together. The
reaction temperature was increased to 175 °C (heating up
to 110 °C in 30 minutes, 30 minutes at 110 °C, heating-
to 175 °C in 60 minutes, 30 minutes at 175 °C, total
reaction time 2.5 hoursf. After cooling the modified

resin was obtained.



If desired, the thernosettable conpositions of the present invention can be
bl ended with other materials such as solvents or (reactive) diluents,
fillers, pignents, dyes, flow nodifiers; thickeners, anti-foaners
reinforcing agents, fire retarding or suppressing agents and conbi nati ons
thereof. These additives are added in funt2ienally equival ent amounts, e.g.
the pignents gﬁﬁﬁgﬁEg%ggggre added in quantities which will provide the
conposition wt e desired colour. Suitably the anpbunt of additives is
fromO to 150 per E¥ATMPEE e iRt repepseral byptodifferentpfinadt repatddnipon

t he conbi ned uemgb&auhrbbewe&@Xﬁséasta g&éphhé ﬁbahﬁﬂeagﬁablnéo'ﬁfﬁis -
10 - and diluents, which herein inclu exanpl e

hydr ocar bons, *REFGALE, tdﬂ?@oVEEFEBF§¥ §P?C§Fmeetﬁ@FKgggtégégLan&
conbi nati ons cbmmewblaAlyobvadﬂabéegreaﬂnareaatuseaohﬁeatageiﬁgCIa||y
xyl ene, or nt e y vi scoskhty. Fach of
n%dlflers sucgéggﬁthIgE%lqg Be ?1E8r %e? Sahg ?ﬁ F°§8rc ASEESH oyed
suitably in apSubhe Brofuekes. @5659 9r0é5966|abecanleOuSedennent by

wei ght based EEQEa&hﬁa%%EEbQ@QoW%‘QEEhBLte 8§¥ehESbQ @Fggcﬂéb g agent.

Rei nf or ci ng mat r|als I ch can be enpl oye erelrn inc e natural and
synthetic fi bPEsVPRLtthe form of woven, mat, nonofilament, chopped fibres
and the |ike, Egainpakl e Tempbeaturg naFehaalchncludvlgbaéityceranlcs

nyl on, rayon, cotton, aramd, graphlt? anq/ﬁoyblnatloqs

175 2288 2.76
3 140 2385 2.42

110 2488 2,08

EXAMPLE 5

Example 1 was repeated, however instead in
ethyltriphenylphosphonium iodide, tin octoate was used.
A modified resin having a final EGC value of 2022 was
obtained instead of 2288. '
EXAMPLE 6

Example 1 was repeated, however, using EPIKOTE 834-
X-80 (high viscosity liquid epoxy resin produced from
blsphenol A and epichlorohydrin; EGC 4000; 80% m/m
solution in xylene; 200 g) instead of EPIKOTE 828. The
final reaction temperature was 160 °C. The modified
resin had a final EGC of 1763 mmol/kg and a viscosity of
4.23 Pa.s (measured at a Brookfield v1scometer at --
23 °C/50% r.h.).
EXAMPLES 7-13

Clear lacquers were made using EPIKOTE 828EL, the
modified resins made in Examples 2-6 and a physical
mixture of Epikote 828EL and the alkylated salicylic
acid as used in Examples 1-6 to prepare the modified
resins. In each of the examples 50 g of resin,
ANCAMIDE 2050, a commercially available curing agent and
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suitably fromO to 100,

The fillers can be used in anmoun % S
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sol uti on, espeeua.ldy)lm licsijoh evac uééalased resin,
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I"OW t'enper at ur

Iﬁgga%a(\z%ﬂd%]r om -25

[err] to 25 [érr]E@Q@é‘@ally f4|00m55to

hun1d|ty, €. 0g 095 par.
.h. Coating appl | e(?i‘g)ttﬁ ozgvver tq'efq'%tgure
respect to thé co@ﬁqaé@-ea@sencéjofs%lgoom

10 Example 4 18.66 g
11 Example 5 15.5 g
12 Example 6 13.2 g

13 E 828EL/acid 40.05 g
EXAMPLES 14 and 15

Example 7 was repeated,

26 .[2/12]-4 at réla@%vé:léspw gh
%'ﬁ' by dileip 6(},&,9_,:%{2:]%r cent

show excel | ent properties

ng -HME-Ir haflfeLs, nafrtacky

4.1/7.6 clear, non-tacky
1.7/4.8 clear, non-tacky
1.8/4.3 clear
8.2/19.5 hazy, tacky

however, ﬁsing EPIKURE F205,

a commercially available curing agent, as curing agent

instead of Ancamide 2050. The amount of resin was 30 g.

