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AQUEQUS CDATI NG COVPCOSI TION 10 This invention relates to aqueousvggg?i%g
conposi tions conprising dispersed acrylic grafted epoxy and polwgfﬁer &
interpolymers particularly useful for can coatings for 15 beverages gﬁ? '

foods. It also relates to a process for naking the conposi

tions, to a

oating process using themand to a coated substrate obtainable by the
oating process. 20 Industrial coatings are surface protective coatings
(paint coatings) applied to substrates and typically heat cured to form
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AQUEOUS COATING COMPOSITION

10
This invention relates to agqueous coating compositions
comprising dispersed acrylic grafted epoxy and polyester
interpolymers particularly useful for can coatings for
15 beverages and foods. It also relates to a process for
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making the compositions, to a coating process using them
and to a coated substrate obtainable by the coating
process.

Industrial coatings are surface protective coatings (paint
coatings) applied to substrates and typically heat cured to
form continuous films for decorative purposes as well as to
protect the substrate. A protective coating ordinarily
comprises an organic polymeric binder, pigments, and
various paint additives, where the polymeric binder acts as
a fluid wvehicle for the pigments and imparts rheological
properties to the fluid paint coating. Upon curing, the
polymeric binder hardens and functions as a binder for the
pigments and provides adhesion of the dried paint film to
the substrate. The pigments may be organic or inorganic
and functionally contribute to opacity and colour in
addition to durability and hardness, although some paint
coatings contain little or no opacifying pigments and are
described as clear coatings. The manufacture of paint
coatings involwves the preparation of a polymeric binder,
mixing of component méterials, grinding of pigments in the



35 coatings involves the preparation of a polymeric binder, nixing of
conponent materials, grinding of pignents inthe 2 polyneric binder, and
thinmning to commerci al standards. Epoxy resins are particularly desirable
for use in protective surface coating materials as a vehicle or polyneric
inder for pigments, fillers, and other ad@ditives 5 wherein epoxy resins

advant ageously provi de toughness, flexibility, adhesion, and chemn cal
resistance. P rigikbederd 2pdt thinrbag ke« femereia ki srardardxy resins
are highly degpépl eré@inganageat paeteeiRasiyl oOdesitheyedr €oof t fyeuseth i n
coatings for soft” drjnk and beer cans,, for exanpl e, where it,is critical
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grafted epoxy 'n 1S prag ]
highly desirable for can coating compositions. They are

often used in coatings for soft drink and beer cans, for
10 example, where it is critical that the coating does not
alter the taste of the beverage inside the can. Taste

problems can occur in a variety of ways such as by leaching

of coating components into the beverage, or by adsorption

of flavour by the coating, or sometimes by chemical
15 reaction, or by some combination thereof.

Can coating technology frequently utilizes an epoxy resin
which has been grafted with acrylic monomers, styrene, and
methacrylic acid. This grafted epoxy resin is prepared in

20 solvent, wusually butyl cellosolve, and n-butanol, to
maintain low processing viscosities and then reduced with
water by a direct or inverse let down procedure. Although
cured film properties are highly desirable, such coatings
suffer from the- fact that sizeable amounts of solvent are

25 required to obtain good performance. High molecular weight
epoxy resins typically require 25% to 50% solvent (based on
total solids plus organic solvent) before reducing with
amine and water. '

30 Epoxy based can coatings comprising a carbon grafted
acrylic chain produced in the presence of an extender resin
are disclosed in U.S. Patent 4,399,241 and U.S. Patent No.
4,482,671 while U.S. Patent No. 4,595,716, and U.S. Patent
No. 5,157,078 teach a carbon grafting pfocess involving

35 solvent polymerization at moderate tempefatuies with high
levels of peroxide initiator to produce a carbon-graft
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20" sol vent, usual |y butyl cellosolve, and n-butanol, to maintain | ow
processing viscosities and then reduced with water by a direct or inverse
| et down procedure. Although cured filmproperties are highly desirable,
such coatings suffer fromthe fact that sizeable anmounts of solvent are 25
required to obtain good performance. Hi gh3nol ecul ar wei ght epoxy resins
{yplcally require 25%to 50% sol vent (based on total solids plus organic
sol vent) bef opelyeeuei ngThet high n8odvenkat kevel®, EPOWEVEIsedivwmriably ngs

conprising a eas:h}yn et ted éﬁéy|d<§1ef&if§ ”dPé f@n' Ghkhe &I{é‘sﬁéﬁﬁleinﬁo
ext ender resin are di sclosed,in U Pat ent 399 241 and U.S. Patent
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mMemuetrmaaUﬂesmn sof ro e initi rt oduce a
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carry over tOpehegammenMSVdCs;mdshypncdﬁiyﬂhatwaenﬂﬂﬂOngnﬂoﬂﬂﬂgV& éBeand

di sper sed |n ereby the aqueous pol ynmer dispersion typically
produces a V! ?@éﬁ&}?ﬁ

It now has been found that organic solvent can be
10 substantially reduced or even eliminated from epoxy
copolymer coatings by producing a graft epoxy copolymer in
conjunction with a grafted unsaturated polyester and
copolymerized ethylenic monomers to produce an acrylic
grafted epoxy-polyester terpolymer. The unsaturated
15 polyester functions as a non-volatile solvent for the epoxy
resin during processing but contains the minimum number of
double bonds to enable the polyester to eventually coreact
with copolymerizing ethylenic monomers and produce an
acrylic grafted polyester. The epoxy esterifies with
20 carboxyl functional monomer and/or undergoes hydrogen
abstraction during addition polymerization to produce the
epoxy graft. The epoxy,; polyester, and acrylic addition
polymer form a terpolymer interconnected by polymeric
crosslinks to enable good compatibility of the hybrid
25 polymer structures, subsequently dispersed into water while
" minimizing the need for volatile organic solvents. The
resulting water dispersed polymers exhibit long term
stability and are particularly useful as interior coatings
for beer, beverage and food cans. Food can coatings must
30 resist different types of acidic foods and ordinarily
require high molecular weight resins which in turn
inherently require higher levels of organic processing
.solvents.

35 It has been found that the interior can coatings of this
invention exhibit excellent wetting and water resistance
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5 organi ¢ conpounds) |evel considerably above 200 g/ (2 |bs. per gallon)
VOC and typically between 300 and 4009/l (3 and 4 Ib/gal). It now has been
found that organic solvent can-be 10 substantially reduced or even
el imnated from epoxy copol ynmer coatings by producing a graft epoxy

pol ymer in conjunction with a grafted uMsaturated pol yester and

copol yneri zed et hyl eni ¢ nononers to produce an acrylic nafted )
epoxy- pol yest BFOPEEERSPy APA can g MagR At ¥ery i@wpéﬁqal'eﬁ Y fIFREELRS as
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coreact with EEFOPFmelPLY ntPRYNY TREC TR AR oY cEGPERFFPT °
grafted pol yeshés. invéntiemoxy Bsthkasf beenwifoandl thath polydstert | pesins
nmononer ang/ or, r S [0 qREEr t'gﬁ [ ﬁgﬁit' ‘
pol yneri zatli orgaggggrggﬁcgw%g'g?@xy grae?tc.d ead%g;)c%‘% po ayfeé??eezrgr-x%)ndcan
acrylic addit benugefiytrer digsolvet bighl pokecubarreeighttepoxy pesimerand
crosslinks tog ﬂalgﬁ-é;%gq, AhLPELET Yook 1€ Bri 12500 W organic
structures, subsequently 5%§g2rs%g %ntp wat er v ?haé%rﬂn?zing,t égneed for
vol atile orgaWpdassleemodventrRrdimariinrometredi §par Rueqassinag shighi bit
| ong term st aﬁbhé&ﬁl&ﬂdwéighﬁalé:i)bﬁw peb¥nssef Btn@Pen it ahddmELS 4 RELEQT
beer, beverage and fo%q ﬁens. ood can coaélngs nuit
10 “onto both the epoxy resin and the polyester form a three
way graft terpolymer that exhibits excellent stability and
coating properties. The polyester resin greatly improves
the processability of the epoxy resin without detracting
from film properties such as gloss, clarity, and water
15 resistance. An added advantage of this invention is lower
cost because most polyester resins are less expensive than
epoxy resins, while the cost of organic solvent is reduced
or eliminated. The use of flexible polyesters in
combination with epoxy and acrylic, particularly where the
20 polyester is grafted onto the acrylic backbone by virtue of
an unsaturated graft site, contributes to a lower viscosity
and allows the removal of organic solvent to achieve VOC’'s
well below 200 g/1 (2 lbs/gal) and advantageously below 100
g/l (1 1lbs/gal). This polyester modified system has
25 excellent formability and resistance to food storage, and
also has advantages over the current state of the art in

application and cleanup.

According to the present invention there is provided an
30 aqueous dispersed, low VOC coating composition containing
a polymeric binder dispersed in water comprising:
an addition compolymer grafted epoxy-polyester
terpolymer comprising by weight between about, _
(a) 1% and 70% unsaturated polyester having a number
35 average molecular weight between about 200 and 20,000 and
produced by esterifying dicarboxylic acid and diol where
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§0’resist different types of acidic foods and ordinarily require high

nol ecul ar wei ght resins which in turn inherently require higher |evels of
organi ¢ processing solvents. 35 It has been found that the interior can
coatings of this invention exhibit excellent wetting and water resistance
4 properties and can be nmade at very | ow VOC s by grafting ethylenic

nmononmers with a,hle d of . epo and p ester, resi Very .l ow VOC coatlngs
“can be made b?aﬁﬁ Q’Ba\ﬁﬁl? hlascﬁdﬁvéﬂ{"l’ﬁﬁlseﬁt ﬁgs ﬁ%f odRrthnated
pol yest er resdﬁ&a&bb&bﬁ&t agf@dto 20, 000 nunber average nol ecul ar wei ght)

can be used to di szgh{ogﬁhlﬁgg gpgk %ul ar w%gght epoxy resins and can

effectively replac Brganlc vol atil e sol vent
ordinarily requiredcforS%randssitiy addhtiohecadpolymsmhgrapved rtesiagid

Et hyl eni c n f n ep r t ter
forma thrgg g; gra%? terpo ?ﬁgrggﬁ%} %§$?158é¥gel ntgggﬁb?ﬁ?g %
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8}‘ a: P?yepg)r(lé Fwﬁéh:@ ¥hiAOMbnERbEBCELRBri 68MbELVEER 208" §h&S160% cAPbEXPSES,
’ functlonal ethylenic monomers with the balance being other
ethylenic monomers, where said monomers are copolymerised
10 in the presence of the unsaturated polyester and the epoxy
| resin to produce the addition copolymer grafter epoxy-

polyester having an Acid Number above about 30.

Useful epoxy resins are predominantly linear chain

15 molecules comprising the coreaction product of polynuclear

dihydroxy phenols or bisphenols with halohydrins to produce

epoxy resins containing at least one and preferably two

epoxy groups per molecule. The most common bisphenols are

bisphenol-A, bisphenol-F, bisphenol-S, and 4,4 dihydroxy

20 bisphenol, with the most preferred being bisphenol-A.

' Halohydrins include epichlorohydrin, dichlorohydrin, and

1,2-~dichloro-3-hydroxypropane with the most preferred being
epichlorohydrin.

