COVPCSI TI ONS AND METHODS FOR COATI NG FOOD CANS  FI ELD
OF THE | NVENTI ON [ 0002] The present invention rel ates
to conpositions and nethods for coating netal. Mre
specifically, the present invention relates to
conpositions and nethods for coating food cans,
wherein the coating conpositions conprise pol yester
and cuMpPOSITIONS ARCSMEPACIIREORCCOATIVE FOYBNIAIS!
[ 0003] The application of varrous treatnent 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 | ead to corrosion of the
netal container, which can then - contam nate the food
or beverage. This is particularlﬁ irue when t he
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having a high salt content. [0004] Various
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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 containing 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 heaith effects.



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

there is a need for food and beverage can liners that
are virtually free from BADGE, epoxy and vinyl

products. SUVMARY OF THE | NVENTI ON [ 0005] The present
invention is directed to conpositions and net hods for
coating the inside of food cans. The term "food cans”
is used herein to refer to cans, containers or any
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DETAILED DESCRIPTION OF THE INVENTION
[0007] The present invention is directed to compositions for coating food cans -

comprising an acrytic copblymer, 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".
"Epoxy-free" nmeans that the polyester, acrylic, and
every other portion of the conposition are free from
oxirane rings or residues of oxirane rings; bisphenol
A, BADGE or adducts of BADGE; and/or polyvinylchloride
or related halide-containing vinyl polyners. [0010]
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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 neopentyl glycol,
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unsaturated. While any unsaturated polyester can be used according to the present
invention, a particularly suitable polyester is formed from butanediol, ethylene glycol,
cyclohexane dicarboxylic acld, 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 anh_ydrides of
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t hese acids can al so be used instead of or in addition
to mal ei ¢ anhydride to produce polyesters that also
have conponents particularly suitable for graft
pronotion. In certain instances, the pol yester of
this enbodinent is also particularly desirable, as

all of the conponents of the polyester are approved by
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methacrylate and acrylate. A particularly suitable acrylic copolymer is formed with
styrens, butyl acrylate, ethylhexyl acrylate and methacrylic acid, either alone or in
_further combination with hydroxyethyl methacrylate and methyimethacrylate. Again,
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further conbination with hydroxyethyl nethacryl ate and
nmet hyl net hacryl ate. Again, -5 in certain instances
this acrylic copol yner conprises conponents approved
by the FDA for.use with food cans, and listed on
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[0020] Another method by which the polyester and acrylate copalymer 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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be formed using techniques standard in the art. The
terns "polyester/acrylic graft copolyner" or sinply
"graft copolynmer"” are used herein to refer both to
graft .copolyners wherein polyester is grafted to
acrylic and wherein acrylic is grafted to -6
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thege Wilkle seme z@eathaowﬁteﬁemwrn neatoATAIa %P%PCM%’BHEG
sol[:%c)r? 3%11&36% A Héf the %%P?ﬁg rc%BbI?Fn%F' ahé %Iy@@ieﬁ WAl Graly Howelker, to

are o exanpl €s of two conponents
compahbmael the (wo motroal @ﬁomngtittl@pwe@ers he normal |y

[06@? onpat IE@%&I%{% reEiated ﬁﬁgnﬁﬂgj%%ﬂ]@ gh?‘éﬁﬁﬁtg@@r\é grd\@fered as

[imt r conpounds
exmbﬁ/sam twal corsiponents teatavil prommel Igeaftiggl beteamdhie mpormally

neopRRB rEbitersnp fighar e i ERNEE LSt sbiBytesd it Sofippuncs
such as fumaric acid/anhydride or itaconic acid/anhydride may be incorporated into a
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 fo
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 prodgct can gel or be otherwise
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pronote grafting between the polyester and acrylic can
al so be used. Any group of conpounds can be used for
this purpose. Al of these conmpounds are referred to
herein as "graft. pronoting conponents”. The anount of
graft pronoting conponent used in each of the

pol yester and/or acrylate portions can affect the
final product. If too much of these conponents are

‘unumda Tlﬁaegmftqﬂ‘unbtmgnogtpbnemskshoolﬁhaemfare be?usmuﬁahlanount
The graf r onoy. gn]éonents sgoul ref
offeflivg o te GaTting but paltoicause aehing P@“ wgs d be

effdtfd IPaIRAER @Wéstérgand%w% SEIFheisne bﬂwﬂﬁ&ad&% 1n the maleic
effected to al l'ow t he g@éﬁster and acryl ate pol yners

anhyglrige/stoamexamele, vsual weight penegar mal@ﬁcswgtm 8rte 30 weight
I ty

perBEiRiiEne cBl B deed, bitn dyeifibeiodt bERR) ot Shiind et of the
polpesterand thelwgghtaafdhe anryt[bl,e'emcgmlyof the polyester
: t he acr S

1003AE ' e A of g b o il FREl ooy ap80r g o
25@Owgsggh%0rdmab&5tc5b O?@éo&%%?)ﬂ?%r?{%%ﬂgﬂﬁO %%mms E_II_JODOO

or from abo 0
[ooﬁfght (e weight ’&S splypSteptoaeryis in'the, 9f%£%q°i¥+er B%"d or
net@.@ﬁ@'c\éﬁ%ry WIdRRA KYr ex@fiph®the pSF?Bst‘éﬂfd/adWﬂ:e}a‘t’ o n’FtHe gt;raft
exanp pol yester to acrylic ratio int

COFLQMBE& h&ﬂd cg'whmordsr carefangeltons 8f:Srtarkeda. rl@hﬁg gegn figtermuned
thaﬁ? \ﬁ/g]%/thé a“?o%n? ngb@&étslf e QOmbBQi?I?H %lk’éﬁ@:t ilﬁb:aﬁ\BBHFBf

ester COﬂpOSIt on w anount
flexithilityf Iﬁeyxarhctulatlysusmmmratlomf Inalyiegtes to acylieintaeigrafd topolymer, .

