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(54} Titie: GAS BARRIER COATING SYSTEM FOR POLYMERIC FILMS AND RIGID CONTAINERS
{57) Abstract

A water—botne pas barrier coating composition for polymaeric fitms and shaped containers, including a two-layer coating system with
a laminar layer mineral sclecied from menumoriilonite, laponite, organo-montmoriltonite and mixiures thereof, in the gas barrier layer,
which is particularly well suit for spray application to biaxially oriented injection stretch blow moided PET bottles for carbonated beverages
and beer.
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SUMMARY OF THE INVENTION
The present invention resides in the discovery that it is possible to

substantially increase, e.g., up to 20 or even 30 times or more, the gas barrier

30  performance of conventional rigid, i.e., shaped or molded, plastic containers and
films by applying to at least one surface of the contaier or the film a unique
water-borne composition to form a first coating layer. The water-borne
composition comprises a water-soluble or water dispersible organic binder, in the
optional presence of a cross-linking agent, wherein the organic binder includes

35 from 10% up to less than 90% by weight, based on the dry weight of the first
coating layer, of an inorganic laminar mineral selected from montmorillonite,
laponite, organo-modified montmorillonite and mixtures thereof. The first coating
layer can be uncross-linked, partially cross-linked or fully cross-linked.



beverage; 15 (B) a first coating |layer adhered to at |east 22}e sgt(réo%? of
t he polyneric substrate and capable of retarding the transm g xygen
and car bwo wisgogede t hrough the substrate, sai d first coatifGr/U$pI0sRY2

conprising a vvat%r sol %bloeno ! ag déos {bl e0 ani ¢_bi der and from
10% up to | ess t LY S By ey 0lnhper ‘% REACYFE %f"mtf?fg‘fl rst
coati ng | ayest coafing@iayemmaverana dm thivkness of 2 torﬂﬂenmromealéraLughluf prantice

mont mori |1 @RidiRnt ﬂ:ﬁﬂ@ﬁbx’ogert@& Hié%obééﬁ%'bgér’v’%l mﬂtrgﬁﬁ%l%%htc%aﬁ%dl gérét ur €s

t hereof. Mpst convention 1 gl d l'yperi T conta whi ch have
a first codthsganasdondys ik 4|n@a§qnsem8u§1mefﬁac e Winsyal platgletsdiedemy to t he

i nventi®n ‘Ahlehte@xrh!hhlth.eobgf&ﬁﬂbmﬂeiﬁcﬁhoﬁ%ﬁﬂieQﬁy@Uhtlﬁg"I@%r 1hqtgeh@r I'l's, an
Oxygen Per nea |I Val ue of, ahout cc m although

the OxygenPBEfREBEErmFnRigpa] e QHC%%PPA'%g fRS’ﬁFCL’éeJI‘(‘}“tS"?RBC H"?"E‘Eéﬁn the
i n2/ day/ at appliqatlsm,rﬁhap&bplaﬂwgmmlmhmmgld fitsy coédingdsydr davegastbaaier 0. 03 cc

Total  bot { PTRE e er iy oy o AERRHEE o slonlBubedlflly clbdr bRy ETT 0™

2/ 60 or 2pd@rethistthe ﬁéﬁtcyatmg layeix Hitisi secepd qoﬁt;ngmmmpﬂse@wg@bl@er mability
Val ue of U@orﬁﬁoé@oxﬁ&rﬁf)ﬁ'ﬁﬁ%{/&? a Biﬂd‘é?%ﬁiﬂoﬁ&ﬂ’iﬁ 41)) &Qﬁrghﬁé solipever, absolute

barrier perforrrq_gl ol'e bottl esé di scr.ee Slt sanples from
bottl e side wal '$}S Mqrda’gﬁeﬁaeawecga% TESROL BHENHAN {Sapg ﬁ’"g"eﬂﬁl formty and
‘thi ckness, cqraaieenfoa f@vdsfant btedragestwhieh somprses: area covered, optinum

orientation of thegAf,"E‘p% d"sﬁfb@!rat@‘sfl%]iep b BE 1&93‘%{;6{&& bt oo QL A1 ner

i nperfections, can resu rom d| ng process, 35
and t he ||k@erﬂme cont ai ner i ncludes a second clear coat |ayer (C) adhered

o thg first coaté a&ﬁéﬁ%’baﬂ‘ﬁg rapeﬁéanefedsts%t RaStsRBEa60sRes1 ti on
an or anl c solvent. 2 7 August

3833” WO 00118655 SERE LIt RS OF FELvgiTE (e FEBMRRBIOR of SXLFRER { o

i nventi on é¢sben m&hiedh:fough miacd(mgnmg, m&ﬂfsb@cmﬁ-@dajfmguoﬁpnsmga,wﬂerbever age,
) e A S R R 22
cont ai ner weight, basedaat thagry Wag@t Oﬁthm Irgt cpating tayenof ai narpenic lamjearof 8

i Of O Or 2% s@béct%@rﬁ%%ﬁﬂ& 3 C@%ﬁa@'o?gén@ﬁoaﬂueous conposi ti on

-conprising ( |)l an _or.gani c Is 'a ~water, soluble or

wat er - di spBPRIprallen Mptaeiherqal. Mpst sonventignalsigidendered a
cross-|i nkpdlgmaﬂ@%ntaﬁef% Whith haeda figteoRideday@ s atth'@a@t &Ek%ubﬁéce«/\m ght, based

on L1, 10 JELoPEl SRl WS Lt SHASHRS, Lt Eh AR ISUAC | 21 o
mont nor i I | toviile walscinrPxotgen Permbabikiyf Y alué 85 ateuy Orfbed e/ 100nsd/ daydatt, ng | ayer
at  anbisenta| ;s tlﬁr@;{ygeﬁlf%\‘lﬁta%hty Value can be as low as 0.07 cc
mil/100 in?/day/atm. In some cases Oxygen Permeability Values lower than
0.03 cc mil/100 in2/day/atm have been observed for wall and/or film test samples.
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2/20 nstrument) will exhibit an improvement in Oxygen Permability Value of up
30  to 35 times vs. uncoated control bottles. However, absolute barrier performance
for whole bottles (vs. discreet test samples from bottle side v&alls) will depend on
such factors as coating uniformity and thickness, percentage of total bottle surface
area covered, optimum orientation of the laminar mineral within the coating layer,
container imperfections, if any, which can result from the blow molding process,
35 and the like. _
~ The container includes a second clear coat layer (C) adhered to
the first coating layer which comprises a curable composition comprising (a) a
binder component-in (b) an organic solvent,
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25  which comprises spraying onto at least one surface of the substrate a generally
uniform aqueous coating composition to form a first coating layer which adheres
to the substrate. The aqueous composition comprises a water-soluble or water
dispersibie organic binder, in the optional presence of a cross-linking agent, and
from 10% up to less than 90% by weight, based on the dry weight of the coating

30  layer, of an inorganic laminar mineral selected from montmorillonite, laponite,
organo-modified montmorillonite and mixtures thereof. The laminar mineral
comprises platelets, and the platelets move within the aqueous composition as it is
sprayed onto the substrate to orient themselves in a generally parallel three-
dimensional and overlapping spaced relationship within the first coating layer.

35 Acéording to one embodiment, the method includes (after drying and optionally
curing the first coating layer as described above) the additional steps of
(1).applying to the first coating layer a second coating layer having a thickness in
the range of about 12 microns or less by spraying onto said first coating layer a
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which comprises:

I. afirst layer having a generally uniform thickness in the range of §
microns or less and formed by spraying onto the substrate a water-borne composition
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- sulpho derivative of a carboxylic acid selected from sulphoterephthalic acid and

sulphoisophthalic acid;

(b) linear or branched acrylic resins having a weight average
molecular weight of at least 3000;

(c) copolymers of acrylic acid, methacrylic acid and their lower
alkyl esters;

(d) polyolefins; :

(e) polysaccharides and cellulosic materials selected from
cellulose, hydroxymethyl cellulose, carboxymethyl cellulose, amylose, pluran, starch,
and hydroxyethyl cellulose;
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di spersi bl e organi c resjns m Xt ures I onal
second coal FHg leﬁﬁpoé’@ﬁéﬁéﬁlpﬂélﬂg@ltt!ﬂfqulcgmpéb%ﬁmhgﬂ P%%?-@!F Sﬂl‘i‘ie@h\’@@rmml ses a -

curabl e cogpdbindeogongsutient s istiged Boffigl cOPQMSRENE Bf:an organi ¢ sol vent,
Fecycling the cont ai nef) Brs ry”lﬁwﬂ%n%#%e%a%fmﬁ APl od for
i mpr ovi ng hydroxyd gravgrsrane arepdarived fimnc scrofateapingtatiyidian stytcpe epfdt iaradg) il ns
and 1igi d OB HRolSEDbREn acrylates, said acrylic polymers having a weight average
molecular weight of between 3,000 and 50,000;
(b) polyester resins having at least two functional hydroxyt
groups and a weight average molecular weight of from 1000 to 15,000;
(c) polyesterurethanes and acrylo-uretbanes having at least two
functional bydroxy! groups;
(d) hydroxyl functional linear or branched cycloaliphatic
moiety-containing reactive oligomers or a blend of such oligomers; and
(2) aliphatic or aromatic isocyanates having at least two functional
isocyanate groups where the ratio of isocyanate to hydroxyl functionality is from 0.5 to
3.0, based on equivalents; and curing the second coating layer whereby the second
coating layer adheres to the first coating layer.
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packagi ng foods and beverages, and especially injection stretch bl ow nol ded
PET bottles used for packagi ng carbonated soft drinks and béWMIUBEZPRPI ED
DESCRI PTI ON The invention is a unique coating systemfor polyneric filns
and rigid, i.e., shaped or nolded, containers produced from conventional
pol ymeric mat erj,alif yandoti Qs 88 ivehtidnProvi@p bbb by re6ylisga pbipkadt
coating |ayer based on a water-borne conposition and an optional second
subst ant i al 1gid egréaiper &5 dpqds gnq beyeinges A FOBRNSESt wo- conponent  sol vent / bi nder
conposition. A pgﬂf%&%eﬁﬁg%ﬂh%apﬁtotdéﬁnb A ¢6iaineNfR 088 65 a bbReraus|
coating |layer system.applied to either a Qol er‘é’@Fflh{H or .the.exterior
surface of a rigftd 25t spatEe layeradpessel 43 pyloash ORnTUEtaCE BhIDERMERFIF bl ow
nol ded bi axiudsirite T61 Rbir&idg g yashdssieoof adyged and earbarhdiexide thwobgh drt i al |y
i ncreased resi stance. Lo, per I on -0X | OXi: g€, Q.. Up
to 20 to 30‘“‘?’??‘7@5’ Bid ﬁﬁt O%’tg%ﬁéxeér?gg% gm gg%é%?‘ ?co]%ﬁ@%%gq{bogﬁ Igr%'rlllpct%flfgﬁsm or
cont ai ner whth80% Whweigbhthasey wyibe dmy weight elothe fing cogingdeyar ohan ingrgasver
can be app|] ] ' Rer . ' spray
H&%?&ﬁ@%ﬁ}e&@%d’%ﬁ rlfubﬁtﬁﬁargfonﬁgrlﬁlﬁinﬂ@, @rﬁgy@ ARV ANV RHS0H

application meric f1lns and containers having the first barrier
coating | ayekxtusgsihessafyWhenginetd agrmag rgingreh corapyses plagelets Mhisthirgionented phased

on test sagph®ShéBistbos %qa?érah B@enéralle paraliel thes-dygsthaPandeedldpbing Val ue
in the range o _%b.out 0.7¢ccml/1

0 in2/ /| at |
means for dPPETHS “ﬁ@smﬁr&?dcmﬁfpisﬁ% ﬁlﬁgm%gfr&fﬁgﬁs g]%ig{;tfa %?rsﬁéjng\égr'lcsaué%rfg "
appl i cat i ongatet tiepdxipbpeorgaiie rentesrndirhixtwed thereofrandeptiendllow as 0. 07 cc

m /2100 in2/day/ V. I amidd ra : Q.. ) 1 /100
i n2/ day/ atm The&é lr?bssct? an %’fﬁ% %%Yégg?h%gde%csgladtﬁiﬁ)&%\gﬁ@%f)g%&%&%%%%&
oper at es t ccupaine eempesion Cempriying p binder eRIEPITETI iRyaBrorEMBe P Eeny st methed,

degr adat i ONyryfising @AWY HE SirstAWyer P QoA witle datdt endeEdy¢Help tHeibntdger.
I nvention is that gfhe coatl ng syftem P%%}S?Q:}Ot' | nt erf](t-:-l{e vmbt h.the ability

to recycle coat etP® IIVRRUQY Is pREUAElY ¥ & mPraRe S &P Y8BT i ng | ayer,
whi ch is thseriamahas ¢ff @lyletiytone térspivhilere) Sthudderigiddontagleat usedlfyr easy to
renove. For t.ai pers and f] ' 1.he. - t coating
system can BE TGOS ﬁ?cr’%s‘é%‘%ﬁ’ SRR iLPip)eion BEbn BlESL fdjacd piT T8I0,
or other sobatdestused fpreprskaging cabhdnal¢d st dunksimadbeer i ng system Pol yreri c

Substrate 10 The gas barrier egatiingrsSyeterefigae i nvention can be applied
to practically any. thernoplaStic polymeric surface.. Filns agnd.rigid

containers cont ERfplnyeRpT i§@ U@ eLOaBREFYFE™ BriPRe M sddititude t hose
fornmed frone chayENGd RBRed ! dbatdiRRS poducedoPbni kBfidentidnapoamedd yol ef i ns,

pol yam des, and ., engi neer.in ol ymers,. such .as pol ycar bon d the
ke rhe HaBHEL AT e e o B PP RS iR ohiRE POREbERA oF3G o™
shaped, convaenbeme cangositipeandhh yptional second substantially clear coating layer

based on a two-component solvent/binder composition. A preferred embodiment

of the invention embraces the dual coating layer system applied to either a
polymeric film or the exterior surface of a rigid container, particularly an injection
stretch biow molded biaxially oriented polyester container, to achieve
substantially increased resistance to permeation by oxygen and carbon dioxide,
e.g., up to 20 to 30 times or more resistance to permeation vs. a polymeric film or
container without the coating system. The coating compositions, moreover, can
be applied economically to films or containers by any convenient spray
application method. Polymeric films and containers having the first barrier
coating layer typically exhibit for a given polymeric film thickness, based on test
samples cut from container sidewalls, an Oxygen Permeability Value in the range
of about 0.7 cc mil/100 in2/day/atm or less, which is one means for determining
and comparing gas barrier performance. In some applications, the Oxygen
Permeability Value can be as low as 0.07 cc mil/100 in%/day/atm, and even lower,
e.g., in the range of 0.03 cc mil/100 in2/day/atm. The substantially clear overcoat
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I njection stretch bl ow nol ded biaxially oriented holl ow thernoplastic
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mol e percent G ¥HREUSH the copol ymer can be prepared fromthe nonomer
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prepar at i @3 GFhet firet c;mﬁng }Hgﬁf,;w}ﬁdsh is%l@ep@isrbafridﬂa ke naek %lug&%idga' elne 1,4- g
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I ng®l

i nvention. First Copating Laye e first coa Yeér, i.e., the gas
barrier coat ﬂﬂ@ﬂ%ﬁﬁformd froma water-borne conposition which
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ablout 10% Eycuﬁtembhﬁﬁﬂfo@ﬂs&ditﬁoidhﬁ@lo musxlgidalfinamhyﬂfatse fé¥ned figtht abl e co 35
solvent. The ' rtion, of the water:born ri er conposition contains
general |y fr8%%%%%%%%"108&{‘%%@%%6%% WPS’OE%@MW 8S=\f'3§é-ght of the
first coati aegihegrmg mlymersoiugh agpalycdrbanatesf aminthe hike. g@Thé inveatidmar ni neral -
sel ect edi 4 r oy tjcular rilLonite, |aponite,
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" Or gano- nodi MVEHORsHEB DleW sildes bipdally eriantedhalionw thormendesticrontingrgy
mlat er: al \émeﬁlﬁ:b)és&ﬂtt%gﬁ&?ﬁd ﬁghﬁ;ym_tﬂaagnﬁ&%f)ly%&t@&pglda_a@tﬁowhe&eo the clay
pl atel et by ga_treatment ubj ect t he to a n_‘exchange process
wher eby i nt e%fe rlrltrealtlaaq?e’ Ho%uﬁﬁ?écteﬁcgbﬁgﬁée’ BP@&@%{“FW%&& ea?““a:ﬁhé I%ef epl aced
by organi c cixludmg kaonepdlgmeny and gopaipmers iofiethgtent cereplithdiete aad ediy@@ri ¢ gr oup
bonded txp a k10U : i hosphoni um
oyt i ni o SRR wiehein B ot 15 ol Rl 8 PR o AR e PR " e
salt gr oup.P”i’ﬂ@_“Wj ornee eneEel uaitnpkdiethalena blysok ommnaneila-tipldmtknconpr i se
platel ets 1Q4Vdil(bl(;3bol@’@ﬂﬂraﬁfk‘ﬁ@l&uet%]y%;%ﬁ%ﬂﬁfier{erQ?&ol,ﬁp&l?prgg @H?g{ﬁ&”ﬁ and an
e of" a e

aspect ratio, j.e. the ratio | dt “pla t toits
t hi ckness, of"% bg‘.héﬂmﬂﬁﬂséﬁxs}‘) ei‘ﬂ’&ﬁ“%‘%’ﬁ‘ﬁ&yﬁ?h maephindkerat i on on t he
conposi ti on pmparstiouct the eopdlymby; ok Gsphthalgadébenayies naphtialaks £an be found in
"Cay Mogeral g:q: ISt ryct ure, . Behavi our e", Proceedings of a Royal
Soci ety -%i sc"ugsdf%g?l? é‘? i 5ndgjl;p ICQSE%PI%]C’ afgadfff'nﬁb]\lgt?fg%f”bf% , a‘f_‘gﬁ ‘,m“I‘Le Royal
Soci ety, 198@r the_acxd motety in the preparation of the copolymer. The foregoing description

is intended to be an illustration of applicable polymeric substrates and not by way

of a limitation on the scope of the invention.
First Coating Layer

30 The first coating layer, i.e., the gas barrier coating layer, is formed from a
water-borne composition which contains at least 2% by weight solids. Water is
the primary carrier or solvent for the solids component of the barrier composition,
although the composition may optionally contain a small amount, .g., not more
than about 10% by wt. based on the total amount of solvent, of a suitable co-

35  solvent. The solids portion of the water-borne barrier composition contains
generally from 10% up to less than 90% by wt., based on the weight of the first
coating layer after drying/curing, of an inorganic laminar mineral selected from
phyllosilicates, and particularly montmorillonite, laponite, organo-modified
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of laminar minerals for their improved barrier performance in use.

The solids portion of the water-borne barrier composition will also include
from greater than 10% by wt. to less than 90% by wt. of a water-soluble or water-
dispersible film-forming organic binder selected from the group consisting of:

(a) homopolyesters; copolyesters, particularly core/sheli type
copolyesters where the “core” is a copolyester of number average molecular
_ weight around 12,000-25,000, and the “shell” is a modified (e.g., acrylic

modified) hydrophilic polymer layer; and copolyesters derived from a sulpho

30 derivative of a carboxylic acid selected from sulphoterephthalic acid and
sulphoisophthalic acid;

T
Lh

(b) linear or branched acrylic resins having a weight average
molecular weight of at least 3000;

(c) copolymers of acrylic acid, methacrylic acid and their lower alkyl
35  esters;

(d) polyolefins, particularly of a functionalized nature, such as
maleinised polybutadiene; '
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resins, the bf nder . may copprise, 1n its overall conce pe of
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unsat ur at ed m)nomegi icn lt t‘le.%r_esence of 95-5%by wt. of an acrylic

macr onmononer. The rayp”? fonononer is anionic in character with a -
preferred nunber avé)apdyVinyl Avgusiati2@)3 WO 00/ 49072 PCTI USOO 03802

nol ecul gy wei ght (N i = 0 20,000, and it contains |less than
about 1% of an ac@ﬁﬁcﬁnaﬁﬁgﬁhﬁ eta unsaturated nononer, so that the

backbone remains r@&® e\?‘é?ﬁ'eﬁ%ﬂfr ophilic and the nmacronononer side chains

remain rel ativel Yhdeteppbiabictor vidtbd d¥cRgbiatori 8aStinBa ddsatibdasmblal i zati on of
t he carboxy]

I ) . for. ex l e,. an ne. . These acrylic resins
form st abl & 786 g{lf g‘%ﬁta‘%%ﬂaﬁ %38%?' %tisgﬁngteﬁ#%f@?‘%m‘f %J%awl}cs&@daﬂrui sper sed
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R i 0
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They are characterized by exhibiting a final acid number of 15 or higher with the
acid being neutralized by an amine, such as dimethanol amine, aminomethyl
propanol, and the like.