Ancamine K54, 3 g, was used as curing accelerator.

Example' Resin Curing agent Gel times

14 E 828EL 16.90 g 5.7/11.3

15 Example 2 7.21 3.0/5.9
EXAMPLES 16-18

Examples 1-3 were repeated, however, using 82 g
(5 mol percent per epoxy group) of 3-alkyl substituted
salicylic acid.

Example Temperature Final EGC (mmol/kg) Viscosity ..
(Pa.s)
16 175 4247 8.07
17 140 4298 8.65
18 110 4290 6.74
EXAMPLE 19

Example 1 was repeated, however, using EPIKOTE 155
(a glycidated phenol-formaldehyde novolac; 345 g)
instead of EPIKOTE 828. The final reaction temperature



are overcoatable after 6 to 24 hours, usually already after 8 to 12 hours.
The coating conpositions can be applied by conventional coating methods
such as brush- coating and spray coating. Curing can generally be carried
out by exposure of the applied conposition to anbient conditions for one
hour to one week. Coating conpositions acé&drding to the invention may be
provi ded as a wa@-ITBt°@ . NGhes WolddPietheddinShadoal Final e IMs the .
nodi fi ed epoxy. ,ﬁéincggngfnent and the second contai ner contains the curing
agent for the 2e:{)o YIYiYE - Any diluents used may be incorporated into

ei ther cont ai (BXAMBIES@ROHRHNy ami ne reactive diluents are preferably
provided with the ' qﬁﬂﬂﬁqﬁag. \ 4@&9' S.4l4usirate the
present inventi on.frﬁml{eéss ot her S%J%h%%#gég% r%r]e parts eaénd+ ?e%’c_ent ages
are wei ght parkacr@rr WwaYpts pisreprepared e theemadifi SR gresims sphenol

A based epoxy desddvrd aid e dxapidelie ¢m cals Europe, 500 g, a mixture
of 3-al kyl substituted salicylic acids in which the al kyl group contained

from14 to 18 B bditSkhns, ITMERIDAIRAL pfleftings FRRED), and

et hyl tri phenyl20 ph@emplieimg odi de1.85 19 g, were/10 Xed dlget hedlmdde
reaction tenperature was increased to 175 [err] (heatin l”%#ékﬁlo [err] in
30 mnutes, 30 mnutes at 110 [err], heating to 175 [enﬁﬁnT m nutes, 30
m nutes at 172 er (Bxanmienl17 eact3bBI igre 2. % Holk®s)s Aflearcomlightlipe
nodi fied resin was obt ai ned.

tacky
22  Example 18 31.85 g 4.0/10.6 clear, slightly
tacky
23 Example 19 . 16.50 g 1.1/2.1 clear, non-
_ tacky
24 EPIKOTE 155 33.%6 ¢ 1.9/3.9 hazy, tacky

EPIKOTE, EPIKURE, ANCAMIDE and ANCAMINE are
trademarks. EPIKOTE 828 is a medium viscosity bisphenol
A based epoxy resin having the structure of general
formula I in which X is hydrogen and n is 0.1. It
contains no diluent. EPIKOTE 828EL is identical with
EPIKOTE 828, but having a low hydrolysable chlorine
content. EPIKOTE 834-X-80 is a high viscosity resin of
general structure I in which X is hydrogen and n is
between 0.1 and 0.2, 80% m/m solution in xylene.

EPIKOTE 155 is a solid, glycidated phenol-formaldehyde
novolac resin having an EGC of 5650 mmol/kg. ANCAMIDE .is
a commercially available (Air Products) polyamide curing
agent. ANCAMINE. is a commercially available (Air
Products) amine based cure accelerator containing
2,4,6-tri(methyl-dimethylamino)phenocl. EPIKURE F205 is a
curing agent based on EPIKOTE 828 and isophoronediamine.
-Examples 7, 13, 14 and 24 are comparison examples, not
using the modified resins according to the present
invention.



