COVPCSI TI ONS AND METHODS FOR COATI NG FOOD CANS FI ELD
OF THE | NVENTI ON [ 0002] The present invention rel ates
woeoasmspasi ti ons and net hods for coating netal PCEISE004/042226
specifically, the present invention relates to
conposi tions and nmethods for coating food cans,
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and acrylic polyners. BACKGROUND OF THE | NVENTI ON
[0003] The .application of various treatnment and
pretreatnment solutions to netals to retard or inhibit
corrosion is well established. This is particularly
true in the area of netal food and beverage cans.
Coatings are applied to the interior of such
containers to prevent the contents fromcontacting the
metal of the container. Contact between the netal and
the food or beverage can lead to corrosion of the
nmetal container, which can then contam nate the food
or beverage. ThiEiHLD OATHEUNYENTIONUe when the
contents of the can are acidic in pnature, such as
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[0004] Various epoxy-based coatings and polyvinyl chloride-based coatings
have been used in the past to coat the interior of metal cans to prevent corrosion.
The recycling of materials chtaining polyvinyl chloride or related halide-containing
vinyl polymers can generate toxic by-products, however; moreover, these polymers
are typically formulated with epoxy-functional plasticizers. In addition, epoxy-based
coatings are prepared from monomers such as'bisphenol A and bisphenol A
'diglycidylether (“BADGE"), which is being reported as having negative health effects.



BADCGE or its by-products that are acceptable. Thus,

there is a need forfood and beverage can |iners that
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products. SUVMARY OF THE | NVENTI ON [ 0005] The present

invention is directed to conpositions and net hods for
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DETAILED DESCRIPTION OF THE INVENTION

[0007] The present invention is directed to compositions for coating food cans -

comprising an acrylic oopblymer, a polyester, and a crosslinker. The polyester and
acrylic copolymer should be made compatible to form the present compositions.

This can be accomplished by any of various methods known in the art or described
herein, including but not limited to employing blending techniques known in the art,

_preparing interpenetrating networks, or forming a graft copolymer.
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[0009] In certain enbodi nents, any of the conpositions
of the present invention can be "epoxy-free".
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[0012] Any polyols known to be suitable for making the polyesters can be
used to form the polyester component(s) of the present compositions. Examples
include but are not limited to alkylene glycols, such as ethylené glycol, propylene
glycol, diethylene glycol, dipropylene glycol, triethylene glycol, tripropylene glycol,
_hexylene glycol, polyethylene glycol, polypropylene glycol and neopentyi glycol;
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[0014] In one embodiment, one or both of the polyester components are
unsaturated. While any unsaturated polyester can be used according to the present
invention, a particularly suitable polyester is formed from butanediol, ethylene giycol,
cyclohexane dicarboxylic acid, isophthalic acid and maleic anhydride. This
embodiment is particularly suitable when a graft copolymer is made between the
polyester and acrylic copolymer; maleic anhydride promotes grafting with the acrylic

. copolymer. Maleic acid, fumaric acid and/or itaconic acid and/or the anhydrides of
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(meth)acrylonitrile, and vinyl esters such as vinyl acetate. Any other acrylic
monomers known to those skilled in the art could also be used. The term |
“(meth)acrylate” and like terms are used conventionally and herein to refer to both
methacrylate and acrylate. A particularly suitable acrylic copolymer is formed with
styrene, butyl acrylate, ethylhexyl acrylate and methacrylic acid, either alone or in

.further combination with hydroxyethyl methacrylate and methylmethacrylate. Again,
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networks is described, for example, in U.S. Patent No. 6,228,919, incorporated by
reference herein. ‘

[0020] Another method by which the polyester and acrylate copolymer can be
compatibilized is through the formation of a graft copolymer. A graft copolymer can
be formed using techniques standard in the art. The terms "polyester/acrylic graft
copolymer" or simply "graft copolymer" are used herein to refer both to graft

.copolymers wherein polyester is grafted to acrylic and wherein acrylic is grafted to
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polyester for grafting with a styrene containing acrylic. Other moieties that will |
promote grafting between the polyester and acrylic can also be used. Any group of -
compounds can be used for this purpose. All of these compounds are referred to
herein as “graft promoting components”. The amount of graft promoting component
used in each of the polyester and/or acrylate portions can affect the final product. If

. too much of these components are used, the product can gel or be otherwise
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such as fumaric acid/anhydride or itaconic
aci d/ anhydri de may be incorporated into a pol yester
woaoosgselsbi ng wWith a styrene containi ng acryl i eCTOsSh®a/042226
noi eties that will pronote grafting between the
pol yester and acrylic can al so be used. Any group of
: conpounds can be used for this purpose. Al of these
unusabtm"rpmmgmﬂapremcﬁfr@rcrcedpmrmd'ae shoulddbereforafiie ps@drm amgmount

effectifa Bprm Bt o R Able S Slnd o Enaued BesBnbahorbrhe
effectsd AldeHe ;BJI)?esftéf‘ﬁhd BE@%&% L}’rﬁeﬁs% H'égftgha?étbtg&e%‘?the maleic

conponent's ‘are use t can
anhydnde/etymse examals, eisugithe2 do ﬁfvt/enghbpm:engmmwmerﬁ ®© 30 weight
therefore be, used %n an ggount effectjve to

percer SHTE SR vasd Ui Weteht Bertant BoaIbaseY ST usiont of the

polyeﬁéﬁéﬁdﬂﬁ\ﬁ& Ht 6f the RIIRCt&shdcval! ow the pol yester and
acryl ate ynmers to be conpatiblfe. In the maleic

| [0024]anhydrTfWeMsM cyfrtba@refst an‘pblemanyu&typycanlythﬁ fsomealggiut 3,000 to

250,0§% i8R = TyriaBall 504 a0 of HombabaG kR ob A 12p ERE-

[0025pf t herHeoh¥ight RitioasTcthd tmogéuqlm‘mtthe Ebp@lymer blend or
resp eCtlvegql)y [ 0024] Mv of ra copol

network, CRN AR ¥, ber examp@bmﬁ PQyeger aqybc w@ indte Igraf

copol)ffé%%g‘aucf d@@?g‘rtﬁgn?{éﬁ%%%& ?5 5&5?@%&? tt} et%glodétgrmlned

that va&ymglthe almiDtIriu ef Qbkyetstermpdmlmtfhpo@hem Mbaff@etttm kourd bf
ester to acrylic

flexibilji Apéerﬁw'ﬁav aw'a@tﬁ égﬁ% pi,ﬁ%'wests '&%acwc HethRETRTt copplymer, .
blend bRREGIIK, Ofm embodife o(f% L%%d lhtcogﬁﬁg ﬁﬁﬁﬂcéjr?st R178.56 q/vﬁlbﬁ'glves a

varying the anmount pol yester e conposi t'i on
rela’uvaiyl flexifié poaduch thad rstill ﬂnascsbltéblemchrl resﬂstan@e p¥rhercapahyjegter

esin 5o b BRSSP B S AL e i e

graft c%?@FyhrﬂQ wWiPed dzadsscribed %b%@e %b%u@hV@ﬁpélyéﬁéﬁFésYr?{d’graft
exi bl e product that still has suitable acid

copolynesyi will dypiealnwWire : 39 o568t sichras2mtd €5used in
roozef¢" e ¥t hfladgiohs RRBRE Eiershf s LR brosBiiidr. A

suitabResoEsrker a&we deT@N‘fnY\@d Bake@upbAtE Heeds BRaIdesires of the
graft coPo ynmer will typically be 5:35 to 95:65, such

user, %@d o tneluds, fC[r(ﬁ)@Gf]‘plth@etﬂ*@@érﬂfO%%lﬁb@@, engphenglie her
crossl‘ﬁR@Er |61 %lﬁe”cf'(?s%lllﬁﬁ&rsoasrél %I?/ nﬁaéwuélﬁ})&%v%llabl §4ch.as from

sslln er can eterm ne he nee s an
Cytec diﬂﬁijstms dfic. taseC YIMETL, 3@31d1 13 3pBeBaidand f3<70 Xamnlie,

el ami ne crosslinkers, dphe |ICCI‘QS i nker s, .
crossIEPATNABIEr e X JioiPlbca TIPS, GAAGTENA) A, Penoli

resole@{RAt 8!t d8HEEW ferd bidPhenol A are particularly suitable for use on food
cans. One embodiment of the present invention specifically excludes NCO group |
free crosslinkable urethane resins from the composition.