SRR A B S PR 10, S s
relé‘t&eﬁmem plodgicy st still hed suiiabid acid resistbhes. PVbent pdlyester
el SR A SRR S0 i b v
gra‘ﬁh;‘i‘;p\UEﬂn%}tw;ﬂ Bbia8 d@‘sc%&d’ &ﬁév%f THb whight &f plfestértebiv g graft

be as descri bed above. The wei %Qt of pol yester

°°"‘é“"ﬂr‘f’“* typialy bacBRBItg GBIOSEN 8985 By ho 535 10
03| ﬁﬁp ?er?tﬁ:h Jsﬁlongqmrcsﬂﬁarﬂg%sﬁl%ble rosslinker. A

er conprise a sultable cross
su:mblesqnossIMker cabs |d|etaremnauhlnaseg upondheinaeds bad deasitgsoef the

L u de,
usdrofnG SR RINE, &7 2rpfib € mddfing 3pkerRA. BAERhPRA
crossliriets. idelamind/etosslimers answidehkensmaroéallyi adallable, such as from

co i.al l
CyiRfdatnegs o e CYBELTi0E T5o0 F2p: 487 eng 755 Prengle 570,
croBBIRTkerd hclugeOfP bkaikples nbisladk] fesdied, apagphenohay Phaaslic
resol es, and bi sphenol A Phenol i ¢
resoles that are not derived from bisphenol 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
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resol es that are not derived from bi sphenol A are

particularly suitable for use on food cans. One

enbodi ment of the present invention specifically

excl udes NCO group free crosslinkabl e urethane resins

fromthe conposition. [0027] The conpositions of the

present invention nay al so conprise a solvent either

i ntroduced through the acrylic and/or polyester
acet6REPaNE dibasicBistdrablich asdireethgl esters lafi ddipis ghitaric ghd/swdcinic

ethers, glycols, ketones, aromatic and aliphatic
EUdﬁydrocarbons al cohols and the like. Particularly
[ooz%il t abl PhRESpYEIRIR DS th P@ebﬁnmgémw cAMAISETBEHMAIn anySother

etates, and dibasic esters such as dinethyl esters

conmmtuaual;ﬂdﬂltlvgs sueh pe plaTerisCOIoNREts, waxes ulrsapts defoemers,

L QN {
werERIRET, FEaRors, RFUREF SR Sl AfY pf R r U Rl
catabst cambe snsedvab?aﬂgculadb prefarred forfobd aar ppplicaliens aregphOSphonc

lasticizets. fartifiers and catal ysts. Any
ac’drﬁq'}ﬁiecﬁ% glrbcg@pp%ﬁpliorg%iaﬂd catal yst can be used.
[oo rei CUTﬂféallyPﬂl'\@f |tibﬂ|§ af® ptbpaest spps tabe betvezearabout 30
osphoric acid ci.d

and ROOYIPRAPR slS. o le e e ot by e kiRl i the art
as 1ﬁcgucf4&%§6&l¥v\mﬁnﬁg3m5 polestitesin, theigaw c@ﬁlfagént c&&ishm&ars,

be under'st ood by those skilled in th
catalysts, asheriagditives agd i tike: e embodieents Fouatning P‘%J%?-ﬁef resin

e T o
conparsttt embodisients lackiagithe palyester rebis. Jitis was pmdytagesult in -
filmgh bggﬁé gfﬂ g{)iieﬁa[gg ﬁ%@% ﬁgﬁ Z\réql'fe? q'lg%tﬂb%‘? goﬁﬁ%rﬁigg@ fAELBility.

yester resi
[oodojund tphe 9sesleht invention issurtrearidivgcteddo ermethbdémcoatlng food

cant OTPHPRDEPPIISUIEN! 1 SORPRSEARe PRUERERAROTS 1 e Red con

Mor@'srlg Efﬂ%&’u;} ﬂxe%e%H&@ut’bﬂé coaphikae p‘ométercmac@wmpmymgr

'yl ng he conpositions described abov ?
optnoh@lyfa)pdlyesiﬁf resrm ﬁ@f?,%félﬂkﬁ?f 6Re Py Mare 8QleR!s ANG L ioplly one or
o) { d
mo TRk BOKEE, e A EREYAdFaciRY R mer can be made
compatnblwtw mmeaamdemtbedm@bw suefe a8 psinglendinghieshpinges

' d Th
B
desdababhéres dT htgcdalmbmomwsmoh rawvbe applibe tathie, food can by any
meamITLI tha PTNSh A5doL Foaig ARATING: S g fbpeaige. il be
appriTeaithatdsr tharpibe Rl dapd, the doating adiktypieallyolye sprayed after
the can is made. For three-piece food cans, on the other hand, a coil or sheet will

| typically be roli 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. 9
seconds to 2 minutes) at high heat (i.e. 485°F peak metal temperature); for coated



means known in the art such as roll coating, spraying,
and el ectrocoating. It will be appreciated that for

t wo- pi ece 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 wll
typically be roll coated with one or nore of the
present conpositions first and then the can will be

metfapshﬁaﬂs cl r@Q§ anc%il* ®ingapple. datminotes) bet atdawertgmpsratines (i.e.
Cure is efftected by nethods standard in the
400acpea|ltmet%'6¢'lnp€@é‘i"ﬁhg this Is typically a short dwell

[00:‘22;"‘e (i gfuy n%teﬁé? 1386 for'tRe forfidtish &% fodd cdﬁs%nftféﬂfee(ted e.

F. pe netal tenperature); for coated -

accetging to thapeesent methadsl |F§art|@ui@af syitable sq@trﬁwa@gge nplated
t 400F k metal -

stedt b EF S ptael B SRR Bel er 1 ol Lsed for the

[0033]r mat | The ebafimpcoithe prasant ineenticratardbe appiteddliregty to the

st G508 3P0orFeakaa e of oo 8 bigh SehBR S e st in

addRionC Ko Rbalifgh wdetiab bel 4Rt oWBﬁtoPQﬁtthmctsatmbstubed pr theamesent
i nvention can be applied directly to the steel,

mefiipfifout any pretreatment or adhesive aid being added
[00%@ t he g edo&ﬁlbns bf‘the%?@!séﬂt%enﬂ@n ®RFbIN ﬁﬁ d@@iﬁéﬁ beth in

he coatlngs used in
the prwewftﬂexrbﬂ!tthénl@ ampoesaqancme Sighifisgstly.ithese WﬁU%ﬁh%a" be
ocrh B30l ATYETHAF, PAREARARALTE G nBobiidbs dobRy, ovcisa
gro@usgamcmrmdw;ane nhgsmamdwbmanmmvws aiclerivatives air residyes of

free c tio
anvgligse Grecdie. . e Aot teniOs pldHes e desirable
corhddititisGmit bihotg foricorting wodCWNsywhlch@/onﬂr per@maues and
any of these co ound Thu pres 4 |on
e d%ﬁ%ﬁ &qF &9 'EQ%?'F '
h f oy SinebrosaRard e o,
[ooﬁﬁjjhOdS I A di8Athe %réééﬁtﬂnr&éﬁﬁon ﬁl@:vmsamhddw%omﬁaﬂmwmg