12 - EXAMPLES 2-4 Exanple 1 was repeated, but different final reaction
tenperatures were used to prepare nodified resins. The reaction tinmes were
Kept the sanme.  EPHrKOTE—828EL—a—comercially avail able resin, was used as
starting resi n'ThliStSthitﬁ be clear that due to the |ower viscosity of the

products, these - placed he used P tertain applications wthout
solvent or wth [ﬂﬂ n 'H Exanple  Tenperature Final EGgg 6547
Vi scosity (mol/ s) 2 : 175 2288

2.76 3 ' 140 - 2385 2.42 4 110
2488 2.08 EXAMPLE 5 Exanpl@ IL A% Mefeat ed, however instead in
et hyl tri phenyl phosphoniumiodide, tin octoate was used. A nodified resin
having a final EGC val ue of 2022 was obtai ned i nstead of 2288. EXAVPLE 6
Exanpl e 1 waslrepMaddfiedorpexy, resiingobbriiorblesby xegotipnglefviagcosity
li qui d" epoxy egsiky Readnced thr 9? RioS BRRNRlo1A e2fd vER it gteeh ey EGC 4000;
80% m /msolutron in xylen %p g) .instead of EPI KOTE 828. The“fi nal
reaction tenp8FaUEr 8fnaR fgby[eﬂﬂ aligpydo fupeéd tiéedn RAFTR¥i nal EGC of
1763 mol / kg sobstitutedsairomattié 32id3. s (nmeasured at a Brookfield
vi sconet er atz‘ Epoxy resin according to claim 1, in which the
substituted aromatic acid is a substituted benzoic acid.
3. Epoxy resin according to claim 2, in which the
substituted benzoic acid is an alkyl substituted
salicylic acid, preferably a 2-hydroxy-3-alkyl benzoic
acid, in which the alkyl substituent is a straight or
branched alkyl group comprising six to twenty-four
carbon atoms. '
4. Epoxy resin according to any of claims 1 to 3, in
which the molar amount of substituted aromatic acid is
between 10 and 40 percent, preferably about 20 percent.
5. Epoxy resin according to any of claims 1-4, in which
the epoxy éompound has the general formula I
CH0CH-CH3-0-CgXy4-A-CgXy ~O- (CHoCH (OH) CH30CgX 4 -A-CgXy ) -
-0O-CHy -CHOCHy ' I
in which A is a divalent hydrocarbon group having 1 to
8 carbon atoms, -C(0)-, -0-, -S-, -S-S-, -S(0)-, -S(0) 3-
or a covalent bond, each X independently is hydrogen, an
alkyl group having 1 to 4 carbon atoms, chlorine or -
bromine and n has an average value of 0 to 12,
preferably A is.methylene or isopropylene, X is hydrogen
or bromine and n has an average value from 0 to 2.
6. Epoxy resin according to any of claims 1-4, in which
the epoxy compound is an epoxy novolac resin. '
7. A process for the preparation of an epoxy resin
according to any of claims 1 to 6, by reaction of an
epoxy resin with '‘an alkyl or alkenyl substituted,

M



23 [err] r.h.). EXAMPLES 7-13 C ear |acquers were nade using EPI KOTE 828EL,
t he m)dlfl ed resins nmade in Exanples 2-6 and a physi cal mixture of Epikote
828EL and the alkylated salicylic acid as used in Exanples 1-6 to prepare
the nodified resins. In each of the exanples 50 g of resin, ANCAM DE 2050,

a commercially available curing agent and6é - - 13 - 5 g of ANCAM NE K54
(2,4, 6-tri s dhy@tbay adhborEtivéd - a PORAEL ¢ gcggnnnrcially avai l abl e curing
accel erator, re used. The_ Beck KoIIer uy re measured at
5 [err] r.h §soff RFOTsH/ HATHILRI +Foe a:f"ﬂ *él‘% 1 *Bfend of 50 g

resin and 32.feacvionl ky|casatried| out aazt da waempsealtufe . bé@sean 100 aundi ng

agent | Sel B0 o BRPES' 886Gt 101 Fy P2PF ygron Oalgfirutea® 2/ 12,4

hazy, tacky 8 ear, non-tacky 9
Exanpl e 3 a.uvomtgc acidgzasg/ gnitiallycpresenh- iackhe 1veaekiapl e 4

18.66 g A dré havé'?éécté‘&”aﬁ&cﬁi ﬁﬂlcﬁxélgpéecétalyéé ?s fised
1.7/4.8 clear, non-tacky 12 Exa 6 13

clear 13 E 8@8‘1":%%?’63’4%‘“6%‘3 a q“a%e§¢§§y5amm°nh‘é y© rtE]EiR?Pé%&WES 14

and 15 ExarrpI@oﬁpmdr@;pe@tﬁdtahogeyer, usi ng EPI KURE F205, a comercially

avai |l abl e cur ng\égentt as curin t?geﬂt msteadnofaAncam de 2050 The
anmount of res Jgng composition comprising epoxy

according to any of claims 1 to 6 and a cross-linking
agent. '

