WD 03/ 089502 PCT/ US03/ 10672 COATI NG COVPCSI TI ON CONTAI NI NG AN EPOXI DE

ADDI TI VE AND STRUCTURES COATED THEREW TH TECHNI CAL FIELD 5 Thi s invention
rel ates twopBastshz fil ms and containers, such as bever agePCEarsvaiwer s, t hat
include a barrier coating to reduce gas perneation therethrough, and nore
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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predom nantly " non-carbonated and particularly for carbonated
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initial carbonation off & bever age.) F ot Carbonat ed. bever ages, simlar
limtations aipgnkparehiieant @asibyymgpanfatud/doemdianded. vBlagic anfaingssi lome, hbivEfarsi on
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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 technol6gies 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



WO 03/ 089502 PCT/ US03/10672 surface of the polyners, either before or
after nmechanically formng the polyner into the finished container. See,
e.g., PCwWo030854D531. | norgani c oxides, especially sili®causodxicde, have
been expl ored extensively, because of their transparency, inperneability,
chem cal inertness, and conpatibility with food and beverages. 5
Comrerci ali zati on of containers based on pol yneric/inorgani c oxide

mul tilayer structures, however, has been slow and nostly limted to
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than the actual area of the pinhole.

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
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olymer layer on top of the inorganic oxide |layer, in order to provide
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providing a top_  coat |ayer that_ has .inproved adhesion to the inorganic
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- g.
pol yvi nyl i denePhuehityodt; efgboxsh hydioxyleq easbaxpmis fynctionglgapynsy & i ¢ & PCIr  PET
substrate/ §(5 L A0) 69/”@48@‘.10'}“1519% 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.
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barrier and coating performance requirenents d escribed above with a

wat er - baswo,03e8senti ally 100% V OC-free, and hal ogen-fre@CTasbs/mg72
conposition. It would therefore be desirable to provide barrier coated
plastic structures 5 having enhanced gas barrier properties and inproved
wat er resistance, particularly where the top coat exhibits good adherence
to the underlying structure. It would also be desirable to provide
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cul ar in the, formof .containers f ood a bever age
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coatings can be 30 renoved during exposure to water _at 80 C at pH 12 or
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slippery. TheymahRP ntAdiaBCHeBSmithdtidh i Wigh @A @poxide 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
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containers. The coatings al so possess good filmnechanical properties to
provi de rweiosmsasee to contai ner handl i ng abuse. | n preferPed/tsSnbodinent s,
the polyneric base layer is a thernoplastic polyner, particularly a
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barrier |ayer '(023/ dfoxgarﬁn&ﬁer%ogﬁlle ﬁ%mgandd%lev eadﬁ%Fe}be}'du%dr%fgé)gfﬁg%ﬁgéﬁ/'nné%i c
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i nor gani ¢ oxi d® éPdFHF%P%%§§uEHéWﬁé€hq¥ﬂ§d681?ﬁ@?mBgéghF‘ﬁkﬁhﬁha“§zs t he
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preferably is aqueous, and nore referably .is substantially.free of

hal ogenat elf corrpounIH§n‘ét|la??)r aFpch Mt dﬁ)f‘rﬁé’mvé&ledg‘bw Ib%.tﬂem iy o ygpor
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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.
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for packagi ng products, particularly foods and beverages. In a nethod of
packagi ngwe obessnage, the steps include (i) providing a CORMUSINENET72
conprising a polyneric container body; (ii) applying to an exterior
surface of the polyneric container body a top coat conprising an 5 organic
conpound capabl e of reducing the perneability of the container body to gas
or vapor, and an e poxide additive; and (iii) depositing a beverage in the

container. Such beyefRaogslesish@b! eldYs Die apoRabO Bt gickRuR! pgducisUCh as
a soft drink or beer,” or a non-carbonated beverage, such as wat er or a
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DESCRI PTI r%ﬂﬁny nhﬂ¥§ﬁ1§%cg§£%éﬁ% J%Hﬁ?ﬁﬁ?% pro&?n emhlgh %%nprlses
a pol ymeric baseapaysnd an @pmct@raailditye,aandl (rm@r@mfil@nggabemﬂ@ell@ﬁhq eppEAinesn t he
surface of th mer i L. e
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conprises an QﬂgamncmbemmﬂUndmngpamheswﬁWr@ﬁuumngmﬂMBmgmepﬁﬂmeablI|ty of

t he structure | addi tive which enhances the

wat er resistaH@g?ﬂgﬁﬁggﬁiﬁﬁﬁgg§ﬁﬂgﬁ?ﬁgggggbq§;conbination t hereof, of the

top coat farrier Irgen,istahalebyorpriawi zngaczkagemlpbmage \hi(ﬂddir@]h&ﬂﬂieider
adhesi on and/ or ved water_resistan 0op..co i.S Larly
suitable for b‘ioﬁ@ge‘ﬁé‘ 3 $7§/05 ¥4POp pardigh 1an §°agfm a%’?&@ ‘%‘ﬁ'ﬂanc%{?lb(’dp FHI

t hrough pol ymagidatipackagi ng contai ners. 25 Conposition for Fornlng the Top
Coat The coating caonpositions, used f r for the to t escri bed
herein preferably H¥Fe2 b?é?@ﬁ@ﬁ“&go §5Wh?£%ﬁ%° agﬁﬁygkﬁﬁ%I&P%éﬁﬂ g?
contai ni ng (i )mAR96%MbiEre oF @¥REHARIeL hat provi des a gas and vapor barrier,
and (ii) an epoxidé additive dispersed/dissolved therein which enhances

the water FesiRBEFANEDINESGRIFIIONOF THE INSBNIIGNot i on of adhesion to a

pol ymeric base |laye{ Qhied %uﬁ&uﬂenfseﬁﬁﬁde@%ldhn%@@ryeg a Payhb®y vhRyRyer, the
gas barrier, or a conbination thereof, of the top coat barrier |ayer.
optionally an inorganic gas barrier layer on the surface of the polymeric base Iayer,

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 (i) 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.



6 WO 03/089502 PCT/US03/ 10672 The sol ution, dispersion, or enulsion, which
is preferably aqueous-based, nust be capable of formng a continuous film
upon dryiwg.o3bspse2 particularly preferred enbodi nent, the aWaso¥1®et uti on,
di spersion, or enmulsion is at |east substantially free of both volatile
organi ¢ conpounds (VOCs) and 5 hal ogen conmpounds. As used herein, the term
"at least substantially free" neans in the case of a dispersion or enulsion
that it contains no or only very |low anmounts of VOCs (i.e., less than 2%
by wei ght VOCs Th@@&luﬁdh tdﬁ'@el@@ﬁEOIOémﬁsﬁﬁ)J \Hlﬁlbl@lils pleddrablyi aquROHd-BHsétls nRt BE very

| ow anobunts of a oxi c or anl c sol vent e., less than 5% by weight).
An exanpl e of PP 885G ?ﬁ“@u% e n%cetl c acid. 10 The sol ution,

di spersion, or errulﬁwparﬂﬁﬁir@r pﬂafe)frem@ﬁlbadlﬁiénd @eSaduBy sblutidh) @sperdi 8¢ abl y
| ess than 5. The Organic¢c Co The organi ¢ conmpound desi rahl

selected to r eaa%lémflﬁ%eatd@ﬁ "Bﬁmakly frgg ofih?éh vlgile aigarie coEpRIngs W%C%aflﬁi ni ze
barrier i npsovRIBsd)cofttpPuidd0 WsChisbd Gt ethe REnO¥at TRAEEubsiantfalP Gled ORddns Gk OUPS
capabl e of bonding or reacting with the epoxide additive. Suitable organic
conpounds shouthg cRsevef adispessian orgwallsiom thapit ep@piap Ry b OBy veR( It pmepnts of
hydroxyl, carQexyl uec%sg’%a%”k%eby AREVORTs) GRA RO M cdsbing Ll Q)'Tlﬁion%éf%%@s The
organic conpound can pol ymeri‘c, i gonerlc or nononeric. Preferred

or gani ¢ conpoufrifainged QFd@Upl?IWWQWFS odladewidexdc euganic sglvent (i.e., less than 5% by