I ssues raised coati ngs an

a pmgeat@dsnd epcacnéld Thewmeém qreeimusw\d a'a«am%mcwﬂe for
o3 B0 R0 5 55 R RSR Bo EAIRbbhhit s
graﬁlc&pbmmﬂlzatmvef amalcryhu:dmtda pdlmstene&rampq)lgesteh@tg aa aegrylic. -
[ooggbocry srqqu%d%%ﬁulé\h&@l%gs; %8’8%]3% Xple é@@l I?J%#ﬂgﬁ %{Innumpers such

as ﬂ%hﬁ:éxﬁre@% Values, m@beramt:uatsmlpyasangesnnay baread as if
acrylic e

prefastitseihe asa oAU eV tH T dodh e 25 L5 p8S. 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 ofigomers 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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as those expressing val ues, ranges,
percentages nmay be read as if
"about", even if the term does not expressly appear.
Any nunerical range recited herein is intended to

i nclude all sub-ranges subsunmed therein. Plural
enconpasses singular and vice versa. Al so, as used.
herein, the term "polyner"” is neant to refer to
ol i goners and both honopol yner's and copol yners;

the prefix "poly" refers.to t or nore. EXAMPLES
[0037] The fol | owi ng exh@@éﬁre i nt ended to

amounts or
prefaced by the word

| [ooédg' ust r pheettaf PoMRItAORas Aidle s8RHbWs:NOt be construed
a
[ 0038] Pol yester

limting the I'nvention_in any way.
Pol ymer

-10 Exanple 1

s made as foll ows:

Tedient

2 wegregient

3- Propd

e
Parts—1

s—Cha £
; 'Q%réel#*
nedi ol £t hyl en

Y VR by Weight

2-Mdthy~1-3Reapendlial|

3.
P a v ate ¥ w

6 Terephthalic Aci

e AQAYEnQ
B-butyltin

BRI Che 0.54 |

| d

D] [ L A
C #Z2 TOUPTIUTIAar 'L AU

nol 0.018 Charge #

d 7.1
o370 -{v@‘leic

3 Xvlene 0.81

1,6-Ainmng®ici4 Xyl ene 5.

o litor 4 - noclkod

8 [0039] Charge 4

ol ot

1 was add®d to a

Terephileli 88 steel st

a RPN BN A
aSK—egthpPPpet—wWrT

bl ade, a packed

£
1
[

I
r

aotot gdriven
col unm_connect ed

Dibuty@ireOMaé er - cool ed
L a-thernonete

octad t+ heoniah

condenser and a hq

ating neh@3¥%e with

L la¥aVa)
SO

oy
I CA

A A Charge #2

|sophthalic Acid 3.0
Maleic Anhydride 0.54
jonol 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—coqled

condenser and a heating mantle with a thermometer connected through a

temperature feedback control device. The reaction mixture was 'heat.ed 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 hoid, 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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tenperature feedback control
m xture was' heated to 195C for
time 1.3 parts water

devi ce.

distilled off..

The reaction
si X hours during which
The m xture was

cooled briefly to 180C, Charge #2 was added and the
m xture again heated at 195C for

this hold,
added; the

f our hours.

After
the reaction was cool ed. Charge #3 was

\ packed col umm repl aced with a Dean- Stark,
and the m xture heated Elam%_%x (1900). Heating

04GR o " it

sol ution was | ess than 1.T5ble;_tme m xture

i 29

h additional
Val ue of the
was cooled to

- anpl e
2 [ ORgPedidned yest er bol yEBEI9 Bl \\ad rpais bysVéight! ows: -
€ ngredi ents|{Charge #1 Parts by ght 1} 3- But
lﬂ-@\gﬁﬂ@ 100t hlepe—Gyeoi—33--0 1u.arge#2 :
Ethylénd Sl ohexaned| carboxylic 14.5 1Acid I3 hthallc
AC| d 6 O Mal ei c Anwydr Ha‘gaafa Dijbutyl tin Oxi de| 0. 067
Yotre 6—0629—Charge #3—Xtene—15
l-;a%?ﬁé’?“&ﬂﬁ%{ﬁf”gﬁ% 10]8 [0041] Charde #1 el added| to a
Hter—4ecked—HHask—equipped-wtir—a motor —dfi ven
|3°Pbthdlcﬁﬂq§*ss steel stig blade  a pac : ect ed
MaldiCarhyd@eer - cool ed ¢ondenser and g heatiing mantle with

—a TNernoneter conne¢ted through a | tenpe ure
Dib coht+ol—deyice—Fhe-+eactioR—Aioctre—web
MetHyeB{dRoguirong25C. 0.0029
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 155°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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Charge #2 was added to the m xture and then heated to
155C. Distillation of water began and continued for
3.5 hours. The tenperature was Increased to 175C for
90 mnutes and then to 195C for four hours. The
reaction tenperature was increased to 200C for 3.5
hours where the distillation of water began to
significantly slow. The reaction m xture was cool ed
to 180C, the packed col uBgampielficed with a Dean- Stark

00§25 {noArDlE MR DapEA WEEdREOH BY BVEh nour s

at which tine the acid valfdplev@as Iess than 2.0. The

resin was.cooled to ;mr* Char ge
#4. Ingredientsinpt e 3{ [ 00 ylic¢ PABRMESIRopoI yirer
A~ Was nmade as 1plTows: Tlable |3 Ing{ﬂl ents (Charge
| Tolyelepart s by ‘.M'gh Toluene—12-9—SOVESSO-1500 11.0
SOESSYR 150 X\LI ene 6.0 VAZO 672 2.0 Chhbge #3 Butyl Ac
late 12.0 2-H dr )X eChar_Ige thacryl ate 11.2
Met-haeryH+e—Aett—H0—Sty+ere—610—2=Eth-t+trex Ac
Xyldr@t e 4.0 Methyl Methacrylate 518  Pol&@ster from
VA@@W' e 1 135.3 C(Charge #4 VAZO|67 0. lpogXyl ene| 0. 4
Charge #3
Butyl Acrylate : 12.0
2-Hydroxyethyl Methacrylate 11.2
Methacrylic Acid , 1.0
Styrene ) 7 6.0
2-Ethylhexy! 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
SOLVESSO 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] - Charge #1 was added to a 3 liter, 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 feedback control device. The
contents of the flask were heated to reflux (128°C). Addition of Charge #2 (over 180
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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SOLVESSO 150 17.9 1 Aromatic hydrocarbon m xture that
boils at 150' C used as a sol vent, from Exxon Chem cal
Anerica. 2 Azobis 2,2'-(2-nethylbutyronitrile), from
E.l. duPont de Nenmoburs & Co., Inc. [0043] Charge #1
was added to a 3 liter, 4 necked flask equipped with a
notor driven stainless steel stir blade, water-cool ed
condenser and a heating mantle with a, thernoneter
Chaf@ e aas ddtibd Ve Anfiiteesnd tHeemixaaeiwaskhald at 188°C for an
device. The contents of the flask were heated to
additignal heur. 1 e yesimwas thipred witk&haRe ﬁ%’e (over, 190
m nut es) began foll owed by the addition of Charge #3
(over 180 m nutes) five gui gs later. During the
feeds, the reflux tenpe radual ly rose to 138C.
[0044]t er tAayhaiBolysstes Capolymes 1P wemadeesfelewsion was
hel d at 138C for one hour; Uég Charge #4 was added
over 10 mnutes and the e was held_at_138C for

