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CQATI NG CO%G'HSSM FOR METAL SUBSTRATES PcE/dsbénsds THE
| NVENTI ON The present invention relates to coating
conp05|t|ons for metal substrates, nethods of 5 protecting a netal
substrate, and netal articles havi ng a protective coating conposition
applied t hereon. The coating conposition conprises: (1) an epoxy
novol ac resin, (b) a phenolic resin, (c) a pol yester and (d) an

el ast oner, ‘and is free of a 10 hali de- contalnlng vinyl polynmer. The
coating conposition, after curing, %weful as a topcoat for the

interior of netal clos »l bility and
excel l ent adhesion to 1 _ SUT SOT K : 15
BACKGROUND OF THE | NVENTI ON 1t is mell-knomn t hat an aqueous
sol ution in contact with aUFEFLQ_QEEﬂH%Elﬁﬁﬁﬂiigﬁrate can resul t
in corrosion of the untreated neta sijrate erefore, a,metal
article, such as a 20 netEle AxRsenE d’nﬁﬂﬁ’a‘?mﬁe*%‘?eﬁ %t%?a‘bé%%d
product, like a faami:osimtﬁsm netdkrsiserrates, aetlisdsnof esi stant in

order 10 ety d o AN § netal MBASALS Al ] "ryBlpg Dased

product and f artl ner a COr rosron ce is 25
inparted to the having & iptatechive coatuing composinﬁnneapplie@eneral by

passi vating the. ?ﬂﬁ?ﬁntlr]fﬂgngéégfhéwcgﬁbégfgigg)égﬁ?fggég suff;r@ﬁe W th

a corrosion- (}i coatln estl ato

continual |y have @RSaghtnexplag rﬁﬁ%‘xfbd atd R i 18R, t(ﬁl R educe or

el imnate corrosipylydsterein @i)t i#n ceRdstdat, dhd is fede adiFeasel y

af fect an aqueou roduct packaged in met article. For exanple,
i nvestigato igﬁlde-co alnf%g v1ny1 pofyme eathe coating P

composition, after curing, is useful as a topcoat

for the interior of metal closures and demonstrates
excellent flexibility and excellent adhesion to
primer coats and to plastisol gaskets.

15 BACKGROUND OF THE INVENTION

It is well-known that an aqueous solution
in contact with an untreated metal substrate can
result in corrosion of the untreated metal
substrate. Therefore, a metal article, such as a

20 metal closure or container for a water-based
product, like a food or beverage, is rendered
corrosion resistant in order to retard or eliminate
interactions between the water-based product and the
metal article. Generally, corrosion resistance is

25 imparted to the metal article, or to a metal
substrate in general, by passivating the metal
substrate or by coating the metal substrate with a
corrosion-inhibiting coating.

Investigators continually have sought

30 improved coating compositions that reduce or
eliminate corrosion of a metal article and that do
not adversely affect an aqueous product packaged in
the metal article. For example, investigators have
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-2- sought to inprove the inperviousness of the coating: I n order

to preveng f3i On- causi ng ions, oxygen nmol ecul es anﬂ%? .
nol ecul es Pron1contact|ng and interacting with a netal su éﬁ@ng. :
| mpervi ousness 5 can be inproved by providing a thicker, nore

fl exi ble and nore adhesi ve coating, but often, | mprovi ng one

parti cul ar advant ageous property is achi eved at the expense of another
advant ageous { property. 10 In addition, practica

consi derations | limt the thickness, adhesive properties and
flexibility of a coatlng applied to a ne?a substrate. For exanple,

t hi ck: coatlngs VEnal be 15
esthetically uH%* aS|ng anﬁggg% seggéFEQL?nggg%hO&uks pfgﬁﬂgéﬂﬂf

st anpi ng and nvmumngerhtocpaevenﬁesarrosioyusgusdbs idlons ,a oxyglen et a

article. Sinlgg dcules aﬁa ﬁ&ﬁéknﬁoiaeuhasbez@mﬂE*ﬁﬂﬁﬂ&d 3faﬁﬁ bl e such
that the contipujt ring stanpi.ng

oating is_not_-destroyed
and nDIdlng of 1® ﬂ@FinngEPrﬁtgetal SPPFGrFNE-de§PﬂG§W§%ﬁ§§QEF the netal
article. ca be improveat bgapzbeiahﬁg batﬁi&miﬂ)t moRe! i Ngs t hat
possess chen1 eﬁtstan §€mbled ah 8 b@%l |nh|b|t|on A
usef ul coatln 1 ROREPFBPS ye CHEF&PQCI 5Fnbonta|ner nmust
be ~ abl e timproviingndnehparticulangadvaptageousoproperty ispackaged -
product. ' If henfogéangrieRs 8fpefiBasssSanothet! blivantdbetiia cal
resi st ance, conponents 0 coating can be extrac Into the
packaged prodd5¥cﬂﬁﬁ Yand adversely affect the product.. Even small - (
amount s ofg extracted coaInnsdagﬁmeﬂgnpﬁaeﬁmcal coaéiaégabioagfect senS|t|ve

2;Sgﬁfissgrvéﬁﬁfrtén@“€05P?35“%§ﬁpo§$§P8ﬁ§e§§%° ?5 gg% EHFed coati ngs
havi ng excel | efilexileility of a coating applied to a metal
' substrate. For example, thick coatings are
expensive, require a longer cure time, can be

15 esthetically unpleasing and can adversely affect the
process of stamping and molding the coated metal
substrate into a'usefui metai articie. similarly,
the,coating should be sufflclently flexible such
that the continuity of the coating is not destroyed

20 durzng stamping and moldlng of the metal substrate
1nto the de51red shape of the metal article.

Investigators also have sought coatlngs
_ thaé possess chemical resistance in addition to
_ corﬁoslon 1nh1b1tlon. A useful coating for the.

25 interlor of a metal closure or container must be
able to withstand_the solvating properties of the
packhged pfoduct. If the coating does not possess
suff1c1ent chemical res1stance, components of the

_ coating can be extracted into the packaged product

30 and adversely affect the product. Even small
'amounts of extracted coatlng components can
adversely affect sensltlve products by 1mpart1ng an
off-taste to the product. '

_ o Organlc solvent-based coating compositions

35 provide cured coatings having excellent chemical
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resi stance. Such sol vent-based conposi tions includ
[ ngredl ent y?ﬁg(tlszg?e i nherently water insoluble, and epaéus”nsms
éffectively resist the solvating properties of mater-based products
packaged in the netal 5 container. Epoxy- based coatings and -
pol yvi nyl chl ori de- based coati ngs have been used to coat the
interior. of nmetal closures and containers for foods and bever ages
because these coatings exhibit an 10 accept abl e conbi nati on of adhesi on,
flexibility, chemical resistance and ®0Frosion inhibition.

Pol yvi nyl chl ori de- based coat n acet at.elvinyl. | de
copol yner - based ¥¢sistance. S%Pgélﬁ fV?ﬂ€¥#a§83tFﬂ§§°§F &oﬁgvénﬁg@ﬁﬁihe
topcoat 15  of iﬁgre&léntstbhatnazelbnhefenﬁiglwaterunasoﬂabdaseand

t hese coati ngs e h t Legasket s
appl i ed over thgt gﬁy éff&%@ﬂ%ef? fé%?gt de 5°19?§§? g??#ggsgnd

pol yvi nyl chloruqﬁ'Mgten-boaedn330ﬂ39t559a¢859e901n &h@aB#&ﬁﬂages t hat

i nvesti gatorg sté+ﬁ fer. attenpting to overcone. For
exanpl e, polyvin orlde based coat |ng conp05|t|gns are -
t her nopl asti c. Ther moBPa¥yrbased: FAat1ingEqand PRAYVER¥dat of the 25

interior Coatlngm@ioﬁraéLbséeaue65thﬁge hater been usedpeof eoatnthe
di sadvant ages, suc

t
manuf act uri ng prbREss: °Po°go?e€ﬂae?l?ﬁﬁgeﬁfggggggﬁgaggﬁggfF%% %%fﬁérefore
coat i ng conp05|tam@sbéueragea bacausecthesg goatingsr axhdbikaaa been

| nvesti gat egy eptable cohBiAfHibhoBE aaa&!saaa b%iastisma%ww nyl -
chloride or are a % % de-contal ni ng viny

|
pol yvi nyl i dene cehemigel pesistanepean °°558§é99|éggaﬁggégﬁrageous
properties of Chﬁ@lf@inﬁi chlépiakapsaseandoatingsi and wingdti on, and are

acetate/vinyl chloride copolymer-based (i.e.,
solution vinyl) coatings also have been the topcoat

15 of choice for the interior of metal closures because
these coatings provide excellent adhesion to
plastisol sealer gaskets applied over the cured
topcoat. However, epoxy-based coatings and
polyvinyl chloride-based coatings have serious

20 disadvantages that investigators still are
attempting to overcome.

' For example, polyvinyl chloride-based
coating compositions are thermoplastic.
Thermoplastlc coatings used as the topcoat of the

25 interior coating of metal closures have inherent
performance disadvantages, such as potential
softénihg dﬁring the closure manufacturing process
'or under food processing conditions. Therefore,
coating compositions having a thermosetting

30 character have been investigated.

In addition, coatings based on. polyvinyl
chloride or a related halide-containing vinyl
polymers, like polyvinylidene chloride,iposseSS-the
above-listed advantageous properties of chemical .

35 resistance and corrosion inhibition, and are
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-4- econom cal. However, curing a polyvinyl chloride or rel ated
hal i de- cwa ss/1see2g vi nyl pol ymer can generate t oxi ¢ nOPODBSeY13398ch as
vinyl chloride, a known carcinogen. ‘In addition, the disposal of a
halide- 5 containing vinyl polynmer, such as by |nC|neration, al so
can generate toxic nononers. The generated ~vinyl chloride thereby
poses a potentlal danger to workers in netal can and cl osure

manuf acturing | pl ants, in food processing and packagi ng plants, and 10
at di sposal sitds, Disposal of pol yvieny ~chl ori de and rel ated-

pol ymers al so can produce carci nogenic di oxi ns and

envi r onnent al
regul ators ar
coating conpoSi

vi nyl pol yner
conposi tions
interior 8f f
To overcone t
‘associated w
epoxy- based

the interior

E¢dh@uﬂbhﬂ.hymbmdderu(curingéxnpblyvinyl cﬁibridemw&

T L L S e S

enV|ronnentaltaﬁdchUQMPmeGanaM@h as Vin&ixnh%anids;tatkﬁownecontalnlng

are%etlll th redom nant’ coati ng “to coat t
69ntadnipg, ¥inyd POIYEMe¥rer Such asarhy dmginexation,

SaricinogBnSs e AR\, i Ya4igpd useagh'wai hPhREL 2

0
he

B2 sBN¢aho gEneiralteC WS Motthers. THe Yetrarertdd obl ens

Vind, KRLRE 108, SHeFAE, FRRAL B I8 SRl PR Y o

wbrkerd dndmetedr sgn @md a:]maure manuﬁammmamg epoxy-

coatings al so | sl %Bﬁﬁy
RQ Ear'el'?r‘orfé> gxgg%sw e po VI n@ gep dri

30 conposi t

oat
based

d coatin
e- based

coati ng éBnpoQFt dgposal sites. Dispgsal ﬁﬁ%ﬁ&ﬂﬂ“&?ﬁilﬁklﬂriﬂQ5ure for a
f ood conhaarageaataa patl%eers Alsd ERirAprodTe %arcind‘gfanwt ional ly

was coated w
t hree-coat sy

15

20

25

30

35

? %Eree Sspgh%ironmentai tl% r%? O%yd siloric a
acid.

Government regulators are acting to _
elininate the use of polyvinyl chloride-based _
coaéing compositions that contact food, and thereby
elimﬁnate the environmental and health concerns
associated with halide-containing vinyl polymers.
Presently however, polyvinyl chloride—hased
compositions are still the predominant coating used’
to coat the interior of food and beverage containers
and closures. _ _

'i ' To overcome the env1ronmental concerns and
performance problems associated with’ polyvinyl
chloride-based coating compos1tions, epoxy-hased
coating compositions recently have been used to coat
the interior of food and. beverage containers.
However, epoxy-based coatings also possess
disadvantages. For example, epoxy-hased coating_
compositions are more expensive than polyvinyl |
chloride-based coating- compositions. '

With respect to a metal closure for a food
container, the interior of a metal closure
conventionally was coated with three separate
coating compositions, i.e., a three-coat system.

x

+
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First _an epoxy/phenolic primer was applied to the L1ic
substrate WOWISMA  then a vinyl - based - nmiddle coat was %%p§4§§5§
tthe cured priner. Finally, after curing the mddle coat, a speC|aIIy-
5 formul ated topcoat capable of adhering to a pl asti sol seal er was
applied over the cured mddle coat. The pl astisol "sealer is applied
over the cured topcoat, and formed into a gasket during
manuf acture of a metal closure froma netal sheet 10 having the three
cured layers of coatings applied t her ®8on. Two- coat
systens presentl¥ are used comercially, but also exhibit
di sadvant ages. 1rs#he?@f6P9xY/HDE§Pig§tBFém&Fewaﬁtéﬂﬁﬂﬁﬁ& t® &eel op 15

an inproved two-g@ea13¥6t Sdbsbrat@ahnagcuibed N"thenoka vinylebasedt al
closure. An ideal, é&f coat, system n&v ga S corr S|on i nhi bition,
e ¥ APVR

| owers the cost B}S °355| ?ﬁgaPBéIES ﬁaguF 853&@Fheolog|cal
properties and hBinaldypvafitexreuringnthet njddie. ceat, Gospesdaliys are

realized botg '”f@EBﬁY%ESdOQSE ﬁgﬁy a IEOQE'QFh ggastbl gh to t he net al

substrate and in I e sa two“coats rather than
three coats to thbaﬂﬁiéPlsﬁﬁélﬁﬁtBas aPP ied over thet gyredamididecm f or

the interior. of dat. rrermé f:DQQtSéQiUééa@éﬂ‘pibsﬁﬁpilaal BRer(the , a size)
ur es n COI‘IJ unction

and a topcoat. The clo ica
with a glass or EW%§$ gbp°°a€coﬁPglﬁg ?hén?Bpéongﬁﬁgtgﬁgﬁg suf ficient
adhesion to the mﬁnmfacturéhefcaametglmclbsﬁnelfrbm aOmetalddshelet achi eve

suf 1 cient 19t eriaplngtks! pheob "Surea 1808HECRE. UBLEVRSR' AbBT;LaPCOR!

of ten was ctat chem cal eup nvestlgators
therefore have b@@ﬁrQQEklng a nore "universal" topcoat, i.e., a

topcoat that can be appl|e@wéocaaQSSyggéhgtﬁrggegti§e5§gtugéaners and t hat
exhibits commercially, but also exhibit disadvantages.
Therefore, investigators are attempting to develop

15 an improved two-coat system for coating the interior
of a metal closure. An ideal two-coat system
maintains corrosion inhibition, lowers the cost of
applying the coatings, has improved rheological
properties and had improved cured film integrity.

20 Cost savings are realized both in applying one fewer
éoating cdmposition to the metal substrate and in
time saved by applying only two coats rather than
three coats to the metal substrate.

A two-coat system for the interior of

25 metal food closure comprises a primer (i.e., a size)
and a topcoat. The metal closures typically are
used in conjunction with a glass or plastic
container. The tbpcoat must have sufficient
adhesion to the primer or the coating will fail. 1In

30 order to achieve sufficient intercoat adhesion, the
chemical makeup of the topcoat often was dictatgd by
the chemical makeup of the primer. Investigators
therefore have been seeking a more "universal®
topcoat, i.e., a topcoat that can be applied'to a’

35 iariety of different primers and that exhibits
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sufficient intercoat adhesion. Such a universal topcoat woul d be a

si gni fi coygofifkgece in the art. The coat i ngpCcTaISos/13198 he
interior of a metal food closure also nust nmeet other criteriain 5
addition to performance. For exanple, the coatings ~ nust incorporate
conponents acceptable to the U S. Food and Drug Adm ni stration (‘FDA)
because the cured coating conposition contacts food products.

