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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.
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SUMMARY OF THE INVENTION

In one aspect of the present invention, a barrier layer comprises a polyvinyl amine-polyvinyl
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agreenent with that disclosed in U S. Patent No. 6,559,227, which is
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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)



10n is 50 to 99 mol % x is O to 30 Mol % and y is 1 to 50 nol %

In an enbodi ment, the copol yner is produced by a two-phase hydrolysis
i n an al coWeI2010808¢3i1 as net hanol consistent with the ' S56ETHIS2@POSUIE.
Mor e parstli watbrin onier tohanqmeohrewunm Ilmtﬂesolyﬂna »&ttepmnuﬁlz&ﬁpod:mur iassiousl| y

f eedi ng viny nono or man.de non

Feact ] o' m PIRERHRCE PR 20 Bobab iy P B e RGPy
f or mam dratearo. S300,6§G1EX.S. PewnttNb. 104,492 addyy.S NBakent No. 5,491,199, which are all
acet at e).- co- ga%dx% ba{gﬂ f ormam de). The above copol yner is then

wi t hdr aifForR N QIEPIBTF vessel  and the acetate functionality of

t he @&pol yneThd golywidi athiyiz espolymeautitzedantd ingtaftBatriemied pyefedbll s teny |

al cohol cocpol ymer as a gel swollen with nmethanol and nmethyl acetate.
The gel & t hen comminuted to give a particul ate copol yner
product . The particul ate copol yner product can optionally be rinsed
wi th nethanol ang ,,Q%eﬁg !)&gdt@& e ST A ‘Eg] met hanol with an
acid or base to proéﬁ e OH RVAM par tf cT es. YPVOH PVAM particles
can be washed with nefhanol t rem)ve‘g lubl e ¥R ts and bypr oduct s.
The resulting copoly can then be drg=ewl and used as desired. The
resul ting copol yner c have any 25 SL&tabI e nol ecul ar wei ght, such
as an average nol ecul ar” wei ght rangi ng from about 10,000 to about
200, 000. Suitable free radical initiators for the polynerization
reaction include organic peroxides. The initiator can be present in
the reacti onwﬁérxmgetdm,aao;armunt up to about 2% by weight. In an
enbodl ment, polyvin am ne copol yner may be produced consistent with
U. S.10pat ent M{A5030% ?’6?:.9’0371PCT/ US2009/ 005097 No. 5,491, 199, wherein
an essenti al k % ¢58bBb ndol®eandi Nyl am ne copol ymer such as a copol ynmer of
vi nyl al cohol . and N-vi nyI formam de is produced by heating the
starting mat B8ildPSCmRl%n aqueous sol vent mediumin the presence of a
catal yst comrdn%magd@eﬁtrﬁaséﬁolmr cﬁilucé&*b?r%fi'wb ha3e HRITAIGis 19fan§l'c6mrsuch
the first transition series or of thin this class

cat al ystas Bganch aeisat Vil thepoq disglpsuse. r?é?fﬁl’aré‘ﬁﬂ‘ﬁ Yethe PrREESS éﬂch’&%‘k? 8?%@8

met alss. LRalnBbRLEediMy ilY1 SRR hSR ¥R IHRARN-Sindf folAH@: Modoet hed ddgcibhose
contai ning pal I'adi um plati numor rhodium Metals in the first

transi t iTjRuEdp p Eactionetsale Thavind peatte FMbwnYfPMpERdrArRepolyBIshsd o vigldd
zi nc. T%ly@ﬁﬁ%%étﬁ@)-éosp@(hw erﬁaerd@F ?ﬁéjabt)pé' ccﬁgl Er 19 théR whitRdrawn h‘gllrlrﬂ%:

The aqueous nedi um can be at | east about | % (herei nafter nol?9

wat er , amcmﬁﬁcll@déhﬂﬁéﬁwséwmabw@mca@lm%&hﬁ@lmm@@qwaegl&me fum
The cat %@h G A&HBI &3 eaaaaage&%ﬁmi&%bmghopmﬂﬁaﬁm kel Tﬁe ks

about 70 | % based upon the concentration of the starting polyner.
The 30eadkanspmminpteddo giae # pasticudaie capslyset preduch bat ch or a conti nuous

process. AcCeyd dﬂ&ﬂi%ufa% ch@cﬂgn%rg;%:ﬁaicﬁﬁ'&pno%%ﬁ%?% Jﬂfh%&ﬁ oFa%HYl?eEt S

N-vinyl forma ng sa ree
vi nyl anmihydrolyeddyase ushmv im methinelwish arnt aspl aibasedeprotire PYEEHPY &m pagtictpy.allhe of

