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ADDI TI VE AND STRUCTURES COATED THEREW TH TECHNI CAL FIELD 5 This invention
rel ates twopBastsipx fil ms and containers, such as bever agePCxarspaizeer s, t hat
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particularly to top coat materials for enhancing the performance properties
of the barrier coating. BACKGROUND OF THE I NVENTI ON 10 Pl astic containers
conprise a large and growi ng segnent of the food and beverage industry.
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great ehough to significantly limit the shelf life of the contained food or beverage, or
prevent the use of plastic containers altogether.

20 Plastic bottles have been constructed from various polymers, predominantly
PET, for non-carbonated and particularly for carbonated beverages. All of these
polymers, however, exhibit various degrees of permeability to gases and vapors,
which have limited the shelf life of the beverages contained within them. For
example, carbonated beverage bottles have a shelf life that is limited by loss of CO,.

25  (Shelf life is typically defined as the time needed for a loss of seventeen percent of the
initial carbonation of a beverage.) For non-carbonated beverages, similar limitations
apply due to oxygen and/or water vapor diffusion. Diffusion means both ingress and
egress (diffusion and infusion) to and from the bottle or container. It would be
desirable to have a container with improved gas barrier properties.

30 A number of technologies have been developed to decrease the permeability of
polymers, and thus increase their range of applicability to food and beverage
packaging. (Permeability decrease is equivalent to barrier increase.) One of the most

promising approaches has been the deposition of thin layers of inorganic oxides on the
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prom si ng approaches has been the deposition of thin |ayers of inorganic
oxides on the 1 WD 03/089503 PCT/ US03/ 12670 surface of the polyners,
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20 Several methods have been explored to address the pinhole problem. The
most common approach has been to deposit thicker layers of the oxide; however, this
approach is inherently self-defeating. Thicker layers are less flexible and less
extensible than thin layers, and therefore more prone to fracturing under stress.
Another method is to apply multiple layers of inorganic oxides, sometimes with

25  intermediate processing to redistribute the pinhole-causing species. This approach
also has met with little success, in part, because of the greater complexity of the
process and because of its modest improvement in barrier performance. A third
method has been to supply an organic sub-layer on the polymer surface to planarize
the surface and cover up the pinhole-causing species prior to laying down the

30  inorganic oxide. This method also greatly increases the complexity and cost of the

overall process, with only modest improvement in barrier performance. A fourth



30 inorganic oxide. This nethod also greatly increases the conplexity and
cost of the overall process, with only nodest inprovenent in barrier
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20 WO 02/16484. This top coat blocks ingress or egress of gas or vapor through the
pinholes and achieves a barrier improvement of 5 to 10 times or more, and improves
the abrasion resistance of bottles coated with an inorganic oxide. One problem with
these compounds, however, is their inherent water solubility. The top coat thus has a
less than optimum water resistance. Some of the soluble compounds also do not

25 adhere effectively to the inorganic oxide coating surface. It therefore would be
advantageous to reduce or eliminate the problem of gas or vapor permeability through
pinholes in the inorganic oxide layer of a multi-layered structure by providing a top
coat layer that has improved adhesion to the inorganic oxide layers, good water
resistance, and enhanced barrier performance.

30 Others have used UV-cured acrylic oligomers, organic solvent based epoxy-
amine cured polymers, or halogenated organic formulations (e.g., polyvinylidene

chloride) as barrier coatings or protective films for PET substrate/silica constructions.



resi stance, and enhanced barrier performance. 30 Qthers have used UV-cured
acrylic oligoners, organic solvent based epoxy- am ne cured pol yners, or
hal ogenatwo ootgmns ¢ f ormul ati ons (e.g., polyvinylidene cirRCOriSI®)26a6
barrier coatings or protective filns for PET Substratel/silica
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coatings remain clear and adherent after nore than 24 hours of soaking in
room to the underlying layer. These top coat compositions include an organic compound

(barrier material) in combination with an epoxide additive that reacts with (e.g.,
crosslinks) the organic compound. The organic compound preferably is a water-
20  soluble polymer, water-dispersible polymer, or aqueous emulsion polymer. Layered
structures having this top coat are also provided, particularly in the form of containers

for food and beverage packaging.
Containers employing the top coat meet the demanding requirements of most
commercial applications. The containers demonstrate substantial water rinse
25  resistance immediately after the top coat is dried, and coatings and bottles made with
these coatings remain clear and adherent after more than 24 hours of soaking in room
temperature water. Bottles having the coated structures described herein can provide
a BIF of two or more, preferably five or more in the case of top coat on inorganic
coating layer, even after abuse testing. For recycling purposes, the coatings can be
30 removed during exposure to water at 80 °C at pH 12 or less. The coatings feel like

PET plastic after water soak and are not slippery. They also can accept printing and



tenperature water. Bottles having the coated structures described herein
can provide a BIF of two or nore, preferably five or nore in the case of
top coat wo oBngasgani ¢ coating |ayer, even after abuse te®CIrgo3/Esno
recycling purposes, the coatings can be 30 rehoVed during exposure to water
at 80 C at pH 12 or less. The coatings feel like PET plastic after water
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top coat barri eq{luléig‘?( %Smprising an organic compound capable of reducing the permeability of

the structure to gas or vapor, and an epoxide additive, to form a wet coating, and (ii)
20  drying the wet coating, and reacting the epoxide additive, to form a top coat barrier

layer on the structure. Optionally, an inorganic oxide barrier layer (e.g., a SiOx

coating) can be applied onto the polymeric base layer before applying the solution,

dispersion, or emulsion to the polymeric base layer. This results in a multilayer

structure with an inorganic oxide layer interposed between the polymer base layer and
25  the top coat barrier layer.

The top coat solution, dispersion, or emulsion preferably is aqueous, and more
preferably is substantially free of halogenated compounds and volatile organic
solvents. The solution, dispersion, or emulsion typically is applied to the polymeric
base layer or to the inorganic oxide barrier layer by using a spray coating, flowing, or

30 dip coating technique. The drying and reacting preferably are conducted at a

temperature less than or equal to about 75 °C.



The top coat solution, dispersion, or enulsion preferably is aqueous, and
nore preferably is substantially free of hal ogenated conpounds and
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optionally an inorganic gas barrier layer on the surface of the polymeric base layer,
and an improved top coat on the polymeric base layer or on the inorganic gas barrier
layer. The top coat comprises an organic compound capable of reducing the

20  permeability of the structure to gas or vapor, and an epoxide additive which enhances
the water resistance, adhesion, gas barrier, or a combination thereof, of the top coat
barrier layer, thereby providing a top coat with enhanced adhesion and/or improved
water resistance. The top coat is particularly suitable for blocking ingress or egress of
oxygen and carbon dioxide through polymeric packaging containers.

25 Composition for Forming the Top Coat

The coating compositions used for forming the top coat layer described herein
preferably are provided as a solution, dispersion, or emulsion containing (i) an organic
compound that provides a gas and vapor barrier, and (ii) an epoxide additive
dispersed/dissolved therein which enhances the water resistance, the adhesion (i.e.,

30 promotion of adhesion to a polymeric base layer or to an intermediate inorganic

barrier layer), the gas barrier, or a combination thereof, of the top coat barrier layer.
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carboxyl, carboxamide, amine, or carbonyl functional groups. The organic compound
can be polymeric, oligomeric, or monomeric.
Preferred  organic compounds include polyvinyl alcohols and
20  polyhydroxyaminoethers. In a particularly preferred embodiment, the organic
compound is a polyhydroxyaminoether (i.e., a hydroxy functionalized epoxy resin),
such as BLOX™ (The Dow Chemical Company, Midland, Michigan, USA). BLOX
4000 Series Resins are particularly preferred, for their enhanced gas barrier properties.
Examples of other suitable organic compounds include other polyetheramines and
25  their salts, polyethyleneimines, polydextrose, polysaccharides, polyacrylic emulsions,
emulsions, dispersions, and solutions of epoxy resins, urethane polymers, acrylic-
urethanes, styrene-acrylic emulsions, and carboxy methyl cellulose.
Suitable organic compounds for forming the top coat are solid at temperature
(25 °C) and pressure (atmospheric pressure). It is desirable that the organic
30  compound for forming the top coat is non-toxic.
Although there are many solid/solvent combinations that are effective in the

methods described herein, it is preferred that both the Solid (ie., the organic
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mul tifunctional epoxide, which is an epoxide with two or nore funpctional
epoxi de gr BupsdispesionesHRHPY, 1t i l&hﬁ‘feéftb%trwoﬁweﬂ%smxla@ﬁwerﬁfﬁé%ﬁo% de
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additive includes a di-epoxide mxed wth a small anmount of a tri-epoxide.
enhance the water resistance of the organic coating layer.