With respect to acrylic resins listed above, the term “linear or branched
30 acrylic resins having a weight average molecular weight of at least 3000” includes
those resins which can have functional groups (e.g., acid, amine, hydroxyl or '
epoxy) on the backbone, in the graft or on both backbone and graft. Also with
respect to water-soluble or water-dispersible organic binders selected from linear
or bralllched acrylic resins, the binder may comprise, in its overall concept, one
35 type of water-soluble or water-dispersible graft acrylic copolymer which is formed
by free-radical initiated co-polymerization of 5-95% by wt. alpha-beta unsaturated
monomers in the presence of 95-5% by wt. of an acrylic macromonomer. The

acrylic macromonomer is anionic in character with a preferred number average
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wat er - sol ubl e, of e organl.c .binder, for fhe bayrri
conposi tion CBH%-IQP]% 8??@0 ers Wb}cb "é%yr%nlt%“ &%‘Pni‘!@ﬂmpﬁngﬁgmp{e (’gFuclhhey)
will contain mwomlefs dré hytzoctiy rethyb actybe) chydang et hpdooN#e, atfiBmidef any)

ot bey t oncs Tish piabEact e o AIRRET Ablikertfhd SnfholBiaiBb ) Svighl 91 O

hydr oxy function ryI at e,

2- hydr oxyet hyphﬁéﬁmwlyp@ﬁ@ylaeswmlwwp} epyloamidy prepane subfohigccis ynd opy |

met hacrylz e, mdzdpdhgpsybut yl acryl ate, and 4-hydroxybutyl acrylate. These

hydr oxy groups can_pe used for crosslinking in addition to the_ acid

groups. Hydroxy grgﬁﬁéc‘a’ﬁémﬂﬂ‘)m‘é@%@dﬂ%ﬂ Yhrspaied using adgss radieal injdatenl y 10

crossl i nking frnedivemakit ¥y Comny bﬁC@QHQ'dhﬁﬁ{ec}ﬁfﬁﬁﬁnsféﬂﬁgﬁftaft copolhyrrer i's
suc

f d, it t ral

a(r)r;mrrﬁl urnI hyl}lfo;‘legeﬁ“g gg}oﬁ%oﬁﬁr%%nagﬁ"beﬁﬁoﬁﬁ’é‘ 'frgli’ly agﬁ FRFTEB ?’?Sr m a
di spersi on. Typigbabf amigié Sundtignaldacuttdized)odonamerysieh agfr example, acrylic

(2- am no-z mes i | mbthRr9RAAOH) maftidEh YilacME aci@Thd e R ¥id RE:aRR00!

thereof. Methacrylic and acrylic acid are preferred. Other acids that can be used

- are ethylenically unsaturated sulfonic, sulfinic, phosphoric or phosphonic acid.

Esters thereof can also be used, such as styrene sulfonic acid, acrylamido methy!
propane sulfonic acid, vinyl phosphonic or phosphoric acid and the like.

30 The backbone is preferably based on 2-30% methacrylic acid, most
preferably 3 to 15%, and has an MN = 500-30,000. The acid functional groups on
the graft copolymer are neutralized with an inorganic base or an amine. The
backbone is thus relatively hydrophilic and keeps the graft polymer well dispersed
in the resulting water-borne coating composition. Relative hydrophobicity or

35 hyarophilicity can be further adjusted, if desired, by varying the percent of acid
and/or hydroxy functional monomers versus more hydrophobic monomers such as
2-ethyl hexyl methacrylate.



15 am no ethyl propanol, dinethyl ethanol am ne, triethylamne and the

i ke. One preferred amne is amno nethyl propanol, and a pr?hﬁ@usﬁ‘ioos

i norgani c base is anmoni um hydroxide. Another type of graft acrylic my be
used wherei "WPRKIYAft is relatively hydr oph| lic and cont ai nBCHUS(040384
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refers to a po conprising V|nyI
al cohol , part ?‘é‘dlga@lmﬁ rﬂdmmroum@rmqi@dcdsyamwtmwd@:@:p(ssaaqathmchw ng) the

ester of By vi BioksiAf@R A FhcROhM bn%{e&?ﬂ%erSUCh pol yners as vinyl

trifluoroacetate palyner, VI ny ol ynmer, vi nyI tﬁl val at e pol yner,
t-butyl vinyl et hetA%é C&H@Ymcbﬁefpﬂw%ﬂwpem &R anjpg Oidsy . The
degree of sapmrganchabasansuch aphﬁi‘nﬁfrﬁuhhmy&fbxméhﬂ s84iQin Hydﬂ&iﬁcﬂe add théat er based

urethanes |is bo of t.he basi and, i ncI | i

pol yester ur e%‘ﬁaﬁgss a/d%fiq%ﬁarfr} %dﬁB‘Trﬁ’@ﬁr ﬁéﬂéggﬂwﬁﬁ thf cap ﬁﬁlég‘?m&m:%hat iC -
pol yet her ur A NE & améier- -yimahyleld pfapedol rdimbthpe A MBy aching hethyl pkepansidi f i ed

o sol vents, oo IIHBRIRLIREATT B) wRERY RRRN Sy np DL one

N- et hyl  pyr rl'c’ﬂ":ﬁl TsHAmMIgH i Wod’fﬂftthblrmwa}mb@ﬁ@alpﬁf%?ﬂ inpegaaic hﬁﬁ@g | i nki ng
agent s, such asmshlwxané®xidds | ndi cated above, the or gam c bi nder conponent

can conprise ot her m. . far ol yners, suc nes, (e.g.
Zeneca(r) R9699 reéinﬂ{her ?gag}gcryly%m%%f’fﬁgs@w ﬁ‘éds fﬁ?%fﬁe Y sul pho
derivative ofhwirepliboryd p@:ntams dt lsaitebowe@% bp mtsaictdfvatiormp htonatiers, moshd and
sul phoi sapht haldcfy1RCHHd, u ) 0 5100A,
Sanyo Chem cal dlcndlustrllggmhy[?g% tid. I8 Iye? rs )éﬁ%‘lgalfl £ 6‘9 tg%?r/% ot ]fioc

pol yet her ur dhisfsisfypgtigal m(r}le R@‘é@%@@fﬁ? POWWFMUI(hb& ylic latices
useful in th&yd&v&tﬁbﬁ@&@&&@h%@%@% B?chmn@a@a funchbftdl rignodtdsy! 10

nmet hacryl ates and acr e e unsat ur at ed acid functlonal
nonomers, such asﬁﬂfgﬁlﬁa ?%1 ‘HHPI H%F%P?‘Eg SR MARIMERHFSIRyhe

f unct i onal nmoaboredsscrihed lerafascripid polyyetshyith acleyst a‘t/ebgom hyﬁ}flmmyﬁftd}yl
rem;h?c rNglggﬁ ;Imfé n%x&?rﬁélam %SJ ﬁéusteﬁ%m]ﬁ%g u?ur}jux?c\(lgh VAR e %Farﬂy ylrr(%‘etrI ces,
he number average molccular weight of t.hese acrylic polymers will be in the
range of 3,000 to 100,000. The polymers can be neutralized using the same
amines which are named in connection with the above-described graft polymers.
The term “polyvinyl alcohol” as used above refers to a polymer

30  predominately comprising 2 monomer unit of vinyl alcohol, particularly a product
obtained by hydrolyzing (saponifying) the ester of a vinyl acetate polymer or other
such polymers as vinyl trifluoroacetate polymer, viny! formate polymer, vinyl
pivalate polymer, t-butyl vinyl ether polymer, and tromethylsilyl viny] ether
polymer. The degree of saponification is preferably 70 mole % or higher.

35 Water based urethanes listed above are of the basic types and include
aliphatic polyester urethanes, aliphatic polycarbonate-diol urethanes, aliphatic
polyether urethanes, acrylié modified urethanes, and other like modified
urethanes. The polyurethane systems may incorporate low levels of co-solvents,



al so be used as a conponent of the organic binder for the barrier :
12:029200it i on. 15 One can al so use pol yvinyl acetate |atices (e.gPCIUSRRPA3802
Latex 379, Union Carbide). The binder may be cured with a curing agent
“whi ch contains N-methylol and/or N-nethylol ether groups. Ii)(é\ﬁi!ség{c)l% such

curing agents are ampo resjns optained by reacti l.deh

f or nal dehydeforﬁxﬁlﬁp& %WB@&'LHY%I Bﬁ{%%@?%oﬁwnﬁlﬁ E%“%S&@'ﬂ&'%gégﬁb%?gum 2

'[Tﬁleal\ml- neJE hulrﬁ?ldﬁgdgaﬁa_zsaﬁuwﬁrﬁxmcﬁard total or partial etherification of
met hyl ol ~grqup t n al gaohol . .suc f I h |,

n- but anol , " and isgﬁd?gﬁ%@ g@vﬁe&egﬁgﬁ% 'lng%r?cc%%?p ﬁ%‘%ﬁ&gﬁg&g‘agﬁ @F%@n he

wat er - sol ubl forating\polgmersiiushes sirplograthayen(sg-Hendes® BRI aesiny, pobisistess, such
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Zeneca(r) COwnlpbgerepbhelearid andsylphoiseniiediciapidgpalyesderaledansg (¢ 2oE (Uni on
Car bi de); ur g&ﬁ@éé@bﬁ@hﬁ@& $ASb Thenis mndlﬂﬁ‘ieg,eﬁﬁ%,‘ifo[ 160s ofd Bpahtie(r) 65
(Cytec Industri‘es); phenglic résins, suych as Rl - henol i.c resin
(Geor gi a PacP¥ ar@ﬂaua@alyaéaeagr,eﬂ?&%&a&s #?P&C%dgﬁgfreﬂn%gpypgﬂea“yhc
\(I:Myflhohgxanteﬂialﬁe&f%aﬁuli@m immﬁghmﬁlbydm@élﬁhmlmmmy,cﬁuddes alkeyl r al i zed
| e 0 ne. For, t.hase, wat er - -] |

conposi t ns%@*Wg&F%ﬁcﬁﬁte%ﬁ@ﬂem %ﬁ%%&ﬁg%e%g%ﬁﬁ%mﬁ%gg&%ﬁﬁ%ng
?%ent , Ete c?jahﬁsiabf}rbic aciinand| eethawyili@acid fandrhy dessty fendgional monoroess, waBed on

e weig o] [ | ld A3 Vst | t
t her eof whi pﬁg f%‘%?%{eg%ntagnﬁ%agfﬁ%dd?ﬁ%@;ﬂﬁag%gﬁ ﬁﬂf'e? %ﬁ%a%%é Pg; a? ofﬁene
sul foni ¢ aci coromeraiallmawaiabla sreir daticed e8-Negrd( A&l oY ileingtory i) can
Ca.t‘g' ysgs t hgiso $2AsOPasS@FnInenSTIRE YigahRHaTe fertthd Battier @ahgbsigdiosphor i ¢
SHEET 1215 020m 6% b REIGYICH SO e UBeas IRELARIY B i
addi tE[on, fthtghayhaa@r- bor nle bi nder conposition of ‘the invention may contain a
vari ety of other tio Lnar.edi 5. . LOe ' | s t
flakes, plastici zgﬁgl,bm%%frln@?’ %ﬁ?@%&??@c&iﬂeﬁﬁygﬁow cgﬁ—t [0 ﬁilggﬂt s.
The binder saipoNimethplohetiengronps ortaamesofsuch gngRrecats arnaminPFesihi ch can

be used in v .
cel osol ve. g@fgg{;ﬂeg r‘t\ng%zg:fﬁg}ggﬁ%h&dé?%ah SUBHnAcHydePHERaReMmpotsd anol , but yl

et her acl at eOTHARING FHFRINO ZIYH, A h&%‘g‘tﬁ{%&% H‘j‘%‘lipezge Ia%ﬁgjg?nrgtg%{?tngyl
! i’i%/er pr quclsppéhrﬁsaretaaﬁidaﬁmﬁ bthe Gbaddingolagompeith ianaloohol, bech asvemt i on, an
ul traviofet e:!:a%ugle,srglg Iazllél,z I?—EJU‘%EOE and isobutanol.
Other optional cross-linking agents for the water-soluble or water-
dispersible organic binder are epoxy resins, such as Araldite® CY-184 (Ciba
25  Geigy) or DEN® 431 (Dow Chemical Co.); isocyanates, such as XP-7063 (Bayer
Corporation); aziridenes, such as Zeneca® CCX-100 (Zeneca Resins);
carbodiimides, such as XL-29E (Union Carbide); urea formaldehyde resins, such
as Beetle® 60 of Beetle® 65 (Cytec Industries); phenolic resins, such as
GPRI-4000 phenolic resin (Georgia Pacific); and acids, such as the addict of
30 cyclohexanedimethanol and methylhexahydrophthalic anhydride neutralized with
dimethyl ethanol amine.
For those water-borne barrier coating compositions of the invention which

contain a melamine cross-linking agent, the composition can also contain from
about 0.1 to 1.0%, based on the weight of the organic binder, of a strong acid

35  catalyst or a salt thereof which operates to lower curing temperatures and time.
Paratoluene sulfonic acid or its ammonium salt are preferred catalysts. Other
catalysts that can be used are dodecyl benzene sulfonic acid, phosphoric acid and

amine or ammonium salts of these acids.
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conbi nation of ultraviolet light stabilizers can be added in the anount of
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stabi | i zeng,lspgdoe ul traviol et | | ght absorbers, screeners, aﬁ] , and
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0. 1"t 0 536 byt TyBbY O LAEPbo AR irrafeanS SRIREAE bl TRRsetl O (T on
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Acryl Sol (1) &HRRKYITRRay /85 EBriaikads)soRhOSERL ?ytple%l?igﬁ Eﬁ’??é ﬁ%d iff witer sodi um

tripolyphgsphate; and surfactants to assist wet e water- borne
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f2|0 such afS Nfi;l}'kfbl @donNE’&yl ﬁhc@pfdp&(&héglycﬁﬁﬁlbﬁéﬁlﬁth& &ther ateiAvd z(lfd)othct:rs D). A
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of a 25 co-so , l'uences ron o ein
m neral pPat edbersd. hini>%edty Whsbasedon ﬂlfcmghfmfehﬁelnnd%rnd;mh lsehtlm:xson vm thin

t he conpositi C t yrreri c
18 udMEavoRe 1i Hlaeﬁfsbl%'érs b h%{hch&s s Eggiﬁ ott

substrate, e.g., the exterl or surface o oW Nno via any
conveni ent sptEpe Ee) P’(‘E’ét‘ﬁeéﬁ'?‘ldeaéﬁmpéﬁﬁgyéﬁ‘ﬂc% fropmiganzapkanenes. friazol esacured

(e.g., at a tmmmarsabmzeatbn }ﬁﬁt&récﬁﬁ@ﬁeﬂindﬁlmmégﬂieﬁbofoA@ mbxﬁ@mfdraam 10 to

15 mnutes) WI|| orma. dr ting t Vi .
filmthi ckness 08§ "]’[dﬁee‘I Fahge o"f gﬁg rﬁl/‘ELW’T}é& b?%ﬁ le?é'eﬁﬁ e range
of 8 micréns thebihders, The i ndi vi dual m neral platelets wll have oriented

themsel ves and be;qerxedpbz«laenmmlga hABAE HIHEAPRARRGE BEAGEL JLayey | N 2

general ly pa ree- di mensi ona over - applng space i onshi p.

The gas barrltgf’f‘%ﬁpégf’& ARI" eRPokymRIE (lelim & Isl%amarr@neodtseawﬁsm s

manner is fremp. 28diven Golypesphaty; and s TRt ©lassivestis ﬁﬁﬁfﬁﬂe whafd - exarfpl e,
by respectiv Q%%en Perneability. Val ues,..than the su rate _al one. I 7
E\?\B e

August 2003 AR FIIRERY NgSBEY application e 19ny, PRS0 SibARRRLe f th
i nventi oB0 t Isechwast]éP Hbor NES; bnrarﬂmroau@tuamgesgqmmmi@ flocrosaitptiarg es

nmontrnoril |l ogttle &§OL%N&§rom g .ﬁ{%grwq%lrheaégdvef?f the formof platelets

havi ng an aspect rati o of age particle size of
| ess than 5 ni cr odswaeebgme sygtamie elitigad fonashiovingroptinguh lzes bariey 5 avai | abl e

from Sout her pefb@¥antt BAHLHE batrRe com E@ﬁsiﬁén of{E)nvERBoRT §F RET S6EnQR YN C

RN Ryl e e i L
f or mal deByde coisbivent, Mflwendedreidliatiah bf the inditjdyhlobminafehinerabhlateyetaiet
par t tally or am)\gp hl’éir%lreléorﬁ(gve%eetnrt]%d orientation within the composition. When the
barrier composition is applied to a polymeric substrate, e.g., the exterior surface of
a blow molded PET bottle, via any convenient spray application technique and is
then heated, i.e., cured, (e.g., at a temperature in the range of from 60 to 70°C for
30 from 10 to 15 minutes), it will form a dry first coating layer typically having a
fitm thickness in the range of 20 microns, but more typically in the range of
8 microns or less. The individual mineral platelets will have oriented themselves
and become fixed within the cured organic binder layer in a generally parallel
three-dimensional and over-lapping spaced relationship. The gas barrier
35  performance of a polymeric substrate coated in this manner is from 20 to 30 times
or more greater, when compared, for example, by respective Oxygen Permeability
Values, than the substrate alone.
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the 10 binder, of an acrylic latex. The preferred first coatynggl@yehsof
" the barri evoowasppsition will contain (based on dry wei ght)pdy ookt 0 75%
w w inorganic mneral platelets and from25 to 90% w w or gani ¢ bi nder.
Second O ear Coat I»apeaferButembediofent bfthedtventien theowatet-yoraé badmer f i r st
coating | ayekgatidal I : I WP . I gl i.e.,
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shaped, contai ner. hi ghl ERGB% a I's desl
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fully, i.e., Fihgiomnosplgte vigg 88 asperiiba of from 20steA0apiban avaragsns,
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erein a secon | ayer. i s, appli i C a.sol vent based WO
corrponen'?5 cl %‘éﬁlﬁgfégﬁoﬂﬁggﬁcﬁb%ﬁpﬁg‘%ﬁ nq,\rl\ngd,llsﬁ%) g%%“[f;‘?%d.or@m%n 20
or gani ¢ sol vemternfod thelfjrsf coanmg Gayteo ba@eiooh\obedrvedbardelperfienaneiPobRAl . A
cl ear coat : | L0 | | ct
resi st ance, ﬁg@gﬁggﬁgﬁﬁé fnqugair(%}s{?g% %ﬁ%ﬁ*?ﬁ%@f?‘?&é‘g&q@%ﬁ?@& ge% 0ss and
di st i nct ness!0fvRgenalidmethylqlfynctionality ang pertisy po highlyodkquyopethyli es, to

the overal | gmstidility)aritlcQDUAH S &E 2% by wefdht Gasd SR Syt Of fNSi St ent
overal | l%erforganc Si-nce %he uﬁ%erl I ng first, ba}r rier, 25 toating |ayer
“hd Lo

need not’lal WY FRFN S dEaferred S cortime lRuheS e t he second
~clear coat composittonomilomntdie (based ep diyweight) drost 08 & TI% ke isyrgh@an or  an

epoxyl act d_craasaldlied AN Hos (Fo6HSIAPL Yt BBl nder component of the

second cl ear_coat "conposition i'S a’ sy I'icl udes a hydr oxyl
conponent WM&MMQ conponent, and is 30 selected fromthe group

consi sting of . 1.BéhscP6H thE Watd@QbWHRES ofMHeitsCRatiAE Pydl \Jhﬁﬁ%’tsn&cﬁpa
fi rretloqgl gcyd gy&éﬁ‘gtoﬁﬁi and. are deriyed fromacryl ates, nethacry)ates,
styrene,  an oﬁ{;? BTG IR OT BRigL Lo isRES - CoBtringr Bighhttegyclable itisai d acrylic
pol ynmer s hawlesigatde forithh toatimgean dgdulipli ¢ Boat 30Witg 00! crosteed. BoP00 and

onal . hydr oxyl

50, 000; 35 ins .havi . f ] |
o ouns. o SincRepHERIEE RSP RNy B Bk BB ol 2 MR 000, (o)

pol yest er urceatzsastenh wharany k seapndicoatinesslapenis applatl Wheelsis atsnbvent iaset i onal
hydroxyl gr QuBombéndntAUGH bar2A3h cy)ﬂag%/s%%q;&n B6 14 $8Y, 480 o d) hydroxyl
a a

functi OEQI | i nearécﬁr branz@% cyclo L t'I'c moi ety- containing reactive
ol i gorer¥ o BB EHYER AN (nremig)daed bawk of p binder perapeneniorA slcanat i ¢
| socyanat es chawviengnddoakiag $dyck Wapare WhtePR8istant & Qapa MsestHicOURsdnaker e t he
ratio of is nate to_hydroxyl functionality is from, 5 Q.5 to 3.0, based
on equi val e%ﬁ%&c%{%"coe P E)%%Pﬁang% W%]#fesé%lﬁﬁ%ﬂ@ ‘StB’F“Fﬁ%‘r’?S‘B’@g%(f“é& tYhg | ayer
i s sel ect ed Lef. keynpetfermpanoe prapensdss ta thg cedrah panidriier doatngsatenonk akel ect ed
from petr ol gPres more consistent overall performance since the underlying first barrier
25 coating layer need not always be 100% cross-linked.
The binder component of the second clear coat composition can be an
epoxy/amine cross-linked system or an epoxy/acid cross-linked system.
Preferably, the binder component of the second clear coat composition is a system
which includes a hydroxyl component with a cross-linking component, and is
30  selected from the group consisting of:

. (a) acrylic polymers which contain at least two functional hydroxyl
groups and are derived from acrylates, methacrylates, styrene, and hydroxyl
functional monomers of such acrylates, said acrylic polymers having a weight
average molecular weight of between 3,000 and 50,000;

35 ' (b) polyester resins having at least two functional hydroxyl groups
and a weight average molecular weight of from 1000 to 15,000;

(c) polyester urethanes and acrylo-urethanes having at least two
functional hydroxyl groups;
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from 25 10y piteail dﬁé&@dfﬁﬁ&glﬁupéth@&‘cs&hkyl (met h)acryl at es havi ng al kyl carbon
atoms in the ra of frgmltoni c{sﬁ rene agd Eunctlgnal noners,
Such as. hydr oxy roiy Py AR ik P Ry R ey PRRREhed
addition to dyhbaﬁphagmmmetgedoptmmag retdaavdnyhigmgﬂ orcach’mﬁhmnucbbhgdmersl ear

coat bi nder FRYeldi ARSI A A L 40P MQ g BRSERRRuRPS S 21 el ot

of the 30 binder rsed acr &
particle di g}@éﬁ’éﬁ@ﬁdmﬁ aéﬁut&ro@ﬁnliﬂ& prafeiably i einge phopoidperl2Pdrticle is

enul si onsst abi | i Zﬁmtawrmtmmonéﬁn@me%c@} €1 tﬁe§éoaha kicaatdapn, and the
pol ynmer particle is

a core ha macr onnnoner chains or
arms at t ach&qmpgsypn Webcqg%’?(gaé“ﬂ]a‘?‘ﬂ"@f"é’cg? }z/l or ?H@aﬂg’r‘g‘?ﬁ"?ef%l t he range
of from 0. 1 desirdli. Surhcworddicydk-dlippndirs pay de dnatzrugingmopediieyelic | ncl udes i n

the range of, Hﬁ%ﬁfﬂegbﬁléﬂ 3%9 e oy\@hthél fﬂgaes\hm{)r ﬁmpcﬁxl%e Qf¢t he wei ght of

t he dlsperse a core ftorne cut ar wei ght pol yner
havi ng a wei oaﬁzﬁemglegcrmréwvépﬁaMlgm of about 50, 000 to 500, 000. The

arms make up abou}théﬁ@f?l@bd{‘ﬁmeﬁ&nﬁﬂr{%@bf\ﬁﬁe secoRd Yay@iJHéésiGﬁ@%l 00/.49072
PCT/ US00/ 03802 baséﬁ%ﬂ g %I ght of t he I sper. s%wépo yrrer he arns are
formed from3¥cREaHm Pht00orarmee qxi%R}Vr‘R; PRAst ofAtrmm 80 ol ecul ar
wei glht in Ithe 008N ghe dif, oﬁm@mrﬁﬁm&wmeﬂ&lw% g‘éheraugaﬁxeﬂﬁfraﬁgte)fdt@per sed
acrylic po riz
optionally )(Qggo?;}ﬁref(?zé%mvﬁ%ﬁ%ﬁ i Pyﬁ%eél ?5 ﬁ?@’z ¥§W§(§ mar¥o r(s) .
Sui t abl e mwgmwnaidomt—salybleraelyhalph;ylme(rrmnhf)ramnylllsapdyhamzfrcbfrom

25 typical monomers, such as alkyl (meth)acrylates having alky! carbon atoms in the

range of from 1 to 18, and styrene and functional monomers, such as, hydroxy
ethyl acrylate and hydroxy ethyl methacrylate.
In addition to the forgoing polymers, the hydroxyl component of the clear
coat binder may further contain up to 40% by wt., based on the total weight of the
.30 binder, of a dispersed acrylic polymer which is a polymer particle dispersed in an
organic media, wherein the polymer particle is emulsion stabilized by what is
known as steric stabilization, and the polymer particle is provided with a core
having macromonomer chains or arms attached to it. The average particle size of
the core is in the range of from 0.1 to 0.5 microns.

35 " The dispersed acrylic polymer includes in the range of from about 10% by
wi. to 90% by wt., based on the weight of the dispersed polymer, of a core formed
from high molecular weight polymer having a weight average molecular weight of
about 50,000 to 500,000. The arms make up about 10% by wt. to 90% by wt,,
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al kyl carbon atons in the range of from1 to 18; ethylenically unsaturated
monocar boxylic acid, such-as, (nmeth)acrylic acid, and.silane;aggifaipbsg
nonomner s. VA h490apt i onal nononers i ncl ude hydroxyal kyl ( netrojrasoyhzdie or 10
acrylonitrile, tionallLy, .the.core.may be crosslinked through the use of
di acryl at eslb%sredgg'nlhf Wg@%PQb@&lspgﬁgﬂ pﬁé’,’“‘*&l ﬂ?‘? angs e Ernedfonv A lamr ough post
reaction ofndigaitarwdightpobtm@shavingweghtyberag ohkallat sefphe Aodhe $angEhe

nMacr ondNoNekoaf $endbts d to the core may be pol ynerized from nononers,
such as al kyl (neth)yacitylates having 1 to 12 carbon atons. Typical 15

hydr oxy- cont ai ni A§e serecrfdhedispassddyasrdiopodyrker is Compiiged of pohmesizediescri bed

above. The Mn@%ﬁkﬂ#@d&&uﬁh&fbuﬂﬂ&ﬂéﬁ?ggm &g{}%éﬁg%@%l%r’é’g{ﬁi}e@as a G°C

wei ght aver age nmol egll.aLI wei ght dreat er y in the range
of from 200B°NPHERHnPUitRRls mepagrers melusisispaenceplikyl (methpaeryldtmhaviee r ange of
from -50C talkyl cadis at@fhs v thetryopiecdifram Tgo V8] dthyienit Myt iRatuppge of from -20C
to + 50C. P suitable fo e w.th .the hydroxyl binder in the
second cl ea’?‘gxg%g@ (l)lf%r;@églgl‘ f‘fcglr?s b(;’n#lﬁgcr\gp‘ég%‘ﬂtaqdn%lé?ﬁf AIREY e any

convent i onamosenersntOtheraiptioha matopess erchide higdenyalbylahieyhyaalylatesd zed from
sui t abli@ poicpchiie, I}ildAdifghe & | PRk Lig acids, and

sui tabl e p%.cggl f v?hic?;ﬁr% i ncﬂm’udee %‘g%lﬂfﬁg%ﬁ@wgﬁ%ﬁgﬁ g%)‘é%é)?}pl es of

suitabl e cyUPrg¥lag IR dimetharyRigspuch iapcllyt methagrydate eithraughdrosiisadtiani ¢ aci d,
hexahydr ophifiakidxyasiodetied watiopel) RAGKAREEbSGARRRXY! i ¢ aci d,

1, 3-cycl ohexanedhclzar boxylic aci cycl ohexanedi car poxy|ic acid,

d, 1, 4-
4° et hyl hexahydr OphCASPIE G G HRdHY the-care max B apbmrnrad fiethci d,
tri cycl odecapeuierardooh ys alkybnealh)zenytines Hayirgnietochladaytsbhcibrnhalrygicalci d, -
canphonkc I,0 - i i.d . :
cycl obd? anzﬁrgﬁﬁ gg“é’r“g%ﬁlg‘g?‘g&g’ﬁgﬁ@a&’%@?ﬂd’éﬁ‘?‘%‘ﬁ‘!ﬁ“?‘@ﬁg%|dye%°£'#’68xy| i c acids
can be used®A¥t only in their cis but also in their trans formand as a

mxture of bot h Tigsigsicot aimdeemahsshdiall £polpRhASATIGPKNJ Gpecidlsy Whi ch.
I f desired, _can be us%g‘éﬁ? et her e cyclal i phatic polycarboxylic

aci ds, are ‘NrrafIleS #é‘fqtfﬁvyﬁbsytt&’gi’%?ﬂﬂi}’d“% ré’égedéﬁfg%éﬁo%s, for
exanpl e, phe BE00.cTheTg of ireqpiydsat will aaiydn thetaaghbihfdm c568C @+ 100°C, .
i pi o2 et R MREwiIEHER @Stk o B 203 ok ShAC LR T o 6 moi d.
mal ei ¢ aci d, triRpdydsters suitahlsi far usersitip thedrydtdxiyt binderdh the seéoi:108/ 49072 7
Augqust 22468 %ontPeitldn SPIORNR A FaP BL U EiEnhPlRl Gy el ude |
et hyl ene glycol, propanedi ol s, ut aned] ol s, hexanedi ol's, neopentyl gl ycol,
di et hyl ene Séﬁ“@tﬂo‘r‘{ YESIFES eEEREUy polymasrized Ferpsisiabiswohaais. incl?lding |
trinmet hyl peptiagigshatt poBichybx iy 3didy, andasdbR pblydM, wihich Mef@y 101 propane,
trimethyl Obgfyﬂ?@ﬁc altccr)ﬁoqgt Eﬁrg]lalpag 3 sz%]rft%ble%lygl%glriﬁulaﬁc polycarboxylic acids are

tetrahydrophthalic acid, hexahydrophthalic acid, 1,2-cyclohexanedicarboxylic

acid, 1,3-cyclohexanedicarboxylic acid, 1,4-cyclohexanedicarboxylic acid,

4—mcthylhexahydr_pphthalic acid, endomethylenetetrahydrophthalic acid,

tricyclodecanedicarboxylic acid, endoethylenehexahydrophthalic acid, camphoric

30 acid, cyclohexanetetracarboxylic acid and cyclobutanetetracarboxylic acid. The

cycloaliphatic polycarboxylic acids can be used not only in their cis but also in

their trans form and as a mixture of both forms. Examples of suitable

polycarboxylic acids, which, if desired, can be used together with the

cycloaliphatic polycarboxylic acids, are aromatic and aliphatic polycarboxylic

35 acids, such as, for example, phthalic acid, isophthalic acid, terephthalic acid,

halogenophthalic acids, such as, tetrachloro- or tetrabromophthalic acid, adipié

acid, glutaric acid, azelaic acid, sebacic acid, fumaric acid, maleic acid, trimellitic

acid, and pyromellitic acid.
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5 pentaerythritol, dipentaerythritol, tris(hydroxyethyl) isocyanate,

- polyethylene glycol and pol ypropylene glycol. If desired, np%'%gggrg?%
al cohol s, wwafw4aez for exanple, butanol, octanol, lauryl aP€ #0/0

et hoxyl ated or prgp: ated phenol s, . al be .i n¢l uded ng with
pol yhydric al cohogg“%%‘i’g Ilcodglsi ‘H‘g%%@ﬁgﬁe%ﬂﬁ i?ﬁoBﬁ“%h‘ﬁP‘oys a
cr glss- lji nEi n@;mﬁﬁﬂpﬂﬂ&ﬁkmcﬁ%lﬂnemnmﬁmybasicdixud@leaa ghkbgopdnhexanedisks- | | nker or
a end ther ha({h-lc::? e tﬁajlr*l rﬁ%ﬁlrcth)) ﬁﬁﬂ%\?&logg&ﬂ%@ %a{lc%f’i‘gtt two isocyanate

groups such ra 10 of e of the oligoneric
cross- | i nkerdipanciéyloiprapanst nmieth;ﬂelcmﬁm:,dmettwfolmrneanehglorr:@r)oi/| conponent is

in the r&ngg,?&ftaeg:ﬁmo@ cﬁ{)éqtatc?ytﬁn@j 'ms('B&'HroRfr )ﬁj %Q&;Mmht@ ﬁé’l?cm&ﬁ:ﬂge of from

0.8/1to bl e oneric | ude”aromatic, 15

al i phati c, o&yw@méaplwwﬂweﬂb@eyaﬁé@&ed WP?*LYHE‘P@&‘?QP‘% Y5BWSN8F es and
i socyanate dunf émainoadduaﬁ&s;g:mﬁbw@mo@ﬁe@bf prapbxylart pheesiyanat es.

More specific ncl ude dij spcyanates such as 1, 6- hexanet hyl ene
di i socyanat €%y ?@8% Cg‘r‘f%%d‘? H‘gﬂéy‘{)”d’y GO-%B Sphenyl ene dii socyanat e,
Ij ol uene di |t socyanﬁheasetcﬁbcll magdﬂygxydmﬂbshmmaﬁsa crosstii@oeg hgymfmnxyl ene

i i socyana e ene iiso r
dii socygl@at e, hlfhﬁa/ a[%lgcm %?\%01 09%65’(? cz‘icrﬁsa%/lglk:q"It ‘?ﬁasgleﬁ?@]ﬁyﬁognzﬁ%%{%ogyanat e,
bi s- (4-i socyarwaﬂ\odgdcwmheklm}1W15hma@rgioumi sich diat ﬁhSG%‘ya‘h%ﬁ%w%Wéh‘yfl et her.
Sui table tr '&éﬁ%hét@%@hxe'o‘i@%bfﬁﬂ@%ﬁﬁs hﬂEér%?edtﬁM?élﬂBYkHEﬂ{ylﬂ?&@l bFiHesocyanat e,
1, 3, 5- benzeg\e triisocyanate,. ﬁfg I:ﬂ: %w EOC% at Trimers of 25
di i socyanat &YUserH camppmgnt ysip ’aﬂﬁe fram et hin SHd- B S Y& WSai | abl e
under the tmagtenihﬂr«hnwnnduﬁ(lr )SuldaBiaalighmerit Bayelinkéns pohateiapomatii, t t sbur gh -
PA and the &1 ' f
Furt her ry[%)re d |hrT'?unc %ﬁ%ﬁ’hg iéu?%"hl% ﬁﬂé{ &laﬂg W@é%@%ﬁ% gﬁaare al so
sui t abl e. Trfunetrcmabildd!llﬁtsséemh@ﬂe%délrﬁencllpr!dflmcth@nMQflelsml ¢of isophorone

and hexanet hyéh%ﬁa@g fn%ﬂﬁ)fﬁm 2 JIBR &5 P9 Hk&hahyede dfﬂ&gﬁx’iéws i nki ng
conmponent nay optionally incl her crgss-1inkers of e selected

from al di m déol&or‘g’t?rfﬁﬁgcyaﬁﬁiec‘hd'd?'@h%W@“F’é‘&E‘N}'B'F?tT;r‘%‘HE'&"t 'Wywﬁ'l yl
3! dehydes, k Siiﬁﬂcmcxyliﬁibb&yﬁﬁﬁb dezha&ﬂahydehﬂxﬂbﬁdﬁlihe@anamc&hgsemyhpflﬁr Fne
i ani ne;, etmneo re the re y
et ones 2055 diffefvasgte, faibeihifor o ifal (oS BRO R Bl O )
pent amet hyI einé‘napluhahnné;:smmdlapnbysa(épamylanate%tcmxylme&ﬂnalﬁedt he reaction

product of qigrg 68y HRiphesyl eppherone diam ne with dial kyl mal eates such
as, diethyl mal e’at‘zy ﬁ ip?§y 5 f or egoi S%]addltlonal cross-linkers are

commerci al | y avai $4iibk ‘”@HEH(’%@ isopyanaies ipghpdriripberydmethapg, [apocyapaie.
PCT/ US00/ 03502, seiedeariisbbfeatesaa,  atolieietriiddrgaral @ dpimess diesmophen( r)

am ne “%s' eacﬁ}sggyta?laltzaysucﬁ%%le trither of ﬁtia%’thyléx}ctds 1ts)clljgy%nfe avaiiablc under the
trademark Desmodur® N-3390 from Bayer Corporation, Pittsburgh, PA and the
trimer of isophorone diisocyanate are also satisfactory. Furthermore, trifunctional
adducts of triols and diisocyanates are also suitable. Trimers of diisocyanates are
preferred and trimers of isophorone and hexamethylene diisocyantes are more

30  preferred.

The cross-linking component may optionally include other cross-linkers of
the type selected from aldimine oligomers, which are the reaction products of
alkyl aldehydes, such as, isobutyraldehyde with diamines, such as 1sophorone
diamine; ketimine oligomers, which are the reaction product of alkyl ketones,

35  such as, methyl isobutyl ketone with diamines, such as 2-methyl pentamethyiene
diamine; and polyaspartic esters, which are the reaction product of diamines such
as, isopherone diamine with dialkyl maleates such as, diethyl maleate. All of the
foregoing additional cross-linkers are commercially available, such as, for
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The cross- I|nk|ng conponent of the binder preferably includes a catalytic
amount of a ,?4 for acceterating the curing processw Geﬂg[é%,gmoog he
anount of 5 cata yst needed for satisfactory resul ts wi || be ROTASee/088ange

of from about O¢ L eferabl in the
range of from O %gg% Ioém?é(?/\éﬁpplkg lﬁg%ggg/ﬂﬁar%‘%) s'ing?l%ﬁ VB IRCOoT B M BY

solids in the C%%{;&O{R%ﬁiOﬂAP#sggrgba}?ﬁety of catal ysts can be used, such
as tin conmpounds, i nEﬂeLuibnglrddu@lédihpdcht&'th@Hirna&eprefe?z{Bqu Er%b& %raycaea&npnes

such as, trieth g cuﬂ tThesel cat al ééts can ‘be used
conj unction wit car S Estier greeleiog thecuringmrecess Genataldy.ghe ameunt of

preferred cédmmsatslst hgedad:ﬁ)rlsabkfectegi:&km&tﬁllllb‘é1H&fe|<r@ f‘éj oGS 3 bto o bhpdenark,
o

| ab f I h
oot et (1), 420hyhb Bt 90 LK B R Ao e

?:orrp?nent of tﬁ’? @Pﬁﬂﬁe?ﬂ;?;jit;ﬂez@ehﬁmﬂnndbﬁsdumndgc@ﬁmo@mlohl O?ﬁ@&n&ﬁiegs at
east one organife | rom
g atﬁ@lsfs‘% beéMid el sdc% ds Yii} c%ﬁlpoﬁndséﬁl ﬁ.{%ﬂ Lﬁﬁ&ﬁ%w lag’f‘awxyl enes:

consi sting of argmat hydr ocar bons, suc
ket ones, such A8 [FEH#Y AMURRS| such@asEiethyionpdi mnir@oﬁrmewcacdwnean beresday| et hyl

ket one or hzh@ et elag oedt @mfunctos bn@ﬁcahi&yhc ﬁ&&sll kéh é%racgt‘r‘r;é(?léxd agﬁk%tf%g and h

gl ycol ether e co nonet et her acetate. The

20 anmobunt of o Iéeg%l%d c%yrﬁnerg%llg ﬁ;@g a&%&%ﬁ@‘ﬁ giRd Pﬂ‘eﬁrdléf’sFP‘éfH"@‘bl i ds | evel
as well as théaﬂe@ “ae2 ém;mﬂtunaﬁlavee @id it heailablerfash BlOAtochEmdesis ed, the

organi ¢ sol venyxmdiRy, Ine, A&k, PRI h conponents of the binder. The second
ﬁa al so contain conventional additives, such

| ayer cl ear coat coling i tion
as UV screeners and ‘?SHHP’&)’ (ﬂfCF%é'rl'@&mg@Ompgnmmﬁtlfednndiarmiﬂthrgsdcbsd 25 -
ot herwi se B eatoatiagicompbsitian @dntalﬁé ﬁthbéét bR §p aﬁ:ﬁ@@l‘v@ﬁtywﬁlgﬁg ﬁJé’ ggnts, flow .

control agents,; ugheni n nts pen I'ng on the inten eﬁd use for
the coated pol %ﬁtg 'ggibesqrf) Sﬁﬁ’é‘é AENRAtS By depganbiops suplgs betradelded t o

elh t her thg gydﬁ@k@}ia orotnileucsokstohenIsu:ttgamemp{r@,m,kegfnct,gcllplgt BobigPeading upon
the intended uggml P& si.tto g conposi’'tions
of the |nvent|q y li)lgé é"é‘%q’?tea%&tg%&%%g%t S“é%{ aF9“tygﬁ‘§ﬁ?§89§/ﬁ"e’f>fr]@°§‘ﬁl§s?’?‘bte by
any conveni ent® ¥i§ﬁ£i}‘eﬁé%‘ﬁé(f“f3hé$ puipsitgne glycelbmayomethpl ethamcetaact Tigst at i cal l'y

assi st ed fr ayanaqapit bﬂ&fgbﬂa sﬂﬁéﬁl@nﬁiﬁﬁidﬂ@pgﬂisﬁ.@m 'iﬁesée@sﬂec?kéllldsslg{rgy ;Te}ll ess

bell's, and di s oatln Itions are also sul

spray appli cat %?ﬁc J%?re ?Ogﬂp(gﬁé’géh“a‘ﬁ’&’ﬂoé’inpéf Ifdsgiredyghe Pmmlvmm

spray 35 appl irat bomided t(pbcﬁhebm@dnérﬁi thlhE%irﬂbﬂg opti mumorientation of, the
ed bar |er coating | ayer, and,

m neral platel et ol Lthin t
thereby, optinum aﬁﬂ{ %ﬁdﬁ?ﬁg err(chaBgoa? °8WB§%{J%P%F} 2 COR@IN comyentional ons
whi ch requi r e 29fitiyes. fuck 4514V scisaners end ogatic g idoryaic p ighﬁ:nt‘@ﬂﬁ*'hﬂﬁn%ﬁlem | oved

to flash as a r ust 2 [/ 4907
PCT/ US00/ oseozmteﬁﬁsf %@gfél:%ak %}Scom Sﬁb‘&’%ﬁél ﬁ"q‘?‘-’ey @ rﬁiﬁg%(}ﬁﬁ%‘c‘ﬂ%" duri ng

which time waf8sntsand oughemng agcnts dependmg on the mntended end use for the coated
polymeric substrate. The foregoing additives may be added to either the hydroxyl
or cross-linking component, or to both, depending upon the intended use for the
coating composition.