[0027] The compositions of the present invention may also comprise a solvent
either introduced through the acrylic and/or polyester components. Suitable solvents
include esters, glycol ethers, glycols, ketones, aromatic and aliphatic hydrocarbons,

. alcohols and the like. Particularly suitable are xylenes, propyleneglycol monomethyl

-8-



Cytec Industries, Inc. as CYMEL 303, 1130, 325, 327
and 370. Phenolic crosslinkers include, for exanple,
woauasiiaesy resol es, and bi sphenol A. Phenolic pesaiSe®4/042226
that are not derived from bi sphenol A are particularly
sui table for use on food cans. One enbodi nent of the
present invention specifically excludes NCO group free
acetatey, @nsl dibdsib bstens stdtaae dirasthybestemmoft ddipicogipteria amthsuccinic
[0027] The conpositions of the present invention may
acids. 3| so conprise a solvent either introduced through the

[0028]acr yl Wﬁe%ﬁ‘ﬁsnt%ﬂ%ﬁ%@bré‘s‘é‘fﬁpﬁ%ﬂhén ca il @RSt A bther
nclude esters, glycol ethers, glycols, ketones,

converammaadmtlmajswah @ma@rrmem?mcrb@rantmmxeal lubHeastsadefoamers,

_like,
wetting;2G85s cegesp. tetiitite R Sidr s s Ar ilers r suifonig asid
catalyst ¢6h b%%é@dmm&ulaﬁggwfeﬂfedaet RioB, ca@l applickBor8re phosphoric

succi nic acid he conpositions of the present
acid andnd@dmcyébenmﬂ&amd@n@ba@dn n any other conventi onal

oueot? 5 oS BB SR B L BRLR < B peap abou 20
and 50 Weight percenasslidsat sioyias’ s\;vnnwlmuenetro@u tﬁ/rthssé Ghilled imtiedart

catal yst can be used, Particul a 8referred for {ood
as lncl@@lﬁgaw@hut@ags @ﬁéh%P@'YGﬁEﬁgﬁﬁ@m B’%&!ﬁ CRRA'YMRIeexpsslinkers,

catalyﬁs %EQF?&H ik G ﬂ\%’ itke. [ngag]enTB’(fHIrﬁ hsYeorlt&Ring  polyester resin

ions are prepared so as bet ween
in adduﬁﬁd tdiﬂwet@na@fﬂopp@rm@nhlghdrladmudtsof cmbsshrvhelr lcabde used as

compaggfggtsat %Qg b%(gt i m S{f\? Cﬁg&?stg%Eq% a’i’ﬁt}lé%gqs{d Gl Hq(i)?gsult in .
films h‘éQ’r’P@' tﬁgﬁfr skoWé?ﬁ %élﬁt‘éﬁ&é en@@*@’lé/rsféwnﬁblh‘ledorﬁ&@kﬁ|!sé’<93ﬂex1blllty

enbodi ment s ‘cont ai ni ng pol yester
[0030]r esi n Tihe @dséntiiovertiontia durgherdirastgsbloyarerethed inferoating food
cars BRSBTS G300 65 SRR Bl SR GPIRGIE, 8 food can
More Spiéfitall® tﬁ@%’bémbﬁsmbhﬁ&oh@%@@ polgdaer, @l agic copolymer,

resi stance and hi gher Tg w t hout conprom sed
optionallyes ipolyieistey re$iond GTosEHakes e8e @ Maeieapivasts pad Pgfipnally one or

d d t
Y
compdtibe bpady ﬁi?éansl‘dﬁs@rlbée ebbive autly astﬁe@blenﬁmgsebhmqses
rise a yester, an acryljc copol yner, optio

knownanEEe @étstré@rpeegtratm%nemm Giitee noyRlarat QQBPB’"?dIZ\?g
descru%‘%?h P%nl\ oRAL| }Saf?ﬁ' cBanggftt% Cc%ﬂ"t?é‘éb&ﬁe@' toalgé“fééd’ 8sn bg*?a%y

&r 'aRd acryITe cop ol'yrer can e conpat |
meandin@ny inreret d@d\:as b@ltjccaddmge sp[ayingasandsalergrdﬁoandgn@ will be

apprectngt%%nthat f%r two-piece food cans, the coating will typically be sprayed after
the can is made. For three-piece food cans, on the other hand, a coil or sheet will
typically be roll coated with one or more of the present compositions first and then
the can will be formed.

[0031] After application, the coating is then cured. Cure is effected by
methods standard in the art. For coil coating, this is typically a short dwell time (i.e. ©

seconds to 2 minutes) at high heat (i.e. 485°F peak metal temperature), for coated



known in the art, interpenetrating networks, or the
novel graft copol ynerizations descri bed herein. The

woaadsioagn4gonposi ti on can be applied to the foo@CTas2094/042226
any neans known in the art such as roll coating,
spraying, and electrocoating. It will be appreciated
that for two-piece food cans, the coating wll ]
metal shesits alifeyis hgpiszilydyegerai.eet 0 ntibuteah bukatiawer teraperatures (i.e.
. Lhree-pi ece food gans, on the other hand, a coil or
400°F pRekfalp

IeMPEARIEE) y be roll coated with one or nore
of the.pr kHd tibh oF fedtfcaiiecart bg treated
[0032]vvi I g@{@?ﬁ@ l. OOS?}HéAﬁF@ra |appl [ cat?on, t he coati ng
according toltbe presend mathods.i Padidulartyestitaplereubritaies inghigr in-plated

th . F ' [ . thi is typi 1y . hort
steel, tiied Stdehend SRokS ISR 1o 5 m nut ooy at high heat
[00331(i - e. Tﬁ%ﬁ:o%ﬁn@@akth@drglbeﬁﬁﬁp@mtwa&) beffgbliédldir@dmbahe

sheets cure 1S typically |longer (i.e. m nut est) _but
steel, withoweery pretrpatmentosadnesive aihbedg gsisied tadhgmetal first. In

e tenperature). 032 . L :
addiiopo pRapHNoD peec e andlet A7 2o T 4 atiits been fhe present
metho®é.esent nmethods. Particularly suitable substrates

include tin-plated steel, tin-free steel,

AL . and, . .
[0034]p| ack-Tfiarasanasitiass. of[toe B sertt énveplion OB asesrdRath in
e a8 R IRR A STl e Pt conie,
achieved witteamepaky-free sompasitaadihatds, onethebexdludes epexy, glycidal
aroupi S eLRL. Sdkhediocss Bl S TaR R AR IR B ALK rosduos of
any of@@@ﬁgﬁnhﬁyﬁdﬁ. | PRUD S PraBaRS ilentibs riddds partichrrigiveafable

ity and acid resistance, Significantly,
compdsitises aresmethodsdar ceatinghiced edngi whichraveisbrgHennance and

neatin SRR ehdincd i d AR FtEp AR SR an
[oo3spal i den gEAkBhNMHRGrEEEM iByertichepiovRiss\R6thods fersdatiestitiiizing

any of these conpounds. Thus, the present invention
a polygstev prd @npaarylice ul haseymathwids 258 &lisasigped abpym and rciude, for

t.hods far coati 0 Ahi '

examilEPaie fl arcaquenids BEfeiBRpidi b bl AR IERane the

graft cobpeRhierRation bhan actylic(d#3a]pdlyestetdort & polyettee opteeamatrylic.
nventi on provi des net hods for corrpa[yl bilizin

[0036]pol y oshsoHssrhBersin. AEVSAS Gthentise SREISA AP o e PL Bymsgs such
os R UBAN PR Gend s, FIATRL B pRherba Rt fo o
prefacetiyt fhe word “about”, even if the term does not expressly appear. Any
numerical range recited herein is intended to include all sub-ranges subsumed
therein. Plural encompasses singular and vice versa. Also, as used herein, the term
“polymer” is meant to refer to oligomers and both homopolymers and copolymers; |

the prefix “poly” refers to two or more.