The epoxide additive preferably comprises a multifunctional epoxide, which is
an epoxide with two or more functional epoxide groups. For example, in a preferred
20 embodiment, the epoxide additive is a bi-functional epoxide. In another embodiment,
a epoxide additive includes a di-epoxide mixed with a small amount of a tri-epoxide.
The epoxide should be at least partially soluble, dispersible, or emusifiable in the
organic compound or solvent of the coating emulsion, dispersion, or solution. The
epoxide additive is believed to undergo a ring opening reaction with functional
25  groups, such as amine or hydroxyl groups, of the organic compound in the coating
solution, dispersion, or emulsion. This crosslinks the organic compound and forms a
hard cross-linked polymer network, so that a tough film is formed when the coating is
dried. The crosslinking reaction preferably is one that occurs to an appreciable extent

at a low temperature, e.g., less than or equal to about 75 °C.
30 The cross-linking provides the top coat barrier layer with good water
resistance—both to water at ambient (e.g., 22 °C) and elevated temperatures (e.g., up

to 45 °C or higher). The degree of water resistance can be adjusted depending on the
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can be varied agﬁngﬂﬁgﬁahgghgmxgpp5&&ation by varying the thickness of the
top coat. 15 Structures having the top coat are potentially recyclable, as

the top cobl is |iYmeciyeschaying-the fpeepahats ryentisly resyelole 35 Bimtemheoat 1s

under | yi ng pol ¥RKI Gods? ' bedOXbilemb a¥ALHS! BoIyEeRY ek epal
t echni ques, su%%ﬁgéﬁg%3§§%%gﬁ%fhﬂg%gﬁﬁggihgbﬂgﬁegﬁffggaégogﬁhe addi tives

i ncl ude r esor cinaghnidogidy diyerusingchrventions] tsPirdques| suchiasgrystic dgt waterhaths. Or her
sui tabl e epoxide adﬂlaitel‘rgc? %pd.x@&‘el Hﬂl@dv@? kﬂcm%irgso?ﬁlq&i (ﬂ@%idyl ether and glycerol
diglycidyl ether. Other suitable epoxide additives include polymeric epoxides,
20  diethyleneglycol diglycidyl ether, polyethyleneglycol diglycidyl ether, glycerol
polyglycidyl ether, diglycerol polyglycidyl ether, 1,2-epoxy butane, polyglycerol
polyglycidyl ether, isoprene diepoxide, and cycloaliphatic diepoxide.  Other
representative examples of epoxide additives include 1,4-cyclohexanedimethanol
diglycidyl ether, glycidyl 2-methylphenyl ether, glycerol propoxylate triglycidyl ether,
25  1,4-butanediol diglycidyl ether, sorbitol polyglycidyl ether, glycerol diglycidyl ether,
tetraglycidyl ether of meta-xylenediamine, and diglycidyl ether of bisphenol A.
The epoxides of the epoxide additive can be water soluble or water insoluble.
It can be solubilized as an emulsion or dispersion. Alternatively, it can be insoluble
and dispersed in aqueous or nonaqueous liquids, emulsions, or combined with another
30 dispersion in liquid.
The epoxide additive typically is added at a concentration of between 0.01 and
75 wt%, preferably between about 0.1 and 20 wt%, more preferably between about 0.5
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a coated structlire is nmade by the ) _ )
In one embodiment, a container having a coated structure is made by the

following steps: (i) providing a polymeric base layer, such as PET; (ii) applying to the

base layer a solution, dispersion, or emulsion comprising the organic compound

20  (barrier material) and an epoxide additive, to form a wet coating layer; and (iii) drying

the wet coating layer to form a continuous, barrier enhancing top coat over and

adhered to the polymeric base layer. In a preferred embodiment, the epoxide additive
crosslinks with the organic compound.

In an alternative embodiment, a container having a multilayer structure is

25  made by the following steps: (i) providing a polymeric base layer, such as PET; (ii)

applying an inorganic gas barrier layer to the base polymer layer; (iii) applying to the

inorganic gas barrier layer a solution, dispersion, or emulsion comprising the organic

compound with epoxide additive to form a wet coating layer; and (iv) drying the wet

coating layer and allowing the epoxide additive to crosslink with the organic

30  compound to form a continuous, barrier enhancing top coat over and adhered to the

inorganic gas barrier layer. In a preferred embodiment, the epoxide additive crosslinks

with the organic compound.

10
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number of techniques. Examples of these techniques include sputtering and various

types of vapor deposition, such as plasma vapor deposition, plasma enhanced
chemical vapor deposition, and electron beam or anodic arc evaporative vapor

20  deposition. Suitable vapor deposition techniques are described in U.S. Patent No.
6,279,505 to Plester, et al., and U.S. Patent No. 6,251,233, the disclosures of which
are hereby expressly incorporated herein by reference. Alternatively, application of
the inorganic oxide gas barrier layer can be conducted using a sol-gel process.

The Barrier Enhancing Top Coat

25 The top coat is applied to the inorganic barrier layer or polymer base layer to
enhance the vapor or gas barrier of the structure. The top coat canbe applied by
dissolving the soluble organic compound in water or another suitable solvent, or by
dispersing or emulsifying the organic compound in water or another liquid medium,
and then applying the solution, dispersion, or emulsion to the inorganic barrier layer

30  or polymer base layer using one of a variety of techniques known in the art. Examples
of these coating techniques include dipping, flowing, or spraying. T he application

step may be followed by an optional step, such as spinning the coated bottle, to

11
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vapor. Pref er afi§e the ROTRate oxids © %H’é?arygr’ U prpsshf Té’rféa%%r osslinked at a
tenperatures | ess thpR thickesdal the Gopaddatihay barCaf®cah be veBsthird. NSumelidp 66at, | ess
than 50 C, less than 40 C less th 30.C, less than 25 % Thi]s ow
dryi ng t enper atair® Rpligd at p gicknegsy Wt DGR Ortlﬁssa‘HgLﬁomf’Sc )be; app l?dp%tr"’l ant
because the pPHIKHRE bE 10BS@ohsAY 86ss MBYsiBBI, e 161 codChARrathioheRs 6XpRIRh 3 0
hi gher tenperatures for an extended period of tinme, particularly for the

preferred pol yFsEms: Foshepld heumderstgodyhopvever, that the thickness of the top coat can be
greater than 50 microns. The particular thickness of the top coat will be selected, in

20  part, based on the required barrier of the coated structure, as well as any barrier
provided by other layers of the structure, e.g., whether an inorganic oxide layer is
interposed between the top coat barrier layer and the polymeric bas layer.

Forms and Uses of the Multilayer Structures

The top coat coatings and methods are particularly useful for enhancing the

25  gas or vapor barrier characteristics of containers such as food or beverage containers.
The coatings and methods are particularly useful for enhancing the gas or vapor
barrier characteristics of packaged food and beverage containers. The compositions

and methods described herein preferably are used to form a coated plastic container
comprising a plastic container body having an external surface and a coating on the