10. A product coated with the cured coating composition
according to claim 9.

eet Has Been Replaced

T \III\\ I ||I\
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Ancam ne K54, 3 g, was used as curing accelerator. Exanple Resin

Curi ng agent Gel tinmes 14 E 828EL - , 16.90 ¢ 5.7/11.3 15
Exanple 2 7.21 3.0/.5.9 EXAMPLES 16-18 Exanples 1-3 were
repeat ed, however, using 82 g (5 nmol percent per epoxy group) of 3-alkyl
substituted salicylic acid. Exanple  Tenperature Final EGC (mmol/kg)

Viscosity (Pa.s) 16 175 4247 ' 7
140 . - 4298 8.65 18 110 4§ggJE£ZZ
6. 74 EXAMPLE 19 Exanple 1 was repeated, however, using EPIKOTE 155 (a

gl yci dat ed phenol -for mal dehyde noyngEs;iégsg%gLfstead of EPI KOTE 828. The
final reaction tenperature - 14 - was err]. The nodified resin had
a final EGC of 2374 mmol / kg. EXAMPLES 20-23 In the sane way as descri bed
for exanples 7-13, |acquer | ayemMSGDY®RIED PERORYERESSNSO] the nodified resins

prepared in the exanples 16-19. Ex. Resin Curing Agent Cel tines
Appear ance 20 Exanpl e 16 31.85 ¢ 4.1/ 10.7 clear, alnost
non- t acky Modified epoxy resins obtainable by reaction of an

epoxy resin with up to one mol equivalent per epoxy
group of an alkyl or'alkehyl substituted, hydroxy
substituted aromatic acid, especially by reaction of a
bisphenol A based epoxy resin with an alkylated
salicylic acid. Also are described a process for the
production of such modified resins, curable compositions
comprising the modified epoxy resin and products
provided with the cured composition, especially in

coating applications and civil engineering applications.

V18/TS6547FF



Exanpl e 17

21 31.85 ¢ 4.1/,10.5 clear, slightly tacky 22

Exanpl e 18 31.85 ¢ 4.0/10.6 <clear, slightly tacky 23 Exanpl e 19
16.50 g 1.1/2.1 clear, non- tacky 24 EPI KOTE 155 33.96 ¢
1.9/3.9 hazy, tacky EPIKOTE, EPI KURE, ANCAM DE and ar e

trademar ks. EPI KOTE 828 is a

havi ng the structure of general

0.1. It contains no diluent.

medi um vi scosi t%%tEHF%ﬁé?N‘%Nbgg%%eMyW%%i n

formul a |
EPI KOTE 828EL is identical

in which Xis hydrogen and n is
wi t h EPI KOTE 828,

but having a | ow hydrol ysabl e chlorine content.
structure | |

viscosity resin of general

EPI KOTE 834-X-80 is a high
ich X is hydrogen and n is

between 0.1 and 0.2, 80% m m solution in

| 'ene.

EPI KOTE 155 is a solid,

gl yci dat ed phenol - f or mal dehyde novol acyrgsinyhavi ng an EGC of 5650 mmmol / kg.
ANCAM DE is a commercially available"t%rr‘grﬁﬁﬁcts) pol yam de curing agent.

ANCAM NE is a commercially available (Ar

Products) am ne based cure

accel erator gont ahncuga®lé, Bohtinhgetbitbogh debhy katibpaphanal moBREKERE F205

is a curing agent based on EPI KOTE 828 and i sophoronedi am ne.
13, 14 and 2é4pakg cesgpar aadnaecxarphgsageat,u
I nventi on. - 15

according to the present

Exanpl es 7,

sand mbhdifbddf ppdxyeserdn

comprising the reaction product of an epoxy resin with less

than one mol equivalent per epoxy group of an alkyl or

alkenyl substituted, hydroxy substituted aromatic acid;

said curing agent comprising a primary or secondary

polyamine, a polyamide, a polyamidoamine, a

polyaminoadduct, a polycarboxylic acid or anyhydride

thereof, or a polyphenolic compound.