EXAMPLES
[0037] The following examples are intended to illustrate the invention, and

- should not be construed as limiting the invention in any way.
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graft copol ynerization of an acrylic onto a pol yester

or a pol yester

onto an acrylic.

ranges,

[ 0036] As used herein,
wonb&sasab her wi se expressly specified,
as those expressing val ues,

al | nunberassooaing2226
anounts or

percentages may be read as if prefaced by the word

"about "
Any nuneri cal

i nclude all sub

-ranges _subsuned t herein.
enconpasses si ngul ar aéa_mei%_a versa. Al so,

S

- [o03g] " her el ﬁolryEE%r

an
pref| x "poly"

The foll owit

nor e.

ml-ec ara i ntanded t o i
T o T T CTravua L4 L

even if the term does not expressly appear.
range recited herein is intended to

Pl ur al
as used

QIS talis dEfibwto refer to

honopol yner's and copol yners;
refers toTiaMBd)r

hﬂ QV

t he
EXAMPLES [ 0037]

|l et rat o +

I"\t‘\
LLA™

i RERTERE,

and S

II’JI TO

houl d r

onstr

\"~

ed abatts by Weaht '\

" 2-Methyl1\ERidpBAediA any

Polynmer "A' was

way. Exanpl'e 1T [003
de_as foll ous: Taj'

] Pol yespar

lLe 1 Innrprh ents

Ethylene:lﬁ‘:émé #1 Parts

bv Wei ght  2- Met hyl -

, 3-Pr op&ﬁedl ol

1
Ul

16- Heé ny| ene— Gy T0 17 6-FHexare LPI 0| 376
er ep thallc Acid 7.1 Dibutyltin Oxilde 0.035 Charae #2
Terephﬂhsﬂlpl%(hdjlal ic Acid 3.0 Mal ei ¢ Anhydri de O 54 | ériol 0.018
Charae #3 Y\JJ epnel 081 Charae—#4 Xyl an (o] rnnonl
D'b“ty't@g’f'@"e # 1 was aflded to a b- liter, 4 necked pggk

equipped W th a ot of  Charge #2
Isophthalic Acid 3.0
Maleic Anhydride 0.54
lonol 0.018
Charge #3
Xylene 0.81
Charge #4
Xylene 5.8
[0039] Charge #1 was added to a 5-liter, 4 necked flask equipped with a motor

driven stainless steel stir blade, a packed column connected to a water-cooled

condenser and a heating mantle with a thermometer connected through a

temperature feedback control device. The reaction mixture was heated to 195°C for

six hours during which time 1.3 parts water distilled off. The mixture was cooled
briefly to 180°C, Charge #2 was added and the mixture again heated at 195°C for
four hours. After this hold, the reaction was cooled. Charge #3 was added, the

packed column replaced with a Dean-Stark, and the mixture heated to reflux

(190°C). Heating continued for seven hours during which additional water

azeotroped off. When the Acid Value of the solution was less than 1.5, the mixture

was cooled to 150°C and the resin thinned with Charge #4.
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driven stainless steel stir blade, a packed col um
connected to a water-cool ed condenser and a heati ng
woanisisopt h a t her monet er connect ed t hrough aPCT/US2004/042226
tenperature feedback control device. The reaction
m xture was heated to 1950C for six hours during which
time 1.3 parts water distilled off. The m xture was
cooled briefly to 1800EXa e #2 was added and the
m xt " hours. After
[0040]th U‘B&P’%&% € rea'? g\?]asmlrggggggﬁélé&ﬁ arge #3 was
added, the packed coI unffabkp? aced wi th a Dean- St ark,
__— and the mxture heated toreflux{1900C) —Heat-i+
Comigrédigstsf or seven h i ng vvhpghs ayiweﬁgmna
Water _azeotroped of f. Wien the Adi
13BUD§@ﬂQI@W§‘PL was. lppcc fh[J:mn 1.5, t:e ?LS{L{EMGd to
Ethylend @@R6; and the resipn thinned with Char get.§4. Exanple 2 |
[0040] Pol'yest er Pol ynghargB#2was jmade as follows:
Table 2 Ingredientls Charge #1 Parts by Wsight
1,4-CyciphgxanedippEieeyig yco|] 10.0 Ethyl end G ycods1.9 Charge #2
Acid 1. 4- Cycl ohexanedicarboxylic 14.5 |Acid | sophthalilc Acid
ISOphthﬁnc,OAd}@l ei ¢ Anhydrige 1.0 Dibutyltlin Oxigle 0. 067 |Met hyl
Hydr.oqui none 0. 0020

D|butyltrﬂ\®%@§| fl ask eqU| pped with a notor drivenesdtainliess

I
Methv] ireq i&iﬂr egl ade, p packed col unm conne&bsggto a

—Q

Charge #3
Xylene - 1.5
. Charge #4 -
Xylene | 10.8
[0041] Charge #1 was added to a 5 liter, 4 necked flask equipped with a motor

driven stainless steel stir blade, a packed column connected to a water-cooled
condenser and a heating mantle with a thermometer connected through a
temperature feedback control device. The reaction mixture was heated to 125°C.
Charge #2 was added to the mixture and then heated to 165°C. Distillation of water -
began and continued for 3.5 hours. The temperature was increased to 175°C for 90
minutes and then to 195°C for four hours. The reaction temperature was increased
to 200°C for 3.5 hours where the distillation of water began to significantly slow. The
reaction mixture was cooled to 180°C, the packed column replaced with a Dean- -
Stark and a nitrogen sparge was started. Chargé #3 was added and the reaction
was heated to 195°C for seven hours at which time the acid value was less than 2.0.
The resin was cooled to 80°C and then thinned with Charge #4.
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condenser and a heating mantle with a thernoneter
connected through a tenperature feedback control

waeuvisps94dhe reacti on m xture was heated to 12B0TUS2004/042226

Charge #2 was added to the m xture and then heated to

1550C. Distillation of water

3.5 hours.

90 m nutes and then to

react

[0042] hour s

r four hours.

began and continued for
The tenperature was i ncreased to 1750C for
The

AR TRt CEpbFRer o’ BASTiad? =Badfkive o

significantly slow The T&#asBi on m xture was cool ed to

18Q0C, _the packed colum replaced with a Dean- Stark
aHtQ%ﬂ'?ﬂ@rogen s,paré}.*léi%&t ar { edarey\yeioh3s was added
and—the Teaction was heated to[ 19 hn hours
Toluen@it which time the acid value was les¥Phan 2 0. The
SOLVESS® f5gras cool ed to 800C and then thinped with Charge
#4 EXanplre 3 [ 004Z] G‘Né(’%e ¥% Polyester Copolymer "A"
was nade _as folllows: e 3 Ingredients Charge #1
Xylene Parts by \ii ght | Tol uene 12.9 SOLVESS@ 4501 11{0 Char
ag #2 Xyrene 6. VAZO 672 2.0 Charqe #3 Butyl |Acryl ate
VAZOG% o 2. Hydroxyetthyl Methacryl af . ylic Acid
1.0 Styrene 6.0]|2- EtQRIEXS] A¢rylate 4.0 Methyl
Vet hacrylate 5. § Pol'yester A fiom |:xarr8re T LFS. 3
Butyl Aeyla¥®ye #4 VAZO 67 0.1 12.
2-Hydroxyethyl Methacrylate 11.2
Methacrylic Acid 1.0
Styrene 6.0
2-Ethylhexyl Acrylate 4.0
Methyl Methacrylate 5.8
Polyester A from Example 1 135.3
Charge #4
VAZO 67 0.1
Xylene 0.4
Charge #5
SQOLVESSO 150 17.9

' Aromatic hydrocarbon mixture that boils at 150°C used as a solvent, from Exxon Chemical

America.

% Azobis 2,2'-(2-methylbutyronitrile), from E.|. duPont de Nemours & Co., Inc.

[0043]

driven stainless steel stir blade, water-cooled condenser and a heating mantle with a.