30 external surface of the container. The coating provides a barrier that inhibits the flow
of gas into and out of the container, which is particularly useful in producing

carbonated beverages. For example, the gas barrier coating can protect the beverage
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cause the inorganic oxide coating |layer, if present, to crack. 15 The

t hi ckness of the top coat nay vary and can be very thin. Sone top coats

can be appbioaas®d3 a t hi ckness of 50 microns or |ess and secg/usasidseo appl i ed
at a thickness of 10 microns or less. Desirably, 'the top coat has a

t hi ckness of less than 5 mcrons. It should be understood, however, that
the thickness of the top coat can be greater than 50 m crons. The

particul ar thickness of the top coat will be selected, in 20 part, based on
the required Bgfy bR off 3§e&ORtaHe Sdfidifdr ot the SutdRk |0r & iARYit BRITdwe st
provided by other |ayers of ‘the structure, e.g., whether an inorganic oxide

layer is i ntcepondipxisisionbefihe bryeragpcquizinernAhe feartingspongRd byvReH BISArer i ¢
bas |ayer. For ?gl%lfq%%e&fusé g CM{ n%'oh%ﬂ@éon%%ﬁéﬂ%@&gr%ldpﬂ% dafidn R de
coatings and rre are particularly useful for enhancing the 25 gas or
vapor barrier withir thetcertiver. cs of contai ners such as food or beverage _
contai ners. ‘5 The C%{Herﬁ%uﬁ edaﬁegerg tﬂ’lQE)lg%BL de d*'ﬁerélﬁear%le“anc' ng
the gas or vapor Dbarrier 1arac§er| t| cs of pac and bever age
cont ai ners. T@phempcpsntammsn amdhmumwka@éévevqrwmmfaétuﬂng ting betwbty ar e
used to forma | ast. t2lqae i S t er
body having an pﬁﬁ(?tg?%a tggr#lor%%nqgn d@ l(E:a(gré Oﬂg& B {E}ge&g %ﬁtaggnfgﬁ%?rﬁfqace of
t he contai ner. coﬁtamecwahmnagbqymtage».dAkeraatiya]ryc itertop htaatpbssihlsbcmlsbd behapplitdio  of
gas into and g of .the containet. Wh.Gh IS ticular
produci ng car E%ﬁ(’ﬁtaél&m%%@eéﬁ?ﬁg e.ﬁl}—engI{él%aeﬁ%P%%?%{%aer%%gsgﬂoey 1 {t%%ﬁggggt{]ﬁi ng can
protect the beaesrdgiree with m&eoam&)@ﬁeﬁs BT B0 aY ﬂléﬁﬁfmad Hareimchinde ﬁals@:‘l/vtoof
oxygen into thegﬁl? %}?I ne m t he outsi de or ‘Ehbi t the ffl (%\év.of
carbon di oxi de™ytitac 8Ye§@gés %%f%vﬁlét}onalﬁ?g %’8 FeTAgg "RAF Ao At d
beverage has afacilign®ach séweiagesl defsﬂabﬂ)}emale@a éalm)rmabe\mgagemubﬂnas it dinker
better holds the car bOIQ di oxide wthi nl&(}nlﬂ ont ai ner n.the {ranuf acture
of packaged bekFeh LG eBarklinge Wpish ¥ faorheatbametsd Pekpss: ﬁ“"@a‘?‘f‘ %Bnceacﬁﬁ ¥ to
contai ners in wveapd dritiDeatpackaged beverage manufacturing |ine between

application of the |norgan|c oxi de barrier |layer to the coptaj ner and
filling th® contaithéy 2k PHVlﬁlﬁéedog\?bF%@nerN}{a&‘Pﬁé%‘? \?E?‘S?“fet‘{%écrlb@g hersi

possi bly coul dyfifq apphiast & Fﬁdﬁglﬁ}?rﬁ)@gtﬁﬁkﬁsﬁ&é ?Eod‘hﬂ@,y s@dhe af itbdRdaid t h

beverage. Regardless, the containers treated in 10 accordance with these

conposi tions aidctesh s cxmande, ithreenhprsed bartisnrond refiige) the flovhefraimeaspheric
packaged bevergges, ifb dheORNYERNL] BRAby RREK&HS dhd SNeRLIFE & rIRANMKyBEL 4théiRGe

product containing therein.

O

20 For embodiments having the underlying structure with the optional inorganic
oxide barrier layer, a further benefit of the top coat compositions is that, in addition to
enhancing the barrier properties of such structures, the top coat provides a method to
increase the abuse resistance of such structures. Specifically, if film-forming
polymeric materials are used as the organic compound, then deposition of those

25  polymers onto the surface of the inorganic oxide layer can increase the abuse
resistance of that layer. This is particularly useful in manufacturing packaged
beverages because of the necessary mechanical handling of the treated containers.

FIG. 1 illustrates a packaged beverage 10 comprising a container body 12, a
beverage (not shown) disposed in the container, and a closure or cap 16 sealing the

30 beverage within the container body. FIG. 2 illustrates the multiple layers of the
container body including the polymeric base layer 18, the inorganic oxide gas or vapor

barrier layer 20 on the exterior surface 22 of the base layer, and a vapor or gas barrier

13



facility. Such beverages desirably may be a carbonated beverage, such as a
soft drink, beer, or sparkling water; or a non-carbonated beverage, such
as a j ui cwoomons®mini ng beverage or still water. 15 It is &CTASenVI636 oned

t hat containers having the structure described herein 'would be useful for
packagi ng oxygen-sensitive products, such as foods and beverages. For
exanpl e, the enhanced barrier would reduce the flow of atnospheric oxygen
into the container, thereby extending the shelf-life of an oxygen-sensitive

product cont ai BinBghit"RhER: 2400 TR inBFRARRIIERY Barfl@ Y hee. (NRaBI P61 ks Tor
structure with the optional inorganic oxide barrier |ayer, a further
benefit of theforppgdompolyoemiobise layes14 of thyamultilayersiaptprecientager thEahes ng t he
barrier properfa.ff ﬁaﬁg)oghﬂevgﬁi%ﬁsfm hhiEnd ORGRAL bR AYLAGSE i@PERLIRd tO
increase the abuse Tesistance of such Struc ures. Specifically, if
filmformng ivotggme oxilerbatrer ilayes 2@ resucesdhie agmeptdliyrafdhd eontaarayddrid gas hen
deposi tion of . Q - S C f. . ] I | de
ayer can i hor o apy GrERPR A ARl AR ol QOISR 1R
particul arly u2®efsuitabin compudeacd silicag Phekogedat Bévehwhewmclbdesaas epofide he

necessary nechani cal handling of the treate ntai ners.. Fl G. il]ustrates
a packaged bev%rP%g]@(efOW@gﬁ“quq%arnhcgc%m on ’aPrﬁ%Fa% oa)}) Oﬁ?eials ﬁgg\}eedrlc%og% ?onot
shown) di sposeehhaicettieyapondraian Barriercofdheamaltiser sarucirecaptaibér Bedlbiengp ¢dae 30
beverage wt hi he cont aj ady. FIG 2 jllustr s.the multiple |ayers
of the contai n& hlﬂqulﬂg#‘{}ﬁ(}ng 1§ %‘Ii‘“ﬁ%‘?‘?r‘?ﬁrt#ecs %%&ftﬁ?@?rgf%‘,c of“ﬁlg%FWS’F gani c
oxi de gas 00 VéR@hg, hW@rdhh ®e digefinudls. OMheSp @¥ite14 @lls Shy himbele?26 Gh thhie base
| ayer, and a vapor or gas barrier 13 W) 03/089503 PCT/ US03/12670

enhanci ng top ®gkanis pxilegas hariprlayeyaa1 cedysgsdhe permertibity pf eegontatner 420 o
polyners for fQrpig@ .t he polyneric base layer 14 of the nultilayer
structure container 12 can be any thernoplastic polynmer suitable for

maki ng cont ai ners, IBadtprpleredraistign (not plown) phdhe sisiEaiperaisd ind1Gatrther
layer 20 r educﬁ%ﬁ%ﬁﬁ@ éﬂﬁ'é ﬁ%ﬁ’%& iagérhﬂqfs ofrftEedC AR @l [Bg;rcoa-tgoah%r YR%r Bt RNPatdRPOT
on ide an r

particularly car I OX . oxygen. The inorganic oxidé barrier |ayer
20 sui t abl ¥5 codipcily ento golyimeiic hase Tayer ¥8p coat 24, which includes an epoxi de

crosslinked with anporgagl e iﬁ%ﬁﬂgﬁ'ﬂgﬂl BE ﬁﬁ%‘ﬁb&rﬁeﬁﬁﬁ'%Rﬁrrefe'{eﬁcé‘%'th@d SO
as to enhance the vapbr or gas barrier o e multiTayer structure
contai ner 12. ilewingmoun-diatitingekamplesistrated in the FIG 2 is continuous on
the surface ofEmw]rjﬁégani c oxide barrier

In the following examples, PET bottles were subjected to various treatments
20  that demonstrate the barrier-enhancing effect of the present compositions and
methods. Barrier improvement and water resistance of the coating were assessed.