The cured priner and topcoat therefore 10 requi re sufficient adhesion to
maintain film integrity during closure fabrication. The cured

prinmer and topcoat also require sufficient flexibility to withstand

cl osure fabri gaififfcient irftédcsdtcidlinasiony BUSKEi ®univedrsgxibility are

15 needed fqr_ it he cl to Wth d_pr.ocessin ' condijions the
closure is su%]"c? °«§f' t"gos‘é{jfil?fg a éléﬁa%ﬁﬁt()p%‘im&%gin th_e e"""{:‘ther

required performance fedthe ezoaﬁinq:a used omr‘lﬂtgcmon@o:i_otlalde corrosion:
protect | on angefly LULHEH Sl 1Y) ik adt Ater! cBRELELa 201 | 0
tiopcoat . re g

over the cure so, the cu coatin .co,rrposﬁi on requires

suffici enf chaddihiondia markornancend QK feXaAmpie atfihe | epntingsar
resistance. mudt incorpordtie ldtnpBHuLit diceptal dBtd| tke 0gLEL, a 25

netal sheet is cpate ith the coating .co tiqQns, - and each coatin
i s cured indi 3’i°§8€|§ ,\ﬂ%aﬁ n&tr%@[%m&ﬁwt O‘?%"”?‘b?%??n‘?‘b‘? e shapeg

of a metal coatlirsyi rcampoiit ik stontacts foalk productsi ety of sizes
rangi ng from 27 mm (mi | lghpt -1:10. [ 30 . di g0 - ring -
manuf acture, a plasti solfﬂrf%tcg{r%ea#' %ﬁﬁflnsgﬂr%ltd%f?# ﬁ?eeél’?éo%%% .a gasket, ‘ :

and typi 3@ | yrequire smificiant mihesdon o majntain fkm gasket is
applied over tiheogiiey Qﬁﬁtiir%%l%d:@ fabrida¥id. The (Afrd@tal closure
to ensure an ol oo thd Yopcoat also require Husbicidnt' e and glass
contai ner, an®*{ P _ qu su. _ . :
fle*ibility,to withstand closure faprication.
Sufficient coating adhesion and flexibility are
15 needed for the closure to withstahd"proceSSinq“
conditions the closure is subjected to during
product packaging. ' o
| Other required performance features of the
) cureh coatings include'co:rosion'proteotion and
20 adeqhate adhesion to the plastisol gasket applied
over| the cured topcoat. Also, the oure&'coating
‘composition requires sufficient chemioal resistance
and #ufficient abrasion and mar resistance.
: In the manufacture of a metal closure, a
25 metai sheet is coated with the coating compositions,
and each coating is cured individually, thén the'
metal sheet is formed into the shape of a metal
closﬁre. The closures are made in a variety of
sizes ranging from 27 mm (millimeter) to 110 mm in
30 diameter.- During manufacture, a plastisolomatérial
is molded in the form of a gasket, and typically a
polyvinyl chloride-based gasket. The gasket is
applied over the cured coatings on the interior of
the metal closure to ensure an effective seal
35 between the metal closure and glass'container, and
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-7- t(‘gvon&iﬂ%&i n the vacuum condition of the packaged PCTfU@lesws

product . Product packaging is performed under .
processi ng conditions wherein the plastisol gasket 5 is softened. Wen the
nmetal closure is pressed onto the gl ass container, the threads on the
gl ass container forminpressions in the softened plastisol

gasket. The netal closure is secured in place both by the thread

i npressions and by the vacuum produced 1Q . hy subsequent cooling. This
type of netal closure I's used for baby food containers and for other

packaged food anqzob%\éq{;g%ﬁéﬁrgg@q}a%uﬁj%ﬁiéﬂ@e?% ‘5?%&2%%% es. O her

types of closures are to be secure ners by
l ugs rather 15 fidesh ARpeduttead i npressions in the plastisol.

Vinyl chloride-based topcogrdgRigto Pdd ing is I‘pgpfbmgdsmﬁaeﬁed bot h by
product processin condi tions, '

and C nditionf enecou tergﬁ uring
cl osure nanuf act PFECYSFDL FIMEIRIRPS & R P ?%ﬁ'ﬁ? IR’  pr esent
i.nvent ion issdi Lﬁ.@ _;sbftiemed. Wheri ,tHe metal crlosusecis pressedfontar es.
nvesti gators theref qr.e hav 1t a - 0 t r the
interior of net aﬁ.'l}ﬁ %Rﬂ%’? cf?s;g%%r, f%&v%%%ﬁ%a@e@y?o épér)oduct S.
| nvesti gat ors haveomd@ingmrficmulinpsessiops in the|softened iplastipedat for
the interior of et OSMHE MY Tk is sed@véd afieSpidéé beERi ns the

advant ageous properties a V|sn%/: chl or| de-based topco uch_as

of t, '
adhesi on, f kykithe ithread, RRES S 137 LY B 0% ?Pr°$‘ﬁ‘l=|?‘5i tion
and favorabhe eceoBEUsequentedoqiimgs This esypeiof | yetal eckosghe a

A T T
associ ated with packigyesbricidhiang \henerage \preoducts, sughp 3%/ juices
PCT/ US95/13195  4nq gravies. other_types of closures are designed
to be secured to'qlass containers by lugs rather
15 than by thread'impressions_in the plastisol.

Vinyl chloride-based topcoat compositions
have been softened both by product processing
conditions, and by conditions encountered during
closure manufactufe, théreby leading to élosure

20 failure. The present invention is directed, in

' part, to overcoming such closure failures.
Investigators therefore have sought a two-

coat system for the interior of metal closures used
for vacuum-packed food products. Investigators have

25 particularly sought a vinyl halide~free topcoat for
the intefior of metal closures for food and
beverages that retains the advantageous properties
of a vinYl chloride-based topcoat, such as adhesion,
flexibility,'chemical resistance, corrosion

30 inhibition and favorable economics. Investigators
especially have sought a coating composition that
' demonstrates these advantageous properties and also
reduces the environmental and toxicological concerns
associated with halide-containing vinyl polymers.



- 8- Two- coat- systens have been investigated and used
for application to the interior of netal cl osures. The investigators
sought  aND 86/18202 opcoat conposi tions having a suffici POTIOE9%/13398 bl e
cured 5 coating such that a coated netal substrate can be def or med
wi t hout destroying filmecontinuity. The conventional epoxy resins
used in the topcoats provi ded good adhesion to plastisol gaskets, -but-
al so often provided a rigid cured filmthereby 10 making it difficult to
i npossi ble to coat the netal substrate prior to deformng, i.e.,
shaping, the | netal substrate inte-a@ netal article, like a netal
closure. Coating a metal substrate prior to shaping t he net al
~substrate is the"; present‘l‘vm-a:ukt csyistems rkhang rbeen pinvéstigated

For exanpl e, | " rior
Two- Coat System %iﬁa?o%ﬂgdt?osuresﬁyeﬁ ern flﬂg\éﬁéfand
Coatings, Jun&l ms-pp ThB rge aamrsjlemqisfesmdzmsedtmat

conposi tion cramr o8 itd.chs Qiaaiiﬁgela/ émmienm%eﬁbme&% g resin,

‘pol yest er and s.torrer relativ resent composi tion. Japanese
Pat ent JP386/ %l%’bﬁ‘?taacd‘%ﬁetrﬁio&ﬁﬁﬁﬁ‘f e 3R BRtal cans

conprising a A c&sﬁeﬂ witiheut! idestbying mmwd:ﬁsiﬂuitﬁhe Thécl osed

- conposi tion also t The
above- i denti fied teir?t%%a&n?ﬂw !@r#}écaqfl oér;l ﬁsétﬁeose aﬁ"%g conposi tions
conpri si ng pr%ds@wqdesdheaqm%glas@eph gaskeftsc bukin. 30 The
patent and pulhigtaldsrter] prertiddic @ Q&%ﬁ Cdi?:‘éd‘&ilm tr?éiﬁlgi??' tion an O‘

ool act dfter making 1 SERIRE 1) 1mnoatiRAe 30 sart Fhe Betabr o n ( he

coating corrposmihsmrate fpré.@roftcadﬁcxd&mntﬁlell ngsl%ingﬁwh@m ymer .

VO 96/ 15202 metal substrate into a metal article, 1%895/ J‘F?‘Eﬁ

closure. Coating a metal substrate prior to shaping
theTmetal substrate is the present standard _

15 industrial practice.

E For example, the publication P. N
Paldckdharry et al., "Interior Two-Coat System
COvers Metal Food CIOsures", Mggg;g_ggig;_ggg

g; ngs, June, 1989, pp. 78, 82 and 85, discloses a

20 topcbat composition comprising a relatively low
amount of phenolic resin, polyester and elastomer
relative to the present composition. Japanese
Patent JP 86/038744 discloses a coating ccmpcsxticn
for hetal cans comprising a polyester, phenolic and

25 epox& resin. The disclosed composition also
contains a polyvinyl chloride. |

The above-identified patent and
publication disclose coating comp051tions comprisinq
an epoxy resin, a polyester and a phenolic resin.

30 The patent and publication do not disclose a coating
comesition comprising an epoxy'novclac resin; a
polyester; a phenolic resin; and'an elastcner'in the
amounts and ratios disclosed herein, wherein the
coating composition is free of a haiide-containing

35 vinyl polymer. | |




+#9- Al though the above-identified patent and

publicationgdl gy coating conpositions for the I nt er i pér/pSosh3igt al
food cl osure, e patent and publication do not disclose a topcoat
conposition 5 that includes an epoxy novol ac resin, a phenolic

resin, a polyester and an el astoner, wherein the conposition is free
of a halide-containing vinyl polyner and which, after curing,
denonstrates: (1) excellent flexibility; (2) excellent adhesion to the
10 priner coat; (3) excellent chemical resjstance and corrosion

i nhi bition; (4) excellent adhesion to the ° = plastisol gasket; and (5)
reduced enV|ronnentaI and

;§?| el As ‘an
added advantage, a present %lth c‘glé)coa(?‘lL ngfconp%gjl'?do%a?%n%na?%proved
t wo- coat system publlqaté@bsﬂpia¢lnsmt¢qgtim conposiftienpcficr theri but ed

to applying a conyiiri¥ilod i mibteRisda té’f‘oé’{ﬁ.‘é" the pat&Rt'ahg. The

present topcoat coatlng conposi tion al so can be used mnth a variety of

types of prinersPdpligaticn de Nohidisclase R rererat, composytion
properties. s that includes an ¥pdtiRhdYyolat dddMhiNI 'bhenolic

Ihe, Present IVenlielh ! % Stk e am, o E5R Gy SRS b2t 21t
flexible _ ancompusdittiomn xiee | fmed oﬁrmshmdm-tdontnmmg n!einyl coat
gPdat ?re?a?/acr:: gtsﬁ %fllﬂ t:’:{@é mtcont al ner&% present coa?glacutlirj sedl
conposi tion 30. @mﬁﬁﬁhﬂéi YKM&%kKP*Qﬁ#*Fntiﬁﬁk#ﬁ#¢% £o theesin,
a pol yester agnd yﬁa{e&stda@d (B éaf@élemnt chemity 1 %gﬁwélmal SO is
e o T ron TG M 801 IELy ST, 50 2B L0 e
PCT/ US95/ 13195 plastisol gasket; and (5) reduced environmental and
toxicological concerns.
As an'added'advantage, a present topcoat
15 coating composition is an improved two-coat systen,
thereby eliminating the time and expense attributed
to applying a conventional third coat to the metal
substrate. The present topcoat coating composition
also can be used with a variety of types of primers
20 without a significant decrease in coating
properties.

SUMMARY OF THE INVENTION
The present invention is directed to a
coating composition that, after curing, effectively
25 inhibits corrosion of metal substrates, is flexible
and exhibits excellent adheéion both to a primer
coat and to a variety of plastisol gaskets used to
ensure the vacuum seal of a metal closure to a glass
container. The present coating composition
30 comprises: an epoxy novolac resin, a phenolic
resin, a polyester ahd'an elastomer. The present
coating compositioh also is free of a halide-

containing vinyl polymer, such as polyvinyl
chloride. Nevertheless, after curing and - This Sheet Has Been Replaced

[T




- 10 - cr sslinking, the coating conpositions denonstrate -

excel |l ent adhesion both to a priner coat and to a pl asti sol gasket.
The coat iWQ96/3202siti on effectively 5 i nhi bits corrosi orraIUS9SM398S and
non-ferrous netal substrat'es when the conposition is applied as a
topcoat to a ; Strate, then cured for a .. sufficient tinme and at

a .sufficient telirP Lt‘#a?BéeQReplaced provide a crosslinked coating. = A cured
and 10 crossl |l nmonstrates sufficient chem cal and
m H the topcoat of a t wo- coat system on the

physi cal propertl
“interior of net use Lnipackagi ng foods and beverages. The
coati ng 03|t|on does not adversely affect products 15 packaged I n

ahcont ai ger hwmnm ais Woating mﬁ&mﬁbedeﬂéﬁetﬁataurface wi th
the cure rticu resent
Coat hot! eXMIAGHY henton potn tq o A4REEILSHE Yna 08 BT

wei ght of nonpdléﬁhﬂ@lnﬂiﬁkeﬁ of an epoxy " novol ac resin; (b) about
40% t o about 60% by weify eco i ﬁ f a phenolic
resin; (c) about 15%to about 30% % é é?f %:gér'ﬁ/ofatl | e

materi al , Sof ANbEBiEs GorrasiqnyPe lftﬁﬁr‘!}%t@ M'Q@r"%%e*é?lwel ght of
nonvol atil e rr&hotst&lata‘s ahen: theelcﬁﬂpaﬂtiémemlspﬁhﬁe&qw&ltlon is free
of a . hal i_deicant gi_ni_n yl__Rpol l.n accord e wth an

i nport ant f eaft QP E %ﬁ’ %@:i@ﬁ‘t ﬁ%% , <b‘ﬁtaratlo of epoxy
novol ac resi nsm:pkuammt cti’i& arshiat iz suffici¥hittdmpalmiir@stds. The

el ast omer ol r%ﬁj a r oof

el astonmer to Bol ye ayec?o@t')sﬂtn 11to albr{(%t ﬁ\ﬁ?@d aaﬁd Corrponent!
(a) throd§h (droasélmkaﬁemdmg demenstrates sk icientrchemicahat t he
total coatingadapny@iRay tyﬁa@eﬁcﬂegﬂ%zabﬁé 2D %R wpidat e Hy 0 0WO

96/ 15202 twoicoat system on’ the 1A%é¥¥d¥{5% metal closures
used in packaging foods and beverages. The coating
- composition does not adversely affect products
15 packaged in a container having a metal closure
coaﬁed on the interior surface with the cured
"compos1ticn.
! ' In particular, the present coating
compbsitxon comprlse3° (1) about 13% to about 30%,
20 by wblght of nonvolatile material, of'an epoxy
novoiac'resin, (b) about 40% to about 60%, by weight
of nbnvolatzle material, of a phenolic resin; (c)
about 15% to about '30%, by welght of nonvolatile
material, of a polyester; and (d) about 5% to about
25 20%,‘by weight of nonvolatile material of an
elastomer, wherein the comp051tion is free of a
halide-containing vinyl polymer. In accordance with
an important feature of the present inVention,_the
 weight ratio of epoxy novolac resin to phenolic
30 resin is about 33:66 to about 25:75. The elastomer
and polyester are present in a weight ratio of
elastomer to polyester of about 1:1 to about 1:2.
Components (a) through (d)'are_dispersed
_ in a nonagueous carrier such that the'total_coating
35 composition includes about 20% to about 50%, by



S11 - wei ght of the—tet—elef conponents (a), (b),
(c) and (d) optlonal _ onents, such as a pigne

a lubricant aﬁ%@ggan be T eﬂﬁl h&dconp05|t|on an accé%gkﬁbly
5 i ncrease the wei ght perce nvolatlle material in the
conposition to above about 5 ht of the total coating
conposition. , As used here and hereinafter, the term
"coating conposition” is defined as the conposition 10 i ncl udi ng the
epoxy novol ac resin, the phenolic resi.n, the polyester, the el astoner,
and any opti onal ingredients di spers in the nonaqueous carrier;

the term"cured 0, | I ned_as the nt

pol ymeric coatlﬂggﬂé f QR tgt??oﬁ#@ ??h&ig 08? §m88958 ﬁtl@ﬁ The
cur ed coat|ﬁ@)coh@bsﬁb@oﬁdbonpﬁtbes entiepalycemponentie such phenolic
resin, the pol yegded pigméRe, eaaftffe{» or a fﬁﬁft&hﬂt' X158 BAG BgoUNts

these ingredients are pfesent 1n g coat ng conposition, expressed as
20  non-vol ati |ENGHRAed in the °°mP°51t °nThEPéfBP§°r€AEQinortant aspect

of the Pr estiérédyenthenwe Sghe ﬁéﬁdéﬂ'& éfceataldnonvol&eqnasi tion that
enhances t he ab|I|t of .t he

hibjt cor op.of ferrous and
nonferrous netal™ rlibbﬁ?r§§%s°°m$$?eF135pF #?Xﬁ ?g 3t BP%EH Ynet al
substrate as a twebght, oﬁhuheube%qheubatungngompoaitlon.suff|C|ent

tenperature for a sufficiegt %ﬁg@  h&PE and hgggihggt%ﬁnpgﬁétgggmprOV|des an

adherent | ayer of a cured coatlng 0S| cured coatin
conposi ti on enhaHE%%t%QEr@@#ﬁﬁﬁ%?ﬁﬁhlt%%ndeﬁaged as EREeFPEEPSiFéanlllty

and exhi bi tzp excai¢Aiding theKipskpmbeélatorasyal ichy gherbiier ent of
pri mer types d to the netal subsirate and to.a variety of
di fferent types 05 {ﬁ) g polysster gothe e %?§°%55t|%6do§EY the cured

coating conposi toptional ing¥edHedt2(0Pispersed in the nonaqueous

PCT/ US95/ 13195 carrier; the term "cured coating composition" is

defined as the adherent polymeric coating resulting

15 from curing a coating composition. The cured '
coating composition comprises the epoxy resin, the
phenolic resih, the polyester and the elastomer
essentially in the amounts these ingredients are
present in the coating composition, expressed as

20 non-volatile material. _ '_

'Therefore,'one.important aépect of the

present invention is to provide a coating -
composition that enhances the ability of the primer
to inhibit corrosibn of ferrous and nonferrous metal

25 substrates. After application to a primed metal
substrate as'a topcoat, and_subséquent curing at a
sufficient temperature for a sufficient time, the
coating composition provides an adherent layer of a
cured coating composition. The cured coating

30 compositibn_enhances corrosion inhibition, has
excellent flexibility and exhibits excellent
adhesion both to a variety of different of primer
types applied to the metal substrate and to a
variety of different types of plastisol sealer

35 gaskets applied over the cured coating composition.