Charge #1 was added to a 3 liter, 4 necked flask equipped with a motor

thermometer connected through a temperature feedback control device. The

contents of the flask were heated to reflux (128°C). Addition of Charge #2 (over 190

minutes) began followed by the addition of Charge #3 (over 180 minutes) five

minutes later. During the feeds, the reflux temperature gradually rose to 138°C.

After the additions were complete, the reaction was held at 138°C for one hour.
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Xyl ene 0.4 Charqe #5 SOLVESSO 150 17.9 1 Aromatic
hydr ocarbon m xture that boils at 1500C used as a
woeabosasto4of r om Exxon Chem cal Anmerica. 2 Azobi 8CT/US2004/042226
2,2 -(2-nmethyl butyronitrile), fromE. |I. duPont de
Nenmours & Co., Inc. [0043] Charge # 1 was added to a 3
liter, 4 necked flask equipped with a notor driven
Chargs#4iwdsesiiest @ar 1€t ininutésded theatdrtutowpe delsbaldtierfoamd
.. a heati mantl e with a therqone connected t hrough
add't'oﬁalﬂﬁ‘rﬁeﬁ‘g@dﬁémﬂ@@%HH’B’RQQ:WHEﬁaFQé%SCe. The contents of
the flask were heated to reflux (128 0C). Addition of
Charge #2 (over 190 m i icRegan followed by the
addi ti on of Charge #3 m nutes) five mnutes
[0044]! at er AcBiiciPgydster Copolgmet HB” wes Innade asrfaliossur e
gradually rose to 1380C__ After the additions were
conpl ete, the reaction 1941 d at 1380C for one

”ﬂgremge 72V AR Aver 10 pERly8geighd | he
m Xture was hel d _at T3 Tor an additional hour. The
SOLVES®H Msgvas thinned with Charge #5. Exagipl e 4 [D044]
AcTyfTC Potyester Coppidd®s B[ was nade as Tl | ows:
Table 4 |ngredients Charqe #1 Parts by Wjiq SOLVESSO
SOLVERZ®) @;—,(9 Charge #2 SOLVESSO 150(6.3 Dig.g- Butyl peroxide
T0Charge #3 BuUtyl Acryrate 1Z.0 I\/Etp cryltc|Acid 1.0
Di-t-Bulipprexile 2 0 2- Etlhy| hexyl Awr‘r\,d.éx—%S.—O—'éel—y-es{—ér B 67.3
(46.8 solid) Charge #3 '
Butyl Acrylate 12.0
lﬂethacrylic Acid 1.0
Styrene 2.0
2-Ethylhexyl Acrylate ! 5.0
Polyester B 67.3 (46.8 solid)
Charge #4
SOLVESSO 150 0.45
Di-t-Butylperoxide 0.026
Charge #5
SOLVESSO 150 ‘ 0.45
Di-t-Butylperoxide 0.026
Charge #6
SOLVESSO 150 . 0.45
Di-t-Butylperoxide - 0.026
Charge #7
SOLVESSO 150 | 0.45
Di-t-Butylperoxide 0.026
Charge #8
Xylene 8.7
[0045] Charge #1 was added to a 2 liter, 4 necked flask equipped with a motor

‘driven stainless steel stir blade, water-cooled condenser and a heating mantle with a
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Charqge #4 SOLVESSO 150 0.45 Di-t-Butyl peroxi de 0.026
Charae #5 SOLVESSO 150 0.45 D -t-Butyl peroxide 0.026
wGChersgs9i6 SOLVESSO 150 0.45 Di -t-Butyl per oxi dec®/u82@4/042226
Charqge #7 SOLVESSO 150 0.45 Di-t-Butyl peroxi de 0.026
Charge #8 Xylene 8.7 [0045] Charge #1 was added to a 2
thermdrﬁétgfFor‘llnéb?@(ﬂﬂo&éﬁ%%gﬁﬂ%‘rﬁﬂ?@[é@dﬁaac@c Hadfide/ EThe
starnféss steel "stir e, water-cooled condenser and
contents biethbiflagk wert Ineaved to @flbe ( hE0PE) e rAdiitiurectt @dargks d2g@mda# 3

tenperature feedback control deyice, The contents  of
were s{aic simultangpusin s santieledpverinras o AlRTitES Rdlions

were cgﬁﬁ{liﬂésth%?reﬁeﬁo#ﬁ/aw&d st psdoedrss P@;’rhgﬂg%.guéhé!r &4, 5, 6 and

nbued over three hours. Afte itions were
7 werectheplaeitied to tree mbdatd iorBGrasnutelidcramers0BftenChate #7 was

nut es. Char #4, 5, 6 and 7 re then adde th
added JhRiTire Nago oI gk 30 PtPeRdrmbuiS fias GRS a0 %06
Chargé¥#8&hs %&”@ed?" xture was held for 30 additional mnutes,
was cooled to 1300C and Charge #8 was added. Exanple 5
[0046] Acrylic Polyester Copolyner "C' was nade as
follows: Table 5 I ngredxampeGharae #1 Parts bv Wi ght
SCOLVESSO ,1%) 10..1 Eol uene :
lic Polyester

[0046] cry opolymerl8” %vas made as follows:
Table 5
Ingredients Charge #1 Parts by Weight
SOLVESSO 150 10.1
"1 Toluene : 10.1

Charge #2

Xylene ' 3.1

VAZO 67 | 2.0
Charge #3

Buty! Acrylate 12.0

Methacrylic Acid ' 1.0

Styrene » 6.0

2-Ethylhexyl Acrylate 4.0

2-Hydroxyethyl Acrylate ~ 11.2

Methyl Methacrylate 5.8

Polyester B i 14.4 (10.0 solid)

‘ Charge #4 :

Xylene 0.31

VAZO 67 | 0.10
Charge #5

Xylene | 8.7

[0047] Charge #1 was added to a 2 liter, 4 necked flask equipped with motor

driven stainless steel stir blade, water cooled condenser and a heating mantle with a
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Charae #2 Xylene 3.1 VAZO 67 2.0 Charqge #3 Butyl

Acrylate 12.0 Methacrylic Acid 1.0 Styrene 6.0
wa-2kislgddaexyl Acryl ate 4.0 2-Hydroxyet hyl Acrybarasio4/a42226

Met hyl Methacrylate 5.8 Polyester B 14.4 (10.0 solid)

Charae #4 Xyl ene 0.31 VAZO 67 0.10 Charqe #5 Xyl ene

6.7 10047 #1 dded _t ked
thermg gl ORI BAANION crraReaiiro dptiank aoskel deder dher
contelj% %?’ﬁhe ekl ecO R€d ?6”1§8‘l§’eﬁ‘ﬁaﬂgn%f M%QZ%OH o0

at her nomet er connected throu erature
mlnutefee)é«zihmﬁd kpohage #2 Vo, 18Dhminuded e‘wesnmmetéwlate‘rl after the

Add 190
il B Rl fiar Ehten dvendd o &@ﬁ%&@iﬂ»ﬁ{ £) Diiripg the
additioHsMtHee@n ftriure Wés%{ra%%ﬁ?iéa‘s@ﬁ Feli@t 8t £3589, CARer thEe

reacti on was hel d m nutes. During th
additiongdverieqrompletee. tmearqmtiamwas held ajtadtGfonoa nmméase@harge #4

ref | at 1380C. Aft addi tions
was tnERddeeivel T Blioulis Biiolved 8 obe PG NE R e C G gesin
was thiéh thiimetiVEth @HaR®R #5ahd Iletselbgs fol l owed by a one

hour hold at 1380C. The resin was then thinned with

Charge #5 and then cool ed. Exanple 6 [0048] Three

di fferent sanples were r by chargi ng copol yners
A, B, and C, prepared mmd in Exanples 3, 4

[0048}and 5 Tiesediflaraet samplat wvare girapatadlby charging copolymers A, B,
and C, prepared as described in Examples 3, 4 and 5 respectively, into individual
~ containers and mixing in the following ingredients in the order shown under ambient

conditions until homogeneous.