25 Preferred epoxy resins comprise the coreaction product of
excess molar equivalents of epichlorohydrin with bisphenol-
A to produce predominantly an epoxy group terminated linear
molecular chain of repeating units of diglycidyl ether of
bisphenol-A containing between 2 and 25 ©repeating
30 copolymerized units of diglycidyl ether of bisphenol-A. In
practice, an excess molar equivalent of epichlorohydrin are
reacted with bisphenol-A to produce epoxy resins where up
to two moles of epichlorohydrin coreact with one mole of
bisphenol-A, although 1less than complete reaction can
35 produce difunctional epoxy resin along with monbepoxide
chains terminated at the other end with a bisphénol-A unit.
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15 resistance. An added advantage of this invention is | ower cost because
nost pol yester resins are | ess expensive than epoxy resins, while the cost
of organic solvent is reduced or elimnated. The wuse of flexible

pol yesters in conbination with epoxy and acryllc particularly where the
20 polyester is grafted onto the acrylic 6backbone by virtue of an

unsaturated graft site, contributes to a | ower viscosi IIows t he
renoval of or §ARi PreSeyERE Linsar SpPoxyoresing Ia%lliﬂlhé?d‘b‘lqay RLRRYS 4| )

and adVantage@ES|blehéﬂbloﬁ ghlavinl Im§hm£ﬁatlngﬂnx;zxépuxm&§ Igﬁbﬁpsd
system has 25, excellent for b“#éﬁ{ and resistagc to fogg stora?la gﬁ
al so has advahPELERPSEFOMRR) AR SPOXY. SPRIVALERF WeLIBE PeLUFFR 4N
cl eanup. Accoandng25p ahd pr ameber aweragen nidleculiay pedghtedzom Hbauieous
di spersed, .10 coat :@naﬁ! ﬂ?ea[
di sper sed Tr’n ?’g?@ocgﬁbipag %Q.rméai%é%d%& ﬁ%:ﬁ%%%%%et%‘ grar%f phy
epoxy- pol yest éBP€ky p(ﬂqtmr@eﬁi}:ir}f aviad Ueplre Lgwerbmoheenlasoveight)eposyind
70% unsaturatg SEﬁby%cﬂru&@VbBQ TonBmiel) 3ap P8yl agkes i1 eubat 1 ¥eeahtpy
bet ween about 200 and 20, 000_and produced b er|f¥|ng dicar boxylic “acid
and di ol wher brade number and average molecular weights a&s follows: DER
333 (380); DER 661 (1050); while Shell Chemical epoxy
10 resins are EPON 828 (380); EPON 836 (625); EPON 1001
(1050); EPON 1007F (4000); and Ciba-Geigy linear epoxy
resins GT-7013 (1400); GT-7014 (1500); GT-7074 (2000); and

GT-259 (1200).

15 Although not as common, trifunctional epoxy resins are
useful comprising branched chain epoxy resins where the
branched chains as well as the backbone chain are each
teminéted with a terminal epoxide group to provide greater
than two epoxide functionality. Trifunctional epoxy resins

20 can be produced by coreacting epichlorohydrin with
polynuclear polyhydroxy phenols, trifunctional phenols, or
aliphatic trifunctional alcohols.

Particularly preferred epoxy resins include all of the

25 commercial higher molecular weight resins such as EPON
1009, 1007, 1004, and the like, as well as resins which are
prepared by the advancement of excess equivalents of liquid
epoxy resins with lesser equivalents of bisphenol A to
produce predominantly oxirane group terminated epoxy resins

30 preferably having a number average molecular weight between
about 1,000 and 10,000.

Useful ©polyesters generally comprise esterification

products of dicarboxylic acids with diols to produce

35 essentially linear polyester polymers although minor

amounts of branching due to trifunctional components is
\
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sdi d di carboxylic acid conprises 1%to 5% unsaturated dicarboxylic acid;
(b) 5% and 80% epoxy resin; (c) 5% and 70% addi ti on copol yner grafted to
said 5 polyester and said epoxy resin, said addition copolymer conprising
copol yneri sed ethylenically unsaturated noners where sai d nononers
gonpri se between 20% and 100% car boxyl functional ethylenic nononmers wth

the bal ance bgj et hylk eni gL I re.3

copol yneri sedségg?g ée' prgégﬁggigﬁsﬁggﬁs’sﬁur%%ee?ﬁ yeste?lg'r?g-ﬁ?edsepoxy
resin to prode@eethetuaemt 1 oAndopdl JAneagr grrbonegsps FiIdhe A adiRitg an
Aci d Number aRpyes #EOUSuSintE el ghuBRexY, I §3ineY idl,© sHRIRTIN MY | depd diear
chain 15 nol ecul es conpr|5|ng}the comﬁgftlon froduct q%ﬂggéynuclear .

di hydr oxy pheReid &P BFedites olew meteeuiarm MpigRt (RP1y epdEPHtGs
containingsa;qig@ﬁbq?priandbaeﬁﬁgraFuanhggr&Englngmnguﬁf'rqﬁnxndxiFZﬁi
nost conmon sphenol s, are bi_sphenql.- A,. bi sphengl - F,_ hi sphenol - n :

di hydroxy 20 %?ggﬂ%f}cwmt[eﬁgﬂlﬁﬁa céferr%ﬁabei n %%%ﬁr&&a +C.

Hal ohydri ns i Suitalkelepyiyptolsdaeclwde di iear chliphatiamglycols having 2

1, 2-di chl or o- 3- hydr p it e_nos r hNQ

epi chl or Ohydl‘??l. %258%%(%?% rg'ggmgpoxyéljrgesalglr)\sété%%rr?ésesgﬁiésg'ér e]é'c i OR plr'o4duct
of excess nolbutylengal ghycodbs epi €hl bexppegri diwlt,h Wenpentyl glycol,

10 propylene glycol, diethylene or dipropylene glycols, and
similar linear glycols. Very minor amounts of triols such
as trimethylol propane, and trimethylol ethane, and other
polyols such as péntaexythritol can be included.

15 Particularly useful polyesters can be prepared from any of
the common dicarboxylic acids, such as adipic acid,
isophthalic acid, phthalic acid, dodecanediocic acid,
gsebacic acid and the like, with lesser amounts of monobasic
acids if desired, such as benzoic acid, and 2-ethylhexanoic

20 acid. The polyester contains minimal amounts (indicated
hereafter) of double bond unsaturation for addition
copolymerisation with ethylenic monomers. The polyester
therefore contains small amounts of unsaturated diacids
that contain carbon-carbon unsaturation, such as maleic

25 acid, fumaric acid, or itaconic acid for grafting with the
acrylic monomers. - Preferred polyesters can be prepared at
about 200 to 20,000 Mn, but number average molecular
weights of about 1,000 to 10,000 are preferred.

30 In accordance with this invention, between about 0.001 and
0.1 equivalents of unsaturated dicarboxylic acid are
esterified with one eqguivalent of diol along with other
dicarboxylic acids, where between 1.0 and 0.5 equivalents
of total dicarboxylic acid are esterified with one

35 equivalent of diol. On a weight basis, between about 0.1%
and 5% of the dicarboxjrlic acid esterified consists of
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Ato produce predonmi nantly an epoxy group term nated |inear nolecular chain
of repeating units of diglycidyl ether of bisphenol-A containing between
2 and 25 repeating 30 copo).ynerized units of diglycidyl ether of

bi sphenol -A. I n practice, an.excess nol ar gequi val ent of epichlorohydrin are
reacted with bi sphenol -A to produce epoxy resins where up to two nol es of

epi C|h| ?rOhydfﬁﬁsﬁ@ﬁﬁé@é%W taéeaﬁbg@*ﬁez, bhélﬂbenol - A T t hmm&al s o ddnan

conpl ete reactjon can produce unctional, epox esin_al ong w

ronbepoxi do HRIHEDSErhiG ARG Fan Re SPReriehatupLtubEapeoRens vt fhe

6 The preferrethér nestefi)ﬁyj{ngSSéﬂGt&hEspﬁbyplrbdhd:ﬂ aetﬂa;erdmofpolly&ﬁmol -A

having term patin 1, 2-enoxi de roups, (oxirane qrou a

equi val ent M%%Ym%)ét \ﬁeoé"}%#fd'ngndvgfg, '%?rfgoﬁ ﬁﬂ\%@?savgfad@%ﬁ%c{ﬁ%g&‘

wei ght fro$n abbtersatively, 16he0unsatmeatedddigagbbxydicezc¢ich can be

chr omat ogr aph 1 e &R B | é%/@é r ' Xy

resins incl udgesg%)v%%m cal lgépgé)%/dr‘g%%ﬂsé:ﬁég#l [ exa_ 2 ra%lerér%dr%regrn gﬁ%

average nol ecPreduqei paiyeater oPPbm.erDERIESBat€Q8U}lF¥1DERnE@Pat(elO'&i)f;'

while Shell Cuephsalgreppyycdfkdfeidy &' AR BBent3itd EPQLAMGAGAR)

: carboxyl group. In either polyester polymer, the double
10 bond is readily coreactive with ethylenically unsaturated

monomers subsequently copolymerized in the presence of the

unsaturated polyester and the epoxy resin.

Useful polymerizable eéthylenically unsaturated monomers
15 contain carbon-to-carbon unsaturation and include vinyl
monomers, acrylic monomers, allylic monomers, acrylamide
monomers, and mono carboxylic unsaturated acids. Vinyl
esters include vinyl acetate, vinyl propionate, vinyl
butyrates, vinyl benzoates, wvinyl isopropyl acetates and
20 similar vinyl esters; vinyl halides include vinyl chloride,
vinyl fluoride, and vinylidene chloride; wvinyl aromatic
hydrocarbons include styrene, methyl styrenes and similar
lower alkyl styrenes, chlorostyrene, vinyl toluene, vinyl
naphthalene, divinyl benzene; wvinyl aliphatic hydrocarbon
25 monomers include alpha olefins such as ethylene, propylene,
isobutylene, and cyclohexane as well as conjugated dienes
such as 1,3 butadiene, methyl-2-butadiene, 1,3-piperylene,
2,3 dimethyl butadiene, isoprene, cyclchexane,
cyclopentadiene, and dicylopentadiene; wvinyl alkyl ethers
30 include methyl vinyl ether, isopropyl vinyl ether, n-butyl
vinyl ether, and isobutyl vinyl ether.

Preferably the unsaturated monomers are acrylic monomers
and the terpolymer is therefore an acrylic grafted epoxy-
35 polyester terpolymer. Acrylic monomers inélude monomers
such as lower alkyl esters of acrylic or methacrylic acid
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(1050); EPON 1007F (4000); and C ba-Geigy |linear epoxy resins GI-7013
(1400); GT-7014 (1500); GT-7074 (2000); and GT-259 (1200). 15 Although not
as common, trifunctional epoxy resins are useful conprising branched chain
epoxy resins where the branched chains asgwell as the backbone chain are
gach termnated with a term nal epoxide group to provide greater than two

epoxi de functh9p8hkt ¥n BN Wdtaial p@POXOn  86hPa1i80ng 2BebReBnOduass by
coreacting epil ch] orohé/drl nN“wth p%!gynucl ear, pal éhz%r oxg phenol s, _
trifunctional CRRRABI ALOMS ag Wik A€ AFPFatdC BRAEVAFLYRSI Of aeFYItiandy
o i o ponaHACEES o, Destul i et L% ot
wei ght resins_such. as and, the |i as as
Fostns whi ch SEETRL8pRERY b0, RA0 ARhRERERLC FC1d e duet ¥, dindfte Fna
i quid epoBy meshasrylabe| esethy2quacaydate ofand smethacryliater oduceyl
predom nantly | ar term ﬁﬂg y resl 0 pr, Ly haying a
nunber averag%g‘%#%ggl ar %‘3% ghtrﬁ%%\?évé&] a%’ut 1,§B§§ygnd fg;rgr&(aj‘l%%se?guﬂf&
pol yesters gmethatrylatenpr? sathybt drexlcancasylpteduand orethacrwpatei c
acids with di g,8; bReRyPIUCSv3a LS SHY I HbtNadi e POl¥EYL eI IUE Sand
al t hough m nor&armu?\)tqg o% mnchi ng due toat%c{)i ona? co nents Is
methacrylate, isodecylacrylate and methacrylate, benzyl
10 acrylate and methacrylate, and various reaction products
such as butyl, phenyl, and cresyl glycidyl ethers reacted
with acrylic and methacrylic acids, hydroxyl alkyl
acrylates and methacrylates such as hydroxyethyl and
hydroxypropyl acrylates and methacrylates, as well as amino
15 acrylates and methacrylates. Useful ethylenic monomers
further include N-alkylol amides including acrylamides or
methacrylamides such as N-methylol acrylamide, N-ethanol
acrylamide, N-propanol acrylamide, N-methylol
methacrylamide, N-ethanol methacrylamide, and similar alkyl
20 acrylamide or methacrylamide monomers containing methyl,
ethyl, propyl, n-butyl or iso-butyl alkyl groups.

