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U.S. Patent No. 5,700,560 describes a resin composition, and films coated -
therewith, consisting of a high-hydrogen bonding resin, such as polyvinyl alcohol,

15 and a non-film-forming inorganic laminar compound which provides improved
gas barrier properties of the resuiting film by increasing the aspect ratio of the
inorganic laminar compound.

U.S. Patent No. 5,571,614 describes a coated polymeric film in which a
coating layer is formed from a composition comprising a layer mineral and a

20 cross-linking agent. The coated flim additionally comprises a primer layer formed
from a copolymer of ethylene with a vinyl monomer which is applied to the film
substrate prior to coating with the layer mineral coating.

There is a need for a reliable, economical and environmentally acceptable,
1.e., recyclable, coating system for injection stretch blow molded PET botties, in
25  particular, which will dramatically improve barrier performance such that the
bottles can be used for carbonated soft drinks and beer in 12 0z. (33 ml) sizes.
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.
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0.03 cc mil/100 in2/day/atm have been observed for wall and/or film test samples.
Total bottle permeability (as measured in cc/pack/day on a Mocon Oxtran 2/60 or
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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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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(o)

(2) homopolyesters; copolyesters; copolyesters derived from a
- 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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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 is selected from the group consisting of:

(1) (a) acrylic polymers which contain at least two functional
hydroxyl groups and are derived from acrylates, methacrylates, styrene, and hydroxy!
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 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.

4a



a curabl e conposition conprising a binder conmponent in an organlc solvent
wherein said binder conmponent is selected fromthe group cohdi@Hstry

(1) (a) acrylic polyners which contain at |east two functional hydroxyl
groups and are derived fromacrylates, methacrylates, styrene, and hydroxyl
functional nonongrg Qft aAbtGE agSEY t}@tua@moslqu@ln@@ hYettod BOtYYORNRS 2 Patyhat a

wei ght average ol ecul ar wejght of %reen 3,000 and 50, 000; (b) polyester
resins haV|%@d8@“$@ﬁ§¥f@%BaWUW€P?%ﬁéﬂ“ VHPBQVF groups and a wei ght average

mol ecul ar wei ght (§f a15619me§1999b§u9te15'®a9&9w dc‘ﬁheﬁ@bﬂﬁﬁkﬁfdﬂa%b@ﬂ?ﬁbé%ﬂ &
acryl o-uret hanes havi_n Sg at Ieastéﬁgo tional ﬁg{dro%%gpg{l %’)
hydroxyl functi offdl 2 firshesgting Loy adbersd 1 3dF8hPRg | fht ai ni ng
reactive ol étﬁ)@ﬂ‘@t&&bﬂ&t@dlﬁg@lﬁ&hﬂknﬁm @ﬂo:qgafemﬁi cadbeh c@laxldalﬁuphgm e or

there the rapragLaey She b EDRbaY 41 e R e B
3.0, based than@ﬂ% wawerght basndopmthpdmgw tgﬁbgﬁust@g@tmgﬂgwrayﬁan imbegealsy t he

second  cogf WE] ?&éﬁé&ﬁo{? Cnbf¥nd:ilfofite, A8k Cork A Eronfiforfl AUsl 2003
In still ye anot er aspect e I nvent]on_ provides a rret Qd of recycling a
pol ymeric  mixggs ghorecdi Wh?feﬂb?a“* souRarpcrt (upREES Platslet presgienteda) g

E)gl) yrre][l C SWhBlIAL 8rsones ik rciﬁalglaﬁeraugz ﬂ%ﬁtlﬁmeefd@hemlém%@bvﬁla?pmr age;
a | rst

coa er ad st, one ce of .t neric

Sobstrat e (SRoRbE APy PG T gy e ev e iR Harrarshiet

t hr ough t hewatetitigpergibbs orgamid résmmdauatmngﬂlbmyérandoppm&yng an organic

bi nder and from 10% 7 b t I ght
of the first coa ‘ilc? g 0{10%4&%%% 1§8P§%5%9%%%m§%§%3? ?ﬁc}ﬁg h&) elﬂ{ é%gver om
mont mor i | | owiratde cbaap@mlmecomprg‘%\ma hmdpﬁmmw@ﬁ# meanamaanwgémme%m methe

wherein saigpha rshr%a{ endBViY Rk fﬁﬁ%’fdr%?%oﬂﬂa&tﬁﬂeﬁ@te%hdﬁe@fcﬁngﬂle&ibh%erw thin

n a

the first coat’ yer .in a |l el three-dinmensional and
over | appi ng spa%’éfdmr"épté‘?q 15 ?‘1’]& b\)ﬁ'@‘re ifor EproViBE (i5Hes DA Rder i s -
sel ect ed frpmfdmhﬁcre@tqidllﬂle&lym:ue tvaplehaldies fiansadd dgidrcgamireryesdier and

Xt ur st NElRR g PSR E0ALLY, 6 BeaERPAR0R MG, bihofhoad to sai ¢

first coating tion conprising a
bi nder cor’rpbm@tmusr:ﬂ f@irrpa@k@ng earbomatﬁﬁoft@l@!ﬂ@anétbﬁ@d conpri sing renoving

the first layer by contact w pHrpaiep paleriEeeyi ng the container. The

I nvention is partlcularl wel T surted Tor | th as barrier

per f or mance of p f‘y’(”é’?h%'b‘ﬁé“’c“é‘i‘@rﬂ?t"ﬂ%ﬂ Sfstom qupﬁb’r‘gﬁf &r’% ddFitai ners used
for paCkagi'&%hfl?&ﬂ@rﬁﬂﬂe@%f@%§pro@ﬂdccﬁﬁcﬂﬁ@bﬂxlrdnﬁohﬂjpﬁﬂ:)tmmn stretch bl ow
nol ded PET _bot.t

ed .for K carb t ft.dr nd beer.
DETAI LED DEBREH B Ao comerii A et P %Y‘ii?ﬁsaﬂg‘ @ Xria %Iaé’ ct Eﬁd?og pol yneri ¢
films and rwaedbomt compositiapend an optibrok sscond sttstantialy pleatieredg fayem
conventi onal E’c%é/ Q‘f'\% B&g sﬁi%n%ﬂd&%ﬂﬁﬁ%na& prefdred QRIARALILY

cross-1linked, coating
of' the mvennon e races 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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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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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;

(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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Water Soluble or Water Dispersible Organic Binder

. The copolyesters listed above in connection with the water dispersible
organic binder component are the same type of polyesters suitable for use with the
hydroxyl binder in the clear coating layer and described in greater detail below.
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, aminomethyi
propanol, and the like.

[
tLn

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 branched 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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- are ethylenically unsaturated sulfonic, sulfinic, phosphonc 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.



25 acid, nethacrylic acid, naleic acid, itaconic acid and the |ike, and
m xtures thereof. Methacrylic and acrylic acid are preferredyAgbﬁﬁaoggids
that can be used are ethylenically unsaturated sulfonic, sulfihic,
phesphoric HO8NEMEhoni c acid. Esters thereof can al so be usBel/USEH0386s

styrene sul foni c aqgi,d, ,a 11Q; DI I 6. aC] vi nyl
phosphoni ¢ or phosC?h%r?%%?%&abggmgﬁgIaﬁqgégv%@g’%ﬁhéﬁ%%%g}g%é%&su%lp)Cr%f erably
based on 2- 309¥aErHaRsTHibiccorganig bingdssfor thy kerdergompogition campgisesmacivas an MV M

500- 30, 000. - Therra@ts/licipRahk copAlmersaURs tH29) wAllSordia bveBRRRCKIMe Blcfbone
neutralized with an i norganic a?mr .an The  backbone 1 s thus

.an”a ne. ]
relatively hy dPS BiRCrRO HE=ERSs! .f{ﬂ“&ﬁ %ﬁﬂw‘é}? to,fd, upprelErrdl o n the
yelr ophi L1 o1ty b et B B D S kY per cont

ydr ophi | i ci n rther ‘adj us i ired, varyi ng t he percen
of acid and/ gtrhgﬁ%ﬂy ga%il%lﬂpﬁc%?}l%e H"ﬁ%’f‘fiﬁﬁﬂ?@’ %‘E?é’%yﬁ?ﬁgﬂ 2d*6phobi ¢

nmonone roél such2dydr@eygrdgyt nehadrylate; Pagdnpkabueryi ﬁrw\ﬁe,m{démﬁ))?c&m?yb%wgﬁst 2003
PCTI USCQO' 0380 g{i{@ﬁgl ' ti.on,..when e
wat er - sol ubl eg%#&tﬁa?é%{eg{yggg? e %}r?gghl?%d %Pgrag@ﬁ?&g Tﬁgd%@’r]f? L,hﬁ

conposi tion cafgerewns. oHzdwxy meipe asenafineeesearavhen agidigyonpssrd thecaly t hey)
will contedn engsiglding iidetivfiing oR @ RPREmeaNd macromononmer arms, if any)
fromas lowas 0 up t0 40, Fb:hl;:::q‘ﬁla{efer bl'y 10 to 5 30, parts by wei ght of
hydroxy functi onal “HEF IS gafrsepahemer sdormaedy it is pewiralizes yith ap@piingeran at e,

2- thﬁdr oxlyet hyinon@ngtabﬁxl mohl,as Znimwliﬁ?ﬁy)p&@gjdf o&@dédﬁhﬂ;t}%zdm)fidélléﬂﬂ q?mtor op¥ Ih
met hacryl ate, _2- u acryl ate, ~and 4- hydroxybu cr e. These
hydr oxy group‘sh%%g%s %cg&éég%gy%? %ﬁ%{glgm IS’PW@I Wxﬁhtg‘f’%/claﬂ ctu8°$H’§Yu cid -
groups. Hydr oAMBtbamina? enetbyl- hpwpssa),\dimbthpl-AMR] agisupetien erdpasolonl y 10
crosslinking HpGid a}irb%éﬁ&ﬂ[ﬁfi}ﬁ@ﬁy?&ﬂﬂ&f Yhfine arhi}@ aggfi‘lflé 16 RGne’ ggr IS

kI : ﬁia&l@ﬁ
formed, it is neutralized with an’amne or an inorgani c base, Ssuc
anmoni um hy dr R dAMIse & YRneyastay Riepangh @nd perefomedinoreanicdmssist o form a

di spersi on. Tapmealunakiyd@sidehat can be used include AWM

(2-am no- 2- net hyl - |,- propanal )., .di nethyl - A m.no .net hyl .propanol, 15

ani no ethyl pr }xgnéfg{h(?? t I%"lgrag‘{ {hcéﬂb‘%/maﬁgﬁpgeﬁt‘?}feé?lg&‘ea#ﬁés ﬁﬁﬁ"’tﬂ e like.
ne pr ef er r echysoplelic sndpdntainget logdt abowd P4 by wiameitl funpti@fab nroedmierso sghni c

base is @MMORIMM] | -pe : ¥ used
wherein the graf?%g{dg_?ﬁg??%%ﬁ@yg&ﬁﬁgp %gﬁdﬁ rlﬂéy géllggléoﬁ?f?rgi’ﬁstga?’m }éggltl Ogﬁout 2%
by wt. acid fiif@cibhurtapsspenomersfbpbackbonsotibe ppiymenmoutdbhacryl i ¢ aci d.