The barrier improvement factor (BIF) was determined by comparing the loss
rates for containers with different coating compositions and layer structures. For
example, the BIF of a plain, uncoated PET bottle is 1. Assuming the shelf life of a

25  carbonated beverage packaged in a plain, uncoated PET bottle is about 10 weeks, the
shelf life of a carbonated beverage in a coated PET bottle having a BIF of 1.2 would
be about 12 weeks, the shelflife of a carbonated beverage in a coated PET bottle
having a BIF of 2 would be about 20 weeks, and the shelf life of a carbonated
beverage in a coated PET bottle having a BIF of 20 would be about 200 weeks. BIF

30 can be measured using empty bottles with GMS (Gebele Measurement System) at 38

°C. In these examples, the CO, loss rate was measured by determining the rate that
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10 coating, but can be discontinuous. The top coat 24 fills the pinholes 26
in the inorganic oxide gas barrier |ayer and reduces the perneability of
t he cont awoaB/089503 0 gas or vapor. In a preferred vari ati @aT(Usos/1hown) of

the structure illustrated in FIG 2, the inorganic oxide barrier |ayer 20
is omtted, and the top coat barrier layer 24 is coated 15 directly onto
pol yneric base | ayer 18. The present invention will be further understood

with reference to the following non-limting exanples. EXAMPLES In the
fol I owi ng exanpbesierkibd iP@E bkBSor¥iife BIHM, Sk theltottied WeRUSredsi@RAH BB bEr 20

t hat denonstrate the barrier-enhancing effect of the present compositions
and net hods. Baessiernd hdetEnnt and water resistance of the coating were
assessed. The barrivglel MEOYEIGAL LRAEROLS 6B FhadlS HSLE MARL, BibefiAGPAri NG
the loss rates for con al ners wt coating corrposfcfl ons and

| ayer struct uriadicatbdin thexaigdwa] e}tdmepl@l désanibe@qub\w watemsstartoedva@lﬁiéamed le is

1. Assum ng_the shelf |jfe of 5 arbo bev ep pl ai n,
uncoat ed PET b inreersine the der C%%diaegl%é m zEnp' ‘Wéﬁefa rF %ég o?fk&qﬁag‘gop ra?“e
beverage in a xfa efhdPBETmbRid S ABO i Gt 1Y E)p%f)atjw:% apliéd] Thebabeherl 2
weeks, the shelf [ife o f. a carbonated beverage in coat e(ij PET b ttle

havi ng a BI F oWers ryibad gonsiuoyshyith frodigges pregsifie hide EWB?IFedI urigg de

car bonat ed befﬁﬁlﬁﬁ@%f irﬁ]m@rsﬁﬁaﬁﬁg aﬁ%lraﬁ&ténh%eﬂ'@i’ th@@ozﬁm@'vﬁis Qﬁen%@sé@%&' dt be
about 200 weeks. BIF can be measured. using bottles with

(Gebel e Measur &e#eo @%@WF whetlyg anl:cothgtmﬁ’é‘rkes éﬁéﬁﬁﬁ@%ﬁd W%thwtqf@s rate
was measur ggl by deiHLIY ﬂisﬂ&hh@@her %@cr TaMBottlé‘lmM@ @%’éo%gﬁﬁgh Béalpdelnl 30l 2670

C2 migrated to the exterior e, | es_were
pressurized towsghat thqw@seﬁuho@learbdfommi %fter Q@ \@ter\ﬁa%I%?HC¢ dast. sSFerrfEamples

det erm ned by s cgk I8 hStne o Y R85 2 WnltE hie S obgawea@ﬁ@l@wa&rmﬁe

i ndi vi dual exarrp escrl% ow, wafer resistance was neasured 5 by

i mrersing the mapng:dlawé@dbotomlesvatm dilrbectents wengprepeated regiery dhogr for e @yt wat er
for 24 hours, r t Fo42 t t i ed.
The bottles then ﬂ&us %n@ﬂ%% %a@orf't ﬁor%lgéc))%% ﬁinteﬁ&m fhe @Prﬂ’g@%ﬁ\r@g?ﬁg& whi |l e
i mersed dufi ngatemmﬁuams(u e5themoa|mnmsms tlnermamsneslstanc'éhest)a\phm]a(n)armc@)aangj f eel

of the coati N9cafiPBe ruq% en% ccl)a;[tlng dissolves into the water following 24 hour

immersion in water at 22 °C, and (ii) the coating of the bottles, while in the water, do
not feel sticky.
Example 1: Water Resistance of PET Bottles Coated With BLOX™
20 and Resorcinol Diglycidyl Ether
Resorcinol diglycidyl ether (“RDGE”), which is one of the monomer
components of BLOX™ and is sparsely soluble/dispersible in a dispersion of
BLOX™, was used as a multifunctional epoxide additive. After 4 hours of mixing the
1.5wt% of RDGE and 2 0wt% o f BLOX™ water dispersion (i.e., 98.5 wt% BLOX
25  dispersion consisting of 20.0 wt% polymer solids and the balance water) at PH less
than 5, PET bottles were coated by pouring the mixture on the bottles while the bottles
were rotating, and then spinning off the excess materials from the bottles and dried at

60 °C for two minutes in a temperature-controlled oven. The coating thickness

achieved in this manner was around 1.5 to 2.0 pm. The bottles were then tested for
30  water resistance (WR). The coated bottles passed all of the WR tests.
Example 2: Removability of BLOX™ and Resorcinol Diglycidyl Ether Coating
from PTE Bottles |
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was al so determ ned whether any coating particles had dissolved into the
wat er by, 10 first, visually inspecting the water and bottle under 1|ight,
and t hen woripasdisngy t he weight of the coated bottl es beforeTarsds/sfsrer t he
wat er resistance test. For exanple, when BLOXTM was used as the top coat,
a white haze was observed in the water if the coating dissolved into the
wat er. These tests were repeated every hour for the first five hours, and
then again 24 hours after imersion. The top coat was considered 15 water

resistant (i.e., theufQ3bitbaPaseeatil ExWRHIEN *ES phlcenio b eadslic whlaton(i ) no
coating can be rubbed off and no coating dissolves into the water

fol | owi ng 24 HoHri2) atrfFeCstiosimilate RET agcyele comlitins g Adstirer yas wed toolighily ot t he

Resi st ance of RO AL e (gt (RRlyiofy el o R fecea fEBR he )
Et her Resor CI MRAT bitthé, yaad dly sonet dages dissHDSEWIthinwhowHivi snigies of imnjegsioromer
o n'p onent s u S E!ﬁhocg Scalés%]g%f)ftuﬁ?rh ne ressg ll‘ 1§S li'l&igitg {hq{ g?§ Ry g Ihg%\éét})élﬁ) %‘l‘l ‘iﬁ%rs I on Of

BLOXTM wa PONAl epoxi de a hour s of
m Xxi ng the 1@nﬁﬁérﬁilral's)aﬁ1@nd 2 Omt/o o f B LOXTM wat er dispersion (i.e.,

9 8.5wt% rsi onsi st solids and
t he bal ance \/\é? ?«a? P ?tgrs Sl%i%ﬁ%og?hg%o%ﬁﬁfﬁqags vvergﬁlt‘:dofaz?gd by pouri ng
the mxture on the botthﬁ&@fdehﬂmgl@clbgtmhas were rotating, and then

ff th | d d Q C
PTG O 1 Lhe e TBLSTAS et AR SR B0 gl

achi eved iy t hiygs MBRBNEK] ¥WEGBWINBULOK™, AdePor® dily of ixilyp1 .5lva% ofeGBE tlnn

tested for 30 water resigtanc : coate asse of the
WR tests. Exanmiina%pf %va‘lﬂt‘i’rql?c’ﬁpnlgﬁ%gﬁH%R@gﬁ“&'ﬁﬁ%&e ?ﬁaf%?/‘t Et her
Coati ng fromfP dbErBe s hasrided iNBxAap10 89903 cgﬁﬁ@ﬂﬁaﬂeﬂs?aﬁﬁﬁved?ﬂistderQC&t ed as
described in Exanple 1 were placed into a caustic sol uti on 'ngH 12) at 85 C

to sinulate PEP 2r0emycifbe estedibettiss then wer supjeeted Wa%nddé‘ésﬁ 13 pfSy rub the
bottle surfac BG: CRUSEt ResiQhirde! OQ@ETgﬂﬂt £o&a®i |y peel ed of f
I SSOI ve W t

fromthe PET oa'tnfl , and i n sone cases In about five mnutes
of imersith into 5 the andResmgino] Pigheidyl Edrer These results indicate that

the coating has go%'lpgcgtﬁenst\;veafle coatld with m&ﬁﬁea&f ﬁl%xm LIQQRGDE as described