- 30 The coating compositions of the invention can be applied to practically
any potymeric substrate by any convenient spray method including air spraying or
an electrostatically assisted spray application method including compressed air
spray, mini bells, and discs. The coating compositions are also suitable for airiess
spray application, or by doctor blade and roller coat application, but spray

35  application is preferred for obtaining optimum orientation of the mineral platelet
particles within the applied barrer coating layer, and, thereby, optimum and
consistent barrier performance. For applications which require only the first

barrier coating layer, the coating is allowed to flash at ambient conditions for a
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evaporate, and then the coated substrate is placed in an oven for
additional curing at a predeterm ned el evated tenperature. ¥@afgust2003

appl i cati wasoombizgh require the two- coating |ayer system thensamser | ayer
is spray applied and allowed to flash at 5 anbient tenperature for up to
two ni nut es sk pesiost of g gpurliydasseban W menuées. dwrmmehiahding weier eafer can be

accel er at ede fwe a0 iRl tRE coATPSbRIratk i Apla¥QNinGHJveE fél additiongIRehat ur e of
from50t06 r fr.o

0t m nut e H gher. te at ures e.g., from
50 1o 80C. ReAPEISETHa L QB R irdye ?gr RaleR P SR 1 he
l;arrijler1 0I alyemnlng layee bystean, thebamf BBt 1s@ptwy03@pnéd g?ﬁalwﬁ%lrtpmﬁiz# The sol vent
ase clear. coat Is a fer. n or.. ne ng the barrier
Payer . aha ERBCR(me e Rl o Shinkish Bl0 ERrRoRARoE e Fakh i B
condi ti ons barieulpyt¢rcai bmancrtiaated ufingnefd-ral lampo at ek sghstnisg &2 are oven
cured at ”fémrPgQatﬁr%&%J §6° ¢ r&%%&’rdl‘r&n 1%%9‘0%}1 tes. 'ﬁ?@) e Wrhfida r%gperatures

and curlng epend on econom'Ccs ., cure

time vs. teﬁﬁeﬁ@ﬂh@%’)t@&@é‘:dﬁﬂ héo bg peedon sitgatinsis prherg @@@B@tqu&ﬂéoﬁel ng cured

and the tinghe®yaier' Myett rb&ulfe@rbe\fmta RppRdatioR bEMRIRshr chbRTPREAbINERS YL hout
mel ting or otherw se deg r%?ért]g .The [ nvention is illustrated in greater

detai | W t helFareontls @gplicst or hgatipg the harricy layes €tW%e i nvention
is not . to be,yl:n mﬂeﬁdsbb/cntmlmléaamﬂhﬂﬁat ahibiént cépchhmsafdrmp tdBrhaae?0 Test

speci nens ra a standard s o t hand- hel d
spray gun. eée & %Pgeg Psrelgdées ‘TOVen curquel t:E)c’e \?\getno szrégﬁ%j fE))'Csjtlo 5.8 to
482.6 kPa) Héplemmmgﬂammnetwwamqswndtmtm@mylmmma:gi\sxyblr ayed.

Sprayi ng t ogdqepl @H%c&ﬁhﬁc@ﬁg Ruel thfil erterg?érhﬁl?% aREbnRRL EpBopnil € it was -

rotated about its |ong axis between pm The spra gun was
passed i ah‘blyfaémsﬁh’ié'a‘?é’el"érfb‘ﬁﬂ?H’Idtbﬁémcdft"&f wh& Bb?fﬂ ‘é“%—“ttg%i‘ %f%l ¥dof one
pass every ﬁnfﬁ)efaﬁﬁ-%wftﬁéuttrhﬁuﬂg bmme,-mb@aagraj.ﬁg:r a predeterm ned nunber of
passes, usually tvvee ance. .of out .15 cm The

et ve s, 1 o WSENich s AsaRis Brald: dFa SrfLAbaE R Sudbiifines o0y 1he
neck regi onwbichdalbdw thestevep dwi inventian iangendedintieduni thebxampigat i ng t hi ckness

in the rangg,qf A ﬁéll&t&? Sl | ess. Coated test specinmens were 30 then
placed in an alr rcurating oven to dry at a terrperature of from60C to
70C X0 bet weenl &t aprgimensivers sprayedusing a staplard ReeYilhis it suppYtsde cases it
may be deSIﬁaaqaltmd gprwguﬁrﬂ@éa& :Qsﬁm'é Emﬁwaasgéweﬂe&enmrana 709pdbstrate to be

coated to en,h rsI coati er.to the 35 sybstrate
and/or to i er 4352(1‘?%83@?3“9198 Sy Rf rﬁ?ﬂn %%(Et‘tf%’gb &t on.
Thus, the i mﬁgng toakvidade amo a A llndesr 2 lieer G bontdd while it veds rbtaefdtalbng t he
surface of alyh b VA &Q'EE sition
wth a rreanlwltggg g)?@tbove%hsztl?p?% @%eghégﬁgké{ngg&aépl&s&??gé 'ag\ﬁd %t he
coat i ng3conisogthiof drn: pfating botlesi asaeme lof ong pFss ANepy sk seponds foredoliny 072
PCTf USCO' 038Q4e for a predetermined number of passes, usually between 2 to 15 passes from

a distance of about 15 cm. The objective was to insure coverage of the main side

wall, shoulder, base and neck region of each test specimen at a generally uniform

coating thickness in the range of 12 microns or less. Coated test specimens were

30  then placed in an air circulating oven to dry at a temperature of from 60°C to 70°C
for between 5 and 15 minutes.

Surface Pre-Treatment

[n some cases it may be desirable to pre-treat the surface of the polymeric
substrate to be coated to enhance adhesion of the first coating layer to the
35  substrate and/or to improve wetting of the substrate by the coating composition.
Thus, the instant invention includes the optional step of treating the surface of the
container that will be receiving the coating composition with a means to improve
surface adhesion characteristics whereby the coating composition will consistently
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‘and uni formy adhere to the substrate surface when it dries. Means or
met hods for surface pre-treatment are conventional and inclpdggfidiaiges
treating, apP®d#&’2on of a chenmical nist, and by exposing tmer/psloysEs:i c

surface to a pa redeterm ned periqd of tine., 5 Oxygen

Per meabi ity Val E‘gﬁ&%éﬁh%'gr‘%%ﬂbf‘%e &SP drss- Hieapsion maods fw X 10
cm squar e f r oftrfpgfepraitigatment prexfonyentomnbehdAETube fitme tredtthgBsdidati o £XY gen
transm ssi on tche@itdhmid R dIRESHEERAL Yo tran 10/50 s/n 1187145
at 30C and 90%%19' ative  humi 'ty. cThd csorﬁ?xgéf)%’gfr%bﬁg(?plgm % 3was place in
the Mocon tesP EEtTMfiedpered Af Hfgen carrier gas flowi ng above and below

t he sanpl e3 afitkyigén Rexsndabillity Malueequi | i brate over night in order to flush
di ssol ved oxygen fr t he sample and, obtain a background readi ng. The

ni trogen above the ds?(g]ﬁ%ri' Berﬁk?g’ggﬁ%ﬁ"aF defeapined by ewitigg 9 d @K bhemisgpare fom

equi | i brate othersids wall of aooat¢chBBT thottleatind das@rlingdd3y@en traidihiSiol 8oy meat ed
through the sambecinRa [ ' nso 15 .average thickness of
t he sanpl e vvats1 Wﬁ?ureggﬁgﬁ%ggo%%(#%ﬁgp @?,%W%H?é‘?@ﬁl&%@r@matvv&s used
to cal cul ate PWBMYYy b cpaiatnesmall sappleowassplagedatoe Mocarstestfcellaaitii | / 100

i n2/ day/ atim ﬂm&gémbwﬁeﬂg@rfwiﬁﬂgaby\@rﬁd%km&@ BbbICMhd i GARLR, DOt es 11
Yy r

for carbonat eSr AR o bighl I EORCR Huoh disse e derusa Fonbbe sEOpRR0g ons. 20
bO’?I or V\ﬁs meaghipiad hiskergued Rabowpg aftd nABsKh t{kﬁovefqﬁlersgmpleltwag%&ihrgﬁla&ﬁl ues ?\I
of sl o e okydch B 1o tfiiale Vel Rlohl g BROR e Bint AT YRRR o £ o
measuri ng thewgllpgg‘?gﬂ?ﬂ“e\%ddﬁ(o”ﬂh theamplerpheme@nephusiig osenedr. Ghe Barrier -
Coat i ng GG osietage mhidlndib et seiadRr WisSedsftuiaid mR-ASOE! Alq procedure vas
foll ow_ed in %ﬁagglrew% \g/atéar-borﬁelaga% barrier oat_l.ng CoMposiTl ons
according to the | hPRS RssadP caiculaty e pxygengpeasashilitsdor starplardyurstsiaft y
contai i 4%y 00 mihommt | Gomt gethitne Sl e RO DT 11 1
beakgr. The Wgﬂg’ ﬁgfrl gfei s%g%){" t efyp\ﬁgai ngd'gﬁwf?fstf?fém"?@e_@?m( ProvdueRdbREF,  and
the beaker %Séewww bevetagoesrslmoftiripfis siectztwesnd0-360tricrdne M xer
head posROi or@slort Wasmeashtedusptip 4 %@1&?&5%0 9k iﬂmﬁ*"%ﬁg‘“@ A4, %05; ¢i ency

wi th reduced,entra nt..of air. Xer was begun rp rrpmwas
i ncreased to(@k’d"&gﬁw&ﬂwoﬁ“ﬁévﬁlﬂﬁ% HHating wer solorayhawesh veigted{ stropley t o
al | ow for di spsuserminedtbytcdtierhe smﬁlerfbmg“’@ax‘f@ﬁleﬁerahéﬁﬁgss » .M nut es,
and then 35 the J%%[ghgngﬁ& was tai sed and cl eaned of un- |spef? sed cl ay,
i ack 1o fgeP

whi ch was ade ry. Mxing was then continued, and the rpm
I ncreased st &&gparauo 22 (armerrhodfing CopippeRipa Was repeated until a uniform

rsn! ﬁL [ gs\-/\afi gogt Aluullg};h?esg%(t)hgﬁgﬁla ?ﬁ(ﬁ&zﬁ&cﬁ 2 g‘@%grap [?r%(caé u(raé:I Wwas olll(c:)pveé ?nogreggr?rlig 30
water-borne gas barrier coating compositions according to the invention for the
following examples. A 2 kg slurry containing 4% by wt. montmorillonite clay
was first prepared by combining 120 g montmorillonite clay with 1871 g
demineralized water in a 4-liter beaker. The demineralised water was added to the

30 4-liter beaker, and the beaker was placed under a Silverson high shear mixer with
the mixer head positioned to one side of the beaker for maximum mixing
efficiency with reduced entrapment of air. Mixer was begun at 2500 rpm. Mixer
Tpm was increased to 8200 rpm and the montmorillontite clay was added slowly to
allow for dispersal in the water. The mixture was stirred for 5 minutes, and then

35  the mixer head was raised and cleaned of un-dispersed clay, which was added
back to the sturry. Mixing was then continued, and the rpm increased steadily to
8200 rpm. This process was repeated until a uniform shurry without lumps or
agglomerates was observed, which took about 30 minutes.
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WO 00/ 49072 PCT/ US00/ 03802 The organi ¢ bi nder conponent was prepared by
first weighing 13.5 g of Cyne]O 385 (available from Cytec In Ligt BP3as
79% w w aqueous solution) into a 250 in] beaker. To this was added 89
grams of de¥PeH87?zed water, and the mixture was stirred ugﬁwsﬁﬂ/‘%@ﬂetl c

stirrer until the | et 5 dissolved i ter (about
5 mnutes). Thereaﬁ4 g%ngﬁ?np cogp%ﬁelﬁ(y@ao XD(S‘FR?ﬁdSW tlir hﬂe’@m”@mﬁi 3"’8}0‘?

Synper oni ¢ NPCJ!ﬁlClﬁ)%%EﬂVatiabinﬁm@mddﬁuﬂlstrrtsapﬁﬁ?%ewutz{qmm soémlamt) i and
allowed to stip deH,t Eﬁaﬁ%

nmontrnoril |l on%‘t gégﬁt??%éwaq? d\}\g% aﬁg‘?‘{nﬁ 6’5@%@ Eb er an tElI rred

usi ng an anch@#ktﬂvp’éassitmeﬂé}slwQlﬁamﬁflﬁlsﬂﬁp@u@ﬂé@ @Iﬂldf@ 38prweasi@mpletelyy was

stirred rapi disated ihitBd water psRRKS Winids). tmemhéxopynu\él@ mghhﬁn%'saru&xnhad
en slovve to the i nt ere here was a

becone nobil e, tirrer was .th

Dortoy ohi crand S sy Syaherrie Nt 10 1% Spintien iste BY HepMEHoBhRer

S(ﬁl ut i ﬁn \r/]vas sdhetion amdlﬁlbdfedﬂb(étlﬁfoﬂ&@ﬁ?)clhﬁaneﬂuﬂﬁl}unﬁt@ﬁ adﬂed very sl ow yk
through this to t morillo urr Thi,s ,process. .t o
about 20 ninutes t hecfl %qr Sg’ﬁg’wgmﬂ?“@ﬂﬁpﬁ? 218”5 as ygighed ipg aefpz)r(?'ﬁfxi ng.
When t he addi bdaber andsstified iusingdmtanehattyper sirrer syithea qumﬂrawrbmtbrsd‘hbhat t he

vor' ex. dipapRaRelas Bitked DRiADG! Arely GUA BOMMUSHroNRSALA Llc SR Ly The

resulting mxture was sti wed
the mixture tkscamemabileethgritimeneas ﬂﬁé stogeedite ghennipiodiers theramas 2 verely f or

ulse 20 A{l afwmlch Gusk @c?}dile&ﬂméﬁi&'ei pARAAI4S erglle pa:&%mﬂeahu&g “Iagﬁ}eﬁffond
clear coa a in the ex e red as follows:
Acrylic ResirP dlmtoﬁ'lg “PBWES%)H"‘%% a‘ﬁﬁa&&ﬂ\@mgo rlai]&ﬁ%?‘ﬁg‘f Quiiestirgdded into-
a reactor vvi tmommohzhlbnne slnekyh dati eprotess tafld dbouf ZLSﬁhmme:s t&a&Bm@)ewﬁld;Bwaml trogen
purge. 2 I r h et her

acet at e5 QQF éﬁ’%&%&%\#%?ié%ﬁﬂ&qéa o%%’ll ﬂ}%ﬁadrg‘é en s vver h'l\ T into a
nmonomer f eed SP&WWMOWF@ ¥y hat the Wewrex élﬁtlpmﬁlﬁédblﬂdre Wbolnpﬁﬂte@@lutmlne m xture
was fed si W'Wa%“ﬁﬂ‘iﬁ&ﬁﬂ@%ﬁé?eﬂﬁﬁﬂg ﬁllﬁhﬁgwﬂestfﬂehm&ﬁ @orI z%oﬁf’% ﬂé{qgesm nut es.

ot hacr \Q?Zt T @Q?ﬁw Tc?ﬁ;}“‘é?ﬁ? fo Wﬁ%ﬁﬂ@é%ﬁ ¢ %ﬂf& Somperiich s 11
t hrough di pt ubsty fopuge. ete rinse prior to conpletion of step IV. Aromatic
100 ( EXXQB) 4.94 An acrylic resin composition used as a component of the second clear coat
Iayer in the examples which follow was prepared as follows:
cryllc Kesin
I.  The following ingredients (in grams) were loaded into a reactor with

agitator and heated to reflux (150° to 155°C) under nitrogen purge.

25 Aromatic 100 (Exxon) : 233.81
Propylene glycol monomethyl ether acetate 53.64
- Xylene 56.67

II. The following ingredients were loaded into a monomer feed tank in
the order shown and mixed for 10 minutes. The mixture was fed simultaneously
30  through a diptube with feed IV over 300 minutes. Reflux was maintained with
minimum heat.

Styrene 136.54
N-butyl methacrylate 234.85
‘ Hydroxy ethyl acrylate 174.77
35 i{lI. Rinse for Il through diptube; complete rinse prior to completion of
step IV.
Aromatic 100 (Exxon) 4,94
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19 7 August 2003 WD 00/49072 PCT/US00/03802 1V. The follow ng ingredients
were | oaded in the order shown into an initiator feed tank, 7aagustizoed
si mul t aneously, being fed through a diptube with Feed Il over 330 ninutes.

Feed IV over‘hé%gﬁ&gfeed Il by 30 minutes. On conpletion of Feegukyodsie
I

m xture was 30 minutes and reflux was 5 maintained. 75%t-butyl
per oxyacet at e 24. 181V Ar DihefoilowiipOinficdients)w& lobded ytheveder5hovm ip@py| ene

gl ycol nononethyl  ethe e . 1s I i pt ube:
Propyl ene gl ycl(gl t‘a}%r{g?ﬁaﬁg’légtg’ﬁé%ég#@%%%u}ﬁ%E%H%ﬁdctlﬂilfeoéltg}_{tat)&é??iggv lf(yff )
117. 24 | bs. / 10feeddl ovdr 338 mainuteseFesatl Vapierlgrped fegddIday #harinwes tO% scosity =
X to Z 15 Vi ghy, AVEIASEr MR e cik 3ixied G484 held For0fi0mbifited. apdGefiax waasure by

GPC. A polyester resin conposition used as a conponent of the second clear
coat |ayer i n BAdAN&dapl es which fol | ow was prepared as fol l ows: Pol yester
Resin 20 1. The fol | ow ng75%@bai perosydcetatedr ans) were added to2al8eactor in

the order shown with m xin t -80C. .The batch was heated t 0- 250C,
distilled to renove wat er@ﬁﬁ%ﬁéﬁg (E)é’fm%ci- d no. < 5. 90% neopen g gl ycol
in demineralized water 20RyléBe 1, 6- hexanedi ol 53.96 25 Tri met hyPdl propane

115. 29 I sophthalic acid Iy forRShdthd StheP dcetdiBt hal i ¢ aphydri de
63.64 11. Add to cool %gﬁﬁ?@%@rﬁ%ci i QP docu il Xyl ene 62.12 111,
Add to thil§: Tol uené’-14Rmye foxyy dhrough diptubsh WO 00/ 490727 August 2003

PCT/ US00/ 03802 | V. Use as mepbmy gl tslShorvntktisletitts acajtust ment . 1.97
VI. Heat to strip off 117.24 lbs./100 gal of batch.
Weight Solids = 66% ' : -
Gardner Holt Viscosity =X to Z -
15 Weight Average Molecular Weight = 6,000 to 7,500 as measure
by GPC.
A polyester resin composition used as a component of the second clear
coat layer in the examples which follow was prepared as follows:
Polvester Resin
20 1. The following ingredients (in grams) were added to a reactor in the
order shown with mixing at 50-80°C. The batch was heated to 240-250°C,

Iy
[N “or

distilled to remove water and held for acid no. < 5.