- 12 - Because of these properties, an inproved

two-coat systemis available for application to the net al  substrate

t her eby -mwové/ti200 econoni es _L_D_-t—l—n@——————‘—ﬁ“&t"eTl al and nacpcrsys/iznes he
coating of a metal 5 substrate aﬁ B, conposition al so provides
econonm es because the conpOS|Fm Wth a variety of

prinmers and pl asti sol gaskets nt .cheni cal types. The closure-
manuf act ur er t herefore Ca ng conposition in a nore 10

uni versal range of applications, thereby el i mnating . the need to carry
an inventory of different topcoats - 1and elimnating application

equi pment changeover . I n accordance wi th another inportant

gsp ct of the present |memﬂusutoﬁIthese*propsﬁtﬂesguan ﬁ?pﬁumedlon ]

enonst r at es t i (L rEsSRgeL to the

pl asti sol sea;E co%ﬁl, ygg")%nb iﬁt%eag@%q %tfoid:%§% %eth"t € cured

coati ng conpo nsmbatmh¢epmh§meh¥ pnnﬁidiqgnﬁqnnomiesfznttimeﬂnproves -

t he vacuum se e ﬁqyg déE% giner to
ﬂgtg%\ﬁ ard m@i&% q‘ihe exce %}em b

mai ntai n product I nte y facilitates
3 processlng ofspﬁ§t€@&FEd ICQQB&BQWQR?HQRRF¥Pn al’QuRHQXﬁQﬁEaJ article,
l'ike in noldi a@oﬁbmiearrmuse tmr afpositaith éa:ptbé hided ReitIr£d coating

remai ns 25 in_contin n nt act . t he, primer on the
metal substrat&F ety o i'i%‘e s %ﬁé&ﬁﬁfg %@t ‘%mt her i nportant
~aspect of thedifferenti chemiocal, twmseurémesaﬂtos\g:e manuﬂzq:tmrer on
ggg??ﬁérggﬁgog?t?é%%EEeEE fh%é%oyé:§ﬁég} E i ge céﬁ?alnln V|ngr the ‘
pol ymer . 10~ uBd¥ezgailoFandeo ot ﬁ@peéﬁmq%n@%hmaimmawm yvi nyl

chloride to i gaarhebldexiobicarcy fag tlmentorycwdumzleiﬂ: Hypdoaty ovi de
adhesion to the t,i SO Howev.er. he presence of WO

96/ 15202 d%elimna ing application ‘e P“\%F/ GESILPMRT -

In accordance with another important
aspect of the present invention, the cured coating
15 comgosition demonstrates excellent flexibility and
adhesion with respect to the plastisol'seaier
gask%t.' The excellent adhesion between the cured
coa ing comp051tion and the plastisol sealer gasket
further improves the vacuum seal between a metal
20 clospre and a glass container to maintazn product .
inteérity, and the excellent-flexibility facilitates
proce551ng of the coated metal substrate into a
coated metal article, like in molding or stamping
process steps, such that the cured coating remains
25 in continuous and intimate contact with the primer
on the metal substrate. '

In accordance with yet another important
aspect of the present invention, the cured coating
composition demonstrates an excellent flexibility -

30 and adhesion even though the coating'composition
does not include a halide-containing vinyl polymer.
Conventional coating compositions included a |
polyvinyl chloride to impart flexibility to the
cured coating and to provide adhesion to the

35 plastisol gasket.' However, the presence of



i 13 - polyvinyl chloride adversely affected the heat resi stance .

of the cureﬂ W’ Bfl tion. The presept—————coating conpositi eETAddsEss
excl udes a ‘h3 cont ai-Ai-Ag—vi-nyl polyner  has excellent heat 5

fesistance, and, surprisingly, excellent fﬁ'] flexibility.

I'n accordance with yet another inportant ‘. aspect of the present

I nvention, a prinmed netal substrate’ coated on at | east one surface
with a 10 cured coating conposition of the present invention can be
formed into a nmetal closure for a glass__orl3 _ plastic container that

hol ds f ood products Conventional Iy, "a particular type of topcoat was
appl i ed over Wi#gi Qﬂié@{dé ”a&{:éféeiﬁ? a¢fbe¥ealene hehk! Cient

I nt er coat adhe5| resent coati ng cofrposi tion overcones this

di sadvant age, zMK951Sta$#%v¢ﬁe§hﬁ €%¥€€ E@EPPﬁbt&BHpos?PPoHrFESPtexh|blts

sufficient intergoats ﬁ&”@&h i\tibnﬁ wﬁibﬁtt‘.xeiudes at yagddge~ priners, and
wth a variety of tISO| These and

t ype
ot her aspects euﬁPQg%%F&%@e§15¥ po Y?ﬁﬁ'pﬁ@§eﬁ§°?ﬁ&8ﬂF|8ﬁ§ﬁ || becone
appar ent frogn t heesistaheé) candy setprisiingtycregceddent the preferred
enbodi nent s. §$} DEE LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS
A coating conmpo %P e present i nvention, after curing, provides
a cured coating conpoEntaonorﬂancefWDthlYetyaanﬁhﬁge§m99r¢6@¢on

I nhibition of pré é%ﬁg%fjtﬁé féé&ﬁﬁ iAveAtisn, bt pBmeanaethilmi ted to,

al um num iron, E gresent coati ng ig osi tion,
after curing, aI%%bStratﬁeﬁ%% ??a?ESaEXESF EnengqRuTtane: ¥ 3rimer coat

applied to {de ﬂ@ﬁﬁédSé@&tiﬁéecaﬁﬂoéﬂtﬁoﬁlastthelpresentWEnQGhtEBQZ
PCT/US95/ 13195 an be formed into a metal closure }ér a glass or
plastlc container that holds food products.
Conventionally, a partlcular type of topcoat was
applied over a partlcular primer in order to achieve
15 sufficient intercoat adhesion. The present coating
' composition overcomes this disadvantage, and
prdvides a cured coating composition that exhibits
sufficient intercoat adhesion with a variety of
types of primers, and with a variety of types of
20 p1ast1501 sealers. |
These and other aspects and advantages of
the present invention will become apparent from the
fellowing detailed description of the preferred
embodiments.

25 DETAILED DESQBIPTIO&_OE THE PREFERRED EMBODIMENTS

A coating composition of the present
invention, after euring, provides a cured coating
composition that effectively enhances'corfosion

_ inhibition of primed metal substrates, such as, but

30 not limited to, aluminum, iron, steel and copper. A
present coating composition, after curing, also _
demonstrates excellent adhesion to the primer coat
applied to the metal substrate and to a plastisol



gasket ;
excellent flexibility.

excel |l ent chem cal resistance and scratch resi.stance; and

Accordingly, a coat between the

pri mer awggp9er15204 opcoat, i.e., the mddle coat, is elim napetusifsioH
present coating conpositions therefore are useful in an i nproved
t wo- coat system conprising a prinmer and a topcoat. The present coating

conpositions are .
system for the |nter|or of a netal closure for 10 vacuum packed food

products.

conpri ses:
pol yester;
conposi ti on nya k&tifﬁx@ébseﬁt cheebéabnrésistancel andhakirdech

cont ai ni ng vi
can include o
~conposi tion,

i mprove a funcgdy
conposi tion ingr

(a);an epoxy novol ac resin; 14b) a
(d) an el astoner;

that

especially useful as the topcoat of a two-coat

In general, a present coating conposition
phenolic resin; (c) a
and (e) a nonaqueous carrier. A coating

HAnFER: and PRElight BBIRER Y he Cother (oo of the

fhectordingly; odccoatigbetwean thepprimevnandr that 20

2 Ieng;fnsrt YeRré ﬂgﬁgfenPaitt'fg el mzn;EEg'ndTKbdual

are descri e ai

(a) Epoxv Sov@ERSewRkeeating compositiong ‘eleareﬁgremﬁesusresmoﬁnt he

present 25

'éwefﬁpﬁ‘vé&nﬁbsééaﬂnsf@@éﬁ Bgﬁﬁfi‘élﬁ san rimdf and anount

wei ght of nonl

of about 13%to Ebout 3096 and prefe

pr esent
25% of the ep
An epoxy novo
pol yf unctii®nalVv

and

15 -

i nvente:

WO 96/ 15202

15

20

25

30

bl At bout 25% b
T8 RPESeRt it ing GOmPHELERPREaaTat ags of (he

ci&Eﬂyowseﬂmlomaphhettopchas 6f oan Bo~celtbut 20% to about
s §! Toterior e & pikadl cf00UBbapLLS MRLCTial
.re5|n use

nt - conposiTron is a

combrises:"(a) an epoxy novolac resin;“(b)_a
phenholic resin; (c) a polyester; (d) an elastomer;
and| (e) a nonaqueous carrier. A'cbating_cdmposition
of ﬁhe present invention is free of a halide-
containing vinyl polymer. In addition, a present
coating composition can include optional ingredients
tha#-improve the esthetics of the-compoéition, that
facilitate processing of the composition, or that
impﬁové a functional property of the composition.
Thelindividual composition ingredients are described
in mbre detail below.

3(a) [e) o es _

The coating composition df.the present
inveﬁtion comprises an epoxy novolac resin in an
amount of about 13% to about 30%, and preferably
abou¢ 15% to about 25%; by'weight of nonvolatile
material. To achieve the full advantage of the
present invention, the cbating composition has from
about 20% to aboﬁt 25%.of the epoxy novolac resin,
by weight of nonvolatile materlal. _

An epoxy novolac re51n useful in the
present composition is a polyfunctional epoxy resin
having an epoxy functionality of about 2, and

Qﬁkﬂ@’?iﬁ#?ﬂ f°°drﬁﬁ¢¢¥PEﬁ epoxy functlonallty of about 2,
In general, a present coating compésit®8n/ 13195



‘preferably greater than about 2, to about 6, and preferably greater

t han about ﬁz&é%u%?@“t 5. The epoxy novolac resinis a Img%ﬁgiyér

wei ght resi avi ng an epoxi de equi val ent wei ght (EEW

100 to about 220, and preferably an EEW of about 150 to about- 210.
Epoxy novol ac resins useful in the present I nvention include for
exanpl e, but are not lim'ted to, epoxy phenol novol ac resins. Epoxy
phenol 10 novolac resins are represented by general structural

formula (1) wherein n is about 0.2 to abgu%54; [err] The
mul tifunctional epoxy phenol novol ac resin contain a phenolic

hydr oxyl group pef. q:[g,i_.{ i | ' afoiang Par L+ Of t hoamara', and
ortho-ortho' 15 %é:oe% na,]ilf)r%&a%goxﬁhdaaﬁi on W th g%ﬁ?% olzrl%hél'(jpiﬁ?l@
yi el ds the hi ghl priefienabliaigreaser ghamn abeiel 2cto aboukshns. Thee epoxy

8“‘23)”01” ngvgl)?icdr YIky Hovflae resini i) &1 B hdYedh Tak dréiglet  résihout

.(i.e., ngreater th 3). 2 Nonlimtin
‘exanpl es of an eBR¥ANh&TH PO d%cﬁﬂi'}é\‘@af%@z’ nw"ug%lml (FFW) 1Rf phouk; °
i—lnglvteﬂt i on arNeYs 1§%mgaﬂerzzo£@%%mwmlmmmﬁ Bilsditt Q5 Cor p.
or ne, , a E , avail abl e from Dow Chemi cal Co.,
oo A Ao

M dl and, M. Thes 25 novol ac resins have an n value (from
struct ural formul a |) Rgoxy mowolarwesingusefulninpthe present
functionality of ' éﬁfgul L s mPP@@sSi tion
that effectively 1%%%‘?{% W&%‘@g%f‘l%)g% A'but aré bt "Bk
PCT/ US95/ 13195 ~to, epoxy phenol novolac resins. Epoxy phenol

10 novolac resins are repreSented by general structural

formula (I) wherein n is about 0.2 to about 4.

CH, CHp K CH3
/ : / /
0 0] 0] 0 o 0 :

N2

The multifunctional epoxy.phenol novolac resins .
contain a phenolic hydroxyl group per phenyl ring in
random para-para'} ortho-para’, and'ortho-ortho'

15 combinations. Epoxidation with epichlorohydrin
yields the highly functional epoxy phenol novolac
resins. The epoxy phenol novolac resin can be a
high viscosity liquid (i.e., n about 0.2) or a solid
(i.e., n greater than 3). o

20 Nonlimiting examples of an epoxy bhenol
novolac resin useful in the present”invention are
ARALDITE® EPN 1139 available from CIBA-GEIGY Corp.,
Hawthorne, NY, and D.E.N. 431, available from Dow
Chemical Co., Midland, MI. These epoxy phenol

25 novolac resins have an n value (from structural
formula I) of 0.2, an EEW of 175 and an'epoxy
functionality of 2.2, and have provided a useful
coating composition that effectively inhibits



-16- corrosion of netal substrates. O her nonlimting exanpleé

of epoxy phenol novol ac resins are D. E. N. 438 and ARALDI TE[err] EPN
1138, avaybabiisedr om Dow Chem cal Co. and Cl BA- GEl GY G@TWS9s/13195
respectively, and 5 having an n value of ‘1.6, an EEWof 178 and an epoxy
functionality of 3.6; and D.E.N. 439 avail able from Dow Chem cal Co.
and having an n value of 1.8, an EEW of 200 and an epoxy functionality
of 3. 8. Anot her useful class of epoxy novolac 10 resins is

t he epoxy cresol. novol ac resins depicted i n general structural formula
(I'l'), wherein niis about 1.7 to abae 4. 4. [err] The
epoxy cresol novolac resins are prepared by . gl ycidyl ati.on of

o-cresol - fornatdhhqdeonooﬂemeeabssubstratebe satheranonliaitting epoxy
Phenol novol acexampiés! 85 epdRy GRANSLHB6bLABLbEYNG" akRCRERORY CT €SO

novol ac re5|ns | out Seful epoxy
novol ac resi ns43% and ARALBBT??uﬁBﬂl6%&3:eﬁBﬂ?lﬁb%PngrOPnQPHde but are not-

20 Illmted toeﬁéﬁ)éa?tcéﬁasn@hcrm-gtﬁcgdub TH hei'es eﬁewag Suﬁ'adas the
Struotur al3 | orYERY 8)n WRBRGE Y 40 BRVEEN GhodtS andisd EmoRou 210
and a theoretltuuctimugaify 6fintt é pnahdt . BIN{ 0489 availabeOfrdm202 :
PCT/ US95/ 13195Dov{ Chemical Co. and hav:l.ng an n value of 1.8, an
EEW of 200 and an epoxy functlonality of 3.8.

| Another useful class of epoxy novolac '-_ "

10 re%xns is the epoxy cresol novolac resins depicted '
in beneral structural formula' (II), whereln n 1s

about 1.7 to about 4.4.

CHg ' CHg CHp

!

| -
I / / /

| 0 1>o 0 0

| CHae= ( CHp=), an .

The%epoxy cresol novolac reeihe are prepared by
glyéidylation'of o-cresol-formaléehYde condensates
15 in the same manner as the epoxy phenol novolac
resins. The epoxy functionaiity:of'the epoxy cresol
novolac resins is about 2.7 to about 5.4. |
Other useful epoxy novolac resins, i. e.,
polyfunctlonal epoxy res1ns,'1nc1ude but are not
20 1limited to a polynuclear phenol-glycidyl ether
re51h such as the tetraglycidyl ether of
tetrakis(4-hydroxyphenyl)ethane deplcted in
_ structural formula (III), and having an EEW of about
185 to about 210 and a theoretical epoxy
25 functionality of four.



=17 - [err] A tetragl yci dyl net hyl enedi ani |l i ne

resin e din structural formula (1V), as -
N,N,N',NV-tg@$§%4%%fdyl 4, 4" - di am nophenyl et hane, havingpgﬁmEEmPgF
about 117 to about 133 and an epoxy 5 functionality of about 4 also can be
used as the epoxy novol ac resin. [err] I n addi ti on,
triglycidyl p-am nophenol resins, avai l abl e from Cl BA-GEl GY Corp., and
havi ng an EEW of about 105 to about 114 and an epoxy functionality 10
of about 3 can be used as the epoxy novol ag_resin. ~ Anot her
exenpl ary epoxy novolac resinis a AT VyEidyI | socyanurate depicted in
structural formula (V) apd_having an. epoxy functionality of about 3

and an EEW of about 108 . O 96/ 15202 o
PCT/ US95/ 13195 g CH—CH-( 02
CH{/ EHE CI111)

v Y

A tetraglycidylmethylenedianiline resin
exemplified in structural formula (IV), as
N,N,N’ ,N’-tetraglycidyl-4, 4'-d1am1nophenylmethane,
having an EEW of about 117 to about 133 and an epoxy
5 functionallty of about 4 also can be used as the
epoxy novolac resin.

(CH,-CHCH,)>,-N CH, C1V)
\/ |

0

In addition, triglycidyl p-aminophenol resins,
available from CIBA-GEIGY Corp., and having an EEW
of about 105 to about 114 and an epoxy functionality

10 of about 3 can be used as the epoxy novolac resin.

Another exemplary epoxy novolac resin is a

triglycidyl isocyanurate depicted in structural_
formula (V) and having an epoxy functionality of
about 3 and an EEW of abbut 108.



- 18 - [err] An epoxy novol ac resin

provi des a ~sufficient nunber of crosslinking sites such that a
coati ng cwuopesssste2on can be cured and. provide suf ici entpciresosasiosand.
physi cal properties for-a 5 -<cured coating conposition. A cured coating
conposition al so denonstrates excel |l ent physical properties, such as
scratch resi stance, adhesion and flexibility. An epoxy novolac resin
al so provides a sufficient nunber of crosslinking sites such that a 10
cured coating conposition has excellent barrier propertjies (i.e.,

exhi bits excellent corrosion cont« Qlg) - (b) Phenolic Resin
In addition to the epoxy novolac resin, 15 the coating conposition also
conprises from about 40% tp_about 60% and preferably about 40%to
about 50% by weight- of nohyw®latile material, of a phenolic resin.