2. The curable coating composition of claim 1, wherein

the alkyl or alkenyl substituted hydroxy substituted

aromatic acid comprises a monoalkyl or dialkyl-substituted

benzoic acid.

3. The curable coating composition of claim 2, wherein

the acid comprises an alkyl substituted salicylic acid,

wherein the alkyl substituent comprises a straight or

branched alkyl group comprising six to twenty-four carbon

atoms.
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CLAI MS1. A curabl e coating ¢onposition conprising a nodified epoxy
resin.and a curing agent, said nodified epoxy resin-conprising the reaction
product of an epoxy resin with | ess than one nol equival ent per epoxy group
of an al kyl or al kenyl substituted, hydroxy gubstituted ar ti.c acid. id
curing agent conprising a primary or secondagyg?)@%%ﬁﬁﬁ‘é?' g”%%‘?&‘? etfe?ggs
pol yam doam ne, a pol yam noadduct, a pol ycarboxylic acid or -anyhydri de

t hereof, or a pol yphenolic compound. 2. The curabl e coating conposition
of claim1, wherein the al kyl or al kenyl substituted hydroxy substituted
aromatic acid conprises a nonoal kyl or dialkyl-substituted benzoic acid. 3.
The curabl e coating conposition of claim?2, wherein the acid conprises an

al kyl substituted salicylic acid, wherein the al kyl substituent conprises a
strai ght- or branched al kyl group conprising six to twenty-four carbon

at ons. Sulast i t utte: Thaeible TorAMRMVMPE¥N2 ionl ®F daim ThénCwhdlkhe
coating conposition of claiml in which the nolar anmount of substituted

aronmat i ¢ aci tthes radtaxre @moabou to fl Gubes tdltaute A G.npeaddnt acid isTheteweabl e
coating conposition of claiml in which the epoxy resin is a diglycidyl
et her of a biagewendld ¢ @hsMindd aeresaw.ed by the general fornula |:

5. The curable coating composition of claim 1 in which
the epoxy resin is a diglycidyl ether of a bisphenolic
. compound represented by the general formula I:
o) o)

CH, — CH-CH,-0-C¢X,~A-C¢X,-0- (CH,-CH (OH) CH,~0-C¢X,-A- C¢X,),-O-CH,-CH — CH,

in which A is a divalent hydrocarbon group having 1 to 8
carbon atoms, —C(0)—, —O—, —S—, —S—S—, —S(0)—,
—S (0),— or a covalent bond each X independently is

hydrogen, an alkyl group having 1 to 4 carbon atoms,

chlorine or bromine, and n has an average value of 0 to 12.

6. The curable coating composition of claim 1 in which

the epoxy resin comprises an epoxy novalac resin.
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O [err] in which Ais a divalent hydrocarbon group having 1 to 8 carbon
atons, [err] [err] or a coval ent’ bond each X i ndependently is hydrogen, an
al kyl group having 1 to 4 carbon atons, chlorine or brom ne, and n has an

average value of 0 to 12. 6. The curabl e coatln conp05|t|on of claim
in which the epoxy resin conprises an epoxy tey ghget - %Iﬁ@t?%‘bﬁﬁéggg
repl acenent sheet - 17 - 7. A process for the preparation of a curable

coating conposition conprising the reaction product of a nodified epoxy
resin and a curing agent, said nodified epoxy resin conprising the reaction
product of an epoxy resin with less than }.mol equivalent per epoxy group
of an al kyl or al kenyl substituted, hydroxy substituted aromatic acid; said
curing agent conprising a prinmary or secondary pol yam ne, a pol yam de, a
pol yam doam ne, a pol yam noadduct, a pol ycarboxylic acid or anhydride

t hereof, or ay pol ypheredéss COIP LS. prepardt X650 CES Sa CEGRHBIL & Gedr Dl M 7,

I n which the nodified epoxy resin reaction is carried out at a tenperature
bet ween [err]camsbdiridon cotpristsentheal teyactiomyphrakycts ubfta trubdilf hedmat i c
acid as initially present in the reaction m xture have reacted and in which
as a cat al ystepexyisesisin tand | arquamd agentuasaidangdfiediepexy resin
hosphoni um

P P comprising the reaction product of an epoxy resin with less

than 1 mol equivalent per epoxy group of an alkyl or

alkenyl substituted, hydroxy substituted aromatic acid;

said curing agent comprising a primary or secondary

polyamine, a polyamide, a polyamidoamine, a

polyaminoadduct, a polycarboxylic acid or anhydride

thereof, or a polyphenolic compound.

