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20  polyester film. The coating composition includes a copolymer of maleic acid and acrylic acid and a

copolymer of vinyl alcohol and a vinylamine. The barrier coating formed from the coating
composition is typically less than about (1) micron in thickness and provides reduced oxygen
transmission even at relatively high relative humidities.

While numerous referenced are directed to barrier layers, their production and use, barrier

25 layers applied as water-soluble solutions which are effective against carbon dioxide and oxygen
transmission have been largely ignored.

As can be seen, there is a need for barrier layers, which are applied as water-soluble
compositions, which provide improved CO; and/or O, barrier properties, in particular, to rigid
substrates.

30
SUMMARY OF THE INVENTION

In one aspect of the present invention, a barrier layer comprises a polyvinyl amine-polyvinyl
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20 chemical reaction occurs. As used herein, the new numbering scheme for the Periodic Table

Groups are used as in CHEMICAL AND ENGINEERING NEWS, 63(5), 27 (1985). Polymer may be used
to refer to homopolymers, copolymers, interpolymers, terpolymers, etc. Likewise, a copolymer may
refer to a polymer comprising at least two monomers, optionally with other monomers.
When a polymer is referred to as comprising a monomer, the monomer is present in the
25  polymer in the polymerized form of the monomer or in the derivative form of the monomer.
Likewise, when catalyst components are described as comprising neutral stable forms of the
components, it is well understood by one skilled in the art, that the ionic form of the component is
the form that reacts with the monomers to produce polymers.
As used herein, structural formulas are employed as is commonly understood in the
30 chemical arts; lines (“—") used to represent associations between atoms, as well as the phrases
“associated with”, “bonded to” and *“bonding”, are not limited to representing a certain type of

chemical bond, as these lines and phrases are meant to represent a “chemical bond”; a “‘chemical
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i nQbudany sultable amide containing functional group. Productlon of the polyvinyl amine copolymer

includes a hydrolysis step, wherein a copolymer of vinyl acetate and the N-vinylamide undergo
hydrolysis to a degree of at least about 70% or more, preferably at least about 80% or more,
preferably at least about 90% or more, preferably at least about 95% or more, with a copolymer
having essentially 100% hydrolysis being still more preferred.

25 The hydrolysis may be carried out under a basic condition. The basic condition can be
created by adding a strong alkali, such as a caustic alkali. Examples of a caustic alkali include
caustic soda or caustic potash. The alkali is usually added in an amount from 0.1 to 10 equivalents,
such as from 0.5 to 5 equivalents per equivalent of the total monomers.

After hydrolysis, the resultant slurry may be cooled and the solid can be separated from the

30 liquid by any suitable means. The process may also include a washing step wherein the collected
polymer is washed to remove any impurities. Washing can be effected with a washing liquid

comprising at least one member selected from 1) an alcohol, 2) cold water at 20°C or lower, or 3)
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15 continuously feeding vinyl acetate monomer and N-vinyl formamide monomer into a reaction

mixture in a reaction vessel. The vinyl acetate and N-vinyl formamide are copolymerized to yield
polyvinyl acetate)-co-poly(N-vinyl formamide). The above copolymer is then withdrawn from the
reaction vessel and the acetate functionality of the copolymer is hydrolyzed in a methanolic medium
to yield a vinyl alcohol copolymer as a gel swollen with methanol and methyl acetate. The gel is

20 then comminuted to give a particulate copolymer product.

The particulate copolymer product can optionally be rinsed with methanol and then
hydrolyzed as a slurry in methanol with an acid or base to produce PVOH/PV Am particles. The
PVOH/PVAm particles can be washed with methanol to remove soluble salts and byproducts. The
resulting copolymer can then be dried and used as desired. The resulting copolymer can have any

25  suitable molecular weight, such as an average molecular weight ranging from about 10,000 to about
200,000. Suitable free radical initiators for the polymerization reaction include organic peroxides.
The initiator can be present in the reaction mixture in an amount up to about 2% by weight.

In an embodiment, polyvinyl amine copolymer may be produced consistent with U.S. Patent
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c) continuously feeding a first portion of a total amount of a free radical polymerization
catalyst at a first catalyst flow rate into the reactor;

d) contacting the first portion of N-vinylformamide, the first portion of at least one
vinyl C;-C)p alkyl ester, in the presence of the free radical polymerization catalyst under

25  polymerization conditions for a first period of time;

e) after the first period of time, continuously feeding for a second period of time, a
second portion of the n-vinylformamide at a n-vinylformamide flow rate into the reactor while
simultaneously feeding a second portion of at least one vinyl C,-C,g alkyl ester into the reactor at an
ester flow rate, while simultaneously feeding a second portion of the free radical polymerization

30 catalyst at a second catalyst flow rate into the reactor under polymerization conditions until the total

amount of the N-vinylformamide, the total amount of the vinyl C,-C,¢ alkyl ester, and the total

amount of the free radical polymerization catalyst have been fed into the reactor;
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mol%, preferably greater than or equal to about 20 mol%, preferably greater than or equal to about
25 mol%, preferably greater than or equal to about 30 mol%, preferably greater than or equal to
25  about 35 mol%, preferably greater than or equal to about 40 mol%, preferably greater than or equal
to about 45 mol%, preferably greater than or equal to about 50 mol% polyvinyl amine, based on the
total amount of the polyvinyl amine copolymer present.
Also within this range, the polyvinyl amine copolymer preferably comprises less than or
equal to about 90 mol% vinyl amine, preferably less than or equal to about 80 mol%, preferably less
30 than or equal to about 70 mol%, preferably less than or equal to about 60 mol%, preferably less than
or equal to about 50 mol%, preferably less than or equal to about 30 mol%, preferably less than or

equal to about 25 mol%, preferably less than or equal to about 20 mol%, preferably less than or



about 35 nol % preferably greater than or equal to about 40 nol %
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preferably 15 [ ess than about , more preferably I ess than about
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nore preferably |l ess tha
20, 000 g/ nofnan ‘?’i‘ﬂ%ﬁ’ﬂ"’%%d&? ﬂ‘gﬁ‘f‘“yltaﬂ‘éncﬁ:(?PWT“ﬁW de 2 EORIXPREMAVIBE 3 el ude a
copol ynBimd¥avdifib@ion. In another embodiment, the polyvinyl amine copolymer may include a
copolymer having a bimodal distribution or a multimodal distribution.
In an embodiment, the polyvinyl amine copolymer may have a polydispersity, determined as
25  the weight average molecular weight (Mw) divided by the number average molecular weight (Mn)
of from 1 to about 200. Within the range, the polyvinyl amine copolymer may have a polydispersity
of greater than or equal to about 2, more preferably greater than or equal to about 3, more preferably
greater than or equal to about 4, more preferably greater than or equal to about 5, more preferably
greater than or equal to about 6, more preferably greater than or equal to about 7, more preferably
30 greater than or equal to about 8, more preferably greater than or equal to about 9, more preferably
greater than or equal to about 10, more preferably greater than or equal to about 15, more preferably

greater than or equal to about 20, more preferably greater than or equal to about 25, more preferably



uni nodal distribution. In another enbodi nent, the polyvinyl am ne copol yner
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perneation gradient el ution chromatographic analysis suitabl e gel
per neattheofollgwiag istept and|condianse hr omat ogr aphi ¢ anal ysis may be found in Waters

Cor por gig;on. Pyblication No. WA10192 entitled, "Waters Alliance System
G adi eMﬁﬂyﬁT f Pol ynmer Bl ends" Publi shed by Waters Corporation,

M [200r d, Mal10 Awmitd alnltieneawith &6 tindté podrruvedqgilibrinorm wat ers/l i brary. ht nci d=5

114368l i d=1536540 | i . th adi
cir omat ogr aAVE aHEF yan ST RREL HaROT BT AN S E CBRATE ey

80 % ACN and 20% of 99% Water / 1% ACN at 10 minutes. The ramp is uniform with the time.

Flow: 1.0 ml/min
Column: PLRP-S, 4000A, 8 Micron, 50 x 4.6 mm, temperature at 40°C
25 Injection volume: 20 Microliters
Sample flows into an evaporative light scattering detector (ELS) after passing through the
HPLC column.

ELS conditions:

30 Nitrogen gas flow at 2.0 ml/min
Nebulizer temperature at 90°C

Evaporation temperature at 120°C



HPLC conditions: 10 minute run tine with a 5 mnute post-run equilibrium
Sol vent starts with 99% Water / 1% acetonitrile (ACN) at tinme O m nutes,
and fini sWex0wiish780 ¥%ACN and 20% of 99% Water / 1% ACNPatr/uB@oogiomieves. The
ramp is uniformwith the tinme. Flow 1.0 m/mn Colum: PLRP-S, 4000A, 8
M cron, X 4.6 mm tenperature at 400C I njection volune: 20 Mcroliters
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Pﬂ/m’ ngNebuI [ gjéhr ft?rrper at ur e(wg? 900C Evap%ﬁagﬂq%n tenperature at 1200CDat a
Data acquisition is through Atlas chromatography system Sanple Preparation
Sanpl & prepdidbiepladskes a 1-2 percent solution and heats at 85C for an
hour while stirring, then cool back down to room tenperature (|.e:, 250C.)
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15 chromatographic analysis. Importantly, the single peak refers to the analyte and not to any salt

and/or solvent peaks in the chromatogram, (e.g., typically seen in the Figures at or about retention
time 0.75.) In addition, a slight tailing shoulder on the peak as seen in Figures 5-7 is for purposes
herein, representative of a unimodal compositional and/or molecular wei ght distribution, and likely
do to overloading of the column in the Figures.

20 In an embodiment, instant polyvinyl amine copolymer has a unimodal molecular weight
distribution as evidenced by a 4 wt% aqueous solution having a turbidity of less than about 100
turbidity units (NTU.) For purposes herein, turbidity units indicate Nephelometric Turbidity Units
(NTU). Turbidity is measured using a nephelmeter, the use of which is commonly known to one of
minimal skill in the art.

25 In an embodiment, the turbidity of a 4 wt% solution is preferably less than or equal to about
95, preferably less than or equal to about 90, preferably less than or equal to about 85, preferably
less than or equal to about 80, preferably less than or equal to about 75, preferably less than or equal
to about 70, preferably less than or equal to about 65, preferably less than or equal to about 60,
preferably less than or equal to about 55, preferably less than or equal to about 50, preferably less

30  than or equal to about 45, preferably less than or equal to about 40, preferably less than or equal to
about 35, preferably less than or equal to about 30, preferably less than or equal to about 25,

preferably less than or equal to about 20, with less than or equal to about 15 NTU being still more



do to overloading of the colum in the Figures. In an enbodi nent, instant
pol yvi nyl am ne copol yner has a uni nodal nol ecul ar wei ght distribution as
evi dencedwbyos/0303m % aqueous sol uti on having a turbiditycofUsb@ssoiohan about
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Par, % A’For4 1%or5e 'information see Witek, Ewa, Pazdro, Marcin and Bortel, Edgar (2007) 'Mechanism for

Base Hydrolysis of Poly(N-vinylformamide)', Journal of Macromolecular Science, Part A, 44:5,

503 - 507

DOI: 10.1080/10601320701235461 URL:http://dx.doi.org/10.1080/10601320701235461

In an embodiment the instant copolymer has less color than"a copolymer produced according

20  to the prior art. This is thought to be the result of a more random copolymer of the instant

invention, as compared to copolymers known in the art. In an embodiment, a 4% solution of the

copolymer has an APHA color value of less than or equal to about 100 APHA units, determined

according to ASTM D1209 or a comparable method. Preferably, a 4% solution of the copolymer

has an APHA color value of less than or equal to about 90, preferably less than or equal to about 80,
25  preferably less than or equal to about 70, preferably less than or equal to about 60, preferably less

than or equal to about 50, preferably less than or equal to about 40, preferably less than or equal to