The graft mayhyelesyhibic A0dEBnedn 1e3s ARUI0Y bWat, &ifthd LUis ratigndiyicidnanal
nmononer. The backbone o@%?grgﬁgéggﬁgﬁzmu d be . hEI?TF} hobi ¢ and contain | ess

than 2% by wi. of & PO S pSing MAOMeErs FiRithty acrylic
pol yner s, usiabgveidmidriied moafoaeykc pslymerst wigh atlease 2Uetscwi. hed ligraafdtoracr yl i ¢

o T 38 bbb e S By AL, O o
The number average molecular weight of these 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,
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| Co.
i socyanat®es, Gsig oag) 4’3’)76@)?‘8 puc 1socyanates suchas%% T(ga er );

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 compositior_xs 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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presence of up to about 10% by wt., based on total weight of solvent, of a

25 co-solvent, influences exfoliation of the individual laminar mineral platelets and
allows their free movement and 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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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 conventlonal solvcnt—soluble acrylic polymer conventionally polymerized from

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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0C to 100C, but nmay be higher or lower. The acrylic polynmer may be any
conventional solvent-soluble acrylic polymer conventianally palyngrhagd
from 25 t Wb esdvormononers, such as al kyl (neth)acryl ates hawiorgusabAsgez car bon
atonms in thgaserdangtg of .fro 1%0 18, and st Lene and functional nononers,
such as, hydroxy" fﬁ‘ﬂ‘?fghéé?%e PeLHd PR Eﬂe&xi SR arpfrmed fipmadow | n
addi tion t omdeculamgogingobohygiermg wdighthyetaga ol aRPXRRIM irOfhe titredrear
coat bi nder raBy3ddydN&logpontain up to 40% by wt., based on the total weight
of the 30 binder, of "a dispersed acrylic polymer which is a polyner
particle disper s@he icareznt thy diaprirecdrstiiler, polmeerds nomprsedaif ypolymepaed i cl e is
el o1 018 St adlié aRfoRkrUaichally KIRWInAS<S Al ikl 6Ll Al 200 1 hE
pol ymer particle is p OVL ed wth a core having nacrononomer chains or
arns at t achBePeEef(E). Sitavle aongmers mcjude|styreney alkpk (matiecrviatehaing n t he range
of from 0. lalkpl @rliornatome s the3angbhet ftins Pes $S8ktRAENMEAIG WRhoapREd | ncl udes in
the range o t 10% by ...t 0 90%.hy ., based on the weight of
t he di spers{é]ar]%%%%&ﬁ% ag%l, _‘oéucc?‘oaf’e(%%l?)ﬁﬁréfﬁc ?‘f’gfﬁlﬁsg‘ﬁﬂw%@mn&r wei ght pol yner
havi ng a wemghemense her apticaduharomees gietude hydwhgaiky Hthedact/ b0, 000. The
ar ms  mglge %@BMNCJ‘WE\‘!&WN&& QOrQQr%gq;é cﬁéssi'n]ge%t oﬁ‘glgﬂfe]tusg%??’ WD 00/49072

n ht Of the d S po

PCT/ US00/ 03802 _ based_ on the weig I Sper se ner. The arns are
formed fronf&RiFs srsimethecylajgs; gieh apallyhmethasiyiatgonibraieh reviocagmnnol ecul ar

wei ght in tdfbydangenwietic vih ROMRné@onkbisdRnaghe core of the di spersed
acrylic polyner ”j'}?c compri sed of olttérreri zed 5 acrylic nononer(s)
optional |y copol YHert EWFﬁf%’Fﬁ*ﬁ Freddp (HF came AN s Palymerzad fomy <) .
Sui t abl e nunomees, such aslalkst fmethecryidtéstavinget o) Boaydoatomavipgicalal Kyl -
car bon 13t ongE,gkdkt =Y ; ni.call y; unsatur at ed :
nonocar box;r/H%/ e gﬁlﬁx}i@:&gﬁn%ﬁ c?gr)r%]teh ggorx %I%}kcﬁgrgig%?acgn%e%idie%f:ﬁ'i’faaont ai ni ng
MONOMEr S. A¥t- optional monomers include hydroxyal kyl (meth)acrylate or 10

acrylonitrile. m{d[@mi}ybiﬁd@ﬁnﬁQngmﬁ&? %9[;1? rivﬂhéphésmtglﬂ@qvéigﬁ use of
y r

eact ) on - oFCREAPEIS A OTue B OBt PUHEEPara e gt e g0t |
macr omonomée S8¢hsThe Taolige fobydstee wilb varyria yhdrangobsaet i-3@¢ {bromoegononer s,
Pydr oxy. con aP A Ok B S BB BT foh 20t 6 h ol acr vl at ear - descri bed
above. The hydr dejyestsrnattablesfor uieswith thelhydeoxy! pintstes ther seabid-tieiras a GPC
of Prom 2000 o et L HLAH) nkARkEhey bty PR AA " ange of
from -50C toublenpcestespcaiyentionaily polxmerigedifiom putabls pohscidsnigeludingf r om - 20C
to + 50C Petiyaiitatie pslyickbbkAlid Midsasd Witable!gosydl WiotVinckideder in the
(S: g(r:]\?gﬁ fl? Lﬁgplyggﬁrse%@%gstgérgﬁeg I)f ;[uqt%bl%rc%gl%gﬁpﬂa%\é %Qltylcg:%ogﬁ}/c g:?dsaar}g

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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sol ubl e pol yesters conventionally polynerized from suitabl e pol yacids,

~including cycloaliphatic polycarboxylic acids, and suitabl ey Mﬂgé% 3V\/n| ch
i.ncl ude 25wpaloyyxdri ¢ al cohol s. Exanpl es of suitable cycl oaP¢platl

pol ycarboxylic acjds are  te ropht h Ci exah dr hthallc aC|d,

1, 2- cycl ohexanedi %‘é‘t‘%‘?&? P’Eyc}%c?il%’?' %‘9‘: E‘?‘ET‘E’HE‘?&%@%‘HC@PB E aci d,

1, 4- cycl ohexanettidials texyiddivlgaechentylgiyesingicthgleat ghcoh hydlahdxanadinh,

endoret hy! engl S AALABNA! L B Sniarkliof LibAIRABNGERGRT DXV T € aci d

endoet hyl enebexa [c acl
cycl ohexanetfé!trnlaclayl@@(ypw amnaﬂh)dnbﬂuyaltomthalvémrepmakyb@rw| ic acid. The

cycl oal i phat &, %t}{ﬁ%? ﬁﬁlﬂ gytﬁﬁio‘ljsm% d}aﬁyéﬁﬁglsﬂwaﬂ%l ﬂoi&&h&f&%ér cis but

also in their trans npl es of

sui tabl e oﬂly%‘éraﬁéwlﬁpéoié’&qnéﬂwﬂhl Wdesirad, peselydge al?&h"]ﬁes‘l?é‘é'é febget her
with the CY&Jaﬁgﬂé mhmmbp os@hmcmmmbha aﬁbﬂﬂatc@bﬁp@beﬂjﬂhﬂcd paegblal i phatic
pol ycar boxyl i c ng% gq ‘ﬁh%‘i( rcH? E‘ phthalic acid, isophthalic
aci d, terephlRAPE 5&‘? pae be yiudricicplblss  such as, tetrachloro- or
tetrabr onopht hal | Thegdcdrd edditing dnycamxdposyioﬂmplcysa:drdss-linﬂéhgbompcrhem sebaci c
aci d, ric I d trinelliti | | c acid.
14 WO 03?5290%“’5 "}fddﬁa‘gﬁ %ﬁ@cp%ig“c"ﬁéf? lg&f i 5‘,3%9&2“%%{5%‘ e

al cohol s i nck @d@!éﬁdwiﬂenélegﬁty\a@isocmpeﬁiemscw@l ﬂlabﬁb@&ﬁéﬁ‘i’fﬁ%’”ﬁ@%ﬁedl ol s,
neOFeRt yl gl yigy, taﬂﬂb %F méltcﬁ@&n?hb’ﬁﬁ)lss %1ﬁh(€r Exavistit OF the hydroxyl of the L d t
cycl ohexanedi net hano rime enta ane i 0 i tn
i nethy 101 ﬁré’ﬁ% comppRALY WPE‘%/%‘%H%%P Eemdi HK/M‘ B‘é‘d%/[ﬁ% JE8Fol |

pent aer yt hr mmge, oﬁﬁrqnem)timmyl Brli. tSulitablerdligpimgde cooyeiihkdry mchmtcmmame:, -

POl yet hsenc ALYE Q) S ARLPLARKLENE (hERbnat Lbolfalct Sfl igRpaliyer T

al cohol s;” suc ano aury
et hoxyl at ed %nctmbmm(éd ngh@homdtﬁwoaalswcb@amc Imécfpmlﬁﬁg with

pol yhydri c qk&%%@s mImae%ﬁEdV?\;gﬁ!nd@&%bl@Qsl@Mﬁ&mﬁ&HﬂQﬁé Hii Ry SEE 0YS a
cross-1linking ¢onponent 10 I ncl.ude an gnqrr(grl c cross-linker or

a bl end t herl&ythorgns (EFB@?J‘P‘Fn%@rb'P‘P%’YEﬁ“S@F‘MaWtT foly BOCYHRE i socyanat e
gr oupsI SUE h H:il.@klcﬂlbﬁylrcﬁatsb@aﬂitc aetlﬂa:ﬁﬂhjdﬂl&hsxﬂfene dipsocymae] ethgf ethhlenel i goneri c
cross-|ipker,.per e a e r X t onent is

in the ¥ nged'Pf’qfalng g"ﬁ lirﬂnﬁggf?c X'bsL?f:y 2 L’raa[{he "y]exg{lﬁ&y?ﬁ%&g of from
0.8/ 1 to 1.3l3-naPbikeabtescelargimbis@- 1smmaatb¢mk@p&ylbmthmaadormt ic, 15

aliphatic, qg c(m%[) Fm?g“’ﬁyl'e&@ yanat es, trifunctional isocyanates and
i socyanate functiagna ucts o oly and, di ftllllEl | onal. i sgst%anat es.

More specific i sod{pRifdidsn crlﬁmiw@ymalt%Sdeg)a%wge pthare §1ig0qyandiet hyl ene
di i socyanat e, 3 Sltﬁzﬂﬁé&rtﬁE@cﬁﬂnh@oﬁmﬂi%ﬁolﬁnétméﬁcpﬁﬁm{ | BrivBierdi ofs ocyanat e,

t ol t l.oh d t et |

i | Socy ddat ARBERPRCLMS A B AoAIRTE Sseran A FRee e °"°
di i socyanat e;adi:nﬁflpbeﬂyd:chm@ 3380 frpanBayer Cotpdpativap Phiasbanpd, BA zmddlyfanat e,
bi s-(4-1 SOCyLﬁ%E%ﬂ’s%bR&Séé/ bal sog}:f‘&ng?enﬁc aiid 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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4,4'-di isocyanatodi phenyl ether. Suitable trifunctional isocyanates

include tri PRV 35S;.hane tri isocyanate, 1, 3,5-benzene t+ii sp%gggr@tggm and
2,4,6-toluene trii socyanate Trimers of 25 diisocyanate, such /§996/03802 mer

of shexar oty oo ‘%’2“' mﬁ?‘.ﬁﬁpﬁ'eﬂ?’%}%ﬁﬁ%?aﬁm%kﬁesw e G PR Bhor one
di i socyanat e arg 89%"[“!0?? 56%381‘58 Frthernore, trifunctional adducts of
trials and dii socyanﬁhmoaﬁﬁﬂ@h@a}rﬁwﬂcﬁb&ﬂm E_irnl:i&;?; refefdbid il hefxanat atyticA ©

preferred and t sophor on exapet hyl ene _di I socyantes ate nore
30 preferred. 1"[§‘l’e‘m§"rE §§§°‘T‘alxﬁqﬂ ﬁ?ﬁd&?&ﬁ C%ngdﬁ@qeéﬁaﬁmcrahhm thelamotutent
cross-|inkefs Gﬁltal)tmecddyqb&)rs;ahﬁ"a&te@ xfestﬂmv%ﬂldieﬁhﬂﬁ:@hgélé’ﬁﬁé@ bWEl@hOP“Pe the
~ reaction produ 0f, 4 luk?’“ﬂ; lg)‘gqel"\}/ Suf E i SO al e%

di ami nes, such as i|sop or one ¢ Risttergply;a ‘bfuofit'i‘EPQ 0%%% gl t he
reaction productt @ﬁs%ﬁl qaythe (galovright cs’@mmm:{s in metcbyﬂposﬁ:@buw WideedLpe, W t h

di am nes, such ofigatd tehy t ol yaspartic
esters, which ar&mt%’g@reag% P%Irzll %{E@ ugl%’ecg&pgﬁg%imngﬁm' %b §¥m ‘E@bﬁéﬁ*one

di amine with dif8f Kfi'angiraegsesuch gspirigdyleapdiamine. fiicsacasalysts cambe ubel

f or egoi ng &@di hlomaak 1rc¢dn§\mchmlilkn£ﬂh$caﬂfo& LORIBY, Ghcl As%cét‘(@ééx&bkﬁyeo? D as, for
15 WO 00/ 49072 7 9%1 aliﬂg?O@éﬁg%OZ ex hose suppl ied under

 the trademark a1 en r% r‘H’ﬁé YEHEE °t°%89@’%!‘ péamaarkon,

Pittsburgh, PAF aSFWé giblityh kinrdilagmbepmnidsn tvaifabletfeorh Bt tocheRf M6AR! Y

includes a cat alnyics, lné‘@h‘!%el?ﬂl apgatal yst for accelerating the curing
process. Cenerally, anoun 5 catal yst needed for satisfactory

results will be in ?h%ﬁ}’ddﬂ e 9 Craspdinkingompona0 of thethinddr of tlee sleond 5% by -

wt., but pref ec(aahhg compbifort estiEnokht 1&5&%90@%{&%\;&;{9@9{ ch ¥4 ¢ px{éﬁsed on the
ositlon dl I'y

total weight o{) m?{f’llds in the
catal ysts can be use cHTOUR Consisting B{E’r’i*éi’é'c hydracadions Séﬂba& 9¢!r€tl¢um
dilaurate; anerphthatdraylenesykeeses, suﬂhasaﬁethy[rdngﬁm&{o@l@eﬂbﬁ,m RSbutlNESEne

catal ysts can n with ca ylTc aclds,

such )alts acet | rhgtg?lﬁaﬁ&%t&% Q:'?ﬁcélﬁné $ ‘%‘?Sr ée“c?ﬂ hﬂ'@} Besge gr él%?ﬁlaﬁffﬁ't? 8 al yst s

i s mar ket ed urﬁ:]é?“ltem?f F?‘ﬁ&eﬁﬁ*ﬁhﬂsPmpabmeab’@ol)mdmﬂﬁctﬂylb&lhquacbtam diteaur at e and
| ali0e fanesunkEbf ordhgic s PA. ..Th

i s avail al®e or»g 6 SI%MIIQ}%'IO}(;&I@E&% uﬁgﬂ%e {J&trh@&j& &Y. efl ab el NC. ' ng

hydroxyl or cry i nking co e secon

conposi tion co(r%t%zl fiesir ?agg%{m%@ed’f%ﬁ%’@éﬂ“%nif%lf% the orgapiccwmivent

sel ect ed fromm%ebfgacbhqilacmwcshmngerﬁioﬁﬂh@fﬁﬁidbﬁ hydrocar bons, such as, |,
such as ne ket one, et hyl