Table 6

Ingredient Sample 1 Sample 2 | Sample 3
Copolymer A 65.9 grams 0 0
Copolymer B 0 65.9 grams 0
Copolymer C 0 0 65.9 grams
Phenolic crosslinker® 2.8 2.8 2.8
Phenolic crosslinker* 8.3 8.3 8.3
Catalyst® 1.1 1.1 1.1
Wax dispersion® 3.3 "33 3.3
Solvent’ 9.3 9.3 9.3
Solvent® 9.3 9.3 9.3
Total 100 100 100

3 GPRI 7590 modified phenol-cresol-formaldehyde resin, from Georgia Pacsf ic.
HARZ 6572 LB para-t-butyl phenol-formaldehyde resin, from Bakelite.
. ® ADDITOL XK-406 solution of a cresol- -formaldehyde resin and phosphoric acid, from Solutia.
LUBA-PR!NT P1 solution of lanolin wax, from L.P. Bader & Co. GmbH.
. " DOWANOL PM Acetate, propylene acetate glycol monomethylether, from Dow Chemical.
_ SOLVESSO 150.
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containers and mxing in the following ingredients in

the order shown under anbient conditions until
woaozgassous. Tabl e 6 | ngredient Sanple 1 SanplkeTAS2004/042226

Sampl e 3 Copol ymer A 65.9 grans 0 0 Copolyner B 0 65.9

grams 0O Copol ymer C 0 O 65.9 grans Phenolic

crossl i nker 2.8 2.8 2.8 Phenolic crosslinker 4 8.3

[0049F 3 3. %ﬁkgél\%f? prepared by drawing Samniee <3 and @ coramsraially

avalla%ggeplggg‘{@ggfoﬁ%g%? g%g%u?’r nggfld]‘c’)?g 32548, o PP& IRddSH8S, inc.) |

over tig Imted -S(teejfiEIlAT-.Po)gstmlzetbagjtda #eswite-Wownd (Gelor theacoatings were
.. t t

bakedREHOE TSR INE . (0 SomG i BaERoRe WeroxbBimeR/san.

[0050]:)<K R L %h@%tsa/vérrg gdted Wf%%&)f@% ifg'dnd

hosphoric aci d rom ut1 a.
stampmj wedgaes (1.0 irminoby 4. Svaghed)r stamfing Baddookcan enGabdhd By

cravinggieon{ BYRENG 26,8 oM e Wi a1 ek iAdes ! drawing.

respeét@@ly[ me@@béﬂ&saw Heav @99& QHe P¥rcH AW BEatRRy RS
- a comercially avail abl e epoxy liner for food

remalmgra@Edmg@pag Xre beod cadifis 6@1* Pedoe hends) arg alangcthp drawn

lengtt ] clbB) BeP bR AR, o0 ReeHmPRSBER o ftGoured

currerﬂﬂ‘(lnuh/@;swéé d‘é@élﬁﬁned’ D&ingra WX O Gsrtaintes) riatir @b tainaRy forf-Wilkens-
in. [0050] The coated sheets were eval uated for

Anderwrésaomna&w ihg seemaPdRUSIng ast lagirHyteviadigtion ob(.0 grams of
S
poas o RabPAESt, oo GTNCEL AR AR o5 By 08By
sulfosumnesteaged 1600 dyraws rod wat s phet ras&dtancd:propwm@omedmated
t he ercet of, coatln remai ped .
StampE 0 A S N O OB a1 kY PP IREIG et o
three BbAMMULRAtEIBAM easuring their ability to resist current (stamped ends) and
cracking (drawn cups) after one hour in a sterilizer under 266°F / 30 psi conditions.
- The three simulants were tap water, a 1% by weight solution of sodium chloride in
tap water, and a 1% by weight solution of lactic acid in tap water. All of the results
are presented in Table 7.
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| engths (for cups) was determ ned. For the stanped 300

ends,

wWa00395204MACO enanel

Ander son Conpany)
sol ution of

5.4 grans of sodium chlori de,

r at

er

the nmeasured current (in md\) was determ ned
(obt ai ned from W | KeasAsS2004/042226
in 4 sec node using an electrolyte
7.0 grams of potassium ferrocyan urate,
0.5 grans of sodi um

sul fosucci nate, and 1000 apieifs of water. The

resistance—propegrtiessof—tt oatred-stanpet-ends—and
, drawn cups wer eEogg?gyfeE%{%“qué@pFrgces?ﬁ?ge 11{retSS eng)
—————fgq:ngt—n—t—hr-ee—. - i g struHant-s—and—reasur--ag—thelr
F'ex'b'lat i1 Sy to res|st current (stanped ends) dnd crackijng
1.. WedgdBana (Bupaok-af 86% one haag%in a [s326i [ zgr7agnder
free) 2660F / 30 psijconditions. The three sinullants were
2. EnaaiRatet &300a 1Pekya wei ghit2 gl ut 1 gy eia sodi|urp @Rl or ilde
ends (mMA) tap water, and a 1% by wei ght |sol ution jof |actig
3. 18 n6 DéaWmCLigio\\al e50% Al T of 1088 T esjidos, ar € [pfg@sented in
crack-fré@pl e 7. Tabl e J Comrercijal Sanple 1 Sanpl g 2 Sanpl g 3
4. 26 MR ORIy CEB (B! 1 | 100965t S| fooo¥eage Fmmg (6 [CToRoK- 89%
crack-fr@80 92% 73% free) 2. Enamel Rater| of 300 2 mA 2 mA |7
mMA ZOmMA ends (M) 3. 18 [mm Dr awn [Cup ( % 100% 100% 1j00%
ResistaHég%pegféq&ﬁ ree) 4. 26 Drawn qup (% 100% T00% 1q0%
mins W@;rack-fres) Resi st ance Tests. (60 mns@lSOC) 1.
1. Chah&@iﬂ%ah{élﬂa Raterof 300 ends tested|{im—a. ter
Rater ofl 360 entsEst8g M >200 mA
in:
a. water 1 mA 1 mA 6 mA >200 mA
b. 1% salt (aq.) 2mA 2 mA 7 mA >200 mA
c. 1% lactic acid (ag.) | 2 mA 2mA 20 mA >200 mA
2. 18 mm Drawn Cup (% '
crack-free) tested in:
a. water 100% 100% 100% 100%
b. 1% salt (aq.) 100% 100% 100% 100%
c. 1% lactic acid (aq.) | 100% 100% 100% 100%
3. 26 mm Drawn Cup (%
crack-free) tested in:
a. water 31% 100% 100% 19%
b. 1% salt (ag.) 38% 58% 100% 23%
- ¢. 1% lactic acid (aq.) | 46% 38% 100% 19%

[0051]

current, epoxy-containing food can liner. Sample 2 also had very good results,

As can be seen from Table 7, Sample 1 had better results than did a
especially acid resistance. Both Samples 1 and 2 had polyester to acrylic ratios of

about 70:30. Sample 3, which had a polyester to acrylic ratio of 20:80 demonstrates
that some flexibility can be lost with lower levels of polyester.
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b. 1%salt (aqg.) 2 M 2 mA 7 mA >200 nA c.

1%

| actic

acid (ag.) 2 mMA 2 mA 20nA >200 mA 2. 18 mm Drawn Cup

wO2oasranlas f r ee) t
b. 1% salt (aq

crack-free) test

ested in:

ed in:
1%salt (aq.) 38% 58%  BraltBley

[0052}6% 380613684 PoY&0E! wasmede dsdfoliees: from Tabl e 7,

Sanmple 1 had better

epoxy- cont ai ni ng

resu

|t
f ood ca@&&é

a. water
.) 100% 100% 100% 100% c.

r.

C.