Minor amounts of functional monomers can be added, if
desired, such as hydroxyl, amino, and amido functional

25 groups containing monomers. Hydroxyl containing monomers
are hydroxy containing ethylenically unsaturated monomers
including hydroxy alkyl acrylates such as 2-hydroxy ethyl
acrylate and methacrylate, 2-hydroxypropyl acrylate and
methacrylate, and similar hydroxy alkyl acrylates. Amido

30 containing monomers include acrylamide and methacrylamide
or similar alkyl alkylol acrylamide monomers.

The carboxyl functional ethylenic monomers ester graft with
available oxirane groups on the epoxy resin to form the
35 terpolymer. They can comprise acrylic acids including
acrylic and methacrylic acid, ethacrylic acid, alpha-
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7 acceptable. Suitable |linear saturated dicarboxylic acids have between 1
and 10 |inear carbon atons such as adipic, azelaic, succinic, glutaric,
-pimelic, subercic or sebacic acid to produce | ow nol ecul ar wei ght

pol yesters. Aromatic 5 dicarboxylic agigds (anhydri des) i ncl ude
Mhthalic, isophthalic, terephthalic, and t et rahydr opht hal i c.

Sui tabl e gl yeahSrdaeiAad hbea! &l pRiatyandhdspl schiidld ckdrem ccaehan |
atons such as ethylené glycol, 1,3 or 1,4 butyl ene g%é&gh 1, 6_hexane _di ol ,

neopent yl gl &SR - 3EFYHEBR) PERRIGRFCORC 1L PR BREAS oPFFERECIRELS s,
and sinmlar ladndEasigilas! Sackelicn aeid anmdt Lower I adkylsushbssituted
trimethyl ol propane, _and trjnethylal ethane, and _other .nolvyols such_as
pent aeryt hr | ATEIALF BELARCHHTERLY EheBae Ry FAREAONR, FPEOrREe 28R be
prepared f& omcyliaf aride mewhaerydiicamtoddd.i ¢ aci ds, such as adi pi ¢ acid,

| sophthalic acid, phthalic acid, dodecanedioic acid, sebacic acid and the

li ke, with | esser anpunts of.nDnobasic acid§ i f desired, suqh as benzoic
acid, and 2- dxeferreshccrybic amponomeTre sivitakker fosngxafsingi vl theount s

(indicated herRakl/Rloh yilstdaubke i BOBleHESA dTdid Wb il didricRfers, such
copol yneri satrron“wi't h et hyl eni ¢ nononers. The pol yest er \

as acrylic and methacrylic acid, ard other ethylenic

10 monomers such as the styrenics and the acrylate and

methacrylate esters. Initiators such as benzoyl peroxide

and t-butylperbenzoate are suitable at levels of about 0.5%

to 10% based on acrylic monomers used.

15 Preferred compositions of the terpolymer contain 30% to 70%
epoxy resin, 5% to 30% unsaturated polyester, and 10% to
40% addition copolymer. An additional minor amount of
organic solvent such as hexyl cellosolve, butylcellosolve,
or n-butanol can be used, if desired, to assist in
20 processing.

In accordance with the process of this invention, polyester
and epoxy resins are preformed. Preferably, the epoxy
resin has a number average molecular weight between about

25 2000 and 10,000 while the polyester has a number average
molecular weight between about 1,000 and 10,000. Number
average molecular weights are typically measured by GPC
according to ASTM methods such as D3536-76; D3593-80; or
D3016-78.

30 _
The epoxy and polyester grafted interpolymer can be
produced by mixing the unsaturated polyester with the epoxy
resin followed by bulk or solvent in-situ polymerizatién'of
ethylenically unsaturated monomers to .graft with the

35 unsaturated polyester and epoxy resin, activated by
peroxide or azo or other free radical initiator at
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therefore contains small amounts of unsaturated diacids that contain

car bon-carbon unsaturation, such as maleic 25 acid, fumaric acid, or
itaconic acid for grafting with the acrylic nononers. Preferred pol yesters
can be prepared at about 200 to 20, 000 but nunber average nol ecul ar
y®i ghts of about 1,000 to 10,000 are preferred 30 In accordance with this

I'nventi on, 001 I va ed
.di car boxyl iCc % a?gggg glrlr fi gsﬂ%egﬁigﬁgge%?f‘%ﬁ?& ?Aﬁg‘% ongl W t
ot her dicar bopyeferablns befwaan hdSRkefn 800 ® enéqmatern%e%ﬂrm:ar

di carboxylic ﬁétdeéﬁeleéf’ertal Qéo%th 999i3a1a9UinHsL R 1P| perdcide
wei ght basis,  betyeen about %gnd 5% 0f the d| ca,rboxylrc acid esterified

consi sts of 1n8tﬁﬂ§ﬁ¥'ui‘-§t EH’-llHP aPBEgG PR thecweight of flie MQRAMALF 4t ed

di carboxyl 5c pgeflegabplPpeocstetofi®e. s rm:tceamecpmtmwiiaﬁm airitiators
esterifying react ant s

t duce.a _randomp est al cont a| nr very
m nor am)unts ﬁ?g}ﬂaﬁ g 1RIstt8Pﬁ§t' Y %xzo[y sxyq da d }91
di carboxylic hyddopenohédestEertladyabutyae Eexbexizodice potymsne rpeadxids

reaction to pLggues Aq'NPShEFoRPAY TBolyieFi BN ddb L JELE AUR10B Tare

preferred. The monomers are copolymerized in the presence

10 of the epoxy and polyester until the monomers are
completely copolymerized. The resulting terpolymer should
have an Acid No. between about 30 and 120.

In accordance with this invention, the ethylenic monomers,
15 including carboxyl monomers, are copolymerized with a
mixture of the unsaturated polyester containing double
bonds and the epoxy resin containing terminal oxirane
groups. Alternatively, but less preferred, the ethylenic
monomers can be first copolymerized with the polyester
20 followed by esterification coreaction with the epoxy resin.

To convert acid-functional reaction mixtures produced in
accordance with the present invention to agqueous
suspension, graft terpolymer is dispersed in deionized
25 water, using a fugitive base (under curing conditions for
the coating), preferably an amine such as primary,
secondary, and tertiary alkyl, alkanol, and aromatic amines
and alkanol-alkyl mixed amines; e.g., monoethanolamine,
dimethylethanolamine, diethanolamine, triethylamine,
30 dimethylaniline, ammonium hydroxide, oxr the 1like.
Ordinarily this is done by eimply adding the hot resin to
a mixture of amine and water, which may be heated to aid in
the dispersing process. Though the resin is typically well
_ above the boiling point of water, careful addition of
35 resins with good agitation will produce a good dispersion.
Optionally amine can be "added to the hot resin prior to
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ester group containing a double bond and a term nating carboxyl group. In
ei ther polyester polyner, the double 10 bond is readily coreactive with

et hyl eni cal |y unsaturated nononers subsequently copol ynerized in the
presence of the unsaturated polyester and.l he epoxy resin. Useful

pplynerizable et hyl eni cal | y unsat ur at ed oners 15 contain
carbon-to-ca ﬁg" SR rﬂ&%&%ﬁ@&r' ”&L&de ¥! QYL 3 PRAONGLE o AGLY! bE & THEN™' S
allylic nmono acry nononers, nono~ car boxyl'rc unsaturate

aci ds. Vi n)adm & th@lmﬁmenrgauamm@ew nyl propionate, vinyl
butyrates, vinyl benzoates, vinyl isopropyl acetates and 20 sim |l ar vinyl
esters; V|nyI hal i des |nclude vinyl chloride, vinyl fluorijde, and

vinyl i dene cHThkg i @ROURENPE aMe%RY c 1By iR afBBAd | PRIYIRT LS y Adspersiony |

styrenes and gdpaids |d?iNeEhé| kvisééyi@ye%esawéaoswaene Yhnud®) uare,
vi nyl napht hal ene (fl vi nyl. benzene; vi ny a,l 5 hatic hydrocarbon 25 MONONET S

i ncl ude al phEtaked nEos e BeLhad| ofe 28R - | sHIRK yPRRRY 189 d OF
cycl ohexane %ol/@ddat&&a@ompmalcatwrgnea sprefesrdd3 aﬁ.tsan@olymerlc

Tooprene.  GHRHRACR S ATBGRRR frone s EnhBuREY BeHERdrEneT FoR
al kyl ethers Stlids| waléhmahqnt VSE%I tet 85% opfopralmtideshyamiher basehut yl

vinyl ethgg, @J\eﬂefs%{iyéolvoé}yé) et e fLHS Y 1 QAN IR0 SBTRRTET S

are acrylT1c nonone
1% to 6% water from about 30% to 90%, and the organic

solvents, if any, from about zero to 10%. Preferably the
compositions are substantially free of volatile organic
solvents.

15
The water dispersed carboxyl functional terpolymers of this
invention can be thermoset by a coreactive crosslinking
comﬁonent adapted to coreact with the terpolymer carboxyl
groups. For beer and beverage can coatings, the

20 crosslinking agent 1is optional but desirable. Useful
crosslinking agents include phenol formaldehyde resins,
melamine formaldehyde resins ' and benzoguanamine
formaldehyde resins. Examples of useful aminoplast resins
are the reaction products of ureas and melamines with

25 aldehydes further etherified in some cases with an alcohol.

' Examples of aminoplast resin components are urea, ethylene
urea, thiourea, melamine, benzoguanamine and
acetoguanamine. Aldehydes useful in this invention are
formaldehyde, acetaldehyde and propionaldehyde. Examples

30 of aminoplast resins are methylol urea, dimethoxymethylol
urea, butylated polymeric urea-formaldehyde resins,
hexamethoxymethyl melamine, methylated polymeric melamine-
formaldehyde resin and butylated polymeric melamine-
formaldehyde resin.

35 _
Phenoiplast resins, or phenol-aldehyde resins, are the
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and the terpolynmer is therefore an acrylic grafted epoxy- 35 pol yester
terpolynmer. Acrylic nononers include nononers such as |ower al kyl esters of

acrylic or methacrylic acid 9 having an al kyl ester portion containing
between 1 to 12 carbon atons as well as aignatic derivatives of acrylic and
pet hacrylic acid. Useful acrylic nonone i ncl ude, for exanple, acrylic

nd t hacryl | ' | ..acr 5 t I . ! e
2nd et hacry1 SatEibp BECANGERTOR Pheflts pll lfichyled HIMY Ebhlafnl |
and net hacryl Zeactivet methybtel | greuns at Exanples iefcphenrds whirbhean| be
acryl ate and gekRaghymake: tﬂéﬁ&'gﬁéﬁg%%ifsenﬁeafﬁéa&ﬂ'ﬁﬁénol o,

| sodecyl acryl ate and_net hacryl at b 10 acrylate and nefhacr?1a?€,
and various rBPaSte8Alpr defck¥leneh: a3, braylienghenti 5-ArteRP s\ FaEI3RO LY |

ethers reagt Fﬁ-%kh-hﬁtylbﬁeﬁaﬂ , r@ﬁﬁ&flﬁé'ﬂi@ch@ﬁi ﬂideh&ﬂéléxubeﬁtﬂﬁna@ﬁiéé ates
and, et hect 1 Sheeapiah o ek OYeiiila pRg INd Ry PLODYL bl e g,
et hyl eni ¢ nonpeepiohaltbhydenc| iperidtcblaty asefe: pheEnoliplastcryésinses
or methacryl agkgespﬁﬂﬁpeﬁfyl%lmbﬁéhghsa%ﬁgxae@ﬁiethg' eﬁﬂ&?&iic group is
etherified with an alkyl, e.g., methyl or ethyl, group.
10
For beer and beverage container coatings, the crosslinking
agent preferably comprise between 0 and 10%, but for other
use can comprise between about 10% and 50%, and preferably
between 20% and 40% of the total resin solids mixture
15 comprising terpolymers and crosslinking agent.