1 oo 7 S Y 5O Bl o
acetate or )ggﬁltlgg%tsgqteas ¥ dcreghsrs and etgheic o iifoggamic pigalenBStop taRNg Gee
gggg ﬁljs ”nggezoﬂfng% Rear @&?F& d;%lcirTve 139&9”9?(1 3gyoéon?rogggnen(t:s How o ?rrpl oyed
agents an toughemng agents depending on the intended 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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as the desired amount of VOC of the conposition. If desired, the organic
solvent may be added to both conponents of the binder. The saggn Jdogyer

cl ear coatvo@np@si ti on may al so contain conventional addi tcraspsgeh as W
screeners and organic or inorganic pignents for tinting the 25 otherw se
cl ear coat et pasiagrof tsnapyallydess thamige) Bifpteso ARy waga%-rﬂr%é WRlEBgnc ont r ol

agents and Lo4@RRLIAE tRGQRE SoAlePaMEirtg iPPlabdiFiniaflovBfl f6k Kadionareuliay t he
coated polyneric suhst alte. The foregoi g aqdl tives nmpy be added to either
Flf ot gpp hichg

the hydr oxyF‘aHFg‘?fF%%‘Q‘? WA CEETFRSIEN (AP WICH SR Bg™MPPon t he

i Ete'ndEd us eodt@p wgesym?,_tmggmmeusispﬁy a@@li&h@&fl&i\»ﬁgommi ti on; of

the I nvention,can be a i.ed to racti ca a 0 ner supstrate y any

conveni eht  SHPE! FEPRRETT f WRICHH AT Putes oL dish oL KPOraHoeall PRSPt o 1y

assi st ed spbayeajppén aaatbe@ancaletied dising chilabratglanprpr esseangunng spr ay, m ni

bells, and d| | o, g : | i rless

spray appl i%zlri’fp %girtll,lryg)(r? f@y%%%d(}tg (??) ‘g’ﬁgﬁé&gﬂ?ﬁ ?gf)ﬁ[g?‘lj%g'atm %l%eg:i’élrx?ﬁr%rﬁ? but

spray 35 appki &am o SO anay plsel be ypedopisiirafions valre aemplsicicarpaef on of the

tmhnerfta)ll pl a%hfé'b%}rier etris%@ﬁr%eme?mgaw&aﬁeﬁloffﬁﬁ ik Ch &Y l;IQ@%blv@fk_Ha%téPr, and,
ereby, optinmum and .consjstent barrier perfornmance. For applications

whi ch rhui tleargnplisapaliad atter laghipg %‘beaﬁpﬁ&n bﬁfé?fﬁ#%ﬂf@&ﬁ? F¥y i s al | owned

to ;Iash/ at lagefisyetain i@@lmixietliow&? th ﬂaskﬁathﬁlb'lfl:rfi\ugllltﬁﬁow up\WO2 iAY80 7 2 .

PCT/ US00/ O 2 art ri tine, usu s, 1 I Ut es, during

whi ch ti rresﬁg?rgifpeé’ac a%g\};gg%lfagﬁseafc Qe ?‘ﬁ%qﬁattlﬁoem ggape%@sau%g?r? a f(;Dutlo_s placed in

an oven f or3Godiutésonktie cwing tgmpeastuzespnd doting tinge thay| vavawedtlyt andpwllat ure. For

appl i cat i onge uhi 61 eLSRMHHESG LN Sufeinc eg%hgaaﬁ@aj%d%%@mpehhe barrier |ayer
is. spray applied and d l ash at anbi' ent, tenpegy at urcc??for up to

allowed 'to f €
two m Nt esPUYMPES Subsgig RsHE GuER a3 the BMEAVEF Whichiihean Wihytandrelevalrdr can be
accel er at edietipengureivithodiagellingpsoérvik@depr@dinguri ng at a tenperature of
from50 to 60C for from1Q t 0. m.nutes. .H gher, t erat ur .g., from
50 to 80C, ey af Soyenes ustaied iR eieans Akl et sTRRR o S e { ne
barri er | ayehichdolimyguiovedet dfedneerdioplis neitto de lofitedey thedxampyat . The sol vent
based 10 C'iﬁgr_%v%%glicgitﬁm%%wd after flashing and/or heating the barrier
| ayer, and € - lTayer systemis then allowed to f]lash at amnbi ent
condi ti%hs for upestspeEImensuvers sprayerbysing @ standard RecHilBisisansuppartedar e oven
cured at frndGRid spr@Pfud OThd diPpreddird ﬁhpplw“ﬁ'k etlbetvech® [UI70RRi t enper at ur es

osf

e ve. | Tenpande QFL Kakodieniing chevisrosy o ST USSP ny cur od
and the ti ngprayiag todki mhced dnical. Slitthet Aligr @Eﬁ‘\kﬂ#@&iwhtle mmasa'blate;dﬁqut hout
dot ai 1 i t oy G Hs BoRRah b Ridaod i PHEna Byl ok prtpd LB LESab I R 2L o
i s not X% blengtheif thecrotaying fhotted apate ©f oBppass expry| 2 egendmionthe?odter0 Test
speci mens Vi fRANWER RN R B8 Bide ORsMllytictwétn 2 &HPPRIs R %rom

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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‘hand- hel d spray gun. The air pressure supply was set between 40 and 70 psi
5.8 to 482.6 kPa) depending.on the viscosity of the coaposityapugbgiongs
sprayed. S¥PMNi2t ook place onto a 0.5 liter or 2 liter PHicHotdoloasarhi | e
it was rotated,ahg It axi s between 200 to,400 rpm The spray gun
was passed up angi ggnv\?\l&tal?g&ggglﬂéens %ﬁm’&? S‘f‘%’éel”gi“'at‘ﬁ drifspMeappormethodafa of
one pass ever yudadaueigetment ateheongentionet andiatiutie filae teatiice SIRAFGNEL, NUMber

of passes, usuibhicabRisesa vy dxPodin om ~a_ di stance of about 15 cm
' b 80 e %?rﬁge&crr%qr%c%?odaepla%? forasnoul der, base

The objective t0.insur.e-cquera
and neck regi Qﬁgﬁg?er@%ﬁ Peaed OEBE’& men at a generally uniform coating -
t hi ckness $n tthegemBaencability? Vialer ons or | ess. Coated test specinens were 30
then placed in an @){g gxi]rcul ah{hﬁﬂ oven to dréyat a tenperature of from 60C
to 70C for betweer BEShBTTEARIIN 1S detemingd By pytting pd Qrbhemisauaro e ases
it may be destheatideewslboba eoatedBE Tthoetlesmdimeuidtg 608 eR hydwidisn ﬂﬁé\%ﬁ} rate to
be coated to @Rh3BGER i fi 0 I r.tq the 35
substrate and{lor&?o ien%rgtﬁ;@ea%?(ﬁ’tr%g%fl ItIb ﬁsté) Sgrhggir]gé éta?@)ctzﬁ'g 996%1’@*4{@’3
conposi tion. YR tThe cppiaings wvallpamnte was placs iv diesMoben eptdetingth st ep of
treating the simogeseusitr ddlovingbBoRandafthy elsunBR REEPLUL NG Lhe coating
conposi tion V‘@cg{i‘lilﬂageo%% .tF Jnnqb{aoyteﬂ surface adhesSi gn characteristics
wher eby the coating cormpostt ol Pilugh disslvederygen from thaguymple20d3 WO
00/ g) 072 PCTf lewﬂdggbﬁogmﬂraadidgor’meyﬁmﬂt@raeot@thb Remple Iees tinGepidld aceI whe 3
it dries. MeaRfhekydmtdg . re-tregt t are conventional an
i ncl ude fl ane %ﬁﬁ%ﬁg a%?féﬁlﬁ%%{eg%%gﬁ g@hgﬂﬁ?@gﬁﬁq gpount AHOXXEEBX posi ng
t he pol yneric?” 3¢ eensatedgheough theyample predieswed wing pensad Tk tine. 5 -
Oxygen Pdimeadvietage yhivialede oy @ampRENIEARI sk LN cutting a

3 he sl de iedhely HELSAOL R

10 X 10 cm s from the side |l of a coa id measuri ng
oxygen trans%Hggssﬁgﬁnetnﬂ]WSﬁwdtf’t‘?élc\é\‘%é"c‘ihﬁ@ﬁy%m’gnaamcf@ﬁSt@dtanhlmiﬂs@)’fSO s/n
1187145 at 30¢C raikd00 @9/ daglaami \Gontiol Fetiurdmenth ef iR d ik oW@hlofaP! € was

pl ace in the i h 10 nitrogen carrier gas flow ng above and
bel ow t he sa{%?gq%ng It \;\q}ée'l!'\I,\'l‘e#qw%lc‘)vaﬂe"hﬁgg‘?sﬁrf%rt"é’"HWF’gﬁYBWF“‘FW Her to
f1ush di ssol VOfles{giranbanatsgh heveraganaridesofindtinks btechetween280KF0ahiebng eadi Ng.
The ni t r 89en Giieneas MeassARNlserg'RE ol R4 QS@Q/@(%&S%@J]%@ feh fv%huacﬁhﬁégﬁft to

equilibrate gv ni t,.@gd t hen t he anoun per neat ed

t hrough t he é%“é“ MIR'QVEF ¥alugs indigating koves coloThéhd Sshaveightgd samplekness of

the sanpl e wassniegsmined by diedna e sampEb $0°@ R84 ﬂﬁ}éﬂcﬂm@%{ﬁqﬁmtz was used
of C

to calculate_tk rmeabjlity for standard units ml/100
i n2/ day/ at m réc%“‘%ﬁ?é’%%%@%ﬁ‘?éﬁ%‘ﬁ@es were carried out on uncoated bottles in
the same wayPr of trdkoremg Comipositioner ci al |y produced PET bottles

for carbpnat ed be . i.nks are between 0-350 mcrons. 20
Col or was nmeasur \éﬁ{ﬂ%ig%&eg‘p%gﬁlgérlg%% a%ﬁff/ag%m?‘?fé{r? i) et i g’éﬂ REPYHes of

b* waler-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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(yel l omness) with | ower values indicating | ower color. The ash wei ght of
sanpl es was determ ned by heating the sanple to 600C and t henggfiieioos
nmeasuring the residual weight of the sanple. Preparation of Gas Barrier
Coating CorpOHMMPGAH 25 Unl ess ot herwi se indicated, a general PEFUSOUBBE was

rccording Lot he | MRl Rl e ks et SRR A 8 6F
cont ai ni ng 4%bm6ﬁ33mmlﬁ floonCyiec d:thchl)%tnewas 79%erve/v qruepas sdution) Goobi ni ng

120 g nmontnorib a aliter
beaker. The d%mbgl)g{rigg?{cg T&é%%:%a\%géazﬁ%{g ?Ljﬁ]ﬁ%gal (ﬁla{aéérrnabn er and

the beaker waBlPHECES SFEEUSRES m@meélgrsuﬁpxgwté rﬂm@ymﬂ%e}%vwmomm@tem xer
head posi ts On&GSGI%dQHQhéwg.ér@ibohh? nRRAKS! ThefealtBrd. Smeo@“'M*s&gl ®% SbritisRcY

wi th reduced en ai'fr egun af 2500 rpm M xer rpm was
i'ncreased to ?E{)‘g)? Fgerﬂqﬂﬂp?rﬁé’crﬁgmw%\lg%ﬂwf‘@rﬁd&'ﬁ d\@HePuHEe Weow y to

al ljowhf or di Ssﬁﬂmml anldmllohedwatsﬁnrformgddnmﬁailne mgte§]§| rreg for 5 m nut es

and then 35 the m was r.al sed and, cl eaned of un-di.s

whi ch was added bﬁ%ﬁ?{:bgrﬁgséﬁfmcr lﬁ t@\éﬂﬁ‘@ﬁ“@b&h@ﬁ%@ he rpm
i ncreased st ebﬁ;ltkbr;andahn&am@mgmman&llmrsywnmmﬂm amqpﬁradraﬂmutﬁrl ITha uni form

slurry winho 30

M nutes. {8 $‘v&t§f¥§? s, P BbAb 6 B BRahBm) Witk BESSRRERH nder
conmponent vva sbaspmg spatileptperstirrss wakthghislegved 30 thegpaimt wheyeHie® waba yeresi | abl e
from Cytec | nghisk jds{?@o@?ec?ﬂloé)sw ﬁéﬂd%usrhﬁtﬁkéﬁa}éarﬁmdeﬂfs&un&a 4aftHepl beaker.
To this was added, .89 grans. of r]1 é m Xt ure was
stirred usi nd X sHGR fhi?pgiqgrfruB?c &HSF& Eid‘rz1 r&ﬁﬁ’fﬁ 1§t9;8}?p‘-1 iEedl y 5 -
di ssol ved i n mhemoesiilenit¢ slnotyt ’IEhlsnpmuéseson aboet Eafmietes3o pommipledé alll®4ds 10%

solutlon an I I ded
" dr opwi sé's %Ag?]edso S0l 9‘%%”%%% 'fgo%&?thje deﬁ% g%asgﬁu%%%%ﬁ %n at 10
m nut es. TherfPSFOWef lgisrast sa that thﬁ wwtwodusanp@medebtg Itaer Wholnag theeioliion | nto a