100% 100% pODAS1OAHE2226

1%l actic acid
(aq.) 100% 100% 100% 100% 3. 26 mm Drawn Cup (%
31% 100% 100% 19% b.

than did a current,
Sanple 2 al so had

1% lactic acid (ag.)

aRYdRAE TeSUl R S e %E%i Y JCT B RERI Bot h
- a%ﬁees 1 and 2 g tio agré\j Y\Z}era |Js of
135U§/ﬂﬁnﬁGW@®'30 Sarrpl e 3, which had a palylester tlo
ratto—of26-80—denonstrates—thgt—some|
Ethylelﬁ“@yc |#I ity can be lost with | dwer | évels of
poI yester Exanpl e 7 Coabek2Pol yester PoI ymer "|C' was
as O} Fable—8—tner Heh ¥ #4 Parts
T I_l TauT © O U C C l u u.C
1.4- CVB©HC ﬁ“&ﬂ& P°§yn§utyl ene dycol 177. 1:2&7‘ | ene G ycol
Acd o, 4 C'“.ar ae—#2 ;,4 Syetl-ohexane ‘M*bf‘v"! e—259.6 Acid
Isophthalig Actthal i ¢ Aci df 107, 2 Mal ei Anbydr1l Z@ 18 Dibutyltin
Ma|6IC@(1h§j@fldb 19 :
Dibutyltin Oxide 1.19
Methyl Hydroquinone 0.054
Charge #3
Xylene 27.2
Charge #4
Xylene 188.7
[0053] Charge #1 was added to a round-bottomed, 4-necked flask equipped

with a motor driven stainless steel stir blade, a packed column connected to a water
cooled condenser and a heating mantle with a thermometer connected through a
temperature feed-back control device. The reaction mixture was heated to 125°C.
Charge #2 was added to the mixture and the resultant mixture was heated to react in
a nitrogen atmosphere. At 130°C, water generated by the esterification process
began to be collected. With continuous removal of water, heating continued to
200°C. The reaction temperature was maintained at 200°C until the distillation of
water began to significantly slow. The reaction mixture was cooled to 180°C, the
packed column replaced with a Dean-Stark and a nitrogen sparge was started.
Charge #3 was added and the reaction was heated to 195°C for 7 hours at which
time the acid value was less than 3.0 mg KOH/gram. The resin was cooled, thinned

with Charge #4, discharged and analyzed.
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Met hyl Hydroqui none 0.054 Charqge #3 Xyl ene 27.2 Charge

#4 Xylene 188.7 [0053] Charge # 1 was added to a
woawsdstapt omed, 4-necked fl ask equi pped with aCTmiSe04/042226
~driven stainless steel stir blade, a packed col um

connected to a water cool ed condenser and a heating

ntle_w tcg a thernoneter connected throug

[0054lenper zﬁ\‘nﬁr tewained 261d alve vas dévne KOWBéameﬁ'&@ WWOXY value
' at [

L e e

69. 9% rasaneamlegeny welghsmebea SAmi8 Bated et €F oomemmamﬁ b%alys;s
he esterification process began to be collected. Wth

of thecla?it"’fwa Sy Crerysiap 'laeama@léstyrmsﬁaﬁgatctsmshﬁwed the polymer to

rov 30A T REIS 98, ARG 245 ST RSSAGE RS

significantly slow. The reaction mxture was cooled to

1800C, the packed col umgypphia®ed with a Dean-Stark

and a nitrogen sparge was Started. Charge #3 was added
[0053dnd t hé pR¥eitrbaraiiaacitaeerplymer S6bEas prefarad @ssoliaws:

which tine the acid val umgl ess than 3.0 ng

KOH gram The resin was t hi nned with Charge

#4 Ingledsettar ged and arGiaygeet!. [OO‘E4ﬁ35Fhe)vdMélﬁﬁtm ed acid

———val-te—was—2— 1y KeH-gram—and—hydroxy—valde—was 20. 9
SOLVESSRPgr am The|det er i ned non! vol at $4. cont eht of
the resin was 609. 9% aha red{ by wei ght |oss|{of a

SOLV§§§@I1gOheat ed to{110C for hout . Anawéls of {he

£ At F R

ner; by GPC(using—tHinear—polystyrene—standar ds)
LUPE Ot r to have_ _an [ val ue-bf 10, 5, M
val ue of 2,798, and @haMa/#eh value of 3.6. Exapple 8

Butyi Adflael A pol yelslt‘(br-graft-acrylu c Copoi/yfrer T Was

14 as o T owWsT Tdbiegirlleumlub Char—ae # 1
2-HydigyelEy m‘f’ti‘?éuwﬁ‘i QL VESSO 150443 Ch

Methacrylic Acid ‘ 2.0
Styrene ‘ ‘ 12.1
2-Ethylhexyl Acrylate 8.1
Methyl Methacrylate 11.7
Polyester C 270.0 . |
Charge #4 '
LUPEROX 7M50 1.6
Xylene ‘ : 1.6
Charge #5
LUPEROX 7M50 1.6
Xylene : 1.6
Charge #6
SOLVESSO 150 ‘ 299

° LUPEROX 7M50 is a 50% (weight) solution of tert-butyl peroxyacetate in odorless mineral spirits,
from Atofina Chemicals Inc.

[0056] Charge #1 was added to a round-bottom, 4-necked flask equipped with
a motor driven stainless steel stir blade, water cooled condenser and a heating

. mantle with a thermometer connected through a temperature feed-back control
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SOLVESSO 150 19.6 LUPEROX 7Mb0 9 5.7 Charge #3 Butyl

Acryl ate 24.3 2-Hydroxyethyl Methacrylate 22.6
woRwdsassbi ¢ Acid 2.0 Styrene 12.1 2- Et hyl hexyPCT/US2004/042226

Acrylate 8.1 Methyl Methacrylate 11.7 Pol yester C

270.0 Char ae #4 LUPEROX 7Mb0 1.6 Xylene 1.6 Charae #5

oo PSRBT P Ll PR o

Chargesi2- snd #8 wese siartstesiaiuttaneouslpahd sonthied alesPhbufss, After
fromAtofina Chem cals Inc. [0056] Charge # 1 was

the adgdipag WereLABRIAK. Bt fegstion wascheld af 148%C éefithpénutast Bharge

[ i nl .I.I_hl ade ter
#4 waS BN 85 1 0 SOAURI 2058 58] o d e LEHREe #5 v
added! hefteroDiearge #5onasatiedd tthe onighura wRRSIH 366 ali@BEnSaalhutes,
control device. The contents of the flask were heated

then cpgladdp| 130°Caarsbehangedic wadiadded. of Charges #2 and #3

.Sj d ti d 3
[0os7her ° SHRF {ebih BRI AN FRSb¥0 2PRleBo e BRER AR adalagdynThe
deternwined Reidivaltie WHs@.D ong KO HYgRarheand Rhaross viafheeas BB Img
added_to the m xture and after 60 addifional m nutes

KOH/gragT- gEherdelgiaingdyren-valptier camanty the rosis wasdeid% ae

i xt ; | o _f i tiopal.~d nutes, then .
ess g\ FolE S o G PR LB GRRY Yo, W8 of e
polymer by GPC (using linear polystyrene standards) showed the polymer to have
an M,, value of 113,159, M, value of 3522, and an M,,/M, value of 32.1.

Example 9
[0058] Polyester “D” was prepared as follows:
Table 10
Ingredients Parts by Weight
" Charge #1 |
1,3-Butylene Glycol 217.3
Ethylene Glycol 42.3
Charge #2
1,4-Cyclohexanedicarboxylic 327.9
Acid
Isophthalic Acid 135.7
Maleic Anhydride : 22.4
Dibutyltin Oxide , 1.49
Methyl Hydroquinone 0.067
Charge #3
Xylene . 33.9
Charge #4
Xylene 241.2
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[0057] The reaction product was then cool ed,

di scharged and anal yzed. The determ ned acid val ue was
wWa 2205089 OH gr am  and hydroxy val ue was 35. 8 nmgCT/US2004/042226

KOH gram The determ ned non-vol atile content of the

resin was 59. 3% as neasured by weight |oss of a sanple

eated.to 1100C faor, .1 hour. | ysis of the pal yner by
100595e (chAgeit har 20aPy 36 ionadoliaedi ¢y nakeRateskisautped
. r-
with SELUTERER e Rl ebigoc) opdRed Bl o water
cooledpobpeensar and'a heatingr mwpatie avithsa theronsste Tadrreecitéd through a

tompasp S TeSitbaK Gt druice i re2algh ehiee wa hoaled 1 125°C.

| i . ( ] . .
Charg #f2 S SROBYID B PRI Ahd I oy aAE Pun BBt [Bgtet fo fgact in
a nitrdgenhgtindsptemg uAntBeeO) waidr Givasratediy td esteriffchtidn@recess