pol yhydr oxyami % di nrent, the organic
conmpound is a b llglﬁ é‘?&ylg%?ﬁgﬂowg?ﬁ ?fég?{lfgggﬁgd{%%fe uncti onal i zed epoxy
resin), si&h as BL’D)eTMll(ﬁﬁhedwn@h@memlm@cmp@m}vly s il pihdgss Khaohil, gmorg  USA) .
BLOX 4000 Ser particularly preferred, for their enhanced gas
barrier pr opert)ﬁ%gsﬁ%i@xgssthﬁ{%s of other suitable organic conpounds include
ot her pol yet heram nMMM sal ts, poI yet hyl ene| m nes, pol ydextrose,
pol ysacchari des, p acr ersio

sol utions of epoxyoir“ﬁe/es?r gn,lc & ane Slrgli)l?; nseﬁe(’?egq?ﬁq a‘%rpgpﬂeﬁﬁi@’ (?ﬂﬂe
styrene-acryl i coataddimictores(to apﬁinmarblamey im@bigmhencednduhosé .inchidet anbl o2 nm’rgani c

rebsure. (4 mobBREPRLeHE R SPhording i fitgpo P Ghyn eblg
conpound for f eMBiid Gompeunds photbliave 3t RN oheXdnd préidnﬁlslglaqhurah@rog IBaexmmny

sol i d/ sol vent combi pations .that .are effectguve [
carboxyl, carboxamide, amine, or carbonyl functiona 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 (i.e., the organic



met hods described herein, it is preferred that both the solid (i.e., the
organic 7 WD 03/089502 PCT/ US03/ 10672 conpound) and sol vent be conpati bl e
wi t h fooowerndokmsver ages. It is particularly preferred tha&CThSoy/methe solid
and sol vent have regul atory approval for use in food- contact applications.
It is especially preferred to use water as the solvent (or dispersion or
emul sion nediun), due to its |low cost, non-toxicity, and ease of 5

handl i ng. The Epoxi de Additive The epoxide additive is a nonofunctional or
mul ti functi onakompamdiiend beltent dehanpaiiblé hdthwiabe and devesigas c & isgaftzalacp,

and/ or gas barrier pr rties of..th rgani ¢ coppound of the taqp .coat.
Wil e not be, ngrSBTAdaBy ot eerlgrg s afe RSBl Arubvel 6 w8 SORF e
wor ks by ei t hecomticsapplictkiong tihes egRecialatpréfaial talise WhagE RYthe nelve@s{oig t he
wat er resi stan(c:le and adhesi.on of th tog coat, or by reacting with

neutral i zati on9SHBNPR OrpFRUBR mRediuy, dye do di5alorh GOt oner B> MdsFrss Hons,

or enul sions, aindiyga conbination of these nechani sns. Exanpl es of these

neutralization agents include acids, such as phosphoric acid, that are
used to stabilize c 1 conposi tions, such as a 15 di spersion of

BLOX. It is believeghd RpdxidAfitikRCisi £ RdnoRAIINIES: BREIBIRIRA! Hb¥idD¥natt he
| atter mechanism to reduce the water affinity of the organic coating, and

thus enhance EHENGRETEe Walss resistires adiiesioneans/qjens barsiopiopaytiesagfethe orpamic
epoxi de addi ti ¥smphahraR! Bp CONPWRRSHAR bk bbit Gy arg,r\ﬂéo RPK eyttt 1S
an epoxide with two or nore functional epoXide groups. For exanple, 1n a
preferred 190 &wsparidemorkstyeitbgoxgsdlinkingdhe fopecopismatetial, theneby inoreadingthoxi de.
| n anot her enbgqdj i foli [ : - | ] W t h
a smal | amount wol S B8R Y Sl QU RERR R B UEE 0 1)
sol ubl e, di speprsisdit én agueowsneesiing sabitions, isphwsionsrag eniutsiansgrdyrdeombimoby ent  of

the coating e i LS S§ r ] . i dditiyve is
believed to uMQ?‘S%“?’?%%ﬁ %pgﬁﬁn%%roetg@ S?%%]%h%%g &ﬁ%ﬁ?@ﬁ%ﬁe %é&js‘g?u&ﬁ%, such
as am ne or hydhasphdricgacad)gbat aé¢ usddetoostapalive ccedainpmatig compdsionpatings a

Fol 1 on. 955085400 oy SR PRl BaFhSRSh it 15 BSARHR, SEFEBY Y o0
when t he coati tig lhter rdedhedsm,Tloereduoosthd imater AEfinitgauttthe oroptiie foastily] ¥nd guene
that occurs to_an apprecjable extent at.a |ow tenperature, e.g., less than
or equal to abgﬂ}an%gﬁwa breﬁlﬁténcc?rogg'fﬂrgaﬂ}& R B des the top coat barrier
| ayer with good watlic 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



resi stance-both to water at anbient (e.g., 22 C) and el evated tenperatures
(e.g., up to 45 C or higher). The degree of water resistance can be

adj ust ed woepamnsgtsny on the 8 WO 03/089502 PCT/ US03/ 10672 papaisovateron, for
exanple, by altering the cross-linking density or the degree of cross-

I i nking. This can be readily achieved by adjusting the ratio of the top
coat organic conpound (e.g., polyner) and the nultifunctional epoxide
additive, by adjusting the pH of the coating solution, dispersion, or

enul si on, or byppicARRDIR@kn, Uy ABRSEhe SrAPRAAAE hakiy Sh E@sSof drbked

coating also can rOV|de enhanced adhesion to the under] substrate

(e.g., PET), dligking, bt g0 B repfity pehicyed by pdivgiing e retiored ¢ %%fﬁ@r@afo?rgamc
materials. It cdrfpdihé fe. POFSRES abP it HEMifatdotal §REIe WD BY aB8stn BEY

avai |l abl e functional groups on the substrate surface, such as buf not
limted to, hyHHd)f;ﬁhaﬁ@Pt@ﬁrSB@%Ws digngesiang 9B lemulpions or Pra@ oabinagen o8 iesy mance
of the pol ygeric, sipdicture is inproved by the top coat barrier |ayer, and
the extent of that iInprovenent depends, in part, on the thickness of the

top coat. GCeneral|¥he ctrm-lmhf#dcqoehn& i cop Aravidy elnbeymd adhpsdonyodhg underlying
b t
arrier to vapgp.and eQ%3 31 e atl??&la% g&axﬁafm&c'ﬂGn ﬂ%}e‘%ﬂ tlﬁe?lgie% &%a’?‘t?rﬁi’sﬂe top

varied for a partlcu t var ness o
coat. 15 St r uciswalsegoksible mtgclteheca.llm peasbﬂw epm@dq)totaamavaallably furetiywl giolups oms t he

top coal is | igih.l8ased LIMEd ANt Gt ARG Gl LOILLRR HBMSTLYI N0
anli c ox é? ?‘I

polymeric layer "or inorg ayer usi’n ven ues,
such as cal&ti Thdﬁb}imwaieﬁ”onmm«sf th@p«ﬂffmermedruequmas d&pradi(ﬂl liyl theais)p |cm:t Ibandxer

i nol di d d d Q h itab
esor ol ol L By o5 B D
di gl yci dyl et hera;. Gaheyaﬁlyhﬂlbﬂnﬁ@k ﬁe&batmggh}seﬁ,ltﬂglgreﬁéﬂrtﬁé bargblytﬁala]ﬁdr and gas.

| ygl yci dyl d I d th
ol ol yoer ol B i Pk tapieareon i cahebeq A, PuE PO ok YR GRR Pt

di epoxi de. CIhQMymgﬂﬁﬁﬂﬁﬁﬁﬁiﬂﬂﬂﬁﬂn@&@mp|eS of epOX|de addltlves i ncl ude

1, 4- cycloh anedi nmef hanol Cld et her, o id met hyl phenyl, et her,
gI ycer ol poxyl at Pures| Bay ° &9 %C?at azesp%elzllaﬁ %f%%laﬁ&l asdfh &bf’%}lls et her,
sorbi tol pol Y ligtlydytbsselidied ,anwlcxﬁ%qlemdvail Yr@indbhb Bldb®fing pbSeAQ el dy!
et her of meta-xyl enedi am ne, and diglycidyl ether of bisphenol A The

epoxi des of t hEOREBKCHIe dayen %Sir\zé%‘aeﬁtl%l Wﬁlﬂlﬁﬂueé’o“Pﬂbqsé’awlc\hﬁftWeﬁhﬁ@él ubl e.
It can be sol ubili z@dfeasd dpogdB bR RRs %chﬂiesrﬁﬁfrcﬁh&rﬁlgl{%lﬁﬁréﬂ?etr'aﬁ@lgl/yceﬂot can

be insoluble and dispersed in aqueous or nonaqueous |iqu .. emil sions, or
conbi ned with ¢igbeidgl ether. Other suitable epoxide additives 1nclude polymenc 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