in Example 1, but in this experiment were dried with hot blown air. In particular, two

hair dryers were positioned about 20 cm from the bottles and air at a temperature of
about 66 °C was blown across the bottles for one minute. The coating thickness
20 achieved in this manner was around 1.5 to 2.0 um. The bottles were then tested for
water resistance (WR) using either ambient water or hot water. The coated bottles
passed all of the WR tests.
Example 5: Comparative Example— BLOX™ (Coating on PET
Bottles With No Epoxide Additive
25 A BLOX™ dispersion without any additives was coated onto PET bottles and
dried either at 60 °C for 2 minutes in a temperature controlled oven or with hot air at
66 °C. A coating thickness of around 1.5 to 2.0 um was achieved in both cases. The
bottles were then tested for water resistance (WR). The coated bottles failed by

dissolving in water, irrespective of the drying method used.
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Exanpl e 3: Water Resistance of PET Bottles Coated Wth BLOXTM and d ycerol
Di gl ycidyl Ether dycerol diglycidyl ether ("GDE"), another nultifunctional
epoxi de amidioBiogesp3 10 was m xed and reacted with BLOXTM ARCrarsovms7day of
mxing 1.5 wt% of GDE and 20wt % of BLOXTM wat er di spersion at PH |l ess than
5, PET bottles were coated, spun, and dried as described in Exanple 1. The
coating thickness achieved was around 1.5 to 2.0 m The coated bottles
then were subjected to, and passed, all WR tests. Exanple 4: Water

Resi stance of RixAmpié:| WatEﬂRbﬁdaWetthﬁix%dVéd PET ®atidgesor ci nol Di gI yci dyl
Et her PET bottles were coated with a mxture of BLOXTM and RGDE a
described in Exanple 1Topgpated WithiRLQX jeandResorcipeldighypidyl Kfher, hot bl own

air. In particul ar, pEWbottRaiwersm48s SndVBsaedPRh b it BinCEy2BO YL i 2 hfR & £igen t he
bottles and air _at a terg)erature of about 66 C was bl own across the
1

bottles for onéiGh nlheSiOcrrated KT hoglos icek e sozterl withacipp goatmateriad of@nner
was around 3. 5pBro3@MngRDGH 81sf9é?§161{ %%nﬁ‘@fe%r&é@%rﬂeﬁcﬁﬁ%@ th EmpldAL £coati

resi stance (WR) using either ambient water or hot water. The coated ngottles
passed all of thekngR efgaound 15(@@)0 emswamhmc(ht TheemEhtidaypt-epateBlbOMIEMtE0at | ng

on PET Bottl e, d 25 A BLOXTM di spersi on w thout any
Yé{&gje%@g EJD %ﬁ]ﬁgj%se@t zﬁ Vit

additi ves was coa es an dried either at 60 C for 2
mnutes in a t@&xpepktlr eRanmtdbﬁityeﬂBD(Déﬂanddeshrctm Daglycidyl Eth& Coatihg

coating thickness of ar s achieved in both cases. The
bottl es were then teste Sl%th?teﬁgg‘lEg#n‘g Ese (WR). The coated bottles
failed by 1dissol vi Bgttlleﬂcd%d&rs delsdribe@ REBkdnve 6fweld1plachdyintoth eamktoshhitpad. 16
WO 03/ 089503 Resi st ance of Si OX Coated PET

03/.12 | 6.  Wat
Bottl es Topcoa%lﬂa’ BE eéeGY“é"? ?@S{tﬁ‘@l§69ﬂ?lw4§t“ﬁ@t°ﬂ’ﬁm Bygbt | es

vere made and gpajoat th& i tﬁévaﬂsdc%ﬁﬁoxp Theacoﬁhﬂge%geaéabf?y 1A S ff fromt (8- The
Si O, coated PET bottles were then coated w op coat material of a 5

BLOXTM and RDGEIQygted $iEdnbott]e; a9g ltlﬁémﬁﬁéi?ésiﬁssﬂé@b‘f’itb@cﬁbpﬁt fiveaminuees pf A
coating thi ckngggeRfondhRUAL hdt bR DnflicRM MRS dfé&hfs%ff(ﬁ te H3E th coatln’]ug W

nul tilayer-coated bottles then were subjecte passe
t ests. 15 good potential for commercial recycling.

Example 8: Water Resistance of SiO,-Coated PET Bottles
Coated With BLOX™ and Glycerol Diglycidyl Ether
PET bottles were made and coated with a thin layer o f an inorganic oxide,
SiOx. The SiOx-coated PET bottles were then coated with a top coat material of a
20 BLOX™ and GDE dispersion, using the process described in Example 3. A coating
thickness of around 1.5 to 2.0 um was achieved. The multilayer-coated bottles then
were subjected to, and passed, all WR tests.
Example 9: Water Resistance of SiO,~Coated PET Bottles
Coated With BLOX™ and Resorcinol Diglycidyl Ether
25 PET bottles were made and coated with a thin layer of an inorganic oxide,
SiOx. The SiOx-coated PET bottles were then coated with a top coat material of a
BLOX™ and RGDE dispersion, using the process described in Example 4. A coating
thickness of around 1.5 to 2.0 pm was achieved. The multilayer-coated bottles were
then tested for water resistance using either ambient water or hot water, passing all

30  tests.
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Example 7: Renovability of BLOXTM and Resorcinol Diglycidyl Ether Coating
fromSi OX Coated PTE Bottles 10 Bottles coated as described in Exanple 6
wer e pl acwo o3nswBoan caustic solution (pH 12) at 85 C to siPCEIEBOE1ZEEHT
recycle conditions. A stirrer was used to lightly rub the bottle surface
in the caustic solution. The coatings were easily peeled off fromthe SiOX
coated P ET bottle, and in sonme c ases dissolved within about five m nutes
of imrersion into the hot caustic solution. These results indicate that

the coating hasampre fif20eoRphLiive dxampleC BN @éatii n%’%)id ing. Exanple 8:
Wat er Resistance of Si OX Coat ed PET Bottles Coated Wth BLOXTM and d ycerol

Di gl yci dyl Ether PET bofiQeisoatedt BE kottles itk NodaxifiecMldititenin 1 ayer o f a n
i nor gani ¢ oxi de, %@L oK™ cﬁb@&&p%tﬁ&tpﬁ RO ELFayBofed BRD HOREGIA th a

top coat materi al a 20 BLOXTM and GDE di spersion, using the process
described in H)Hnlpﬂtéesandﬁmdvattﬁlengt 601?@%@519111&68311 o tamepetatige contypl pYenas

Daesed. al 1 e Ut AL S PG e gt o aifERe 1 18R e e Bepidl]
Bottl es Coat edl’hWEcﬂtl@'—% N’n&ﬂd&sﬁﬁsﬁf Wafb@hedﬁt@lcyﬂhéy faiktihey tiR5toPEcbativgt t | es

were made and coated with a thin I@yer of an.i egirganic oxide, SiOt. The
Si OX coat ed PEissplyed ingkatcleliesReqiyr dyngmefhod uisdn " coat material of a

BLOXTM and RGO 10 $1:S Wliter R@dlsﬁﬁléemsﬁf aCAS&l PEF BottetohfedExanpl e 4. A
coating thickness of around 1. gm was achi eved. The

Pt O
nul til ayer-coated bott| &thi@X tﬁbﬁltzéﬁtoéﬂwnewat er resistance using

ei ther anmbjent wat %Toﬁotﬁé&twé’i@h%de aRABAED with la th%pl QY% ihérghik 0210689503
PCT/ US03/ 12670 Exanpl e 10: Conparative Exanpl e- XTM Coat i nﬂ on . Si OX