To achieve the full advantage pf 0 the present invention, the coating
conmposi tion has 20 about 45% m‘,quJt @3Q% by weight of nonvol atile
material, of a phenolic resin. The phenolic resin is present
in a suff|C|ent anount to C/Lisl t he .gpoxy

‘\

caa

>

- An epoxy novolac resin provides a
sufficient number of crosslinking sites such that a
coating compositioh can be cured and provide
sufficient chemical and physical properties for a

5 cured coating composition. A cured coating

composition also demonstrates excellent physical
progerties, such as scratch resistance, adhesion and
fleiibility. An epoxy novolac resin also provides a
sufficient number of crosslinking sites such that a

10 cured coating composition has excellent barrier
proﬁerties:(i.e., exhibits excellent corrosion
conﬁrol). '

' (b) Phenolic Resin
5 - In addition to the epoxy novolac resin,
15 the coatlng composition also comprises from about
40% to about 60%, and preferably about 40% to about
50%,?by weight of nonvolatile material, of a
phenélic resin. To achieve the full advantage of
the present invention, the coating composition has
20 about 45% to about 50%, by weight of nonvolatile
material, of a phenolic resin. _
The phenolic resin is present in a
sufficient amount to crosslink with the epoxy
novolac resin and provide a cured coating



novol ac resin and provide a cured coating WO 96/ 15202

PCT/ US95/ 134896115202 - 19 - POTNEI8/18198
having sufficient flexibility to resist cracki ng and havi ng sufficient
¢hem cal and physi cal properties to resist chem cal attack and
scratching. - Generally, the phenolic resin utilized in 5 the
present conposition is a condensation product resulting froma
reaction between a phenol and f or mal dehyde, and has a | ow nol ecul ar

wei ght of about 1,000 to about 8,0004gand preferably about 3,000

to about 5,000. Phenol or essentially any 0 other conpound including a

hydroxyphenyl midiiposition |Hé’\¢1ﬁ{b%ffc?é‘ﬁ€| fpémbﬁwsydtaSrégfsahenol
conponent of the phenplic r

nli es_of_ su |l e
phenol conpound<HARFNE and ap‘ﬁ’e‘?ﬁ)ls“{%’e‘é’g/g?‘\': %‘?‘H"‘é %ﬁ‘gpﬂg}ﬁ#‘ E
Bi sphenol A 15 prcpédteies etf&rn‘eshsﬁaﬂtémbcmbomemclofandhesq:hatching.
resin. :q pt esent
i nvention, bisphenol A angﬁgb (1%i;1§ﬁg é?“gi&ggg%%{a.ggﬁ%l%%ﬂp% ents of
the phenol i & redhe piresatt cmpﬂsib&omrﬁ.sfa beepdensationrproductl dehyde
provi des YO0 é{ﬁg r téﬁh coating
conposi tion of fﬁ%ﬁﬂﬁégg%t |nvéapﬁ%ﬂc - b é??ég *?ent adhesi on of
the coating fQRﬂﬂ%ﬁﬁhYQﬁvtﬁﬂ¢1hQFt#m#?ﬂ|Wﬁ#eQH%ﬂ¥rﬁP%HkFt% a 25
variety of plastiriit dBSKEd Std Bowe P0G AnEbreferdWEy absutur ed

compos, (100 200t oho Lot idho, ISR P oot FHRRE L EREoT! 2,
coating conmo5| tommr Ibmpound including e rigydrgxypizenyl cmonei_:yl, utilized in
(e Present coat g SRR {4 Ui dC APl 2 ene plinag! ot b1 sphenl
i ncor por at ed commrtexa: pleshea MQW RSt hlsmht%@ﬂ ution
examples of suitable phenol compounds include
phenol, cresylic acid and bisphenol A. Bisphenol A
15 is the preferred phenol component of the phenolic
resin.
To achieve the full advantage of the
present invention, bisphenol A and formaidehyde are
used as the components of the phenolic resin. The
20 combination of bisphenol A and formaldehyde provides
a phenolic resin that, when incorporated into a
coating composition of the present invention,
imparts excellent adhesion of the coating
composition both to the primer coating and to a
25 variety of plastisol gaskets that can be applied
" over the cured composition coating. CreSY1ic acid
can be included in the phenolic resin to further
enhance the corrosion-inhibiting properties of the
coating composition. |
30 An exemplary phenolic resin utilized in
the present coating composition includes about 24%
by weight bisphenol A, and about 7% by weight
formaldehyde. This phenolic resin is incorporated
into a present coating composition as a solution
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- 20 - . contai ning about 50% by wei ght of t he phenol i c -~ resin. ,
I n accor woe&1s202 h an i nportant feature of t he presenecriusesision, the
epoxy novol ac resin and 5 phenolic resin are present in the coating
conposition in a weight ratio of epoxy novol ac resin to phenolic resin
of about 25:75 (i.e., 1:3) to about 33:66 (i.e., 1:2), and preferably
about 30:70 - to about 40:60. As will be denonstrated hereafter, 10

the properties of the cured coating conposition are opti m zed when the
ratio of epoxy novolac resin to phggokic resin is maintained within
~this weight !range (c) Polyester 15 o In

addi tion to tk>ruPHANY EBGUL 1508 by Weight écthdopens116sin, the
present coatin onposition - conprises a polyester to inpart
flexibility t * cured coating conposition. The polyester is pr esent
in an anount of about 151 tanczcmﬂandﬁ)%1mdaﬂmmpqmﬁmmégtubeu0f15%to

about 25% by y4gi PHestint inveVSH 2L & s £xeahge full
advant age of "t he r?reserx | nventi on, .%ﬁée o] yvo é)c égpres%%t .

an anount Sof g/ mesidh Axe PPESeRL i jthe ffoati ng nonvol ati | e
material. 25 congositlon e a6k £ rrd¥to %ﬂ;ﬁﬁ& &iox‘/@lél@t résin about

1,000 to about 50,000,. .and pr.efer bo 000 to out-10,000.' To
achi eve the f &9 soiid'é ?f ?’%@g’p %‘%’eﬁ H’f\%‘m ibTe) ¥R pol yester

has a nol ecul abokm gu: 66 (dbaut, 15)0, tandiprer @bl A86ut Jhe7ddentity of

t he pol yester QQEW eshe I I t 1“?%% ortant th

a particu ar po yester has(ﬂsav}%fif |LI(’:E| e‘f%l\ ow\q's'aé"'l ﬂ +€%‘¥£’r wei ght t

i mpart f A&xi btlhet‘pmemete@rq,fd the cuxed |¢sgamdmmpmtlon are
optlmlzed when the ratio of epoxy novolac resin to

phehollc re51n is maintained w1th1n this weight -

ranée.
. (c) Polyester
15 % In addition to the epoxy novolac resin and

the'phenollc resin, the present coating composition
comgrlses a polyester to impart flexibillty to the
curep coating comp051tlon. The polyester is present .
in an amount of about 15% to about 30%, and

20 preferably about 15% to about 25%, by weight of
nonvolatile material. To achieve the full advantage
of the present invention, the polyester is present
in an amount of about 20% to about 25%, by weight of
nonvolatile material.

25 : The polyester has a. molecular weight of
about 1,000 to about 50,000, and preferably about
1,000 to about 10,000. To achieve the full
advantage of the present invention, the pblyester
has a molecular weight of aboutll,sdb to about

30  6,000. The identity of the polyester is not
especially limited. However, it is important that a
particular polyester has a sufficiently low
molecular weight to impart flexibility to the cured
coating composition.
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- 21 - The polyester is prepared by nethods Weldusesizigfnown
in the art YPIHI32%; ol , ds

triol, polyol or m xture thereof an
pol ybasi ¢ carboxylic acid or - anhydride, or mxture thereof. Exanples
of diols, 5 triols and polyols include, but are not limted to,
et hyl ene glycol, propylene glycol, glycerol, . diethylene glycol,
di propyl ene glycol, triethylene gl ycol, tripropylene glycol, neopentyl
gl ycol, pentaerythritol, 1, 4- butaneméi trinmethylol 10 propane,
|sopropyI|dene bi s(p- phenyleneoxypropanol 2) and n1xtures t her eof .

Ex I f |l yb b | d jput
t Timted to. e Qﬁ& hga?&gqaroﬁfepregglggﬁ Pgdmarl Cc aCI SUgCI ﬁrg

not limted to, maleic
15 anhydride, kne€nnin 'abe-dar dEEPB acRdolphtkiple POlyodcia¥ pht halic

anhydride, tetralygdeaplt BAbkeos andaahpduysaslae&ahw@uhwadm ghydri de,
endonet hyl enet etr ah cﬁﬁghthallc aci d baci ¢ acid,
t

t et r achl or opht hafhRYd ﬁrlﬁﬁ,méﬁgu¥ FgFEEB%C abfﬁmplfﬁpﬁFhﬁﬂ 8cid,
trinellitic s tephbysrand pollyolst inelutlegr buk. are not llmlted;tdypica

Pol Lo ng | ngrecPenysend S1ORRLE propytens BISRSYT olbcl¥SE, 00 (1P L o
the 25 tenperadmethybenESglygolbod@PtQDVéﬁﬂFFg&UPPﬂ:tK@Lﬁﬁhylene nunber
LZT?B%SE/12195 gly¥6196¢138P8pylene glycol, neopen?yl glycol,
pentaerythritol, 1,4-butanediol, trimethylol
10  propane, isopropylidene bis(p-phenyleneoxypropanol-
2) and mixtures thereof.

Examples of polybasic carboxyllc acids or
anhydrides include, but are not limited to, maleic
anhydride, maleic acid, fumaric acid, succinic

15 anhydride, succinic acid, adipic aciqd, phthalic
acid, phthalic anhydride, tetrahydrophthalic
anhydride, hexahydrophthalic anhydride,
endomethylenetetrahydrophthalic anhydride, azelaic
acid, sebacic acid, tetrachlorophthalic anhydride;

20 chlorendic acid; isophthalic acid, trimellitic
anhydride and mixtures thereof.

A typical polyester illustrated in Example
1 is prepared by admixing the following ingredients
and heating at about 210°F, then allowing the

25 temperature to rise to about 430°F until the acid

number is about 10.



- 22 - : ' EXAMPLE 1. : Pol yest er

I ngr edi ent (by wei ght) ' Neopentyl d ycol

33.3 5 WO096/15202 Adipic Acid 33.7 PCTIUSSSVBmsht hai c .
Aci d 3.6 : Trinellitic Anhydride - 4.1

Butyl Carbitol 21.8 ~Dei oni zed Water - 3.5
10 The ingredients of Exanple 1 were m xed, and the reslting m xture
was heated until the acid nunber reached 7.6. The pol yester of
Exanpl e 1, having a wei ght average nol ecul ar wei ght of about 3000, was
present in the nixture in an anount of- @pout 75% by 15 weight nonvol atile
mat eri al . : Several other batches of the pol yester of

Example 1 were pmepared These di f f EGXAMPLEA ches provi ded a pol yester
havi ng a wei ght average - nol ecul ar_wei ght of about 1,500 to about

6,000. The 20  polyester of each batRdegerovi ded a coati ng

~conposi tion of the present ‘invention useful |n an | nproved two- coat
system i (df ELastoner - % l.n. Ition to the phenoxy
novol ac resin, 25 the i ' : ‘he present
coating conposition co N&@&Quenualastoner t ~ 33.3nprovgl adhesi on of the
coati ng conp05|tron to 1 prTmercoat to a plastiso

gasket 5" that jis ap f@ﬂcf‘ﬁ the cured coafling &bfApositilon. 30 The
el astoner is preeent i ﬁgmggﬁugh of about 5 oto 3¢ abo 20% and
preferably about {5%to

PCT/ US95/ 13195 Trimellitic Anhydnde ' 4.1 . . ‘
| | || Buty1 Carbitol N 21.8 S -
Deionized Water , 3.5

10 Thel| ingredients of Example 1 were'mixed,_and the’
resulting mixture was heated until the acid number
reawhed 7.6. The polyester of Example 1, having a
weight average molecular weight of about 3000, was
present in the mixture in an amount of about 75% by

i5 weiéht nonvolatile material.

: Several other batches of the polyester of
Exaﬂple 1 were prepared. These different batches
'provided a polyester having a weight average
molecular weight of about 1, 500 to about 6, 000. The

20 polﬂester of each batch prov;ded a coating
oomﬂoSition of the present 1nvention useful in an
improved two-coat system.

- (d) ast
In addition to the phenoxy novolac resin,
25 the phenolic resin, and the polyester, the present
| coating composition comprises an elastomer to
improve'adhesion of the coating composition to the
primer coat and especially to a plastisol gasket
that is applied to the cured coating'composition. _
30 The elastomer is present in an amount of about 5% to
about 20%, and preferably about 5% to about 15%, by



223 - wei ght of nonvolatile material. To achieve the ful

advant age o sent invention, the elastoner is pre
wo p&isgg/f ?ﬁ:‘?}u ?&hﬁﬂf

anount of abou oto about 15% by wei ght of nonvol ati erra

5 An exenpl ary, but nonlimting, elastoner is a

but adi ene-acrylonitrile copol yner, such as Nl POL[err] 1042U, avail able
from Zeon Chem cals, Inc., Cl'evel and, OH O her usefu

but adi ene-acrylonitrile copolymers are NYsyn[err] 35-8 and NYsyn[err]
33-8HM - 10  avail abl e from DSM Copol yners, .| nc Bat on Rouge, LA
Exanpl es of other useful elastoners ﬁélude but are not limted to,

nat ural rubber t e an 15
i sobutyl ene-i soprgr%g to%:)# ;}x;gens;laela% oryc orogé% Toaa&g)igg% %% ?‘ﬁﬁ?ﬁ
acrylic el ast oneedvantiages@f the Pnaﬂﬁntnmnvﬁntiqmerthqnelastomer is

acryl oni tril e- chignianGy an &Y st N0y PY6 | Sbaige Disedi

copol yner, and . mXxtures thereo A preferred ast orrer conbri es a 20
copol yner of acryﬁ@mhﬁwqﬁanonvolatile matsrdphagueous Carrler

tTﬂe present so?tl ng conmposiax @ké@ﬁryipbwmmlﬁt Oéiéé‘éﬁhel‘a‘\htGL ei 25'
e epoxy novol ag resj.n, ¢ {8l e an e

" elastoner are homSgén&Btradish m&ﬁfg u% %&r??er | t

shoul d be undersmmnmaouu a\taalramrnrmeaemg mmemmalsprt[mn, i ncl ude

3/e| ght 2)1‘e| ?th:avglo#plog)lgt %on f ‘Qﬁﬁ% 'ﬂ#\}"erse ect nxéylf%nléléfg total

corrosi on-i nhi bi mgﬂmﬁrﬁqgre NY%Ppéﬁ'tﬁ @&nd é¥¥sm° 3 iMoo or after

curing. Theip  avalidam@d fiem M ddp Q&na@m%é.l,orhaﬂﬁ%@al ly,

or can be present .in the conp05|t|on i'nadvertently, 15202
PCT/ US95/ 13195 L&«
Examples of other useful elastomers

1nc1ude, but are not limited to, natural rubber, a
butadlenefstyrene copolymer, . a polybutadiene,  an

15 isobutylene-isoprene copolymer, a polychloroprehe, a
polyurethane, an acrylic elastomér, a styrene-
isoprene copolymer, an acrylonitrile-chloroprene
copolymer, a vinyl pyridine~butadiene copolymer, and
mixtures thereof. A preferred elastomer comprises a

20 copolymer of acrylonitrile. '

(e) Nonaqueoug Carrier
| The present coating composition is a
nonaqﬁeous compositicn, wherein the epoxy novolac
resin, the phenolic resin, the polyester and the
25 elastomer are homogeneously dispersed in a
nonaqueous carrier. It should be understood that
the present coating composition can include a
relativély low amount of water, such as up to about
5% by total weight of the composition, without
30 adversely affecting the corrosion-inhibiting coating
composition, either prior to or after curing. The
water can be added to the composition intentionally,
or can be present in the composition inadvertently,



- 24 - such as when water is present in a particular conponent

I ncl uded in the coating conposition. In general, the
nonagqueowo®ss02r has sufficient volatility to evaporpdwussasivsi al ly .
5 entirely fromthe coating conposition during the curing process,
such as during heating at about 350[err]F to about 400F for about 8 to
about 12 m nutes. Suitable nonaqueous carriers are known in t he
art of coating conpositions, and include for 10 exanpl e, but are not
limted to, glycol ethers, like et hyl ene gl ycol nononet hyl ether,

et hyl ene gl ycol . nonoet hyl et her, -egldykene gl ycol nonobutyl ether,

and propyl ene gliycol nononet hyl ether ket ones, |ike cyclohexanone

et hyl aryl - ketsndms asmlhgﬂ water 1is pmmSmmi parhjlculananyl ket one;

aromatic éa%g iRl Hse £ETKE aﬁggs
al i phatic hydrocar ons lddrﬁeral splecr:? e er sene and hi gh flash
VM8P napht ha; al cohol s, IqlaﬁneralqsﬁﬂﬁcﬂﬂﬂaQN%%M%lcaﬁerFyhaﬁlcohol and . .