an |r@eg‘uﬁetntsonal hdur . Cheege #551 n_vaPatthibyWeiphiv th Char ge
Exatple—4 Q44}—Aery+e—Pptyester—Copotyner "B
SOMSSEHW as fol | dws: Table 4 | gredi 88 s Chagge #1
Parts by Weight [SOL\EBBRBR#AL0 8/ 0 Charge #2 $OLVESSO
5063 —DbB—t=Buttt+—eroxide—t 0 Charge #3 Butl | Ac
| SOUVESSOITH00 et hacrylic Acid 1 0! _-StyPehe 2 0§ 2-Eth
Di-t 'Bh@?be?oxﬁ@ late 5.0 -Polyester B 67.31(046.8 sqlid
Char ge #4 SOLVESSO Toghdiod#3 :
Butyl Acrylate 12.0
Methacrylic Acid 1.0
Styrene 2.0
2-Ethylhexyl Acrylate ~ 5.0
Polyester B__ | 67.3 (46.8 solid)
Charge #4
SOLVESSQO 150 0.45
Di-t-Bulylperoxide 0.026
Charge #5
SOLVESSO 150 ' 0.45
Di-i-Butylperoxide 0.026
Charge #6
SOLVESSQO 160 ‘ : 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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D-t-But | eroxide 0.026 Charge #5 SOLVESSO 150 0. 45
Di-t-But | eroxide 0.026 Charge #6 SOLVESSO 150 0. 45
D -t-Bui {eroxide 0.026 Charge #7 SCOLVESSO 150 0. 45
D -t-But. | eroxide 0.026 Charge #8 Xylene 8.7 [0045]
Charge #1 was added to a 2 liter, 4 necked flask

equi pped with a notor driven stainless steel stir

e 815 T ST P B UL e

contarp ef thieUfaek weee hastedao méfiuyd (1863C )c Additivm of Gharges #2 afd #3
the fl ask vvere heated to, refl ux (150C). % ﬂcgcft
wergrskariedssimpitapepusly ang pentitug OXET BYeR PeWse bﬁa itions

wer‘é%‘mﬂé{@dth‘évr%écﬂdﬁ %8s howrat 156“6 £dr ﬂdﬁnnﬁ&@ tclﬁhﬁges #&I'S 6 and
onplete, the reaction was at 150C for

7 wmmumeadd@ﬂm Hesmixtyresn 3@~ralnute incrgEeants. héﬁera(am'letﬁa was

e t I r 0
codFRE AT 4 490 B R RREUS, Al Sy
Chargm#Befsas am:ted:ool ed to 130C and Charge #8 was added.

Exanple 5 [0046] Acrylic Pol yester Copolynmer "C' was

made as follows: Table I n ients Charge #1 Parts
by Wei ght SOLVESSO 150 g—é@ﬁl uene 10.1 Charge #2

[00X6] ene Achylic Polyester Copolymer "C" was made as follows:

Table §
ingredients Charge #1 Parts by Weight
SQLVESSO 150 ' 10.1
| Toluene : 10.1
Charge #2
Xylene 3.1
VAZO 67 ' 2.0
Charge #3
Butyl 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 ' 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 stee! stir blade, water cooled condenser and a heating mantle with a
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VAZO 67 2.0 Charge #3 -Butyl Ac late 12.0

Met hacrylic Acid 1.0 Styrene 6.0 2=Eth Ihex | Ac

late 4.0 2-Hdrox eth | Ac late 11.2 Methyl

Met hacryl ate 5.8 Pol ester B 14.4 (10.0 solid) Charge

#4 X lene 0.31 VAZO 67 0,10 Charge #5 Xylene 6.7

[0047] Charge #1 was added to a 2 liter, 4 necked

flask equi pped with nmotor driven st inl ess steel _stir
g e

themnopeter grAnGCiebr RN iRTeprralura ke Sentra deuigey dhe
conmﬁtéloﬂtheﬂ%ék%% HE&EH% 1§8‘tF ealigilof b eag@m (over 190
erature feedba control device. contents of

inutes) falled ByrGhetga Aédover EBTINUIERIFive ONES e ghterzhe
addifBfSiwers ol 8 healion i hal aE 150C1or 3nietftest Huring the

additinmp) ihta&empbmtmreamis gradually incleased refbR@t f188°Q0Afer the
nut es. ddi tion e at.ure
aadflong e oG bR derdion e iy g 567k e 0 FpELes! Tharge #4
wa@tﬂn@htadaee oVEY €0 ﬁﬂﬁﬂlé@fcﬂloubh%yfaeéﬁé h&Ur HkS ah e38%Cat THESRGIN
for 90 m nutes. g #4 was then added over 10
wa&ﬁhﬁuﬂwgn%wtbmrw# apHahemEROledl d at 138C. The resin
was then thinned with Charge #5 and then cool ed.
. Exanpl e 6 (0048] Three dlfferent sanpl es were prepared
by chargi ng copol yners lefhd C, prepared as
crib
100$850 L qulie lRiP R re%anéef%%%p%gf&?w?ﬁé% dopshthéts A8,
and Ogprepardtas dasctibed or Bxamples 8n4 and & reapaitively, into individual
~ con a(?lrl]éjrlstaln nrﬁix#lgti}l ltheh%ﬂg\%%%eiﬁéjr%dients 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 crossiinker* 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 8.3
Solvent® 9.3 0.3 9.3
Total 100 100 100

3 GPRI 7590 modified phenol-cresol-formaldehyde resin, from Georgia Pacific.
HARZ 6572 LB para-t-butyl phenol-formaldehyde resin, fram Bakellle.