Coat ed PET Bot%iPes AW dibperiorEghy; iif@%AeﬁultZrQP@m bBLﬁ@»(TMf%ﬁH@B@F%% eppdiffout any
additives was a‘&ﬂ%@%ﬁ%&t%@b%&%m ?rgwatg {ebod § lw@}% Bk @@t&ﬁo@é&n@@ﬁngﬂt 60

for 2 minutes Th a tenperature control oven or Wth hot air
A coating thi cK289swits pelymensglids Sditee @1@0‘?71?‘/6\7&@ vmme@@/rédl andrthen mﬁqdm@ vver e

t .hen test e.d f Oél?‘é’?&&%éd 12548 bé&l@g@?po@ﬂ?%ef@xhﬁg on AR btoﬁg Wﬁe GRS were

di ssolved in rrrespecti yi ng nmethod used
15  rotating, spinning excess materials off the bottles and then drying the BLOX/SiOx-~

coated bottles at about 66 °C. A coating thickness of around 1.5 to 2.0 pm was
achieved. The multilayer-coated bottles then were subjected to, and passed, all WR
tests.
Example 12: Comparative Example—Water Resistance of SiO,-Coated
20 PET Bottles Coated With Acetic Acid-Containing BLOX™
Dispersion and No Epoxide Additive
PET bottles were made and coated with a thin layer o f an inorganic oxide,
SiO4. A milky white dispersion containing 0.5wt% acetic acid, plus another mineral
acid, and 2 0wt% BLOX™ was prepared. T hen, the SiOx-coated PET bottles were
25  coated with the dispersion by dip coating them in the dispersion, draining and then
spinning them to remove excess coating. The bottles were then dried in a forced air
ovenat 60 °C for two minutes. A coating thickness of around 1.5 to 2.0 um was
achieved. Five minutes later, the coated bottles were immersed in room temperature
water for 15 minutes and rubbed as in the water resistance test described in Example
30 1.
Next, the bottles were subjected to a harsher adhesion test to determine if a

freshly coated bottle can retain the coating in water at an elevated temperature. The
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Exanpl e 11: Water Resistance of Si OX Coated PET Bottles Coated wth BLOXTM
and 1, 2- Epoxy Butane 10 PET bottles were made and coated with a thin layer
o f an i /wogaswodxi de, SiOx. A dispersion of 1.5w % of PCTASPIK67OUL ane,
a nmonofunctional epoxide additive, and 20wt % of BLOXTMin water (i.e.,

98.5 wt % BLOX di spersion consisting of 20.0 wt % pol yner solids and the

bal ance water) was prepared and then coated onto Si OX coated PET bottles
by pouring the mxture on the bottles while the bottles were 15 rotating,
spi nni ng exce%mt@?&v Ire'i@;h‘% ggn S 6 095 b O vad BBk thallfhk icBRink REmBbEEsSi Ox-
coated bottles at about 66 C. A coating thickness of around 1.5 to 2.0 m
was achi eved evillaeedty thelveapeturoingcloddibot t | es t hen were subjected to, and

passed, all tests,. .12 -al | r Resistance of

Si OX Coat ed \é\@xﬁﬁ‘?ﬂsﬁ';%g%%%%c%ﬁ%%gﬁe\cﬁ@ Aifleec g\lgtrr?ieng BLOXTM

?hjspelrm on an]g No Epoxi WithAdickiticiAckl-Cailtaining BEOXneSelutiede and coated with a
in layer 0 a n inorgap,c oxi . i m | ky white dispersion

cont ai ni ng 30. 5wt % acet i %"‘giéfs(?,rmﬁﬁﬂﬁ)slglg'ﬁgg etrhém neral acid, and 2 Oam %

BLOXTM was pr epar e@ET o, wdrbim aBe @ caxddedtitPE Thinolaydrof anenerg@tc evde.ed with

the dispersion. by dip.coating themin the,di spersion bk n hen
spi nni ng t hem%t‘@"r M\?‘é"“@)&?ﬁg@nféﬁ?ﬁnﬁ]&. r“ﬁ'{‘ga%of talcgsa%?%"@tﬁ/ngg@%f i gN in a
2 og cted 3'6 O\Rdpartld, ﬁgd) dugtﬁ@ﬁis&my,rﬂ'ﬂmwﬁets.3-8\2&118/08(101@' befbiecksaesh codtimgr ound
. 0 2.0 mwas achieved. _Five mputes |ate t coat ed bott.les re
i mrersed in r GBHERHALPEPHPS O "thﬁthY‘tS‘? sqltiqn @éé&’?’ﬁéﬁ‘a‘ﬁf‘*&%&&g‘ ‘idlégrflﬁyt he
wat er resigt angRr (RBGE) €5.6widh)e dTheh, Hxasipl-oatclP BT biVeket w edr eoaldtv ftlethever e

subj ected to a harsher adhesion test to determine.if a reshl y t ed
bottle can retcartne REUESRY diycriingdhem in e Iﬁﬁmé?’gﬁaélflﬁ%la de{?ﬁ%ﬁlﬁ?%?éﬁ%?ﬁe 18

WO 03/ 089503 REHMSR3kIRSIRting Ot id 1R%1e8eR théA®icde A doatittheknat ofiro@d |t vas
observed that the coating cane off, as evidenced by the water _turnin

cl oudy. ExanplleS to32.0 vt was acbisvesk difeter rgfist@joeyested gtcaricmeietehen ﬁh%QO‘és%ﬁseg

\g Lgr Acetic Acjd: Gop Enaﬁ)gnﬂfge BY- LT, DBl Yht thedekiBESARMED Bh thobtieCAdY!

15  evidenced by no clouding of the 45 °C water.
Example 14: Water Resistance of SiOy-Coated PET Bottles Coated
With Acetic Acid-Containing BLOX™ Solution
and Sorbitol Polyglycidyl Ether
SiO,-coated PET bottles were made and top coated as described in Example
20  12; however, sorbitol polyglycidyl ether (SPGE) (1.5wt%) rather than RDGE was
used as the epoxide additive. The coating was 8.0wt% BLOX. A coating thickness of
around 1.5 to 2.0 pm was achieved. The top coated bottles were subjected to, and
passed, the water resistance tests described in Example 12.
Example 15: Water Resistance of SiO,-Coated PET Bottles Coated
25 With Acetic Acid-Containing BLOX™ Solution
and Diglycidyl Ether of Bisphenol A
SiO,-coated PET bottles were made and top coated as described in Example
12; however, a 65wt% dispersion of diglycidyl ether of bisphenol A (DGEBA)
(2.3w1%) rather than RDGE was used as the epoxide additive. The coating was
30  8.0wt% BLOX. A coating thickness of around 1.5 to 2.0 um was achieved. The top
coated bottles were subjected to, and passed, the water resistance tests described in

Example 12.
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PET bottles were made and coated with a thin layer o fan inorgani c oxide,
Si Ox. A viscous solution containing 4wt % acetic acid and 20wt % BLOXTM was
pr epar ed,wand/osdoe t he viscosity, diluted to 3-8w % BLOX pefrarses/user A
coating mixture was prepared fromthe diluted solution (98.5m% and
resorcinol diglycidyl 10 ether (RDGE) (1.5Wm % . Then, the Si OX coated PET
bottles w ere coated with the coating mxture by dip coating themin the
m xture, draining and then spinning them to renove excess coating. The

bottles were tﬁaﬁﬂgﬂé1@dwﬁepﬁ@siskmebhsi@<m&dqumm Cohted t0 2.0 mwas
achi eved. Water i stance tested were conduct edmon the bottles as

described in Exanpl e 12Witl Agtis AsidCoptaining BLOMhe S0BHIdIng renai ned on the

bottle, as 15 evidenceg, by 4Gl il DidyQlyltiife?> C Water. Exanple 14:
Wat er Resistance of Si(Qz Ill?:oate PET Bo@rﬁes Coated Wth Acetic

ém d- Cont ai ni ng BL@)GMo@@ﬂLﬂﬁibbpt@mv%@md@ end 1| gpgled @p dgscripadyiarExample
i O ,-coated T t I
gd RB hg\g%\ye{r ef4\% aﬁe tfﬁl&r C(?@(%)(@?W@%f cIthd)§hhr! RD@Ea”p e

20 12; however sor pol'yg yC| rat her than
RDGE was usedwaasude&neiseqhompd:adadddltwwe Th?h@ﬁbnmmaﬁgg Qvet&o @LQRE % Bloayg A

coating thickness of _ar oun chiey

bottles were stﬁ‘ﬁf"éeé? S hé to &a(gétgh wap ﬁ\é\ﬁ‘ % lrrg?agl stcggr%%detog {9&%}
described in EygeRbetol#nd fa¥@aphewit: reWidhde tmesdr&aamma@lm Coat ed PET
Bottl es Coated 25 W¢th_Acetjc, Acid- nta ”'%8&@”2@ i on and