1000 m  beakgss saNdn&Hild. rBk rdsilRRg ﬁﬂxﬁw&rstﬁaee%wly 5edbod 3 mikut
power ed notor., .The, 10 Iurr Hﬁﬁm‘%{qlrre dly at’ first tq brea up t he

t hi xot r opy. W]l?-:’ﬁhﬁlllfé"' E‘Hﬁ’i@aﬂﬁ q he popting COMPRFLQAWaEhen s| owed
to the point mﬁt@rferﬁiwre vvas a vortex which jUSt covered the stirrer

paddl es he prepaf.e tion was_then e nt o |ng

f unme] anaa-added V%ch?h#e%zq%?gﬁ huqnh‘fsgé?%af:?f@p‘g Pttl}e H?r?g zBnl te
slurry. This lpredets exanplestydhich lomi west prepared eofoplowse and was 15 carried
out to ensuregyghxdixi ng. Wen the addition was finished the stirrer
speed was | owere s_"t'hat t he vaortex di sappeared, hut the whole of the
sol ution was stil Il nodeifellowing ingwsdients{i ermslwereleaded intpaggacdoiwity f or

abotjt 30 i nlﬂg&ftorﬂﬁﬁl@é&téﬁﬂo&éﬂ@g(]ﬁwm Kﬁﬂ@xﬁ@er@ﬂrl &Rhpuegeand then t[]e
coatl ng g?ﬁpOSl I on was rea %d §r(}éuse n acrylic resin ,%%r‘rg)om 1 on
e coat

used as conponent of

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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| ayer in the exanples which follow was prepared as follows: Acrylic Resin
25 1. The follow ng ingredients (in grains) were |oaded into7Aug8&G0B W th
agitator and heated to reflux (150'" to 155" C) under nitrogen purge. 233.81

Aromatic 10%&%@0@% Propyl ene gl ycol nonomethyl ether dcet at e&8u&do/03s02-
Xyl ene56. 67 ol owi ng ingredients were | oaded into a nononer feed

tank in the order phowmhefallowingsidgfedientsOvert indded in thherddrsheows imaanf ed

si mul t aneously. 30 . thr o i i dq. s X; aHRef | ux
was nmai nt ai nedlnﬁ\laf%%?#%?kﬁu%r%gt@%?&gg}%t%@er?fgﬁfﬁéﬁgﬁé- Eut&%grfa{sﬂtlﬁﬂgggalzhfeﬁd. 85
Hydr oxy et hyl Beedyll aves B34 nvinutgs Heed IVipverlgpperddieed 11 ‘?)h?%a'gﬁ“ta#-p@ﬁbe;

complete ri “Secﬂ%io&&mm%bmx&}ewﬁéﬁadk&-soﬁhﬁfm&i@dk@&xmon) 4.94
19 7 August 2003 WO 00/ 49072 PCT/ US00/ 03802 1|V. The follow ng ingredients

were | oaded i MaRERdder shown into an initiator feed tank, ,and m xed
si mul taneously, being fed7fohi-eughperosyaettae With Feed 11 over24889 m.nutes.

Feed 1V overl apped Feed I| by..3 utes. On conpletion of F V, the
m xture was held for 30 M@gqgﬁ]&ﬁ%‘WUx was 5 nmi ntai ned. %&?%-butyl
peroxyacetate 24.18 Aror#glene 100 (Exxon) 20.76 Xyl ene 15.94 15P%pyl ene

gl ycol nononet hyl et her nbGhevhyv Ries cdtgte |V t hroughy di pt ube:
Pr opyl enesl%l ycol nononet f@?b@%ﬁ%@ﬁg@ﬁ%t el.y97 VI(.: Heat to strip off
yl

117.24 1 bd¥ 100 gal ‘bf Biasefer Ihrgheh diptybss = 66% Gardner Holt Viscosity =
X to Z 15 Wight Average papaemd @ycolhettinethyd e@dPatwat?, 500 as neddure by

coat I ayer in the oXbmpiet SRRty b TS AEREPRE s F ol Iowe: ol yest er
Resin - 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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20 1. The following ingredients (in grans) were added to a reactor in the
order shown with mxing at 50-80C. The batch was heated to 24Q@;2aG003
distilled W% water and held for acid no. < 5. 90% nemmgsymmgﬂoycol

in dem neralized t gr 1, 6-hex di,ol 53.96 25 Trinethyl ol propane
115. 29 | sopht hal irﬁagujsé%gi‘?‘%g”“Rz“%?%‘f%"q’ra&giaﬁl“ﬁ%“és Pht hal i ¢ anhydri de
63.64 11. Add to cool Methy! ethylketinen acid no. = 2-5: 30 Xyl®e862.12 111,
Add to thin: Toluene 14,54 Xylene 11.70 20 WO 00/ 490727 Au?ébs%%ZOOS

PCT/ US00/ 03802 1V. Use as reactor rinse and solids adjustnent: "Nethyl ethyl
ket one76. 98 Tot al 987. 65V kPSSL0ss113. 65 Yi el d874. 00 Wei ght11Saf5 ds = 8 1. 0%

Gardner bBolt Viscosityyeld+tl/4 to Z+1/4 Acid Nunmber = 2-5 Sjjy(_ﬂ]'oxyl Nunber
as a

= 130 to 145 10 Aqueous,Br ed Acrylic Resin Synthesis (use
conponent in the aqueo&gelggg‘?qidér%oé@i ng conposition, e.g., #3) Step A
Macr omononer synt hesi s Gardikp HaltVisédsey =f XapM ¢hizjed with reflex condenser,

addi tion punps, agitatqr .and heating ntl e was added 57.2 grans of
met hacrylic acid and 2%5.1%1 %Pﬁﬁr?rwt i nmet hacryl ate and 322.1 grans 15
i sopropanol . The mi xt utydvsxy! Nginbat ed30nsi4he tenperature raised to reflux

82- 85¢) u | : 1; -4 grang et hyl ethyl
kot one. 0 45 PGfREof Bahiid L MARER Sy B LE® a0 cootnddt DTBe M Mt 111 1)
chai n t r ansPBFICT ER8tERFEMPAHIHOD B Yr ans

2, 2- azobi s- (2, 4- GidEATN mhﬁﬁx@ﬂkiﬁ'ﬂuﬂssisvva%%%-ﬁéfﬁgsm&édwid??éfhlxt he chain
initiator .were dissolved. This mxture was 20 then

transfer catcalc%é%te anr:%[.1 ( .
added as a SHBT™MD 19T PR M asand beapngrpantl wasadded 3412 erame of he
resul ting micttagndictaeiddindt2 124l grami Metiayldneteddridstet@aparatga@sf or 5 minutes. -
An- i ni tyat ofsohf2no1. The mixture was agitated and the temperature raised to reflux (82-
85°C) under a nitrogen blanket. A mixture of 10.4 grams Methyl ethyl ketone,
43.9 grams isopropanol, 0.012 grams dimethyl glyoxime cobalt (IIT) chain transfer
catalyst and 0.258 grams 2,2-azobis-(2,4-dimethylvaleronitrile) was agitated until
both the chain transfer catalyst and initiator were dissolved. This mixture was
20  then added as a shot to the refluxing batch in the 2-liter flask, and the resulting
mixture held at agitation and reflux temperature for 5 minutes. An initiator feed
mixture was pre,.2 2d by dissolving 0.039 grams of cobatt (iii) chain transfer
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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m xture was prepared by dissolving 0.039 grans of cobalt (iii) chain
transfer catalyst and 2.84 grans 2, 2-azobis-(2, 4-di net hyl vay augmtoose) in
31.1 gram¥OAE4MIA et hyl ketone and 65.1 grams |sopropanol PCANUsOMO3I8? f eed

m xture was 2%y 8P ROmBudivids rgélé%gg}‘g%e t@%‘?zrag{rgms gﬁ ryI ic acid,

141. 8 grans t hacryl I Soprop u1‘he nmononer and
initiator fe(ggégv@r %“T‘BE PWSP’&E@%@ )AQHH@EP ¢fd 0B P rpuat FWmmglG%gmam ng

m x: ur e |nf tmmgmemgcrytmsgzwggrﬁmsQttehgl%kﬂ%aga&ﬁee §55¢ %sf/rﬁcth? ;’A) gf the
initiator er inin bwas fed over
240 mi nut esqﬁ%}%ﬁg‘f‘aﬁ a&'g%#%n%ﬁ@ls%y% I\ﬂ&é"%‘?ﬂd@ﬂg‘ WYET ABbmifuiest es, and

t he renaf ni AgnEsHEoesdy vitbra mamxrmorﬁﬁﬂé%ramimtyﬁa@mmm 8ig8aRY ORARO|  Was
added to theef gétbé{ékﬂﬂcfp@%cﬂadfogum%ug&g%ﬁj 1?718{311}1% a%g?m%{[ egnd

initiator fee The batch was then and
subsequent | ¢ oaditiags dbaimoramer fredr when/impicteswhs folowtd bipéher esul ti ng

copol ymer S@H(ﬂﬂbﬁﬂf 43s Biey1 Makg " with 35
pol ystyrenefoa1 : W@Sgr Tor” e%athéﬂﬁm%rsfema%g%\f}\g?ﬂﬁe%é\%rgage 5500.

d Eggber ayerage 2000 a

Step B) Prepa é’fei 3‘338’68 géﬁ‘&‘ﬁ HYhateiate pvera migute. dhejreastion | ask
fitted Wit hnnsmlrmwasmidamﬁnx fardiB0 i3 FidGwing @oinpletion af thelfmihiong mant | e
was added 7 0 Qnononer as prepared
above 21 -~ AussoSR PRty “otel 9B FESGSRIY s, ) 2 “PThe
mi xt ure wasSeRANYEEEPIU NG Wasd2 Lhp dMelechlar weizkie thareured ¥ialGPC 84th89C) under

ni trogen bl pollyetyrend avstshatre wke: m&b%rgve’ﬁge @xraﬁa%mgmév& 2 P90, but yl
nmet hacryl at e, 15§ 3 rpams 2 et . . et hacr]yl at e,

) %Vgrrs ‘et hyl
met hacryl at e and™5F2-drans 1y -’ YEry 11 & %ﬂﬁé‘df Wit 10 m nut es
5 Si rrulit5anew¢|1$lkyomi¢dselaaddmmupmnp§ a@étatér @rﬁcﬁlﬁ&tnhglh)ahtlaﬁ@& ad®dand 9.8 granms

hgi tati on' s B Ao altont bR ol MHeL R ueP PR Ve W LA SUTRT et e, was
fol | owed bySalpgon ‘é[@ﬁﬁ&liatﬂd apfl heated o rafexpad Pl gaares aﬁsmlvcanstnpjmi dffii ti at or
feed, when Tﬁ&fp&l?ﬂx@r soMon W&l t'h@i{\%goll%& 10 136 AAHSHOMP6 Zpfln i1 DULY!

acetate ove te., The re |on m Xt ure was eflux for 180
m nut es foI g@'ﬂﬂl*’é’f‘f‘%ﬁn ﬁf?é“ﬁ‘?ﬁ{opa’ieélwatﬁffé’@é added, epdthecool ed to room

t enper &0ur ercleing heutedizediSoloiet R@s bgitditd forg s n@iﬁﬁ@ls YTk vﬁa@'fbﬂdv@& Has 62. 9%

Mol ecul ar rene st andar d "wer e:
nurber av e\r’% gﬁ%éﬁg% ?\gf agmé @"89‘@?&&’@%88%‘2% i/ ity l("!f’n of
di sper si on Ieshitieg dispersiofiof aqueols bemchédysdyihit inadate ﬁnb sobfedrtetrddmx condenser,

ddi t t 350 f
b a'nc'hgg Bgﬁgieraﬁﬁé ngésP ht@@i 'ﬁ%ﬁ%ﬂ& kﬁfzé{% »9:% Sc 29 G am;g?ﬁnt ed and

heated to rf mﬁs' 'ﬁ‘d"%}mﬁ avmwﬂv%%spts@ipu p@alecsnze WaSTﬂieﬂrpad; yner

sol uti @8f wamedshed b@o@hzsddmul:e@mgéawm‘é@C and 16.7 grams of dinethyl
et hanol am g aqd 10 de-1oni.zed water was added and_the 20 resulting

neutral i ze Luped g a cEMpOREHL 43 the pRpeousbarTes Foased by  t he
addi ti on ofcotpbsi@ognsgd#s amh#Zed wat er over 30 nminutes with agitation. The