10



503 - 507 DO : 10.1080/10601320701235461

URL: http://dx. doi.org/10.1080/10601320701235461 I n an enbodi nent the
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(I;I—S;/;pghf I%r hen 8??)%2(%( ndmfﬂ%%ltﬁ(g@ggmgg fg%mhelcg}?d%?ﬂ%ﬁﬁmﬂ gr (r)lﬁ:lpg ?lr (l;?%l
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gradi ent el ution chromatographi c anal ¥ and/ or wherein an aqueous 4%
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20 wherein the copolymer is essentially free of amidine rings as evidenced by a lack of an
absorption in a BC NMR spectrum of the copolymer consistent with an amidine carbon atom
absorption; and/or

wherein the copolymer is produced by a process comprising the steps of:

a) charging a first portion of a total amount of N-vinylformamide into a reactor;
25 b) charging a first portion of a total amount of at least one vinyl C,-C alkyl ester into
the reactor;
c) continuously feeding a first portion of a total amount of a free radical polymerization

catalyst at a first catalyst flow rate into the reactor;
d) contacting the first portion of N-vinylformamide, the first portion of at least one
30 vinyl C;-Cyo alkyl ester, in the presence of the free radical polymerization catalyst under
polymerization conditions for a first period of time;

e) after the first period of time, continuously feeding for a second period of time, a

11
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expi res_when the solids content of the internmediate copolyner in the

r eact orithes agidie 9F basicgenditipns tapipduce Be M3kTsolvble GPPAIYAY- | ess than or equal to
about 70 wt% followed by g) saponifying the copol ynmer under either acidic

or basic conditions to produce an internediate polyvinyl am de-polyvinyl
al coholOthenfcinypnnentsiof thedargiepCoalingydr ol yzi ng t he i nter nedi ate pol yvi nyl
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20  may further include other components that modify the water solubility and/or barrier properties of
the barrier coating. In an embodiment, the barrier coating may include crosslinked polymers,
preferably crosslinking involving the polyvinyl amine copolymer. Crosslinking of the barrier
coating may be formed by chemical reactions that are initiated by heat, pressure, and/or radiation.
In an embodiment, crosslinking may be induced through exposure of the barrier layer material to a

25 radiation source, e.g., electron beam exposure, gamma-radiation, and/or UV light. In another
embodiment, the barrier layer may include one or more crosslinking reagents which results in a
chemical reaction that forms crosslinks comprising intermolecular and/or intramolecular linkages
with the polyvinyl amine copolymer. Crosslinking of the polyvinyl amine copolymer with the
crosslinking agent may be initiated by application of a catalyst, an activating reagent, heat, removal

30 of solvent, irradiation with electromagnetic energy (e.g., UV, gamma-radiation, and the like), or any
combination thereof.

The barrier layer is preferably applied as an aqueous solution, however, the barrier layer,
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O her Conponents of the Barrier Coating In addition to the polyvinyl am ne
copolyner, the barrier coating of the instant application may further

i ncl ude ovbenicosagonents that nodify the water sol ubilitgTarsdéoonoisarri er
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gama- SEYPA" aﬁﬁloyéﬁféi’“t’ Hemethacayloyl grougnin dshydsgropR r?“t‘%‘?é)‘"é‘é‘% gfeﬁl?é‘%ﬁfétf 1 er

layer laflylRf&ipe Exbhyled8ithhiaFuRSions) rdHARRHcRiAt HivirNben2 Qe MRhothyI1Hré}ARE | €F
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t o t he tréaghdate ditehexpradiqh disgerinte; 1i9menapadiel dipcrylapel 19- dwwlmgaCM%ved by any
subse r bein
oo | e THnRCEGRRE Bitpdhackilie 4 bl Ml ERRIEE, | SERREUBRRuBL B, D! N0
i rradi atloaiecanadidl dimethaeylaiek &p,4-triaktyl sridnelbiiatd, triethoflent rgezcblahaqrydatel tatyaethylame
subse ue nt essi t al | €0 r ef abI

r educg§ gdf) Qﬁ‘ft% C¥?‘%’§§’P’F%R¥l?f§y$%§ té’ ghj] ‘ftﬁ Pﬁﬁl‘ﬁ P‘PB th n&ﬁ rr)[/)norrer s

reagtl y@c)vgnﬁﬂatetalﬂgoamgﬁnlmouﬁdge al cohol functional group of the
pol yvi nyl am ne copol yner. Exanples include multi functional nononers

havi ng at | @8t s mﬁgﬂ@gsasﬂé&tnehrdf PBANIE HENglE SOMPEdTFsFRicHpIghysiring v ny|
group, hahnRey Yelngmlsog?é?l'dﬁ gl?omtblﬂ%‘ﬁéc}ﬂ)lQﬂcEngthLl&epl?tﬂal@éh@@@%ﬁﬁ’orgr oup, an

i socyanate grou or an” al group les of multi-functional
nononerglutaﬂldﬂddée drm\addwbn bbml,zcémnyl tamnnmpwb'mbr payolpragnesstinked oyithl thes various

1, 6- hexane n e‘L c% I
L S a0EHhofl AP PSRrhePRERRAR ol PGS By o rsirpedi
di aet haﬁ)sgclyata&:s oﬂ.dﬁalmmajﬂadjrg}inlahorr@thSrCthmg rﬂulﬂlO/atéeCzanmﬂloolnorgamc
di net hacryl at e Ab(htrall tri. Illta me éep gl %cQl, %rylate
et r aceHyPe ALl epghs el TSR RY Rty Srmeles 5 Lits Duaf
pol yet h%ﬁyla@ﬁﬁwc}anﬁfoﬁ&éﬂ@ didpokrlkd, hkxamethoxymethyl melamine resin,
N,N’dihydroxymethyl-4,5-dihyroxyethylene urea, butanediol diacrylate, dimethyl adipate, sodium
formate, poly(ethylene glycol) diglycidyl ethers, and the like.
25 Inorganic crosslinking agents include compound containing multivalent anions including
titanates, zirconates, phosphates, silicates, and/or inorganic cations from Group 4-13, preferably
Cu*, Fe**, Zn?*, and the like.
In an embodiment, the crosslinking agent is a non-acidic crosslinking agent comprising a
modified glyoxal compound. Such modified glyoxal compounds are represented by the general

30 formula:
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i socyanurate and other simlar conpounds. O her suitable crosslinking

agents include organic titanate conpl exes, epichlorohydrin, hexanethyl ene

di i socyamabepiogisyameal , but anedi ol di acryl ate, terephthalPdehysd@oanddor

gl ut aral dehyde. In addition, the polyvinyl am ne copolyner my be

crosslinked wth other various nulti-functional organic conpounds such as

di al dehydes, polyqzangdes di - f{trlacrylates di- or triisocyanates or
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i norgani c cations mh bIe of conpl exing with pol yvinyl am ne.
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hexamet hoxynet hyl N'dlhydroxynethyl 4, 5-di hyr oxyet hyl ene

urea, butanediol di Iate adi pate, sodium formate,

pol y(et hyl ene gl ycol) dlegC|dyI ethers, and the |ike. Inorganic

crosslinking agents include conpound containing nultival ent anions

i ncl udi ng tkLanates Z|rco 5es ho hat es, S|I|cates nd/ or Et ani c
18
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conprising a nodified glyoxal conpound. Such nodified glyoxal conpounds are

r epr es epfta gopoundecopenercially avilable éfoﬂ-@mwﬁctf’@-ﬂﬁdmf@ AR represents
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pol yhydidehydesal kyl et her acetal conpounds conner0|ally avallable f r om BASF

under the tyade na S unds include

CURBSAN ) PG OBRRaTh Pessts e Ape s e SR O e R R SR AMER

enbodi mbald&b@es@rgomamkhm z&@ﬁlﬂeﬁycﬁ[&niaﬂh@@ﬂ@dnd the Mké:hRal@eyue NS sting
of nonoal dehydes e. g. fornaldthSQ% acet al dehyde, benzal dehyde, and the

like; &g éFe§1yé‘x6 sucgp{gtdéqlgﬁ Grbthe @F?é&‘&Fthylgh@Eﬁaﬁﬁ“@ Hi€a1 dehyde, -and
thegl i lf@rmardehyaietm&h@h aldBhyARR, gglyaélfcﬁ‘élﬁ YoHBhel8 BYFEoraddt ©8 KB6tal, d6diyd B6rate,

pol yac-rol ein, boric aci borates e.g., borates, neth¥ borate, boron
tr|fIu@@Wd@ﬂhwGﬂﬁ@OHﬁhVuﬂthPﬁ@?@@@&ﬂ&ﬂ§9ﬂﬁﬁé%é&6m®*amb@elbgranes and the

like. Other potential crosslinking agents include N-lactam carboxylates, dicarboxylic acids e.g.,

maleic acid, oxalic acid, and the like, di-isocyanates, divinyl sulphate, and/or inorganic compounds
such as germanic acids, germanates, titanium salts and esters, chromates, vanadates, cupric salts and
15  other Group 4-12 salts.

The crosslinking agents may be present in the barrier layer at a concentration sufficient to at
least partially crosslink the polyvinyl amine copolymer. In an embodiment, the barrier layer is only
partially crosslinked. In another embodiment, the barrier layer is essentially completely crosslinked.

The crosslinking reagent or reagents may be present in the barrier layer at between about

20 0.001 wt% to about 50 wt%, based on the total amount of the crosslinking reagent and the polyvinyl
amine copolymer present. Within this range, the concentration of the crosslinking reagent in the
barrier layer is greater than or equal to about 0.005 wt%, preferably greater than or equal to about
0.01 wt%, preferably greater than or equal to about 0.015 wt%, preferably greater than or equal to
about 0.02 wt%, preferably greater than or equal to about 0.03 wt%, preferably greater than or equal

25  to about 0.04 wt%, preferably greater than or equal to about 0.05 wt%, preferably greater than or
equal to about 0.06 wt%, preferably greater than or equal to about 0.07 wt%, preferably greater than
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O her potential crosslinking agents include N-Iactam carboxyl at es,
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pr ef er #tsnypr eguahtoabogt?Any G Pecderalbly {ess Bap ot eqpalip opoys rlgﬂé%abqefﬁr‘%j’rléléfsetpa‘{ ®an or
equal te@.r R ROUSbud WBo r&gﬁf)@rlésg I ang)li'@ aflo atblafi’trk Wi% %éf@rlablty(?es@%ﬂtor Squit 6
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O B DRl e SRl sl Lo o
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e’ YoP

pr ef er RFAfsratly ks ban pregyalip abepi Q9 Vide. RFSerebly desithog opeguayto fal anmount
of the crAs| |B&ihBgof &ﬁgﬁefab&ﬂ@ ’ﬁ\b@b,ﬁ)?éfé’r‘élblwéss afkh Bﬁerﬁﬁ%'aﬁ@ﬁro owesent. Al so

W thin th| s range, the concentration of the crosslinking reagent in the
bar ri emprdferghdy lessthan or equal to about 0.5 wt%, preferably less than or equal to about 0.4 wt%,
preferably less than or equal to about 0.3 wt%, preferably less than or equal to about 0.2 wt%,

25  preferably less than or equal to about 0.1 wt%, preferably less than or equal to about 0.09 wt%,
preferably less than or equal to about 0.08 wt%, preferably less than or equal to about 0.07 wt%,
preferably less than or equal to about 0.06 wt%, preferably less than or equal to about 0.05 wt%,
preferably less than or equal to about 0.04 wt%, preferably less than or equal to about 0.03 wt%,
preferably less than or equal to about 0.02 wt%, preferably less than or equal to about 0.015 wt%,

30 preferably less than or equal to about 0.01 wt%, preferably less than or equal to about 0.005 wt%,

based on the total amount of the crosslinking reagent and the polyvinyl amine copolymer present.