The compositions can be used in a coating process which
comprises applying a later of a composition as described
above to the surface of a substrate and heating the layer.

20 For food containers, the coating composition can be applied
to a metal substrate and typically baked about 8 to 12
minutes at 193°C (380°F) to 215°C (420°F), but for beverage
coatings 30 seconds to 2 minutes at 163°C (325°F) to 204°C
(400°F) is typical.

25

—_—
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acryl am de, N- pr opanol acryl am de, N- net hyl ol net hacryl am de,

N- et hanol nethacrylam de, and simlar al kyl 20 acrylam de or

et hacryl am de nonomers containi ng nethyl, ethyl, propyl, n-butyl or

i so-butyl alkyl groups. Mnor ampbunts of {anctional nononers can be added,
¥t desired, such as hydroxyl, ami no, and am do functional 25 groups
cont ai ni ng nononers. Hydroxyl containing nononers are hydroxy contai ning
et hyl eni cal |y unsaturated nononers includin _égroxy al kyl acryl ates such
as 2-hydroxy ethyl acrylate and nethacryggéﬁg- hydr oxypr opyl acryl ate and
met hacryl ate, and sim|lar hydroxy al kyl acrylates Am do 30 containing

nonomer s inclﬁde acrylan1de 1et hacr Ian1 m | ar_al kyl aIkyI
acrylam de no BhefRS FHER ox l?r?@lt Bﬁap ? ?Eﬂ?%gﬁoﬁmgﬁn%’ét e"'r Qraft
W th avaiIablproxesanasgdoupsthe tfod lowing ecmmplies femsentialdy was as

et hactyli o aEOHTOUEhaorGh) Ersbaidy fnd bBEyRBERK KRBT Kid it ing
al pha- cyanoacthei padatestan owbhhc acsmalbetamaunty| ofy g9lomnthi Soacklbutind

gﬁggtftﬁ{gg agEyPEC 28) Uad@ing! BbbRY AEEYA! Codlh ad bV FHoR! Y form a

polyester/epoxy blend (or alternately advancing 1liquid

10 epoxy resin and bisphenol A to a molecular weight of over

about 2000 and adding the preformed polyester to the

advanced molecular weight epoxy; (3) adding a solution of

initiator dissolved in monomers to the polyester/epoxy

blend over about 1 hour at 150°C; (4) dinverting this

15 grafted polymeric blend into water preheated to about 90°¢,

and which contains amine and/or ammonia to neutralize the

acid groups, to render the polymeric blend dispersible in

water. Alternately, amine can be added to the hot

polymeric resin before inversion into water, or water could

20 be added under pressure to the polymeric resin which
contains amine in an inverse emulsification process.

EXAMPLE 1
Prepare a polyester from
25 377 g ethylene glycol
1011 g sebacic acid
0.5 g butylstanoic acid
10 g fumaric acid

The above components were heated to about 170°c with a
30 packed column under nitrogen with good agitation. The

reaction temperature rose to a maximum of 230°C as water

was collected, but the column head temperature was kept at

about 98 to 100°C. A& xXylene azeotroph was used to remove

the last water, and the polyester was cooked to an acid
35 value of about 2'mg KOH/g resin.
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acrylic acids wherein the preferred carboxylic nononers are 5 acrylic and
nmet hacrylic acids. Preferred acrylic nononmers suitable for grafting to the
epoxy/ pol yester resin blend include carboxyl nmonomers, such as acrylic and
met hacrylic acid, and other ethylenic 10 ¥§noners such as the styrenics and
the acrylate and nethacrylate esters. InitTTators such as benzoyl peroxide

and t-butyl perbenzoate are suitable at | 0fy about 0.5%to 10% based on
acrylic nononers used. 15 Preferred conpoSrtions of the terpolyner contain

30% to 70% epoxy resin, 5%to 30% unsaturated polyester, and 10%to 40%

addi tion copopy8Bare aAQeésﬂatf?enféseéaoasaﬂﬁumkmq{nerﬂaabsvéotf&m_ such as
hexyl cell osol ve, butylcell osq] ve, or f-bu anol can be used, if desired, to
assist in 20 proce3?ng. | n 8ER¥IBBACELRFPh the process of this invention,

pol yester gnd epoxgogesi §s aigsophthaliiedacidPreferably, the epoxy resin has
a nunber average nggﬁCﬁLar meéggt between about 25 2000 and 10, 000 whil e

t he pol yester has t rav bﬁ A6t €cul ar wei ght between about 1,000 and
10, 000. Nunber aveli@gg nol ecfimariei gbfid are typically neasured by GPC

according to ASTNIH?gths S“ﬁ&tﬁfsE§§§§&7§éiEB593'80; or D3016-78. 30

10 E LE 3
Prepare an acrylic grafted epoxy/polyester composition as
follows:
a) 100 g hexyl cellosolve
200 g polyester from (1) above
15 500 g Epon 1009 F (epoxy resin, Shell)

b) 100 g methacrylic acid
200 g butyl acrylate
4.0 g benzoyl peroxide
20
c) 104 g dimethylethanol amine
1000 g water

d) 1797 g water

25 The solvent and polyester of (a) were heated to about
150°C, and then the epoxy resin added to dissolve in the
polyester; and held at 150°C under nitrogen for 1/2 hour.
Added (b) dropwise 1 hour to heated mixture (a) and held
for 1/2 hour at 150°C. The water in (c) was heated to 90°C

30 and then the amine was added to the heated water. The
grafted resin blend was added with high speed stirring to
the heated water-amine mixture (c) owver about 5 minutes,
but controlling foaming. Continued to stir at high rpm for
30 minutes, then slowly added water (d) over 3-5 minutes.

35 Cooled to room temperature.
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The epoxy and pol yester grafted interpolynmer can be produced by mi xing the
unsat urated polyester with the epoxy resin followed by bul k or solvent
i-n-situ polynerization of ethylenically unsaturated nonomers to graft with
the 35 unsaturated pol yester and epoxy refén, activated by peroxide or azo
gt other free radical initiator at 11 pol yneri zation t enper at ures
typically above 1300C preferably begiggﬁﬂﬁﬂﬁ(ito 180 C and nost
preferably between [err] to [err]. TypicCalTy Iess than 10% per oxi de
initiator is utilized based on the weight of the nononers 5 preferably 0.5%

Lo 10% Typi Cokepaksn’ istdionan achylid! Gt Idpduiffpd1yedtist Aieng heg oy

peroxide, t-buytyl hydroperoxide, fertiary_ butyl "perbénzgate, _cunene
per oxi de and PHFFQ%PEQraxigBtpHF?nE#?zB%%KﬁsgﬁFagygﬁs WKRER1Gr € - pref err ed.
The nononegs are copal ynerized in the presence 10 of the epoxy and

pol yester until the nononmers are coml&M&ym&\ri zed. The resulting
ter pol ymer shoul d have an Acid No. bet 30 and 120. I n accordance

with this i nverepane arﬂ}ﬂmﬂ@'y'r]dmgmfm& epbxy/pollyestgrchlendyas in
mononers,  ar g, GARPLY Y haEdu 4L fof g nexyl cellosolve, 350 g polyester
from Example 1, and 350 g Epon 1009.

10 -
EXAMPLE 6
Prepare a polyester from the following:
a) 1256 g terephthalic acid
1206 g ethylene glycol
15 0.6 g butylstanoic acid
b) 42 g fumaric acid
280 g adipic acid
1256 g isophthalic acid

20 Components (a) were heated under nitrogen with a packed
column to about 195°C. Water was removed with care to keep
column head temperature at about 99°% to 100°C. When all
acid was dissolved, mixture (b) was added and continued to
cook at 190-240°C to an acid number of above 5.

25
. EXAMPLE 7
Prepare an acrylic grafted polyester/epoxy with the
polyester of Example 6:
30 a) 100 g butylcellosolve
100 g hexylcellosolve
200 g polyester from Ex. 6
478 g Epon 1009
35 b) 15 g butyl acrylate
| 183 g " styrene
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m xture of the unsaturated pol yester containi ng doubl e bonds and the epoxy
resin containing termnal oxirane groups. Alternatively, but |ess
preferred, the ethylenic nononers can be first copolynerized with the-
pol yester 20 followed by'esterificationlgpreaction wi th the epoxy resin.
o convert acid-functional reaction m xtures produced in accordance wth
the present inventi o aqu gSifdyg graft terpolymer is

. di spersed in deionized 25 water, using ugi t1ve base (under curing
conditions for the cdat® i), preflerhiXl JWARARRLXIAe as primary,
secondary, and tertiagy g kyl, aldeHwdyl percuieti c am nes and

al kanol -al kyl m xed am nes; e:.g., nonoethanol am ne, di net hyl et hanol am ne,
di et hanol am ne, triethylamne, 30 dinethylaniline, anmoni um

hydroxi de,5 or tdje 138 ke. O di rEimdthytlethdamoldemeidy sinply adding the
hot resin to a m xture of am ne and water, which may be heated to aid in
t he di spersing process. Though the resin is typically well above the

boi li ng point of witerQ0ka ef ul adtiar @t &0 resins with good agitation
wi |l produce a good dispersion. Optionally am ne can be added to the hot

resin prior to 12 o
e) 1672 g water at 20°C

10
Solvent and polyester from (a) warmed to 150°C, and then
added the epoxy. Heated mixture (a) was held at 150°C
under nitrogen and (b) was added dropwise over 1 hour.
Held 20 minutes at 150°C and added (c). After 10 minutes

15 of mixing, this hot resin/amine mixture was poured into (d)
with high agitation, stirred 1/2 hour, and then slowly
added (e).

Films were drawn down with a #14 wire wound bar on aluminum
20 and baked at 200°C for 2 minutes.

_ Results
Sample 72 Hr. Settle Viscosity* Gloss Texture Blush¥**
3 none 1.160 Pa.s high slight none
25 4 <1/4 inch 0.052 Pa.s high smooth none
5 none 1.700 Pa.s high smooth none
7 none 0.285 Pa.s high smooth slight
7A none 0.200 Pa.s high smooth none

30 * Brookfield viscosity at 50 rpm, #5 spindle
** Water resistance (blush) was measured after immersed 30
minutes in 82°C (180°F) deionized water.