ADDITOL XK-4086 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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Table 6 Ingredient Sanple | Sanple 2 Sanple 3.
Copol ynmer A 65.9 grans 0 O Copolyner B 0 65.9 gr
Copolymer C 0 0 65.9 granms Phenolic crosslinke 2.
2.8 Phenolic crosslinke 8.3 8.3 8.3 Catalyst 1
1.1 Wax dispersion 3.3 3.3 3.3 Solvent 9.3 9.3
Solvent 9.3 9.3 9.3 Total 100 100 100 GPRI 7590
modi fi ed phenol -cresol -fornal dehyde resin, from

[0049br gi a Geatinpsavere prepared by dtaawpgﬁamplmm and a commercially

avdREReRp R B A Rl B e rgdd R RR8R, i PeS Y Ries, ne)

overitngpbiedistecl¢E . P fi sheeiSatithta #12 meMMdF?BUNTr helcoatings were

baifes fRkAD BRinale 4008y s CBED Getlingoeightygre 4 Cosisa.in,

[0 mgomet hpHecéditéd slﬁéé%g\zda?éve@lﬁmeﬁ%r ﬂem@@yﬁ?@%@d#@%nd .
[ 0049] Coatln%ylwere pr epar ed ggqrawln

stamgawadae%@a%ce 4.5 inches), |sbﬂ5mn@ Jood erst emqﬁ andcbor

d’m éﬁ%p at ed ngegl{r% eéetggdj\%& (ﬁ hﬁge%%gﬁra}mng.
respiectiveio Uner werdpe wscm?mrags oups._ethe Ipekaamt bbcoa'?.gahat
rorfyfid BacRrel; o FTdicialta iR eBe MRbPE) dnd bl e orawr
lerigths (fdrexph) Wwas rdeig:ymtmgfl Iaflqmg tmstag%efdolmgr?ad;wtﬂ%ﬁﬂeéﬁuéd

cult (e W3S AR B MDA e AR DR R Wilkens-

And&@oh GRS ! @Eeéih'fwe%m érﬁél@@ﬁél?rteféduttoﬁodfm Bfns of
bends a"? drawn cups, gercent 0 ating that?g

polagsiMferoeyaiatey ‘éé G!iﬁﬁﬁ@f ﬁﬂ@lume«?’r&or.% LR GafTes Of Ragiem

sul ﬂgé?zat%ngn@ |1 J?ﬁs of R4fer gﬁé‘% aﬁéé’%ro%ﬂ% dd"’t‘ﬁe coated
eterm ne e stanped 300 en e nmeasured

stampedeands (@nd dm\)vnwuss were evaluated byi prgcessingdcetorting them in

thrb&ddla GBS FleBhiid $h8M Sbility to resist current (stamped ends) and

cracking (drawn cups) after one hour in a stetilizer 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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Ander son Conpany) in 4 sec node using an el ectrolyte
solution of 7.0 grans of potassiumferrocyanurate,
5.4 grans of sodiumchloride, 0.5 granms of sodium

sul fosucci nate, and 1000 grans of water. The

resi stance properties of the coated stanped ends and
drawn cups were eval uated by processing (retorting)
themin three food sinmulants and neasuring their

abi lity to resist currentgﬁdﬁihped ends) and cracki ng

gramctps—aft 266F
€ PS) cCorHMgl:fl,?V %dﬂé:?ﬂ m,lltd}nm " V Sémﬁbs >

./ 30 psi conditi . \er'e
F’e i T,'es IUHL DUI rIL'I—UII UI SUUTUIIIbI I 'UI | UU | ]
ap-waf er, and 1% by _welaht solution of liactjic acfd

1. Wedgedenddtocorackal [ 8636 the (88l ts [ preseB¥d in
free‘irabl e 7. -17 Table 7 Commercial Sanple 1 Sdnple 2
ﬂ%@atsr of E96xy (R eA bi | i { ¥ mMAest s.| 1MAWedge 2Bemrl (0
endg; 86% 93% 9% 73% fiee) 2. Hoanel Ratler of 300 2
3. 19 Oreven Gupni®%20] 8% ends | (108% 3. [1890%m Dr gWR0%cCup (%
 crackdged 100% 100%.100% crack-free) 4 26 nm x awn Cupl (%
4. 28q0nLracvCun (b 1000%8% cr ack1P%e) Re108t ance ¥8%ts. (60
_ﬂéﬁ'{tﬁ&ﬁ)_lB_O_C_]___Ch_anﬂp in Enanel. Ratler of .30Q ends
tested _in: Mater 1 mAll mA 6 md >200 mA_ b1 04

Resistanc Tzﬁ?t%(iﬂrmz m\ 7 mA[>200 mA|c. 1 %ljactic acid
mins @130°6) n > on PO A 2200 oA
1. Change in Enamel

Rater of 300 ends tested

in: :
a._water 1 mA 1 mA 6 mA >200 mA ,
b. 1% salt (aq.) 2 mA: 2 mA 7 mA >200 mA
c. 1% lacticacid (ag.) | 2 mA 2 mA 20 mA >200 mA

2. 18 mm Drawn Cup (%
crack-free) tested in:

a. water 100% 100% 100% 100%
b. 1% salt (ag.) 100% 100% 100% 100%
¢. 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 (aq.) 38% 58% 100% 23%

¢, 1% lactic acid (ag.) | 46% 38% 100% 19%
[0051] As can be seen from Table 7, Sampie 1 had better results than did a

current, epoxy-containing food can liner. Sample 2 also had very good results,
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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2. 18 mm DrawnCup(% crack-free) tested in: a. water
100% 100% 100% 100% b. 1% salt a 100% 100% 100% 100%
c. |%lactic acid (a q.) 100% 100% 100% 100% 3, 26 mm
Drawn Cup (% crack-free) tested in: a. water 31% 100%
100% 19% b. 1 %salt a 38% 58% 100% 23% c. 1%l actic
acid a . 46% 38% 100% 19% [ 0051] As can be seen from

Table 7, Sanple | had betier results than did a
current, epoxy- containingéﬁ55%12an l'iner. Sanple 2
[005250 hadDMsaéstengp@ mief ST Was maderadbidwy aci d

resi stance. Both Sanples |_and_ 2 had pol yester to
acryllc rati os of about 7@PER8 Sarrple 3, which had a

p0| y| eflenis0 acT Y T TEGiE Al 2 Tﬁuam ) hdl st hat
lexihi]ity gan Wit | evel s of

13@4*%@(@%0' 18 Exdnpl e 7 [0052] [Pol yég?ér Polyner "C

Ethyfene | _ iS” rapre 81 lil\gl edrggps—Carge #1
arts hy Wi ght -Butylene GQiycal 177 1 Fthyl ene

dycol 34.4 Charde #£heiee#d c| ohexanedi car boxyiic
ME5 @ C ANN)

%Mloﬁexa‘h%i@ar%gmat hartc Acid 1072 dri de
Acid D butyltin Oxilde 1.19 Methyl Hydroqui none]0. 054

IsopktA&IGRciS 107.2
Maleic Anhydride 18
Dibutyltin Oxide 1.19
Methyt Hydroquinone 0.054
Charas #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, diécharged and analyzed.
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Xyl ene 27.2 Charge #4 Xylene 188.7

[ 0053] Charge #1

was added to a round-bottoned, 4-necked flask equi pped

with a notor

driven stainless steel
packed col unm connected to a water

stir bl ade,
cool ed cond

a
enser

and a heating mantle with a thernoneter connected

t hrough a

wé},e?ég

wat er

MRS IR T

bl BY e

t

tenperature feed-back control
reaction_m xture was heated to 125C.