Is it important to mention that the mechanical properties of the instant barrier layer are
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| ess than or equal to about 40 wt% preferably |less than or equal to about
30 % preferably I ess than or equal to about 20 wt% preferably |less than
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prefer Iess 0 1 ss than or
equal ? a%ooﬂ?erﬁg'&gg C\NPQ}&' rgsﬂé % %éarﬁou? ré%ﬁagt o? bt ee}/l(?&%ssl I nki ng

r eagenq)emﬁahdbe Lot yribodinedntha Bamepkaygtmmy mﬂmkewtter-sbhlbletcopmpmctsamﬁN-vloyl
mention t hani cal pro erties of the i.n rrier |layer
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I nssanh{a@eﬁﬂ |aﬁﬁndnﬂ¥1%hl61@d’639ﬁiﬂohm9], ac%@at@ﬁ}dr&dh%id@l Nandthylarhifp aglyiabglatesnsi | e,
nodul us, el ongatlon and t like. This unexpect ed property of the instant

barri eN.Njmet Ylémt!'@ﬁﬁbb’ﬂs‘t“?‘b%c@datfﬁ rN Nrdmgtebmisamsing Nezanprmsls: Ny an
enbodi gRAL hylﬁi]&ﬂo tﬁ&ﬁtl@% Ralde il AN PERITRA LRSIy éé&{xlnaniﬁﬁ§ PIEYARTof

scavengers, ar e em ca that react w th oxy o0 reduce the
concenaméatoalpl mfrogmysgbs’utut@(armamsie |mm:$, pbderahly fhergin( t@@m)noalbylsﬁubﬁtiﬂte@t BHSOB )

i ons tEl?.ro%g%é%gc\é\n&téigla%sg@egaéo%t o OnsSuI fate (SO 2) and a nickel or cobalt

cataly venglng systens whi ch include various polyners
i n2gonbi nat incih embobingmt, itecbagieteomiiginay iagludd fbyvixey1 aisetebl pGlymers d?@hxyasmr s In

SRR N IR YO T N TR
pr oper & fhn bh&ulPblab&it 85 to about 99.9%, with a level of hydrolysis of between 86.0-
89.0% preferred, 91.0-93.0% still more preferred, 92.0-94.0% still more preferred, 95.5-96.5% still
more preferred, 92.5-95.5% still more preferred, 98.0-98.8% still more preferred, with greater than
25  orequal to about 99.3+ being still more preferred.
In an embodiment, the barrier coating may further include alpha-olefin-vinyl alcohol
copolymers, wherein the alpha-olefin has from 2 to 10 carbon atoms; preferably EVOH.
The viscosity of a 4% solution of the polyvinyl alcohol polymer may be from about 2 to
about 80 cps at 20 C. In an embodiment, the polyvinyl alcohol polymer has a viscosity of about 45-
30 72 cps, a degree of polymerization of about 1600 to 2200, and a Mw of about 146,000 to 186,000.
In another embodiment, the polyvinyl alcohol polymer has a viscosity of about 5-6 cps, a degree of

polymerization of about 350 to 650, and a Mw of about 31,000 to 50,000. In another embodiment,
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performance. In an enbodi nent, the barrier |ayer may include water-sol uble
copolyners of N-vinyl pyridine, ethylenically unsaturated nono, di, or
trial kyl wororvaind7sal t s, such as vinyl benzene tri met hyl pamuaspéogovzbt ori de,
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pol yV| p9lyviayleohidine, pgtyypremdrpavrrbes fnah;m aabydride zopaymgre. ol @tkylgps oxide.20 C. I n

an enb : ' 45-
72 cps g mide Bt dofify SR RS e T TSHIEER! ity SnTRRE 200
146, OOGopernie&ﬁ ni2facrylic add odgudymerstiaoglaylimyalk gl selfqod yoid cofolyamer volyl pol yner
has a visc about degree of pol rization of about 350 ,
g e YR R e
pokyVvi efonil @hd tR@livgrer has a viscosity of about 22-30 cps, a degree of

pol yneri zati on of about 1000 to 1500, and a Mwv of about 85,000 to 124, 000.
In a pref er Fusthepsadistyesmay alse he inslided inri)e cmROSHION I ERRARIORSHESS desifed Efsi ty of

about ?he%aﬁigﬁar aude %ﬂg d%ﬁuﬂ@ljuyeﬂ.eﬁ%%%H&lgoesqlcl@&oyﬁt a@n@ot%@ceg&gly lﬁﬂﬁedqo Mw of

about 13,000 to 23, n an enb ment barrier layer may al so

i ncl udﬁllaq,tmmmlts dmbllf% amomdslpersyqbbizersmbmnsaldu@lasa@zetratﬁe«retqmﬂnwr et hane
or polyes dis i on q nt ai ni ng

ool e b hepet SRt 88 B il JASb SR ATHER P Bl DS

noaosaphkdtd. des, di sacchari des, polysaccharldes caseln and the |ike, and
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amine copolymer.
The instant barrier layer méy have a thickness of about 0.1 micrometers to about 1000
micrometers. Within this range, the barrier layer thickness is preferably greater than or equal to
25 about 1, preferably greater than or equal to about 2, preferably greater than or equal to about 2.5,
preferably greater than or equal to about 3, preferably greater than or equal to about 3.5, preferably
greater than or equal to about 4, preferably greater than or equal to about 4.5, preferably greater than
or equal to about 5, preferably greater than or equal to about 10, preferably greater than or equal to
about 20, preferably greater than or equal to about 30, preferably greater than or equal to about 35,
30 preferably greater than or equal to about 40 micrometers, preferably greater than or equal to about
50, preferably greater than or equal to about 60, preferably greater than or equal to about 70,
preferably greater than or equal to about 80, preferably greater than or equal to about 90, preferably
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pol yvi nyl acetates, polyners of alkyl and sul foal kyl acryl ates and

net hacryl ates, pol yam des, polyvinyl pyridine, acrylic acid polyners,

mal ei ¢ arwopaniodsozropol yners, pol yal kyl ene oxi de, met hacipgiraseee/oempol yner s,
pol yVi pyhtekazer dqdlalne BRsut 100Mmerémeters Crefefably)pidates thanton equaV tombouea®one

copol yners, nethacrylic acid copolyners, acryl oyl oxyal kyl sulfonic acid
copol y Refesably,graster thap eraualdo é‘??ﬁgﬁ feferakly ﬁ’ff"?te%eéf“f P “E‘dﬁé‘?‘i}’r‘rég ,

NOMDPOLfRIbI Ore fORRLY g al 49 MRt 500) Greiirtl P BiRats kBl GG dboua Bt he | T ke.
Furthef additives may al'so be included in the conposition to inpart

pr oper pieéssabiipgreaterdhiroer eghal tpahaut Q) micremeters, peefprabhygrosten than ©f equatito abgeh
rtioe . : ' el e . |
addLt! %6y P}egeg{l@ggﬁea[gg@%.?s&qggﬁ N65R 966 rlidrdmbibd! e fhin fﬂ‘% fafife el GHER Nt S

dyeStu tPI Zers, processing ai cizers, fire
r et ar déayersthickness isfpedferalgg idss thas onerab@rabout 0@ préferabiyless than oapquahtscdputent |,

the barrjer | ayer includes nan elets.. The barrier. |ayer y include up
to aboﬁ{] ’@ng‘?ﬁf% Eﬁss thar 8?‘?%?%‘08?‘?1‘8b%’%ﬁaf"?}é]—eﬁﬁﬂw}Pﬁ‘fﬂuala 'aﬁ%‘“cﬁg@m yner. The
| NSt ant B35y REs thay &t eqi@Mo HEBLE 500, phiferki fess Gin absubl 10 aBouT00, Preférably ldso

about 1000 mcroneters., Wthin this range, the barrier |ayer thi ess is

k
pr ef er snyr epuakioapoyt 39P migromgiges Preferabbniges than g5egpal toopt 20 gieksr a‘ﬁfﬁ 5 or
eqygl Lo %pgch'ltal %’aaﬁlgﬁbg,gﬁg%ﬁébgrl&@rtﬁh o B4 f?)r abSRUWR, plefrABPILs tBardor cBhA ST abI Y

greater than or e ouf 3, preferably greater than or equal to about
3.5, prisfueBQiprefergblg dtsethan haequal toabout| 70t prefatablytless thawazeewad bt gboyt @ht er t han
or equal. to about

4 ref er abl r.ea a
pref er gﬂ?rﬁmﬁ?réa?rgﬁpn{bﬁ/alﬁgotﬁane(ﬁr5‘3\“}(tt(gaba uéﬁ{, P g?rgbp%?[eefsggglg%’@éqgl?@gtq iél(?utt§ Ban or
equal prfaitylessiBian reghsirnebbout 30,eadferablyian than oeemal totabowl2Oupre®blylesst er abl y
greater than or equal to about 35 preferabl eater than or equal to
Obout - 4Bt EaHerer 0pERePlFs riear FrahuCs. PRRTENY 15 48 af S o
prgker ahduy 487 It?a@fe@dbl)l 1B&MhAf oregid ko Atdubh PedferaBly 1436 eHallor&]udl ©@ra8aits5,t han or
equal to about 70, ‘preferably greater t han or equal to about 80, preferably

gr eat eprefaehly loss thepuer equal ta Bl 3 gpetepblyless Ay eaual &1 abortad- Arefergblilest o about
100 m fre I rably
ar cat en e e BB ZpRRALPIRIHH of O PRRENS, mkRBRL (el B
about 4béyt 1 miebme@bl y greater than or equal to about 500, preferably
greater than or equal to about 600, preferably greater than or equal to
about 700 m croneters, preferably greater than or equal to about 800,
prgberquhﬁn%ceﬁ.peﬁﬁalhan or equal to about 900 mcroneters. Also within this
range, the barrier layer thickness is preferably | ess than o ual to

about 900, EheETeT Qe P ONACHRg EEP3HTE BphYion comprising the components

and/or the precursors of the components of the barrier layer with the substrate. In an embodiment,
the coating composition is preferably an aqueous solution, dispersion, or slurry comprising the
polyvinyl amine copolymer. In another embodiment, the coating composition is preferably a non-

25  aqueous solution, dispersion, or slurry comprising the polyvinyl amine copolymer. In addition to
the polyvinyl amine copolymer, the coating composition may include the herein described
crosslinking reagent(s), other polymers, additives, and the like. In addition, the aqueous coating
composition may include one more co-solvents. Preferred co-solvents include lower alkyl (i.e., Cy-
Ci0) alcohols, esters, ethers, ketones, alkanes, and the like.

30 The viscosity of the coating composition is preferably about 5 to about 200 cps @20°C.
Within this range, the viscosity is preferably greater than or equal to about 10, preferably greater

than or equal to about 20, preferably greater than or equal to about 30, preferably greater than or
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800, preferably less than or equal to about 700, preferably | ess than or
equal to about 600, preferably I ess than or equal to about 500, preferably
| ess t harworomgsed7it o about 400, preferably | ess than orcegisadoswosoabout 300
m cr omedual ®,abputaiDepraferaply gegertth@iorequat guistout 30, phederabl @ftateptheh er aduhlytol ess
than or equal to about 100, preferably | ess t equal .t o about 90,

pr ef er apAuy 60, geeferpbly gregter thap ar equa! ‘86‘3?}%{ 786ps %rzgﬁgrggf’ inqﬁlfl‘é‘s ISTRES tﬁ? equal to
about  ¢fsosRy i%fp%f@xlatl%& 18 $tfan o BqhaPlo MBEMAO0! SRef@faBltleRAnd o giad teabout 1Boef er abl y
| ess than or equal fo about 50, preferably | ess than or egual t o about 40,

pr ef er atsfeyabllyless thamper eqraldeabdut 1F), atsfraeblBiFss harw piegaypl tg abay 69, pasfergbly dsstial t o
bout f t i th
aboy ugth“ tog gqglglgtét%g@é 1%?’3?%%%@?;&% el O utaptoaa%&'ﬁ 14#),0?8@{8‘ %&ﬁ%éghéﬁd %&éal an

or eq ess than or equa 5, preferably
| ess t keaboor136gpaht 208C.about 4, preferably |less than or equal to about 3.5,

f bl t h . | b , f I t |t
Bbout .5, PiecRavtyosDer Pingh®sr Biphsgior B Gt | RabablRIyBh o3 Than”

or equVithiPthiente, the PotalkoRdsiontehis piScatili gieawr thefusdquhltoabau 2, dreferabtyoret er .
Coati ng Conposition The barrier layer is forned by coptacti a coa ng

conpos EteriEhthabeisiapalitagbete: RIEHTHONCHEACTab B Payah & Prodtbift seaatfy sreper !
Ccoxgpon gpéq%alocf) abdif 15’,‘3}{r5feﬁ51y:cg?éﬁ?€r tntoR e§ € 0B Rt J0apRrerdbly FRaeiAAHb BG4l Lo t he

coating conposition'is preferably an aqueous sol ution, dispersion, or
sl ur r y abatrd¥, ipsifergbly igecatso than iongquabieiaheut 8o | Alpewithinihig rgpdhe otberlidsent , t he