E . LE
35 _ .
An acrylic grafted polyester/epoxy was prepared as in
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di'spersion into water, and, if desired, water.can be then added to the

am ne resin mxture. The amount of water in the final polyneric dispersion
5 depends on the viscosity desired, which, in turn, is related to the

met hod of application. For spraying or igllcoating application, a
preferred aqueous pol yneric dispersion cah contain from15%to 45% by

wei ght of resi L,ds, W t .58% L0 0 0. N ] ) 10
wat er, and soneE n@;b ‘?’He %J% ﬁ%?%agei S uslggq/’i ;./Jl?'ér(o#?% 03'? %a)r%%eé&a vv%?er
from about 30%pos 3099 .anThenhéidmgsepEssshowrds compazabler resudbsut zero to
10% Preferably the conpositions are substantially free of volatile organic

sol vents. 15 The water dispersed carbox&l functional terpolynmers of this

i nvention can be thernoset by a core i ng conponent adapt ed
to coreact sw tFart Rﬁo%r aahzaefxeeﬁ_rdwnﬁlng,oupsefe;:rEdlr cbdmpb'dsitﬁmh_ s bexer age
can coatings t he cro i nki gent _is,_optional but desi e,

Useful crossl PARCRFSIHENPE §ﬁ8|ﬂﬁaggﬁ§n8P°¥8rﬁﬁga8ﬁ¥88rr%§ﬁn§? %é?gﬂVﬁe

f or mal dehyde Highernmplecaiddr wbdghbtgepozyi nesinsnakrdepydEerrvednandEanepl es
of useful am esi ar ti ct S an

mel am nes mﬁt%%g%gig ehbﬁgg f%%?ﬂéfﬁggﬁefﬁgfe I'n s%%%i%ggg m??ﬁbgﬁyl

al cohol . monomers and a slightly unsaturated polyester. The

10 preferred compositions comprise by weight between 5% and
15% polyester where the most preferred polyester contains
esterified isophthalic acid, terephthalic acid, sebacic
acid, excess equivalenﬁs of butylene glycol and very minor
amounts of trimethylolpropane. These reactants are

15 completely reacted to an Acid No. below about 8 but with a
hydroxyl number between about 25 and 60. An unsaturated
dicarboxylic ‘acid such as fumaric or maleic is then
esterified with excess hydroxyl groups on the polyester to
provide terminal double bond groups on the polyester. If

20 maleic is used, a piperidine catalyst is preferably used to
isomerize the maleic to fumaric which coreacts better with
ethylenic monomers. The intent of reacting the
dicarboxylic acid at the end of the polyester formation to
is esterify with hydroxyl end groups to provide a more

25 controlled structural polymer than would be obtained by
random polymerization in the beginning with the rest of the
reactants. Polyester with terminal double bond end groups
provides unhindered addition polymerization with ethylenic
monomer double bonds as well as provide excess terminal

30 carboxyl groups for amination purposes and dispersion of
the polymer into water. The preferred compositions ére
particularly desirable for interior food container coatings
and exhibit excellent hydrolytic stability and flexibility.

35 The epoxy can be a high molecular weight resin, such as
EPON 1009 or Dow DER 669, which is dissolved in solvent at
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Exanpl es of ami nopl ast resin conponents are urea, ethylene urea,
mel am ne, benzoguanam ne  and acet oguanam ne. Al dehydes

t hi our ea,
useful in thi

s invention are fornal dehyde, acetal dehyde and

propi-onal dehyde. Exanpl es 30 of aninoszigresins are net hyl ol urea,
di met hoxynet hyl ol urea, butyl ated polyreric urea-formal dehyde resins,

hexamet hoxy £ NBA M 66, net hyl ated pol yneric nelami ne- fornmal dehyde
resin and buty:ated polyne?¢£ aarRatelyy nbhgeppexyr dsi fdvanaege {399 ast

resins, or p

hen®| a B TARPY AN IEShdS , o B8 ditfenol 18 R BiispheddUchE tHf a

phenol s and al dehydes which contain reactive nethyl ol groups. anpl of
Phenol 5 wni cHPREFRBLS | SREE LB bl B PRELBE B noPPPEL A e B0k CHATBRAL) o
m or p-cresoin Bekylyl esllosSlvie xgbaweht Zt5- 1758001, Thedadvandement

p-tert-butyl phenol, and the |ik ehydes faul i hi,s i_nvention
f or mal dehyde, "eaC LR Y HRY AL eﬂ%\%l’%}ﬂb %eﬁfde(.k‘}) P & dHE9S Wsef ul

are

phenol pl ast rmesasisred copotlyercICl | Gone hee rRill st evetr a259mmﬁ)her90I—i Ayraum i s

etherified w

10

15

20

25

30

35

E§b§{béﬂéglseﬁ;g-, met hyl or ethyl, group.

The polyester, reduced to about 75% NV in hexyl cellsolve,
is added to a mixture of monomers, typically styrene, ethyl
acrylate, and methacrylic acid. The acid monomer is in the
range of 7-15% of the total composition. The monomers are
added over 1-1/2 to 4 hours and held 1-2 hours for complete
conversion at 150°C. The initiator is 2-7% t-butyl
perbenzoate or benzoyl peroxide, although others may also
be useful. Enough total solvent is used to bring the
composition to 80-90% NV.

The polymer solution with acid functional acrylic grafted
onto polyester and epoxy is added to a mixture of water and
amine which are held at about 80-90°C. The final emulsion
is about 35% to 40% NV, and the acid is neutralized from
50-100% by tertiary amine, such as dimethyl ethanolamine.
Viscosity of the emulsion is between 0.1 and 50 Pa.s (100
and 50,000 centipoise).

This emulsion is formulated for cure by adding various
phenolic  resins, melamine-formaldehyde resins, and
benzoguanamine-formaldehyde reins. Total crosslinking
resin is in the range of 15% to 45%.

For food applications the coating is applied to sheets or

coil stock by rollcoating. The coating is typically baked
8-12 minutes at 193 - 215°C (380-420°F).
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10 For beer and beverage contai ner coatings, the crosslinking agent
preferably conprise between O and 10% but for other use can conprise

bet ween about 10% and 50% and preferably between 20% and 40% of the total
resin solids mxture 15 conprising terpolggrers and crosslinking agent. The
¢onposi ti ons can be used in a coating process which conprises applying a

| ater of a conposition as descri bed aboggagg%gﬂg_surface of a substrate and
heating the |ayer. 20, For food_containers,, the coatipg co %sition can be
appl i 6d 0 a FERBATRGHER r F o PRIYSSFST. YA kBHORIBALaES 4 205 ATHRARHS ot
[err] to [erré¢pokyigtaft heyeybie-goaft NIS1yéstseepnds to 2 minutes at [err]
to [err] is typical. 25 14 EXAMPLES For use as an interior coating of a
beverage container, the 5 process used in the follow ng exanpl es

essential |y veawaMatferialvs: (1) Grapsri ng the pol yester resin, and heating
t he poIyesterlwggghéyfggglgfgggin of sgiygpt t o about

isophthalic acid 536.9
terephthalic acid 536.9
sebacic acid 324.2
10 butyl stannoic acid 2.7
trimethylol propane 66.96
maleic anhydride 1.5
piperidine 1.4

The 1,3-butylene glycol was placed in a flask fitted with
15 a packed column and overhead condenser, agitator, nitrogen
sparge, and a flask to collect glycol-water losses. After
beginning the upheat of the butylene glycol, then the
isophthalic acid, terephthalic acid, sebacic acid, butyl-
stannoic acid, and trimethol propane were added one after
20 another. A typical polyester condensation reaction was
carried out, with a maximum reaction temperature 230°%c.
When the temperature of the overhead thermometer read 90°%¢
the packed column was removed and the condensation reaction
continued. When an acid number of 8 or less was reached,
25 the resin was cooled to 90°C and maleic anhydride and
piperidine were added. The reaction temperature was
increased to 150°C and held for one hour. The nonvolatile
content of the resin was 99% and the acid number was 6.7.
The polyester resin was placed in hexyl cellosolve to yield
30 a nonvolatile content of 73% and Gardner viscosity (Z-4).
(z-5) (5.8 Pa.s (58 poise), ICI Cone & Plate, 40 p cone,
30°0) .

35
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[érr]; (2) adding epoxy resin, such as Epon 1009 to form a pol yester/epoxy
blend (or alternately advancing liquid 10 epoxy resin and bi sphenol Ato a
nmol ecul ar wei ght of over about 2000 and addi ng the preforned polyester to
t he advanced nol ecul ar wei ght epoxy; (3) gflding a solution of initiator

di ssol ved in nononers to the polyester/epoxy blend over about 1 hour at
[err]; (4) inverting this 15 grgfzved,pog ymeric blend into water preheated
to about [err], and which contains amne and/or ammonia to neutralize the
acid groups, to render the polyneric blend dispersible in water.
Alternately, ppgpacatien 6 anddgdebust bpokptgpatyrmergliesgrabefore

I nversion intg fﬁteé or water could 20 be added under pressure to the

pol ymeric r esPR¥RPERT cont ai ns amine in an inverse emulsification process..
EXAMPLE 1 &r eRawcMatepfigkster fro@rams - 377 ¢ et hyl ene glycol 1011
g sebaci c | . yl st anoi ¢ aci 0g fumaric acid The
above conpone%?ggmgrépﬁégtgagg% about 170 C#gféh a 30 packed col um under
ni trogen withhg¥yld agllaspdwe The reaction5P&rPerature rose to a maxi mum

of [err] as wgbgye¥BErcebbent g, But the col ggp Hhead tenperature was kept

at methacrylic acid 247.1
10 styrene 247.1
ethyl acrylate 247.1
tert-butyl perbenzoate 50.4
epoxy-acrylic-polyester resin 2000
deionized water . 2857
15 dimethylethanolamine 131.2

The hexyl cellosolve was placed in a flask equipped with a
reflux condenser, an agitator, a heating mantle, and a
nitrogen sparge. The hexyl cellosolve was heated to about

20 170°C and epoxy resin was added and allowed to dissolve.
The polyester resin was combined with methacrylic acid,
styrene, ethyl acrylate, and tert-butyl perbenzoate to form
a premix. This polyester monomer premix was added to the
dissolved epoxy over three hours at 150°C. After all of

25 the polyester monomer mix had been added, the batch
temperature was maintained-at 150°C for another hour. The
resulting epoxy-acrylic-polyester resin was poured with
rapidly stirring 70°Cc water which already contained
dimethylethanol amine. The resulting emulsion was allowed

30 to stir overnight before pouring it ocut. This emulsion had
a non-volatile content of 36% and a viscosity of 1.62 Pa.s
(1620 cps) (Brookfield, LVT, 25°C).

35
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about ‘98 to 100 C. A xyl ene azeotroph was used to renove the |last water,
and t he pol yester was cooked to an acid 35 val ue of about 2 ng KOH g resin.
EXAMPLE 2 Prepare a second pol yester as in Exanple 1 above from 439 g

et hyl ene glycol 5 498.6 ¢ I sophth 2ic acid 438.6 g adi pic acid 10
q fumaric acid 0.5 g but yl stanoi c™acid 10 EXAVPLE
3 Prepare an acrylic grafted epoxy/poly nppsition as follows: a) 100
g hexyl cellosolve 200 g pol yester from 15 500 g Epon

1009 F (epoxy Exenaratdan | ) OF) 138 g adianus y| ePoxygragl -gosyldc-gEafkat e
4.0 g benzoyl gyaraededs 20 c) 104 g di methyl et hanol am ne

5 Raw Material _ Grams
1009F epoxy resin 1730
hexyl cellosolve 479.4
polyester resin Ex. 8 165.06
methacrylic acid 187.7

10 styrene 271.8
ethyl acrylate 271.8
tert-butyl perbenzoate 50.4

The epoxy-acrylic-polyester resin and emulsion were
15 prepared according to the procedure described in Example 1,

except that (1) polyester-monomer mix was added over 3

hours, 20 minutes; and (2) the polyester was dissolved in

styrene before the other monomers were added. The

resulting emulsion was 36 NV and 1.55 Pa.s (1550 cps)
20 (Brookfield, LvT, 25°C).

EXAMPLE 11

Preparation of an aqueous epoxy-graft-acrylic-graft
25 polyester.