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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resul ting dispersion of aqueous branched polyner in water wbt- -tooled to
room tenperature. Weight solids were 24.6% and vi scosity wasaAL&5tops3 as
measur ed oWO @W4B3okfield viscometer at 5 rpmw th #3 spi ndPéT BI793862 e

size was 81 asic e iC l| [ in

Preparat i on #A@ﬁf%ﬁngﬁg? ?mﬁ% 5“’&0‘5’8&%8@8% R t?‘h% ‘g g@ﬂ%’g%%fr rier
coating coniisgnenaser f@edgmd VA3 gramnstofthe iBdtisorSfeed memrﬁtlllmskmfsﬂ}t ddeiddwk t h

refl ux condegsfd wo 186 [ s added
1003. 7 gr amsﬂg\ [IOOtI’lI géeluﬁv%/gtmmxé&g Lﬁa{eo':%lrngpﬂfsll—‘ Q%Ht%gs aﬁ% (B)Eltéc sur f act ant
f rom Henkel \F5¢ Bl GhP 6-383C vigh "%gﬁ”éﬁﬁn fas| lpsnaptes- Thisgufdllawied iy afshotn St epan
Cor por at i50n) addTtién mm& %rﬁmhéer@tﬁ@ﬁxﬁfht&f}ﬂjxlﬂﬁ@%ﬁ@ f&@oﬁﬁgq&ehﬁé fFrngnder
nitrogen bl a P%ket . ggt gsg g}ﬁure SI ng of rans rem LF 40,
10. 6 grans ngaé‘br % afe %Fr %e@f’ﬂ?'ﬂcrde‘i%’ﬁ/lls deto theflaskyr ans

Met hac;yl i ¢ @ d00 rinftegmaimaiafnga tﬁﬁ:‘}fzﬁﬁirahh@ﬂglﬁixohl- rm Rl sQif deet hﬁcr y: am de
in 35 de-io rans_ st 2- exy

acryl ate, nlgﬁ%g%p@neg A fﬁo ﬂ}ﬂﬁg@ﬁl&qpép&&ﬁgﬁg Igsﬁtéorlfé'ltgém zed water
is agitated f!l@ﬂorﬂ@rfﬂtdamcbﬂmlbgtobmel@apsénaﬁefcy fm-rﬁ(}immuwal @he raaxtiotr e

conpri sijng ohixk}e- i um

persul fate |slx 1§&5%%1?£%?6%?&B%€W7§% ug? %tg%“{‘w};{

PCTI USOQ 03 A‘fﬂf‘é“r" Br aF%lPP%OBWQEIaéﬁﬁPs@mwmmﬁe}oE@e@ ofnd

i ni t' at or ;%@Ché&m@ (@liﬁtizldﬁ frorhf&.lgﬂ?f@éﬁbrafu%ﬁ is ARG ahﬂe@o@r@@?m?ﬁteg he .
initiator e aneou agitating water
mxture in ﬁﬂghegbq??l} afthppliton. %t@ﬁ‘g’s‘ 5‘? é4$°$§ t(%fOfP‘l?CHER“aéﬁg hel d at
86-88' C wi t mingics atDOrGraars deSionizad tvaser lsTﬂhbﬁadid:‘edfaﬂmtlw\Mﬂclﬂ}bi@aﬁﬁm 5 -
ot he' "F oy i of L S6ikes? 285 byl bl B AR, 75 e
to the flaslen é&febatqm@%dw@tregmrmnmmtw nY edettt solpderafithy reswitiog lgixati on. 40
gai ns of de-35iBRhAGtheViH BI8.g9added to the reaction mxture follow ng
conpl etion of the nononer feed and ih& bg tch held at 86 to 88" C for 60

m nutes. The reaction 10 m xture is E9l ed to 6.4 to 66'C. A nmixture
of 102. 8 gr dmrietd=oapinp Lxnwusitem, #1 34. 8 grans of a 29% sol ution of ammoni a

Cor por atony i 5 Chei s g° a8 aM e NptaRal Y ety ot ndrlnS O e on
The bat ch i $Mirgral Geligd M@ fgan Softbermadldy Goonwtre 80mbiried iri £ bigh4Ped Gr ans
de- i oni zed WakaarkiSmbiod i RIAELeAVShG0 I8 AREDSE Ol Ghe PeckBeffic C For 120

m nutes. 128..7 Grains of de-ioni afte and t he

bat ch cool e@ ¥ VauRFicawgde 2000 spm fes Whminwgs; dhewafien i thedeliawing | atex are
3 5.7% and ohder 80 grais 8f H©idhiZed WatbViPE ESraBabf inelanfiR@lormaldefiRGsdiL | on #1

20 35 572 géymel@p§85d §om%3|rté§ Pnd\l\ugrtn%g), andd 351 (L)1 g?zm?s ofale 2201@95 nPr 'ITonite clay
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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(Mneral Colloid MO from Southern Clay Co.) were conbined in a high speed
m xer and mi xed at (2000 rem) until incorporated. The~speed pRugle 2008 xer
was i ncr ea¥dY0¥40B000 rpm for 30 nminutes. Thereafter, in thBCTASPFRY
order 89.0 grans of de-i ﬂui.zed %/at er, 13.5 grans of nel am ne formal dehyde
resin 25 (Cymel (r) 385 froiPEEe¥ahdustries), and 35.0 grains’8f4a 1%

sol ution of parat ol ueneCyulef®3BE (melantinenfottraldenidegekingat er were added to
the m xture, and the mxtu g@@dmtﬁ at 2000 rpm for an add'%éignal 15
m nutes. Barrier Coating Conposition | - The follow ng ingr P2nt s (wt .
in grains) were conbi ned!9% Symecronigd¥P 103®nsihnigrsuifactantingh speed ni xer - and
m xed at (2000 rpm until djj@ﬁﬁhiégq;atéﬁldlvme%gg?r speed was dgg fased to
2000 rpm and the foll ow &rg %Ssg ti on?l ioggredl ents were added i'n the order
shown, and nixing was cofP? o o1 paratoddre SPUAE a9d ini nut es: De-i oni zed
wat er 85.902 Sodi um Tni pol gphaizethataer0. 179 11- Added with cop¥ jggious

m xi ng at 200f,L oM (2915 I!i o# MX3. 580 111- M xer speed was increased
to 5000 rpmf gust 2003 WD 00/49072 PCT/ USOQ 03802 5

De-i oni zed wat er 7. D1 EheSpieming ingreg®n(sriwit dnigrams)overataiebiped in Brionjer3. 265

(Oytec | st fiob)in hAERRERAN: Grd il N9B0D OthGnfHnEAGLARL: T N O: 120

de-ioni zed water (ICl ricas), 0.63% solution of para uene sulfonic acid
in 15.485 de-ioni zed wat@F 18U vEteICoati ng Conposi tion #3 1 -96ihe fol | owi ng
ingredients (w. in gransjnensGollo MO duikert Okypr der 10 showyin a high

960 Mneral Col Il SRS PRI YRE KB o SROB IR 6 Sl pinp 00 vas | mor cased
to 5000 rpm for 301 Mixesspeed/was.deprersed te pe@tirpmasind dlor fellowing aid2®Hdl r pm -
and the figl | anhrRdieAddbdrt 8@ 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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15 ingredients were added in the order shown, and m xi ng was conti nued for
an additional 15 mnutes: Aqueous branched acrylic resin 4.9 augysteloos) 385
(Mel am ne fyap g@dodhyde resin, Cytec Industries) 3.5 20 Bar rl;;,(ér Cgati ng
Conposition #4 | - The following ingredients (w. in grams) (e RGAY? ned

in the order showdlli-iMixehipghd sye decraasse to 200 ik add & f%ﬂg@'[{ﬁ? i
i ncor por at ed: ner al lg‘)rfl oi d cI\/D (S:) t g?nmnl ay)

: -L.an| 96.
4.0 25 11- M i#%%@g%%%&ﬁg‘g ‘éh§s°é‘§u)“tsg‘l’%cf’é‘dﬁ'&ﬂf%\”a%‘t?nﬁlﬂmﬁ fogan| ||
M xer speed wadditersldasmigutes: 2000 rpm and the fol | owi ng additi onal
ingredients were added i peihe®qi dedo sgwn, and m xing-was continued for an
additional _15 m nutes: Acrylic |atex 3.43 30 Cynel(r) 385 (Ml am ne
f or mal dehyde resin from Cyt Gcrylieimodifiedairetbar®) Barri er Coating5Qonpositi on

#5 | - The follow ng i NgCORcE 885 (Welamid BHAMRSLYMREsifONMDI ned in the order
shown in a high speed m xer and&}}%d at 2000 rdyrér?tfﬁstnlgl i ncor porated: 35

De-i oni zed water 96.0 M nef¥icc&usEIed No (Southern O ay) 4.0 281 - ni xer
speed was inc e ontind0Mpogitivd #6 30 ni nutes. 24 7 August 2003 WO

00/ 49072 PCT/ USQQO 93 l .- M xer. ed.was decreased.to, 2000 rpm and
the fol | owing addi_? i gﬁéﬁm"u“ﬁ‘b‘%‘lﬁ%‘ﬁ?@g (i in' Gamsd were Cmbipiddadhe pin  and

m xi ng wakd coshavmiad High spead mixeti and omiabd 42000RRM NtV meegaldtdd R- 9699 resin

S5 (Acrylic nodified uretBansized QateY el (r) 385 (Mel anine for%bdehyde
resin, Cytec Industries) 2.5 Barrier Coating Coglposition #671-- The

fol 1 owing ingredi ents (wWinerg ClloidMQuSostheomBilaydd in the ordet.0 10 shown
in a high speed muerMmsﬁgea%qﬁcrggggtmou@M f8} @gg{iﬁh%gt ed De-ionized
Xer,

or eased o 5000 REVAFSHE BE v utciEsstd o 2000 REN, apskbeTolienvidgor cased t o
2000 RPM!Sancdditenfibingmdients 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  Barrier 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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15 additional ingredients were added in the order shown, and m xi ng was
continued for an additional 15 minutes: 30% sol uti on_of Carbguguxst20089

(Pol yet hylwo®o4487ycol from Union Carbide) in De-ionized watgry/8ooddze220
Barrier Coating Conposition #7 | - The following ingredients (wt. in grans)
wer e conbi nedleanCestd? Idisdeyanatshheempenent bempositimad m xer and m xed at 2000
RPM unti | di ssol vegmpbRegk @ni zed water 56.17 Sodi um Tri pol yphosphate 0. 23
25 Il - The foIIo,Hln%(bIl@ngre_dle t gvvt. in grams) was added in a high speed
mi xer and ni xed at "OEYOVEIEIRETFCIt (W oPEErme)eercampPed @y thesitderMD ( Sout her n
Clay) 4.68 shbivn-an¥inxieed &PpS€dnivaksi ncreased to 5000 RPM for 30 m nutes. |1V
- M xer gpeed was decre cse{i t0. 2000 RPM and the follow ng 3 ddi ti onal

i ngredi ents were added FAYYHESBY der shown, and mi xi ng was cofit? nued for an
addi ti onal 15 mi nutes: Hodydstmresed water 32.29 Acrylic |atexig3escribed

earlier) 1.33 Cynel(r) i )R esin 35 freom Cytec
I ndustries) 5.3 25 7 Au%ﬁ@ﬁ%%%%%ﬁﬁ“&%fﬂ%%ém 03802 I.ée)ar Coat #1
(Isocyanate 2- conpisneRevagipersiiennccuatp oreighed) waseombinedwritly i ngr edi ent s
(W . in gramkikideinehé orier SR dhdltheredt HIBE mikhP¥Wad Rkl ateldftinaB0 M nut es:
5 Acryl gg I‘6‘4§I n.37.5 Polyester resin 10.31 Propyl ene glycol nononethyl

t at

ether a MBUCESThe fol | owi ng i ngredi ents, accurately wei ghed, were
conbi ned with m xi ng i Mdeheaardder shown and the resulting m Xtuure was m xed

an additional 10 45 rrizl@% BYK-3% %@‘fég“f{?gﬁ‘ iﬁ%%&g?m% 20% BYK- 301 Silicone

resin in propyl ene glycol nononet er a e (BYK Chemie) 0.5
glycol monomethyl ether acetate
(BYK Chemie) 0.5 i
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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1 %dibutyltin dilaurate in methyl ethyl ketone 4.0 Conponent 2 The
following ingredients. were conbined in the order shown and maxgdst 2008 15
m nutes: Bypwhysgetate 5.66 Xylene 5.67 Propylene glycol peRpsRidyd: et her
acetate 11.33 Tolonate(r) HDT-LV (lsocyanurate trinmer of hexanethyl ene

di i socyanate) (Rhone Pofilean€pati. 82 25 Cl ear Coat #2 |socyatas® C ear The
follow ng ingredients ( (R r ined in the order shown and
m xed for 15 m nutes: 6%%% (%@%g%ﬁ%%mg'ng%{pﬁ, E. | du Pont 30 de Nenours
and Conpany) 25 AK-260 |sét)amate aetGampasy) (E.|. du Pont de3-Nenours and

Conpany) 8. 8C|ehr Sat U130 Aihtdld lcampah&ticlalBidsitRiniy! ketone 1.2 C ear
Coat #3 35 Tinte soc%anite ear e folTowng rngredients (w. in grans)
were conbined in shown: 26 5 10 7 August 2003 WO

00/ 49072PCTI USCO' RS oGlispingtaiténts (0 in SraAmSPRdre(comburadsakheldriddr, E. | du