S 1 SR8 163 (Bl BB arBu NN BREAD IS bauarcl SRER 85,00 O

sl urry“CoApriR € yV amne ¢ I'tion to
pol yvi pieferatly ees thapal equaro abdue 7¢,gadfenably desspas iot equal weapoutrt®), preferabyelesser ei n

S LN T ar N

C01§0! yeduk 55 wihef erred co-sol vents include | ower alkyl (i.e., C GO0)

al cohol's, esters, ethers, ketones, al kanes, and the |ike. The viscosity of
the coat i ngTheoiptiag gamenesition pray festhspinglude sitacnts Pratseysive dYCtNEFOC. W t hi n
thisr | gs’sin% Afis Yo RS the 5@1@&%%1%1‘ YdngtigRbethe O g @6mpSHitin dnfd About 10,

prefer greater than or equal to about 20, preferably greater than or
equal patiadausubldfe. preferably greater than orequal to about 40, preferably

greater thap or al abqut f r Q%Qf r L..to
Sbout 60,  pianeraargregh dufafaies BVE1FE et RSy fr bR o Gilfter, P
Wi Rbi N 1dybrs knévamethe hrf.eIncineatdilinent, sheprdaéstonadfltye ingtast batvien layer teqattictlar about

190, preferably less than or equal to about 180, preferably |ess than or
equal " BEPSB R tong, 105t BFebi e adhesion 3he rmeRILYe PEEeL 5B eT M AEBGEERPFL  abi y

| €SS under the “Washed Adhesion Test” as described herein. Preferably, the adhesion of the instant
barrier layer to a particular substrate is at least 20% greater, preferably at least 30% greater,
preferably at least 40% greater, preferably at least 50% greater, preferably at least 60% greater,

25  preferably at least 70% greater, preferably at least 80% greater, preferably at least 90% greater,
preferably at least 100% greater, preferably at least 150% greater, preferably at least 200% greater,
preferably at least 250% greater, preferably at least 300% greater, than the adhesion of a
comparative barrier layer when determined under the “Washed Adhesion Test.”

In the Wash Adhesion Test, a test substrate is coated with a barrier layer in a manner

30 consistent with processes known in the art, and/or which mimics a particular end use. The amount

of a barrier layer is determined on a substrate coated with the barrier layer using HPLC, FTIR,

NMR, and/or wet chemical methods. The coated substrate is then washed with an aqueous washing
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than or equal to about 150, preferably |ess than or equal to about 140,
preferably |less than or equal to about 130 cps at 2Q0C. The coati ng
conposi t iwo 20ep3bEve a total solids content of about 1 POTAISRV/0GDIN %

W t hi n slbtich, €.809ater, lcbasidtéit alithSashiglg sepydfebinmiescifl pedcessadknovarigaliecdit, t han or
equal to_about 2, preferably greater than gr equal to abouyt 5, preferably
gr eat eNd/praHNIgl MERigH? P%rsc%cmg ugey, Thagrountah bgrrigr laygrem t?fh SR BRI to
about  }h&in @i@medealhy cHEGALESs 4 nfige SFAlnel BaifRPlalerd® meRéu?d @E allleYiod! eat er
than or "equal to about 25, lrire erabfg greater than or equal to about 30%
Al so wiptapeities ofithe basrigrdayer inethe erbstrate oHpwevermithes pemparalile methodpofydefesgininghan or
equal ' referably |l ess than or equal to about 85, preferably
Iesg ttﬁghr?aglﬁ)mgﬁﬁg}lse?b about 70, preferably |less than or equal to about 60,
preferably | ess than or equal to about 50, preferably |less than or equal to
about %O %gef rtﬁbb%/ Leslrs t han or equal to about 35 wt% The coating
conpos Bl the Barrier Laxer \qe surfactants, preservatives, and/or ot her
processi ng BhetDati doMposivien hag bagfﬂdh&bﬂtbiy@ﬁnpﬂ@ﬂﬁ)ﬁﬁ , et iing kndabimgcanat i ng
conposition onto a,. particular substrate. In an en%)od_i_rre,nt, t he i nstant
barri err theliks. depeadingop hedteadndappbsrtiph o s opdRgs composian iy Risferalydrepaefown i n
thgoar by  eMp@BufTR AW AR of Zb@uﬁgﬂﬁ)%hmof’@. Tﬁl@oléﬁlﬁﬁ%ﬂﬁy RAREdifEly hbR¥ede 1O a
particul ar substrate is at | east 10% greater than the ‘adhesion” of a

conpar aheifomnatigr of @e finishestartigle ar prefosn o precedg thcformation'ofa Séedstogkddtesi on Test "

as desc[ihe [, e t he. i.on. of f [ ier |ayer
to a pgrgatg tlgrggﬁcgf&gﬁg'sl{sgg{ %gﬁgogg%&iqneogglp %g%f}é:ﬁ 6?@5 ea#{lé]%f e Eérnzai@hylgg{rsr 'east 30%
gr eat e multplagdrertivds\areaprothead t (cd)Rtngicnatodvent qastixdgs irgdaitipn atoldirg stret80Blogr eat er
preferab at | east 60% greater, preferably at |east. 70% greater, .

D1 o or dBdne pririlp. QEoRErER e i Gt n i fodine PG SHnG OB AGRD Eftrusion-

pr aber admidatdh, B16RASHoldiRL %ok aadies injdetied MoRRgYor 3bmbasdns HRPS6f Yor Rl t§pically
preferably at |east 200% greater, preferably at |east 250% greater,

pr ef er d®}loy the blerding. 300% greater, than the adhesion of a conparative
barri er | aygge aaghy SERLELR By UORIBHseWBsut IAENGHARBEIOMRAT ST vinyl biidhe Vash
Adhesi on Teste, a&t%esﬁpgulbstra?'e igﬁsggat etd W tﬁgta barri er (ilg?/%vrm)i n 213. manner
consi stcepolymirtHasquranabs e atoontrof ithe doltnganomposinel! presenhi Withimi thiis cange, the
particular end use. The amount of barrier | I 5, determ n

Dbt r png EPedtfn mO BB b fer P ety o PUPl o PR AR dE o e
cheoi cabuattadbout20 wikie prbaiiad grutes thambeegusl th About Ba st praferdblypgreaeibalis

washi ngsol ution, e.qg., ter, congistent wt '
proces g@gal TakilaTetis tll()ﬁvtg% Qre\g;?lﬁy greater t?wn or equal to all;lou\{vga r\}vlt‘%,gpr% e?.ﬂ)?y é)rfeatgrot an (ngI al

equal to about 60 wt%, preferably greater than or equal to about 70 wt%, preferably greater than or
equal to about 80 wt%, preferably greater than or equal to about 90 wt% polyvinyl amine
copolymer, based on the total amount of the coating composition present.

25 Also within this range, the coating composition may comprise less than or equal to about 90
wt%, preferably less than or equal to about 80 wt%, preferably less than or equal to about 70 wt%,
preferably less than or equal to about 60 wt%, preferably less than or equal to about 50 wt%,
preferably less than or equal to about 40 wt%, preferably less than or equal to about 30 wt%,
preferably less than or equal to about 20 wt%, preferably less than or equal to about 10 wt%

30 polyvinyl amine copolymer, based on the total amount of the coating composition present.

In a preferred embodiment, the coating composition may be applied to the substrate by

dipping (dip coating), spraying (spray coating), roller coating, curtain coating, metering rod coating,
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and/ or which mmcs a particular end use. The anmount of barrier |ayer on
the substrate is once again determ ned and cal cul ated as a percentage of
r et ai ned wanrniog3oi7ayer to neasure the adhesi on properti @TafS20000039aTri er

layer tévetsh folbddatg;, gia@ureldoyigeéxtrugiohRb-ek @igar; atidceiomirioldinks bidw meldargm ni ng
adhesi on rraK be used. Formation of the Barrier Layer G% coat i Hg}ﬂﬁ
conpos i2ad/eiriheike- HB 2 prefertrdsmbegimgnptheeconiing ‘P?Q‘POFI‘EP‘E 1SPRHEA tAghe ¢ ng, and

or the f&llda%d b§ SRS H‘%oﬁﬂoﬁ hGdioPhERAE An@BPira8libd And/She GiRE1J MOthe esdwaAZI 1 ON
is preferably prepared at a tenperature in the range of 200C up to about

3000C. cqinposisionrielthegubstrpteiantiotlindues oyosstindrgite profuce hepariecolRyef t he fini shed
al’tLSC| e or preformor precede the formation of a feedstock or masterbatch
for “later use in the production of finished packaging articles. VWen film
| ayers Scnbstratés i -layer articles are pr oduced (co) extrusion, solvent

casti ng, ecti nol ding, stretc n ent at i

Cher rof or m Hgih SGRPAT epatH G rgs et H@Pﬁ%% B spRiaEiEapHSe gpe or more

ext r usipglymeAd Reink Bl orh&Bari®bbsiiges. PRefexdd piSyradtic refiecintiade parydléfigresins

conbi nations thereof would typically follow the bl ending. The cosctmié]_r%g
ne

conpos 2R/ e PoRESteISHpY- | SbsEae ay thg Dslyde bigh denstly P@)gewl%ep S ATE NG
copg| Wﬁ%ﬁahﬁa%ee P1dwGenlsi®y Aoy AR etﬁ?leﬁehﬁnﬁca@étht@ doppmasthiion-Riasent .

Wthin'this rang t he coat ng conposition nay conprise greater than or
equal tcopcyyuent etll)@enmd%yhp raeﬁeplacbyryergﬂbxeltmmMamlmacetfmblymr &bolenc-ogbon o

pr ef er abl reater than qr a to ab 9 ater than
or equ éxron x1ge %ocg)u fb a\rl\l;toa/'g ousg(l?'i tggﬁxe C rtég]tnggd t emp ﬁ'é/?&ﬁ{?xll eorg% ‘out 50 wt %
pr ef er gblyymige eatre poMﬁﬁm m&memlgdarlio@atabmn ethlent- %oppllemé mbbd:rl g{hgere:al er than
or equal to ou referabl reater than or e ut 80 wm %
pr ef er 2BiEYe 'Q;‘g t%‘PPX ré’cfﬂﬁl?er*tS&X%‘%otﬁ‘l‘ad%eW béﬁngx’wad ﬁl8° opol yrer,
baasd QBpdijHer! fipéy, reaﬁ%a{ed Shpdr NRIREBY bR PRRASE apwr) p:enaemdlaoetasao wi thin

hi s ran? t he coating conposition rise less than or equal to
teéfp()i»@ataw

about gel wswdnqsfﬂéweem&ﬂptyyhe@%sap@lﬁah lﬂwt%@eky(wlwwdnylbﬁlé?w)ab| y
| ess ”@ pr&?ge[g)gﬁfdkry?&utﬂkoﬁ&K%g %P&ld?rp%iﬁ%%idéné &%ﬁloﬂ%npd? viffidddride0 about

60 W % ess t equal 'to about 50 wt % ‘pretferably | ess than
or equaTPVtQj)aabtymm)d@ewt%hlpﬂi@)érﬁamq)J@Q@rtmaﬂmor equal to about 30 vvt%

ol rabl bl SR AR SB y HLGIbeFRR R o
of 20he ceMPidiNIGHAPN S Giduprl 6ari@sle Biid/or metal alloys thereof preferably layers comprising
aluminum, and combinations thereof.
Suitable substrates include flexible and/or rigid single layer or multilayer laminated articles.
The layers comprising the composition may be in several forms. They may be in the form of stock
films, including "oriented" or "heat shrinkable" films, which may ultimately be processed as bags,
25  coverings, and the like. The layers may also be in the form of sheet inserts to be placed in a
packaging cavity. In rigid articles such as beverage containers, thermoformed trays or cups, the
layer may be within the container's walls and may furthermore be foamed. Even further, the layer
may also be in the form of a liner placed with or in the container's lid or cap. The layer may even be
coated or laminated onto any one of the articles mentioned above.
30 The substrates may be surface treated and/or untreated. Surface treatments include flame

treatment, corona treatment, irradiation, physical abradement, and/or the like.