Raw Material Grams
1009F epoxy resin 1730
hexyl cellosolve 383.25
polyester resin Ex. 8 247.1
30 methacrylic acid 247.1
styrene 247.1
ethyl acrylate 247.1
tert-butyl perbenzoate 50.4

35 The epoxy-acrylic-polyester resin and emulsion were
prepared according to the procedure described in Example 2,
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1000 g water d) 1797 g water 25 The sol vent and pol yester of (a) were
heated to about [err], and then the epoxy resin added to dissolve in the
pol yester; and held at [err] under nitrogen for 1/2 hour. Added (b)
dropwi se 1 hour to heated m xture (a) and Eeld for 1/2 hour at [err]. The
water in (c) was heated to [err] 30 and ? en the am ne was added to the
heat ed wat er. gr d. | s Ad | ' p t gL l.ng
.to the heat edev:\c/:'slé'lté F aﬁqﬁ%g ré&xlﬁtre 1"g;i%over I:bg%% \é%’éﬁ?nu %&éb%?‘g(%n#é%#l i ng
f oam ng. Cont hQY&&-to stir at high rpmfor 30 minutes, then slowy added
water (d) over 3-5 mnutes. 35 Cooled to roomtenperature. 16 EXAMPLE 4
Prepare a second acrylic grafted epoxy/pol.yester blend as in Exanple 3, but
use the polyester fromExanple 2. 5 EXA%ﬁéég@EPQQpare athird acrylic
grafted epegxy/ polyester-blend as in Exanple 3, but use 100 g hexyl

cel I osol ve, 3%%r%u&%k%%%FeEf epoxy-graft-acrylic-graft-polyester with
phenolic resin and comparison of test results after food

storage with an equivalent solvent borne formulation.

10 4 months 4 months
pphr sauerkraut pack doag_food pack
Example 11 75 slight blush moderate
15 stain :

Uravar 75110 25

Epon 1009 75 slight to moderate moderate
20 stain

Uravar 75110 25 blush
25 Uravar 75110 is an etherified phenolic resin supplied

by DSM Resins, U.S.

The foregoing examples illustrate the merits of a
polyester-epoxy grafted acrylic terpolymer and usefulness

30 as a binder in coating compositions but are not intended to
be limiting except by the appended claims.
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ffom MQ Epon 1009. 10 EXAMPLE 6 Prepare a polyester from

t he fol,l Qe Rsk terephthalic acid 1206 g et hyl ene gl
’ Llﬂ’“ﬂ@! lg“ lFbutyI stanoic acid b) 42 g fumaric acid 2
I pi ng S - i

15
adi pi c

under nitrogen wth a packed colum to about [err].

* isophthalic acid Conmponents (a) were heated

care to keep cgfnfgghead tenperature at about 99 Cto 100 C. Wen all
was di ssolved,"mxture (b) was added and continued to cook at [err] to an

aci d nunber of-ab8feaguUeSYSELRRBART7 GIRHORIE IR KIMAFINIRGRA @plymeric

pol yest er / epogyndbihdiBpepsed eshcwatbr Eyenplkesbng 30 a) 100 g
butyl cel | osol ve 100 g

6 478 g

5

10

15

20

25

30

35

Eponagoogaggitggﬁ(yl g;(l){)qo@l(’)llggze Zogr%aq?ﬁ a é}::: e%;o ryésté)en}
terpolymer comprising by weight between about,

(a) 1% and 70% unsaturated polyester having a number
average molecular weight between about 200 and 20,000 and
produced by esterifying dicarboxylic acid and diol where
said dicarboxylic acid comprises 1% to 5% unsaturated
dicarboxylic acid; ’

(b) 5% and 80% epoxy resin;

(c) 5% and 70% addition copolymer grafted to said
polyester and said epoxy resin, said addition copolymer
comprising copolymerized ethylenically unsaturated monomers
where said monomers comprise between 20% and 100% carboxyl
functional ethylenic monomers with the balance being other
ethylenic monomers, where said monomers are copolymerized
in the presence of the unsaturated polyester and the epoxy
resin to produce the addition copolymer grafted epoxy-
polyester having an Acid Number above about 30.

2. The coating composition of claim 1 where the
copolymerized ethylenically unsaturated monomers comprise
acrylic monomers and the terpolymer is an acrylic grafted
epoxy-polyester terpolymer.

3. The coating composition of claim 1 where the terpolymer
comprises by weight between about 5% and 30% unsaturated
polyester, between about 30% and 70% epoxy vresin, and
between about 10% and 40% addition copolymer. |

4. The coating composition of claim 1 where the
unsaturated polyester is produced by esterifying 0.001 to
0.1 equivalents of unsaturated dicarboxylic acid with 1
equivalent of diol.

G:\caseno\10469.spec\17.3.94
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183 g _—“ﬁﬁu—Fgﬁgﬁ*“_I7‘124 : methacrylic acid 1.7 ¢ t-butyl

hydroper benzoyl peroxi de 5 c) 128 ¢

di net hyI ”gmml’w mlOOO g water at [err] e) 1672 g wat er at
[err] 10 Sol vent afd Pol*yester from (a) med to [err], and then added the
gpoxy. Heated mixture (a) was held at [€Ffr] under nitrogen and (b) was

added dropwi sg OV'fﬁelc&Qt'{%; %&}eﬁsﬁla}y% Alaikfh hnapd eﬂaeeegﬁé,wé er

10 minutes 1576f mXin amne mxture was poure
wi th high agi hasi ém Aia rb@éﬁhelz petweenabontn 38 &nd, 1Rt (8ispers

were drawn doweW Warar i Wb&'%a%‘iﬁ eRE Eag?b!%@%”\ﬁeh andahaked at

[err] for 2 mnutes. Results Sanple 72 Hr. Vi scosity* 3 oss Texture
Bl ush** 3 none 1.160 Pa.s hi gh sl i ght none

5 6. The coating composition of claim 1 where the coating is
substantially free of volatile organic solvents.

7. The coating composition of claim 1 where the terpolymer
has an Acid Number between about 30 and 120.

10
8. The coating composition of claim 1 where the
unsaturated polyester has a molecular weight between 1,000
and 10,000.

15 9. The coating composition of claim 1 where the terpolymer
is produced by mixing the unsaturated polyester with the
epoxy resin followed by in-situ copolymerization of the
ethylenic monomers to graft with the unsaturated polyester
and epoxy resin.

20
10. The coating composition of claim 8 where the epoxy
resin contains terminal oxirane groups and the carboxyl
monomers esterify with the oxirane groups.

25 11. The coating composition of claim 8 where the ethylenic
monomers copolymerized by addition polymerization with the
unsaturated polyester.

12. A process for producing a coating composition as
30 claimed in Claim 1 which comprises mixing the unsaturated

polyester with the epoxy resin followed by in-situ

polymerisation of ethylenically unsaturated monomers.

13. A coating process which comprises applying a layer of
35 a composition as claimed in Claim 1 to the surface of a
substrate and heating the layer.

—_—
This Sheet 1.

um:/mm mﬁi
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75 4 <1/4 inc . 052 Pa.s hi gh snoot h none 5 none

1. 700 Pa.s none 7 none 0.285 Pa.s hi gh
snmooth slig llmn ,I""I WE'U" 0. 200 Pa.s hi gh smooth  none 30 *
Brookfield vi*fscébsity mat s pm #5 spindlg ** Water resistance (blush) was

asured after inmmersed 30 nlnutes infe dei oni zed mater EXAMPLE 7A 35

An acrylic g te ol yester d 478
0 Epon’ 1007 vk Belorten §uaBBFitaeBEaBeRBLE o Lhp, proFsER <, St
conparabl e res2ilts. GENERAL PROCESS 5 For food container coatings,
preferred conpositions and processing of the grafted epoxy terpolyner are
as follows. Higher nolecul ar weight epoxy resins are preferred and are
coreacted with ethylenic nononmers includi'ng carboxyl nononmers and a
slightly unsaturated polyester. The 10 preferred conpositions conprise
by wei ght between 5% and 15% pol yester where the nost preferred pol yester
contains esterified isophthalic acid, terephthalic acid, sebacic
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bl

acti d, excess equival ents of butylene glycol and very mnor anbunts of

tri met hyl ol propane. These reactants “are 15 conpletely reacted to an
Acid No. bel ow about 8 but with a hydroxyl nunber between about 25 and 60.
An unsat urated dicarboxylic acid such as maric or maleic is then

. @gSterified with excess hydroxyl groups on the polyester to provide term nal

doubl e bond groups on the polyester. | eic is used, a piperidine
catalyst is preferably used to isoneH4§§i$§§#WUeic to fumaric which

coreacts better with ethylenic nononers. The. intent of reacting
the dicarboxylic acid at theagtifiogs @bglpﬁ@yggﬁggsi@iQEtion tois esterify
wi th hydroxyl end groups to provide a nore controlTed structural

pol ymer than woul d be obtai ned by random pol yneri zation in the begi nning
with the restaef éda@eé@@Ct@ﬂédﬁerEé’diyeslﬁﬁr wrbl tebating deshtaihong ead
groups provides, unhi ndered.a dition.golyneriaiiion W th e p%lenic ggggper
doubl e bonds BRIYREFLRPHPAGF dSORREESES &t H l%&P%aFBB?@ GF o5&

am nati on purgowes- polyes tsoe tenpolyimerthe Phé yamaft rdexrpudiymer cokiperises
preferred co i 14 t I j f j J f eed

Cont ai ner codty Mldtl el € A Bl B eed pliR i, 8% ana
flexibility. 8%% Tepoxyporgsimn andaShi gndnidPécadditiongiFopodymer, s whierss
EPON 100991 Gy PERo88Pmethal Iah ASH®! MGfbbP 2BoVRMar¥ut 30 and is

dispersed into water with a volatile base.
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| MPLALEMENT SIEEL

0 Y - ’ i "'T‘d ?‘J ID-'-H; ﬂn, a—q;, ‘7
19- about [edr f: Pat B187 t advanced fromthe 3I$I;§CI dyl
et her- of bi gp GéFm,& andpﬁigr}heﬂo%uﬁ\dw{ a suitable catal yst (proprietary,
suppl i ed by %(e)aw»dﬁ herypazedl.l.odol ve solvent at [err]. The

advancenent |5 rt@a‘élf&rbn | Bagedn..dp B3e85%
measured onjthe 1Cl Cone & Plate at [err]§
The pol yestqirDKI@mfemIpqugm@g%_ NV i hexyl cellsolve, 10 is added to a
m xt ure of RS v ot ey TAThe thylerafcrhdvat‘éQCaadbsrethMdegc

acid. The agig, :q%ﬂg gskh . 5% meg% I.tion.
The rmnorrers are a gdmg\ﬁlgr“gl%{% % a%géanadphel'g ﬁ%u%s or tgro
conpl et e coRSigison Vary &% VOC cpr&ings tqam dre |R§<2&'h’/)6 tthqam:gqcepzs of
per benzoat e ¢yj PefaRic 6K OXi 8. 1ald hergh Fheis dRye %so Q@tﬁs‘efr‘éJSL s
Enough total solvent is used to br{ﬂ% t he conposition 0% NV. The

pol ymer Sol uti on WP e d2fuPeli BHAP S 3NI AR a‘F‘PEECQEaan‘Glﬁ@WeM and

epoxy is adged sed cra Mig$oi6fe WeileH moleanl e wéhehbateaob@l cie%tm%b@wd
[err]. The final_en out 35%to 40%

e The daak eyl sLen, | S Aol Spedo SOV R apd m?t"hygl"et RI8ERIS ne.

volatile solvent ordinarily required £for processing high

on-vol atile (NV) to a viscosity
of 9 - 12 Pa.s (90-120 poise).

molecular weight epoxy resins. Ethylenic monomers grafced

10 onto both ths epoxy resin and the polyaster form a thres
way graft terpolymer that exhibits excellent stability and
coating propasrtiss. The polyester resin greatly improves
lity of the epoxy resin without datiracting

frem film progsriies such as gloss, clarity, and water

.-J
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ct
fu

gmoval of organic solvant to achieve VOC’s
w2ll below 200 ¢/1 (2 lbs/gal) and ad{ra::ag=ously celow 100

( 1) This polyester modified system has
25 excellent formability and resistance to food s
so has advantassas over the curfeant sctate of the art in
application and cleanup.