ethyl 20 al @Hﬁimﬂm: amntunmy \wtévaﬂmi@té eééeéueiaiyyan

chl orinated sol v ent est er S, ether esters I k ropyl ene

gl ycol no onefﬂ? %HEH? 33F% Tﬁﬁﬁﬂ?ﬁﬁ?dﬂﬁriﬂ%rgﬁg

The nonaqueousurmy pracass ] 3such |mlmdahéaxeatinqmmmhqm_m tionin a

suf ficient ar’rw.tt oorﬁ(ﬁ/d‘gf 4,[%0"1? P &Elé)(r}%é {%&?%t from about 20%to

about 50% e conpo I on wei ght of
(a), (b), (c) ﬂﬁﬂ 'ﬁu;tﬂhiﬁnnqnaquﬁenﬁmgnmr1ers axe rkmownnthuded in

the conpositi ahd St B4 %a&ﬁﬂg %lm &Mﬁf&@le%ﬁ&dm&iu&@%é?ar Y, "

rheol ogi cal properties e tion ua a su fLC|ent
amount oft® e%?&nﬁ;edw @éf’er 'E?q" |$1¥‘F%1 c%%‘??ﬁ@'
conposi tion t eyhyderte gimﬁpumrtomnymtemrbeathylem ogrpeell easily and

t hat can. be a%%%fﬁ&al e%xylé&gjs&ffé& %Aﬂu@}ﬁj é@‘&)rm y, and

that is
PCT/ US95/ 13198nd | propylene glycol monomethyl ether; ketones, like

cyclohexanone, ethyl aryl ketones, methyl aryl
15 ketdnes and methyl isoamyl ketone; aromatic |
hydﬁocarbons, like toluene, benzene and xylene,
alléhatxc ‘hydrocarbons, like mineral splrlts,
ker&sene and high flash VM&P naphtha; alcohols, like
1sodropy1 alcohol, n-butyl: alcohol and ethyl
20 alcdhol, and aprotic solvents, like tetrahydrofuran;
chloplnated solvents; esters, glycol ether esters,
like%pfopylene glycol monomethyl ether acétate; and
combinations thereof. |
E The nonaqueous carrier usually is included
25 in the composition in a sufficient amount to provide
a comp051tzon 1nc1ud1ng from about 20% to about 50%,
by welght of the composition, of the total welght of
(a), (b), (c) and (d). The amount of nonaqueous
 carrier included in the composition is limited only
30 by the desired, or necessary, rheological properties
of the composition. Usually, a sufficient amount of
nona&uebus carrier is included in the coating |
compdsition to provide a cémposiﬁion that can be
. processed easily and that can be applied to a metal
- 35 substréte easily and uniformly, and that is




i 25 - sufficiently renoved fromthe coating conposition during

curing wthj h esired cure tine. Ther ef or 1A5IS108! |
any nonaqué%ﬂgauémg carrier is useful in the present coating'conp05|f?§n y5
as |long as the nonaqueous carrier adequately di sperses and/ or

sol ubi I'i zes the conposition conponents; is inert with respect to

I nteracting W th conposition conponents; does not adversely

affect the stability of the coating conposition or 10 the ability of the
corrosion-inhibiting coating to inhiQit corrosion of a netal

substrate; and evaporates quickly, e€dentially entirely and

relatively rapidl | y d t] : Lol s
hhibits §he corPRatEREERYLY rRupYed e POl LHE coatifOTBARPLEIR LA
adhesi on and  dufimgituring withinathgodesiredi sureatdmghysi ca

properties. o (f%h£¥gf6r£2tEQBéhtiBﬂi?dh ?tﬁonaqugous A
coating conposition of the present 20 I nvention alsQ can inclyde other
opti onal i ngrERient st ugefud ip: the Brespptarrating,compesiidon

conposition §r aa6Ui8HgCaatthe AGHAgaebusNcaerlieri agequatellyer ef rom Such

optional ingrediepts are kno ' - LR . ] ded i

coating conpositS%ﬁpﬁgfest6né2ﬂ%2§8188ﬁbbgﬁg{gﬂegggﬁéggégagbg ?aczri?ate

manuf acturi ng, peompsenents;hisdinegtawdthppespaettoto intecagtﬂag

conposi tion; andwiehfH£ﬁ$§E1£EB£O¥Sm§ongntspaﬁBbE“h@% bHQekseiy property
conpos of a ctred ¢

of a coating on or ¢ oétlng.conp05|troﬁ.r sulting 30
t herefrom affect thesptabdpitynef thgr c@rEARY FREPESdtipyr or

exanpl e, dygg, p£ﬂ£EQB§1i€§tSEdehé,c&kkbeﬁap-inhibhuhhgpaah&;pgntbcorrosion
ro 06 15005 "inRinit corfosish of A°ne8R1CsAMEREIrag,BREL 0R0 29O
_ 5987¥3195
' evaporates quickly, essentially entirely and.
relatively rapidly to provide a cured coating
composition that inhibits the corrosion of a metal
15 substrate, demonstrates good adhesion and
' flexibility, and has good chemical and physical :
properties. |

(£) Other Optional Ingredients
A coating composition of the present
20 invention also can include other optional
ingredients that do not adversely affect the coating
composition'or a cured coatihg composition resulting
therefrom. Such optional ingredients are known in
the art, and are included in a coating composition
25 to enhance composition esthetics; to fécilitate
manufacturing, processing, handling and application
of the composition} and to further improve a
particular functional property of a coating
composition or a cured coating composition resulting
30 therefrom. |
Such optional ingredients include, for
example, dyes, pigments, extenders, fillers,_
lubricants, anticorrosion agents, flow control
agents, thixotrépic agehts, dispersing agents,



- 26 - anti oxi dants, adhesion pronoters, |ight stabilizers, - and

m xtures thereof. Each optional ingredient is i ncluded in a
sufficientweogsabzto serve its . i nt ended purpose, but necThidesisibs an
anount to 5 adversely affect a coating conposition or a cured

coating conposition resulting therefrom One useful optional
ingredient is a lub icant, like [anolin, which facilitates . :
manuf acture of nmetal closures by inparting lubricity 10 to sheets of
coated netal substrate. A lubricant is present in the coating '
conposition in gn anount of 0% tQ QPout 2% and preferably about O. 1%
to about 2%6 by wei ght of nonvolatile material. Anot her

usef ul opt | ONQn{ RGN, |ditfesfon | meré'kfiéhﬁa@té'ﬁlﬂw&ée A

pignent is resent in .the co tln lonln an unt of 0%
to about 50%;5§Wﬁ IKhe (ﬁ%éh;géﬁiﬁna i eYt kB ght of
nonvol atil e m&mﬂmuﬂed in a sufficienﬁramuumtdamcseNWéhiﬁQ i npor t ant :

(S vee of 2 inebdd S8l dld e IR HGRh Ggdlkg oD 1"

chloride. 5 Th@ Y affeqt & aﬁatbinmmqnpwtbmmg aicyredol yner" is
defined as 1. ¥¥atine TonPosfitidn Gt fid! #fyémZS pol ymer, by weight .
of nonvol atile materlal, "as di scussed hereafter

Conventional ly, ¢

pol yviONg uSAfH: Aptianal ingredigmbl i ahe coating
conposi ti on t QubHicAt, 11ke:wa1ﬁﬂiitri LRI (FE €51 Prued® Irrprove adhesi on
of a 30 plastisol

1sket ter to the c ed coatin osition.
However, a ha : f@% % °1°sulfﬁﬁ ;’% fr’s'%ylg? t he heat ‘
resi st and@ oftmhéheets<nﬁwnbannﬂ|mg;ainqnhstrate A lubricant ighe -
present  compogslisanedqss wi dARAP dmbbs i ook AR At \4#Y! P! YTETs

yet has suffi
pCT/U395/13199% o about 2%, and preferably about 0.1% to about

, |by weight of nonvolatile material.
| Another useful optional inqredient is a
15 pigment, like titanium dioxide. A pigment is
pr:jent in the coatlng comp051tion in an amount of
0% ﬁo about 50%, and preferably about 10% to about
50%,,by weight of nonvolatile material.
i In accordance with an 1mportant feature of
20 the bresent 1nvention, the present coating
composition is free of a halide-containlng vinyl
polyher, such as polyvinyl chloride. The phrase
"free of a hallde—contalning vinyl polymer"® is
_ defi#ed as 1.5% or less of a halide-containing vinyl
25 polymer, by weight of nonvolatile material, as
dlsoussed hereafter.

Conventionally, a polyvinyl chloride was
included in the coatlng_compositiqn to improve
comp&sition economics and to improve adhesion of a

30 plastlsol gasket material to the cured coating
compos1tion. However, a hallde-contalnlng vinyl
_polymer adversely affects the heat re51stance of the
cured coating composition. _

The present composition does not 1nc1ude a

35 halide—contalnxng v1ny1 polymer, yet has sufficient



- 27 - adhesion to a plastisol gasket to avoid failure of a

netal clos ood products. In addition, the I esepleTAeEHbE | on
exhibits aﬁﬁéx%g#Pent heat resi stance. 5 P In accordang%
with an inportant feature of t he present invention, a

hal i de- cont ai ni ng vi nyl polymer is not intentionally added to the
coating conposition. However, 1.5%or |ess of halide- cont ai ni ng
vinyl polyner, i.e., up to about 1.5% by 10 weight of nonvolatile
material, may be present in t he coatéfng_ conposition as an inadvertent
I ngredi ent . For exanple, various elastonmers are dust-coated wth a

hal i de- cont ai ni Qaht\é %‘.«h kg X”?ﬁ.aftlsoisg%@k%‘id'ttd ‘é%o:.'d“‘f%rzﬂ.(?fr'ﬂ gy aﬂ

dust - coated 15 oner nt- coati ng &gxwltlon coul d

i ntroduce a haImetaéoﬁﬂéﬁnrﬁgf?ﬁnﬁP°§oP?ﬁ§Pﬁﬁﬁw)9¥ba itighypdNion in an

~amount of up togi-eé%hlevcwab%tit%n exhiBAteolad idxeaTietti Aleatihi s anount of
a hali de- ont al ni V|nyI pol ymer does not adversely affect 20 t he

cured coating cERpdsta A coating conposition of the
present i'nvention ISInrebabedahpesmﬁmhyamdmmpan;aﬂtaﬁqabqre of

novol ac re5|n henal i_c .t he l.ast d
any optional |nsngB§ﬁF§nt'ﬁn§%hQ3gh 2%?%3 Sntainfqﬁiéi agzggusan
carrier, with polymefrfiis aot agrbpaﬂ:umalihread@aql tinghe Laatding '

admi xed unti | Eh EB%&&%OS' Howevie?yr 4dis8Nlor Aleds of Hurﬂm.eneousl y
di spersed througho

t the nonagqueous garrier en, na
amount of the 3G°ntﬁé eH&E‘%&aPPilWeEan lb(,g'addl’é’d-gt% athl?éﬂcgmcp’l %
conposi ti ompt 0 Ralight Ufemmhtqflmmwrwaﬂ emay bepreseit urn t he
coat i ng conposi ernlned I To

_ redet
denonstrat e thei"hgeFﬁlaﬁ'é% S'Pm% O83ORy 2% 3n g‘@%&o"sﬁzﬁeé’n of the present
i nvention, the fiagredient. dece&mm@a@g various elastomers are

PETAESSSALSISS dust-coated with a halide-containing vinyl polymer
as an additive. .Incorporating a dust-coated
15 elastomer into the present coating composition could
" introduce a halide-containing vinyl polymer into the
composition in an amount of up to 1.5% by weight of
nonvolatile material. This amount of a halide-
- containing vinyl polymer does not adversely'affect
20 the cured coating composition.

A coating composition of the present
invention is prepared by simply admixing the epoxy
novolac resin, the phenolic resin, the polyester,
the elastomer, and any optional ingredients, in any'

25 desired order, in the nonagqueous carrier, with
sufficient agitation. The resulting mixture is
admixed until all the composition ingredients are
homogeneously dispersed throughout the nonaqueous
carrier. Then, an additional amount of the

30 nonaqueous carrier can be added to the coating
composition to adjust the amount of nonvolatile
material in the coating composition to a
predetermined level.

To demonstrate the usefulness of a coating

35 composition of the present invention, the following



- 28 - Exanpl es were prepared, then applied to a netal subst-rate_"

as a topcoat, and finally cured to provide a coated netal substrate.
The coat e sg2is3é2 substrates then were tested, conparapcyekysisiey use .
5 as a closure for a food or beverage container. The cured coatings
were tested for .an ability to inhibit corrosion of a netal substrate;
for adhesion to the metal substrate and to a plastisol gasket: for
chemical resistance; for flexibility; and for 10 scratch and mar

resi stance. a The follow ng Exanple 2 illustrates one

| mpor t ant enbodllrrent of a conpositiop é Lhe present i nvention and its
met hod of manuf act ure. WO 96/ 152 :

PCT/ US95/ 131%5:a141p1es were prepared, then applied to a metal - 29 -
EXAMPLE 2

(by weight ofSubdtrate as 3 RRAF and finally cureé %‘b SY% gf total

nonvol atile rmtd&ateéd metal substrat@ox)THeVebdstedasetdEr])
9.0

olic Resinferr 36. 3
45 4 5 subét,;affessttgﬁ%rvﬁﬁe testeéD “Cnpara Jmen%y l’gr use 50
El ast oned er Als q closure for a food or beverage contdiner. The
Lubricant|[er rc]u)r

Aromatic Sol ventjd coatlngs were @e%ted for an abnd’%z‘t: onenllj'coﬁol
3.6 10 cor ggi,ongﬁ mqjhesubstrate, for adhesgion. to the

metah substrate and to a plastisol gasket; for _
chemical resistance; for flexibility; and for . _ ‘
10 scra.L.ch and mar resistance. ' '
" The follow1ng Example 2 1llustrates one

1mpoitant embodiment of a compos:.tlon of the present
invention and :Lts method of manufacture. o

|
|
|
l
n
|



' sophor one : 25.0 1) ARALDI TE[ err] EPN 1139,
available g* gf\- CEl GY Cor porati on, i ncl udi ng PCTISN98M1 195
wei ght of a polytunctional epoxy novol ac resin; 2) a phenolic
Fesin based upon bi sphenol A and fornal dehyde, including about 50% 15

by wei ght nonvol atile material in a solvent blend including tol uene,

dei oni zed wat er and et hyl ene gl ycol nonobutyl ether to
provi de about 18. 15% by wei ght of the total conposition of
Exanpl e 2, of the phenolic resin; g) t he pol yester of Exanple
1, including about 75% polyester by melgrﬁ _ nonvol atil e
material in a solvent blend including rbitol and water to 2 0O
provi de about 8 @6by wei ght of theixﬂéﬁg%%H%%S|tlon of Exanple 2 of the
pol yester; e D RO O =risi=e—fr=arrEeerr=ERe i cal s,
Inc., including 1¢ 0% by wei ght % (by weighoof tetalh ua(uyweightaf:ryl dhitrile
copolyner and nmmmdﬁ LanoHn‘ummhhdmas a 2Pnd@Yolatild mapialint|eri al .

25 TDOSHTToN Ie 2 S pr red by
adnmi xi ng the aro tﬁHﬁkﬁW@@h : Iarpfnnp asap MF_ jé.d diisodlit yl
ketone in a vessell gpgholiOR&En rfonaqyggus carrjer nasgture. ThHen, the
el ast oner was arceted e ToTagueousS . car 11 T Xrure Wi so

agi tation. 5Next, tm&wmmﬁyester t he lepoxy9-8ovol ac 2 resin. the
phenolic resin and fhe lupricant each 40 VETE abdedqolnd|V|du. ly, to
the resulting m xih=e, —\AD—0-8/-4-B202
PCT/ US95/ 13195 bﬂmumé) 2.7 - 30 2 with adjtation
until all the co i on I cConponent s &ﬁre honogeneousl y. di spgf sed

t hr oughout the mi 3 E’t"’ olvent n¢; oy olific admixbne o comoocidl on of

t he pr sent |qmﬁgbhgmumbncludlng abouB.640% by mei ght 5 nornvol atil e
material, was pro ——Ttre—coat 1y CONpO3T LT pn or EXxanpl € 4 was
appl i ed tol@ net alll Diisobutyl Ketone 3.7

“ Isophorone 25.0 ' . "

1)  ARALDITE® EPN 1139, availsble from CIBA-GEIGY Corporation, including
100% by weight of a polyfunctional epoxy novolac resin;

2) a phenolic resin based upon bisphenol A and formaldehyde including about 50%
15 by weight nonvolatile material in a solvent blend including toluene, deionized
water and ethylene glycol moriobutyl ether to provide about 18.15%, by weight of
the total composition of Example 2, of the phenolic resin;

3) the polyester of Example 1, including about 75% polyester by wezght of
nonvolatile material in a solvent blend including butyl carbitol and water to
20 : provide about 8% by weight of the total eomposmon of Example 2 of the
polyester;

4) NIPOL® 1042U, available from Zeon Chemicals, Inc., including 100% by weight
of a butadiene-acrylonitrile copolymer; and

5) Lanolin, added as a 29.8% active material.

25 The composition of Example 2 was prepared
by admixing the aromatic solvent, diacetone alcohol
and diisobutyllketone in a vessel to form a
nonaqueous carrier mixture. Then, the elastomer was
added to the nonaqueous carrier mixture with

.30 agitation. Next, the polyester, the epoxy novolac
fesin, the phenolic resin and the lubricant each
were added, individually, to the resulting mixtgre,.



1

substrate over a prinmer as a topcoat, then cured for a sufficient tine

at a sufficient tenperature, such as .or about 8 to about 12 m nutes
at about W®G64S22F to 10 about 400[err]F, to provide an ZREEUSISI13195
crosslinked, cured coating conposition on the nmetal substrate.