In an embodiment, the barrier layer is present within an article such that the barrier layer is
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In a preferred enbodi nent, the coating conposition may be applied to the
substrate by di pping (dip coating), spraying (spray coating), roller

coat i ng, wonbavaoxeati ng, nmetering rod coating, reverse proriuscaaniegy

gr avur dlisposet ibag/,eexemtldsassdméms. eBdreuﬁmﬂﬂ,thd brée tayenmay belpragent inkeywern Itld:i ng,
and/ or the I|k nap eqeerred enbodige t he coaéérllg conpo |t|g

appl i ed“lfsga‘f’ﬁg prderiayes BeByqeB QR OO daXg s isPated SBhg § Ffrat%ﬁ likg | ng,
and/ or ah'éﬁ@gdlﬁ%htome bavef gpertlbﬁre&dnkﬁl dt Reabt o ) Ers P BHelaRgti¢ OMPOSi tion to the
substrate and/ or induce crosslinking to produce the barrier |ayer.
Substrat es The adittampldayesemey alsonchidacnegy reasaisysis tihih qr%P%‘ﬁ‘ﬁi‘h‘%Hld(‘B a
subgt r%gerﬁ@@% Jfoss)aﬂglaﬁo ge[s%clﬂaﬁgo N 5 da?tio[hgﬁdxn&;e and/ or inorganic

substrat erre nmeric resins Inc e polyol efin resins and/or
pol yest er r &sinresnboBinimsit, rtla:t albstmlsmmmklvmdhnﬂer havirg tdeh&ntlywpmhg/@tphgd ©ene,

RGN TR R ST R

et hyl epgsvasusly lbigy ﬁh@]dddﬁ@imél yner, ethylene-nethacrylic aci d copol yner,

et hyl ene- car bon nonoxi de copol ynmer, anorphous pol ystyrene, crystalline

pol ystyrene, vinyl chloride resin, polyam de resin, polyacetal resin,
polypcargiphat Eayef Properfitd1y ! ene- propyl ene rubber, ethylene- 1- butene rubber,
propyl ene- 1-butene rubber, styrene-butadiene rubber styr ene- but adi ene

bl ock copol ¥heinstaptisaier layepravideschagier [pEQerties gy eat ﬁﬁusm@f cabepdioRde at e)
(PET), t a

napht hafGPetyBaCH e HEhat e plotbABE if COSREHE Fopdfiothdy RrhERReq intory.)
pol yacro§ h sz trerdubtmn ipddxy whctyin ththC@li eﬂmoprtopgh'a ngdtmt&ahamﬁ is Iakwassddaas a

ke Psrupe O doeirlnalipuan Sienkalf ol b Blypmie o e BT 11

Vaniso usdeRBEad o daynk SAeajmhglst m&rﬁmmﬁ,}g with £43C0u ﬁbdﬂlﬁldﬂiﬁh(ﬁxs‘of amd/epesmtaal
al l oys thereof, preferably la qyers conpri si n& al umi num and conbi nations
t her eofamigyherpipdhesBetfuriapsatedt | Gok 21 preertsl subsiiefeof Rargr goxing it 4 Gar or

mul i | QyfabridriRtdkedrefbrdhidn ©09SindithEs 4 ABERe RRIERYG ﬁb@%eﬁﬁh%bfc‘%@'@@% itlan Q. MY be
|n several -forns.” They may be in the form of stock I ncl udi ng

"orie ntue@bate@rsubﬂfre@t Likemiisekabaraier doatingswitink COn radugtian lﬂdmf’épv (Q)efepﬁeﬁfmﬁs% ed as
bags, s?r%ﬂb %?c‘lh i&t clgﬂgablé 1.16 O Tlnl%elj @Y %S?CO%}IIO@ IR ap gmbg'dl}ngr?t {hg 'irﬂ}]ag sheet

|nserts n a pac cavil I'd art
beaér a@mrreolayalhaea §Qz tehiacmmﬂmdemacd ld:ss thas lﬁﬁ%coupasparttchkar klﬂ)}mte nm;er b@alwpmlhn n

t he cont ai.ner: d further nor begjoa d. Even f er, the
| ayer HEP AR Pty By HHt At T 3 ACH oL Par oS WY i mer s
l'id or egadto abdGt 958y, Preferaly @€ ha@®r equal to about 90%, preferably less than or equal to -

about 85%, preferably less than or equal to about 80%, preferably less than or equal to about 75%,

preferably less than or equal to about 70%, preferably less than or equal to about 65%, preferably
25  less than or equal to about 60%, preferably less than or equal to about 55%, preferably less than or
equal to about 50%, preferably less than or equal to about 45%, preferably less than or equal to
about 40%, preferably less than or equal to about 35%, preferably less than or equal to about 30%,
preferably less than or equal to about 25%, preferably less than or equal to about 20%, preferably
less than or equal to about 15%, preferably less than or equal to about 10%, preferably less than .or
30 equal to about 5%, preferably less than or equal to about 4%, preferably less than or equal to about
3%, preferably less than or equal to about 2%, preferably less than or equal to about 1%, preferably

less than or equal to about 0.9%, preferably less than or equal to about 0.8%, preferably less than or
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coated or |lam nated onto any one of the articles nentioned above. The
substrates may be surface treated and/or untreated. Surface treatnents

i ncl ude fwarreloiasezxmtinment, corona treatnent, irradiation, pphysc@alio05097

abr ade rgul fo a‘:bndt{ 7% prefekdblyelessl tharedr eﬁﬁilwlhbmm 6%, prefepabily lesy thhrdyreiquallo pr esent
W t hin r ch that the par r yer_ i sdi sposed between at | east
two | B 85 preforitl s Hah e el abor ash. lraba 5% SuB et S BCRBT Ehe
substr @mermsi le@@th@ﬁlbﬁéquhﬁﬁ%outlﬁei%\ﬁ%feﬁ ?1&5 thHAR bfeedleverasoalosmqﬁ&eﬁmyt he
substrate, and the like. In an enbodi nen barrier layer is presént in
at | eadess thap o egpal to abput(05 % praferlly leﬁﬁeaaamquabtnabouté);lﬁF/@umysmmlsro i ncl ude
onesor ARiodsdyers which are pernmeable and/or inperneable to various gases

i ncl udi ng oxygen and carbon di oxide. In an enbodi nent, the substrate is a
bl ank whi chlnednbther habodrrgertthbe bwtant rrigdaer g ad( Ry reduttibo index sufficisatisequent | y

bl de rti . t b X
o ubet DIV sl wE e oyl ¥iar Rl blcpeties (b AR AE Sy RERE PR PesspbBss oo The
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i ndex %‘F‘g "?’E’S}rat? ?frae@gkf‘es?s 3’“5‘?}5%?9'%3}? ‘b@ﬁ‘; %Is‘l“?g‘b: SgatFtPr?f@gUnder
t he5t esthee@nilé Eda@dSubdtiteias 8 IIOIEeEEMhich 15509 hs trﬁ&&led%meafncémubm a Co2
reduction index of |ess than 100% on a particul ar substrate under a

parti c@refraduivhereinthgepatedsybstramsrhas a thighngss wiigh is 38%e4he thiskpessof theapeqatadas a
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than or equal to about 90% preferably |less than or equa 85%
pr ef er abdopted es@%ﬂqavfe@rabbq\mlmreln thezioatad s\@RoHte pasef rtbrcatn:‘rsy whiphgs 80ta rtheor equal

to abo % f % fe | ess
t han owlcekmgalof st g%au% %’gﬁ}'ea |p }e?%pba{ Whgr egtlée RN ofrilsttreiteala toeka éb
preder ab%yhd teﬁzknetsh afithe nnmateaIsutbsnra&bpmfereﬁ;@ﬂ/@/hq@exﬁftmoabde& shiBaste mhgammmkn@qual
to abou OfV referl(é\ gltl ss than or equal to about 45% preferably |ess
t han Olw e thickness of the uncoated substrate. )

In an embodiment, the instant barrier layer has at least one of the above disclosed CO,

reduction indexes at greater than or equal to about 0% Relative Humidity (RH) at room temperature

(i.e., a temperature between about 20 and 25°C), preferably greater than or equal to about 25% RH
25  atroom temperature, more preferably greater than or equal to about 50% RH at room temperature,

more preferably greater than or equal to about 75% RH at room temperature, with greater than or

equal to about 90% RH at room temperature being more preferred.

Likewise, the improvement in O, barrier properties may be measured in terms of an O,

reduction index, wherein the O; effusion through a coated substrate is expressed as a percentage of
30 the O, effusion through an essentially identical uncoated substrate under essentially identical

conditions. Accordingly, a barrier coating with an O, reduction index of 1% represents a barrier

wherein the O, effusion rate is 1% of an uncoated substrate. A barrier coating with an O, reduction
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aCOZred ction i Ci vi de sthan
o o 8 tgh P Caga 85Kt S5l Bichiton) ReOhaY b itk oBEL A5 hbtet b Dess i

t hi cknegsal wfub@bt 15, PoXerablg ldsk thak pesquablo abtwa 109G pﬁﬂftﬁﬁblﬁ ltbsmambnee,qumlrtef erably
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e bl S Blreihis e hi eahaip Goom Ak Pt leSiboegtts dr Rk
t hiygkn %?e?er)ﬂm' ﬁz]@s {hén 3@8@1&1“3 abdlit 24) gﬁa‘ferﬁﬁli Ie@@thﬂﬁ@ 8ido abdf I VAL ﬁ'efe?d’b%f l@ﬁsab ly

wherein the coated substrate has a th ness is 60%the thickness of

t he undhsaosaqualiosbpei9 % pirefembldess e eayal E%Pé’%'c)‘h%‘@dpr%f?@bﬂé%séh%‘a@ a
thi Ckn%ﬁ%hmbgntd’?%g%g e}aﬁs 1&&&9&&&% cr(mﬁt o mzoogxfel‘%?abw%tm@r eqR41§6 €r abl y

wher ei n e coated str has a t ness IS 40% the thickness of
t he unebatt83% pheferatly éess rlmaebe¢qilbl tp ahbm 10ei%, préferablydtse thas whequahtosbhetd). 37,

t hi cknes h s 30%t of . t he ncoat ed substr erably
wher of RratTab i i SLeb G ek D% Hherfan bSs AR BEREEL OB o mefteBh L 2ot
t heounmaﬂﬁd obetsal tbabéut Of0594, Prelérhdly W3S than Br édnel teaa@leo o ehaidepdimilhas a

t hi ckness which is 10%the thickness of the uncoated substrate. I n an
embodi §@MitioNhe jnstant barrier |ayer has at |east one of the above

di scl osed CfParb@@H&hb Rt A8 RRtaf baHiGAyRF hdshAD,6duRAIRINAS:Osuddst 1%
Rel ative Humdity (RH) at roomtenperature
provide the same or better level of barrier properties to a particular substrate when the thickness of

the substrate is reduced relative to a comparative substrate without the barrier layer disposed

25 thereon. In other words, application of the barrier layer allows for a reduction in the thickness of
the substrate. In an embodiment, the instant barrier layer has an O; reduction index sufficient to
provide O; permeability of less than or equal to an uncoated substrate wherein the coated substrate
has a thickness which is 90% the thickness of the uncoated substrate, preferably wherein the coated
substrate has a thickness which is 80% the thickness of the uncoated substrate, preferably wherein

30 the coated substrate has a thickness which is 70% the thickness of the uncoated substrate, preferably
wherein the coated substrate has a thickness which is 60% the thickness of the uncoated substrate,

preferably wherein the coated substrate has a thickness which is 50% the thickness of the uncoated
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(i.e., a tenperature between about 20 and 25C), preferably greater than or
equal to about 25% RH at room tenperature, nore preferably greater than or
equal to wbaoto/BWHRH at room tenperature, nore preferalpCy/use@anesoor han or

equal s prefdrably Riteftin the QoA E4IBSEA¢ hifsQ, thiskriess gheﬁﬁsaﬂﬂ)% thenhickneexpfake t 0
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pr ef er abl S bo t r ef I t han or equal
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preferably | ess than or equal tg about 0.5%. preferabl g‘é}f (? gr equal
t o abolYatey wasgepoved dp a%W qvgn for2qhquis, Adcartistory Wwas g %p toﬁl?ee ngddlmy i ess
than og zgﬁ@ysaz{s a r9s1@éﬁ@é’ﬁmg o280 sdRbidsamadt! v IR 8$én WhaBin e REfd& ofithe MAOkehcHId 1%

a

prefer | ess than or equal to about 0.05% preferably | ess than or equal
t 0 abouaboud 20XPdunuiethissimg. | ar

25 Film Testing
In these tests, the dissolution times is used to determine the solubility of the film comprising

the PVOH-VAm polymer produced according to the Improved NVF Copolymer Process. Tensile
testing was used to determine any embrittlement of the film.
Color testing was used to determine the acceptability of film appearance.