90% neopenty] glycol in demineralized water 200.18
1,6-hexanediol 53.96
25 Trimethylolpropane 115.29
Isophthalic acid 94.58
Azelaic acid 294.63
Phthalic anhydride 63.64
II. Add to cool, and thin when acid no. = 2-5:
30 Xylene ' 62.12
III. Add to thin;
Toluene 14.57
Xylene 11.70
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Met hyl et hyl ketone76.98 Total 987. 65 Water Loss113.65 Yiel d874. 00 Wi ght
Solids = 8 1.0% Gardner Holt Viscosity = X+1/4 to Z+1/4 Acydy h3= 2-5
Hydr oxyl N¥vb&4°272130 to 145 10 Aqueous Branched Acrylic Reﬁmﬂ%:)én%si S
(used as a conpongnt ueaus rrier coating conposition, e.g., #3)
Step A I\/acrormnoﬁ/nér %%r?%bgm?qn Se%dﬁoq Sla&tué?m?nltask fitted with reflex
condenser, addition pudyethybgihyldetmeand heating mantl e was arhiegl 57.2 grans
of et hacryllc acid ang¢412. 7 grans Methyl nethacrylate anglq %52 1 grams 15
i sopropanol. The m xture was agitated and the tenperature raised to refl ux
(82- 85C) under a nitroYdAr bPsinket. A mixture of 10.4 granslNebhyl et hyl
ketone, 543.9 grams isogg@panol, 0.012 grams di methyl gl yoxgeygobalt (111)

chain transfer cataly aﬂ&‘-‘g' 258 grans

2, 2- azobi s- (2, 4- di met hé’?‘?}ﬁ K84 %P was agitated until both the chain
transfer catalyst and iGardicaHolt Wecaitg=s0lMad Z+Thi s m xture was 20 then
added as a shot to the refI WX batc2 in the 2-liter flask, and the
resulting mxture helé\‘ at a "@%trl &n 2ard ref | ux tenperature for 5 mnutes.
An initiator feed m xHydeoxybhNumbepanaddtdy4si ssol ving 0.039 grans of cobalt

(i) chain Ag@HsS BlanceAlalYisd RAGS Sgntﬁésugfl%%? gsa corﬁ%onent f'h‘hf: 3PS ket one

2,2-azobis-(Z, 4-dinmethylrvareronrtritej 1n
and 65.1 gr ZATICT SOAMESARGPSILAD.ehodr  f eed mxture was 25 prepared by

m xi ng t oget her &&g;xmammmbmf:ggﬂm&lsacma Aiibr Badk BART WRh P ux
met hacryl at e an dgrams | sopr.opano The nmononer and 1 nitiator feeds

were sinulf %rh(fBE%i%ﬂ HRRY RS 51@ areng bgating magHle wes afgledisy 2 grams oft he

2-1iter flasiethacttic atkientlAIIRGvirags Mkl sediBsit/le® and3%0afgrivie i ni tiator feed

was add o] 45% s fed, ove m nut es.
67% of ?ﬂe Yr/rsgh O%egngp %E?ﬁx@?&iw@%{ gieanv tﬁg \Qﬁﬁtrﬁ’ged M‘fﬂPﬁZ T"emai ni ng
33% fed oveP>120mdeiamigegen bizgkes érrammgbfTergrmpah@thM)d(deeto t he

refluxing batohrind i r iR eds. The
bat ch vvag th tl;el az}%?ﬁ}&gmm %ngfdh%n%ltg?le@? an co@ﬁhﬁlgﬂl}ech coo ed to
room t enper StfYE. a0 -&ﬁtgr%‘? dzgbisi(Rd- 4‘5@31311\’%0“’&5152)%@31‘%@ wtilon was

43.2% Mol ebethahe vimimgirisfareaalyseshdinRiafdrGrom dRs@9eLoTNS ikaREwas St andard
o el SR SOR0, AN AL, RUSTAGE TR00 e B LB 2L o ©
condenser, BERIe hﬁd Pusivetionsgidiraflwr teapdraneratfons) nimtes. cAndsitiatoelied 81. 6
grams i soprepaielwa. S0 ) S5HindBDR9 'AREES cobatt RS RALEIA0RY e
catalyst and 2.84 grams 2,2-azobis-(2,4-dimethylvaleronitrile) in 31.1 grams
methyl ethyl ketone and 65.1 grams isopropanol. A monomer feed mixture was
25  prepared by mixing together 85.7 grams methacrylic acid, 141.8 grams methyl
methacrylate and 6.2 grams isopropanol. The monomer and initiator feeds were
simultaneously added to the refluxing, agitating mixture in the 2-liter flask with
the following feed schedules: 55% of the initiator feed was added over 90
minutes and the remaining 45% was fed over 240 minutes. 67% of the monomer
30 feed was added over 120 minutes, and the remaining 33% fed over 120 minutes.
179.6 grams of isopropanol was added to the refluxing batch following addition of
the monomer and initiator feeds. The batch was then held at reflux for 30 minutes
and subsequently cooled to room temperature. Weight solids of the resuiting
copolymer solution was 43.2%. Molecular weights measured via GPC with
35  polystyrene as standard are: number average 2000 and weight average 5500.
Step B) Preparation of agueous branched polymer: - To a 2-liter flask
fitted with reflux condenser, addition pumps, agitator and heating mantle was -
added 81.6 grams isopropanol and 505.8 grams macromonomer as prepared above
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21 -~-- 7 August 2003 WO 00/49072 PCT!1JS00/03802 in Step A). The m xture
was agitated and the tenperature raised to reflux (84.,.89C) ungagudiobogen
bl anket . X@PY4%7e of 108.8 grams styrene, 163.2 grams n- ROIIS00/03802

met hacryl at g t e ans met hyl
net hacryl at e 5&;;2%2 %ﬁﬁgxrr% e%%yég;(tgéé%éhd%atgr%%b@ : rmeg?‘%&crg\’/‘er 210 m nutes
5 si mul t aned e “Wioﬁf"ﬁl fanet. Bﬁmx@%ﬁféo&&&mw@tmelﬁmm gr ans
t-butyl pem- mymmawsriam 1623 drads Qxeemyl%&!aylrﬂxétué&ﬁatémsé § PR thahi Ng

gt ) on Skl S0 Lhasy o he RRCTEL [ et M oL ELS, vee
f eed, when éum!meeuslmmth afroixtgwed Shyt drives B sdetne afd 28 Grgranmuput |
acel a e 0velpeiedl AUk TOE £350) 0 SRR B ST ot 120,

m nut es foIIovm ng corrp et1on of ator
t enper at ur e TN rditogs; dhe Bronomer fﬁ’édu\wbtrrhg)mfd@tpo‘N%ﬁbwodi by tlen was 62. 9%

Mol ecul ar wadghbﬁ oﬂE@SgtéxﬁQb ﬁac@?&a%ﬁhhe mﬁ&&m&&&geﬂ ompRdLd vere:

nunber averg&F #}E gj veragg 15,320 Ste repar ati on of
di spersi on M % tign ot 2,0ytamp putyf agetate @yergimppute; 5 hegeaction condenser ,

addi ti ol punpsturagas mldnat mﬂdx Iﬂmal&Ortgmmtfbl&aomg cafipRtion o0 tidriaittopl aqueous
branched poi‘ééﬁ%ﬁdftllié?mo%‘eﬁﬁo @mﬁ?&ﬂ%ﬁr&% X@? [glillpgoll(gis ﬂhe rlt:%t was agitated and

heated to refl yx and grans 0 ppe &ol yner
sol uti on waS°R é‘ﬁerﬁ?&“w w35 42:%%. Melacasyeights neaurgd wiasGRE withi net hy|

et hanol ani pelya®ebntQs gifaﬁd’@dd\.%ré m@lavmg%rs%@%na%% aP&dgd 32700 resulting
neutral i zed pol yggr |tate 15 m nutes, ThiS was % I"owed by the

addition of 411. 8 ¢ns 1R yate OTMW‘&ﬂleﬁ biitht i on. The-
resul tildg dlreébalcsndmsat acktquwopmnbs,axgahledamblhaaﬁag mamwvatagadm - -tooled to -
room tenpe 2 | SCO was 105 cps as
neasur ed on:m:t gl[%rﬁ'rts);o\‘@? 'g%&hs \ﬁ/%glggnﬁiﬁg{é% %r% V%ﬁt‘%ﬁﬂ&"@ Particle
size was 8159lyfprayavagiaied and dgated tQﬁle(@néQégmms of gphtenssteippeirdffig

Prepar at i onTd pdighgt sdlutici Wi &Hﬁ%@m@&t@ie %ﬁd”' cﬁ‘gr Fstous dbsmf['hef

coating co e. I1ter

reflux con zt}tl &@H?]t Re ﬁ%ﬁrb@gmé%ﬁ ‘%ealoﬁkzeﬁﬁ‘{}terh’@étﬂfkﬂﬁji pechthee i s added

f1003 Le 2grk almestibang omtmmmlgmer Bvad agme%folms %lhEteﬁlonuSQvafﬁa qm&&ud%rys ur f gct ant
rom Henke s, Po e urfactant, from Stepan

Cor por at i on ngqrﬁ%gkwm %E d%d??“f‘gﬂ’a&ﬁav :%QHBH“’FS ‘éé‘ gitatiay Ehe nder

ni trogen blrgsikeng dmmwéaqmons branchahpolysmbng wdterhba2:09leds r&nem LF 40,

10. 6 grans Eab¥ahep rans

Met hacryl i c gb Wéghrtg?rlrls&o‘?&gr%od‘%g%ﬁ%%f:%&l@&asﬁl-%%f) %a‘ﬁ %‘Fasl%:‘t H’g'cr yl ami de
in 35 de-iéh i \‘i\l&t‘fé%w'nf@zaﬁgmwﬂs#@mn@e MICEWSZI-%DWI hexyl

acryl a{Zét %&s&efgn@r@m{g&ldmwn@hhg%&gﬁgé? i’ind 705. tgrf;im; de- ![OHI zed wat er
Lol e brbral IR A0 ATHARL Akea 38R Womipondt I e Aaieous barcter coating

composition, e.g., #4 and #7):

To a 5 liter flask fitted with reflux condenser, addition pumps, agitator and
heating mantle is added 1003.7 grams De-ionized water, 5.3 grams Trem LF 40
30  (anionic surfactant from Henkel Corporation) and 3.8 grams Polystep B-1
(surfactant from Stepan Corporation). The mixture is agitated and heated to 86 to
88 C under nitrogen blanket. A monomer mixture comprising of 15.2 grams Trem
LF 40, 10.6 grams Polystep B-1, 36.5 grams Hydroxy ethyl acrylate, 36.5 grams
Methacrylic acid, 54.6 grams of a 60% solution of N-methylol methacrylamide in
35  de-ionized water, 182.5 grams styrene, 601.6 grams 2-ethyl hexyl acrylate,
319.4 grams methyl methacrylate and 705.7 grams de-ionized water is agitated to
form an emulsion. Separately an initiator mixture comprising of 130.6 grams
de-ionized water and 3.0 grams ammonium persulfate is mixed and agitated.
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de-ionized water and 3.0 grans ammoni um persul fate is m xed and agit at ed.
22 WO 00/49072 7 Auqust 2003 PCTIUSOQ 03802 After preparatippauglstbbes
emul si fi edMMNEAER2 feed and initiator feed, 210 grans of tRET ﬂ%@é& f eed

the agi tati niicnpepARiibR bk by L byt ey RO RRlHoLeEL 230 efres & 1 or
fl ask are heths menaggerdeedang 143 grmsaifi tMImtmtoﬂEcdmmuﬁmﬁtanEdiusiy adilefi@k | owed
by a shot  Sgfidiotihe legtm%h@atéler%ﬂtm% s %129{155@' tf*o%tt% s Bt Y and.

fol |l ow ng Ieﬁellngo t he terrperatureto e r'enai nder of the
mononer mi x Heskiagg ?léafﬁ@ 8B G auth agjation by Limipuies. mhisns followed by atshoper at ur e

and agi t & i ogddidéh @ﬁmeser@&n@@roflmm%r\&ﬁtxﬁhe%& faasen tl&egﬁg E&%C} hont i
e a

m xture follow ng co t he noner feed and

to 88' C for 66H ﬁ%ﬁ‘éf?gg%g g&r(gg’&ffﬂ}}ﬁm Hithe HeBOMET MRl f%‘@ltb‘%iﬂﬁ# 6.4 to
66' C. A mi xtevee 166 nﬁﬂﬂesn@mmu@em@memdew @gnauoﬁ446g&hmd@f a 29%
sol ution of d ter a ans qf hek(r) 240
(bi oci de f ro%%{ﬂ%tér%{)r&@regg?or?)m oflﬁélﬁ&é%lg‘g@’wg%?o [r‘ﬁ”rﬂ‘ftg to the
bat ch with agPeemenoled pdatch hebd ft@6do 8R°G fort6d rommuEsf The eddiiéd onal 30

t 0. th hpel d at 64
lo 15 06 C i uRchaBu (B, MERELC, R rinife AN B TNt G T cr

this hold atf erEsR{iacd?’e seluten Pﬁmnm@matleﬁpewamdrwatemdgh@ gsﬁmq:fs of the

Egs ;JI ti ngo I aB@xhead@EO403(bﬁ)cYc%ﬂanG2zhgbrﬂtb §ra%8§ lfs%e% a%ldec?&%t i’%%ﬁgu{?ﬁr {3' er
ating | e |o er an gr ans

of nont rrorrﬁf’?) tfagrlﬂ” kt"ﬁl“ﬁ‘esgh l%’)ﬁﬁ‘éhﬁidl\ﬂb@lt‘b &F\A&‘Ho'@léﬁ) Co.) were

conbi ned in rammegh 48 Pe@amsniexienizad tvater Xetienhdded Q8 thibachibld ht dangor por at ed-

The spegg ofggb S ed 10 .5000 rom for, .3 nut

Ther eaf ? er, qénet% r md(ﬁml% 12@G)r ségtd% 18?'5?1%“’ T ﬁeaddﬁcg’iﬂigé&h\ﬁgf’@r 13.5

grans of rrelaﬁﬁ\ﬂ#‘ebaﬂ%}?m %memrie@mra%’e(Mt@@i)dsaiﬁhdne&ﬁnﬁytm are

| ndustries) 35amd a8 gH A N8 @h2a 1% sol ution of paratol uene sul fonic acid

in de-ionized water were added to thg mxiure and the mxture was m xed

at 2000 rpm for an additional 15 m rrier Coating Conposition #2 |
- The follo Jer| ipdiCemtositidn #1 n gr ai ns) wer e conbi ned in the order 30

581208 S S Hotod PR B ES ©'
i ngr edi ent s (dpssalddeliaid MO tfram Spu@pms(algy\nﬁ;o Jawmete nombmgdvmhrgdxrspcamed for an
addi tional lsixé dhdirfiked BEfo! OHcEE8 R0MU ) BntifCorporated. The speed of the

mixer was increased to 5000 rpm for 30 minutes. Thereafter, in the following

order 89.0 grams of de-ionized water, 13.5 grams of melamine formaldehyde resin

25  (Cymel® 385 from Cytec Industries), and 35.0 grams of a 1% solution of

paratoluene sulfonic acid in de-ionized water were added to the mixture, and the

mixture was mixed at 2000 rpm for an additional 15 minutes,

Barmer Coating Composition #2

I - The following ingredients (wt. in grams) were combined in the order
30  shown in a high speed mixer and mixed at (2000 rpm) until dissolved:
De-ionized water 85.902
Sodium Tripolyphosphate  0.179
II - Added with continuous mixing at 2000 rpm:
Mineral Colloid MO ~ 3.580
35 - {II - Mixer speed was increased to 5000 rpm for 30 minutes.
IV - Mixer speed was decreased to 2000 rpm and the following additional

ingredients were added in the order shown, and mixing was continued for an
additional 15 minutes:
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Sodi um Tni pol yphosphate 0.179 11- Added with continuous m xi ng at 2000 rpm
M neral Colloid M3B.580 1 M xer speed was increases-to 500@ugmnzbos 30
m nutes. 2%00043%13st 2003 WD 00/ 49072 PCT/ USOQ) 03802 5 De- PEHUSeM03802
wat er 7. 014 Cynel (r) 3 85, (nelam ne formal dehyde resin) 3.265 (Cytec

| ndustries) 10% Synper oni-¢ 'RPFZAOYA6h-i oni ¢ surfactant in 0.12078&4i oni zed
water (1Cl Americas) 0.68%mei®d85 (nelamhinpabansteienie redi) oni c acid in 15. 485
de-ioni zed water Barrier Coghi ition #3 1 - The foll ow
ingredients (WM. in gr am%@bgg%ggnﬁ%%d in the order 10 shoxﬁg% a high
speed mixer and mi xed at !#%@¢ynpgranigNE 10 nandonisousfaetdnt inDe- i oni zed wat er

96.0 Mnesal Colloid MO (Sauidhied wataiCraflelilas) M xer speed gigsy|i ncr eased
to 5000 rpmfor 30 m nut xer gspeed waS decreased to %0 rpm

Il - M .
and the foll owi ng addi ti@ﬁé‘f/“sog‘gmf‘ﬁﬁf’@'ﬂ RN syewic agiddd in the order shown,
and m xi ng was continued f ode-mnizedddtdri onal 15 m nutes: Aqueous4$y anched

acrylic resin 4 ] 3 | am ne formal dehyde resin, Cytec
| ndustri es) 3].3 : Ebh §n(£§9 Conposition #4 |1 - The foll ow ng

i ngredi ents (wt. ih Ghafellpwing iagrediebtsr (@t ingrahs) werd eombiskdimtherorderhi gh
speed M XEY adHdwH i¥% Qhi; 9 Ehikd?Thd' Blikdd 4086 i Q)1 zed vater
96.0 Mneral Colloid Sfegou%l&ern Cllay) 4.0 g‘%ﬁﬁsﬂﬁc?(@rsdé%%ed was

i ncreased to 5000 rpm f or “¥UHRIHNAEs. 111 - M xer speed was d¥feased to

2000 rpm and the fol | oviMixgralditilfoidddd (Souttgredifnt s were added gn the order
shown, - and m xi ng PagCONHOH Gl 1n@fealll to 3060 HiRI5 30hRidlilUt €S-
III - Mixer speed was decreased to 2000 rpm, and the following additional -
15 ingredients were added in the order shown, and mixing was continued for an
additional 15 minutes:
Aqueous branched acrylic resin 4.9
Cymel® 385 (Melamine formaldehyde resin,
Cytec Industries) 3.5
20  Barmier Coating Composition #4
I - The following ingredients (wt. in grams) were combined in the order
shown in a high speed mixer and mixed at 2000 rp— ntil incorporated:

De-ionized water 96.0
Mineral Colloid MO (Southern Clay) 4.0
25 II - Mixer speed was increased to 5000 rpm for 30 minutes.

HI - Mixer speed was decreased to 2000 rpm, and the following additional
ingredients were added in the order shown, and mixing was continued for an
additional 15 minutes:

Acrylic latex 3.43
30 Cymet® 385 (Melamine formaldehyde resin
from Cytec Industries) 3.5

Barrier Coating Composition #5
I - The following ingredients (wt. in grams) were combined in the order

shown in a high speed mixer and mixed at 2000 rpm until incorporated:
35 - De-ionized water 96.0
Mineral Colloid MO (Southern Clay) 4.0
I - mixer speed was increased to 5000 rpm for 30 minutes.
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Acrylic latex 3.43 30 Cynel (r) 385 (Mel am ne formal dehyde resin from Cytec

I ndustries) 3.5 Barrier Coating Conposition #5 | - The fol | pwugdst 2003
i ngr edi ent sy¢ wq00b0 grans) were conbined in the order shomdéﬂysa}l‘ /hin&»g
speed nmi xer and m xed at 2000 rpmuntil incorporated: 35 De-ioni 8484t er

96.0 Mneral Col | dlid NiRef ot has dedctayd 1d2600 rbin, mmdi%eﬂbllﬁﬁlﬁ%?afggtgofal

increased to . m putes. 24 7 August 2003 WO O
PCT/ USOQY 03802‘% ??‘E- eg‘{e?‘%g%éqeg‘ev‘\’é%réﬁ%% 8“‘6‘8’82%%‘3%#?116%% aphe

fol | owi ng addiagdigamal 15imigpisdi ent s were added in the order shown, and nixing

was continued for an adqgﬁécg®qi_9ggg}- utes: Zeneca(r) R-9699 resin 5
(Acrylic lrgdi fied urethane) 5.0 ne lE{r) 385 (Mel am ne fornal dehyde resin,

Cytec Indudtries) 2.5 Barr{Afypaodifgdoseghpsdi tion #6 1-- Thesfol | owi ng

ingredients (W. in grangyme® sgCOBMaE fofnhidEnyeqElin, 10 Shown in a high
speed m xer and m xed at 20 until incorporated ’De-ionized water 96.0

0 RP
M neral Colloid MO (Sout her WYEFaRHusHIeR) 11- M xer speed was i nc28ased to
5000 RPM for Ter Rlotesg Chinpositibh ¥€r speed was decreased to 2000 RPM and

s o AL e AL
Car bowax Hbooshopal ipattigh enpved mikgroo niixedat 00 R R rnititla)coiparddet i oni zed wat er

13.33 20 Barrier Coati ngeSQiResii,on #7 | - The followi ng ingredients (w.
in granms) were conbi ned i% t he orc}er shown in a high speed n%(gr and m xed

at 2000 RPM until di ssol ¥&ralfealloghMidPomtheer C5%)17  Sodi um 4.0

Tri pol yphosphat e 0l123vifer bpeed weRSndr&dsb oW mdm&%}§@hﬁ1€%s_ in grams) was
added in a high i/%‘?f‘d .m xer %Qd m xed at 2000 RPM until 1 ncorporated -

M neral Col | oid —Sg/m(fﬂ'espﬁe %ﬁecg{e_ to 2000 RPM, and the following
: 15 additional ingredients were added in the order shown, and mixing was continued

for an additional 15 minutes:
30% solution of Carbowax 8000 (Polyethylene
Glycol from Union Carbide) in
De-ionized water 13.33
20  Bamier Coating Composition #7
I — The following ingredients (wt. in grams) were combined in the order
shown in a high speed mixer and mixed at 2000 RPM unti} dissolved