.

According to thes present invention there is providad an’

30 agusous disper

ln
Lh

, low VOC coating composition contzining
a polymeric birncer dispersed in water comprising:
an addition compolymer grafted epoxy-polyester
terpolymer Comprising by weight between,
(a) 1% and 70% unsaturated polyester having a number
35 average molecular weight between 200 and 20,000 and

produced by esterifying dicarboxylic acid and diol where

This is the replacement sheet
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Viscosity of the enmulsion is between 0.1 and 50 Pa.s (100 25 and 50, 000
centipoise). This enmulsion is formulated for cure by addi ng vari ous

phenol i c resins, mel am ne- for mal dehyde resins, and

benzoguanam ne-f or mal dehyde reins. Total crosslinking 30 resinis in
the range of 15%to 45% For food applicagions the coating is applied to
sheets or coil stock by rollcoating. The coating is typically baked 8-12

m nutes at é@%d 8 ddrnosdA ic %Qx%%c‘r%&s%sep&fﬁt l:B“ 6% Q%é’&é&?écé&s' n

i nt er medi at aqueous epoxy-graft-acrylic-graft polyester)

Mat eri al dicaxhpemel 1€ 32648y ene gl ycol 813.7 |sophthaI|c aC|ﬁ
536.9 terephthaligypcig and 30‘5350 eleagirc acid 324.2 10
butyl stannoic acid tri pr o 66. 96

(c) 5% an 70f a dl%Lon co gfyne* grafted to said

5 polyester and said epoxy resin, said addition copolymer

comprising copolymerised ethylenically unsaturated monomers

where said moncmers comprise between 20% and 100% carboxyl

functional ethylenic monomers with the balance being other

ethylenic monomers, where said monomers are copolymerised

10 in the presence of the-unsaturated polyester and the epoxy

resin to produce - the’ ao.d:.t:*o copolymer grafter epoxy-
polyester havirng an Acid NL ber above . 30.

Useful epoxy resins are predominantly 1linear chain

bis
20 bisphenol, with cthe most praferred being bisphenol-A.

- -

A to produce prsdeminantly an epoxy group terminated linear
molecular chain of repeating units of diclycidyl e '
bisphenol-A contazining Dbetween 2 a=n 25 regeating

30 copolymerized units of diglycidyl ether of bisphenol-A. In
practice, an excess molar equivalent of epichlorohydrin are
reacted with bisphenol-A to produce epoxy resins where up
'to two moles of epichlorohydrin coreact with one mole of
bisphenol-A, although 1less than complete reaction can

35 produce difunctional epoxy resin along with monocepoxide
chains terminazed at the other end with a bisphenol-A unict.

" This is the replacement sheét
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mal.ei ¢ anhydri de 1.5 piperidine - 1.4 The

1, 3-butyl ene glycol was placed in a flask fitted with 15 a packed col um
and overhead condenser, agitator, nitrogen sparge, and a flask to coll ect
gl ycol -wat er | osses. After beginning the upheat of the butylene glycol,
then the isophthalic acid, terephthalic gcid, sebacic acid, butyl stannoic

acid, and tri met hoI ~propane were added one after 20 another. A typi cal
pol yest er &eﬁ’i‘FéQ% W0l ELEYnQUL reWigd) dgim £ 8actd on
tenperature 23 e Wen the te ﬁ?atur enof trﬁe ﬁ%ther none éer

read [err] ©fhe W%brbmhﬂé@-%m%maﬁétﬂ-ﬁﬁ cdn@er@s?&t’ﬂﬂrﬁ r FRAYTMN
continued. (WiaR-a3k dGidhdeinheid tin Gy esgu w&1éeec@eggna5beé@@eﬁei34m Was

cooled to 9 err and mal ei ¢c_anhydri de and g peri di ne were added
reaction t @RS ARG |HEFP§§ecFY%rT“é?rT‘° ﬁ&“llrél-d"fi‘mgho’nef%r The
nonvol asi | @ agonricenio , @0 hes esasuved HY Agaadd@rmaanxb1uuﬁxﬂmawﬁ§4a§hy1ﬁe

Gont ent _of (E¥andceBFRRer o 1L e2 )y By e fa S B AR |1

Cone & Pl aresi4 pivodede eboy. Gremical eooxy resins dencified by
trade number and average molecular weights as follows: DER
333 (380); DER- 661 (1050); while Shell Chemical epoxy

10 resins are EPON 828 .°(380); EPON.836 (823); EPON 1001
(1050); EPON 11007F (%000); and Ciba-Geigy linear epoxy
resins GT-7013 (1400); GT-7014 (1500); GT-7074 (2000); and
GT-259 (1200).

Although noT as common, trifuncticnzl spoxy rasins are

[
wm

useful comprising branchasd chain epexy rasins whare the
”
20 can bs producsd by corezcting epichlo:chvdri.. with

Particularly preferred epoxy re

s

EPON

4

S
25 commercial r{:.g::a:: molecular weight resins such as
1008, 1007, and 1004, as well as resins which are
prepared by the advancement of excess eguivalents of liquid
epoxy resins with lesser eguivalents of bisphenol A to
produces predominantly oxirane group termirztad epoxy resins
30 preferably having a number avsrage molecular weight betwsasn
1,000 and 10,000.

Useful polyesters generally comprise esterification
_products of dicarboxylic acids with diols to produce
35 essentially linear polyester polymers alcthough minor
amounts of Dbranching due to trifuncrional componeats is

This is the replacement sheet
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21 EXAMPLE 9 Preparati on of an agueous epoxy-graft-acrylic-graft polyester.

5 “Raw Mat eri al Grans 1009 F epoxy resin 1730 hexyl

cel | osol ve * 501.6 polyester resin Ex. 8 - 370.7

met hacrylic acid 247.1 10 styrene

247.1 ethyl acrylate 247.1 tert-butyl perbenzoate

50. 4 epoxy-acrylic-polyester resin 2000 d&i oni zed wat er 2857

15 di met hyl et hanol ami ne ., .. 131.2 The .hexyl cel) osolve was pl aced
in a flask eHBFﬁﬁBH*ﬁ%&1e39¥ﬁaTQR¥¥%ﬁ8enséF}dan agi t atit, aURearprgted

mantl e, and dieatbogsn izpardd. cihebbesgkertfliedobinudasnkeaisdy watabdye 20
[err] and epox*ﬁresin was. added_and alkom%d tQ %%PSO|V€. The pol yest

esin was coRBIAGA SHUGH TR (ST 4B, 6t Pranyciorhyi=aar)| RoySshar
tert-butyl ppohgnecateocnbaipinga peey xuifdde s apaiuwest epEnounsetupzebon . was

added to the,di330LY9¢ARAXYe QUCL AU GF LOUE S AlalBdx1 A LEE18! e pe

esterified at the end of the polyester polymer reaction to

produce polyester polymer terminated with a maleate half-

ester group ccataining a double bond and a terminating

> carboxyl group. In either polyester polymer, ths double

10 bond is readily coreactive with ethylenically unsaturated

monomers subsscuently copolymerized in the presencs of the

unsaturated polyester and the epoxy resin.

Useful polymasizable ethylenically unsaturated Sonomers
15 contain carpon-to-carben unsaturaticn and includz vinyl
monomers, acrylic monomers, allylic monemers, acrylamide
moncmers, and mono carbexylic unsaturaced acids. Vinyl
esters includs wvinyl acetate, vinyl propionate, vinyl
butyrates, viazyl ksanzoates, vinyl isopro
20 similar vinyl esters; vinyl halides includ
vinyl fluorids, and vinylidene chloricde; vinyl arcmatic
hydrocarbons iacluda styrene, methyl styrenmes and similar
lower alkyl s:tyrenss, chlorostyrens, vinyl ctolueng, vinyl
naphthalene, divinyl benzene; vinyl aliphatic hydrocarbon
25 monomers includa alpha olefins such as ethylene, prcoylene,
isobutylene, and as well as conjugated dienes

such as 1,3 butadiene, methyl-2-butadiens, 1,3-piperylene,
2,3 dimethyl butadiene, iscprené, |
cyclopentadienz, and dicylopentadiene; vinyl alkyl ethers
30 include methyl vinyl ether, isopropyl vinyl ether, n-butyl

vinyl ether, and isobutyl vinyl ether.

Preferably the copolymerised ethylenically unsaturated monomers
_ camprise acrylic monomers and the tefpolymer is an acrylic grafted epoxy-
35 polyester terpolymexr. Acrylic monomers include monomers
such as lower alkyl esters of acrylic or mecthacrylic acid

) This is the replacement sheet
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25 the polyester nononmer m x had been added, the batch tenperature was
nalntalned at 150 C for another hour. The resultlng epoxy-acrylic-pol yester
resin was poured with rapidly stirring 70 [err] water which already
cont ai ned di nmet hyl et hanol am ne. The resulting enul:sion was allowed 30 to
stir overnight before pouring it out. THO enul sion had a non-vol atile
content of 36%and a viscosity of 1.62 Pa.s (1620 cps) (Brookfield, LVT, 25
0. 35 2ciEdeneLEr g Dipraphd atd pha ot yaanacayddsuscid, crotonic acid,

epoxy-graft @&w'aeﬁ%g&k {oasgs gk &d?awdatﬁée@lscyryllaﬁfﬁc 1009k

epoxy resin Ioso pol yester resin Ex.
8 165. OdrdretHRilA Fc aamdllc acid amg 7lagerstatenk substituted

271.8 ethyl @efyifteacids whereiddné peétePrbil cR2EHERPIVAI Ronome?8- fre
S acrylic and methacrylic acids.

Preferred acrylic monomers su*cable for grafting to the
epoxy/polyester resin blend include carboxyl monomers, such
as acrylic and methacrylic acid, and other ethylenic

10 monomers such as the styrenics and the acrylate and
methacrylate esters. - Initiators such as benzoyl peroxide
and t-butylperbsnzoate are:suitable at levels of 0.5%
to 10% based on acrylic monomers used.

15 Preferred compositions of the terpolymer comprise by weight between 30%
to 70% epoxy resin, 5% to 30% unsaturated polyester, and 10% to
40% acddition cecpolymer. An additional ninor amount

o]
rh

(D
~

organic solvant such as hexyl cellosolvs, butylcellosolv
or n-butanol can be used, if desirad, to assist in
20 processing.

In accordance with the process of this invention, polyester
and epoxy resins are preformed. Preferzbly, rthe epoxy
resin has a nurber averags molecular wa2ight betweasn

25 2000 and 10,000 while the pélyeste: has 2 number average
molecular weich: betwsen 1,600 and 10,000. Number
average molecular weights are typically measured by G2C
according to ASTM methods such as D3536-76; D35393-80; or
D3016-78.

30
The epoxy ané polyester grafted interpolymer can De
produced by mixing the unsaturated polyester with the epoxy
resin followed by bulk or solvent in-situ copolymerization of
ethylenically unsaturated monomers to graft with the

357 unsaturated polyester and epoxy resin, activated Dby
peroxide or azd or other free radical iqitia:or at
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The epoxy-acrylic-polyester resin and emul sion were 15 prepared according
to.-the procedure described in Exanple 1, except that (1) pol yester-nononer
m X was added over ‘3 hours, 20 mnutes; and (2) the polyester was dissol ved
in styrene before the other nononers were added. The resulting

emul sion was 36 NV and 1.55 Pa.s (1550 cps) 20 (Brookfield, LVT, 25 C).
EXAMPLE 11 Preparation of an aqueous " epoxy-graft-acrylic-graft 25

pol yester. Raw Material G ams 1009F epoxy resin 1730 hexyl <cellosolve
383. 25 polyester resin Ex. 8 247.1 30 nethacrylic acid =247.1
styrene - 247.1 ethyl acrylate 247.1 tert-butyl

perbenzoat e 95®yme352?ﬁé°épox9emmeyat%;palygs@émaﬂéyinaammvenuusmom wer e
prepared accordypgrEPablG HeRGRAUY €1 86567 kBed dob EXaiP! fo e preférably

between 140°C to 160°C. Typically, less than 10%
peroxide initiator is utilized, based on the weight of
5 the monomers, preferably 0.5% to 10%. Typical

polymerization initiators can include for instance,
benzoyl pesoxide, t-butyl hydroperoxide, tertiary butyl
: . perbenzoate, cumene peroxide ,and similar peroxide
polymerization catalysts which. are preferred. The
10 monomers are copolymeriéed in the presence of the epoxy
and polyester until the monomers are completely
copolymerized. The resulting terpolymer should have an
acid number between 30 and 120.