30
The Inventive PVOH-VAm copolymer used for testing was selected from grades M6 and L.12,
(Sekisui Specialty Chemicals America, LLC), and was produced using the Improved NVF
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20

the re-solubility of PVOH VAMTfil ns

wat er - based sol uti on

@ VAM pol yiRfaaBoRE e eesd steqgr ding to the I nproved NVF Copol ymer
Process as described infra. The PVOH VAm sol ution at

functional groups on the PVOH-VAm copolymer.

0.001:1
0.01:1
0.1:1
1:1

Met ho

The PVOH-VAm copolymer without crosslinking reagent was used as a standard control.

d: A

5% sol i ds was

In addition, a 50/50 by weight blend of L12 PVOH grade C-325 was used, along with L12 in

combination wi

th glyoxal.

Film Dissolution Time Procedure

500mL of water were placed in a glass beaker;
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crosslinking reagents. The solution was then cast as a filmwth a

t hi ckness of | OQum Water was renoved in a 3Q0C oven for 24 hours. A heat
hi story waie 20tvensozppl ied to the dried fil msanpl es as aPpcadiSdemoesopi ne of
60 sec@ﬂﬂscwm@atatumwwcc;ven wherein the surface of the filmreached about
2000F gléiln]%é s tine. FilmTesting In these tests, the dissolution tines
is use mne the solubility of the film conprising the PVOH VAmM
pol ynmeget @d#61RA 6 kg to the I nproved NVF Copol ynmer Process. Tensile
testlng was used to determne any enbrittlenent of the film Color testing
was us H praggeiad evlnisareple rewatlecEprreFEd) 888 of fil m appearance. The Inventive

| des M6 and LI 2,
(Sglgl- sul gﬁ‘gt‘)’ﬁf‘ﬁhﬁgﬁ%@f“’g fi%hé fifhn Yé@r@ﬂrﬁ Wﬁ%gﬂ:af( BQ{E‘Q{ ades an

peC| alt Anerica, L , and was pfo uced using the
| mpr ov BdCdWEF@op@I \ylmr95l% ofabs Blnudisgd ees ot the Dissobrtino tisd. Theresudi iatei shown in
conpar gt |uve1 gol ymer was produced by Conparative Process D and
Corrpara{% 78 ﬁ% ess E as discussed herein. The Inventive and Conparative
copolynmers utili zed herein had the follow ng char acteri stics: Crosslinking
reagents used Curesan 199 - Bl ocked d yoxal BASF) Carbodilite -
Car bodi i i CACane! Y§V?Séﬂé9%/éh?%ked A RURFEOBBTGR o thersErsslinking raagentan

St @6 K) insdilible CV&SAHel PX ithtdsSRACBSsIRAKS |VRWRMWEBS CBnt G- 2 Whs £60SSI 1 nki ng
reagent to nolar amine functional groups on the PVOH VAm copol yner. 0.001:1

0. 01: 1mdnutes] No HilnT hesalpyahicipastinkerpeye) ot t %wnd plonye 139 Gdmpiavkingrf in &y break was
u52%, 2 TSRO o L 0 k0 SRS g, 112 |
Di ssol utinon imgron@mdt.oHedeves, 50/50 Blend of L12 and C 325 had no break or dlssolutlon at 15

minutes (not shown.) ,

15 As the data shows, Curesan 199 (Blocked Glyoxal) with L12 PVOH-VAm had the largest
impact on improving film dissolution time. Addition levels of 1% and above (based on polymer-
amine functional groups) were completely insoluble. Other crosslinkers only showed minor
improvements in dissolution time and higher levels of addition were needed.

Color Testing: Curesan 199 showed no significant color difference than L12 Control with

20  films of 100um thickness with 1% and lower addition levels.

Mechanical Testing: Curesan 199 had similar mechanical properties to L12 control at
addition levels of 1% and lower.

Blending PVOH with PVOH-VAm is an alternative option to adding a crosslinker. Adding
a fully hydrolyzed grade of PVOH (ex. C325, C107) can greatly improve the solubility of PVOH-

25 VAm.

Film dissolution testing was conducted using M6 grade PVOH-V Am copolymer produced
according to the Improved NVF Copolymer Process. An 100um film was used herein as the

standard of comparison.

M6:C325 Over 400% improvement
90:10 of solubility break time (min)
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500nL of water were placed in a glass beaker; Adj ust tenperature to 25C
Adjust pHto 9; Set a controlled stirring rate; Subnerge a |"xl" sanple in
wat er (suwpantoaddi7iand Record the tine when a hol e for neciruseée/obiobm t o

represent tjhe Np6:€aks t | meToramglinksesle d the time (hen 95% of the film
di ssol ves &as the Dissplution tinme. The results|are shown in Figures 1 and

2. Accor di ngl yY?28ur eshn Qwﬁ%%enwvgmywan ut perfornmed all other
crossl i nki %‘W‘%{ 5
| evel s bel gw 10% n '

inutes at all crosslinker
No Film break with

crosslinker| | 8080 of L%Gnd-tﬂlﬁ%annﬂﬁ@mmmr ovenrent in film break at

cr ossl i nker'4-evet—e+—b-—1%—Controt——312—was—0-—-80 m nutes. O her

crosslinkers showed only a minor inprovenent. However, 50/50 Blend of L12

and C 3295faddaopVvoEe B dice@pletély @bbladle. 1S I(Ol%)&ff%h dlyAd the

data shows, Curesan 199 (Bl ockgd é' yoxal ) vmn{tﬂlﬂlﬁdﬂ% PVOH- VASanWhuédyt he

| ar gestPHQHheasthayna 1R SUPTAYCIRATE i e gesfeﬂlubnlitmf the RY OXhYefim fibA. | evel s of 1%

and above (based on pol ynmer am ne functional groups) were conpletely

i nsol uble. O her crosslinkers only showed m nor inprovenments in dissolution

ti mé arBhrier BropertieeVesting of addi ti on were needed. Col or Testing: Curesan 199

showed no signi ficant .co fer nce, than LI 1

ooum t i ckAB e ol et £ FORRET e parplact TREORL VAR whl ffncls
Cur esanusih@ ﬂlef]mﬂrosvthNME‘erﬁBB'hﬁﬂ Pﬂ)aéss phoaRive M. TwolcdApaatite M6 PMOREGVIAD ONn
| evel s of 1% and | ower. Bl ending PVOHd with PV VAmis an_alterpative
opt i on “PRPIARFIS warea?r%%%%‘rse mPaﬁ&iHF hEPessst Diang B prmpagpise Pricsid 5 PvoH

(ex. C%@s%ntlaﬁ%%saﬁ@@s eb@pirhiive PIBERYE, )tehsroameu Rbihg bifrefine E)EAM Film

di ssolution testing was conducted using grade PVOH VAmM copol yner

prdfuced ackoheinventive ImpwveddyVEeapolyorer b@p@ﬂsyhermwweéeﬂ fors30) mimatem f i | m was

used h

conpl et? élfdyé |d %2 t\ter&%‘aztfgeg ﬁltﬁto ?%%E%ﬁ/& r}‘?é%% fcﬁ %ﬁp%el%f)yzg? %D@gei&'ca have a
400% i rapotberd 2@ ntinutes df lnselcnm zs‘txelr thei feads Ya af firtighed PYGkE lth\raat tidnnim&ar5rhoers..

Proper tIme tanﬁy, therﬂventlve Improved NVF Copolymer Process does not stop the initiator feed during

the initial polymerization phase.

15
30-35 10 initiator delay > 3
- I‘rm :
43-62C 3001dh 30 min |
. ldehy >
Lstidiator 3 5560 min
] nnna]-polymenzauon >1 main pghmzangn  post-polymerization >
90 min 60 min
g T
480 min

The Comparative Process D and E are shown above and referred to herein as Comparative
20  Process D for simplicity. In the Comparative Process D, the initiator is fed for 30-35 minutes then

stopped for 55-60 minutes then the initiator and monomer feeds are started. The initiator feed is
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An inventive polyvinyl alcohol - polyvinyl am ne copol yner (PVOH PVAM was
produced using the Inproved NVF Copol yner Process (lnventive M5). Two
conpar at iwe 203/ByaH- PVAM copol ynmers were produced usi ngPCOSan@ionine?

Pr ocessioped afier 360 nﬁﬁﬂtﬁﬁilﬁitthé/ﬁhoﬁlﬁmefeal iDcomsinessfenanotier $0 iriutssa(GR0 mnutes).

Conmparative Pro yet produced .usjn ferent ui pnent. In the
nvent i T 0 Eaodvk s SRR O Ry ORI doaced bor b SD i E P g
m nut eg (i dLuGOihY of §Rode! ay feeds of initiator and mononer feeds for a

total of 180 m nutes foll owed by another 120 m nutes of reaction after the
f eeds have Film§ efibaiP VOB BY Ameopelymersivsie prodyced andssubisgied to P pamicaisting t he

| nvgnt b¥ ﬁddd’ﬂﬁﬁ P SWEo&%p&’\Leyﬁeler{eﬁ cﬁﬁs 2§‘QJts %E&Pdlhé‘%rﬂa%ér'té},hﬁé feed

during the 1nitial mMeri zation mpar at 1 v ocess D and
are s hpmmnabxswella\mdwn ed eneraf chihimah siulé urnthagrt C@‘hq)BV@ﬁR/‘éAﬁrcmpelsmets Weclﬁ

I i t. t p D i 30-35
L e AL S BOASHRR Brsd U B B 20 5,
are st gadvadin tldwet.i Nitiator feed isstopped after 300 m nutes and the nonomer

feed is continued for another 30 mnutes (330 mnutes). At this tine all
feeds are stopped and the reaction is heated for another 60 m nutes, which

resyl tMeitlﬁ)d%fPféb%nggﬁﬁﬁstﬂoPOx&ée%aﬁier&eﬂ?_@"3 Films of the PVOH PVAM
copol ymers were produced and subj ecte 0 2 barrier testing by MOCON I nc.
7500 Boone AVE& wiwt slutivazdiei BV O \59m 2epalynsr was beatel] tagnause BRIRPIPEr t est | ng

par amhégoﬁutm' éool%ﬁqx\%oﬁl‘f)teﬁ‘@gra&;e, qw hualéa gﬂﬁdg@xﬁer 8 Jr?e; h ;%Jﬁﬁ <PVAM

Wer e Cr oss u3|ng ycup mhlch i's
an addun:stolubfhzeqbgﬂhl orohydrin well known in the art. Method of Preparing

copol yer vl et aimegomRsa s (24 Betihen SRyl st duoauaieh
t egper gfﬂél@ @gn@@d Th@aoistlhﬂmfg&%n{pbﬁmlﬂﬁs AdddHA 27535 inS5% @MWt} BhséRHDV e

unsol ubi li zed gels. The cross-1linkin onpound Pola/_ﬁ]gp 172 was .t hen added
to thec"f'lf‘}lftt&“étfl%’d?éﬂﬁhéﬁ%“"eﬁbid’éFhegéﬁf leklagF?lam"&ﬁ andrihe compsitiqn ofithe, g

conmpoupgo pvggpc% Ined- 9% and 5% wt/wt, based on calculations relative to
the acti v:ﬁﬁy 0 ﬂgﬁcreoss I i nki ng corrpound and the conposition of the

PVOH- PVAM cBipodojutions W'éteethsthmfoafSi B r@ 120@ rpm enteniove geiekpped aighabtdes andm t o

remove th%rrll E:gs?gl? g g mll ﬁE’P %P (t?l e substrate) using a Gardco 1.5 wet mil bar applicator.