#4 Xyl ene 241.2 0059,19 Charge #1 was added to a
begaf}%‘?’%c%'lﬁqt?ﬁm\é’,' AORERRYS Feraskalef i ape doating cantiptast to -
200 TAE R AL EBS e P B RAER AP wiRligion o

water @hh 8o Wignficanti el ITEL € Fe QRS RMAS M PESHed to 180°C, the
tenperature feed-back control device. The reaction

packegi Galume repleced wited PeanBiads amhamieogen spargadrsistaded.
Cha‘rgtregﬁ%Wa)ﬁ(f?%rd%d %rﬁ% t‘hg ?’eé&nso%l &VSQ Ewea.e)g tlcj)rf%wasfop?%to%gs taP which
time the acid value was less than 4.0 mg KOH/gram. The resin was cooled, thinned
with Charge #4, discharged and analyzed. ,

[0060] The determined acid value was 3.8 mg KOH/gram, and hydroxy value
was 22.9 mg KOH/gram. The determined non-volatile content of the resin was
70.0% as measured by weight loss of a safﬁple heated to 110°C for 1 hour. Analysis
of the polymer by GPC (using linear polystyrene standards) showed the polymer to
have an M,, value of 16,672, M;, value of 3,972, and an My/M, value of 3.7.

Example 10
[0061] Formulations were prepared using the compositions listed in below in

Table 11. The ingredients were added to a paint can, while being agitated with a
Cowles blade. The formulated paints were then further mixed to insure

hdmogeneity.
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a nitrogen atnosphere. At 1300C, water generated by

the esterification process began to be collected. Wth
woanisiosenass renoval of water, heating conti nueBCTas2004/042226

2000C. The reaction tenperature was naintai ned at

2000C until the distillation of water began to
~significantly slow The reaction m xture was cooled to

1800C, the packed col umﬁ@ﬁl_ﬁced with a Dean-Stark

(f an utlugc_n $Parge was blar—%@%—%\t%@ﬁ #3 Was added

an-_@i@éﬁ?ﬁeactl ol was heat ed tob hours at
which tine the acid valgggnpies | ess than 4. 8affple 5

KOH gram The resin was cooled, thi mned with Ch

Copolymer Wi"schar ged dnd anal y@é@ [ 0060] |The det ePhbned

S—3—8—g—KOHgram—andhydroxy igl'gue Wars

Polyesier $rrg KOH gram The determi ned non-vol atil e €ont ent

heno‘HE ré{;ﬁwr e€sin wag /0.0% asg geasured by wel ght 1pgss of a
e_heated to 1100C for 1 hour. Analysis of the

Catalypd ymer by GPC (usi ng I i riear poI ystyrene st aridar ds)

cshownd tho Nnalvwnyr + A hava on Ay oy a - ~f 1 —Iﬂ AMa
DTHFVVC T 11T Oyt BF LuﬁlavU <l IVIIV V(J.I te—o01 J.U \OJy A VI

Siloxapg|‘ue of 3,972, |and an MA@Wn value of 3.7. BAhple 10

Wax d*%)képs% qEOrmularifons Were ppepar ed using the 4g
ositions listed in below in Tablle 11. The

Solventffgr edi ents were added t .6 paint can,. whil e G@i ng

Litatad with alCowec hl adan Thao f A | ad Pt o
L1 "2 A A LML B B ~ S A = A A B VXU B v ) o 3 v ) w2 T ILI Ilul ul. Cu |J IIILO

oo
Solvemjer e then further nixed tb’insure hgnogenei ty able 11

SolvendT EdrentPart§ bV Vi qhif sSanpl € 4 1Sanpl e 5 £pol ymer
"C' 68.8 51.6 Pol yester " 15.8 Phenolic resin_10 8.3

XylenQZ 5 Catalyst 11 3.2 3.2 Hifl oxane 12 0.1 0.1 2Mx

dispersi-on-13-410 40 Solvent 14--6-66-6-Selvent

1
| i A4 T O OUT TV OTTIC =T I OT VOoTTl L
F—F—3—F
'° BAKELITE 6608 phenolic resin solution, from Bakelite AG.
" ADDITOL XK-4086.
2 BYK 310 modified polydimethylsiloxane, from Byk Chemie.
3 LUBA-PRINT P1.
'* DOWANOL PM acetate.
'S SOLVESSO 150.

'® SOLVESSO 100 is mixture of hydrocarbons, from Exxon Chemical America.

[
J

[0062] Coatings were applied to tin-plated steel coupons using a wire-bound
barf. The coatings were‘applied at a dry film weight of 6 grams per m2. After
application the coated coupons were baked at a 200°C peak metal temperature for
10 minutes. The cured coated coupons were then stamped into 300 size food can
ends or drawn into various depth cups. The results of the testing of the can ends

and cups are shown below in Table 12.
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Solvent 16 4.5 4.5 Xylene 2.1 2.1 10 BAKELI TE 6608

phenolic resin solution,

from Bakelite AG

ADDI TCL

waKeosd890442 BYK 310 nodi fi ed pol ydi net hyl si | oxaaeuskeoany2226

Byk Chemi e. 13 LUBA-PRINT P1. 14 DOMNOL PM acet at e.

15 SOLVESSO 150. 16 SOLVESSO 100 is m xture of

hydr ocar bons, from Exxo eml cal Anerica. [0062]

Coati ngs were applied tM| ated steel coupons

using a W re-pound bar. The foati ngs WEf € appi redjat a

dry fil'mweight of 6 granms p r% Afﬁer appl i catijon ‘

t he c@akdoy Poppdies wer e bakeE o C sasiplet 3l Sample 5

tenperature for 10 ninutes. [he EA9X¥d cpat ed coupans

were then stanped into 300 s{ze food cah ends_or drawn
MEK Dbultle Rubs' ous depth cups. The|resubps of| t he teesting of 50
WedgelBtidFaek @ esciaftde)cups are shpwn peyow 1 h Tabhos 88%
Resusta]a@e?@&h G’Ln?,,m t1|3@q3Ffr opertl es Conmercl ar barrpl €
GenergPRaterof 306753p Yedtt RUDS L7~ TUUT6 =0

fa Y mila VA Yeo) H + oo faTl
el e e TS A o (7 2amA
*|After 13G5C/ {hain 6 2alhaguepin spinana Af { er *4:AMA 1hy | 10-4WAsallr +0.9mA

After 1300 B0 |chric 2dd dgueot@.sbimA 0. 90BMAF t ef 1808hHAhr {i n +1.5mA
After 1364CHHr i @g?&tlgaag%%gé SAM- | 0+ Paharl. P gdma™ | +0.7mA
18mma\ x r]e ‘{g‘,tgalnj‘b dLI U HQUBUU bi)l L ‘l'J. LI-III-\
Initial ILj.;::Ia! QQ Vo1 ]‘Lglr:w 113n0/,\r/\\;rzf 13%; i C:{)%OQ“A;: T IT100%
After 130§ i salt aq od Af t 0% 30 1hr'0P% 1% 100%
After 130°Crihe inath ditdgaisd Bgusis3olinl 0% 11W0% 10026  100% 100%
After 130°C/1hr in 1% lactic acid agueous soln, 100% © 100% 100%
26mm drawn cups (% crack-free) tested in:
Initial 46% 100% 100%
After 130°C/1hr in 1% salt aqueous soln. 46% 46% 46%
After 130°C/1hr in 1% citric acid aqueous soln. 38% 35% 38%
After 130°C/1hr in 1% lactic acid aqueous soln. 35% 38% 38%

"7 A rag saturated with MEK solvent was rubbed back and forth over the face of the coating using an
index finger. The rag was re-saturated every 25 rubs, with one back and forth cycle equaling one rub.
The number in Table 12 reflects the rub number at which a break in the coating to the metal substrate

was observed.

[0063]

As demonstrated in Table 12, the compositions of the present invention

have comparable performance to a commercially available epoxy-containing coating.