30 dispersion in liquid. The epoxide additive typically is added at a
concentration of between 0.01 and 75 w% preferably between about 0.1 and
20 w % mepa3psesber ably between about 0.5 9 WO 03/ 089502 PRTUSUB0B/210672
and 7.5 wt % based on the content of organic conpound. In enbodi nents
wherein the multi-functional epoxide additive is essentially insoluble or
only marginally soluble in the liquid phase or emul sion or dispersion,
then the lower limt is the solubility or saturation point in the coating

mxture. The lguestyisagfed offiite @hicat SPHEAHE catblshubd. vasemsodﬁlh@tmnakmge of
stability of epoxide in water either as solution or ]glsper i on.

preferred embdl mavi-finctionsl spesidyeddifivg s veepiadiopelvbiy e n“ﬁ‘é&i n the
organi c coati @glubl%yﬁrth@nlq&dhﬁa@%etﬂ@l's%ﬁﬂfr dlﬂ%ﬁ‘s{on kenphe iehdradhierdadi nent s
utilizing an inorganic oxide coating |ayer, the epOX|de addi tive pronntes
adhesi on 10 elubdisnh or iseuskignppint dbakd ﬁ@atmaywt%d Thedowet rugags HmEx9ide
coating |ayer...Jhg. il i fe erégkdrg‘p BE é‘chﬁ] tofp %pc;l;i(?c[é 19%&&@&@&%5 Qolfish @bove
descri bed top Roat conpositions are usef i " nmet hods enhanci ng t he
gas or vapor shapeiston. properti es of a nDnollthlc polynerlc structure having
a pol ymer i ¢ base | gy Slererfly Mool eAYBLigs LHRLLPRIAINHALE Bowéen

pol ynmeric 15 base la §an |norgan| e gas arr|er | ayer on a
surface of t hehqoofganmraoahmlwer dtraly‘ém babmpdmmelelﬂbcml hemefer@dmhodjmmts havi ng

d h
ol ymor i ¢ base TAyEA: SR LB poul 5 R BREEF aagile BRRELS dlen,

sol ution, & spetvedentthe cmganﬁ:rmhtmgimyec amthe giongnic hmdo cgaimgdayennmpoun d 20
(barrier materja and.andqcoA|d?tao-|t 0 forn1a wet coating |ayer;
and (iii) dryiH ULCANC QUVYILEIEA MDY F 8% a conti nuous, barrier
enhanci ng top coat Ty eiboad desaibbértepl doat tcbﬁp@iiﬁqnﬂ'ezlre cusbm eml myﬁmds ifor a
preferred enbodj nent, the e oxi de additive. cr.ossl qﬁ the or anlc
conpound. In %Cf"@rtﬁﬁtgia%é’ §?aﬁﬁ‘?i tProperties 4t MepPoaG; FitT T ayer
structure is moingRdRANericRsd m&érow jie) ﬁaﬁmp@er sfuptugy Mpd]smofaa pﬂylymr ic
base | ayer, such as PET; (ii) anlcg%az bar ier.la er to

4? g |norg L
the base pdlyrkese 13&??@?'1‘1 ap mqrgan&p?&r i &1 ‘E‘Hert]ﬁ}éero RSP }{;ea&o WRECPate | ayer
a solution, dijgpgrsion, or enulsion conprising the organic conpound wth

epoxi de additive to forma wet coating |ayer; and iv) dryin h
P In one embodiment, a conta%ner h)e/wmg a coate(d structurey gs %aée gy V\Ee

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



coating layer and allow ng the epoxide additive to crosslink with the
organi ¢ 30 conpound to forma continuous, barrier enhancing top coat over
and adherwo 0Bo84she i norgani c gas barrier layer. In a prefrerrsd/esbndi ment,
t he epoxide additive crosslinks wth the organic conpound. 10 WO 03/ 089502
PCT/ US03/ 10672 In either approach, the steps, individually and in

conbi nati on, can be conducted batchwi se or in a continuous or

sem -conti nuous process. Polyneric Base Laver The pol yneric base | ayer
preferably is a theg r@?ﬂﬁé@%ﬁﬁrsachp%é/%&b@r fdMidallp Dar i cothBihhtions Wak A €,

wi th pol yet hyl ene terephthal ate (PET) bei ng, preferred for beverage

packagi ng. Ot renpdustadibaishwisp 6T ipacoBlimIoph e GRECHBIYSIRIIEHe napht hal at e
(PEN), PET/ PEN bl epdfmcEEBa&ORQbYMers, and the like. The base |ayer can be
inthe formof a fifexible or rigid filmor container. The coating

conposi tions and nmihhcepdymatiss bise blererhpierabliaite anthermesfiastiet | Delyesiers are
substantiald y 4 ﬂrlgoﬁltlt%l@eﬁﬁl ﬁ%igr hﬁéneb%tr ﬁﬁlate %ﬁh’l‘)ngélﬁé"’ﬂr@fm@f Ither

Laver The optlonal organic gas rer can be ‘conposed silicon,
silica, a meteiergge gackagingini Dthey spitable aoltye&teﬂi lmlvdfepomthsdmmathabw

t her eof . S|I|c I esiyl f ners
because it is Fgﬁspp%z;[)r/%%lﬁ bleggstrétpb‘f% ?&H?rgeﬁ? tﬁegln c@%gtgw%f ggﬁ tgeﬁﬂglgéod and
bever ages. Thefoimmof ga]exmlegasngjuhﬁhm er cdna@umr Th5cqmtm2eommsgtldnagn@m@ﬂwdﬂmess
bet ween about d ut 100 JThe inorg c [ n be
applied to thedlef)%}%%ﬁ?rfﬂ@ aBaIE%Stle eglgls%wr”aﬁtg%rgpda ta%{eﬁs Qﬁhggﬂo anmpl es of
t hese techrg ques H]ﬁdruaiﬁcBmiértImvemg and vari ous types of vapor deposition,

such as pl asma vapg[g]f}de osztl on, az) . rhance Seg%fsmcg lica. a
deposi tion, and el ecfro8HC E}W%?Plcag"i‘f) PRI PSP 8r°3{n?)9/e vagor o eghe®
deposi tion. Suhétableg.,\uhpainhuteBOS b trhed4l dm‘ﬂéhm cpusisnaion thkesodr mma (IO, VisS.

Patent No. 6,279, 505 t et al nt

the di scl osur g2 |%’ﬁ“abger go ﬁ@?@ﬁ%ﬁ 8‘3&5‘?”&?% Ig’ﬁcaf‘ﬁacBrlﬁéﬁaﬁﬁpéﬁniﬂéggplﬁglyy
reference. Al tigéhadidvednypatiBlePitle Fodd Bnd beveldyes. | Mk diadigani© ghsl ®argios ldyar i er
| ayer can be conducted using a_sol - eI roc(gai)z%mge Barrier Enhancing Top

Coat 25 Thbstdﬁe%@ﬁ]fyl}%agb%@F%d’eWe‘ﬂh@ hér d%Fier |ayer or polyner

base layer to enhangeandbsid/BRAé d?)&tnﬁéimb)eéhbgh@rto(lﬁe hdiEné&id Baed 1K€ - bylhe top
coat can b e applied by “dissolvin sol ubl e organi ¢ conpound i n water

or anot her sui®uaHice of tsthitgpes. @,xarggles of these techniques 1nclude 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



di spersing or enulsifying the organic conpound in water or another liquid
medi um and then applying the solution, dispersion, or enulsion to the

i nor gani cwbaswgwsn2 | ayer 30 or pol yner base | ayer using on@cCofusa3/vari ety of
techni ques known in the art. Exanples of these coating techniques include
di pping, flow ng, or spraying. The application step may be foll owed by an
optional step, such as spinning the coated bottle, to 11 WD 03/089502