- Pont 8.75 de NSIRULS, A0 Cl ear Coat 44 (lsocyanate 2-conponent
cl ear corrposslhtoi on d@%ﬁ%ﬁ%ﬂ{gp&%@fol | om ng ingredients (Wm. in grans)

were conbined in the ordlewlicstgsown and ni xed for 15 minutes: H@ylic

resi n25.0 Pol yester respdijodu&2.5p0PY! ene gl ycol nonomet hyl ef
acetatel5.7 The foll ow ng?%\grgd{'ents, wei ghed accurately, were then added

with mixXfhg in the ordefroprisamelyaplomenemetbglatharagetafext ur e wakd-fri xed for an
addi ti onal 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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45 mnutes: Acetic acid 0.1 15 20% BYK-301 (Silicone resin) in propyl ene
gl ycol nonomethyl ether acetate 0.5 1 %dibutyltin del aurateAugustebby!
ethyl ket on®Q0B®72Conponent 2 The fol | owing ingredients (W pcirfsghaiEh
were conbined in the order 20 shown with mxing for 15 m nutes; 25 Butyl
acet at e3. 59 Xy/FEREBUBS iy, Ghpmed o Gashe bir fmmtfhﬁt rﬁ;nh:mmé&eamdmt@@?mu

Tol onat e HDT- La\id(timebyfammlﬂ&@ttmpgerrh@g ¢ ||so anat ‘?) 16. 33
(Rnone Poul eng), The IQGH rrpos ti ons vvat er or ne ayer
coatings) were spray. -ap 6esf‘ 08 coplad pyRsHates pieye f(hnenmwrate) of a 10

nil thick PET dﬁrqrwrrmghc:h Eespscub@t(})a!tgen Hﬁ@heﬁbﬂldy vaﬂe§wcfaﬁﬁ§g R th@ th@arlre

bi axi al ly ori gai@he@abyeSiflo n conposi 1 ons
t her eover to achi eve @ gengr atf‘%”gg@ﬁa%pn?‘?f esf En%“f’ﬂ&&ﬁé%‘é‘ﬂﬁ‘fe@bout 0.3

mls. The coafBHEUPLITHIES Q’Aéﬁéﬂlhéﬂe@lataiwﬁod"ﬂmt@npme&tmze ratt@forl0 to 15

I nut ak hige hel d d
21 Lowed 10 cinador oo oAl 1 o ey A B P LBl T Rl edlbs ot os

orO};a%l%addl t‘;l n@. nut es

were then al | Gosd 4 Brerd ey t@ﬁrﬁ’éﬁ*f‘ét(ﬂfﬁe et wls piaced overmith @andief or e
bei ng 35 coatén‘tvslhssmdyeapqahd:&k%tlheﬂxbmlt&brﬁc}$econd cl ear coat layer. The
cl ear coafty corrponeggesmtggpeSﬂgwécltc&gponent conpositions were m xed

| mredi ately ppLior 1on \ﬂsc05|ty of the clear coat was
14- 18 seconds=&¢ ' SH@ il p. The coated

substrat es vver t her plgr@,tealglg 21 ) / A 2003

PCT/ USOCQO' 03802 terrperat re, § C%gf?‘m%im ?(%F"? om 10 to 15

m nutes and then hel d f é‘H %ﬁﬁt‘iﬂcénﬁpﬁdlS m nutes at 70C. The dry film

t hi ckness of the clear Smau:hrdssimgﬁé ekde@iBn0. 4 to 0.6 nils. The resulting -

coat ed sqpstrat es asur ed .to determne their respective Oxygen
Pernmeability Valu Mﬁ Sl t 3peg procedure 5 descri bed above and ot her
respective propertgégl‘-&gll_tlﬂ!mmw REBESIHNDe iB3/day/4REr Sion in water for
20 m nut es atBHA& Cdhm t@stl&e@g Sy lgn%&t ed.for ,appearance (whi tening
and blistering), Flexi nce tested on PET over
aflexibility rim panel %@%Yﬂ%?ﬁetan%sgqﬂdaced over rim panel

Flexibility tested by 180° bend - good

Gardner Impact Resistance (Direct) - 160 in-pounds
Scratch resistance - excellent

Barrier 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.

3

-2

20
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for test), Scratch resistance by thunbnail scratch. 10 The results are
shown below Barrier Coating # | Clear Coat #2 Filmtest speriaugist@00l
Oxygen Perweadaisbazy Val ue: < 0.05 cc mi|1/100 in2/day/atm HeaTasone3soe?2
Resi stance - good Scr atch reS| stance - excel I ent 15 Un-coated test

speci men (i i Bamerdn i S Do aimeh 0D i n2/ day/ atm
Barrier Coating #2, CI PEm’i&e]ab lf: IV@MCestO o §r2 dity
Resi st ance - _good Fl ex?%“lr Igy testle f(by 180 b(g q{}god-l )agn@y]dner | mpact

Resi st ance ( - excellent Barrier

Coating #2, O ear Coat gZIFPémetasﬁﬁyszamélmo(ala:nulﬂmmdmaymfdﬁw stance -
good FI exg b|| d.. d - good 25 Gardner |npact resistance

~(Direct) 16684 h QUSIIENB| | ent Barrier Coati n #l

Clear Coat #1 Fil mlé@&tassm@i ii’dse% UM t)‘ansﬁ@ﬁicﬁdhﬁugmthe@ﬂyrgﬁm cPﬁ\ﬁer%abhé' ty
Val ue = <0.0

m | /10 2/ 30 U t
Per neabi | i tyFa\";aﬁ ttl}éCkne? e(r:]cg aﬁ?ﬂ aldr?zgrg?n ggi} 0@6?t¥% q%@iest ance -
excel | ent BatranssrissSomti wgveﬁ@g@hseiass tBoad00im bOngressitham 2086t speci men i i
Oxygen Perneabi | i }{c XQAIH %h%#x%llgg fﬂ?tﬁér%ﬁl&tﬂa@%ﬁ@?gg Yer co% @Egr rier

Caatin #4, Cear # I'mtest s ecinen ygen ability
val ue: <40, OQOYEEOSﬁﬁQqueFWPH?W day. Barrier Coating #5 C ear Coat #1,
Over filmtest s ecinmen ii Oxygen PerpRripiljgty Value: < 0. 05 cc mll] 00
i n2l at m day. 28 %&49072 7 @fﬂg st 2003 PCT/ USOQ 03802 ri er Coating
#6. Clear Coat #1' e&IP1PEeRe %ﬁfé’éPﬁ%ﬁor(‘P‘?s}“@V@%R{e%? PIYEJ Val ue: =
0. 05 cc nul | o126 aite‘sZ/sﬁédmdﬂyccorcﬂagm the pooatiues Hdscribtdatoveoat #1 Over film
test specimen L1 OXVgRD Pek TR0 Moy i Tin@aCoiba Mo

at TR T

- in2/atmday. 5 Cear nsm ssion
Clear wad® tested for8%gUv DeaniwaiadigébWatdnr ough the filmat 0.6 ml| coating
llayer thickness. Thej£9atiagnl.fggs had a greenish-yellow tint with a %W

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
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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transm ssion at wavel engths | ess than 400 rimbeing | ess than 20% The
exanpl es which follow further illustrate the gas barri{gr coat Aogust 2003
conposi ti oYO0/4p8¥8 i nventi on. EXAMPLE 1 The fol | owi ng gas baetiSéog@e@t i N9
conposition was prepared and sprayed onto a test specinen according to the
procedures described above. 370 g 4EXAMEMSHt morillontite Mneral Colloid

MO slurry 15 89 ThoelMiive @dsivaiits ¥é: : I 385 3.5..ni

Par a- t ol uene,S 'Epghxgni LA dg;digO% sol u%tﬁltr')gn&ﬁl&?’g&nﬁ %y[?(ﬁé’é}ra(r)eﬁf% ‘%ﬁribﬁdlo%

sol uti on E%vg " 6@8 S GBY $UTY MES gerssuppiied &y sodwiani from donpipplied on was
prepared as #Govas,simply shemed imhe Siteersdd @iaieére was used in the final coating
formul atison (i.e., to W Lay solids in fingl dry coating.
Montrorillonite m neraﬁ%’??g?%’?%’?la@a%ﬁwwaé‘%ﬁ MEedat er) 143.4 g 25
Cymel (r) 385 13.5 g PMpntpnodionite\GeagesSughaniQisy BrofudsSng)  Synperoni c NP
10 (10% W w in water) Qi1&8% wiPRleB&! @dppd Vater 89.0 g MPLE 3 30 The
follow ng gas barrier gg/at i@gQ onhposi ti o was prepared acc 8|"P|lg to the

procedures descri bed aboV¥ ept that the clay slurry hadla.5hg gher solids
| oadi ng and nmont nori | | @rhinerdised Bpit@ced Wi th Laponite (frogygouthern C ay

Product gy 35 Laponite (AR W W slurry.in water) 164.4 g i | (r) 385
27.0 g PTSA (10% w w ???&ﬁ*ﬁ@wmwusé}mﬁm c NP 10 (1086l sol uti on)
1.0 M Denineralised PRRaromoNp1Q (DWoWImORLEOBTANFioANgUSt 208301

PCT/ US00103802 EXAMPLE 4 The fol | o%%gﬁﬁarrl er coating conposition was
prepared as dESCfIJ ove.  ex e clay slurry was pre-supplied
in solution from

P%ggigtﬁ% WEL ylsg%?%&eppsv\ggiilgp praly eivsphatelwiam added t&ithever son
m xer. 5 SOPNrigricoripositizmi TR @HuRUYRNOisEdHity OF a @46 RRARGESkllonite sturry )
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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Montnorillonite Grade, Southern Clay Products, Inc) (10.8% w w aqueous
slurry) 200 mi  Cynel (r) 385 13.5 g De-mneralized Water 897 Bugust@0PTSA
(10% W w aguamissorsol ution) 3.5 m  Synperonic NP10 (10% W Wweegiigos/ssso:
solution) 0.5 mM EXAMPLE 5 To achi eve | ower viscosities, sodium

tri pol yphospheaer andshengere dheo llumonmlmrdlcmne slumyosastadded toTﬂhBSap’(ﬁﬂiHCed t he
viscosity of sﬁnrf&%ﬂ%ﬂ&éf@d!n'th@@il@@rs d}grg@rggsseconds to 9 seconds,
nmeasured using a Seta N§ _flow éh arrier coating conposition was
prepared as above exceptvqnigeri %ielm#nef collnid PHO Sphsltay (eensistisedft o t he
dem neral i sed water whi |l$8tghﬁlnﬁlaX@611M@M©t07 Sfidm RipAPehdspRate and

tripol yphg)sphate was al | ovu(a} to dissolve tor m nut es ntimrillonite
mneral colloid MO 4.5%% rry 20 (consisting of 14.8g m néf4i0 £ol | 0i d MO,
0. 74g sodi um tri pol yphosphusitecRBE|1 $%tveky) sid2PirDwater)Cymel (r) 38%.11% 5 g PTSA
(10% w w aqueous sol ut| 91)11 %,%Sm Synperoni ¢ NP10 (10% w w in water) 0.5
m 25 Denineralised ater 3 EXAMPLE 6 Montnorillonite himeral colloid
MO 4% slurry (consisti B§S6K100%4 Vg“@qmbnmmlutbn) loid MO, 0.74 ®530di um
tripol yphosphate and wa 0 385 13.5 g TSA (10% w w
aqueous solution) 3.5 mtS péy%%ﬁ?gm%%‘%ﬁg%%vlw i n wat er)Og %A

Denmi nera(?sed Wat er 89. BegineplissdoMater 35 Gas barrier coati n@%ocg)rrpom tions
were prepared using mxtures Qi)m@mj“wmmmlgg made as descri bed above,
except that during preparation of mﬁﬁlsl urry, both types of clay
powder were added separately to thel“ al i zed 30 WD 00/49072 7 August
2003 PCT/ UsQY 038@@buvdtxe°nmﬂdn®h®a§@dparweﬁﬁ {pigyadointabove Without@esl urry was
added to the Ngg@%g slurry and sheared in the Silverson at high speed -
for 30 mns. rillonite mneral colloid MO 6% slurry (consisting of
14.8 g n1|5ner al col | oi d ®rel§.383g sodi um tri pol yphosphat e andlBdatler ) 234. 0 g

1

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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| aponite RDS (18% wW w slurry in water)4.11 g Cynel (r) 38513.5 g PTSA (10%
w w aqueous solution)3.5 m..-Synperonic NP 10 (10% w win wat 2rugusi 2003
10Demni ner aMG@dawRt er 89. 0 g COVPARATI VE EXAMPLES EXAMPLE 8 phieudai/bides
formul ati on was prepared and sprayed as_above wi thout the clay slurry.
15Cynel (r) 38512, 2 Dem eral i sed \\at@?gormpalilgy nHestdemaliNP10 (10% W w
aqueous sol sttt i3t g B9 M aquesmsl/ Kl int/dayimB: 5 rdoldaX®MPLE 9
The coating fP(firTnthdeDoky was pﬂﬁpm ed as describeg4gbove except,that the