A maj or functlon of the cured coating conposition-of Exanple 2 is to
provi de a coating layer that: (1) enhances corrosion inhibition of 15
the nmetal substrate and (2) provides a coating capabl e of adhering to
t he pl astisol gasket. Conventionally, the prinmer provides sufficient
corrosion-inhibiiting properties to adeqgetely protect the netal
substrate. However, corrosion 20 i nhi bition occasionally was insufficient

- when only = widhe aguipredakomasarstpiil i)kl doles ¢dmpmliiaﬂoprd’:onponents
Therefore, t : r %§g¥% '.ﬁ?r -a. systen).
Prinmers al so C?Enot o&é}{é&[‘s%fﬁ en d smg%h?%tahg &* gasket to
secure 25 tI@@t%@fﬂwiﬁ%@mx#@clﬁ)ﬁﬂ@me%tﬂfetb¢ food -
processing. predsent invenﬁarp l.ﬁkmid/an tapiiiee hoee BpuRdignet a

coating conp03|t t he prese |nvent|on ter_ . . ng, exhibits
excel | ent Sche MOTH °q§%& ymé%ie&'{ agb ‘1%‘; exﬁ?‘%l‘t’%aéﬂ?l ci ent
adhesion to t Im mpositiionf @einple cmwaa eapﬁnewcmohtwwm ‘and
enhances corr y. t resent
conposition a %l \r}-'t&dtez:lsf;él:prL Qge!%\c{iéﬁ%ega?l%) cﬁ%& o%t'[ g&kﬁ %‘f’é@& g%ﬁ" gasket
In 35 addltlams ﬁﬂi@zi@memgwtamgp cufifigientn tenpératuny, such

96/ 15202 " as for about 8 to about 12 mlnutégjgtfﬁﬁﬁﬂé¥9§o°F to ‘
- 31 - a coatlnqlconp03|t|on of resent I nvent '
sufficiedfy 2

°F ra G REAYAGR imﬁ erfnt, cr‘?ﬁﬁﬂb%n%?dprl mer coats
~and plastisol c@&éﬁetcmaﬁmjw composiltﬂitort e afed it LD NeSetrHe can be used

in anore 5 'unlversal J cati The coating
conposition of arrpl e f 'ﬁg& fa%b%r%%%%a??qﬁﬁl%%npom tion that
exhi bi ted composition of Example 2 is to provide a coating

layer that: (1) enhances corrosion inhibition of

15 the metal substrate and (2) provides a coating
capable of adhering to the plastisol gasket.
Conventionally, the primer prov1des sufficient
corros;on-lnhlbltlng propertles to adequately
protect the metal substrate. However, corrosion

20 1nh151t10n occasionally was insufficient when only
one topcoat was applied over the cured primer.
Theftfore, two topcoats often were used (i.e., a
thre%-ceat system). Primers also do not have
sufficient adhesion to a plastisol gasket to secure

25 the qasket in place during closure manufacture or
food proce551ng.

_ _ Surprisingly, it has been found that a
coatlng composition of the present 1nvent10n, after
curing, exhlbits excellent chem1cal and physical

- 30 propertles, exhibits sufficient adhesion to the

prJ.me-;' coat to obviate the sec.ond. topcoat and
e‘nhan’peé corrosion inhibition provided by the
primeé;:'. The present composition also provides
excel;.ent adhesion to the plastisol gasket. In
35 addition, the cured coating composition provided by



excellent flexibility. Flexibility is an inportant property of a cured
coating conpasdli.an because the 10 netal substrate is coat edpefrigSospsiysi mer

and topcoat prior to stamping or otherw se shaping the netal

Substrate .into a desired netal article, such as a nmetal container or a
metal closure for bottles. The pl asti sol gasket, if present, is applied
over the 15 topcoat during the stanping process. The
coated netal substrate undergoes severe deformations during the
shapi ng process, and if a cured coatgfig.conposition |acks sufficient

flexibility, the coating can formcracks, or 20 fractures. Such cracks

Content s of thed ceatirdiGompos Eat B e o e et al
_ contai ner. or ,bottl e have greate ss to the neta
substrate. I n aS¥fficiently,adpesiye H & ?%r?f gftc%rb%ﬁ%led by a

_conposi ti o][\f of h;ly@lel@'welﬁrijmuerddahs 2nd plastidokigasketsdmuchi, and
remai ns sufficiently ( : i L | into a
netal article, t g_rte'bt)l/‘ef lﬁc}%@e}'ﬁ{g:%?g‘%énf?cﬁ rc%)%l{ oﬁngj usl ﬁl‘ﬁ%ﬁ?‘?ﬁ
The above- d8scr Mpdyexsadnrange @ik ARPIIFALIQNR4 ng conposi tion of the

present invention useful . SHt idepd ' t ' T ce of a
et oty of et ol The dd¥tiHy dﬁg&dmm dF EXdmplerz salds

articles, such.,s for the interjor,_of ..
vacuum packed mPERVIE&H & Rred ﬂ?@q&'&éﬁﬂm&‘?ﬁ&‘?w that emiRitedn is
especi al |y usef @hcelfllletit @lexibility 3Flexibilityrnis ran hinpowkantat i ng on

a netal closure_for O 282 e
PCT/ US95/ 13195 Property of a c?.tq‘.le]ds ting composition ﬁe:cause th% | ass or

pl astic coavai nametalhsubstinatiods maated swith a primer andtapreRtor food
products |nclud5@1&gﬂggigﬁ§ ping AL idthertvwise 'did the Gldte$) and hot
peppers. _ . Ihe conpositions of the follow ng Exanples 5

3 through 27, i SubsdmRFedie & drsizegekal grticle, s q'gp%ﬁeia by the
general method gietainesbrithnitrer or a metad clbsure fdihcbatorims. t iThs of
Exanples 3 thro%agstisol gasket, if present, is applied over the

15 topcoat during the stamping process.

" The coated metal substrate undergoes
severe deformations during the shaping process, and
if a cured coating composition lacks sufficient
flexibility, the coating can form cracks, or

20 fractures. Such cracks result in corrosion of the
metal substrate because the aqueous contents_df the
container or bottle have greater access to the metal
substrate. In addition, a cured coating composition
provided by a composition of the'present invention

25 is suffiéiently adhered, and remains sufficientiy
adhered, to the primer during procéssing into a
metal article, thereby further enhancing'corrosion
inhibition. ' _

The above-described advantages make a

'30 coating composition of the present invention useful
for applicatioh on the interior surface of a variety
of metal articles, such as for the interior of '
vacuum-packed metal cohtainers. The present coating
composition is especially useful, after curing, as a -

35 corrosion-inhibiting coating on a metal closure for



27 then were applied to a netal substrate as a topcoat over a prinmer,
and cured. The resulting 10 coatings tested for a variety of properties,

i ncl udi ngwodkmwn and coating integrity. PCT/US95/13195
EXAMPLE 3 (by wei ght of % by wei ght
of I ngr edi ent total conposition) nonvol atile material)
Epoxy Novol ac Resin[err]) 6.5 20.3 15 Phenol i c
Resi n2) 26. 2 41.0 Pol yester[err])

7.9 1 18.2 Elastoner[err]) 38.5 18.5
Lubricant[err]) | 2.1 -32 - 2.0 . Aromati c Sol vent
6.0 20 acet one Al cohol- 4.5 Di i sobutyl Ketone
4.5 gla Qpb@rpnestxc containers tRat hold food products, Total

et L?e”ﬁff Bhy, £6ed, 8K, ¥6hd brogucts, infinaihh Yorhtidy @' soo! ved

di i sobut yl keaciﬂSIolﬁkevreblahestupichleﬁcandihgtlﬁﬁppprueight.NIPCL[err]-
ég$f8595/1319g0'96/1520£he compositions of the following Examples
5 rough 27, lncluding comparative examples, were
prZiared by the general method outlined above in
- Example 2. The compositions of Examples 3 through
27 en were applied to a metal substrate as a
| topdoat over a primer, and cured. The resulting . '[
10 coaﬂlngs tested for a variety of properties,
1ncﬂud1ng adheslon and coatlng Aintegrity.

| EXAMPLE 3
*, |
% (by weight of % (by weight of
gredient total composition) - nbn\?olatile material)
Epoxy NovolscResin® | 65 | 20.3
15 . Iqulmxic Resic? %2 : 410
“Pc{lyesteé") - | 1 | 2
_E.I+.nomer6) ) 85 185
Lubricant? 21 20
A:me Solvemt 6.0
20 n Discetone Alcohol 45
Dii;:sobutyl Ketone 4.5 S E u
Isoinhmne - 28 o | II

Total nonvolatile material - 32.0% by weight

6) NIPOL® 1042U dissolved in a mixture of aromatic solvent, diacetone alcohol and
25 diisobutyl ketone to provide a solution including 15% by weight NIPOL® 1042U.



* 33 - The conposition of Exanple 3 was applied to

chrome-chr ke, tin-free steel panels in a suffici to
0%9?)%5&? %ﬁ%ﬁi%i o

provi de 10 ny i grans) of cured coating conposition per _
(square 5 inches) of steel panel surface. The conposition of Exanpl e
3 was applied over a conmercial prinmer coat. After application to the
steel panel, the conposition of Exanple 3 was cured for 10 m nutes at
380[err]F. The conposition of Exanple 3 was conpared to 10 a comer ci al

t opcoat conposition used on the iqgg%'qg of netal closure, i.e.,

M COFLEX[ err], a pol yvi nyl chl ori de-based conposition (i.e.,
cont ai ni ng about 70% by wei ght di spersion vinyl) - avail able from The
Dext er Corporation, \Waukegan, IL. 15 =~ After curing the coating
conposi tions, the st ¥Bp FoRPPSitdenc #fvEXamplen S vask apRiied tion of

Erarrpl e 3 or L\A%Féﬁi‘fdaﬁtéf-}:iwteﬁe B&Eabqamﬁ-@mt_ %l-.fe@ll panlel%eﬁf-‘ta@rdmt al
closures. Tests s a e © _CONpQsi tion o npl e 3 passe
fabrication of ?HgggglenglaﬂﬁpﬂFaﬁﬁtEchp A0 mGn( .3P§H?EEUi nts at
el evat ed t enper etpedscoatdngoopapogitdonsiper 4esgs. in. (square The
conpound adhesi S ' r d_..q t aekne fig st

nmet hod i ncl %desgﬂ‘:ilgggipgie‘ie%gﬁggn;’g?lgﬁ'hgug aas#?:so%eg%;oﬁlgﬁ%éﬁé't% 0 4 an 25
appropri atel y cB¥amplpadecwWadi appdaedppveragoconmencial prjimest iondt. s

applied as strigetbat appl9catibahtyi ¢fe steedNPan@1]l khel hi ck. The panel
then is bent over a r cgerpenQ|cular I nci si on

., . 0.25 inch ndrel . Next, a
i s made thr oughc?ﬂ8°ﬁ1'"§§?¥’38? §ﬁﬁm€g§t. PnYafo Uredzdor 1O minutes ati e at
the point of gr®aoert cTheatompositioaf ofhExample Bhwasacompalried to e
ﬁ?‘posed to ghe 4 comﬁBPE?Bii @éﬁgBE‘E%Eﬁ%ﬁ%iﬁ%ﬂi Hs%@s on the . A
i gh process test I's periorned” by acing the bent” panels in a retort
and processi ng interigp o6/ meka2 closure, i.e., MICOFLEX®, a
PCT/ US95/ 13195 polyvinyl chloride-based comppsitibn3iile.,
' containing about 70% by weight dispersion vinyl)
available from The Dexter Corporation, Waukegan, IL.
15 _ After curing the coating compositions, the
steel panels coated with either the composition of
Example 3 or MICOFLEX® were fabricated into 51 mm
diameter metal closures. Tests showed that the
'composition of Example 3 passed fabrication of the
20 51 mm diameter closure, integrity requirements at
elevated temperatures, and compound adhesion tests.
The dompound adhesion tests were performed
by two methods. The first method includes
application of the plastisol to the length of an
25 appropriately coated panel with an applicator. The
plastisol is applied as strip that is 0.5 inch wide
and 50 mils thick. The panel then is bent over a
0.25_inch.mandre1. ,Next,_a_perpendicular incision
is made through the plastisol and coating to the
30 metal substrate at the point of greatest curvature
of the bend. The panels then are exposed to the
appropriate processing conditions.
' A high process test is performed by
placing the bent panels in a retort and processing



for 5 mnutes in water that is super heated to 250[err]F. The panels
then are renoved and exam ned fori: (1) popping of the plastisol from
t he coat i W@96/15202and (2) popping of the plastisol and coat iPCE/U$95/18195 t he .
nmetal substrate. Any observed popping is unacceptabl e and consi dered
a failure. Panel s al so are exam ned for relative bond

str ngth and adhesion interface by peeling the pl astisol. Enpirical
ratings of O 'to.5 are assigned 10 to the test panels, with a zero rating
(best) meaning very difficult to pull and a 5 rating (wor st)
meani ng easily peeled. This high process - tes is used as a screening
procedure beforg the plas isol-lined closures are manufactured. 15

On manuf act ur §ericPoBimusescdnpyater thatadise supen deased &performed by

yacuum Zeal | ngsbRp. mecbaauugsmehha&e%e%wr farld @:aﬁﬁkrﬂea ners having g
6 headspace_or: on ont ai n pac S are expose
to food proce§Fhg &g%P¥P859928% gngﬁ'ﬁ&tfiﬁ&in E&?Pemezzﬁqagﬂ-%r 30 -
n1nutes at 188hear (2F popping nﬁtthetplhsgﬂspﬂoawﬁscaating(ﬁrbmﬁ 90 m nutes

2 o con S LoCR AR SoRBERENCE, ' a0 PR Spebih e, o)

cont ai ners arenagceptiabde asd covsideredths fedlluresrs are opened and the
adhesion — of he 02pkRb150ataa! d Bxafinea®ray Redarite i in

vacuum or any pfastlso novenment or, astrs |s conS|dered
is a failure.Str %ngth and adhEﬁFPﬁgl§gG€fPPS byapeeling Abec| osure 30

fabrication pppassssobot Emphrmgamaﬁaemnge%ft beto 5 aﬁ@ahe@i@ba . In l

some |nsi@nce§° %ﬁg E%Qt'égﬁeign wi ith go;g ?ggéhgieg%%F§S|on to the nmet a

substrat'e, avin ted susc si on
Ther ef or e, |tmeeqinooveumtdiﬁﬁicnltntOnpngiuandue S5ragimgai ned at el evat ed

tenperat ures. ¢ §t)Smeaningvgtg§i§5ﬁggled. This high process
PCT/ US95/ 1319 35
test] is used as a screening procedure before the

_ plasFisol—lined closures are manufactured.

15 | ‘On manufactured closures, compound
adhesion tests are performed by vacuum sealing the
closures either on water-filled containers haVing
10% headspace or on empty glass containers. These
packiges are exposed to food processing conditions

20 ranging from pasteurization for 30 minutes at 180°F
in witer to high process conditions of 90 minutes at
256°F and a pressure of 38 psi (pounds per square
inchh The containers then are cooled and examined
for integrity. The containers are tested for

25 vacuqm. The containers are opened and the adheSion
of thb'gasket to coating also is examined. Any loss
in vacuum, or any plastisol movement or plastisol
lifting, is considered is a failure.

: During specific stages of the- closure

30 fabriéation process, hot tooling can contact the
'coated metal. In some instances, the coatings can
soften and lose adhesion to the metal substrate,
thereby leaving sites susceptible to. corrosion.
Therefore, it is important that film integrity is

35 ' maintained at elevated temperatures. This is '



sinmulated in a test wherein coated netal panels are exposed to heated

t ool i ng. Coated t panels are pl aced between an upper | r
die. The | oWé’r%“t"’goS2 die is fixed and maintai ned at 350[err]F, |$9eyl?¥|% 5

upper die is novable and maintained at 500[err]F. The- coat ed panel s
are placed between the die, which then are closed under 60 psi air
pressure. The coated panel s are exposed at various tinme intervals, and
t hen exam ned mcroscopically for filmintegrity and 10 adhesi on.

The conposition of Exanple 3 al so 9$%£Q£forned M COFLEX[err] in a

60- day accel erated corrosion test. closures al so were tested for

dog food process, bl resi.sta Y] 5§?gga | nd

flexibility. Tﬁémgg%&dﬁ?irina (r)‘%%t IQhﬁ?fﬁéa"%l"’e paé%éet}]éll t esgés'fégst S.