PCT/ US03/ 10672 renove excess coating material, if needed. Application of
tpe th op cloat_ pfeﬁfogé Rbegs codiap Uﬁ&é‘iaﬂ,fﬁ:f%gédéﬂ.nﬂ%pwcﬁioﬁpg tﬁ@gdgi)_ow:aﬂgrefd@ﬂﬂ}" cation
of the solution, dispersioon, or enulsion, the epoxjde additjve reacts
(e.qg., crossliPREdeHRioRANIE S@B’Npﬁﬁlﬁﬁ’}ngr @@i‘?@lonvﬁf;('he éO]HE?R’r‘Jé"IPF?}?Pi 8h
agent) and t heesfiEds,! tHE @pd:SddddanRdedcds @Y, oksinksiBd olghic SOMY&AL, Racts

evapor at es, causjng the_ organic_conpound to precipitate and/or coal esce and

forma film Vhhameartaionetaeniand fy SHetpe rbamtd by gumi Batdhs sbvahyer
when the sokvemapoBaRAu@hEthe drfRiOE@RILAd FOPBAPIRA LRI dalesdd ahél@orli N0l es
of the inorganic oxide barrier |ayer 'to block 1ngress or egress of gas or
vapor . Pref er aBiny, In #eempadiresns hayag theoptional inprgants exideslayarnwlesa the sodven
tenperature | egg %x‘af'éE‘, @E FHR AR Wmdns fn (h%-ltﬁnholésecﬁsthé ﬁﬁd?r%al& 64l less
than 50 C, |ess P an 40 C,“less than 30 C, less than 25 C). I's [ow

dryi ng tenper abarrier lgxsr ¢p blogksingressraregisss efcpaabr Yaporn Rseferably, thy wet toprepddris ant
because the polyneric hase. l.ayer hri.nk or def or m whep exposed to

i gher -t enper atiage i RE R SRR g o SRR SRR L FEP RSPl L e
preferred pol ysere Ceddbh@l 504G, lestBhn0l IC, 16 URa 30MeE, 189tHEANE CCRXTHE IGPat i ng
| ayer, if present, to crack. 15 The thickness of the top coat may vary and
can be very t hfiyingdempergtais (@ gatess thagpr isguad i phasg 73 f Chistimpenkan becabte the
mcrons or les ; ?@ﬂn 1BRR! LR LSS50 tehPefbhizEOls OrF

| ess. Desirabl 6?191? ecg?%%_la oat_psﬁsas a *ﬁ?@%é@gno?ﬁl ess t%an e%&en‘i crsgfgs. I t
shoul d be undeast¢xdaded heriod\od timet praticuldnky forthe kugtesred polymbrc mefsridsand wah be
greater than 5 1 The. parf.i 3 hJ S f the top coat will be
selected, in 2 “géa@% %E%%;eggﬁbdr%%? ﬁ%n%ﬁ%%%iléﬁ%%ﬁgﬁcﬁ%% of the coated
structure, 1as wel | Hs thivindsaof thertop grabmayleaylayd cdrhier velyather. sSapfe toheoats
structure, e.g., whethe n.J.norgank ¢, oxide | ayer | i nterpose et ween
The top coat e TRiPED af & MERRCOLE) PR DK pideome B R er Bl o
the Ml til ayer thikness tofil @ snidrhes drdgss c Drbirabba thertgrs canbasrethickakss aff less than 5
particularly useful for. enhanci,ng th 25 gas, or .vapor rrjer

Char acteri sti corgs. dhio R Raroddorsa B BE ARG 2 bF hargom bane
coatings and nekiteciha e nfiétbhs. CTHeapartyculas eficknedsaif tendoproitvglltbhgelgasd, .  vapor

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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barrier characteristics of packaged food and beverage contai ners. The
conpositions and nethods described herein preferably are used to forma
coat ed plwetmoswont ai ner conprising a plastic contai ner IpedyUuShawiony 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 exanple, the gas barrier coating can protect the beverage
12 VO 03/ 0895Qa  Phl 0¥k gg@égntoftﬁeod&{aﬂﬁr EbRAWhObut QY 880an lidHik} thB @o®Tt ai ner
fromthe outside or can in the flow of carbon dioxide out of the
bever age cont aather dioXide ontee] et hiefigragagontaingt. ethegesling Garbpaatedbeveragii8s 2shel f

| ife because t bR AldxRieOXi de
wi thin the corll{}%ﬁﬁ%r%}f1{:}:9F%u%?r;ﬁ?rg%u%%g{t?%ee&g%h%ggﬁgggﬂd%%er ages, the top
coat descri bedvitharthe nomtzinetbe applied to containers in a continuous
packaged beverage f rgani c
oxi de barr:%er Iayegja'i%mt%ﬁ %:tgllr%tg) (fl %%?gég%y%%%h %’wﬂh%:sgﬂ]to%hﬁ?rﬂ?ﬁn?ﬁ t he
beverage. Al t eppliity ebytainedadn a@pntumaus m@@@@bfwemg ingnilactaripd linecbetweent he

containers after.t filled wth ver r 0 alners
treated in 10 2RRES E%%r?get Wt HETHe }éld%gagnﬁjogl?)% gntgagggogéa@?an& Eﬁ m%
herein can be cdpeilet with HRrtekaagar Sligaaivalgedie b@/maag@slblymoalddmmpehttd TOnaI

packaged beverage manufagctyrin ci.li.ty. Su e desi . may be
a car bonat ed HE?/‘&“E?@‘?IS %[?EH’%@‘%&]E%W&&’F?% ﬁ%%%&essbtr%ggoar %!S ﬁgﬁ%/\% er: or
a non- car bgnatagsbrfve MagethessUsipasitiong MidCReibomt &dsoriited hetmemg@ usnd wtill

water. 15 It is aI so envj si gned that containers the s Lure
descri bed her nFufagyLs ppc %geggﬁ‘femgesf Br2 W&X?&‘é‘@f‘ﬂd’ag%ﬁfe]% grgﬁ%fnfm %‘“: "Sduct s,
such as foods iﬁ’cﬂﬁl?r BaMEbAERSes desifabBXas et catbopatedbaragel shett asiassofi\drink,d
reduce the flow at npspheri c oxygen nto he cont ahner t her eb %Blg

ext endi ng t he b§pfelof qurkléngowatar;;. %)é‘y@‘?é’nca%ké’ﬁ?fa Wﬁagﬁ’r A CHHEZONE
therein. 20 Falygahadisi®@agr.having the underl ying structure with the

optional inorganic_ oxide barrier layer, a further benefit of %‘J;)E top coat
conpositioffs is thatis flso savsipRadntheConsRen ARYIRS thie SRGIT descHbeh 8F s of

such struct ur%oulc}]% L QHRuIC RA M%hg%%ygen%ﬁdﬂm R)duétﬁ‘cﬁlﬁ:ﬁsﬁs trisds ks e

resi stance of suc structures Specifically, if tilmform n% pol yneric

material s are hesedgess Fohexagigathiecenbenepdbarser ol r‘?ﬂ’éﬁf‘o@? oy PTFmeRBIE 25
pol ymers onto (prge SHiS %ec&lftalﬁelf',eth'efégﬂ; Qﬁ@h&n@*ﬂ@&eifﬁﬁ@ lof GRNbxkRHLLASEvel he

abuse

._4

product containing therein.

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
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resistance of that layer. This is particularly useful in manufacturing
packaged beverages because of the necessary nechanical handling of the
treated cwotoajosmsns. FIG 1 illustrates a packaged beveragecCTSe®nprisi ng a
cont ai ner 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 nultiple layers of the container body including the
polyﬂerlc base | ayer 18, the inorganic oxide gas or vapor barrier |ayer 20
on the exteri Qusuntace o4 Qfod Be RAssié ¥iRE baiFll affery APELabRI polidserOBT | er