[088fed t o ThRdetemingdacid dalupvases d g KOHgramurand fygiroxy value

ﬁblca

6% Whtns medsured &y we:gntmassoafta sarople Heataiial 1 10FC it Ehour Analysis
200C, The reacti on
IR Reas pOISeRe ghasdaids

e@rr‘h[r%@

e es

heﬁ

0

devi ce.

8 RGhEent b thd

process

The

Char ge #2 was

%9% was

g%ﬁ%ﬁgci,%teuﬂo?ymer to

ha«o-ataeurmpes@a df 05118 M, vaRBUdF 2, B8O Wnd BRaV/ARGAILROf 3.6.

m xture was cool e

d’to 180C,

t he

packed col um

replaced with a Dean- Stark and a nitrogen sparge was

started.

ted t
[ogﬁ]e 2y

Charge #

3 was

the reaction

was

%@ﬁ;{aﬁ flagwl %me o W%% grepar t'at'@d a5k fo‘ﬁows

ue was
cooled, thinned wth Char gabl#@, di scharged and
ar.a. yZed— 19 665 J "'Eg det-er- edﬁ “ibd a'%e was 2.1
?a\rtn and_hy X}Za_r%‘% e M@V gram
so‘[lvgsdghgom ned non-vol atile contént of4gde resiin was
09. 9% as maasured y WaL gt . oss o’r_a Sanpl'e ndated to
—++oCftor—t—thour—=A —tre pw—y er—by C
1S 1P ds) Q Y ’\Dd——t—hﬁ
LUBBRP¥IMH0D _have an Mwv val ue of 10, 115 5.5 M, _vallue of
2,798, and an MV Mh vathgq®#s 3. 6§ Exanple 8 [0(055] A
JPAé’rfﬁfeer' graTt acry‘l I C copol yne; "C prepared as
I Ul'l UWS'. T D'I C ‘J IIgITUI ETIFb Lzll(ll gC"H'J. dl. I S y
th E0 44 3 Char.al#2 sddfzsso 1490 19. 6
MeLhd@ER@(c@I\/BOQ 5.7 : 2.0
Styrene ' 12.1
2-Ethylhexyl Acrylate 8.1
Methyl Methacrylate 11.7
Polyaster C 270.0 .
Charge #4 ' ’
LUPEROX 7M50 1.8
Xylene , 1.6
Charge #5
LUPEROX 7M50 1.6
Xylene ‘ 1.8
Charge #6
SOLVESSO 150 29.9

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

[0056]
a motor driven stainless steel stir blade, water cooled condenser and a heating

Charge #1 was added to a round-bottom, 4-necked flask equipped with

. mantle with a therrnometer connected through a temperature feed-back control
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Charge #3 Bu | Ac late 24.3 2-H drox eth |

Met hacryl ate 22.6 Methacrylic Acid 2.0 .Styrene 12.1
2-Eth lhex I Ac late 8.1 Methyl Methacrylate 11,7

Pol yester C 270.0 Char a #4 LUPEROX 7Mb0 1.6 X |lene
1.6 Charge, #5 LUPEROX 7Mb0 1.6 X lene 1.6 Char a
#6 SOLVESSO 150 29.9 9 LUPEROX 7Mb0 Is a 50%(\/\/ei ght)

| UL, f byt t d
devii e Sarlboterdt Ve ok watE I GlrBhbc lareralure T Bugugn o
Ch:ﬁbas @e e#\h #@We@dﬁﬂed Sinfultanenesipand eshtirtroaasised Hours Kafter
a notor driven stainless steel stir

the; @Idﬁﬂ@ns \)'Oéﬁ" e ﬁOE@&ﬁt@dh% sarting sasald at &G fag 60 meinutes. Charge

# Pl o ARG Pt RE e STp il m FEBEB o ¥ wee

addeldasMtendilarpe 46 adstaddedf thexmixkmp evagtheldfor A0didditionabhinutes,

St t | t | d
theR GAPIA R 2053 CRBHSHE Webdidefhne. a1 ond mer e
[00SPIP! et erhetlRacticRATbHEA %&hBﬁ"sGo@H ééérﬁrééw ah@ analyzed The

m nutes. Charge #4 was then added to thé m xture and
detesmiaed goidx@ine Wan4i2 Mo mlé/gr@naa@ishwomgaluaw@o% 8 mg

Koﬁgd @&eﬁﬁm&ﬁ‘ﬁoﬁ@ﬁ%ﬁle ¢ H%%@@% gg%h of g5 60

I'tional m nutes en coo arge #6
measiyed dyarekighitdoss¢f aTMpleamateuﬂopH@ﬂchor Whsutt. hamalysis of the

polEPL Y GEL e R Re R Sty eR i par R PR a0 fave

an NE} value of 1 13,159, 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 1357
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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KOH gram The determ ned non-vol atile content of the
resin was 59.3% as neasured by weight |oss of a
sanpl e heated to 110C for 1 hour. Analysis of the

pol ymer by GPC (using |linear polystyrene standards)
showed the polyner to have an MWvalue of 113,159, M
val ue of 3522, and an M'JM' val ue .of 32. 1. Exarrpl e 9

58] Pol t " d fol |
100881 e cobdiap  uas a0 i GRic heargsl, #1orkeq Baslypaianed

w:tﬁ;ayrﬁ%tlor%meﬁ stalliésd ﬁ@@xs@?- }SPa‘EI'e é%ﬂék%ﬁ%ﬁﬂlﬁ b PRCipd fo a water

hexanedi car bo I sop
cogled gondsnser anﬁlaé?eaé;ng\mgrdleu wzit_h a thermomiaten sdnnentedithrdeigh a

terdpéArd Tigtiba G RES  Dnd Bocuom Bidfrd Wad h8@8 5 Ja8-c.

Chbfge#2 waB Gdbed tothedmixtire epldate fés@ﬂlﬁnﬁﬂ%ﬂﬁ Qfhs Hddtdd B react in
notor driven stainless steel stir bl ade, packed

a nitprganAtnesabenee AtISORC vimaler geaer@tashb)ctmcﬂﬁt@é\camfdp@cess
bedStld B9 &Pé&i £ \g\t@ iR TR L&Vof%éﬁ@ﬁ e&aﬁqrﬁmgd%

npera ure contro deV|ce
2003Ct The reaxsion wnﬂei'atwe LasGnaintGieadat ZtRP@amtlBtMeﬂsttliatlon of

t m xture dth | t ant mxture was heat ed to
wafeéi)@sanﬁo SaCar o o ReY BREGR Miure (5 camiabio 180°C, the
pa&&itd ﬂ E%é{bewﬁﬁhqjéa’d-s%k 8Ad erf?l?(?g%?l spPeE Vak Qtdifed.

coll ecte

conti nuous renoval wat'er’ heat| ng
Cherge #3wad added and the reaction was heated to 195°C fqr 7 hours at 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 noh—volatiie content of the resin was
70.0% as measured by weight loss of a sar'ﬁple heated to 110°C for 1 hour. Analysis
" of the polymer by GPC (using linear polystyrene standards) showed the polymer to
have an My, value of 16,672, M, value of 3,972, and an M,/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
homogeneity.
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200C. The reaction tenperature was nai ntai ned at 200C

until the distill

ation of water beg

an to

significantly slow. The reaction mxture was cooled to

180C, the
and a nitrogen sp

added and the reaction was heated to 195C for

at whi ch

arge was started.