De-ionized water 56.17
Sodium Tripolyphosphate 0.23
25 Il - The following ingredient (wt. in grams) was added in a high speed
mixer and mixed at 2000 RPM until incorporated
' Mineral Colloid MO (Southern Clay) 4.68

IIT — Mixer speed was increased to 5000 RPM for 30 nﬁnuteé.
IV — Mixer speed was decreased to 2000 RPM , and the following

30 additional ingredients were added in the order shown, and mixing was continued
for an additional 15 minutes:

De-ionized water 32.29
Acrylic latex (described earlier) 1.33
Cymel® 385 (Melamine Formaldehyde resin

35 ' from Cytec Industries) 53
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11 - Mxer speed was increased to 5000 RPM for 30 mnutes. IV - M xer
speed was decreased to 20Q0 RPM and the followi ng 30_additiDAafust 2003

i ngr edi entwowesw7added in the order shown, and m xi ng was cartusaadse2f or an
additional 15 m nut es De |on| zed vvat er 32 29 Acrylic latex (described
earlier) 1. 2 @ ¥aec ik posigdnide resin 35 from Cytec

I ndustries) 5.3 2@0,;1 M@t 2003 WO 00/ 49072 PCT/ USO0/ 03802 Cl ear Coat #1
(I'socyanate 2-conponent conposition) Conponent | The follow ng ingredients
(W. in grams) we rCP I‘rige‘é}gi'cﬁmpﬁe(“@r‘&&famé)ﬁﬁ%()ﬁ camlingf ke thefosder30 ni nut es:
5 Acrylic r%bm&id%xx%wesmﬁuﬁem n 10.31 Propyl ene glycol nononethyl

et her acetate 13.8 Then/&ol OV Hp i ngredients, accurately wei d, were
conmbined™with m xing i e° 6Ptder shown and the resul ting m-=«ture was m xed
an additional 10O 45 miRnlysster rdstn 20 Acetic acid 0.1 20% BYKHBOIL Silicone

G butyl tin oL aurat o @ RS orhlity A At ST O 00| Gt g
i ngredi ents. wer el oeBpwew mareglwetsmfaerat@hm@ddwmexembmedmms m nut es:
Butyl acet atrgixingbi@ theWidenshowrband (RS RBYKE Femgwswasmmmo%her acetate

11. 33 lﬁ teig-'a’fiﬁﬁHDT— LV (I socyanurate triner of hexanethyl ene
dii socy ateQ@ e Poul enc) 16.82 25 Cear Coat #2 |I|socyanate C ear
Acetic acid 0.1

20% BYK-301 Silicone resin in propylene

glycol monomethyl ether acetate
(BYK Chemie) 0.5
15 1% dibutyltin dilaurate in methyl ethyl ketone 4.0
Component 2
The following ingredients were combined in the order shown and mixed

for 15 minutes;

Butyl acetate 5.66
20 Xylene 5.67
Propylene glycol monomethyl ether acetate 11.33

Tolonate® HDT-LV (Isocyauiuate trimer of
hexamethylene diisocyanate)
(Rhone Poulenc) 16.82
25  Clear Coat #2
Isocyanate Clear

The following ingredients (wt. in grams) were combined in the order
shown and mixed for 15 minutes:
6908 (Clear component #1, E. I du Pont

30 ' de Nemours and Company) 25
' AK-260 Isocyanate activator (E.I. da Pont
de Nemours and Company) 8.8
1% dibutyitin dilaurate in methy! ethyl ketone 1.2
Clear Coat #3
35 - Tinted Isocyanate Clear

The following ingredients (wt. in grams) were combined in the order
shown; '
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The follow ng ingredients (Ww. in grans) were conbined in the order shown
and m xed for 15 mi nutes: 690S (C ear conponent #1, E. | du Paajusi®ode
Nenmours angoGeanany) 25 AK-260 |socyanate activator (E. |. ger/Dosiosse
Nenours and Conpany) 8.8 1 %dibutyltin dilaurate in nmethyl ethyl ketone
1.2 dear Coat #3 35 Tif@teadChsictlyanate C ear The fol |l owi ng il6f6&di ents (w .
I n grans) were conbi nedg F S : 5 10 7 August 2003 WO

00/ 49072PCTI USOQO' 03802 gigépﬁgfg{a@%%g%@% J (Universal Tint, E. | du
Pont 8.75 de Nenpurs and CihPampyrs@anddrommpany) 44 (| socyanate 28-€dnponent

cl ear conpostieaPthatGAPRIAGMatd 2-EBRpbRLHt QWaNEo RN ents (W . in grams)

were conmfi ned I n {he order, shown and mxed for 15 mnutes: Acrylic

resi n25. @ Pol yest 0. 62 Propyl ene gl ycol nononet hyl ether

ag:eth atel5.7 The 1;] Thé floRdng h@f@iﬂémﬂ(»&nﬁim@h@h{adgr&mmbmliummm_ t hgnf added

~with mxing e .ordef s d the resulting mixture was m xed for an
S onal? ek Hadh el RS (T BT B 01 (Silicone resin) in

propyl ene gl ycol nononeptrylic resither acetate 0.5 1 % di butylti?b.@lel aurate in

met hyl ethyl ketone 3. 98, {eimenagnt 2 The following ingrediegig (Ww_ in
grans) were conbined in th ord;%rg 20 shown with mxing for ;1557m' nutes: 25

e
Butyl adétate3.59 Xyl en&gpplgne glycol monomethyl ether acetate
The following ingredients, weighed accurately, were then added with

mixing in the order shown, and the resulting mixture was mixed for an additional

45 minutes:

Acetic acid 0.1

15 20% BYK-301 (Silicone resin) in propylene glycol monomethyl
ether acetate 0.5
1% dibutyltin delaurate in methyl ethy! ketone 3.95

Component 2
The following ingredients (wt. in grams) were combined in the order

20  shown with mixing for 15 minutes:

Buty! acetate 3.59
Xylene 3.59
Propylene glycol monomethyl ether acetate 7.17
Tolonate HDT-LV (Isocyanurate trimer of
25 ‘hexamethylene diisocyanate)
{Rhone Poulenc) 16.33

The barrier compositions (water borne layer mineral coatings) were spray
applied to test specimens: (i} one surface of a 10 mil thick PET film as the
substrate and (ii) one surface of a I mil biaxially oriented polyester film - by

30  spraying the compositions thereover to achieve a generally uniform dry film
thickness of about 0.3 mils. The coated substrates were held at room temperature
for 10 to 15 minutes, i.e., allowed to flash, after which the substrates were held
and allowed to cure for an additional 15 minutes at 70°C. The coated substrates
were then allowed to cool at room temperature for about 5 minutes before being

35  coated via spray applicatioﬂ with a second clear coat layer. The clear coat
components from the 2-component compositions were mixed immediately prior to
spray application. Viscosity of the clear coat was 14-18 seconds as measured
using a Zahn viscosity cup. The coated substrates were then held at room
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Propyl ene gl ycol nononethyl ether acetate7.17 Tol onate HDT-LV (I socyanurate

trimer of hexanethyl ene di-isocyanate) 16.33 (Rhone Poul enc)7 Ahguddaoos er

conposi ti on¥Q 0#4%872 bor ne | ayer nineral coatings) were spraypcdRRbbe@oi O

test speci rrenst:wﬁ)i)n) one surface of a 10 m| thick PET filmas th

substrate and ‘EFPFraBHe 1Suafigred & flash, forifonbi Gutci B thihutesi dtiesh A ¥esher film

- by 30 sprayiadditidnel Kompagés dtqosCt Teg 8948 th%kﬁ%@io?gl%cﬁe e”etgaéq'q'g uni form
' h su %

dry film thigkpe f, about 0.3 | s. e coate stTat 682 el d at
room t emper at ur e %f% otr8 Ol%"}l%' fg'cﬁ‘?srr‘}hf”éﬁomied gubstrgles yigeaithen nfepastd taaf t er which -~

the subst r at esleigemineibeidrespedtival Oxygen Pérneabiliey ¥aliefiecBRfhg {ootﬂégro]cl'?dﬁpe hut es
t rodbm

at 70C. The cgaietbeddbss hen al . onwed cqQol _at,
tenperature for about . 5 ﬂrrrfig'1 tr‘fﬁ"?‘é%“%’? %tﬁvee Pﬁ%‘?cﬁ‘é“s%-gc%ﬁ'ﬂsaﬂwﬁsmgwwy

appl i cati on WPRCEIQboHerios 2P meibutes kBPRE. Thheescparis waatraeg gsponent s from
t he 2- conponenppaaeaioe Sivhiteiise el §listd i ' ior to. spray
o T MY SRS Ity CibtheP et Wi RBES e

g a zann SRASHIRET ftss e Aaribilibuie gas (REF aved wee pbethontneh guadl T 0om 27
WD 00/ 49072 7fioxigu) Scatd3esiREiéd ISORLMBRARrapper ature, i.e., allowed to

flash, farp from 10+, “g% nuies and then held for an additional 15
m nutes at 70C. The gf%ﬁ T ﬁ‘l”ﬁ%ﬁ@%vs_ of the clear coats ranged fromO.4

to 0.6 ml s. QS aseseviied (lijen neasured to

determ ne their reg 1 Mm% o, jel § ty. u according to the
procedure 5 descriEESW%'W‘Eg?Sg&%\%&%%gw& s, e.g., Humdity
Resi stance by i mersi o iHAiREResIsENGe - 80 nut es at 60C. The test panel s
were rated for appear ahwoatch widteite ngx@entbl i stering), Flexibility Gardner-
| npact Resi stance yfeshe (e SFéI(E:T over a flexibility rimpanel (PET panel
was pl aced over rim_p'a'n‘e&“pog—lgé%[\-@, Scratch resistance by thunbnail
scratch. 10 The rdgxiaen PermeattiliyValed: 62 Bamili 0 isbakj/me # | O ear Coat #2

Film test spErenCédting FOVUR CORf FE R ol %pdalue iy < 0. 05 cc mi /100
in2/day/atm Humdity r{_?SI_S an - i stance - excellent 15

Un- coat ed test speci merdi{idjtyBeststanper pasabi 1ity Val ue: 2.62 cc mil/100
in2/day/atm Barrier Coaédibditf#ste@b9aBoCRAY Hhod Fil mtest specinen (i)

Hum di ty,@Resi stance - Q?aorgner Impact Resistance (Direct) - 160 in-pounds
Scratch resistance - excellent

Bar:ier Coating #2, Clear Coat #4. Ziim test specimen (i)
Humidity resistance - good
Flexibility tested by 180° bend - good
Gardner Impact resistance (Direct) - 160 in-pounds
Scratch resistance - excellent

Barrier Coating #1. Clear Coat #1_ Film test specimen (ii)

Coated Film:

Oxygen Permeability Value = <0.05 cc mil/100 in2/atm/day
30 Un-coated Film:

Oxygen Permeability Value = 2.62 cc mil/100 inZ/atm/day
Scratch Resistance - excellent
Barrier Coating #3. Clear Coat #] . Over fiim test specimen (ii)

Oxygen Permeability Value: < 0.03 cc mil/100 in/atm/day.
35  Barrier Coating #4, Clear Coat #1 . Over film test specimen (ii)

Oxygen Permeability Value: < 0.03 cc mil/100 in2/atm/day.
Barrier Coating #5, Clear Coat #1, Over film test specimen (ij)

Oxygen Permeability Value: < 0.05 cc mil/100 in¥/atm/day.
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Flexibility tested by 180 bend - good 20 Gardner I|npact Resistance (D rect)
- 160 in-pounds Scratch resistance - excellent Barrier CoatTaggd#st20Gsear
Coat #4 TRyowolsest: specinmen (i) Humdity resistance - goodpErasdtN3geY vy
tested by 180 bend - good 25 Gardner Irrpact reS| stance (Direct) - 160

i n-pounds Sbwg z #b aiilear Coatdtie st Specin@nd n #1 Cear Coat #1
Filmtest specinen (il w%;ége 2y, E}{ﬁt = <0.05 cc
m /100 in2/at rﬂda bxﬁ%&@ggﬁe&bhl m &ygedr?ed’lgg?%g%ﬁ ty gl ue = 2.62 cc
m 1100 in2| BRme $apQatdil filnp lestesppeipten gl rier Coati ng #3

Cl ear Coat #1, over fi baay%&&l)eﬁr&%ﬁimwame %%%E’ﬁu/m@@m}ak ayal ue: < 0.03
cc ml/100 i d BarrJer aatjn #4, C ear Coat #1 Over filmtest
s ecimen i = Pert-rrd 2h 195} 98¢ | /100 in2/atn day.

Barri e[) Ic:oatl ng #Brléareas €30l fo#% U@/@ztnsfméslmnttﬁﬁ:tum gh tl&:CﬂileEit 0.6 midesgey
Pernmeability 5 cec i n2| at 49072 7 August
D005 - PCT/ USRS °a‘<‘:‘6%{aiyk ! B AR o Bl 00 T e

speci men (i i rauygaon E’tewmm‘tnglthStlySS\lhduuéOO nm be®f les tlnmul 320900 i n2/ at m day.
Barrier Coatis #7Thge§ﬁiépl ah t L Xygen

Perneabi | ity Val ue: gg ccl:éﬁ]nﬁopg(’?%ﬁér i Sgr?%itgégﬁ%ag?%cg?rl%oat #3~ Film
t est spe@ nefPrppysition 8f e ieAtieni on C ear was tested for % UV transni ssion

through the filmat 0.6 ml| coatingg)lQy@rLHhi ckness. The coating |ayer had
a greenish-yello i transm ssion at wavel engths | ess than

i wi.th a % WV
400 rim being | e\;\i}‘? EPA’r?"QB%aSr‘PPéT TE5 GO COMPOSEFPTY WRY RGP ‘P}‘Feﬁpﬁlyle ustrate
t he gas bar romen aceakpsugmei Bcaoding $é thegro@tiufeh dedchivedhibors. EXAMPLE 1 The

foll ow ng gas barri ety &gath{&gwgpRPO%%BHQ&%%@&R&%Q;&F%m 1i%iayed onto a-

- test specinmen accordi ng®t roceaures ove g 4 wwh
Mont moriliSl ontite M né&? al CBIB’rrmndraMZEC'sW;tmry 15 89 g De-mineralized Water

13.5 g Cynel (r) 385 13.5g Cymel® 385
3.5ml Para-toluene Sulphonic Acid 10% solution
0.5ml Synperonic NP10 10% solution
EXAMPLE 2
20 The following gas barrier coating composition was prepared as above, but

." N V "lj_’ >S10R

less montmorillonite was used in the final coating formulation (i.e., to yield 34%
clay solids in final dry coating.
Montmorillonite mineral colloid MO

(as 4% wiw slurry in water) 1434 ¢
25 Cymel® 385 13.5¢
PTSA (10% w/w aqueous solution) 3.5ml
Synperonic NP10 (10% w/w in water) 0.5 ml
Demineralised Water 89.0g
- EXAMPLE 3
30 The following gas barrier coating composition was prepared according to

the procedures described above, except that the clay slurry had a higher solids
loading and montmorillonite was repleced with Laponite (from Southern Clay

Products)
Laponite RDS (18% w/w slurry in water) 1644 g
35 ' Cymel®-385 270 g
PTSA (10% w/w solution) 7.0 ml
Synperonic NP10 (10% w/w solution) 1.0 m!
Demineralised Water 85.0¢g
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3.5 m Para-toluene Suiphonic Acid 10% solution 0.5 m Synperonic NP 10
10% sol ution EXAMPLE 2 20..The foll owi ng gas barrier g¢Qating7 8agmeg003 on
was prepar ¥@ ®4%8Bove, but |ess nontnorillonite was used i pctASodidpey
coating fornulation (i.e., to yield 34% clay solids in final dry coating.
Montnorillonite mineral colloid MO EXAMBAEMw slurry in water) 143.4 g 25

I 385 13. 5The fofib%n ' RS S ic NP
%m(el(()(ryg w w J%Vg\%txge énéé M&c@ﬂ@%&ﬁ%@é?@@ %Jaﬁedﬁzﬁ)gﬁﬁ%ﬂ%ggogbcme

ée,%t 1@. il? 7Ejem neral’i se t ¢

fol | owing gas barfi 05304 Tl TBTH8Es Preotrpatisd pr whatiasdrer ¢he dippliet 0 t he
procedur es cRcvissedphisbeaed axihe Silvérsad mike. cl ay slurry had a higher solids
| oadi ng gnd nont noril | o leced with Laponite (from Southern C ay
Products) 35 Laponite %éj’?%f%\%}’%’%’éfﬂ?r‘ifgwMBF}‘“@G&?% g Cynel (r)385
27.0 g PTSA (10% w w J¥primosilipnite Grade, S@yiraiiay Brodifet3 Ant)lL0% W w sol ut i on)

1.0 M Demneralised 8% WAV Sl 00/ 49072 7 August 03
PCT/ US00103802 EXAI\/PLE%%&I)%?% 3%3% o?u‘%ﬁsgl,‘\ﬁgé?s barrier coating 2@8%‘0& tion was
e.

prepared as descri bed xcept that the clay slurry wds8.5pr e-suppl i ed
in solution fromthe sijephireralizehWatas sinply sheared in theg ?i[érverson

m xer. %PoSCPX 944 (expqug;{e@b%l Qrgano ca i on exchanged an?' illonite
Grade, Southern Clay Products. InciliPYo3BYHMWw aqueous sl ur BymR00 ni
Cynmel (r) 385 13.5 g DéynpaneriaNP18 108k tve'w BRetusgohBioRTSA ( 10§65wiw aqueous

solution) 3.5 m  Synperonic NP10 %ﬁqueous solution) 0.5 n
EXAMPLE 5 To achiIeveh.I oner vi scosi TI'es, iTum tri pol yphosphat c was added
to the © achieve lower viscosities, sodium tripolyphosphate was added to the

barrier composition. This reduced the viscosity of a 4% montmorillonite slurry
15 from 29 scconds to 9 seconds, measured using a Seta N°6 flow cup. The gas
barrier coating composition was prepared as above except that sodium
tripolyphosphate was added to the demineralised water while the mixer was at
2500 rpm, and the tripolyphosphate was allowed to dissolve for 5 minutes
Montmorillonite mineral colloid MO 4.5% slurry

20 (consisting of 14.8g mineral colloid MO,
' 0.74g sodium tripolyphosphate and water) 3290¢g
Cymel® 385 - 13.5¢g
PTSA (10% w/w aqueous solution) 3.5ml
Synperonic NP10 (10% w/w in water) 0.5 mi
25 Demineralised Water 300g
EXAMPLE 6

Montmorillonite mineral colloid MO 4% slurry
(consisting of 14.8 g mineral colioid MO,

0.74 g sodium tripolyphosphate and water) 370.74 g
30 Cymel® 385 135¢g
PTSA (10% wiw aqueous solution) 3.5mi
Synperonic NP10 (10% w/w in water) 0.5 m]
Demineralised Water 89.0¢g
EXAMPLE 7

35 'Gas barrier coatings compositions were prepared using mixtures of clays,

which were made as described above, except that during preparation of the clay
slurry, both types of clay powder were added separately to the de-mineralized
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barrier conposition. This reduced the viscosity of a 4% nontnorillonite
slurry 15 from 29 seconds to 9 seconds, neasured using a SeT audlstf2008v cup.
The gas bag @fse@@at i ng conpositi on was prepared as above excepisodénab?

sodi um tripol yphosphate was added to the dem neralised water while the

m xer was at wRgGDdshearedanthen ke menipoinipinits pluatyevasaslded toowe dagomiedi ssol ve
for 5 m nuteg hihdl PR ] > L %slurry 20

(consi sting of 4.%& m &ﬁa%@gﬁ?%%twtl(é@{%g%fd@g |iﬁl§1tri pol yphosphat e and
water) 329.0 g Cynel (r%slgsmi .rstegmnprﬁéAoléongﬁ\% dyusdeenssdirgtafon) 3.5 ni
Synperoni ¢ NP10 (10% W W48 ke Lolthid Mb, @54%@6&@;5&@@%%\%@%30. 0g
EXAMPLE 6. Montnorillonite mneral colloid MO4%slurry consisting of 14.8
g mneral colloid M O.W?E?rg sodi umtri pol yphosphat e and vvatzéf"-)0 870.74 ¢
30 Cynel (r) 385 13.5 g l4p3iSk RDOYE $¥hw/adslenyis wale)t i on) 3.5 nk.11ynperonic
NP 10 (10% w w in water h 0. {ds Demineralised Water 89.0 g 5>§A LE 7 35
Gas barrier coatings conpositions were prepared using m xt ur &3°& cl ays,
whi ch were made as descPTbéd!¥oove, agaroeysolittiva) duri ng preparasimh of the
clay slurry, both type : r: d separatel y,t.Q_t he

de- i ner gl  zed 30 VO 00T Y .5@%3@@’%%&&“%%?%500 03802 wardM and
shear ed. !%hen the nont nBFRincElisedWatasr ry was added to the | apdfige slurry
and sheared in the Silverson gbMwARATPSEEY OKP3GEST ns. Montnorillonite
mneral colloid MO 6% slurry (consi 14.8 g mneral colloid MO