13 WD 03/ 089502 P_C'P%U%Ig& Fars I8 i amic t0|lo_acoata§24 0 N the |.norgani c

oxi de barri er farmipgthe Olineais| tasploysrnidr of the multileierpiagtirn SoByN g §28 Yase

| ayer 14 of the flbiha%eboShktGHUEIE £ AicBaMBhtathers SRR pREeratils HETSIIRP! ast i ¢
pol ymer suitabl®e for 14rfxak?‘?ﬁcc\ﬁ?%lont algl%er S, butgr}gr gf _er.rshblg/) isra P]ﬂ:T. The

i norgani ¢ oxi deorpenic pxide bayier 1a9@ A0erdduces therperpeabitibn bf hietopnigmer Kt g3t ai ner
10 to gas R a r ' I r LOXirfle: : BarricP B

i norganic gxi glgd\é’ I’O:’%’i i ‘i%‘i‘xlé’%%%déﬁﬁ@éﬁ?gx oI?fp*rr?ésalélg&gmgi ?lgaémThey%rop coat
24, whi ch i ncl20dastably epapeisee a siticss| Thek g ehat 24a rwldely drriledes arp epgaére

preferably a polymer, i.g applied so as 1Q C . Qr S;.barrier
of the multil &€ IT%F‘P d@'ﬁh?‘g SRt e 3110{2 .prﬁtﬁ@ﬁ? gaps%%‘gtg A \{%E&ﬁe usé)'?a% aed in
the FIG ﬁ is e@migé ﬂig@uﬁor(m ghdieardat of dheenudfilapdn striatioe gantaiserd2i de tygrepater 10
coating, but cagn_be discgntjnuous. The top_coat. 24 fil.ls the pinhol.es 26 in
the inorgani czadu}lﬁéteﬂé’% 8’8;‘#& gfs ‘1059‘3}0“%18threéﬂﬁ%cgsof#f?em%ré?rﬁ%%’g‘liﬁ PTVf the
cont ai ner B2 tRatifkAbuP tarV 88 WiscodtMudusPr The fidrecoay 24 Alld iz iniaflessTOwNYheof t he
structure illustrated in FIG .2, the _inorganic oxi ﬁe barrier layger 20 is
onmitted, and tiRQEAEY ORI easfammigrdpyer agdbreduses ihe pegreabiity 9Ethg;cpipiper I2ig o

pol ynmeric basep,lgy@pod8. The present invention will be further understood
with reference to the following non-limting exanples. EXAVPLES |n the
fol | owi ng exanpl es n pPETefersd: Yasigtioneimat shompa et By siructyrgillgtate pElGrentle 20
that demonst "3h& LhE oRAt bidfibr BRAR30G Akl f £ thebp LS bRFBERPL: 20QUBA | ONs
and methods. Barfer i nprovenent and water resi s?ance of the coating were
aﬁselssed. IBhe dil&:ﬂywopmmm‘dwrel&tor (BIF) was determned by conparing
the loss rates for-co [ | i ' : bt 1.0 d

| ayer structures. Iir(l)jrg &Eé%g{r}gﬁi\%n%éﬁgwgl%f g"grﬂiaa{ ﬁgié}%lt,b&gr@gg{?e I%ET{bli(gl?e?l eis
1. Assuni ng t hiellshisg hod-lifngtingfexamples.

EXAMPLES

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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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

havi ng a BDM3089502 2 woul d be a bout 12 weeks, the shelf PCrfesoyide7n
carbonat ed beverage in a coated PET b ottle 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 woul d be about 200 weeks. BIF 30 can be
measur ed usi ng errpty bottles with GVWS (Gebel e Measurenent System) at 38 C
In these exanp E%nd Q3tiok Bf Bie B8Rl WRIULE Hothys W& BroRiumizEDtol 16ar at €
that 14 WO 03/0 95 2 PCT/ US03/ 10672 CO2 mgrated to the exterior of the
bottl e, when t pestut aiddsldwBe °Gr essuri zed to 5 bar pressure and held at 38
.C' .\M‘t er resistance 3 es1%t§1§c%n Wi d&g %e\éaig}, t]fycgfet%gé %Es%s&h%%“’“ Se
indi cated in the i ndi®%f npl es descri‘bed B wat er resistance was
nmeasur ed 5 by indioaedsn g mﬂnmduaimxamaleedesbnlnetdlbekm, wagemipésestance wmpmﬂmu:de

(e.q. ter for 24 hours ute or 24 h e e top
coat was apél :Ngbj mmpgrsing the TOBé’O?tﬁ‘eﬁOtﬁ%éPémP {;SI&PE%%{{‘? (ﬁ@oﬁgl @ %(Fl ol
finger pressur@owhldifed SEOSE Gr A hbihg aftBetht itérSEoad waﬁfhﬂilieﬂs m Uotﬂ?fElt}&hOH
The appearance and feel of the coating was then ohserved. s aIS

by,

det er m ned V\hef"‘f?@rmh?ﬁ?i ogaRyougly pathfiray Engerprgssyiedyle BEnerssd Su?rﬁ’et flrst

10 first, vi Su%hhﬂfeé Jﬁﬁ‘@r{&dl&g tiphefice anPfebItthecddifiewad ihehbbsesd then
conparing the wei of the coated bottl es hefore and after the water

resi stance tesfwas IagP detearprd WhelhpetnyBtoafinavpartdes Badudizselved dntp S waist bY-a
white haze ¢as BSGLYRY ihdebilfy f?@tv@arter' Jndtﬂl')?cle kRt '11@9: dh %hvc%ﬂlphﬁﬁgotﬂehe

water. These tests weré repeated every hour for thé first five hours, and
then again 24 I’Wlﬁht oftheepatedrheitles brfore phé afterfhe water yesistapemisstd Fos gxanslavat er

resistant (i.e %%O%@ a@le %ﬁestogp&tw te Ha: Wgﬁﬂ&@eéﬁ%ﬁe)wmq?ﬂ{e') no

coating can be ¥ no coating di Sso ves Into the
fol | owi ng 24 h@uartmgldmeJNsd amo ithe weterer These ®8ts Gyerarapedted 9V8r3hb01t§cfalt ihngﬁr%tf t he

Eegtsut Iste ch\ghloL © "?htﬁgt 1 it E‘f:%aga?n 2{‘1/\?‘%#5 %@8@#&%‘1 %E’@@s‘g"r%?”ﬁ%\?&ﬁde’f yci dyl
Et her Resorléi notated |r@hsjzmt diyd., th¢ beating 'PRBGHhY watein msistanse tm@: wiikn (ih@o rmatmger
comenent . o ShOTVSNG o, TRERT S CLUGACLIRTS VAL oo 05RE o7 ©
m xing the 1. Swn¥sth iRwatdE ozl aﬁl«i\/(l%tﬁ)e toabind EDMdbOVEEL fwhile Hp@E Shrf doi . €. ,
9 8.5wt%B LOX i

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
componente 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.c., 98.5 wi% 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 ym. 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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25 di spersion consisting of 20.0 wt % pol yner solids and the bal ance water)
at PHless than 5, PET bottles were coated by pouring the m xture on the
bottl es vwDlog/0845@2 bottl es were rotating, and then spinni mgTafSh3/1dse2 excess
materials fromthe bottles and dried at 60 C for two mnutes in a
tenperature-controll ed oven. The coating thickness achieved in this manner
was around 1.5 to 2.0 m The bottles were then tested for 30 water

resi stance (WR). The coated bottles passed all of the WR tests. Exanple 2:

Rermovabi ity of BLOXIML.apfddes QschiBed inESinpld dylerdhiagi ifdoat dagic dolutioh PTE
Bottl es 15 WD 03/089502 PCT/ US03/ 10672 Bottles coated as described in

Exanpl e 1 wer e (gl e 85 A€ ¢o simyketesRE E resystlasgangditions HL stiryer aas gsedcto lightlyi by at e
PET recycl e condi;ti Staf f . . t i .

surface in theﬂ%&‘l’ﬁgﬁ%@f%éo%llﬁﬁeofalgmf‘\tg@ﬁté%gsﬁl r?gcgatjiﬂ rgg'te {e%/eglglwegf_eeglgfefggg#gf rom
the PET bott| @ETaotle, mdsinrseme asses didiodedIwithih shouhfive minotes of inpmensiondntes of
i mrer si on igto 5.t he

hot usti-¢ _sol ut.i on. indh . t the
coating has gogﬁ 1}%? aéuﬁﬁ‘f %q(iu Or ﬁgsgrﬁe'rsuél?t?: ?na ca{rggga?/g}felr %gﬁ%gagr%?%ﬁggﬁ%%gr
Resi st ance of PimimBeeial teegclisgat ed Wth BLOXTM and d ycerol Diglycidyl Ether
d ycerol diglycidyl h y g a | $4 f unct.d )gqmoxide
addi tive, 10 Eé%mm%de@ﬁ&r%'é@&em@‘eﬁﬁ%kﬁ’“&?ﬁ‘ﬂ?%@? day of mixing
1.5 wt % of GDE and 20w fedoGlyCirodDidlysdybEtlcrsper si on at PH | ess than 5, PET
bottl es were coated, spup,.. and dried ~described..n Ex le. 1. . The
coating thickness a@iﬁcg"\?gﬁlgw;ﬁ@yla?t ﬂrﬁdGﬁiﬁ’ a?%ﬁeé.n@‘ﬂ nﬁtf?é’%g‘g’gf”gﬁ aﬂ‘ﬁlﬁ’es
then were su]pj ek ﬁﬂxetdcal,ndaéadteaaasﬁlﬁozﬁw ANiRrloas sy offiiamgl1es W% U\FGBE alnd o
Resi stance of PET Bottlesp@oated Wth B M_15 Resor ci nol . Di cidy
Ether PET bot t RB¥%ef BLOXar @’&%ﬁ@?@“ﬁ@%@ fhgn %%%&‘ﬁ%‘ ﬁ&’eﬁéﬁﬁtegs*g“‘x
described in Expgddaslesdibbd inExaktiple BXPRS doaBiY thitRhes eHidd Wat Brobimd 1.61 own
air. In particular, two hair dryers were positioned about 20 cmfromthe