20mont nori |l onitewas repl ace h vermculite plied by W Grace as
an 8% w w aqueous slurry) to gﬁ?%% t he organic béiggr sol uti orf-#s added

directly with stifring. Cyne]$038%612. 2 nl 25Deni MéBal i sed Watgr89.0 g PTSA

(10% w w aqueous sol ution) 3. 5y phsSynperoni c NPI Cbé 0% w w aqurg(ous sol ution)

0.5 m Verrriculitg 963 (WR dgﬁg%%w%w/w aqueous sI urry) 200 m 30 31 WO
0

00/ 490727 August 2003 PCTI US 02 Exanpl eAsh @b5Per dnR02 pletineability
of bottle wall coBour b* cc.n.038100i n2/ d4y/ at m Rfgpottl e 8
onl y0. 00035. 4654. % 0. 02310. 13?61%’%5 | 0. 03880. 139nk__0. 03510. 03 I(L
20. 02380. 5594. 41 30. 05810. 4934 0.353
- 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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40. 0250. 353nk 50.02790. 15nk 60.01750. 2794. 6 70.03180. 2594. 12

- 4.3044. 44 90. 02940. 2729. 88 90. 02190. 199. 04 32 12-02-2001pn
123%’2@@?{7 03802 REVI SED CLAI M5 7 August 2003 WHAT IS CLAIMED I S: (;[ /U%«00/03802

-polynmeric rigid container for foods and beverages which conprisggsst 2093(a) a

pol ymeric substrate shaped to define a container for a food or a beverage;

(b) a first coatin er adhered to at |east one surface of the polyneric
- substrate fREV lsefﬁ]-—&%(ﬂ-i Y he transmi ssion of oxygen and carbon di oxi de

t hrough the substrate, said first coating |ayer conprising an organic

bi nder and fapor IOH WIMED [®ss i 0 than 90% by wei ght, based on the dry

~wei ght of the Tirst cotln l ayer n.i nor e am.n m ner al
sel Scted from moht PSS Forseien BF S D Bremesro ML S
m xt uresg t her eof, v@ame;mﬂymm@dbamataa}napminedalnecanqntamfmpdﬁiodlcetas whi ch
are ori entﬁ% W|th| n the first coating layer in a generally parallel

t hree-di ne f> and overl appi ng spaced rel ationship, and wherein said
organi ¢ binder is dgb) edimnstcdatioglayat athesd]talat leagjione srfagetad theipelpmesichl e

organi c resj) P?&ﬁ@ﬁn cﬂﬁ ﬁlettﬂﬁﬁrﬁggmn%@gxféénaﬁd%ﬂfb‘aﬂgl&@&ém dhayer adhered
to said first coating er, ch

conprises a .Cc ra | e
conpri sing & bgiratel spiddyriRERg ?}Yﬁf CHMRFF RN T SFNG H% er %“dcgn%’ollq)ﬁé‘ﬂt‘& less

cont ai n@r 3R&EHEYHY Wagkd, Bﬁé&ﬂbn\tﬁbﬁﬂﬁlv?elgﬁte)f\@d first &ﬁlhﬂ@ll@eﬂrof\aﬁti@dirgamc
di sper si bl t he IS .se omthe

bj
o onn b demue priRgabiiccted o BrsaP ey BoRls, sBb RS ERHE s o &
derived fr anixeurssitheteof, xdimremasmd\lmnufar mizaalxoxpirises mie&%wh@btaedommﬂd

| phot er ephtih hed
cor i oSPRRCRAEL il lacr £ JUCRAR Al a?&ﬁf%%“&%?‘g ﬁ?ﬂé""“c )
3000; (c) cspp@ﬂd;rnbtlgnshﬂp,a@dwh%ﬁ%\éald orggpicrhiadsy|is & %ﬁ‘é@ddﬁ‘a‘ﬁd”ﬁ‘tﬁ’ewlu -
al kvl o5t endatcd dlipdpQbiuokeldosink ehd okuigaadest des and cel| ul osi ¢ mater i al

ol ol asel oy ase.lchagran A Sk Fus e RERT MR
pol yvi nyl  oghidés a curable composition comprising a binder component in an organic solvent.
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

ERPO-DG 1
12 02, 2001
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- (g) water based ali-phatic or aromatic urethanes; (h) ethyl-ene-vinyl -alcohol

12qppobhyner (EVOH); pol yvinylidene dichloride 35 (PVDC); polyacrBEGonisee/08802
(PAN); and pol yethyleimne wherein said 33 EPO - DQ 1 12- 02. 2001 AMENDED
SHEET 12-02-2001 PCT/U500103802 7 August 2003 pol yet hyl enei nym@ggglgo@grs
are of nunber average nol ecul ar weight of from 3000 to 100, 000; (i)
mel am ne formal dehyde resin; {j) acrylic latices; 5 (k) polyvinyl acetate

" latices; (pp}yq@l@rlmmwemrgmw of nypmber ayrags malgsulanweiebf of G R0 do wat er

. sol ubl e or R0, di spersi bl e organi c bi nder optionally cont ai ns (1) a
catal yst seletted from ulfo I C amnes, and tin catalysts; and (2)
at least one 10 cr@sgle %ﬁmégi@ S¥%f8et ed from nel anmi ne fornal dehyde
resin, epoxy resi ng;j) a&p}@yﬁﬁa&ses aziridenes, carbodiim des, urea
f or mal dehydes pher}g; SI I an and acids. 3. A pol yneri c contai ner
according to C aim éﬁc %F%r sol ubl e or water-dispersible
organi ¢ binder is e(l)bpndylethp]fené gl)ycatehndn ne fornmal dehyde resin 15 (i ncl uding
mel am ne for mal dehy functionality, nethylol functionality and
partially or hi ghI){ 2%&%%&6%I functionality) with (ii) from5%to 25%
by wei ght andasddvaser sohbleven water disparsiblenitaande binger epticaelly Fortaa(Be 4. A
pol yneric Q:?ﬂaﬁjﬁs‘t Qaécté&ﬁeﬁmnﬁc%@smas Qhd %%hﬁl}%tskﬂn )@Plebfigorei nder
conponent o e second coatin 'sel fromt e roup consi sting
of : 20 1p. (cx9ssdEring Qﬁeﬂbie!ﬁ?ﬁdsé; ‘é‘i“i'ﬁ‘iet hy(le Zesi0, EREFY BHEEs onal
hydroxyl  gg Qéat@mdzlﬁﬂazededakmzﬁlﬂmrfdﬂxﬂdl@a}yda@tpha;cducb,aéﬂe&ols,sdrw ene,
and hydroxyl. junctional nononers of such acrylates, said acrylic polyners

havi ng a wéf{tit average nol ecul ar wei ght of between 3,000 and 50, 000; (b)
pol yester resins. hadvpmlgxmriclceminet aofding td Glaah 2hy dvhostythe gyaderpwlulSoand a

wei ght averag ‘@% Oer%E 3 QiIBH afb'ié?fa‘ @‘Pnélan&é le?ﬁ)alde(tﬁfhea%ll%GSter -

ur et hanes a ur et hanes aV| nct1-on ydroxyl

gr oups;15 ( dYingjudingaprlamiprcformaldehyde HB‘POth%{-‘ﬁ@ alify cpethylol ifwmctiopalitroi et v-
cont ai ni ng aheisﬁéﬂam o&ahigggn@kéx}ome bhﬁ@ﬂoﬁht@uﬁﬂﬂl abhifensysio mdb?»o 1.

al i phatic or c I . SOCYV. {a&e wo functional

i socyanat e‘ﬁ’rlgﬂp ap the e 2 Ta‘? %ﬁ%ﬁc *hydroxyl functionality

is from0.5 to 4. pslgmetic oontemper M&:bﬁhﬁ@to Claim 2 or Claim 3 in which the binder
component of the second coating layer is selected from the group consisting of:

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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- 5. A polyneric container according to Claim4 in which the polyneric:
1Z0B00dte is a pol yester sel ected from pol yet hyl ene terepht hal aP&€T/US00/03802
honopol ymer or a 35 copol yner of ethylene terephthal ate wherein up to
about 50 nole percent of the copolyner is prepared fromthe gg\rll@g%trzdé@i ts
of diethylene glycol; propane-1, 3-diol; 34 AVENDED SHEET 12-02- 1

PCT/ US00103802 7. August 3 but ane- 1. 4-diql ;. polytetranmet hyl ene col ;
pol yet hyl en mﬁ??&éﬁ%gé’?%ﬁ%ﬁﬁ@ﬁge Jl%/’%ogg’l poq)é%ﬁf?%gﬁ%# g&vﬂ'é{pﬁ%“ﬁ%i%ﬁhexane
. subst i t ut edarfd}.4tttydraglygetiylepsiaeyatiesubbtinuied dprtha igiyeo! mofety rethe ppaydtion; or
i sopht hal i c ¢ #li I G . ) ~di;carboxyli c:. adi.pic;
sebaci c; an%f_‘glé’?g‘ﬁ%ﬂ“%’ o??s%? B?’?éf’t%y ?% Iga{éllhgil agel?bslf?tog?é%ldd#%l}bofﬁféaaci d
noi ety in #iplsesehpreipaanskdesanaot.1Wecaslspali aeid substitpted Sonythe atid maeatyanner
accor di ng t feGrdaftioniof iddpdiitg. pol yester substrate is a polyethylene
t er epht hal at e honopol yger of a c¢opol r thereof _wherein up to 50 nole
percent of the cggoﬁﬂ?gﬁn‘?%" WéF¥%gé9§%@§F%W°§6W%&¢$@ aci d
substi t ut edsibetratt iea peliyethpizhe terephitiidate@beibpsighish bea 0spolher theiedP Whsidm €
or gani ¢ bi nde 10 the fi &lt co tinlg. | aver .j s nel ani.ne for,nal dehyde
resin; the 'il%%)r%}arﬁ‘?ge Hegﬁﬁn{ﬁ# ﬁf’ﬂ%‘ﬁ © lé(?ﬁ%??aaﬂé'sprﬁ?ai?@g’fnsm?ﬁh@ahc acl
mont nor i | | osubsttutedrfdr theacslaoaiet); theavategsdhehle br wotepdispersible auganid Mindep 020% by
wei ght pf i ischel f 18l - onent and
an ar ont i oSSR RORTO e feinsfucl BEBL 1R U R iSO BRREE T o
Cl ai m 6 whetosRTsgy Plateigts pﬁ@ﬁnélmlbmte;laadtth@sqcand feating laxer sbmplisesdrans have
an aspect gk G 909 ei AT a 2RI colpB WRidis UM AT/ AFE di NG 10
Caim?7 which is a bi ax?%l Ig.aorirﬁ.nﬁgdp.g%ET bottlse%@ldg\%ht %%rlf or
packagi ng £OTHRBEHAEEAF PR PR §eYBMSxi al Iy oriented pol yester
contai ner whi ch Zonppblesric2Antaijer hedording td Gﬁimmﬁérﬁﬁfg'reétaﬁthﬁﬂﬁbm ly -
treati t . I r t he. cont ai. ner ans to inprove
surfacggad%‘%F%Ithlggcfhrglrng'fs:#gfr??%%%év%%daslpﬁ%rr%{é? greeg%'é"é%t&nﬁis g to said treated
surface a first &oat palymesgeoniatngr aeroading ta Khins/ which liea biaaiallg oolen@dni er ons
or less by pppaykng onto the container surface an aqueous composition
watr - di Spersi b ok A BT PRAAESGRSThoaaFA dapidis o Teldef bissisdystientsdor
(a) honopolpserdster sontsiROWNRE cepiisekopol yesters derived froma sul pho
deri vatzi ve of a car 2%¥| ic acid selected from sul photerephthalic acid and
sul phoi®opht hal i ¢ adi ,organ%%eqop > or branched acrylic resins having a

vei ght average nol é2ubptionadiygtenting thatexterins w0 tejontaipe wites seahs
acrylic acigimpBRlBaGENde! AnGE AR 1dBES ad PHEFaREAWIASS B Siid 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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(d). pol yol efins; 35 AMENDED SHEET 12-02-2001 -PCTI US00/ 03802" August 2003
12(®)-2801 ysaccharides and cellulosic materials sel ected from cel EpEy8es500/03802
hydr oxynet hyl cel |l ul ose, carboxynethyl cellul ose, anylose, plugan, starch,

and hydroxyethyl cellulose; 5 (f) polyvinyl alcohol; (g) wat7g'1J Hassi3
al i phatic or aromatic urethanes; (h) ethylene-vinyl alcohol copgl ymer

(EVQH) ; pol yvinylidene dichloride (PVDC); polyacrylonitrile (PAN); and
pol yet hyl ei m ne wher ei (e} polysaphhyd¢sanderbilosin amgtaianwietal ffornfceHulohe r