Di gl yci dyl Et H%&anweﬁsb’}lﬁg%l‘ewwceo agﬁélre made and top
coated as gescribed in Fakaic Adachnwaag BLOXS i per si on of

di gl yci dyl ether of bisphenol SJDGEBA gg SV\/t;@ rat her than RDCGE was used

as the epoxide additi veandfedycerd DiglycidplEe % BLOX. A coating

thickness of around;d, gatdd @ﬁb&ﬂés‘"@@re@&i&b%ﬂ&%p coafdtag ResceiBed ROE- ées
were subjected to, andga@ssed the water resistance tests describe

Exanpl e 12. 192W»W@skD g@lmpm@m@@)(1%@@@1161@1%\?&%%%@%@%% of

Si O, Coated | |
SO, ot ed REToRId (0 RN ASER% BEOS CORRhE B, KNI ut i on

15  1.5to0 2.0 um was achieved. The top coated bottles were subjected to, and passed, the
water resistance tests described in Example 12.
Example 18: Water Resistance of SiO,-Coated PET Bottles Coated
With Acetic Acid-Containing BLOX™ Solution
and Glycerol Diglycidyl Ether (0.6%)
20 SiOy-coated PET bottles were made and top coated as described in Example
12; however, GDE (0.6wi%) rather than RDGE was used as the epoxide additive.
The coating was 3.0wt% BLOX. A coating thickness of around 1.5 to 2.0 um was
achieved. The top coated bottles were subjected to, and passed, the water resistance
tests described in Example 12.
25 Example 19: Water Resistance of SiO,-Coated PET Bottles Coated
With Acetic Acid-Containing BLOX™ Solution
and Tetra Glycidyl Ether of Meta-Xylenediamine
SiOy-coated PET bottles were made and top coated as described in Example
12; however, tetra glycidyl ether of meta-xylenediamine (GEX) (1.5wt%) rather than
30 RDGE was used as the epoxide additive. The coating was 8.0wt% BLOX. A coating
thickness of around 1.5 to 2.0 pm was achieved. The top coated bottles were

subjected to, and passed, the water resistance tests described in Example 12.
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Si OX coated PET bottles were nade and top coated as described in Exanple 5
12; however, 1,4-butanediol diglycidyl ether (BDGE) (1.5Wm % rather than
RDGE waswoaais®e3 t he epoxi de additive. The coating was S8POMUHBLON A
coating thickness of around 1.5 to 2.0 mwas achi eved. The top coated
bottles were subjected to, and passed, the water resistance tests
described in Exanple 12. Exanple 17: Water Resistance of Si O, Coated PET
Bottles Coated 10 Wth Acetic Acid-Containing BLOXTM Sol uti on and d ycer ol
Di gl yci dyl Et hﬁﬁalﬁ,iﬁeaﬂ@ B GRHoPem &R bf PRITBREesESRedWat and top coated as
described in Exanple 12; however, glycerol diglycidyl ether (GDE) (1.2wt%
rather than RDGE was usdd-QX ™ With apbWitheutkRnxiddAddifiKe coating was 6. Om %
BLOX. A coating t hipglegaeofwdt iéiireiSark Sodi@l ifh B MEOXBERbe\eal. (2hhg top
coated bottles were subjected to, and passed, the water resistance tests
descri bed in BEsmtaiieg 2 msowEinghdiglycidd:ethapedditivres plyeapldielyridydiether addiive.« PET

Bottl es Coated (+h Acet]c. Aci.d- Contal ni j r ol

Di gl yci dyl ‘Et her g%%%%ﬁ%ﬁ%&%%éﬁ@ﬁ@qb%% vs‘\g‘trlgééch%gee(ﬂgﬁgqt%%%coat ed
as descri bed i weeXizmtbsted foRbarfienimpmvem&Diac(d (BIR) lativatttenconted RERDGE esva s
used as the eplx[%i deladdi ive. TablE coating was 3. Om % BLOX. A coating

t hi ckness of af SURH S 25 Y8VB M s achieved. The top coated bottles were
subj ected to, TaklepaBIPConifRisvRbEY ari@si Giasing Strucaigts descri bed in Exanple
12. 25 Exanpl EBdflle ShhicaireResi st ance of $BOKX Coated PET Bottles Codted Wth
Acetic Aci d- Containing BLOXTM Sol ution—and Gyei-dy her—6

Met a- Xyl enedi nF¥he Si OX coated PET bottlés were nade and top coatgd as

described in @o LY Tetrajgiyci dyl ether of

met a- xyl enedi amﬁggz?&%@}({l.gaﬁy%ﬂ?gtsher ?han 30 RDGE was used as the
epoxi de addi t | PET + & Bb@K hg 1\i&ereSorGndldsl BEOX. A coati ng t hi cknesg of
around 1.5 to| @&ghQcudylaerachi eved. The top coated bottles were subjected
to, and passe{PETRe2MatBIIOX €s+ dt5dhglycdrals 293descri bed i n Exanple 12. 20 WO

03/ 089503 PCT/{ LiSH3{d3PAHER (aoredhehidd: Barrier | nprovement of PET Hottles
Coated Wth

10 For comparison purposes, BIF values were calculated for the PET bottles

having other layer thicknesses of BLOX™ coating. These structures and BIF values
are shown in Table 2.

Table 2: BIF Comparison of Various BLOX™ Coatings

Bottle Structure BIF
PET (28 g bottle) 1
PET + 1.75 micron BLOX™ 1.91
PET + 2.5 micron BLOX ™ 2.1
PET + 3 micron BLOX ™ 2.3
PET + 4 micron BLOX™ 2.7
PET + 5 micron BLOX™ 3.1

15 Example 21: Barrier Improvement of SiO,-Coated PET Bottles Coated
With BLOX™ With and Without Epoxide Additive
SiOx-coated PET bottles were prepared and top coated with a BLOX™ top coat
(20%) containing a resorcinol diglycidyl ether (RDGE) additive, a glycerol diglycidyl
ether (GDE) additive, or no additive. The bottles were coated as in Example 6, and a
20  coating thickness of around 1.5 to 2.0 um was achieved. The bottles were then tested
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BLOXTM Wth and Wthout Epoxide Additive PET bottles were prepared and
coated with a BLOXTM top coat (20% containing a resorcinol diglycidyl

et her addwoios®89se3 gl ycerol diglycidyl ether additive, or PETRSORGWIGi ve. A
coating thickness of around 1.5 to 2.0 gm was achi eved. The bottles were
then tested for barrier inprovenent factor (BIF) relative to uncoated PET
bottles. The results are shown in Table 1. Table 1: BIF Conparison of
Various Coatin Structures Bottle Structure BIF PET 1 PET + 20% BLOXTM
(1.7 gmthick) fir Balnefﬁlbrdveafé% BlcfoX (BIF). et S0 h6om-tupl cobtedf Sidloghtge irdyTl

et her PET + 20 BLOX_+ % g cerol aﬁ 03 diglycidyl et her (about 3 m

thi ck) 10 For Wﬁ%{ﬁ@&ﬁ“ﬁ‘ﬁ?‘ﬁé o indlaple?a) yes were cal cul ated for the PET
bottles havi ngapld®BIRg&hpirNoalod ¥asiohs ChatileBfThdtaeat i Nng. These structures

and BIF val ue§BoMiESEh@dE | N Tabl e Z. Tagggr 2: BIF Conparison of Various
BLOXTM Coatings _Bottle Structure BIF PHT (28 g bottle) 1 PET _+ 1l 75

micron BLOX 1,®i0x€eaedPBI 5 nicron BLOX |24 PET + 3 micron BLOX 2| 3 PET +

4 mcron BLOXWBW r]%rb F [6lg3ld Exanpte 2 Barrier |
| npr ovenent of éIXOS:( at ed ottles doated W¢th BLOXTM Wth and Wt hout

Epoxi de Addi t i|\8eO,SC@Med BET et 2PBTBROM | e G6Y e prepared and top coated with
a BLOXTM t op ¢ddt% GDEO9%) containing a regsorcinol diglycidyl ether [ RDGE)
addi tive, a gl \pi@r-Obateli §EYct @Y BROBEY |@H) additive, or no additjve. The
bottl es were ¢dadeBD&E i n Exanple 6, and a 20 coating thickness of| around
1.5 to 2.0 gmwas achieved. The bottles were then tested 21

5  These results of these Examples indicate that the inclusion of an epoxide additive in
the organic top coat can enhance the water resistance and adhesion of the organic top
coat while improving the overall BIF of containers therewith, as compared with bottles
having organic barrier coatings alone or with bottles having organic barrier coatings in
combination with inorganic barrier coatings. The epoxide additive has been shown to

10  effect the combination of improvements.
Those skilled in the art will recognize, or be able to ascertain using no more
than routine experimentation, many equivalents to the specific embodiments of the
invention described herein. The references cited herein are hereby incorporated by

reference.