bottles and ai to %P . tBreerted betdesghen wsp srbiGE A WES Paspsiapll Xbk 685 t he
bOt t l es fOf on X i'g‘F. ?el'qﬁe@’#tﬂ% eI)lhlblﬁ(ﬂg ES &a@ﬁm’ﬁy%dﬂm hl S manner
0 2.0m 0 e or

was around 1.5 e S were then tested wat er resi stance
(WR) using18i t her anbi enand\Besercimal DiglycidgdtBther The coated bottles passed

all of the VR testSppPLAIRL Grert coRURAHH mifGub s BROS™ BhEKOE AR BEbA" PET

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 mamner was around 1.5 to 2.0 pm. 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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Bottles Wth No Epoxide Additive 25 A BLOXTM di spersion w thout any

addi tives was coated onto PET bottles and dried either at 60 C for 2

m nut es iWOa3ngIsper at ure controll ed oven or with hot air @CT/BE3/@67TA
coating thickness of around 1.5 to 2.0 mwas 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 nethod used. 16
WO 03/ 089502 PCT/ US03/10672 Exanple 6: Water Resistance of Si O, Coated

PET Bottles Topgaapré: WialerBlddstMeapChiBee0a R THT Bo@ley Ci dyl Et her PET
bottles were in ade and coated with a thin layer o fan inorganic oxide,

Si Ox. The Si OX coated PEopcpdfed Voith REOX 't red Resorcingl Didlyridyl Fshercoat materi al

of a 5 BLOXTM and {3, @is Refesh i andSdoR@d bt LH1RE e58r SestidobRdicioxidexanpl e
1. A coating thickness of around 1.5 to 2.0 mwas achi eved. e

mul ti | ayer - coabiy- et $i0scearshPEbpidles wejecbercepaicd, witthy tomeaat fategip] of R
tests. Exanpl epy Gd & Bl &3] Ras@fisddialExBingleNCi HdydatiEs her
Coat i ng fpgm Efzg?&?gg%@?%&ryge%ﬁﬁnf es %ﬁ%g%st I tZéglﬁcoat eé( agiedescr iabg% in
Exanpl e 6 wer ethidkaesdfiarvuod 4.5ctal?sh jun waslaghiewad. Thehnulflayertcogisd bottles themul at e

PET recycl e conditions. stirrer sed to lightly rub the bottle
surface in thew8’§u°‘§@|e e‘%@r ?ﬂdipgf‘ﬁed"f’mﬁ%ge fsf ngs were easily peeled off from
the Si OX coat BdafipleT: batdmhevabititglof BLONNE and Resn-cilbEBiglycityl EilieniGvatibp ut

five mnutes o f 1inmmersjon_jntg th ustic solution. These results
indicate that the coati r#omgé&'é%atﬁ‘ggﬂﬁé“)ﬁﬁ@ﬁti al for comercial recycling.
Exanpl e 8: 1)\t er ReBbiltasaedak dSicbed moaanhle - Weldoglided Snto Gaat®id sdfutibn BLOXTM
and d ycerol Di I&(‘:}i dgl JEther PET bottles were made and coate jth a thin
| ayer o fan inﬁ&b 2 893 desmulfeBET repyslegiongitionss /e HITET 2 B ' BEREBY t hen
coated with a Hféﬁ)_oﬁfé%ﬁrf{i@tgfﬁe%}aus% sQutic e e GlilydcSIR@ bR thelSi NY

ed in o

the process descri ample 3. A coating thickness of around 1.5t
2.0 mwas achi SigactoathB Efubatile, ppérin cerae et dissqlead witlin aboedévespimuwe péd t o,

and passed, al k%ﬁgﬁmﬁg& &icLoliBh & r’['h&‘:éstjesﬁltlt@ R tha X c&ﬁﬁ‘fg%s PET

Bottl es Coated esorcinol Diglycidyl Ether 25 PET bottles
were nmade afd goalmtenvinlfhr eonirdreial ragpelings f an i nor gani ¢ oxi de,

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,
SiO,. The SiO4-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 o f an inorganic oxide,
SiO,. The SiO-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 um 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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SiO,. The Si OX coated PET bottles were then coated wwth a top coat
material of a BLOXTM and RGDE di spersion, using the process described in
Exanpl e 4voA3psmbi ng thickness of around 1.5 to 2.0 pm waeTAsSh/&serl. The
mul til ayer-coated bottles were then tested for water resistance using

ei ther anbient water or hot water, passing all 30 tests. 17 WO 03/089502
PCT/ US03/ 10672 Exanple 10: Conparative Exanpl e- BLOXTM Coati ng on
SiO,-Coated PET Bottles Wth No Epoxi de Additive A BLOXTM di spersi on

W thout any adgiimyRIoNaongdheet BnhSlBLOXBATesking ¥ bottles and dried
either at 60 Cfor 2 mnutes in a tenperature controlled oven 5 or with

hot air at 66 C. A coat iS¥@xCanted REIBitlesWithNp BpexideAddigve, was achi eved.

The bottles were t hemi@gtedishQlioNqtifbut &5 SdRREGE wak BYted dintoedio,a8atkdie t Op
coating dissolved in water, 1rrespective of the drying nmethod used.

Exanpl e 11: W\APET bpdlss andadrind edtherSit 6X °Cdat 2 thitRiE iRettehperatixsapontollogiovpn BLOXTM

and 1, 2- Epoxy Butane 10 PET bottl es. wer.e made. and.co with a thin | ayer
o fan inorgani &% g%t,alr %l%g E'A&ﬁ?aglﬁ\éﬁgiﬁg'ﬁsso ai‘?u%&/t(i";oa tE())f : H’ﬁl-véapsoaféle Ut ane, a
monof unct i onal TRPBilee werdthch itsstad Fon dval@WeSistaxice B Tidldd) avahes kop( toading 98. 5

wt % BLOX di spersi on ¢onsi sting .of .0 wt % pol ymer solids and the bal ance
water) was prepisto ‘ﬁ’dé?ﬁﬁ’atﬁhé‘FFSg??&Y%ﬁﬁg‘ﬁg’é’mg@%}?ddﬁ%f{'ed PET bottles by

pouring the m kiahfleQ: Watep Relibt@BceMTISIO,-CoADPET BtlvETetdDd rotating,
spinning excess materials off the bottles, and then drying the BLOX/ Si Ox-

coated bottles at about Ygth BLOX caadilZgEresydRHaes of around 1.5 to 2.0 m

was achi eygd. The PE‘fBi)tltléé/%fe%)%e%d%hkhQ:;ﬁthtehﬂﬁn\&@'éleoﬁdimr@?%ﬁﬂ_dxﬁﬂe, and
passed, all WR tests. Exanple 12: Conparative Exanpl e-\Wter Resistance of

Si OX Coated 20SIBET BoflisPEEOT®At Vil 0f ooy gng. ecneraticHgnab cosile
Di sper si on and, Mo JePmd At AW RLOREMEEL P!, 98 5WRYEBINBR @ispAdios ealsRfny th a
thin layer o f a n inorganic oxide, SO . A mlky white dispersion
cont ai ni ng 0. 5&k 2b&wde pelymer eplidpandsthe hdlarise watpnessairepagadiand thep goatedtios
W th the. di SpesaaRey P By B e e e
then spi nh$ ngratdtimg sponnimgercessenaterids off die bjtlesTansl then diving the BEOMABIRXdr i ed
inaforced ai 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 of an inorganic oxide,
SiOx. 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 pm 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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oven at 6 0 C for two mnutes. A coating thickness of around 1.5 to 2.0 gm
was achieved. Five mnutes later, the coated bottles were imersed in room
t enper at Wwe o3medsez for 15 m nutes and rubbed as in the water/use¥i®rance
test described in Exanple 30 1. Next, the bottles were subjected to a

har sher adhesion test to determne if a freshly coated bottle can retain
the coating in water at an el evated tenperature. The 18 WD 03/089502