8.-. A process according to claim 7, in which the modified
epoxy resin réaction is carried out at a temperature
between 100° and 200° C. until essentially ali hydroxy
substituted aromatic acid as initially present in the
reaction mixture have reacted and in which as a catalyst is
used a tertiary amine, a quaternary ammonium or phosphonium

compound or a metal salt.

9. A metal surface product coated with the curable

coating composition according to claim 1.

This is th |
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conpound or a netal salt. 9. A netal surface product coated with the
curabl e coating conposition according to claim 1. Substitute sheet - 9
Sept enber 1999 - 18 - 10. An curable coating conposition of claiml,
conprising the reaction product of an epoxy resin with up to 60 nol percent
per epoxy group of said acid. 11. The cur abl BubstituteigheetpOsSeptembsr 999 m
10, wherein said acid conprises a nono-al kyl, nono-hydroxy aromatic acid.
12. Curabl e coating conposition of claim1l, conprising 15 nol percent or

| ess of dicarboxylic acids, based on the presence of nonocarboxylic acids.
13. The curabl e coating conposition of claim 11, wherein said alkyl is a
strai ght or branched al kyl group containih® 40 to 20 carbon atons. 14. The
curabl e coating conposition of claim13, wherein said acid conprises a
nonoal kyl -substituted salicylic acid. 15. The curable coating conposition
of claim 14, wherein said epoxy resin conprises diglycidyl ethers of

bi sphenol conpounds. Substitute sheet - 9 Septenber 1999 - 19 -

10. An curable coating composgition of claim 1, comprising
the reaction product of an epoxy resin with up to 60 mol

percent per epoxy group of said acid.

11. The curable coating composition of claim 10, wherein
said acid comprises a mono-alkyl, mono-hydroxy aromatic

acid.

12. Curable coating composition of claim 11, comprising 15
mol percent or less of dicarboxylic acids, based on the

presence of monocarboxylic acids.

13. The curable coating composition of claim 11, wherein
said alkyl is a straight or branched alkyl group containing

10 to 20 carbon atoms.

14. The curable coating composition of claim 13, wherein

said acid comprises a monoalkyl-substituted salicylic acid.

15. The curable coating composition of claim 14, wherein
said epoxy resin comprises diglycidyl ethers of bisphenol

compounds .
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16. The™ctdrabl e coating conposition of claimb5, wherein A is nethylene or
| soprepyl ene, X is hydrogen or Brom ne, and n has an average value fromO
to 2. 17. The curable coating conposition of. claim1, wherein said curing
agent conprises a primary or secondary pol yam ne, a pal yam

. m de, a
pol yani doami ne, or a pol yani noadduct. 18. A Qubstitetecshasty? Septeraber J99%

claim17, wherein the anount of curing agents is about from0.8 to 1.0
equi val ents of curing agents per epoxide equivalent. 19. The process of
claim7, wherein the curing agent conprises a prinmary or secondary

pol yam ne, a pol yam de, a pol yam doam ne, gr_a pol yam noadduct. 20. The
process of claim 19, wherein the anpunt o% curing agent ranges from0.8 to

1.0 -equi val entg, Ofpiedir qiEa B o DI n g REBISISs Sty B £NE1a -5, TRENDEOLESE Of
claim7 wherein the curing agent conprises ethylene diam ne, diethylene

triamne, trigd hydtanelded e Nsoproph L di 2 M §lehy dht G i 0sy Obeheddd £, ardd
m xtures thereof. -
n has an average value from 0 to 2.

17. The curable coating composition of claim 1, wherein
said curing agent comprises a primary or secondary
polyamine, a polyamide, a polyamidoamine, or a

polyaminoadduct.

18. A curable coating composition of claim 17, wherein the
amount of curing agents is about from 0.8 to 1.0

equivalents of curing agents per epoxide equivalent.

‘19. The process of claim 7, wherein the curing agent
comprigses a primary or secondary polyamine, a polyamide, a

polyamidoamine, or a polyaminoadduct.

20. The process of claim 19, wherein the amount of curing
agent ranges from 0.8 to 1.0 equivalents of curing agent

per epoxide equivalent.

21. The process of claim 7 wherein the curing agent
comprises ethylene diamine, diethylene triamine,
triethylene tetramine, a dicyandiamide, diaminocyclohexane,

or mixtures thereof.
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