0. 74g sodiumtri pol yphosphate and 5% .0 g laponite RDS (18% w w
slurry in wat er) 4Thd bgd&yfomh{lagorB8asdGrepargd RIGHpriyidddis \wbow @oithouSthe

sol ution)3. 5.4 peronic NP 10 (10%ww in water)0.5 m 10Dem neral i sed -
Water 89.0 g ATl VE EXANMPLES
: 15 Cymel® 385 12.2 ml
Demineralised Water 89.0¢g
Synperonic NP10 (10% w/w aqueous solution) 0.5 mi
PTSA (10% w/w aqueous solution) 3.5ml
EXAMPLE 9
20 The coating formulation was prepared as described above except that the

montmorilionite was replaced with vermiculite (supplied by W.R. Grace as an 8%

w/w aqueous slurry) to which the organic binder solution was added directly with

stirring.
Cymel® 385 12.2 ml
25 Demineralised Water 89.0 g
PTSA (10% w/w aqueous solution) 3.5mi
Synperonic NP10 (10% w/w aqueous solution) 0.5 ml
Vermiculite 963 (WR Grace)
(8% wiw aqueous slurry) 200.0 ml

30
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EXAMPLE 8 The binder fornulation was prepared and sprayed as above w t hout
the clay slurry. 15Cynel (rd.38512.2 ml Dem neralised \\at er 897 Quguss\papsr oni c
NP10 ( 10% Wawoaguzzous sol ution)0.5 ml PTSA (10% w w aqueous pgqiysdah/giadz 3: 5
m EXAMPLE 9 The coating formul ati on was prepared as descri bed above except

that the 20montgprillonite was repl aceoo%npﬁwlﬁ\?bﬂmgﬁbottleu(aﬁuppl ied by WR

Grace as an 8% W -adu GEPE dmg whi eminEOongday/ambi ndeniswebtit i on was
added direct IP)ETV\bQIﬁesniyrrl ng. 009033]6 38512.2 ni ga@m neral i sed, Wter89.0 g

PTSA (10% w w aqugous sol uti og@% m Synperonic, NPl O (10% w w aqueous
solution) 0.5 m Vermculite WR Grace) (8% WAWP aqueous sl4#Ty)200.0 ni

30 31 WD 00/ 490727 August 200B0B88T| USO0/ 03802 Ex@ipd eAsh wt pgr dn202
pernmeability of bottle wall cophpsyr b* cc.m I/IOO¢(B§/d4y/atm éiLEﬁT bottl e
onl y0. 00035. 4654. % 0. 02310. 1964 55 10.03880. 139n 0.03510.0

20. 02380. 5594. 41 30. 05810. 4934988 40. 0250. 353nk &BID2790. 15nk 4.41

60. 01750. 2794. 6 78. 03180. 25940.058180. 00034. 3044. 44490. 02940. 272988

4 0.025 0.353 nk
5 0.0279 0.15 nk

6 0.0175 0.279 4.6

7 0.0318 0.259 4.12

8 0.0003 4.304 4.44

9 0.0294 0.272 988 _
9 0.0219 0.19 9.04
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' CLAII\/EDIS: 1. Apolyneric rigid container for foods T
12\\//\%-%.6%96corrpr| ses: 5 (a) a polyneric substrate shaped to defi neq:g@con (g(lﬁlﬁggéz

for a food or a beverage; (b) a first coating |layer adhered7t{@gadt dJopgst
one surface of the polyneric substrate for retarding the transm ssion of
oxygen and carbon dj oxide through the substrate, said first coating |ayer
- conpri si ng BAVERAMLAMder and from 10% up to less io than 90% by wei ght,
based on the dry weight of the first coating |layer, of an inorganic

| am nar m nggbgggpmlj [s)m nmontnorillonite, |aponite,

- organo- nmontnoril]o te and. tures er.e rein s Iamnar m ner al
conpri ses pl ateI]et Rﬁyc‘,‘f‘fm&rrég‘ F?W&ft‘]’ %ﬁlaﬁc\{vpﬁecrﬁef’??m PIFFayer in a
general Isy parall el (a)rageldherinsibsinse slwpddwésﬂmmmm@mes;fmﬂ)odejrat i onshi p,
and wher ei 3’ said organic binder is selected fromwater-soluble or 15 water
di sper si bl 'F’fl c resins and m xtures thereof, and (c) a second coating

| ayer adhered to sdbl affirsstoatioglayatadheeadrtowhleast ong swikidesd shepelymebice

conposi tion,g fo'}lragrcﬁné)ﬂ—{a%srﬁgﬂﬁ 3 Bkyv% A 230 cafta Hicﬁu&&thﬁ‘&% thd. A

pol ymeric container accordi ng Calml rein the wa §r sol. bI e r water
di sper si bl substipinisaiddirsteaatipg | %Yﬁfécqmmseng FpFEARG bindepan do1%Hm t he

group 0 Gtﬁmy@%lw%aéht B@bdbamglw@gm@fshe fpadayiag t6kes of@ﬂﬂ@d)rg&&ters
derived frqoqma sul. erlvtlve%glpaca{ E1ip§mc0aca|nd sglect fro

sul photereg %IEHT T o 1% CHENP BTOYEAP T 2B anched
acrylic resnmlrbsaﬂiefe@f awheeeigishiddemimag smimohleompises plstelats *g’h.tchca[re atichtedst
3000; (c) ¢ h Qﬁl{d

al kyl est er‘?&’f‘é@eﬁé ngﬁﬁg et e"'ﬁ’(%é&’?l@acc ﬁ%ﬁgﬁlgér?gmﬁ ose:ﬂél @ggerl aI S
sel ected f rspmaderblaum@ep, ang vheyain 83§ ESaR{A bindariiysedecied fompwatgingalpgle or

cel I'ul oge, VFE[W ﬁﬁ"ers BleWrédhic ?ésﬁa!s‘éﬁd nikgresiNEepMRI hyl cel | ul ose; (f)

pol yvi nyl (lg wat er base at.ic ar,. _aro C, uret (h)

et hyl ene-vi nyl al ccfﬁblasé‘ﬁ%%‘l %E‘?Kﬂ@?‘eres&?ﬁﬂiiﬁa?t CgBtth BV%rh‘f"l}?}Fﬁ

(PVDQ) ;  polcpamristpabirableofpbiilion antipfisihy ebindee compenenhinr ai orgsmic doBantEPO -
DQ 1 2. A polymeric container according to Claim ! wherein the water-soluble or

water dispersible organic binder of the first coating layer is selected from the group
20  consisting of:
(a2) homopolyesters; copolyesters; copolyesters derived from a su'»bn
derivative of a carboxylic acid selected from sulphoterephthalic acid and
“sulphoisophthalic acid;
(b) linear or branched acrylic resins having a weight average molecular
25 weight of at least 3000;
(¢) copolymers of acrylic acid, methacrylic acid and their lower alkyl
esters;
(d) polyolefins;
(€) polysaccharides and cellulosic materials selected from cellulose,
30  hydroxymethyl cellulose, carboxymethyl cellulose, amylose, pluran, starch, and
hydroxyethy! cellulose; '
() polyviny! alcohol;
-{g) water based aliphatic or aromatic urethanes;
(h) ethylene-vinyl alcohol copolymer (EVOH); polyvinylidene dichloride
35  (PVDC); polyacrylonitrile (PAN); and polyethyleimine wherein said

EPO-DG 1
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12fod-yeohyl enei m ne polyners are of number average nol ecul ar wei ghCTQISAG/08802
3000 to 100,000; (i) rmelam ne fornmal dehyde resin; {j) acrylic latices; 5
(k) polyvinyl acetate latices; (1) polyethylene gI ycol ; andy A@ghstbjoggds

t hereof; and said water soluble or water dispersible organic bi nder
opt i onal ly contains (1) a catalyst selected fromsulfonic acids, am nes,
and tin catpelyethdencamine(rp)yraes peeafinugihsr 2ugegs melecripneight afbom 80det ed
. from nel am o‘ofgr mal dehyde reS| n, epoxy resins, isocyanates, aziridenes,
car bodi i m es uf ea for rgugf &?enol ics, silanols, and acids. 3. A
pol yneri ¢ cont ai ner® aE’@ deb¥ds#esin; n whi ch t he wat er - sol ubl e or
wat er - di spersi bl e gg@y}@c nhegger is a blend of (i) nelan ne fornal dehyde
resin 15 (1 ncl udi n%}(fe pmine %}t"il dehyde with imno functionality,
met hyl of functi onal® POYXRE! B at4%GSor highly al koxy methyl
functionality) w t ) polyethylens BBfcolpa@b% by wei ght, based on the wei ght of
t he bi nder, of an Y LCydl . 4. A polymeric container according to
Caim2 or Caim 3%}3 %ﬁds tﬁ% Eéf "bi nder conmponent of the second coating
| ayer is seindceiddviternelubleoywaiapdispasibletdragnio bindenontionally certaiph (D ol yrer s
whi ch cont ai,pak sdigasd frBﬁ‘.‘x%uideﬁtabﬂ@%Bw raﬂ&i‘ihcaﬁ[ﬁt!;?ﬁn@(ﬁj aflle@stdgfel ved from

acryl ates, methacryl at es, styrene %e funcfional” nononers of
such adfyl ﬁ@ﬁ-h@m%gﬁewﬂqcée ryﬁ%ql% ?wgﬁ s F510. SPSFEGE 0| ecul ar

wei ght of R 328 0ferR Ceabbb il des| DjcaFolinyAadigtes, phemsichalands adnd east
two function hydroxyl groups 25 and a wei ght average nol ecul ar wei ght of
from 1000 26'%5, 000; (c) pol yester urethanes and acryl o-urethanes having at
| east two functd. orfapolyperioxyhtagenamsrdifgiio Glatn Gxy whichnihe iveatertsolibiear  or
br anched CwAt&a&%&gagfgc‘of@&@{; (1086 i) iihink SolthdHIRE St @ bI end of

such oli goners atIC or aromat] c | socyana e aVI ng at

| east tifo finebidingaplamingioympldelyds with snipadrrctionaity sapdyll fincsiopalitit e t o
hyldr oxyl fléﬂ&ﬁahﬂﬂﬁ&bkmgh&éjk@mﬁe 1ﬁmc§m£mltﬁaﬁﬂ;i(lgrfrmg%@w%5 5. A
pol yneric con

ai ner ~accordi.n aim4_.in wh, t he polyneric substrate
i s a pol yedteghtshasadpr ef‘?’?iﬁﬁ‘p‘lfotg) Wt AEaR acreh ‘h Fat e honopol yner or a
35 copol yner of 4t ypepmetie copthinbatabaling iy €laim pri@aiabdin whirhrthé binger cent

O o O OP el B Bl RA R i1l B TRA0HE otk rlp ik B 01 veol
Prop 20 I. (a) acrylic polymers which contain at least two functional hydroxyl
groups and are derived from acrylates, methacrylates, styrene, and hydroxy! functivi.
monomers of such acrylates, said acrylic polymers having a weight average molecular
weight of between 3,000 and 50,000;
(b) polyester resins having at least two functional hydroxyl groups
25  and a weight average molecular weight of from 1000 to 15,000;
(c) polyester urethanes and acrylo-urethanes having at least two
functional hydroxyl groups; |
(d) hydroxy! functional linear or branched cycloaliphatic moiety-
containing reactive oligomeré or a blend of such oligomers; and
30 II. aliphatic or aromatic isocyanates having at least two functional
isocyanate groups where the ratio of isocyanaie to hydroxyl functionality is from 0.5 to
3.0, based on equivalents.
5. A polymeric container according to Claim 4 in which the polymeric
substrate is a polyester selected from polyethylene terephthalate homopolymer or a
35  copolymer of ethylene terephthalate wherein up to about 50 mole percent of the

copolymer is prepared from the monomer units of diethylene glycol; propaile-l,3—diol;
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- 34 AVENDED SHEET 12-02-2001 PCT/ US00103802 7 August 2003 butane-1, 4-diol;
1:3'|5781'2§/:¥Q§’t1ramethyIene'glycol; pol yet hyl ene gl ycol ; pol ypropyl ene gPedUS0aMB802
1, 4- hydr oxynet hyl cycl ohexane substituted for the glycol noiety in the
preparation of the copolyner; or isophthalic, dibenzoic; nap@%@a&gﬂ@3l,4-
or 2,6-dicarboxylic; adipic; sebacic; and decane- 1, 1 O-dicarboxylic acid

substi t ut ed, f.or e,.acid L ety I.n t he nr ration of the copol yner. 6.
A bol yrrer  coUge LAuPE BRI ghugol n Y GRARRE K PeiC b plPud B otV ol

. substrat e iandl ddiydaidypieghndcycioheptehsmabstiteted damtho lgjywet moietpircthp @rapa®ition
t her eof wheged 50 r%&rﬁ- {8 fn%f’ﬂ?a I I, +S. optionall
pr epar ed fr%%ﬂllggg%ﬁ?%gﬂ%gl%g%@aﬂgu st ?lﬁ"t.e ; g‘rfé?lt%ﬁé%z;mgizdé 'ﬁn%gé‘ioﬁy?ﬂ?’heymt er
sol ubl e or %dipis; sahpeipednsi decanto}.dmlicartyylie pcigfsubgituted for the acid sanietygnl ayer

is mel any negst QrepatARAYAhd &Polimdrhe i norgani c lam nar mneral conprises
pl atel ets of rfont rmriI{Slkoni té; ‘and the second_coating | ayer conprises from

80% t o 20% by wePghf* POLYIRETI GRLAINGT SReRS ARG O (ihaieyy swhichithsweplyester hydr oxyl
conponent  afifbseite & Hpslyethylehe eréphiiilite homopyighRt 6r a fopolyinet theRbE G/heRM ai ner
according to giﬁnm% Wherflf reat.er than .60;}/ of 15 ,the | arﬂtﬂﬁr m, per al

i atel ets HIRE S8 AR o ng G Enet i Bpnallprapersd fm sarheitiectidhi ner
accor di ng tsmb6liteiad for thkiacid meiety; theaxatat $ojutde bewtted disPérfibbobrighaic Bndefofret hod
for packagi I TITR L axds ki d. | yest er
cont o nir O\ {38 ghsrcBananal fls g FlnRidiBl P B RlrelniuRRbE hindfl Y1
treating t eomenises Ploicletsiof meatnemilionite andithe srepndvcodting layearomptises fipmove
surface adhgmi @ehaxass tlo&taltﬁﬁdeaasmbbﬁéxﬁw}ﬁ&ﬁs%@éda'mHryaaﬁ%@ﬂd treated

surface a first coati.n ayer havying.a thickness in the. of 8 microns
or less by cogmogﬁ?tﬁ&dﬁta?%ﬂép?ﬁﬂ!@g 0Y@Pf%Ece an aqueous comnposition
conprising a _o[) ganiL pal}pﬁkimdﬁntahdeke&ok@in%t?\alm ﬁﬁh@t@irﬁgr@:{ter than 60% of f -
wat er - dj_sp . Or | r.select .rom rgup consi sting of,
(a) ho?r]gport{}%g ergasr;m%%&(l)ﬁ%lg%%g%%‘;m %IJ‘O?)SBF(%@% Oegrsea%%&fa&géafrom a sul pho
derivative of a %arbpslymiesicgehidinee beaording to Gl which és 2plaxiadly iocieatedd and
sul phoi sophighp}igeaci d; 30 (b) linear or. branched acrylic resins having a
wei ght average 1ol ecul ar. wei ght of at |east 3000; (c) conI ynmers of

acrylic acid, net-hderspthad faeparkagias eirarhonatsddiquis iy melded piexiallyyoriented
pol yol ef i ngsolykteAbiaitintt Whichk Eomprises:
20 (1) forming the container;

(2) optionally treating the exterior surface of the container with a means
to improve surface adhesion characteristics and thereafter applying to said treated
surface a first coating layer having a thickness in the range of 8 microns or less by
spraying onto the container surface an aqueous composition comprising a organic

25  binder which is a water soluble or water-dispersible organic binder selected from the
group consisting of:

(a) homopolyesters; copolyesters; copolyesters derived from a
sulpho denivative of a carboxylic acid selected from sulphoterephthalic acid and
sulphoisophthalic acid;

30 ~ (b) linear or branched acrylic resms having a weight average
molecular weight of at least 3000;

(c) copolymers of acrylic acid, methacrylic acid and their lower alkyl
esters;

(d) polyolefins;
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12- 02-2001 PCTI US00/ 03802 7 August 2003 (e) .pol ysacchari des q%?l cellulosic

1o0md.ephfl s sel ected fromcellul ose, hydroxynethyl cellul ose, cipoyrysmi/hgkoz
cel lul ose, anylose, pluran, starch, and hydroxyethyl cellulosg; 5 (f)

pol yvi nyl al cohol; (g) water based aliphatic or aromatic ur etﬂp"mag&; doh)
et hyl ene-vi nyl al cohol copol yner (EVOH); pol yvinylidene dichloride %PVDC) ;
polyacrylonitrile (PAN); and pol yet hyl ei m ne wherein said

pol yet hyl enei m ne pol yrfey pobrsecabiridesdndrecviosia gmteroll esildcted fnemngiltiulofe,f r om

. 3000 to 1 , ' ] 1.n; 0 rylic |atices;
(k) pol yvi %&dg%g’é‘%%%e‘(’?g‘fl@ég%%’}‘ 8%1%? !fleztta]%?%ﬁﬁ ggleilglclff%n’ )grﬁg&l’ %{"lln‘% bl ends
t her eof 15 hysirekysthybeelbdosgbl e or wat er di spersi bl e organi c bi nder
optionall'y contains (1)sppsRYalyYalconsie! ected from sulfonic acids, am nes,
and tin catalysts and ( at | east one cross-linking agent selected from
mel ani né f or mal dehyde r@si%gter aliphafic g1 arow gty EHa0eS: ™ aziri denes,

carbodii m des, urea formplegghatdesnylpicstol camlyhér @VOIS); paleimtidese and

whi ch cont a'.n@ f.ro&.\;[gog'to I ess t'@ﬁ”(ﬁ%}g‘}-b Weis’?ﬂfsﬁ .based]hon. th%ndry wei ght
of the 20 fiFUprdedY G PRlEFTYIoTLR (§ ’gi%‘ﬂil’S HYIE RSP SA, t he f or m
of pl at el etplgethlylsedimidequblyrhersard dfenugntwn pvaregesinsieculgr weighbaf fromi 30001é t e,

| aponi te, 01{(@)%‘ nmontnorillonite and m xtures thereof whereby the
platelets orrént’thensel ves within the first coating layer in a generally
par al | elo t hr ee- di nensi dbametaming fpplatdehs@eresidl; r el at i onshi p; (3) applying to
the first coating Iayer(j)aa aONgcsoating layer by spraying 25 onto said
first coating |ayer a curab e_c? osi tion conprising a binder conponent and
an organi c sol vent, whdKbPAYVERY!BFSIREA2SHponent of the second coating

| ayer is selected from@hpolgétviene gh®bBlahdig of . 1. (a) acrylic polyners

whi ch contain at | east t\SDl%lf uc?cthi an |  hydroxyl groups and are derived from
acryl ates, nethacryl at é’sn ene.-Cand hydr oxyl 30 functional nononers of
such aasyl aagbwatemsaulde oyvatr dispynsihis otganicvgndsr ptiagially sontaingd1) aoatelysd ar

wei ght of : : : ' i é st

t wo functi%(f%\ta\a\léﬁ;'ﬁ?r %)%%r%%ég%ﬁ%g gmﬁg%??gsgé%gé%%%cu%ﬁ&\fgl ght” of

f rom 1000 taGC&tBS,eé@G,d o5y msdinyies fermaldeyde FRsd, SPRKYAEFIPS.dSQryaRrdeihes havi ng at

least 35 tjuRideHBE Li®BaimiNee ne¥Y forBiaéeRFdes3henolics, silanols, and acids, and
which contains from 10% to less than 90% by weight, based on the dry weight of the
20 first coating layer, of an inorganic laminar mineral in the form of platelets and selected
from the group consisting of montmorillonite, laponite, organo-montmorillonite and
mixtures thereof whereby the platelets orient themsetves within the first coating layer
in a generally paralle] three-dimensional overlapping spaced relationship;
(3) applying to the first coating layer a second coating layer by spraying
25  onto said first coating layer a curable composition comprising a binder component and
an organic solvent, wherein the binder component of the second coating layer is
selected from the group consisting of:
I. (a) acrylic polymers which contain at least two functional
hydroxyl groups and are derived from acrylates, methacrylates, styrene, and hydroxyl
30 functional monomers of such acrylates, said acrylic polymers having a weight average
molecular weight of between 3,000 and 50,000
~ (b) polyester resins having at least two functional hydroxyl
groups and a weight average molecular weight of from 1000 to 15,000;
| (c) polyester urethanes and acrylo-urethanes having at least
35  two functional hydroxy! groups;
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AMENDED SHEET 12-02-2001 PCT/ USOQ/ 03802 7 August 2003 (d) -hydroxyl
12-@aceeminal |inear or branched cycloaliphatic noiety-containingpcegeidoiifolsos
oligoners or a blend of such oligoners; and Il. aliphatic or aromatic
i socyanates having at |least two functional isocyanate groups AW@EétezobEe
rati o of isocyanate to hydroxyl functionality is from0.5 to 573.0, based

on equivalents; (4) curing the second coating |ayer; (5) introducing a
“carbonated liquid into the é&nhrdrawylfuagipnall®)eas enbrianched wgcloaiphaitiner . 10,