1thin

[ M- - W_W_\. |

|nvvasc

packed col umm repl aced with a Dean-Stark

Charge #3 was
7 hours

time the acid value was |l ess than 4.0 ng
K()—l/gram The resi

ned wth Charge

Ht rScharged—an
[ram dﬁm%mwas 3.

9] allal yZcU

B ng KOH gra#num

rermned
y value was

22.9 ng KOH gram

of the.resin was

70. 0% as—neasured

The deggmpieded non;

vol at i Bamplert ent

has and nln'l- lacce nf
vV

Copoly@ap!@ heated t

b 110C f &8-8 hour.

Ny LY MUo9 Ul

Anal y3| s 9 the

——Tabhe—ti-tngredie
Sok\ﬁsﬂtol ymer "C' 68.

B 51.6 Pol'yester

JLYTRL by GPC oty T mear pol ystyrene st angdgg ds)
Pogﬁ%té;e the polynel to have an M,
IPhendiiceesih™3, 972, apd an MV 8B val ue of 3.7. Ext@le 10
006l —Forruat-eps—were—prepared—usimng—tte 2
C@(B\f?bositlonsllst=d|n bel in Tablle 11. Thg
&di ents were pdded to g4qpaint cam, while bai ng
Sl|6)&ﬂ§ ith.a ?n\l\ll es bhlade  The fdadrmy
Wanmatispersiem f ur t her | m xed t o40nsur e h¢rogenei t §:0 - 22
' Tt—Pa'rrs—g%—Vé'Tg'm :>arrp| e SFPI € 5

D' '15.8 ghenol iC

Solvesti'™hl10 8.3 12.5

A rll SHer c-|

Catal yst17 3.2 3.2

rou

Si | oxane'ﬁr 0,1

+‘I/I£f‘f‘

r\n1'2/|ﬂ/|f\ Cnl\

Q1 \ax Setveft-14 5
Solghtyent 15 1.7 1.7| Sol vent48 4.5 4.5/ Xyl ene 95 5 1
Xylene 2.1 2.4

' BAKELITE 6608 phenolic resin solution, from Bakelite AG.

" 1 ADDITOL XK-406.

2 BYK 310 modified polydimethyisiloxane, from Byk Chemie.

3 LUBA-PRINT P1.
* DOWANOL PM acstate.
® SOLVESSO 150.

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

[0062]

Coatings were applied to tin-plated steel coupons using a wire-bound

bar{. The coatings were'applied at a dry film weight of 6 grarﬁs 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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10 BAKELI TE 6608 phenolic resin solution,

Bakelite AG " ADDH TOL XK-406. 12 BYK 31
pol ydi met hyl si | oxane, from Byk Chem e.
P1. 14 DOMNCL PM acetate. '5 SOLVESSO

SOLVESSO 100 is m xture of hydrocarbons,

from

0 nodified

13 LUBA- PRI NT
150. 1le

from Exxon

Chem cal Anerica. [0062] Coatings were applied to
tin-plated steel coupons using a wre-bound bar. The
coatings were applied at Eﬁﬁiﬁjﬁfi | m wei ght of 6 grans

per e After —appticatiom thg ctoatedTqupons were
baked at -a 2000C peak netal ténperatu £ for 10 _
m nut es Codtirey Rropertlescoat ed cou )qﬂ%t hegamplarped Sample 5
into 300 size food can ends ﬁr I nto various
depth cups, The results of the testing df the can lends
MEHK Baubje Rubslf e shown bel ow in Tébl e 102. - 23 Tahbe 12 50
WedgeanddF e (Spmadii-fese) Conmer ci al [ Sanpb% 4 Sanplasys Epoxv 88%

ResiEc®Tekts G0Rvias @ 18WC16 50 Wedge Bend Flex (%
GemeFal Ratérr AP0 374 8% Resistance Tests (60 m ns
Initig30C General Rater of 300 canJiegigaat N:] T iial 6 ZMhgma
‘ Afteﬁéd:‘&/mr .- T ,Ejé(‘zﬁuﬂ' U [24ReE SO M40 oma
Aﬂ% II 1%}H%MHTLEI BI I II L70 Ll LV Lal.l-l,il SmA
MMMMQWNM 41'1%4"”0. 4 +0.A78H0 |1 818 7mA
18min srawr cups (U56reck-ree) tested Itest ed I n: Initial 100% 100%
Initid00% After 130C/ |1 hr in 1% salt afpoepus [sol mppea009 100%
Afted PHCIOP D 1906 hlBaqubd@CEdimr 1 n 1% cigopd € &gci d1geweous  100%
AfteP D300 C/thr In 2% Wi@aﬁ%‘)a:ﬂ;g@ps‘s%h POU ool 1T, l”/%@ﬁ“ C o 00%
Aftef YA CTHE A0k (et 2cld agueolss soti. | 4 t00%nn0r 1 oadp0% -] * 100%
26mm drawn cups (% crack-free) testedin,
Initial | 46% 100% 100%
After 130°C/1hr in 1% salt aqueous soln. 46% 46% 46%
After 130°C/1hr in 1% citric acid agueous soln. 38% 35% 38%
After 130°C/1hr in 1% lactic acid aqueous soln. 35% 38% 38%

" A rag saturated with MEX 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
was chserved,

[0063]

coating to the metal substrate

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 ilfustration, 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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15