[0064]

Whereas particular embodiments of this invention have been described

above for purposes of illustration, it will be evident to those skilled in the art that

numerous variations of the details of the present invention may be made wnthout

departing from the invention as defined in the appended claims.
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After 130C/ 1hr in 1%l actic acid aqueous soln. 100%
100% 100% 26nmm drawn cups (% crack-free) tested in:
wOnasiaPo446% 100% 100% After 130C 1hr in 1% salPCT/US2004/042226
aqueous soln. 46% 46% 46% After 130C/ 1hr in 1%citric
acid aqueous soln. 38% 35% 38% After 130C/ lhr in 1%
[ I eous soln. 35% 38% 38% 17 A rag

THE%@?@%@@ &}'?‘WI\/EK sol vent was rubbed back and forth

over the face of the coating using an index finger.

The a8, difod S BERAg BUSICAR Edifarsiith one back

and fort e equali'ng”one Tub. er in Table

12 ref [@ct satputyestdr/anmiegraditcogoiyehea break in the

coating to the netal substrate was observed. [0063] As
denonsttat ed RONEEAH| "€ST% anflhe conpositions of the

presen c)i NV g e SU7; n%%/_e conpar abl e performance to a
conmer ci‘al |y aval In e epoxy-containing coating.

[ 0064] Whereas particul ar enbodi ments of this

| B ust TR ¢ CREn dy hier i 6° PRGBSV B TRl

copolyRferdiak thakn/lb TREMRLP to/ el plyedisy, of the details of the
present i1 nvention may be rmade w thout departing from

the invention as defined in the appended

cl,ai ms -THEREFORE. W\E IM, 1. A.c osi.tion, for.

cGat | ndNFGSTPETIRY WorBIT dr TG NNE BRlies Bl asicaratt o
copoyhadrthagane bylyekier (Jeafted Roiheesdrific.resin; and (c) a

crosslinker. 2. The conposition of Caim1, wherein

the pol yester/acrylic graft copolynmer has the acrylic

9531 | eGP IBRLN SR e IATRBRESI, fle G 2l m

1, "wherern er/facrylic opolyner has

polyelster/po)licasbt cogohiards unsatoeatadrylic. 4. The
conposition of Claim1, wherein the polyester in the
pol yester/acrylic graft copolynmer is unsaturated. 5.

The COﬂ”ﬂ@%oHdHéitqu & G, W%?éiﬁitﬁe&ﬂ@e@fgrxﬁﬂ@r in
the polyester/acrylic graft copolyne onprises mal eic
- polyeatarthooylicayraff dopdiynsercontyeises mydle acid or anhydride and the acrylic

copolymer comprises styrene.

6. The composition of Claim 1, wherein the polyester in the
polyester/acrylic graft copolymer has a hydroxy value of 0 to 200 and an acid vaiue
of less than 10.

7. The composition of Claim 6, wherein the polyester in the
polyester/acrylic graft copolymer has a hydroxy value of 30 to 70 and an acid value

of less than 5.

8. The composition of Claim 1, wherein the graft copolymer has a weight
average molecular weight of 3000 to 250,000.
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copol ymer conprises styrene. 6. The conposition of
Caiml1, wherein the polyester in the

woabosaseop/ acryl i c graft copol ymer has a hydr orgTAaUBRAG/042226
of 0 to 200 and an acid value of less than 10. 7. The
conposition of Claim®6, wherein the polyester in the
pol yester/acrylic graft copol yner, has hydr oxy  val ue .
B 5676 cromeritiomob Amyamiisran the otef RANOHES nif aeight
0 I £ d-Qhki ' pepn the graft copol ymer
averadt;ea@%gé%\%élr%@ﬁt & 60 Gbd 1o 156

average nol ecul ar wei ght of 3000 to
250, 000. 9. The conposition of Caim1, wherein the

0 60 TS AP aIAI0B0 1D, T MRS E BRI 08 oy o 1.
polyes‘f‘é\%ﬁlfb ér‘é‘ﬁ dﬁﬁé@é%mariééﬁhe%M@tﬁrﬁp/o@@wb« tsutgredibl,
copo me co

ri'ses the reaction product of o

ethyleheigheljicgtiohekaye d'rmrlgi)gyﬁoIapldcjﬁapgﬁlﬁllﬁr@ldjﬁ@@[pbmm@md ,
acid, isophthalic acid and/or maleic acid and/or

and/or@iMydFifBe. 11. The conposition of Claim1, wherein the
acrylic in the polyester/acrylic graft copol ynmer
conprises styrene, butyl acrylate,

Myidr oxhre Gyrhpasiting of Cdiae b, wharsi hexaardis i the olegicsracrylic

t i id, 12. i '
oot BB e, SO ST PO by
ethylnBRPakyERE HaMHhegachtiyere, butyl acrylate,

hydr oxyet hyl (et h) acryl ate, ethyl hexyl acryl ate and/ or
met hacrylic acid. 13. The conposition of Caiml,

rei ' L ihGhen the
oS The BFEsABh T B0, BRI L on
polyeﬂélr/&@ii@gﬂa'ﬁ coystyeien cgrlmprim gﬁyterrealthumyl @‘C_rylat;aé i
pol yestepacrylic i e gra (of0) ymer is.70: 30. .
hydro’f}‘%%kf'@'ﬁﬁ ?@%’lﬂﬁe-ﬁtﬂﬂlﬁ‘ﬁf QW[%@PB&{ W%@at?%%ﬁﬁeker i's
or is derived fromnelam ne. 16. The conposition of
Claim1l, wherein the crosslinker is or is derived from

a13.esollee compaisiionari@laim dewhewin thesweight &difo ehat does

po|yegt%tr:agr(§/ ut: ?rI\ {%ebérsa?thc%r[])%llynéér is 95:5 to 20:80.

14.  The composition of Claim 13, wherein the weight ratio of
pdlyester:acrylic in the graft copolymer is 70:30.

15.  The composition of Claim 1, wherein the crosslinker is or is derived

from melamine.

16.  The composition of Claim 1, wherein the crosslinker is or is derived

from a resble, novalac and/or derivatives thereof that does not contain bisphenol A.
17.  The composition of Claim 1, wherein the polyester resin comprises the
reaction product of butanediol, ethylene glycol, cyclohexane dicarboxylic acid,

isophthalic acid and/or maleic acid and/or anhydride.
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17. The conposition of Claim1l, wherein the polyester

resin conprises the reaction product of butanediol,
webtslssao gl ycol , cycl ohexane di carboxyl i c aci 8CT/US2004/042226

i sopht halic acid and/or maleic acid and/or

anhydride. 18. The conposition of Caim1, wherein the

pol yester resin is saturated. 19. The conposition of

Claim1, wherein the polyester resin is unsaturated. :

£29. Thiee conpositibh@f Ciinl avherkin titeepelyesteh esqimisysattrmated.

resin and the polyester in the graft copolynmer have

t he sanme conposition. 21. The conposition of C aim 20,

ﬁ@er e Egﬁggglt%ﬂ% @laiﬁf?{\ﬂh&%‘fn thdlp I?@§te¥"?é§mst unsaturated.

erage  no ar wei g an the polyester in the
graft copolyner. 22. The conposition of Caim1l,

&3p01 Jhe eomeositos afTatt sanBEN Fie BoukRet Pes 8 Pl
polyesttgg # meﬁaﬁ%ﬁﬁynn‘é‘?rtﬂﬁe"’tﬁé 3Rne ﬁémgoﬁ’iiioﬁ,m yester resin

gra copol I's 25:75. 24. nmet hod for coating
a food can conprising applying to the can the

[ ti f . daim,l. .. The. I 1] . IR
B0 Tht oy i 35 PRGBSI EHEP 8 Pl o
weight N8rRR MBR@Iarvaaihit tREATG plyaBleiig trangidr capolyrdér. The
conposition of daim1l1, wherein the conposition I's

substantially epoxy free.
22.  The composition of Claim 1, wherein the weight ratio of polyester resin

to graft copolymer is 5:95 to 35:65.

23.  The composition of Claim 22, wherein the weight ratio of polyester

resin to graft copolymer is 25:75.

24. A method for coating a food can comprising applying to the can the

composition of Claim 1.

25.  The composition of Claim 1, wherein the polyester in the graft

copolymer and the polyester resin comprise maleic anhydride.

26. The composition of Claim 1, wherein the composition is substantially

epoxy free.
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