20 The films were dried in a forced air oven for 2 minutes at 121°C.

The coated PET films were then tested for oxygen transmission rate (OTR) according to
MOCON testing standards using a MOCON Oxtran 2/21 Instrument according to:

ASTM-F3985 used to determine the rate of transmission of oxygen gas, at steady-state, at
23°C 0% RH;

25 ASTM-F-1927 used to determine the rate of transmission of oxygen gas, at steady-state, at a
given temperature and %RH level, through film, sheeting, laminates, co-extrusions, or plastic-
coated papers or fabrics;

DIN 53380 used to determine gas transmission rate through plastic films or other materials
depending on temperature and testing gas;

30 JIS-7126 used to determine the gas transmission rate of any plastic material in the form of
film, sheeting, laminate, co-extruded material or flexible plastic-coated material under a differential

pressure;
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then cast on a 3 m| PET film(the test substrate) using a Gardco 1.5 wet

m | bar applicator. The filns were dried in a forced air oven for 2 m nutes
at 121C. wbeomasbdd PET filns were then tested for oxyg®oTiusanmomd®s7 on rate
(OTR) accor HOWGD: 15 1MEQRQANed s ddtergnind ha @ay Gisnsthidsiog rate MDRRINplaxtd matedd| Ad the

| nst runent cordin ASTM F3985 used to determne the rate of

t r ansmi'¥E| rfilBk stee g%ﬁar@agte rexdudetipaietialia flexiplomestigrompd MASTRE pnd/qrgry

used t @qeledist RiaR@ard RBLKASBcedlirel F @ansmi ssion of oxygen gas, at steady-state,
at a given tenperature and %H | evel, through film sheeti n%O | am nat es,

co- ext r usi obw firg ?ropnﬁgfitp%@éafb%lﬂfmwes’e e\rallfaﬁlérfp't@TRBF 0°C3md FOthsRH as o
det gr mgpe das transmssion rate through plastic filnms or other materials
depending on tenperature and testing gas; JIS- 7126 used to determ ne the
gas transm ssion rate of any plastic materi @TR@4ARCT qrm of filjm

sheeting, |amnate, co-extruded material or fbe% RHe pllastFibmcogted

mat eri al undFTR @0KydeherransmissiopRassur e; | SO Cem¥YBD0In2 YsSThickmesslat er mi ne t he
gas transn MOOCONBéstin@f any plastic material igayjjhe f ar iefors} ||m
sheeting, [efmpahéve BEF QOtrHIaE B Bal ¢r Tlexible pllastic-codted :
material ; apgdior an equival ent standard testinggggpcedure.ofp a|first round
of testing[ LB b@ﬁlei"ﬁéé’t‘ evat uat ed T() UII'<066294UUL an02 @pﬁ/_RH as

Fol L ous: | eI Cayyagg Of testing ~HhgTet Thphe Mt ky O L he oxygen
transm ssi pr 't VOQ : .,5‘3325 ea—uStHRg—tn Iﬁ A - PUIis‘f f1i | m as

foIIows:OT\._uv P op—HHAH—<—0 00033/ 100H! [est Gas
concentr at | Q ﬁ&g{_&_essw—e: 160 "9'*3-9: Ca-u-i-e.rléz-SAS% N2, 2%
H2 As the 1W@t3ﬁ§%?lmb+mw;(ﬁg/5%r rier [l aypp-O%J furlt he?-5Comri se an
addi t i onal | baentiveCopelymepb iArét04((@0/g0) et hyl ene-vi nyl gl cohol, BVOH) which
provi des a|pdFith®r benefit over the indivijdual 088%ponents 2bbne.| In a third
round of t ebivemiye Gopely@ER AQ-PMBHTMSBM pollynmers produced by difflerent
processes WeH<eS5.éval uat ed. 0.0086 2.67

O
D
5 -
D
o <
=S
& F

In a second round of testing, the effect of humidity on the oxygen transmission rate was

~ determined using the Inventive copolymer film as follows:

OTR OTR OTR OTR
23°C 23°C 23°C 23°C
0% RH 50% RH 75% RH 85% RH Film
[cm®/ [cm®/ [em®/ [cm®/ Thickness
(100 in>-day)] | (100 in’*-day)] | (100in?*day)] | (100 in>-day)] | [microns}

Inventive
Copolymer
Neat 0.0034 0.0055 0.0036 0.0063 2.67
Inventive '
Copolymer +
0.5% P172 0.0021 0.0014 0.0009 0.0069 2.67
Inventive
Copolymer +
1.5% P172 0.0006 0.0003 0.0003 0.0066 2.67
Comparative
AQ-4104
EVOH 0.0241 0.0245 0.0263 0.0260 2.67
Inventive
Copolymer +
AQ-4104
(70/30) 0.0029 0.0005 0.0029 0.0063 2.67
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I n additi on,

the viscosity of the PVOH PVAmM sol utions cross-linked with

epi chl orohydrin (Polycup 172) was evaluated over tinme. As the data show,
t he | nverwOwveloosmyiymer produced accordi ng to the | nprovet/uSA0IGemot yner
Pr oces ORhDywser&Enddeitlon Diniiox OoH0s cinf1@IR-dagl ati ve to the untreated

subst r atest, Ga3 REncRALrativArNOVB BNt

in properties relative to the Conparative

Pr oces ek Gl PrdssuiBl @0ingh $ig | N addi tion, the Inventive copol yner produced

vi a t hecarddp

with
propert

i es,

In addition to barrier

50ogesINNI, glopol yner process” denonstrates higher reactivity
crosslinkers as conpared to Process D.

the inventive copolyner filnms have greatly inproved col or

properti es. Avthediatashows dheinsthntdarrien dayapity fughercomprisgangsidgionaltpobmenpr t he

copoly
are as

LR Bt

lﬁcacﬁi?

sis u

n

ues

LU0 it SR AL SRhAN LTBLRL

t

The data
equi pnent

10nm saimnjividuad campdhichtdtabdet 0 8% TS cl ear white very yell ow yel |l ow *The | ower

t he nunber - | es
produces anh‘e"s@gﬂf‘?‘ﬂ‘ﬁl%

t he

ello

tosting,

R o EBTA ek b DS

e

ve copol yner

filns

have anrdteaeceantabdigawel | ow color. It shoul d be understood, of course, that

the forpgoing relates to preferred eghbodinents gf the invention and that
nmodi fi cpti ons may be made wit h@ER depart i QBRfrom t h@%ri and scopge of
the invention as set forth|in 2#e folll owi A cl ailms. BBCCLAM 1. A barrier
| ayer cpnprising a polyvinyl %% B pgl yWriRHal doh8P%d8bol yneFilbpliled to a
substrafe as a vater-sol ubfe BGf?dosi ti o [c er ei|n &Jﬂfé’;“ol]\:n Ripkaess
1 - vyl Al aahAal ~~K 0\ %Fdayg f pmd”) fa m. g‘)‘l) n lCWBS] f
am ne p T Ivl . AT AYA ] T A\VAVA AWy | _yrlhl L} LA LA ">} ”y Y A\~ A _yll T LI "U' \Ml T rom 99
to 1 no| MBM RP‘%/‘fer%hpPB'P}?ém de and (b) from1 to |99 nol % of | one. or nore
vinyl Q=G0 al f?t esters, an§-0046 Rydr Q109176 nglfro t 0l 102-9bl %lof the
fornyl pM&dsperasine Prasessdbpl yneri zed funits %a) tlo form am pho groups |and
from 30/ to 100 Mstt of thel| G 06030 allkyl 0847%r dr oup92%8r om t he.67
copol yngM6ZAemnparitive P{ds¥ssttb| f orm ‘
Neat 0.0034 0.0164 0.0253 2.67
In addition, the viscosity of the PVOH-PVAm solutions cross-linked with epichlorohydrin
(Polycup 172) was evaluated over time.
Brookfield Viscosity, cps
at 25°C Day 1 Day 2 Day 3 Day 4 Day §
M6 Inventive Copolymer
+ 5% P172 70 120 270 1100 | gelled/cuttable
almost
M6 Comparative Process gelled/very
D + 5% P172 70 100 160 360 thick
15 As the data show, the Inventive copolymer produced according to the Improved NVF
Copolymer Process shows a marked improvement in OTR relative to the untreated substrate, and an
improvement in properties relative to the Comparative Process D and E materials. In addition, the
Inventive copolymer produced via the “improved NVF copolymer process” demonstrates higher
reactivity with crosslinkers as compared to Process D. In addition to barrier properties, the
20 inventive copolymer films have greatly improved color properties. To demonstrate this, the APHA

color of an 8% solution of the copolymer was measured using a Hunter Lab Colorquest colorimeter.

The data are as follows:
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hydr oxyl groups, wherein the copol yner has a uni nodal conpositional
distribution as evidenced by essentially one peak in a gel perneation

gr adi ent wbDroiom3oxmr omat ogr aphi ¢ anal ysis. 2. The barri ecTitsgew/oefooT ai m 1,
wherei n an aqueous 4% sol ution of the polyvinyl am ne-polyvinyl alcohol
copol ymer_neasured at 10 nm cell has an APHA col or value of less than or
equal ~ t oPEASlorapafysisasingiHuateg baly i ned according to ASTM D1209 or a

conpar abelerapest gyHpment - Hwmywmplessizel ayer of Cl ai m 1, wherein an aqueous 4%
sol ut i ofilugd to 8% BY| yvi nyl ani ne- pol yvinyl al cohol copol ymer neasured at 10
mm cel | ModeveanvePoptlymadr Neatval ue of | ess| t HelfB or| eqeledr whittabout 5 APHA units
det er m Médoapamtide Pupcess DASAdY D1209 or a| c28P@r gbl evemeydilod. 4. The barri er

| ayer pMEEahpardtive\Baeess BNelte pol yvi nyl [ arid3re- gol yviyaydw al cohol copol yner
is essentially free of amdine rings as evidenced by a | ack of an

absor pt + 16WerdhdndiVRr S ddsk vandw intddRrcopol ynmer consistent with an am di ne
carbon atom absorption. 5. The barrier layer of daim1, wherein the vinyl
G -Qo alkyl esters are vinyl acetate, vinyl propionate, or a_ _conbination

t hereof . 6. AWeedinglyrthenventivecopdlyrasraireduses apresteaiialln HeatgsihitoT filpm, whereas

am ne- pal yvi . SPRE [ fromabout 0.5 nol %to about 20
nol % a%ﬁé%%h%‘ﬁgpﬂl@? oupskyeﬁglfﬁgn@%?l?ir | ayer of Claim 1, wherein the
pol $vi nyl alishedpbd yndersydod adfoolust, tico pel fprrering miges to sef¢raiendiodimens afol % t o
about 15 .mol % ami ne functiaonal groups, 8. The barrier |ayer. of Caim.l,
aher ei e mpnips it tfa st il BB rar (rRgre SEm SRy o st e 8o
copol yiRent@n ad Q& Gotttafh the follolvindi daimef | ess than about 100 NTU. 9. The
barrier layer of Claiml, wherein a 4 wt% aqueous sol ution of the polyvinyl
am ne- pol yvi nyl al cohol copolyner at 200C has a turbidity of |ess than
about 50 NTU. 10. A barrier layer conprising a polyvinyl am ne-polyvinyl