20

25

30

After 130C/ 1 hr in 11% salt aqueous soln. 46% 46% 46%
After 130C/ 1 hr in 1%citric acid aqueous soln. 38%
35% 38% After 130C/ 1 hr in 1 %lactic acid aqueous
son. 35% 38% 38% 17 A rag saturated with MEK sol vent
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 cycl e equaling one
THEREFQBEAYELEGLAIM: Tabl e 12 reflects the rub nunber
at which a break in the coating to the netal substrate
was observed. [0063] As denonstrated in Table 12, the
£ONPORI bro@BSs Fbr IcBatIAG 0885 ddhseBonPRsING2¥BpMEP aPfSod can a
performance to a commercially avail able

epox YCAtINgLaN pRSitiea comgrising0064] Wher eas parti cul ar

embodi_rent IS lnventio ve been descri bed
abovg({a?gr %B?B@%@gﬁa&kﬂ%d}égﬁ?’g?ﬁ/ it will be evident
to thbse skpblyedtdriesincapdt that nunerous variations
of the details of the present invention nmay be nade

withd®  Rp@Ssliferi rom the i nvention as defined in

t he appended clains. -24 THEREFORE WE CLAIM 1. A

process for coating foods cans conprising applying to

2 f oothe processasfaClairg T, ouihar@in thi polyeBtar@icidic graftedopblymer has
pol yeﬁter/a_cr lic graft copolyner; (b) a polyester

r esi rfheggylicgrafied i@ ke palyesteT2. The process of O aim

1, wherein the polyester/acrylic graft copol yner has

10 the acrylic grafted to the polyester. 3. The

Pr o;:e'EhB pfclmfésaioﬁhCLIaimmlemiherleimmqopres?/fa’chd byd;ﬁﬁtt copolymer has
graft, co nmer s, .the polyester grafted to the

acr w’:he_p%%ﬁsj{e_r Qrﬁgeﬁrt%g'é%gc'aﬁl'c-d aim1, wherein the

pol yester in the polyester/acrylic graft copolyner is
unsaturated. 5. The process of Claim4, wherein the

4ol yelteeprdoess o Glainy ds wereiarthkei polgestér in theppdlyester/acrylic graft
conprises mal.eic acid or anhydride and the acrylic
copol?ﬁ@fymgdséﬁ?ﬁfqrg@r'styrene. 6. The process of

Claiml1, wherein the polyester in the

§o| yester/acrylic graft
: The process of Claim 4, wherein the polyester in the polyester/acrylic graft

copolymer comprises maleic acid or anhydride and the acrylic copolymer
comprises styrene.

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

10.

7. The process 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 process of Claim 1, wherein the graft copolymer has a weight average
molecular weight of 3000 to 250,000.
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copol ynmer has a hydroxy value of 0 to 200 and an acid

value of less than 10. 25 7. The process of C aim 6,

wherein the polyester in the polyester/acrylic graft

copol ymer has a hydroxy value of 30 to 70 and an acid

value of less than 5. 8. The process of Caiml,

wherein the graft copolyner has a wei ght average 30

nol ecul ar wei ght of 3000 to 250, 000. -25 9. The

$r oceble prodgissi of Qlaimbe vdiateinHtbeggrafttcopofyrhgmias hageight average

wei ght average . npl ' of 60,000 to 120, 000.
10. ﬁ@%@?&&%ﬁ&%@bﬂ#’ﬁ%ﬁﬁ%-n the polyester in
the polyester/acrylic graft 5 copolyner conprises the

reaction product of butanediol, ethylene glycol, ‘
t9:.cl b precasscefrGlaim| 1, ovharetn thesppliester ir the: palyestew/acrylic graft

G ai ropoyhef Spmtrise e, feetton HnaldCebbBRERRIA, syiene glvool
gr af teycldhei@pe! HiERFbSOABr 46i8S istphtivdlie. abidt YAndenaleRs @cid and/or
hydr oxyet hyl (net h) acryl ate, ethyl h exyl acryl ate

and/ oanhiyslridgeryl i c acid. 12. The process of O aim 10,
wherein the acrylic in the polyester/acrylic graft
copol ymer conprises styrene, butyl acrylate,

T.dr ORlye tphyddsebh aainy Matwhereibbties bightie X! taer polatster/acrylic graft
and/ or nethacrylic acid. 13. The process of Caim1,
wher 5aPAlYBENSORHTISES! Slyraste. Justyl acedate o bygroxyethylimpgth)acrylate,

graft ' ' =108 14. The process
of G%ﬁ?ﬂm%y Ig&héé%iaﬁ@%eh\%é%@%r%%&b of pol yester:
acrylic in the graft copolyner is 70:30. 15. The

ocess of C ai whereip the crossljnker is or js .

rvEe ProfRsend GlaieT0owhersin fhe qmlt,ce@str Pelygster/acrylic graft
wher ed I (K Lt i (. ped
Fesol SPifer CORTRS PStyten bt SERIE byHRRyBthymothjacryiate,
not cathylhierylaceydteranid/orAmethacrylic acid.

13.  The process of Claim 1, wherein the weight ratio of polyester:acrylic in the

graft copolymer is 95:5 to 20:80.

14.  The process of Claim 13, wherein the weight ratio of polyester:acrylic in the

graft copolymer is 70:30.

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

melamine.

16. The process of Claim 1, wherein the crosslinker is or is derived from a
resole, novalac and/or derivatives thereof that does not contain biéphenol
A.

17.  The process 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.

- 26 -
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30 17. The process of Caim1, wherein the pol yester
resin conprises the reaction product of butanediol,
et hyl ene gl ycol, cycl ohexane dicarboxylic acid,

i sopht halic acid and/or maleic acid and/ or anhydri de.
-26 18. The process of Caim1l, wherein the polyester
resin is saturated. 19. The process of Caim1l,
wherein the polyester resin is unsaturated. s 20. The
P3.oceBlie proagissiafiClaimil ewberein ke polygstarsesinds isaturated.
the polyester in the graft copolynmer have the sane
conposition. 21. The process of Claim 20, wherein the

79 yeﬁﬁ@Erdo%‘éi'srbf@éinﬂ hiveiBRSin 986 PBlyesttt $65iHGs (MESTIARE.
wei ght than the polyester in the graft copolyner. 10

22. The process of Claim1l, wherein the weight ratio

55, RoWERHst % b 17 btain P BLYBS oc o Rt Hpojygetern the
rati ograft deplofghéchavecticsdre ebaipositibh. copol yner is

25:75. 24. The process of Caim1l, wherein the
pol yester in the graft copolynmer and the polyester

%FZ: anlié’ Wm#%efsgi %P{:Ed'irﬁ FONALIE th@@o@%gge}gﬁfﬁgﬁﬁ§ $Shigher weight

e conposition i

epoxyavdrage maleculdhwelyti tieas thef palpwstet ircthe grafticoiolymer.
further conprising curing of the coating. 25 27. A

food can obtainable by the process of claim26. -27
22. The process of Claim 1, wherein the weight ratio of polyester resin to graft

copolymer is 5:95 to 35:65.

The process of Claim 22, wherein the weight ratio of polyester resin to graft

copolymer is 25:75.

The process of Claim 1, wherein the polyester in the graft copolymer and
the polyester resin comprise maleic anhydride.

The process of Claim 1, wherein the composition is substantially epoxy

free.
The process of any of claims 1-25, further comprising curing of the coating.

A food can obtainable by the process of claim 26.
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