The met hod ; | thé redRiiGolt b 84 Bl | ; l ter container
tois a pol ;ﬁ/{eﬁl%y%ggié&%ér]rephtlha? a@%%%éaeéﬁgfgdgﬁ%gg%e%fﬁr t her eof

wherein up to 50 nole pdrcaliphadic Wﬁ@“&%ﬁdﬁ%ﬁﬁ@?ﬂ?ﬂsha@ﬁtﬁp%mt tvasfuaptiensli f r om
i sopht hal i Cis@@%ﬂmﬁ@%ﬁﬁ Wh&d thd Rtio b &odpdrate® iw&wng R@cti@a8ty 8R0S B

wat er di speé%i Iedor %%nj C bj[ nder of the first "coating layer is nelamne
f or mal dehyde> PHELIORGAGWAISES ani nar mineral conprises platelets of
nmont nori |1 onite; and(4)heurfpcthedecondtomting laysy conprises from 80%to 20% 15

by wei ght of a bindepscC 5 D, L$::a hl.end, o .hydr oxyl conponent
and an aromatic or E)i %’h@??@g?%\ég%éﬁa.%ha}f?.mﬂ %Wg%n I"ffrmdr(educi ng the
oxygen and carbon di ¢¥i shelipgthesaptainery of a pol yester substrate which

conprises sprayi ng, At tetfod Fahin?9%n %Mcﬁ%&@bﬁ{;iaﬁ?%ﬂéﬁ’t@é pbRESer GndfRG! ally

uni f or m aqueous _coat i ng cggpgm tion to forma first, coa ayer ich 20
adher es1t o istieralvaiylent Erenbiiainte fererel YRIShHosPaRObME Shirppiswhageia up to 50
wat er - sol Ubin@ieperyiic 8f thetopPltreer B ehtidhgidhephted $@im isBplithficoRid aldtiudesence
of a cross-balé Ki ng %%?%t%_ t@nd frorr]; {1550% uzg t‘ﬁ |eSﬁ t han. 9t())fV by gl%ht, based
on the dry irt]lbﬂnELl % ; 1 YAt Sorubleaqr waler dispersibls OpeaRicc 1P%‘?ﬁ°|§ € Wsher al
sel ect ed fromtingddseois helamiteformajdohydee thednakganix tamiasr mireeal @ofnprisdrer ei n
said lamn \ ' . %&“\A\Qﬂ[ ' | 15,025 -
nove Wit hi ?}ﬁlta %&%ég%ﬁﬁ%@ﬁﬁ’ aglg%fgg]&éﬁ%&r@a%é’ oﬁt% Q%P ﬂgés% st§ pg‘itg %%c{"z form
a gener H | yby paicht pEa bindecarapanspsvhishlis aplgne obe hagrokyigospeoent andlaat i onshi p
in the fi rsﬁoﬁﬁﬁgbpmipﬂa@y@gmym@e.v\her ein said water-soluble or water
di spersi bl e organjc, binder.is selected from¢the group, consisting of. (a)
honopol yesters: E%pﬁl’?@g‘?‘ief :reri.mpg: 58%@@@@%%@%%@5@@[% 30
delr i \éaft i vehpjgy(lﬁs_t@anbmayé_ iw(vhicalmbmpsieéﬂp&agdng djlﬁ:mgs Ldaﬁh:?nfe StugRdet df&hehmb_@&hﬂ and
sul phoi sopht hal i G,.aci.g; i.near_or branched acryl. ¢ resi avi.ng a
wei Gt aver:%%neﬁ%ﬁye%%s%l e R o 558 et e b ehigt
acryl i c2taciaflheresth therspbiteate, shid apdousteinpokitme comipkiying 85vatertsiuble frjvater
pol yol ef i nsgijgfsible organic binder in the optional presence of a cross-linking agent and from

10% up to less than 90% by weight, based on the dry weight of the coating layer, of an

inorganic laminar mineral selected from montmorillonite, laponite, and mixtures

thereof, wherein said laminar mineral comprises platelets, and whereby said platelets
25  move within the organic binder as it is sprayed onto the substrate to form a generally
parallel three-dimensional and overlapping spaced relationship in the first coating
layer, and wherein said water-soluble or water dispersible organic binder is selected
from the group consisting of:
(2) homopolyestérs; copolyesters; and copolyesters derived from a sulpho
30  derivative of a carboxylic acid selected from sulphoterephthalic acid and
sulphoisophthalic acid;
(b} linear or branched acrylic resins having a weight average molecular
weight of at least 3000;
' (c) copolymers of acrylic acid, methacrylic acid and their lower alkyl
35 esters;
(d) polyolefins;
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. AMENDED SHEET 12-02-2001 PCT/ USOQ' 038027 August: 2003 (e) pol ysacchari des
12:83-2091 ul osic materials selected fromcellulose, hydroxynet hyPCHRUSINEHIKO2
car boxymet hyl cel l ul ose, anyl ose, pluran, starch, and hydroxyethyl
cel lulose; (f) polyvinyl alcohol; 5 (g) water based aliphati ¢ Qigusrmtic
ur et hanes; (h) ethyl ene Vi nyI al cohol copol ynmer (EVCH); pol yvi nyI i dene

di chl ori de PVDC acr itri wher ei n
said pol yet Elyl en)el FﬁB w&s?ﬂ c%ﬁ%%%tfm%égaﬁé %F’e‘i‘iﬁ“&fmmi ght of
from 3000 thzydra:ﬁﬁmemgl celldidse,) canedxgmiettey] taiuiaded ayidee, phebm; star¢h, Jandcr yl i ¢

| ati ces; &&oxg%yqyl agEl.ate latices; (1) polyethylene glycol; and (m

bl ends ther said water sol ubI e or water dispersible organic
bi nder optionally cthtmilysnyirjcodokat al yst sel ected from sul fonic acids,

am nes, and tin cat géy@% gg@dg@ha% dr%ﬁﬁﬁatf&rlﬁetﬁ&%is | i nki ng agent

sel ected from nmel am or mal deh resin, ep ox\}/ r esins, |socyanat es

aziridenes, carbodl {fPnethelgne- H’fﬂé(balﬁ%hqlrﬁpﬁ@ﬁ‘}’&é@ OHe el virylident dichlagideand
acids. 12. Cﬁma? cBflofitrak PAN) v&ﬁucﬂmyeﬂﬁﬂiaﬂmwme@%ajdtl onal steps of:
20 (1) applyln eflrst Coatl’P’g ﬁer a second coatln \E/rb#b(ﬁ/
sprayi ng oﬂ?éie@é{ e&e‘P?‘P%PO IYBsts 45 Of Byrber2verses o e"b‘lﬁ‘ﬁﬁ"&éﬁf{t Qing a
bi nder conppyEM0O;and an organl c solvent, wherein the binder conponent of
t he secgnd coating i the group consisting of: 1, (a)
acryli cpogol ymers wht gﬁfe‘écl%[.l'r’ljﬁlgi %8%}1 as}ésﬁ\{ﬂno functional 25 hydroxyl groups
and are derived fro6) acryyilcelatws met hacryl ates, styrene, and hydroxyl

functional nononers LylALESs: said acrylic polyners having a
wei ght average g@ulf V\%l% %%ef ween 3,000 and 50, 000; (b) polyester

resins having at Ie&tpoiwyﬁ%ﬁcﬂl)"‘@heﬁn hydroxyl groups and a wei ght average
mol ecul ar wei ght of (rﬁy BBndOMHrdo®, ahd, 000; 30 (c) pol yesterurethanes and -

o oy £ B e e g AT ST e B8 e g
reactive ol sefpmiel Somrsulotnk emds,cimises; Andiin gatabss;and (2) 4tleaal onphabdsselindaing
oo SHRNERALER B Sl Al R eSS 1 e
3.0, based asiridengscarbodtimidegnures §onnaldehydes, phenolics, silanols, and acids.

12. The method of Claim 11 which includes the additional steps of:

20 (1) applying to the first coating layer a second coating layer by spraying
onto said first coating layer a curable composition comprising a binder component and
an organic solvent, wherein the binder component of the second coating layer is
selected from the group consisting of:

I. (2) acrylic polymers which contain at least two functional

25  hydroxyl groups and are derived from acrylates, methacrylates, styrene, and hydroxyl
functional monomers of such acrylates, said acrylic polymers having a weight average
molecular weight of between 3,000 and 50,000;

{(b) polvester resins having at least two functional hydroxyl
groups and a weight average- molecular weight of from 1000 to 15,000;

30 (c) polyesterurethanes and acrylo-urethanes having at least two
functional hydroxyl groups;

(d) hydroxyl functional linear or branched cycloaliphatic
moiety-containing reactive oligomers or a blend of such oligomers; and
' H. aliphatic or aromatic isocyanates having at least two functional

35  isocyanate groups where the ratio of isocyanate to hydroxyl functionality is from 0.5 to

3.0, based on equivalents; and
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~ AMENDED SHEET- 12-02-2001 PCTI US00103802 7 August- 2003 (2) curing the second
{1X@8liopg | ayer. 13. A water-borne gas barrier coating conpositiopcRavshe/o38or
2Iceast 2% by w. solids wherein the solids portion of the conp05|ct ?tgn
conprises: (a) fromgreater than 10%to |less than 90% by wt.7Qf
filmformng water- 5 dispersible or water-sol uble organic brnéjgraSt\laQiogh [
nmel am ne fornal dehyde resin; (b) fromless than 90%to greater than 10% by
~wt. of an inorgani c(3)asirmgrtbe sdcond apating leyee. f orm of platelets sel ected from
montnorillonite, {4a ikt Ehordk 9 = - ' ﬁm? ) 8 her eof ,
said platelets h%ﬁ/’i %?%%Fg%peﬁgﬁ%?%%%m%Eé{klgggﬁ%%_ 0 %éé%lri“%’r%’aﬁr; and,
opti onal | y, sdl@isvderdin s Bidpporiion of theowapnepitign comprisestd on t he wei ght of the

filmformng water i $pQIpséddRnA] 109346 (xS BlaH DO, 1OF GRS UPShindOYatdr-
cross-linking agent. "14. e wat er  haor ne\)&gé}ilgarrl er coatin osition of

! co
Cl ai m 13 whePReIRibleser WRatgralible gragpicdipger dredyBisitpmealdetysa resimi nder
optionally contai ns(d)lrom lexttBdry$1% t& gletet Sdn 109 E W fofAh énAgints lan@RbnesS,
and tin catal nd, (2) a} Ieast1 on(g cross-Jli nlﬁggg 15 agent sel ected
& PlateF Selgpiad froprppizmoriliopre, JaBanlis, otgane denes,

st,s
fromnel am elf%l
car bodi i m desntroerdéoniterand ndetuyatabereqi said platedets daviag ah aspeatnchtiadn dee rafige The

wat er - bor ne,8ps, &aéféit%gﬁfg%ﬁg’@%@gmw tion of Caiml14 in which the

filmform ng water=so r-dispersible organic binder is a blend
of (i) el anine f otoeirersidyelby mésp@5Ys bicwhdbasgd ae therveightf ofthafithefguieingi t h

imno 20 fupgllanakisiole o by baliblk BRChiORAbL ¥f ARdsPRiltihghbentOr highly
al koxy nmethyl functi %gal ity h 1) from5%to 25%hb I ght, based on

W t A
the weight of th&*bi nd8s Watesbore gas bgiries cpaing,compgsitian pf5laim ks whersin ng
SKSt em }‘or ga&ﬂw%eﬁgolhbﬁ d@@s[)almaﬁépefs\i,\tﬁé ofgaﬁﬂ:ﬂﬁn@ﬂ@ptj&méﬂ?%n&ﬁ@(lf_ nye c%th[)@ﬂgh a
t fer nop ast | ner.| supst;rate I ChR..CO | Ses. . I ISt er -
et P L2 Clefechi 1O hffid B3b Aot Ol i BIRNARER (D heasf et o g
formed By sipeayselgtahfromirhdanilssomealdelydoseser, cbonnesinsipayanites; havi ng at
| east 2% by, '?en%ﬁlchﬂj%dm&&@s' Breh @&nﬁ?&éh?éespﬂlﬁ A0 gil/g,rtofl’@ Vz\xﬁﬁ&?ﬁ%i?é;t L on

conpri ses: rom greater than 10%_to fess than 9

filmforming 30!%watls waleshemeigss barger patiag campositien of Ghmd4on wddeh gl ect ed
POl y6at o e e B oot or D! g
sel ect e  rBAREGREPRKER S sHP SRS Rriperrelaming rpridepieral mide; o (b)
| i near 2or biackdratitygareyhyle! fuastiomalityaandygrtial weir highlpelkoagmethydl ecul ar wei ght
of at |eas tﬁlﬁ&?&fality) with (ii) from 5% to 25% by weight, based on the weight of the binder,

of an acrylic latex.

16. A two-layer coating system for reducing the permeation of oxygen and
carbon dioxide through a thermoplastic polymeric substrate which comprises:

25 I. = first layer having a generally uniform thickness in the range of 8
microns or less and formed by spraying onto the substrate a water-borne composition
having at least 2% by wt. solids wherein the solids portion of the composition
comprises:

A) from greater than 10% to less than 90% by wt. of a film-forming

30  water-dispersible or water-solubie orgauic binder selected from the group consisting
of: '

(a) homopolyesters; copolyesters; copolyesters derived from a
sulpho derivative of a carboxylic acid selected from sulphoterephthalic acid and
sulphbisophthalic acid;

35 (b) linear or branched acrylic resins having a weight average
molecular weight of at least 3000;
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39 AMENDED SHEET 12- 02- 2001 PCT/ US00/ 03802 7 August 2003 (c) copol yners of
1220242004 acid, methacrylic acid and their lower alkyl esters; (HET/US00/03802
pol yol efins; (e) polysaccharides and cellulosic materials selected from5
.cel l ul ose, hydr oxynet hyl cellul ose, carboxynethyl cell ul ose, 7@{,‘%[1@;_%03
pl uran, starch, and hydroxyethyl cell uI ose (1) poI yvinyl alco (9)
wat er based al i phatic or aﬁ matl uret 0&2) Ilene al.cohol
copol ymer (EVOH); pol yvi nyt¥d&R Hieﬁs 514 1 P"dﬂ?"?rrl l e
» (PAN); and plly}edtdry] ei mi ne wherein sai d pol yet hyI enei mi ne poI yners. are of
nunber average nol ecul ar V\@i%ﬁ Fﬁ% Jom 3000 to 100,000; (i) mnelam ne
formal dehyde resin; (j) |) ¢ rces; 15 (k) polyvinyl acetate latices;
(1) pol yethyl ene gl ycol ; affd PO(IYﬁicﬁlaBdG&aItdmﬁlebec mataris) séleaed fress t han 90%

to greatgr Eélﬁﬂ‘os%ol% Yxytheth ceﬁﬁlob@%ﬁ%gﬂr eth Pégli'ﬁﬁfsg UL, pllad, 3 fi0r M Of

platelets selecte romg]gurl nmorillonite,” [[aponit
or gano- nont sk hydr orreleyl saldulasect ures thereof; and, optionally, C from 5% by
w. to 95% by w., based omtﬂa@vwmm)hgf the film form ng :

wat er - di sper si bl e or water, bi nder, . cross-|inking
agent: and drying and optf n‘é{ F&baéﬁégl?ﬁlaﬁﬁefewm%‘&“ﬁ Hekher eby the first
coating | ayer adheres to ﬁhe&tb;dhm-mymlodmﬂic&@lﬂ:ﬁer(@\Hﬁdprpdljﬁmtlid&ﬁe| ayer
havi ng ge e of 12 crons, or |ess
and whi BnTERBA ROCT AL ARERE b e o MR A e R ) e
conposi ti onpqim#pyhesttmgneapﬁmmrar@@ﬁpm tavcrngamotacganm@mbﬁﬁnm 3000apei n
sai d bi nder 1R nent is selected fromthe group consisting of: (1) (a)
acrylic polymérs which contain_ at. |least two functional 30 hydroxyl groups

and are derived from acryl @& &lanige fysaldedydaresist yrene, and hydr oxyl
functional nononers of sucf) aefiit &itiess; sai d acrylic polyners having a

fesins faving at least twd T URBTBIAHSIGRH  oroups and a wei ght aver taSre
mol ecul ar wei ght of from 1{00@olyethykenegilyco3andc) pol yesterurethanes and
acryl o-uret hanes havi ng at(rﬂ)eﬁl%hdstt‘f?@reof;‘éﬂ&t i onal hydroxyl groups;

B) from less than 90% to greater than 10% by wt. of an inorganic

laminar mineral in the form of platelets selected from montmorillonite, laponite,
20  organo-montmorillonite and mixtures thereof; and, optionally,

C) from 5% by wt. to 95% by wt., based on the weight of the film- ,
forming water-dispersible or water-soluble organic binder, of a cross-linking agent; and
drying and optionally curing the composition whereby the first coating layer adheres to
the substrate; and

25 II. asecond coating layer having a generally uniform thickness in the
range of 12 microns or less and which is formed by spraying onto the first coating layer
a curable composition comprising a binder component in an organic solvent, wherein
said binder component 1s selected from the group consisting of:

(1) (a) acrylic polymers which contain at least two functional

30  hydroxyl groups and are derived from acrylates, methacrylates, styrene, and hydroxyl
functional monomers of such acrylates, said acrylic polymers having a weight average
molecular weight of between 3,000 and 50,000;

(b) polyester resins having at least two functional hydroxyl
groups and a weight average molecular weight of from 1000 to 15,000;

35 {c) polyesterurethanes and acrylo-urethanes having at least two

functional hydroxyl groups;
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40 AVENDED SHEET 12-02- 2001 PCT/USOQ 03802 7 August 2003 (d) hydr ox

13-0Rc2@®nal 1inear or branched cycloal iphatic niety-contai ni ngpﬁﬁéﬁoﬁ@3802

oligoners or a blend of such oligoners; and (2) aliphatic or aromatic

--isocyanates having at |east two functional isocyanate groupguyhsraoshe

ratio of isocyanate to hydroxyl functionality is from0.5 to 5 3.0, based

on equi val ents; and curing ,th ec oat reb second
coating | ayer adheres to tr@ gﬁrgf{olci?dﬂ? %Blﬁ’gvjé lygff?me &W)‘F recycling
a pol yneri c nioigiyecontaitiag m@cnf/@ohgmnm‘soamﬁlenbeﬁmcﬁg:é'govﬂersgIam’corrpr| ses: (a) a
pol ymeric substrate sha fl _ r ever age;
10 (b) a first coating I er ag é?#e Tl?aotﬁg%ﬁ ?g%gs%%éngga&frl %ﬁo@f‘ﬁ%‘f

pol yneric  sugisyamate grofips wheredheitatig of ieecy snatestoiydrasl ﬁmcbﬁq@ﬁhisefmm@aﬁwon

di oxi de hr R

organic gg? %gér\eg%nr%?ﬁg%éﬁgnd é&tlugeksﬁisﬂs ?éogﬁqa%%kg?&%e%eﬁt E:Igédglﬂon t he
dry wei ght @patp}gelayqrraglbel'@ﬁgﬁhﬁé’trﬁ&%tpng 8¥eran inorganic | aninar nineral

sel ected from nontyporaA dewdd ¢f re¢RBAR b pelynRirBatly deskaRel for Sddsanand 15

m xt ures thereof, V\‘f{}EI‘EI n said |'am nar mneral conprises platelets which
are ori ent eBSVERRESS IS EOMPHES: coating layer in a general |y parall el

t hr ee- di mensi onal(a)amgokyymﬂca;pbsm;ge shaped edddfiek atconagier for mddwhebeireiag@i d

or gani Céﬁi nder ?%)sel 1ﬁs(it gg?&grl%%f%%d%g ﬁbi?,&?g% su&%%%kgmde'cps gl bl e organic

resins d m xtu tiona a SEecon | ayer
adhered to suhstrafe fostetardigi thgtrwasytessmmof:mgmpmd wboradlozmledhnoagh the
conposi ti Onsﬁﬁﬁ’a{e' Sl cQéﬁE bhyér 0\ ah'brédi‘u&lﬁiﬁé&‘ a‘hdiﬁkhﬂ §644 1}p§fi‘>' 195

met hod rising. renpvin flrs ayer by contact wt
recycl i ng t nfg By W@}ghtzb_@s drapietent of the first coating layer, of an moraamc

lammar mineral selected from montmorillonite, laponite, organo-montmorillonite and -
15 mixtures thereof, wherein said laminar mineral comprises platelets which are oriented

within the first coating layer in a generally parallel three-dimensional and overlapping

spaced relationship, and wherein said organic binder is selected from water-soluble or

water dispersible organic resins and mixtures thereof; and optionally

(c) a second coating layer adhered to said first coating layer which comprises a

20  curable composition comprising a binder component in an organic solvent, said method

comprising removing the first layer by contact with water, and recycling the container. ¢
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