al cohol copolyner applied to a substrate as a water-sol uble conposition,
wherein the pol yvinyl am ne-polyvinyl alcohol copolyner is formed by a
process conprising the steps of:a) charging a first portion of a total
anount of N-vinylformam de into a reactor; b) charging a first portion of a
total amount of at |east one vinyl -Cmalkyl ester into the reactor; c¢)
continuously feeding a first portion of a total anobunt of a free radical

pol ymeri zation catalyst at a first catalyst flowrate into the reactor;
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d) contacting the first portion of N-vinylformam de, the first portion of
at least one vinyl CG-C 0 alkyl ester, in the presence of the free radical
pol yrer i 280i20m/03837al yst under pol yneri zati on condi ti onspCorusacioo®b7 peri od
of timWEeLARMter the first period of tinme, conti nuously feeding for a

second period of tinme, a second portion of the n-vinylformmde at _a
n-vi nyl f or nhmi de* pargiGF layar SOMBKIGNg HRolyWAKBHNGpAlY vy ja helgreRiyrasnAPPliddrng a

second , Rgstrae® Qs Olvakt-sdiB8S Eorﬁﬂﬁlt%‘n NYher& e pc@yv"i’tl}Jf WhiRYoBfvidyhioidne react or

at an ester flowrate, while sinultaneously Teeding a second portion of the
free ra@nobalerpdbymhyz@pbmawnel yst at a second catalyst flowrate into

the react or I i s until the total anpbunt of the
N-VI nyl forn(arnﬂgﬁggqﬁll%? (1%%{ iniAs ?Q-RH& cieheﬁw nyl CG-G 0 al kyl ester, and

t he total agpfroim lob 90heol o ef@ne admomlvupmtymalk)atestem mﬂttbdry@ﬁrdlmmg ﬂmen fed
into t ol |.owed rathr eriod of tine, the
0 Py P it TR A% of e ol B Sups Bbm B eotpb et bl (ol EG P En g froihe 1de

presengsmai tb 160 MbBB of AEiCG |, PRYIERRY frdaps fedin ﬂ@tc%bMﬁﬁleﬂlibdﬁlhﬂs eactah under
pol ymeri zation conditions to produce an intermedi ate copolyner conprising

pol yvi RYAroxydereups. ddesiythe Aepobmerhaea Wymedal gompesitiqnal @S‘EBR‘W‘ asevideaced Rher ei n
theot hig égmﬁﬁ{' bﬁ’éjpe(af( if 4 P8 R@?ﬁ%aﬁ@r?gr%@ﬁl iltfon SRlohBifoerRicenbly@t. t he

i nter medi at e copol yner reactor is greater than or equal to about 20
w % and | es? t haThechaneqmbr Qféllabloht\vhmlwrﬂ/équgt)u5§3'pmhutfoyllqiigletme'vmypoI ymer

under ei ther ac condlt odu

pol yvi ﬁ?f"eé)ﬁ{yaelyg%f?/h\?:i ?ﬁﬂ()?ynf o ur%doa?gﬁ Ve cg{}fas aﬁ P%QAE)O%%\?%O&?% %‘P ng the

i nt er megéqahlao pEduy 10 mPtHﬁamldeie&ﬁhwd chbrdaﬂgqo RETM D20y ofes conipdeableandthet.

acidic or basic conditions to produce t he wat er - sol ubI e co ol ner 11. The

barrier |aydr of heibamisr layengf&rlamnl. pvhereingn qaupous fiasolutioma theo ya‘(myl

cregs! bilrenal a@%ﬂ&lcoh%?cop-g%ep?x{eﬁéu%d dt3¥&m eén Kdsah MPHA bmamiluecsz aRE iah NG at
| east one ad ti onal pO ymner selected fromthe ropg consi st ng of
%lg [9)

copol yaegayaldgp abpuy rﬁHHfbymlTSoﬁeﬁﬁem"‘@d agdoeding 9l ASTN b2 eeinpasile method.or
trial kyl a ni ?] er vl atié
N, N- di met hyl'am ﬁ%ﬂgt el }ne/ hac lﬁ?ﬁaf'@h@% rl\ffh ﬁ’r@ l%l am %B?n\ﬁ“ﬁ{/l alclﬁpacr yl am de,
N, N- di ogiohyrea s emmzatlklw fré\écﬁcamydlmlm as pmldgmuaahyjf a &ick ohal gbsbtiexin a '’C NMR
pol yur et hane, _po ters am, des idine, acrylic
Dol o PN of B eERbE BT ER: SO0 PSP RpToG B de
meppacryl ang, de CIMR ®adt{ER (aYer dT@ 1M 1) Whe Ko |vin?l OPQGSlkyBiters GredGiyll acetate,
copol yners, vinyl am ne copolyners, methacrylic acid copolyners,
vinyl propionate, or a combination thereof.
6. The barrier layer of Claim 1, wherein the polyvinyl amine-polyvinyl alcohol
copolymer comprises from about 0.5 mol% to about 20 mol% amine functional groups.
7. The barrier layer of Claim 1, wherein the polyvinyl amine-polyvinyl alcohol
25  copolymer comprises from about 5 mol% to about 15 mol% amine functional groups.
8. The barrier layer of Claim 1, wherein a 4 wt% aqueous solution of the polyvinyl
amine-polyvinyl alcohol copolymer at 20°C has a turbidity of less than about 100 NTU.
9. The barrier layer of Claim 1, wherein a 4 wt% aqueous solution of the polyvinyl
amine-polyvinyl alcohol copolymer at 20°C has a turbidity of less than about 50 NTU.
30 10. A barrier layer comprising a polyvinyl amine-polyvinyl alcohol copolymer applied to

a substrate as a water-soluble composition, wherein the polyvinyl amine-polyvinyl alcohol

copolymer is formed by a process comprising the steps of:
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acryl oyl oxyal kyl sul fonic acid copolyners, vinyl imdazole copolyners,
vi nyl sul fide copol yners, honopol ynmer or copol yners containing styrene
sul f oni ¢ woi2d10/8byyha- ol efi n- vinyl acetate copol yners, a&icphs2abedsonzvi nyl

al cohol copg |yrmdh§rgh iROPREAPSH BRI &h&rneefvalf%dfo;mst@m ﬂeahayer of
Claim 12, wherein the barrier |layer conprises ethylene-vinyl alcohol

copol yner. 4. Teharginga first partgreef agptaragunt of atigaetranervinyh€:1-Baralkyd esterdgier i s

presenty Mif.bjn an article such that the barrier layer is disposed between

at |east two 1ayers 15. The barrier layer of Caim 14, wherein the barrier

| ayer is presentcontimatuslydesitngt atirsd @ytemsof aftothlnenaaint oftd fece ridical phiymbeizatioer

| ay of Claim.l erein barr is applied to a substrate bl ank,
§h §?tfll§?‘tahgbfsﬁﬁavt\%]}ﬁsé%ﬂgrrf’ﬁeé?m?&f c}qod applied to it, is subsequently bl ow

rml ded to papducsntachingdt fist bbb of NAinylfaem4ndide, (R ﬁllsay&ﬁo:o&f dchedbtiond ,

wherein barrier layer 1s applied to a substrate which is a bl ow nol ded

arti cl ¥inyh@-Caglkyl ester) i@ thfowﬁ?qngff #ighe fiee radicslipelymesigationsptabsiinder. 19, A

ri dged paiyinb&laBiofr it otk 6 oS JRRb bfimi;ayer of Caim 1. 20. A flexible
article Conprising the barrier layer of Claim1. 21. The article of Caim

18 havi ng a® ox\afenthedidy petierhof] tnnmommuwgsfecmgnfooa swuépemagi Qibmct a1%
Wh?be' Qe %) %oqé%/rﬂgﬂhé ﬁ qﬂi‘h%flog{}ané\g %asli vm rg}a uﬁ d Poetﬂet: aeg(f‘ or wh1 xygﬁn

whi'ch e rou ere
anount siafultenepgen febhmg la sedoind pesion lof mgist ar vins E]’li(];@zltlky/l estdeintd t!hal‘eat:tﬂﬁﬂah ed

substrate nder entially id i cal condition 2 e article of Caim
76 hav it ToRca, BRI B PTG A st RotiPr pobe Fehmhea SRVEISHS apout
1% vvheatgyﬂ at N&cERT @iyt 1OW irsle int6 tHeGédc R uhdbdl B3lynsri2fiida Lodditidrl AnPRhE BRI age
of carbon di oxi de whi ch effuses through a coated substrate of the article

rel at i oS ohthe Aramiforaramids: Bsriotal amquakofihe YRYIEF f Gio eyt optesiAgH therfotal
es§ENt bAblnf of B ek CAlcal PAPAESAHSHERITR SV BRI FdSRS B blidy 1 denti cal

condi ti ons.
1) followed by contacting for a third period of time, the n-vinylformamide and the at

least one vinyl C;-Cjp alkyl ester in the presence of the free radical polymerization catalyst in the
reactor under polymerization conditions to produce an intermediate copolymer comprising
polyvinyl formamide and one or more polyvinyl C;-C, alkyl esters, wherein the third period of
20 time expires when the solids content of the intermediate copolymer in the reactor is greater than or
equal to about 20 wt% and less than or equal to about 70 wt%; |
g) saponifying the copolymer under either acidic or basic conditions to produce an
intermediate polyvinyl amide-polyvinyl alcohol copolymer; followed by
h) hydrolyzing the intermediate polyvinyl amide-polyvinyl alcohol copolymer under
25  either acidic or basic conditions to produce the water-soluble copolymer.
11. The barrier layer of Claim 1, wherein the barrier layer comprises a crosslinking
agent.
12.  The barrier layer of Claim 1 further comprising at least one additional polymer
selected from the group consisting of copolymers of N-vinyl pyridine, ethylenically unsaturated
30  mono, di, or trialkyl ammonium salts, N-methylamino ethylacrylate, N,N-dimethylaminoethyl
methacrylate, N,N-dimethylaminomethyl-N-acrylamide, N,N-dimethylaminoethyl-N-acrylamide,

polyvinyl alcohol, latex, polyurethane, polyesters, polyamides, polyvinyl pyridine, acrylic acid
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polymers, maleic anhydride copolymers, polyalkylene oxide, methacrylamide copolymers, polyvinyl

oxazolidinones, maleic acid copolymers, vinyl amine copolymers, methacrylic acid copolymers,
acryloyloxyalkyl sulfonic acid copolymers, vinyl imidazole copolymers, vinyl sulfide copolymers,
homopolymer or copolymers containing styrene sulfonic acid, alpha-olefin-vinyl acetate
copolymers, alpha-olefin-vinyl alcohol copolymers, and combinations thereof.

13.  The barrier layer of Claim 12, wherein the barrier layer comprises ethylene-vinyl
alcohol copolymer.

14.  The barrier layer of Claim 1, wherein the barrier layer is present within an article
such that the barrier layer is disposed between at least two layers.

15. The barrier layer of Claim 14, wherein the barrier layer is present in at least two
layers of the article.

16.  The barrier layer of Claim 1, wherein barrier layer is applied to a substrate blank,
which after having the barrier coating applied to it, is subsequently blow molded to produce a final
article.

17.  The barrier layer of Claim 1, wherein barrier layer is applied to a substrate which is a
blow molded article.

18.  An article comprising the barrier layer of Claim 1.

19. A ridged article comprising the barrier layer of Claim 1.

20. A flexible article comprising the barrier layer of Claim 1.

21.  The article of Claim 18 having an oxygen reduction index of less than or equal to
about 1%, wherein the oxygen reduction index is equal to the percentage of oxygen which effuses
through a coated substrate of the article relative to an amount of oxygen which effuses through an
essentially identical uncoated substrate under essentially identical conditions.

22.  The article of Claim 18 having a carbon dioxide reduction index of less than or equal
to about 1%, wherein the carbon dioxide reduction index is equal to the percentage of carbon
dioxide which effuses through a coated substrate of the article relative to an amount of carbon
dioxide which effuses through an essentially identical uncoated substrate under essentially identical

conditions.
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