15 Preferably the epoxy resin contains terminal oxirane
groups and the carboxyl monomers' esterify with the
oxirane groups.

In accordazce with this invention, the ethylenic
20 monomers, including carbokyl nonomers, are copolymerized
with a mixture of the unsaturated polyester containing
double bonds and the epoxy resin containing terminal
oxirane groups. Aalternatively, but less preferred, the
ethylenic monomers can be first copolymerized with the
25 polyester, ZIollowed by esterification coreaction with

the epoxy resin.

Preferably tle terpolymer having an acid number between 30
and 120 is dispersed into water Dy reacting the
30 . terpolymer with an amine.

To convert azid-functional reaction mixtures produced in

— accordance with the present invention to aqueous
suspension, ¢raft terpolymer is dispersed in deionized

35 wéter, usinc a fugitive base (under curing conditions
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except that pol yest er-nmononer m x was added over four hours. EXAMPLE 12 5
Formul ati on of epoxy-graft-acrylic-graft-polyester with phenolic resin and
conpari son of test results after food storage with an equival ent sol vent

borne fornulation. 10 4 nont hs 4 nont hs
pphr sauer kraut pack dog food pack Exanple 11  .» 75

slight blush noderate 15 staiblayavar 75110 25 Epon 1009

75 slight fo noderate noderate 20 stain Uravar 75110 25

bl ush 25 Uravar 75110 is an etherified phenolic resin suppl i ed_by DSM

Resins, U S. fae tbeeg:mattg.n@mnmmferab&yrMeambaerreuchs asf porimary,
pol yest er - epoxy 9583&% gy k‘é &g YATk 2nd Jygafhhnessy 30 35 %t*i' der in
at At ended ¥ y “the

coating conp05| rons are not o’ be Tim t| ng except
appended cl ai amines and alkanol-alkyl mixed amines; eg,

monoethanolamine, dimethylethanolamine,

5 diethanolamine, triethylamine, dimethylaniline, or ammonium
hydroxide. Ordinarily this is done by .
simply adding the hot resin to a mixture of amine and
water, which’ may be heated to aid in the dispersing
process. Though the resin is typ'ically well above the

10 boiling point of water, careful addition of resins with
good agitation will preduce a good dispersion.-
Optionally amine can be added to the hot resin prior to
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CLAFMS: 1. An aqueous coating conposition containing a polyneric binder

di spersed in water conprising: an addi tion copol yner grafted
epoxy- pol yester 5 terpol ymer conprising by wei ght between about, (a) 1% and
70% unsat ur at ed pol yester having a nunber average nol ecul ar wei ght between
about 200 and 20, 000 and produced by estex2fying dicarboxylic acid and di ol
where said dicarboxylic acid conprises 1%to 5% unsaturated 10 di carboxylic
acid; (b) 5%a859e88%PapENLT ¢HATRT ( c3n8Y% afddreiraitl tvdherogahyber tiwear t ed
to said pol ygsken 2ed sl G-8RXdLSt Mis@ife addition copol ymer conprising
copol yneri zed ethylenically unsaturated nononers 15 where said nobnonefs
conpri se between 20% and 100% car boxyl functional ethylenic nononers with

the bal ance heiendaRéblies eihylaRies TRAONERS, pahRNIe $RINYTEFINEHS sde®sion
copol ynmeri zed in the gr esence of the unsajurated polyéester and the epaoxy

resin to prod§BeTHRe Adithon CofATHeY JFeFteRCepdyicho pif ydM™: ha®i ng
an Acid Nunbeelakede wdhothe3Gehod oFneapgDitaBfonconpesizt i ®vraping Clodi m
1 where the ﬁg%§%§nerized t.hyl eni cal |y unsaturated_nononers cgg%rise

acrylic monof® g £EPPOTCas &n BEPOPFESH affB§SS POlymeric
epoxy- pol yestidispeesponym@am contain from 15% to 45% by weight of resin
solids with . 55% to 85% of wvolatiles (amines base,
g 10 water, and solvent). The amine base is usually from
1% to 6%, water from | 30% to 90%, and the organic
sélven;s, if any, from . zero to 10%. Preferadbly the
compositions ars free of volatile organic
solvents.

[
(¥4 ]

groups. For Dpear an beverage can c¢oatings, the
20 cresslinking agsnt is optional but desirable. Useful
cresslinking ageats include phenol formaldshyde resins,

' n

melamina formalcéshyde resins, end benzoguanami
1
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are the reacticn products of ureas and malaminss with
1

25 aldehydes fuxthar echerified in some cases with an alccho

ts1
R

amples of aminoplast resin components are urea, ethylene

ursa, thioursa, malamine, benzoguanamine and
acetoguanamine, Aldehydes useful in this invention are
formaldehyde, acataldehyde and propionaldehyde. Exampl

30 of aminoplas: rasins are methylol urea, dimethoxymethyl
urea, butylated polymeric urea-formaldehyde resin
hexamethoxymethyl melamine, methylated polymeric melamin
formaldehyde resin and butylated polymeric melamine-
formaldenyde rssin.

35

Phenolplast

"~

asins, or phenol-aldehyde resins, are the
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33~Ihe-Cdéting conposition of claim1l where the terpolynmer conprises by
wei ght between about 5% and 30% unsaturated pol yester, between about 30%
and 70% epoxy resin, and 30 between about 10% and 40% addi ti on copol yner.

4. The coating conposition of <claim 1 where the unsaturated
pol yester is produced by esterifying 0.0@B to 0.1 equival ents of
unsat urated dicarboxylic acid with 1 35 equivalent of diol. 25 5. The

coati ng conpuvsatténnofpraidiansl ahepbeniod st ampbl ghdehpdesnghaiciccantther
bet ween 30 a LSmAkSRERSE wa oLeaghhl hgnterp

W th an an neoab eV R N e b o ranDLe P e Ehe AL R e BR 1
free of vol auEe8 BPgBAKE §5RFENPESNPLDIEFE d®aing aczﬁnﬁsemq:bn of m}adbm 1

wher e t he te{,pel:ggsi has 4a&yA\Eh61NU'§be mfe\ﬂ%qn 2, 1?&-16@0' é@Pd?&Ql

The coating osition of claim wher e he Urfsat ur at ed po yester
has a ol 2cuf RBFSHF BEFMéBhe&°GGO aﬁédsbyég@ u;gfug iffhehésat i ng

conposi tion phvehaiidnl whei€ethe terpald@ivde, acataldehyde and
propionaldehycsa. Particularly useful phenolplast resins
are polymethylol phenols wherein the phenolic group is
etherified with an alkyl, e.g., methyl or echyl, group.

10
For beer and ksvarage container coatings, the crosslinking
agent pLeLeraaly comprise .betwsen 0 and 10%, but for other

use can compriss bstwean 10% and 59%, and preferably
between 20% and 40% of the total rssin solids mixture
15 comprising tsrpolymers and crosslinking agent

comprises &oglving a layer of a compcesition as dascribed
a 1

above to the surfiaces of a substrate &nd hsating th ayer.
20 For food contziners, thes coa 19 compesition can be zpplied
to a metal suZstrate and typically baked g to 12
minutes at 1§3°C (350°F) to 215°C (42c°:), but for baverage

coatings 30 sacecnds to 2 minutes at 1§3°C (325°F) to 204°C
]

(400°F) is tycsica
28

The invention also provides a coatéd substrate producable
by this coating process.
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i s produced by mxing the unsaturated polyester with the epoxy resin

fol |l owed by in-situ copolynerization of “the -ethylenic nononers to graft

wi th the unsaturated pol yester ahd epoxy resin. 20 10. The coating.
conposition of claim8 where the epoxy resin contains termnal oxirane
groups and the carboxyl nononers esterifyl®ith the oxirane groups. 25 11.
The coating conposition of claim8 where the ethylenic nononmers are first
copol ymeri zed wi th t B@4pd yest er .MQphaaryldcedsidor producing a coating
conposition as 30 chaizeg in O af mdcphi Bhaeepriios@g=m xi ng the
unsaturated polyester, with the epox resin, followed by in-situd

pol yrmerisation of efhfl &ically Qﬁfgﬁ?éﬂ'ai’éﬁo?féﬂéners. 13. A coating
‘process which conprises applying a |ayer of 35 a conposition as clainmed in

Caiml tQ the surface. of_ a subst .an ating_the |ayer. 14. A
coated suBstrate §rodd& e by th%ﬁé%bﬁgggpgﬁn&aﬁmlff
d) 1000 ¢ water at 90°C

e) 1672 g, water at 20°C
10 ’ .
Solvent and pelysster” from (a) warmed to 150°'C, end, then
addad the epcxy. Keated .mixture (2) was held at 150°C
under nitrogeax and (b) was addsd dropwise over 1 hour.
Eeld 20 minutss at 150°C and added (c). After 10 minutes
15 of mixing, this hot resin/amine mixture wzs poured izto (d)

with high agictation, sctirred 1/2 hour, and thex slowly

20 and baked az 233

Results
Sample 72 Er. Ssttle Viscositv* Gloss Texture 3lugh+**
3 . ncne 1.160 Pa.s high  slight none
25 4 <5.6cm(\<1/4 inch) 0-052 Pa.s high smooth none
5 nons 1.700 Pa.s " high smooth none
7 nons 0.285 Pa.s high smooth slight
7A ncne 0.200 Pa.s high.' smooth none-

30 * Brookfield wviscosity at 50 rpm, #5 spindle
** Water resistance (blush) was measured after immsrsed 30
minutes in §2°C (180°F) deionized water.

EXAMPLE 7A
357

An acrylic grafted polyester/epoxy was prepared as in
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The coating composition of claim 1 whera

ST

25

the terpolymer

having an Acid Nuiber between 30 and 120 is dispersed

into water by cozeacting the terpolymer with an amine.

6. The
free of
7. The

has an Acid Number

coating composition of claim 1 whezes the coating is
volatile organic solvents.

coating cemposition of claim 1 wherz the terpolymer

between 30 and 120.

8. The coating composition of claim 1 where che
unsaturated polysster has a molecular weight betwesen 1,000
and 10,000.

9. The coating ccmpesiticn of claim 1 whars the terpol

is produced by mixing the unsaturated polysster with the
epoxy resin follcwad by in-situ copolymsrization oI thae

ethylenic monoms
and epoxy resin.

10. The cocati=ng

resin

contains

mencmars estarify

rs to grafc

ith the L“Sa-L:aEEd polyester

composition of

The coating composition.of claim 8 where the

ethylenic monomers are first coporymerized with the

11.
polyester.
12. A process

claimed

polyester with

polymerisation of

13.

_a composition as claimed in Claim 1

substrate and h

forx
in Clain 2
the epoxy

A coating procsss which comprises aco

v

producing a coatinc composition as

which comprises mixing the unsaturated
follcwed Dby

ethylenically unsaturated monomers.

resin in-situ

lying a layer of
to the surface of a

ing the layer.
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