PCT/ US03/ 10672 bottles were imrersed in water at 45 C. It was observed

that the coati gy Gapg. ﬂufners@dsm vEYdr dENCRY PYad SRl Bkt the!EENHAY cAhOME Ys
Exanpl e 13: Water Resistance of Si OX Coated PEI Bottles Coated Wth Acetic

Aci d- Cont ai ni ngviBinCxTty Bovater timite elpefiyResor ci nol  Di gl yci dyl Ether PET

bot t | d
S0+ A vi scoutiiipi; PR Rllhile ORCh BT REL ol COBRECC, E O was

prepared, and, due the vWﬁthyAcldr(DQntadlnchmXW%lBt_l@( before use. A
coating mxture was pre dfro solution (98.5w% and
resorci nol diglycidyl (?Dgt apre [ﬁgaéqy?lfyl%/o Then, the Si OX coated PET b
ottles w ere coat edPET fbbtﬂbhelermadela’lgl ¢vatet] wich dayh1d|1@/ecoﬁai1 neprganemxide, t he

m xture, drainj and .t hen nni n the 3o renmv. ng. The
bottles were thggf dfti BEFOuR S @g{é?r}ﬁ EPWP%k é’saCS?c ﬁ?lgtﬁ?g%ﬁé%% 0”& was
achi eved. Wt eprep@sd, sdnana@e the stiedsivye dituted nel 08wa%h BDOXhieefdrotusé.e 3\ asating
descrlbedlnEx le 12. so ved t hat gaating remained.on the
bottle, as ’iﬁe"f‘f’ééﬂew Iﬂgiﬁ ut{oﬁéggg‘x’@/\ﬂ‘flég %@ (%E

Vater Resi s anemeloml‘&&@qlcsw@d Thed, tB@tSEd),g@a@aatEIdb otﬂ\éi\hepé&fbhkdzwﬁh the

Aci d- Cont ai ni ng BLOXTM Sal ut.i on and Sor bi tol, Pol ygl yci dyl Ether . Si OX coated
PET bottles weFRtAfFExHFPY Gp ceasing dhpny e %%’ftf“i?eé‘% ipTResPinsgg fhem

however, sorbi {@emded é&&b%t‘c}o@%g %B%tﬂéﬁ%ﬁheﬁhnéawﬁ@coﬁaq hﬁbmiebwfam was
used as the epoxide additive. The coating was 8. Oam % BLOX.. A coati ng

thi ckness of — aSduAd wm3vas eclieved.mietes resisknes tsefed VR copcted andle bslesiaes wer e
12" Exanpl o 1500 EHmpl 12, MU oA R BRI 555 W O
Aceti c Aci d5 Contid¢ncedioy ﬁL&D)ﬁEMgSﬁ]thH 450°r€ water.
Example 14: Water Resistance of SiO-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 SiOy-Coated PET Bottles Coated
25 With Acetic Acid-Containing BLOX™ Solution
and Diglycidyl Ether of Bisphenol A
SiO4-coated PET bottles were made and top coated as described in Example
12; however, a 65wt% dispersion of diglycidyl ether of bisphenol A (DGEBA)
(2.3wt%) 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 pm was achieved. The top
coated bottles were subjected to, and passed, the water resistance tests described in

Example 12.
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and Diglycidyl Ether of Bisphenol A SiOX coated PET bottles were nmade and
top coated as described in Exanple 12; however, a 65w % di spersi on of

di gl yci dywoesleggsonf bi sphenol A (DGEBA) (2.3wm % rather tharnSRIM#a7nas used
as the epoxide additive. The coating was 30 8. Om % BLOX. A coating

t hi ckness of around 1.5 to 2.0 pmwas achi eved. The top coated bottles
were subjected to, and passed, the water resistance tests described in
Exanpl e 12. 19 WD 03/ 089502 PCT/ US03/ 10672 Exanple 16: Water Resistance of

Si G, Coated anﬁi%&keivgi@ﬁkeﬂstmefbféﬁ?tesatéprmmewuam BLOXTM Sol uti on
and 1, 4- But ane Diglycidyl Ether SO, coated PET bottles were nade and

top coated as descrl bed With Beetigohdd-Coniaining BLQX " Sofutior, it anedi ol
di gl yci dyl ether (BDGE) aﬁ&éﬁ"‘ﬁt@n&ﬁ&lﬁﬂ&l}xhlai"f‘EBmE was used as the epoxide

additive. The coating wa coating thickness of around 1.5
to 2.0 mwas achi eviOx-cdmtes RISP beides werelmade|aad tegepastedssisfeceibeding Bxampig)

passed, the: watgr r r AMRDGHE 7
Wat er Resi s% anczg h(S) g%ro;q%%tnéﬁﬁgwlgﬂ tfe?grd at% ' 10@\)/\3{%}%“% etic B

Aci d- Cont ai ni ngath@‘dTM Bel epokida a@ldilﬁv@l yEler odatimg g’Va}c$ Oyt EMLARE. bl@ﬁa%g Si Ox
coated PET bot were n@& g #8'0 coat edh ri bedol n e 12;
however, gl yce P RetV (HEDEY®S (3 fvxf SRR ?tﬁ has used

as the epoxi dﬁlbfbdﬂatl&d ‘éﬁdpéEElﬁ‘l ﬂl@&fatelﬁgasié&ﬁceﬁte@\ﬂégmﬂie@% E;eanqﬂau ng thickness

of around 15 1.5 to m was ach d t]es were

subj ected to, EWH&%Ze&Va‘t"ﬁgeS‘%?"é’r %g&’ig ‘ggE&Mesaé ?4 bed in Exanpl e
12. Exanpl gy 18: Vater RagijthA2e6EA8l-HntifningBIOXPEolBaés | es Coated Wth
Acetic Acid-Containing BLOXIM Sol ution and dycerol Diglycidyl Ether (0.6%

20 Si OX coated PET bot t |28 GlgsexolRiglycidyhfthgr(I:2y4) ed as descri bed in Exanpl e

12; however, GDE (081@%&9&3&’ P]@'h%f)tﬂ%b@f@re@% M@ Jop S6ktbdas debRibeP XELple
addl tive. The coating was 3. OM % coating thickness of around 1.5

to 2.0 .imwasl2 %WPW&YCGIHII 'élgﬂﬁpl}’b%%ﬁfé@])%ﬁlﬁ‘@ vitther thapdiTGE was ¥s5d 25ind
passed, the vafigr, 568 SaRREE ThE Satifg HESEC.OWREBLOK. EX 8RNE thickness of around

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 SiO4-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 pm 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
SiOx-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 um was achieved. The top coated bottles were

subjected to, and passed, the water resistance tests described in Example 12.
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.25 Exanple 19: Water Resistance of Si OX Coated PET Bottles Coated Wth
Aceti c Aci d- Contai ning BLOXTM Sol ution and Tetra d yci dyl Ether of