, average nol ' f ﬁ%ﬁ 1 ' an. ne
f or mal dehy&ﬁ%@%&%@ﬁlu}ggﬂf&%@ atgi?lgiegiuu%[%?’ pol ?/S(/ef g%&%g%?%'f g?lﬁpat i ces;
(1) pol yet Hyideowyetiyyeeiulosgnd () bl ends thereof 15 sai'd water sol uble or
wat er di spersible orgartigcpgjytg}g@q a@gﬁgﬂc’)nal ly contains (1) a catalyst

selected fromsulfonic dcids, amnpes, and tin catalysts and (2) at | east
one crods-1inking ager® S@tedtse tiRhiRer %fﬁFWHCPEﬁ“)F/?é'FHehyde resin, epoxy

resins, isocyanates, ga) leti@fRsvinglodibshdl tepoliater (BVET), polyigdidysies,

phenol i'cs, ilangléJ @ﬁ? agj ds ﬁg_ﬂ Mh ﬁon%ah&f.from%O%to. ess than
50% by vl hEnoBdR BV IG) eryaRlontatiy BANY i eobby i uint Mar P idyer . of an
i nor gani c |miyeibylemsimétesiolymers laee éfomumbsf apéragetelesulandeizbl ef frem 3000don t he
group consiﬁfoid@, of montnorillonite, |aponite, organo-nontnorillonite and
m xtures theréof’whereby the platelets orient thenselves within the first
coati ng®l ayer in a ger(®raklamipefarmaddehydg wsingi nensi onal over | appi ng spaced
rel ationship; (3) appl yingerRc I#f@ed;i rst coating layer a second coating

| ayer by spraying 25 onto Said.first coating |ayer a curable conposition
conprising a binder co b@@ﬁi"‘%ﬂ&ce‘%‘ﬁ 1g1%%ni ¢ sol vent, wherein the binder
conponent of the secondljcpsiyethglehaygbieol;andel ected from the group consisting

of: 1. (a) acrylic polyngr leh cpntain at |east two functional hydroxyl-
groups and are derived (ﬁo c‘i@%‘@?"&f’gs, met hacryl ates, styrene, and hydroxyl
30 fundsi orsald wainoswwlie of wetge Hispersiblaorgenicdindgr aptignally cpolainsel k2 patelysig a

wel ght - av e 8o Flf Slkdific #6544 Bnifds, %ﬁ]&@eamgftggﬂdr %%g RAsQAR cré ety est er

resins having at 1eas unct 1 onal hydrox g wel ght aver age
nol ecul ar \eeFgeelestediirasppirmning formmalidaiyde resit, GRAXYIEHIBS, 1IBAYERAPes and
acryl o- ur et.paRRsd) aMbBGidldek 0884 formaldehydes, phenolics, 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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35 two functional - hydroxyl groups; 36 AVENDED SHEET 12-02-2001
1ROPL GO 03802 7 August 2003 (d) hydroxyl functional |inear or Gymyggh@Sgoz
cycloaliphatic npiety-containing reactive oligonmers or a blend of such
oligoners; and Il1. aliphatic or aromatic isocyanates having ay“ﬁgﬁgbogmo
functional isocyanate groups where the ratio of isocyanate to roxyl
functionality is fromO0.5 to 5 3.0, based on equivalents; (4) curing the

~ second coating layer; (5) ifdr brdrexyldfuactioaablorear eUbrlanddet}’clnabphahe
container; gfifery(cBhrafl reAGild\Sl AL Eblend B suERSH g&h@f&daﬁ daim9 in

whi ch the b|aX|aIIy oriented_polyester container yet hyl ene
t er epht hal at e honopol yneH- oaligha ’Gﬁﬁwcﬂﬁf@ﬂé@ft&wﬁﬁgﬁlwt%@@@m@ﬂﬂle

percent of idey ﬁﬁﬁogrysﬁwwhae@mﬂaﬁa@kh%cm&%%?dfd&@%ﬁmlﬁaislﬁbﬁgls%
substitut ed 8 Ehe aci d i ety; the water soluble or water dispersible
organic bi nddr bREd R Flgcl“ »coating |ayer is nelamne formal dehyde; the

I norganic |amnar m Q@ralrmtgahpsemd cogtimptleyeat s of nont nori I | onite; and the
second coating |ayer g0 ' r OfV of a bi nder
conponent which is a(%l gﬁrghﬁ‘fq h&%}oﬁﬂ!ﬁli@mé %%Q% nerg ar omatic or

al i phatic isocyanat e(6)1$almgﬂ@tq¢atame@r redu0| ng the oxygen and carbon

di oxi de per meabi hpt X‘h@ineﬁlod%’f'(}i%ﬁ §tn %Hﬂﬁttﬁéﬁﬁx%&?)ﬂef]ﬁgﬁrg y?ﬁér SREANLNY
onto at |east one surface of the substrate a general orm gueous

coat i ngl&onsapalyehyiese Temféi 7te hemopelymer ¢ ¢wé>fmwth@,rﬁo twhesein. 00 the
3 ubstr at §| Soldiparerie of a:lg%gm@sﬁ E@pﬁbﬂa@j F&pﬂ% Fonpis htﬁﬂld&k@sﬁshﬁﬁécﬁr

| SpeI’SI e OI’ anl e e I oOna es ClLOS I Ng
agent and f QY TEIF Sete rtsﬁ]élﬁ eﬁcy'aﬁ?cﬁfeq éﬁﬁe 05‘55’95%’18?19 Cﬁéh‘ﬂ’gﬁ? wei ght
of the coat ¢cm¢ingéz;5€er is mélaama fommalglahydz tlmmmgmucrﬂmmﬂ miek# cofgribgsom

t | dod
mineral conpr i SERSRGIARE Batht bBod LRSI REPES A ROBAR, e
or gani cl%i neleweisht Pfa b@dgmme@hWblchh%a blabép?abﬁdm&ylmﬂmoae@@néraal |y

par al | el thﬁg&mgbgpm&ﬁallsﬁgﬁa@é/erl appi ng spaced relationship in the first

coating |ayer, sai d.wat er - sol ubl e ter dispersible organlc
bi nder is sel ect ﬂ ?fh‘i"iﬁ%‘ Ef&“(?&ﬁg B AEY S 4Ry caF On\é% Vz‘

copol yest erslyestst sﬁbgﬂﬂt@/@hiohrcsmlsés\/@dayfxﬂig)mta ab Ldaﬁhme sﬁﬂacﬂﬁfﬂtﬂ@&ubéﬂat@f a
carboxylic acid g I aci.d_a

sul phoi sopht #alIT% d’ rm(aﬁl}‘lg nﬂfsﬁcg) 3&% e‘%ﬂ&%e (g ?F’lrsé CP%%?%IEY?{ XHeh a
vei ght 2veralheravte émm@sﬁa%a@tﬂqumusaqomP@aMU 300Qrisipg p veasgredojutde or whter
acrylic acifspdiBblRagbalil binderl & BOIptdial prebdB or 31tk 1iRing 3ektSmd Hm

pol yol ef i ns;
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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138BR08dchari des and cellulosic materials sel ected from cell ul osE’CT/USOOIO'3802
hydr oxynet hyl cel |l ul ose, carboxynethyl cellul ose, anylose, pluran, starch,

and -hydroxyethyl cellulose; (f) polyvinyl alcohol; 5 (g) wayeugbasmms
al i phatic or aromatic urethanes; (h) ethylene-vinyl alcohol copol yrrer

(EVQH) ; pol yvi nyl i dene |chlor1de ol yac Ion r|Ie and

pol yet hyl ei m ne vvhef i P %%@%8?9‘5{??&1@'7@ ‘ﬁ?tﬁégﬁ oglr%‘:l osﬁunber

aver age nol kedtbgymeshiy héellubfse f sadrox3athyl oellulod2, ﬁ]ﬁ@l,osé,@)h(rm), seetianinge

f or mal dehyd e5|e qlhogecr ylic latices; (k) polyvinyl acetate |atices;

(1) polyeth 3‘? co aid (m blends thereof; and 15 said water soluble
or water di sper5| bl éf)q:o@anmd abjohgkr optionally cont ai ns (1) a catal yst

sel ected; from sul fo %Cwﬁﬁfga%ed%ﬁ])ﬁ%@r%ﬂﬂniﬂcﬂn&ﬁéﬁés}wtS and (2) at |east

one cross-1linking ent selected from nel am ne formal dehyde resin, epoxy
resins, isocyanates{l) ehy Pﬂ%@%ﬁﬂcet&?lﬁéﬁ‘l’lﬁmﬁ}” GOy noly iy iene dippinside

phenol id s, @B solyRRoFEITT ARE andlpolyslihahid widgiiBulil vhi ch | ncl udes
e additio s Q a 0 e co

second coat P‘ﬂéje PmBQe Eé?’ﬁ%@ﬂi ggﬂ%BQ%eﬁvarag?Fg{l h‘g‘ ogg‘@ %&’Eotﬁ”abl e
conposi ti onl@ROMy;i si ng a bi nder conponent and an organic solvent, wherein

t he bi nger corrponen | ayer is selected fromthe
group cg'ny sting of: l) Pel%‘g%ei‘@fﬂgﬁg%hqugﬁésﬁﬂérs whi ch contain at |east two
functional 25 hydr o§ylacgiiodgicesind are derived from acryl at es,

met hacryl at es, styre?epol@v LA Micesf Uncti onal nmononmers of such

acryl ates, said acr mers having a wei ght average nol ecul ar wei ght

of between 3,000 an pobstyienc)yobiapdst er resins having at |east two
functi onal hydr oxylélrlpbmwﬂgfga,fam\ael ght average nol ecul ar wei ght of from -

1000 to 15,00 h nd | t h
| cast (o PBIOAIEIE PHYI CBFEUNE HBie YU SRy P EL PO F CHemR

branched cyseleztdd f}'nbmtsutfomnnmd‘s yengioes, andiingatebatstand €2)cit lepshenescross-linkihge nd of
such ol | GOMElcR: seg%%cﬂ‘roxﬁlﬂx&gﬁﬁdecfoﬁﬁalﬁévwagtréﬁh'eigg)’ﬁeﬁﬁ %@3@}(&@& at | east

two functio | socyanat e gr oups nate to
hydr oxyl f lAvitidenss, qaﬂgndilgnqlq’a‘ome@ Toymaldehydes, phepobias, skanods W‘éla@ﬁ@ s; and 38

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

38

AMENDED SHEET




~ 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&?&fali%g 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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AVENDED SHEET 12-02- 2001 PCT/ US00/ 03802 7 August 2003 (c) -copol yners of
1220242004 acid, methacrylic acid and their lower alkyl esters; (BET/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 pliyyedtdry] ei m 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

wei ght gverage nol ecul ar tween 3,000 and 50, 000; (b) polyester
resins hMaving at |east t ek?t?%@‘f“%ﬂé’f’gﬁ%ﬁ?tb‘?ﬁ’l groups and a wei ght average
mol ecul ar wei ght of from 100polyethylepe@lycoBsndc) pol yest eruret hanes and

acryl o-uret hanes havi ng atg.l\e tional hydroxyl groups; 40
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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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12-02-2001 PCT/ USC& 03802 7 August 2003 (d) hydroxyl functional |inear or
noi et y- cont ai ni ng reactive ol i gomers oPCd/USHRNIH02
such oligoners; and (2) aliphatic or aromatic -isocyanates having at | east

two functional isocyanate groups where the ratio of isocyanatggh& dongr oxyl

functionality is from0.5 to 5 3.0, based on equivalents; and curing the
Coating L ayer. 17 A mot hod oS FeR CRRIPa BTy RE PP GloaRA S ner for
1;0]9_ds and maya@a?ix\ﬁhgcdacﬁwwgms of aplead pbiychenligonetsdh and at e s_hapeld to
efine a container for r age. fLr C . ng, | ayer
adhered to at | east one%‘%gﬁéﬁg?cg?ﬁﬁ%g y al%i{%fag)ggﬁgf%aﬁéﬁoﬁﬁqr%di ng
the transn swicyanatd groxpswhemgibe wieled psogy aneiaie QA tienaligy bssfromat0es tosai d
first coati (onCRITR/el i Snd Bur AR ool Qg RinetBflr WA | ess
t han 90% byg\'g/\gé!_bg%t%,ongégised on’tge drygg%eisght of thgz1 ??rr slti.k@%: at%géboﬁjgyer, of
an i nor gani €oalngiayesadhenss foythe JEFCORERE ¥ ¥m nont mori I 1 onite, |aponite, _
organ- mont nori | | onj# ea anghodbofteosicibe s é}bﬁ&tﬁ&&frigi&\’@&itﬁingr forifsbdsagtinar m ner al
conprises platelets ich are oriented within the first coating layer in a

general |y paF¥ipgss ‘YIH? EOTPT¥Hsi onal and overl apping spaced rel ationship,
and wherei n sai d(9r gadlyeepicrdbstratsstmptd ot dufint a@ontaiice forsdioudbea deverigd; er

di spersi pl e organic.resins,.an ] r X i Q ly.(c) a

second ¢dat | ng | of 15%??8?‘3%@8@5%% eﬁﬁ?é{lggcsgg ?%%Pq%g%%hevéﬁ%ﬁg%‘gnpri ses a
20 curabl e swrspretifor mtardingphé Fhurission atierygenapbeashen dioxile twoggnithe sol vent,
sai d met hodqaaRr L3k @igstrcgl 19 &%&gﬁt % lan! AYRlic BRIGUHFIm Wi uyRleS, and

recycling tﬁe cont al ner . : . . .
than 90% by weight, based on the dry weight of the first coating layer, of an inorganic

laminar 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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