15
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WO 03/ 089503 PCT/ US03/ 12670 for barrier inprovenent factor (BIF) relative
to non-top coated, Si OX coated PET bottles. The results are shown in Table
3. Tabl e B0 0Bo#sCNpari son of Various Coatin Structures Beortuses/Beract ure
BIF Si OX Coated PET 1.76 Si OX Coated PET + 20% BLOX 6.63 Si OX Coated PET
+ 20% BLOX + 6.63 1.5% GDE Si OX Coated PET + 20% BLOX + 6.81 1.5% RDGE 5
These results of these Exanples indicate that the inclusion of an epoxide
additive in the organic top coat can enhance the water resistance and
adhesi on of tRg.efganic top coat while inproving the overall BIF of
containers therewmth, as conpared with bottles having organic barrier
coatings alone or with Eottles having organic barrier coatings in

conbi nation wilth i AdTO8EASEINEYP FPBRISEFat i ngs. The epoxi de additive has been
shown to 10 effect theaggymamﬁmg@myﬁfmmerovenents. Those skilled in the
art will recognize, or be able to ascertain usi ng no, nor tq%n routine
experi nentation, nany eatﬂp\fsgﬁfé%f%er?@%%@éﬁ@é‘?%@%ﬁm@gfﬁéws BioPRY
invention desqfiRed Woﬁipﬁsin%%o%@ﬁi@&&ﬁﬁ@%d@ﬁﬁaﬁﬁ Jiesdating eHeetiraabidyy of

i ncorporated b reference. 15 22 WO 03/089503 PCT/US03/ 12670 W Claim 1
A coat ed st rudheseuctiseipigss 95 :vaRery 1) Al ePEXige, addifivg, which nges B5 Wi

barrier layer ,coated QmeGihE ROWMHRE, & PasHbihAGAS therbb of MR foPoat bafiér er
| ayer conprising an organi c conmpound capabl e of reducing the perneability

of the structlayee to gas or vapor, and an epoxide additive which enhances
the water resistance, adhesion, gas barrier, or a conbination thereof, of

the top coat bfr ri Ghe S&ME of claim 1, wherein the organic compound and epoxide additive
are applied to the polymeric base layer in an aqueous solution, dispersion, or

emulsion, which is then dried to form the top coat barrier layer.

3. The structure of claim 2, wherein the solution, dispersion, or emulsion is at

least substantially free of volatile organic solvents and halogen compounds.

4, The structure of claim 2, wherein the solution, dispersion, or emulsion

comprises less than 7.5% of epoxide additive by weight of organic compound.

5. The structure of claim 1, wherein the epoxide additive comprises a

multifunctional epoxide which crosslinks the organic compound.

6. The structure of claim 2, wherein the epoxide additive comprises a
monofunctional epoxide which reacts with a neutralization agent in the aqueous

solution, dispersion, or emulsion.

7. The structure of claim 1, wherein the epoxide additive comprises resorcinol

diglycidyl ether or glycerol diglycidyl ether.

8. The structure of claim 1, wherein the organic compound has at least one

hydroxyl, carboxyl, amine, or carbonyl functional group.

9. The structure of claim 1, wherein the organic compound is polymeric.
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2. The structure of claim1, wherein the organi c conpound and epoxi de
additive are applied to the polyneric base |ayer in an aqueous sol ution,
di sper si owg 0at0895e3rul si on, which is then dried to formthePCopsobse7barri er
| ayer. 3. The structure of claim 2, wherein the solution, dispersion, or
enul sion is at |east substantially free of volatile or gani c solvents and
hal ogen conpounds. 4. The structure of claim2, wherein the solution,

di spersion, or enulsion conprises |ess than 7.5% of epoxide additive by

vei ght of orgafyj ¢ ceERAU&Ge o cla_ﬁﬁel Sinkeet E SrdahicPoipBnk, is WEIBd&T froth e
epoxi de additive conprises a mul i functional” epoxi de which. crasslinks the

organi ¢ conpougiaup Gonsiiag sefy n@vﬂh@a@m%l mlyﬁﬁfzylaw@?%mbt(wl@pwﬁ e 22ldi ti ve

conprises a n&%&gﬁ%gl%ﬂloggom de which reacts with a neutralization
agent in the aqueous olution, dispersion, or enulsion. 7. The structure

of claim1, wherein the epoxide additive conprises resorcinol diglycidyl
et her or gI ycetlol dihgl stoicthy¢ oft tleim 1. wirheinsthe uerngetie ompernd §PEPristhe? ei n

t he organic com east one hydroxyl, carboxyl, am ne, or
car bonyl funct?oﬁlg’?gxgﬁﬁmg&@r The structure of cI aim1l, wher ein the organic

conmpound i s polyneric. 23 WO 03/ 089503 PCT/ US03/ 12670 10. The structure
of claim1l, whex ei rirltem&uciu@a:fictaimdl;rpmmi:h the tapeloaichagtbr flayerhastrethichness of

consi sting of ]g g erani nes, poly(acrylamde)s, poly(acrylic acid)s, and
car boxymet hyl &P DFBE™©1 " The structure of claim1, wherein the organic
conpound conprises a polyhydroxyam noether. 12. The st ructure of claim1,
wher ei n t he tops.coathebafutiugs of alyﬂ[ 1h&sthar b&hpﬁsﬂt@zm dforgahiesgas tthaier 16yer

m crons. 13. The structure ai furth r| SI n i norgani ¢ gas
barrier |ayer RSP Bgﬁmeqﬁ?éléep%}'?ﬁ’é‘ﬁhg %’a?@ eg[laygnd the top coat
barrier layer. 14. The st ructure of claim 13, wherein the inorganic gas

barri e{l | a;(;er bAs prugh@uasre coRih he, Wﬁb@elﬁﬂ&tm&gﬁﬁ& g4s Hafriee taykrsha@ pinhelas t
partially disposed in the p ol es. The structure of .claim 13, wherein
the inorganic #udh ‘E)‘QPFP@rbaIP’QS/Q erd%?ﬁ%‘?"’is aily dispage E‘Bf’mg?lf:? con, al umi num
SiQ,, or a conbination thereof.

15.  The structure of claim 13, wherein the inorganic gas barrier layer comprises a

coating of silicon, aluminum, SiOy, or a combination thereof.

16.  The structure of claim 1, wherein the base layer is a container body and the top

coat barrier layer is on an exterior surface of the container body.

17. A packaged beverage comprising a beverage disposed in the container body of

claim 16.

18. A method for reducing the permeability of vapor or gas though a structure
comprising a polymeric base layer, the method comprising:

applying to the polymeric base layer a solution, dispersion, or
emulsion, which comprises (i) an organic compound capable of reducing the
permeability of the structure to gas or vapor, and (ii) an epoxide additive, to form a
wet coating, and

drying the wet coating to form a top coat barrier layer on the structure,
wherein the epoxide additive enhances the water resistance, adhesion, gas barrier, or a

combination thereof, of the top coat barrier layer.
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16. The structure of claim1l1, wherein the base layer is a container body
and the top coat barrier layer is on an exterior surface of the container
body. 17.waopagisayyed beverage conprising a beverage di spo®ed/tisn3/i1seo

contai ner body of claim16. 18. A nethod for reducing the perneability of
vapor or gas though a structure conprising a polyneric base |ayer, the

nmet hod conprising: applying to the polyneric base |ayer a sol ution,

di spersion, or emulsion, which conprises (i) an organi c conpound capabl e
of reduci ng tha9. peTheabihbd bfclaiin 1§ )ehatinuhd struetuicis gasntaikervapor, and (ii) an
epoxi de additive, to forma wet coating, and drying the wet coating to

forma top coat, barrier |ayer. on t structure,. wherein the i d
hadi 1 ve enhandle t b sttt O ofita st B aFune RORTes, e ol e
conbi nati on t heo@pfisindfillinf thetcoptaonabittbabdverge.! ayer. 24 WO 03/ 089503
PCT/ US03/ 12670 19. The nethod of claim 18, wherein the structure is a

container. 20. The nethod of claim 19 for use in packagi ng a beverage, the
met hod further conprising filling the container with a beverage. 25
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