In addition, viexXpasedrtiahentad) toolingnpfaateshtefl PaelDiae® nud

Cr oKl 19 ProP) e Placea Mt W perl T ATISIGS Lol TWTIONEE 20

out per f orne Sstgndard vjnyl_chl.,oride-bas QRC onposi tions by

exhi biti ng exce@¥ent+& ahd mm’méalésiﬁoa?%'e.%ffe £he I'n

one test, tige couppey diw iof nMovahle ahd maintasingd latzADOFa tTheoat on

the interior of a Q1 ) | t PR e‘ﬁhﬁﬁyr re

tested forqﬁéiﬁégaﬁiﬁ%%g% a(£§Qﬁ§i§§5¥%é§i§$%;%&§%. e éﬁé*ﬁ@b

acetic acid was areckdgaedoinder $Qirsis asightppersure. Thel ¢akRR atel y

sealed with a mjiag{)efé expd¥ed at WACIBUB Memmé tiMGedv4ATR Cophd Ng Was

| eft intact, an the corﬁa,l ners were stored af, Oo%ﬁr%;F.for one and

t Wo nnnthsﬁhﬁﬂne¥%E&RQQ;@ﬂﬁﬁ&ﬁFQHﬁﬁa¥*¥aé%ﬁé%ﬁ#?i Fegrity a%§anple 3

out perf orma® t haqmdasermy! chl ori de-based control coating by

exhibiting less pitting, | VT moos AU KE %ﬁ%%%@.n overal |l better
S8 2

appearance 35 of the net .
- PCT/ US95/ 13195 outperformed MICOFLEX® in a 60-day mpcelerated The

conposi tion of RRIIL ch Wasst) 9HY &hosures also were tested for
dog food process blush resistance, plastisol gasket
15 adhesion and flexibility. The composition of
Example 3 passed all these tests.
' , In addition, vinyl chloride-based
compositions have exhibited mud cracking problems
during curing. The composition of'Example 3
20 outperformed the standard vinyl chloride-based
topcoat compositions by exhibiting excellent topcoat
mudcrack resistance.
In one test, the composition of Example 3
was utilized as a topcoat on the interior of a 51 mm
25 diameter metal closure. The closures were tested
for corrosion resistance using 2% acetic acid. The
2% acetic acid was packaged hot in a glass container
and immediately sealed with a metal closure. The
vacuum resulting from cooling was left intact, and
30 the containers were stored at 100°F for one and two
months. Test results showed that the composition of
Example 3 outperformed the_polyvinyl chloride-based
control coating by exhibiting less pitting, lower
average pit depth and an overall better appearance
35 of the metal closure.



by adding 47 wt. % (wei ght percent) titanium di oxide (Tigerr]) to the

conposi tion of Exanple 3. After application to steel panels and
curing, Wweesfs20i gnented version of Exanple 3 al so passedpiigisesnzios
performance tests necessary for a topcoat for the - interior of a netal
closure. The foll ow ng conposition of Exanple 4 was pr epar ed
in a manner essentially identical to the 10 nethod of preparing the
conposi tion of Exanple 2. EXAMPLE 4

% (by wei ght of | I ngr edi ent nonvol atil e material)

Epoxy Novol ac R65| nferr]) 23.1 - 36 - Phenolic Resin[err])

46. 3 15 Pol yester[err]) 20. 4 :

El astoner[err]) | the composition of Exanmmtm ﬂﬁ@éﬁtédﬂe the

Composi 11 on B és‘mqe(*?f@s Py PG 94028 e

i dentical to (Mi®3okpothe composition of Examplearsd t ifteont ed steel panels

wer e nmanuf acty “?%ﬁ conposition of
Exanpl e 2 vvasis?p &ogve@rd)asl%jeﬂr?gy ri mar coat % The conposition of
Exanpl e 2 pr %"@PF—%}I%? @xﬁﬂﬂi'c%a? aksn m%al cl osure
fabrication page mdmeghdsaﬂﬁoereaegsaxtyocﬂdm@ RProdte faStthe The cured
coating conpQsi.ti R pas (1 pI ast i:sol adhesion testing and 60-day
accel erated 3' 3: cl QP29 acetic acid. The cured coat i ng

conposi tion 30  of Exarmlee o 1denvimg rcnnqmﬁtmdﬁ dangilie 4 wd VO
96/ 15202 prep#red in a manner essentially idéD Wéﬁ%&l% _ ‘

- 37 -
10 meth@d of preparing the c_omp951tlon_ of Example 2.

ﬂ Epoxy Novolac Resin?)
- I[ Phenolic Resin?

15

E To further demonstrate the propertles of a
compo#ition of the present invention, the
'comp031tlon of Example 2 was applied to steel panels
20 in a manner identical to the composition of Example
3, ané the coated steel panels were manufactured
into 51'mm diameter closures. The composition of
Example 2 was applied over a pigmented primer coat.
The compos1t10n of Example 2 provided a high-gloss
25 topcoat that passed metal closure fabrication and
high temperature tooling exposure tests. The cured
_coatlng composition also passed plastisol adhesion
'testlng and Go-day accelerated corrosion testing
with 2% acetic acid. The cured coating composition
30 of Example 2 demonstrated an excellent ability to



W t hstand scratching of the netal closure sidewall and denonstrat ed

| mproved ad | I n another test, the conposjili of
Exanpl e 2 ng&%?}r ed to a standard polyvinyl 5 chl ori de-%é{t/gg’spgb"éoat
conposition in a 60-day accel erated corrosion test on 63 nm di aneter
met al cl osure. The conposition of Exanple 2 was applied over a
prinmer at the rate of 10 ng per 4 sg. in. The standard pol yvinyl

chl ori de- based conposition 10 was applied over the same priner at a rate
of 35 ny per 4 sq. in. In separate t %; t he conpositions wer e
applied over different types of priners. conposition of Exanple 2,
applied at a sub y a h r nyl

chl oride- 15 bgéggg#ghéoggra hgﬁgfeg %@ef§g|ﬁﬁe§1?h %1dQQ%?i

four closures tegnéddemonssmapedcéyprpwegta§b951on- adheS|on and no

failures in the twenty- fouincbﬁguhg§ test tgggeéohgbgyﬂyaﬁmyfxss pl asti sol
adhesi on. osi ti l.acks 20 a

| ubri cant, perfoFﬁEﬂp}ﬁeﬁtVEﬁlFgEPGrFﬁet° a sEGHﬁB§Ft Gﬁgaénﬁganple 2.
Exanpl e 5[ ers]) Endoplidesbasedptepéoatacphmpodibionplin @ 60-dafyConparati ve)

Eﬁgﬁglic : RDVO|%§pele§$t8é:coﬁggﬁgé% tié% éA 635%§@§fhmet% g&%&ew[err])

18. 8% 18.2% cleosure, The. somposition of ExampdeolewWas appjl&e@%

18.5%  14.3% ovég &@§r1ﬁe§qﬁt the EHQE'Bﬁnﬁa)m ,PEL 4 sééo‘h 2. 0%
2. 0% 2. 0% %  39.8%

29. 4% Q%
7) all percentgbﬁssﬁﬁﬁdﬂﬁpthl EXﬁt°BF°F&H§0P§FFpe°REP@FP§P°“ 8)
percent nonyol atwae appiiedl overt bRecsanespriner at a réedofl3307g
PCT/ US95/ 13195 . ; . ces
per 4 sq. in. In separate tests, the compositions
were applied over different types of primers. The
composition of Example 2, applied at a substantially -
lower rate than the standard polyvinyl chloride-
15 based topcoat, exhibited no failures in the twenty-
four closures tested for low process plastisol_
adhesion and no failures in the twenty-four closures

tested for high process plastisol adhesion.

The composition of Example 4, which lacks
20 a lubricant, performed identically to the
composition of Example 2.

25
| Poiyester |  188% | 182% | 19.4% 19.5% 11.5%
18.5% 14.3% 10.1% 18.5%
2.0% 2.0% 2.0% | 2.0% |
30 32.0% 35.0% 39.8% "
e

7 all percentages are weight percent of nonvolatile material;

8) percent nonvolatile material in the composition.



- 38 - Exampl e 10 Exanple 11 Exanple 12

( Conpar ai ve) Epoxy Novol ac 13. 1% 22.6% . 15.4%

Phenol i ¢ Wes96er1Sz02r | ) 45. 7% 45. 4% 31. 1% Pedyrosssasios r] )
19. 6% 20. 0% 13.8% 5 El astoner[err]) 19. 6% 10. 0%
14. 0% " Lubricant[err]) 2. 0% 2. 0% 2. 0%

Ti t ani um Di oxi de ' 23. 7% % NVM err])

40. 0% The conpositions of Exanples 5-12 were 10 prepared
in an identical imanner as the conposition of Exanple 2. The

conposi tions of ‘Exarrpl es 5 and 6 -ad® essentially identical except for
the addition of | a lubricant to the corrposition of Exanple 6. The
conposi tion of- m le 6 was apolied _a_ o LBl Lo 33 2 lopcoat to
tin-free steel panfls at a rate )E A0} n ahd cured at
380[err]for 10 | ‘ m nut es. le 10 e %ﬁf Mf |12ng conposition

of Exanple 6 e cOHpat-ed p—pm-v;?yﬁl- bas-ee Coat 20

conposi tions, incgl cqugWLEXS. Thd.ldurjed 22.6% doat i tfgurt posi tion of

Exanpl e 6 perfor : |1y to, or outlperforned, the co aratlve _
pol yvi nyl | le rﬂii?ﬁ?sﬁd) cofrposi tdso&s I.n leq terrpe - i' toolin
tests, 60-day ac¢elerat-od—60itoast-an—t-asisr— Nedgdberd—TLesilE and :

pl asti sol adhesi )ntW) In thel9p5|%51<t [ saboad esi-ons.g4%sf, the netal
‘ .

cl osure coat e ﬂ Ccur g cogtgér%g com:ig%l |o‘r:1I 2@ ,95, pl e 6

had zero Pailures . §f coated with
the pol yvinyl chloflilderidaa®ed 30 conpesi# ijons fz_@ul éd the.g® gkt i1 sol

adhesi on tests. —VO 907 1520F :
PCT/ US95/ 13195 Titanium Dioxide . _23.7% |
% NVM®) ' ] 40.0%

_ The compositions of Examples 5-12 were

10 p:eﬁared in an identical manner as the composition
of Example 2. The compositions of Examples S and 6
are\essentially identical except for the addition of
a lubricant to the composition of Example 6. The
composxtlcn of Example 6 was applied over a primer

15 as a.topcoat to tin—free steel panels at a rate of
10 mb per 4 sq. in. and cured at 380°F for 10 .
mlnutes.

% The cured coating composition of Example 6
was compared to polyvinyl chloride-based topcoat

20 ccmpesitions,'including MICOFLEX®. The cured
coating composition of Example 6 performed equally
to, ér outperformed, the comparative polyvinyl
chloride-based compositions in high temperature
toollng tests, 60-day accelerated corrosion tests,

25 wedgebend tests and plast1501 adhesion tests. 1In
the plast1sol adhesion test, the metal closure
coated with the cured coating composltlon of Example
6 had zero failures in eight tested’ panels. Metal
closures coated with the polyv1ny1 chlcrzde-based

30 compos1tlons failed the plastisol adhes1on tests.

g

(



239 - The conposition 6f Exanpl e 6 al so was conpar ed

to the compew derpeof Exanple 12, which is a pignented vpepsss/ieg he
conposi tion of Exanple 6. The conposition of Exanple 12 perforned
comparably 5 to the conposition of Exanple 6 as topcoat for the
interior of netal closures with respect to 60-day corrosion tests and
pl asti sol adhesion tests. In simlar tests, the cured
coating conposi tions of Exanples 7 and 8 perfornmed well. 10 However
t he conparative conpositions:of Exanples 39 - and 10 failed the plastisol
adhesion tests. The conparati ve conposition of Exanple 9 contains too
| ow an amount of pol yesterrﬁercsuﬁésttﬁah 6fhEgafple 6 adse wasxibility.

The conparative co e 1 all ed begaus wei ght
ratio of epoxy © Igﬁ €§%|ﬁ°?%g%ﬁg£8pl £ %§Fﬂpgg i& ﬁi?ﬁ is
conposi tion of Exanp¢meﬂte®rmerdedneafethencompOSLHNbasoﬁnExampﬂe 6ur ed .
coating conp05| I n coat .

20 f@ﬁ%m*%lﬂa%ﬁ%’;%é%?” pUERsEhed ConBRr LY. 0N 1
ratio of epdky ﬂBWdﬂa% ¢emposibion of jExampie fcasntomr@athEoRetBht ratio
of. el astomer to jnteriéFY6sifétall €1b80PesRItH taspeeheeb 50-QRYyl M zi ng

gg&;aggg?iglgg tégé osf Httégét'ﬂﬂa gggéigo? adhesion tggég?/15 02
In similar tests, the cured coating '
_compositions of Examples 7 and 8 performed well.

10 However, the comparative compositions of Examples 9
and 10 failed the plastisol adhesion tests. The
comparative composition of Example 9 contains too
low an amount of polyester for sufficient adhesion
and flexibility. The comparative composition of

15 Example 10 failed because the weight ratio of epoxy
novolac resin to phenolic resin is 1:3.5. The
composition of Example 11 provided excellent
adhesion of the cured-coatihg composition both to
the plastisol gasket and the primer coat. _

20 The following Examples 13-27 illustrate
that the weight ratio of epoxy novolac resin to
phenolic resin, and the weight ratio of elastomer to
polyester, are important with respect to optimizing
performance of the present coating composition.
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t hat

The conpositions of Exanples 13-27 show

WD 96/ 15202
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tn addition, Exanples 13, 22, 23 and 24 show t hat the adhesive

st

propertles Gwoﬁd]§z"°at'n9 15 conposi tion decrease when the
of

el astoner to polyester is outside the range

about 1:2. It also was observed that if the pol yest er

of about

IS present

in an

amount significantly above about 20% by wei ght of the coating 20
exposure resistance of
the cured coating conposition, although still acceptable, is
decr eased. The properties dggnnstrated by a coating 25
coating conp05|t|on

conposition, then the high tenperature tooling

conposition of the present invention, and cured

resulting therefrom show t %Rﬂgpsi{$%#%§0f9E§§ﬁ€13€ ¥§n¥5p$§5

not necessary to . pI’OVI

S |soI

gasket. The presdhatedhe @%M.QPthvelwerwm%olmbenpl&e a
topcoat on the | H&iPrsKdul®ise about C3 9566 CEo i‘E&‘u@S@SE‘VSl'HnHEt al

n1nat

I f f ood d
ol ido . con(SRRHARYIN RTS8 s TRBIEIAT S0, THPERH

elimnating the gqexfometel Thk tadhesivei stirength afnthe neoa'si;ngi at ed
Wi th such pol ymergpnogitidt €6 tne P1astisol gasket, decreases

PCT/ US95/ 13195

on of the

tipn to

Surprisingly, tleutaideidhimvweight abio o6 spexy novolagsresin to

el imnated, and tﬂlﬁrﬁleﬁ'ltemosﬂ:iaﬁﬁles 13-2‘?'5‘15”? h%évhetﬁﬂttz’aﬂﬁaﬂeous
conppsi tions

physi cal and cheni cal, operties associ ajed
including a 5 Eangkantf *Vrﬂf%? f- @9@3

¢ welight ratio of The present

coating conpmsit 3Bt e tie adhesiesl strengthinst ithe véodatingari ety of types
R i

?Ler ef or gr ngr; g‘ﬁ%ﬁ/‘?‘gl?&r ang?’b?géljﬁsﬁ p%%qé

coating conpositiweight of palyestern iincreasRsitions,

i 'ons
do not

reqw re a

pi gment , li e Tigerr]zn Aai &Y e Brddp L3 PO OrIRN&Ra ap4!

mintegrity. The performance characieristics of

show that the adhesive properties of the coating

15 composition decrease when the weight ratio of
elastomer to polyester is outside the range of about
1:1 to about 1:2. It also was observed that if the
polyester is present in an amount significantly

above about 20% by weight of the coating
20 composition, then the high temperature tooling

exposure resistance of the cured coating

composition, although still acceptable, is

decreased.

The properties_demonstrated by a coating
25 composition of the present invention, and a cured
coating composition resulting therefrom, show that a
halide-containing_vihyl polymer is not necessary to
provide adhesion to a primer coat or a plastisol

 gasket. The present coating composition therefore

30 is useful as a topcoat on the interior of metal
closures, and especially metal closures for food and

beverage containers. The elimination of the halide-

containing vinyl polymer is important with respect

.to eliminating the environmental and toxicological
35 concerns associated with such polymers.

ition

fi



the present coating conposition is achieved by a 15 novel conbination of
I ngredi ents, as opposed to hal i de- cont ai ni ng vinyl polyners and
pi gment s. wWid®s/15202 cured coating conposition also has a hi ghcpusesisaexd
tooling wear is reduced during manufacture of the metal closure. 20
- The present coating conposition has superior heat resistance
properties, inproved film integrity, and accordingly,; inproved
corrosion resi stance properties. These and the above- descri bed
advant ages make .a coating conposition of 25 the present invention
especially useful for appl i cati on-og2t ke |nter|or surface of a netal
cl osure for food and beverage containers. . Qobvi ousl y, many
nodi fi cations prisﬂngmyﬁ|theshﬁlideroon&aﬁninqéuuﬁyiepahpmere set 30

forth can be f g cope t hereof
and therefore \Mee%léh%qﬁrééfaé%dr)\? ﬁs{%ﬁs%%ié %%%%%%fggg%re [ ndi cat ed
by the ap insaithe advantagew pnovical and chemical

PCT/ US95/ 13195 operties aségcﬁﬂiéaJWﬂfh compositions inclddind £0ating

conposition foP pI cation 1,0 a prined substrate conhpri sing:
(a) about fB%jpéﬁgﬂ&mFQﬁﬁ% Q$PQM¥%ﬂ¥1(ﬁ°1Ymer' nonvol atile material, of
an epoxy novol aciresin The presdnnndu;tmnqﬂnn@pdsﬁtidnnuﬁﬁtyeof about 2

o about z10; - Uabl L UbrbtTEn S SR e GBI oy gr of 1O

nonvol ati | e napaimers @nda plieatdscl gaskets. The present qwﬁ)tmmut 15%t o
about 30% by 1‘tfion therefor@)rh‘ﬂs "ﬂ 'ﬂ&éﬁ*}ﬂﬁ@és &% gester (
havi ng a ht average nol ecul ar out 0

t o about 5@»Ooepp11cat ons. The present coati ng compositions,
unlike prior compositions, do not require a pigment,
like TiO,, to achieve sufficient performance and
film integrity. The performance characteristics of
the present coating compo51tion is achieved by a

15 novel combination of 1ngredients, as opposed to
haﬂide-containing v1nyl polymers and pigments. The
cured coating composition also has a high gloss and
tooling wear is. reduced during manufacture of the
methl closure.