Met a- Xyl ewodBassasne Si OX coated PET bottl es were nmade and tPop/usosiesd as
described in Exanple 12; however, tetra glycidyl ether of

nmet a- xyl enedi am ne (GEX) (1.5wt% rather than 30 RDGE was used as the
epoxi de additive. The coating was 8. Om % BLOX. A coating thickness of
around 1.5 to 2.0 gmwas achieved. The top coated bottles were subjected
to, and passedgyiyifie Y5 %rarﬁasrnfpramn&eﬁtmw icvagkd Withxanpl e 12. 20 WO
03/ 089502 PCT/ US03/ 10672 0: Barrier |nprovenent of PET Bottles
Coat ed Wth BLOXTM W t hB&QK @mndéﬂﬁkw@meﬁ%ﬁWT bottles were
prepared and coat egﬁ”x‘ bBrids %%M bR éiﬂarsoaée%%@th £EUEK™ R aoa%e@oml nol
di gl ycidyl ether additiv et her additive 5 no
addi tive. A coamiairgng mreemeglsdlgiffcléylmhnuad%ﬁyex abglzceml ﬁighe%dywh?r@é@&ve Phe

bottl es wer thentestedf anrier r I e to
uncoat ed PET bt §4dLEe Arged IP%HH gssaorfea%g g\jﬁ%?%g@ﬁgﬁf Cﬁ]'%%i h%:b%g e%
Conpari son of Wag iieuSestdabi tarBiriniplovsaat fBal (BEF) Siative tanreoBbdPIPEGotlles. PET +
20% BLOXTM (1.7 mthick) 1.91 IE T + 20% BLOX + 1.5% resorcinol 1.96

di gl yci dyl et hEhe petts gresBeindeble 1y 504 glycerol 2.03 di 1 cidyl ether
(about 3 m t hiplyle 10 BIPConfpapinéi sOVariilsCratiig SBubtuyad ues were cal cul at ed
for the PET bpgikieStrdeaytng ot her Tayer |BiFcknesses of BLOXTM coat|i ng.
These structures and BIF values are shown in Table 2 Table 2—BHF
Conpari son of | R&Fi ous BLOXTM Coatings Bbttle Structure BIF PET (28 g

bottle) 1 PEM@@XM(IMﬁcﬁl P ¥ 2.5 mcron BLOX 2.1

PET + 20% BLOX™ + 1.5% resorcinol | 1.96
diglycidyl ether
PET + 20% BLOX™ + 1.5% glycerol | 2.03
diglycidyl ether (about 3 pum thick)

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
SiOy-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 pm was achieved. The bottles were then tested
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PET + 3 mcron BLOX 2.3 PET + 4 micron BLOX 2.7 PET + 5 mcron BLOX 3.1
15 Exanple 21: Barrier Inprovenent of Si OX Coated PET Bottles Coated Wth
BLOXTM WwD oatgbs0¥ t hout Epoxi de Additive Si OX coated PET [poTtusSesy10822 €
prepared and top coated with a BLOXTMtop coat (20% containing a
resorcinol diglycidyl ether (RDGE) additive, a glycerol diglycidyl ether
(GDE) additive, or no additive. The bottles were coated as in Exanpl e 6,
and a 20 coating thickness of around 1.5 to 2.0 mwas achi eved. The bottles
were then test@fbardibr WehGRrikE? Fablor PEIF)URlativa A6 Hidn-tbo coddal, rSi@4-cdatedr BVENENt
factor (BIF) relative to non-top coated, Si OX coated PET bottles. The
results are sHesi mherrepplis ate showpinTable &) £ Conpari son of Various Coatin
Structures Bopiii83.SBIFCotipRrifidotY fPious CoatiRsSREJtutes76 Si OX Coated PET +
20% BLOX 6. 63 gphisiutQ@@t €d PET ¥ 2Z0% B[l + 6. 63 1.5% GDE Si OX Coated PET
+ 20% BLOX + 6.81 1.5% RDGE 5 These results of these Exanples ingicate

t hat the incl{USiDefoatd BRTepoxi de additiy&7fn the organic top coatf can

enhance t he V\W?ﬁgﬁimebi DP9l the organic top coag while

. . 10~ 0O 0 . . . .

i mprovi ng the ovéra of ‘confainers|therewith, as conpared wifh bottles
havi ng or gani |cSiba«Cohted REIat 2096 BIQXWE of 6MBt h bottles having organic
barrier coati|ng5%IGDE conbi nation with inorganic barrier coatings. {The

epoxi de addi t| $i©,lTastedalT shzosn BIDOX T0+ebR8ect t he conbi nati on of
i nprovenents. | ikm@FOGKI | led in the art will recognize, or be ablejto
ascertain using no nore than routine experinentation, many equivalents to

t he specific enbodi nents of the nvent i Otﬂ descrj bed herei n..dThd%.tr ef.erences
cited herei®h afFl@sq]Eqs%lbsyofith%serﬁgma & dpdigate thatrthe melusion of ap spoxide additive m

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 o f the
invention d escribed herein. The references cited herein are hereby incorporated by

reference.
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WO 03/ 089502 PCT/ US03/ 10672 WE CLAIM 1. A coated structure conprising: a
pol yneric base layer; and a top coat barrier |ayer coated on the polyneric
base | ayewQ oBhgsonp coat barrier |ayer conprising an org&airasednpound
capabl e of reducing the perneability of the structure to gas or vapor, and
an epoxi de additive which enhances the water resistance, adhesion, gas
barrier, or a conbination thereof, of the top coat barrier |ayer, wherein
t he epoxide additive is selected fromthe group consisting of

1, 4- cycl ohexangdidfetygnol d iglycidyl ether, g lycidyl 2 -nethyl phenyl
ether, glycerol propoxylate triglycidyl ether, 1,4-butanediol diglycidyl

et her, sorbitol polygl¥cidyl et her, glycerol diglycidyl ether,

tetraglyci dyl let her efRledstrichss CORBE S ne, and digl ycidyl ether of

bi sphenol A. 2. A coat ed p5ldfit bds8 1658 Rid Si ng: a polynmeric base |ayer; and
a top coat barrier layer coated on the ponneEic base Iq¥§r %h to tcoat
barrier |ayer comprising!@ncost bparstdayenratad BapRIBPEcdiess Bt ﬁg“l’t‘}?
permeabi l ity of,.id li'é%/e§&ﬁﬁfﬁitsﬁ'&9nB%a%%oﬁﬁoﬂfﬂfl%able%ﬂe@ﬂin@Meﬁﬁea@dﬁy bf ve

. a;
whi ch enhances Fﬁe wat er © resi stance, adhesi on, gas barrier, or

X . a
conbi nat i on t Hée stctuigftot e oF JePelpand BareppEfe afdiifeg Whighembices e Blgani ¢
conpound i s selagled Lnﬂfgﬁbﬁ,ggas YaBite, GORNShBbinREbrOtherebOlof thd1¥dp &Jaf BREES

pol ydextrose, polysaccharri’des, epoxy resins, urethane polyners,
pol yet hyl enei nleyees, acrylic urethanes, and styrene acrylics. 23 WO

03/ 089502 PCT/ US03/1067 %vhex%%n fhe @Bgﬂﬁ’éj ad d@ve'i€ UEIQOFEN P BloTF B ststihy oPf

vapor or gas though a structure "conprising a polyneric base |ayer, the

met hod conpri si,Agycletepinedingethapok diglypidyyathaeri glytiddd -malusiphenyd ethes ighigerol

di spersion, or__enulsion i ch conpr 1 rGRRi Gorh wadcc/pabl e

of reducing th&P L%%ﬁﬁ?(%g&eg?ﬁtﬂg%géﬁﬁ%ld%g§§gﬁgas brrJap_r,_agg@ ii) an

epoxi de addi t i atBer, tebyckot niglycidgt etherattetraglycsiyl dthep pifympg-xytsnpdiamingg ard spr ay

coating or dip,coatin echni.que;, and drying the wet coating to forma top
srupael g

coat barrier |%§ Pldﬁlﬁi%fe% e,
2. A coated structure comprising:

a polymeric base layer; and

a top coat barrier layer coated on the polymeric base layer, the top coat
barrier layer comprising an organic compound capable of reducing the 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,

wherein the organic compound is selected from the group consisting of
polyvinyl alcohols, polydextrose, polysaccharrides, epoxy resins, urethane polymers,

polyethyleneimines, acrylic urethanes, and styrene acrylics.
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wherein the epoxide additive enhances the water resistance, adhesion, gas
barrier, or a conbination thereof, of the top coat barrier layer. 4. A

nmet hod f owoOroadsesbng t he perneability of vapor or gas thou@aTalSes/1asct ur e
conprising a polyneric base |ayer, the nmethod conprising: applying to the
pol yneric base |ayer a solution, dispersion, or enulsion, which conprises
(i) an organic conpound capabl e of reducing the perneability of the
structure to gas or vapor, and (ii) an epoxide additive, to forma wet
coating; and drying, at a tenperature greater than 66 0 C to about 75 C,
the wet coating to for coat _barrie n the g%%ﬁgture wherein

the epoxide additivé ™ ﬁ?ﬂ‘gﬁc‘%g’s%d’f%’ég Wﬁtp@m‘?“ég#@%g&@&r L &% AGHEH S i er
or a conbi nat i @EmpREREPHolyRErid hige lat@pthe arthobashprtsing: ayer . 24
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, said applying comprising a spray coating or dip coating technique; 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.

4, 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, at a temperature greater than 66 °C to about 75 °C, 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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