20 5 - The present coating composition has

' supérior heat resistance properties, improved £ilm
1ntegrity, and accordingly, improved corrosion
resistance properties. These and the above-
described adVantages make a coating'composition of

25  the|present 1nvention especially useful for
appiication on the interior surface of a metal |
closure for food and beverage containers.

Obv1ously, many modifications and
variations of the invention as hereinbefore set

30 forth can be made without departing from the splrlt
‘and | scope thereof and therefore only such o
limitations should be 1mposed as are indicated by
the appended claims.



(d) about 5% to about 20% by weight of nonvol atile material, of

an el asto . (e) a nonaqueous carrier.

PCT/NUS95/13195
2. The cg%flng conp05|t|on of claiml wherein the conposition is free
of a hal'i de- ceﬂ%arnrﬁg”vfnyl pol yner . 3. The

coating conp05|t|on agg&hkslmmdlmhereln a ratlo of epoxy novol ac resin

to phenolic 5 75 to about 33:66. 4,
The coating corrp05| \mw wherein a ratio of elastomner
pol yester is about about 1.2

coating conposition of claiml furt her “conpri sing OOHI'MHHH m:‘mm’ _

32}%2508f | fﬁn¥ﬁbaﬁ%§?ﬁ g%fﬂ%igs of a lubricant; and 0%t t
44 - about 50% by weight of nonvolatile material, of. a pi gment .

2-5% ng \c;g?; IhngocormOSItlom of gl &bﬁtinrgl com@??ﬁ?l@ﬂﬂ@c&buyp]i’hﬁﬁﬁimmbout
7. The coating EBnPoBFiPEH BE kehaﬁﬁgf%ra%e ﬁﬁ@?ﬁﬁﬁsgﬁéyeggxs ?ﬁngffgﬂallty
of the epoxy noval ac (a3i nabsulr aadfetot bloukb 0 ,2 byo wedght ©f
nonvolatile material, of an epoxy novolac resin
having an epoxy functionality of about 2 to
about 6 and an epoxy equivalent weight of about
100 to about 210; ' |
(b) about 40% to about 60%, by weight of
nonvolatile material, of a phenolic resin;
(c) about 15% to about 30%, by weight of
nonvolatile material, of a polyester having a
weight average molecular weight of about 1,000
to about 50,000;
(d) about 5% to about 20%, by weight of
nohvolatile material, of an elastomer; and
(e) a nonaQueous carrier.

2. The coating composition of claim 1
wherein the composition is free of a halide-~
containing vinyl polymer.

3. The coating composition of claim 1
wherein a ratio of epoxy novolac resin to phenolic
resin is about 25:75 to about 33:66.

, 4. The coating composition of claim 1
wherein a ratio of elastbmer to polyester is about
1:1 to about 1l:2.

5. The coating composition of claim 1
further comprising 0% to about 2%, by weight of
nonvolatile material, of a lubricant; and 0% to



8. The coating conposition of claiml wherein the epoxy novol ac resin
has an epoxy equi val ent wei ght of about 150 to about 210. :

9. The waedéi1sgp2conMposi tion o rein the epomyrosospisess resin
is selected fromthe grou “ﬁ m& I% l ﬁn epoxy phenol novol ac resin,
ynuc

an epoxy cresol novolac resin, *a po ear*p enol - gl yci dyl ether
resin, a tetraglycidyl nethylene- dianitine resin, a triglycidyl

p- an1nopheno| rasin, a triglycidyl isocyanurate, and m xtures thereof.
10. The conposition of claim1 conpr|3|ng about 40%to about 50% by
wei ght of nonvol atile material, o 4de-phenolic resin.

11. The conposition of claim1l mhereln the phenolic resin has a

nol ecul ar wei ghousi 588ouby weigh®0®f marivmitatd X Gnaterial, of a 12. The
conposi tion og g# B, 1 wherein t he phenolic resin conprises a phenol
conponent ected fromthe group con5|st|ng of phenol

Thi s Sheet Has Been Re | aced I

1111111 1111111111 Fi | ¢iii The cod@i®ff Yokpbsition of claim
PCT/ US95/ 13195 i 45 bi sphenol A

cresylic aci dSOBREiBIRNG ARPNS,15% to ahgut,25%, by weight of

nonvolatile_mater1a1 - of an epoxy novolac resin.

7. The coating compdsition of claim 1
wherein the epoxy functionality of the epoxy novolac ‘
resin is greater than about 2 to about 5.

8. The coating compdéition of claim 1
wherein the epoxy novolac resin has an epoxy
equivalent weight of about 150 to about 210.

9. The coating composition of claim 1
wherein the epoxy novolac resin is selected from the
group consisting of an epoxy phendl novolac resin,
an7epoxY cresol novolac resin, a polynuclear phenol-
glycidyl ether resin, a tetraglycidyl methylene-
dianiline re51n, a tr1g1yc1dyl p-aminophenol resln,
a triglycidyl isocyanurate, and mixtures thereof.

10. TheICOmpasition of claim 1 comprising
about 40% to about 50%, by weight of nonvolatile
material, of the phenolic resin.

11. The composition of claim 1 wherein
the phenolic resin has a molecular weight of about
1,000 to about 8,000.

12. The composition of claim 1 wherein
the phenolic resin comprises a phenol component
selected from the group consisting of phenol,

This Sheet Has Been Reilaced
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13. The conposition of claim1l risin about 1596to about 2596.by
wei ght of n hd € material, of the po 14.
The conposi W)#’%?Hcl aim1l vvher._emmum , st er has‘a\ efcug 3198

wei ght of about 1,000 to ab 'm ﬁ”ﬂr "ﬁ —_—

conposition of claim1l wherein, hé—pdlyes

has a nﬂhesm%ﬁuu

about 1,500 to about 6, 000. 16 The B@" '“ej
claim11 conprising about 5% to about 15% by weight of

material, of the el astoner. 17. The conposi

wherein t he el ast oner conprlses a copéﬁyner of acrylonltrlle.

18. The conpositi cﬁ cI 1 wher oner .is _selected from
t he group consi st¥ i&? 5%¥%ﬁ¥§h%-%ﬁ%9roﬁP?rFP ,1ﬂ3%6P§F rubber, a

but adi ene- st yr encchomxpedfrer, a pol ybut adi ene, an | sobut yl ene-i soprene
copol ymer, a pol ychl oroprene, a pol yur et hane, an acrylic el astoner, a

styrene- | soprene copol& an acrylonitrile-chl oroprene
copol yner, a vinyl pyridinel tﬂe@#%ﬁ%°@5%§i§hﬁﬁ ofnglaim 1l repprdsinger eof .

19. The conposi tamwfwi e dbylier 269, by wehgntospofibhvvelatigkudes up to

0,
g?:?f Usos/ 1@313% “naterial, °th/pgfye5ter'

14. The composition of claim 1 wherein
the polyester has a molecular weight of about 1,000
to about 10,000.

15. The composition of claim 1 wherein
the polyester has a molecular weight of about 1,500
to about 6,000.

16. The composition of claim 1 comprising
about 5% to about 15%, by weight of nonvolatile
material, of the elastomer.

17. The composition of claim 1 wherein
the elastomer comprises a copolymer of
acrylonitrile. '

18. The composition of claim 1 wherein '
the elastomer is selected from the group consisting
of butadiene-acrylonitrile, natural rubber, a
butadiene-styrene copolymer, a polybutadiene, an
isobutylene-isoprene copolymer, a polychloroprene, a '
polyurethane, an acrylic elastomer, a styrene-
‘isoprene copolymer, an acrylonitrile-chloroprene
copolymer, a vinyl pyridine-butadiene copolymer, and
mixtures thereof.

19. The composition of claim 1 wherein
the composition includes up to about 1.5%, by weight



- 46 - of nonvol atile material, of a halide-containing vi nyl

pol ymer . 20. The conposition of claim3 wherein t he
rati o of vemees20mvol ac resin to phenolic resin i s aboptT®808/i3169 about -
40: 60. 21. The conposition of claimb5 wherein t he :
conposi tion includes about 109 " mllﬂmulm wei ght of nonvol atile
material, of a pignent. /“m“ﬁ ﬂ e conposition of claimb5
wherein the pignment is titanium'di dxid 23. The
conposition of claim1l - conprising: (a) about 20%to
about 25% by wei ght of nonuokgtil e nmaterial, of an epoxy novol ac
resin havi ng an epoxy functionality of greater t han

about 2 to abwg rorvslfti T aaterialp 6fta halide-coi€hfRingf about 100 to
about 210; b) about 45%to about 50% by weight of

nonvolatlle|ﬂ¥¥ﬁy¥ﬂp°%#m%ébhenollc resin; (c) about 20%to
about 25% by weight of - nonvolatlle material, of a polyester

having a . wei ghg g avepmgg
to about 10, 000;. and 4o (%65§§§ out %% ?% abou%r%g by wei ght
of nde TR IQ GfeReRY neYolar err%eixam%@ phenolder eninhe -

conposition i §d rsouX 3bfﬁﬂlﬁ3%aboutczﬁﬂgbﬂlng V|nyI pol ynmer, ‘and has a
ratio of epoxy - novolac resin to phenolic resin of about 30:70 to

about 40:60 and a ratio of elastoner. to polyester of about 1:1 to about
1: 2. WD 96/ 15202 21. The composition of claim 5 wherefi’T/ US95/ 13195

the composition includes about 10% to about 50%, by ¢
weight of nonvolatile material, of a pigment. B

22. The composition of claim 5 wherein
the pigment is titanium dioxide.

23. The composition of-cleim 1

comprising: '

(a) about 20% to about 25%, by weight of
nonvolatile material, of an epoxy novolac resin
having an epoxy functionality of greater than
about 2 to about 6 and an epoxy equivalent
weight of about 100 to about 210;

(b) about 45% to about 50%, by weight of
nonvolatile material, of a phenolic resin,

(c) about 20% to about 25%, by weight of
nonvolatile material, of a polyester heving a
weight average molecular weight of about 1,000
to about 10,000; and

(d) about 10% to about 15%, by weight of |
nonvolatile material, of an elastomer,

wherein the composition is free of a halide-
containing vinyl polymer, and has a ratio of epoxy
novolac resin to phenolic resin of about 30:70 to
about 40:60 and a ratio of elastomer to polyester of
about 1:1 to about 1:2. '
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+ 47 - 24. The conposition of claim23 further

conpri sing 3pg § ﬂg/ito about 2% of a |ubricant and about plQ¥GdesnfPUL
50% of a pi gnen y wei ght of nonvol atile materi al .

(22) ng?;r]gg gf pflofrtalrngogt Pﬁtgalson‘ammlémlﬁllluulllﬂ ”tgl gtg | east one surface
of the nmetal substrate; © tb)"hehti’hg the netal substrate

havi ng the primer coatlng conposition applied thereon

for a sufficient time and at a sufficient_ tenperature to cure the
prinmer coating conp05|t|on and prOV|de a primed neta

substrat e, gl a@ﬂkybaﬂpés&%ﬂbhﬂ%fc@ﬂ%%ﬁ‘d

primed netal substrate, said Coa sition conprising:

(i) about 13%to eevprising ppout 0% to about 2d gm aolukgirank and
material, of an apout 10% to aBBAXYs508vVelfaa @ﬂ@h@nhgvm@gw@1¢nawaf

funct onal Ity of gRaU e MRlT T 0 POy UiV e
about 40%to about 60% by : ~wei ght of nonvol atile materia
gLoﬁt 30% by Phenol Esreshn{netpoﬁoﬁ\% atl e mgt é“refe%l' )s ¥ E%ttew% to
pol yest er havi ng GOME?Q&@“Qverage nol ecul ar melght of about
1,000 to about (a)50aBBQy1ng a prlmer coating Compo#itiond% to
about 20% by wei ght & EVO at% %hhateQ'ﬁl f an

el ast oner, to at leas onﬁﬁs 2609 e metal substrate;

PCT/ US95/ 13195 (b) heating the metal substrate having
the primer coating composition applied thereon
for a sufficient time and at a sufficient
temperature to cure the primer coating
compositioh and provide a primed metal
substrate;

(c) applying a coating composition to the
primed metal substfate, said coatihg
composition comprising:

(i) about 13% to about 30%, by
weight of nonvolatile material, of an
epoxy novolac resin having an epoxy
functionality of about 2 to about 6 and an
epoxy equivalent weight of about 100 to
about 210,

(ii) about 40% to about 60%, by
weight of-nonvolatile'material, of a
phenolic resin, . _

(iii) about 15% to about.30%, by
weight of nonvolatile material, of a
polyester'having a weight average

" molecular weight of about 1,000 to about

50,000, | '

(iv) about 5% to about 20%, by weight
of nonvolatile material, of an elastomer,
and
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- 48- (v) a nonaqueous carrier; and ' (d)

heating the prined netal substrate havi ng the coating conposition
appl i ed wioegeas202 for a sufficient time and at a spdfriggssasios £
tenperature to renove the -nonagueous—carrier fromthe conposition
and provide a crosslinked oatlng chBBETFraﬁ‘—*———-—~

26. The nethod of clai m 'ﬂm ﬁr‘!“ﬂﬂmﬂlﬁ conposi tlTnerheesmsrgggﬂg :\

hal i de- cont ai ni ng vi nyl . g of
claim 25 wherein a rati o of epoxy novol ac resin t m,&ma !!H Fn is
about 25:75 to about 33:66 and a ratio g £l astoner

about 1:1 to about 1:2. 28. The nethod of claim25 further

conprising 0%to about 2% bxvqelghhg@hqmyauyaaaﬂgier- a@terial, of a

| ubricant; and 0%to abqgs 5853 * #&e of nqgvolatlle naterlal of
‘a pignent. tHRg Hend %2 t he
primed netal substhavenbathagcbb&1mgacnmmositynnnappnﬂed1tnyﬁednithereon

is heated for about t 0 enper at ure of
about 350F to about gos[gpgkgﬁﬁéﬁt ¢18 %hd;%tUEB%Mikfg eaéeutlcle havi ng
at | east one sEPF‘HGEaFHé'PeGP ¥enove fhenh nengquesusy farniexiher ent
layer of a cured caebmnaheoeaﬁgbbueaonsaha provdde a €RVIINd rikUFOSI tion
resul ting fron1cur|ﬁgﬁa coat S|t|on conpri si ng:

(a) about 13%to & 589 iﬂg ﬁ@PEﬁF nonvol atile material, of

an epoxy novol ac resin

26. The method of claim 25 wherein the "
comp031t1on is free of a halzde-contalnlng vinyl

polymer.

27. The method of claim 25 wherein a
ratio of epoxy novolac resin to phenolic resin is
about 25:75 to about 33:66 and a ratio of elastomer
to polyester is about 1:1 to:about'lzz.

28. The methqd of claim 25 further
comprising 0% to about 2%, by weight of nonvolatile
material, of a lubricant; and 0% to about 50%, by
weight of nonvolatlle material, of a pigment.

| '29. The method of claim 25 wherein the
primed metal substrate having the éoating _
composition applied thereon is heated for about 8
minutes to about 12 minutes at a temperature of
about 350°F to about 400°F.

30. A metal article havihg at least one
surface thereof coated with a primer and an adherent
layer of a cured coating composition,'said cured |
coating'composition resulting from cﬁring a coating
comp051tlon comprising:

'(a) about 13% to about 30%, by weight of

_nonvélatile material, of an epoxy novolac resin



MWD 96/ 15202 o | | PCT/ US95/ 13195
- 49 - 096/15202haV| ng an e of about 2 tEcrnuses/i3ies

about 6 and an epoxy equival ent yei 100 to about 210,
{b) about 40%to about 60% by”ﬁiﬁ l“ n!l,! nonvol atile material,
riar] ol %

of a phenolic resin, to about 30% by weight

of "nonvol atile material, of a polyester having a wei ght
aver age. nol ecul ar wei ght of about 1, 000 to about 50, 000,

(d) about 5% to about 20% by weight of _ 49 - nonvol atile material, of
an el astomer, and (e) a nonaqueous carrier

31. The metal articl gffirkd dnh sPbiPef@ictionality sor@wGuti Pneé6s free of a
hal i de- cont ai ni ng vi qgthod of

cl ai m 30 wherein a nglllm‘?%tq dﬁﬁ yﬁé&@f”ﬂbﬁ%"%%% Y%E%E%I‘gfi% PREin s

about 25:75 to about R Gfo aabsbwk r220p of el ast oner to polyester is

about 1:1 to about 1:2. (%K/ V\ae?%%‘% %?% ég"alﬁ_%lﬁ @QP%QL%%@Q%J u;t.her |

conprising 0% to about 2% noNvo . €
| ubricant; and 0% t o nonxelsiobie materialejgfita Pherolis xesinpateri al , of

a pignent: (c) about 15% to about 30%, by weight of
nonvolatile material, of a polyester having a
weight average molecular'weight of about 1,000
to about 50,000,
(d) about 5% to about 20%, by weight of
nonvolatile material, of an elastomer, and
(e) a nonagueous carrier.

31. The metal article of claim 30 wherein
the composition is free of a halide-containing vinyl
polymer. '

32. The method of claim 30 wherein a
ratio of epoxy novolac resin to phenolic resin is
about 25:75 to about 33:66 and a ratio of elastomer
to polyester is about 1:1 to about 1:2.

33. The method of claim 30 further
comprising 0% to about 2%, by weight of nonvolatile
material, of a lubricant; and 0% to about 50%, by
weight of nonvolatile material, of a pigment.
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