15copr o %}Fﬁ@k%;p-a{m]es can K2 ‘,?algﬂt,ﬁd%*h%?&fl}] aglgﬁlﬁ §en§ Qe 951% ts &nd | byproducts. The

wat er - sol 'ubl'e ¢ ymer su e |ns I'ca
may corrpes'uhiag tdpelystcegm thﬂn be dned and uagd =5 desingd. e aasﬁlmngcoppbrnier @n have any

t ot & NT n into a react b [ flrst

por t #Ja% n'l;oé?cg ‘é’?}é %ucH?s agltavr, 285 1{101 ar vl 9{ ra ggérc? F'%y FQO @q t? about

into ZOI?DG,O(F(ESﬂ)tabl’e,free radical initiators for the polymenzatlon 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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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,-Cg alkyl ester, and the total

amount of the free radical polymerization catalyst have been fed into the reactor;
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nmol ecul Rt of 'the pol yvi nyl am ne copol yner preferably i1s
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great er bR Bbur2s Widh%! fteRBMes3 thalBFf Quilits huaRl Molgﬂ’ eRtR4bly Banhalor
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5 or equal to about 35, nore preferably | ess than or equal to about
30, nore preferably I ess than or equal to about 25, nore preferably
| ess t han W0 2899a37t 0 about 20 nore preferably | ess th®TAS2890eH0971 0
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f bl I t t bout f I th
o by Y B ) B e o B R SERDY TR0
nor e pr abetcab¥ ymol98 3seférBislN lesy th@Nst@ud] @ DO@E mal%, plefeeabprledsaliaalok yqdaEtSS

about 5, S PoRepby e B8 o iR Gru I BB e o gl e g
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Nebul t
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t akes a r

St i a0 RERIE Tres Bt by o S moR e by TSP s iRty
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O e e DR B L0 e o
el ut i on of from 1 to about 200. Within the range, the polyvmyl 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



15 chromat ographi c analysis. Inportantly, the single peak refers to
the anal yte and not to any salt and/or solvent peaks in the

chr omat ogrwm20{0é3ep7] typically seen in the Figures at ®CTASRM/005097

r et ent i ogredtdr than Or effnal)to hirouadil]inidroprefeablyigregiat thivabd dqng (s toul 3bemomrpréferebly
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(NT For purposes herein, turbidity un|t &gl cate {L\?Ie E el onetric
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about 9@, rrpfeqa‘r&éra&gxesé ﬁ&sortéaan t&@4boB0H Blord el lesShan B JhATS oMt &, Bfote
than or equal to about 80, preferably | ess than or ual to about 75,
pr ef & amr‘g}e@% lesg ﬁwwﬂuaééﬁﬁdaouft% meEdgferably lasy @Ffé?rapa}laj ¢ @94t 4-han or
equal to aboman%boﬂlﬁﬁfnefh@%s)ﬁn fo?ﬁnﬁyhﬁﬂm@&op%@ﬁf% hdsQ vkl Bfhposition

preferably |l ess than or equal to ‘about 55, pref erabl% | ess than or
equal t JigEBtien Evidseced by asenfialleens paek lnarse'me"eﬁaen gregientshytion 45,

prefer at@hﬁbﬂaﬁ%ﬁgﬁlg Qﬁhl)gfs %qslﬁ%blé Bel ﬁgﬂﬂﬁnoﬂ%rad%?élﬁ{cﬂl%%rdaﬁ%ﬁgﬁib hhlfdfs

equal to abou r'ef er abl i/ eéssS than or ecl to abou
pr ef er abnay bedaywd imWateesrCasparztiontPybligeten N VA HHAE emabﬂ,y‘waéessAtliam Syptem:

equayg t e
Sl Rl B S e
enbodi mewp://waewers qulwrer@rhrmh@mj’p@wﬂé%&l —éé@ﬁ@l ally free of

am dine ring i

he i nt er modrar e eSdet 8868 e BRI PhECEULIGRRoplc IR 0l
pol yvi nythe felidwing gepsang panditiolsie ami ne copol ynmer is essentially free of
am di ne Pﬁ’lrd&géitlgﬁ evidenced by a lack of an absorption in a 13C NWR
spectrumo e copol yner consistent with an am di ne carbon atom
absd0pt i on. Theinyteguetne byjthwtdirinute pestrureequilinggms orm i n the copol yrrer
s 1 epresent e 4% bl G5 wad A RER ACKTWHGmIB ik Sanly Binks & ich

copol ymer react via intranolec reacti produce t
ri ngs. W& pCNsed2e% of 9%% OVateri/ ri@sA(ﬁMyt Bemidetes Tie rasg ibynifoBENNR mnme
shown in Fi gHIrO?, BonfgGQrdingly, in an enbodinment, the presence of an
absorption in the range of 150 ppm nay

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



indicate an amdine ring is present in a copolyner. In an enbodi nent,
the instant copolymer is essentially free of am dine rings as

evi denced WP 2a10008e31 of an absorption in a 13C NVR spectRQNusae090bses7
copol ymer consistent with an am di ne carbon atom absorption (e.qg.,

150 ppm orpggui valent.) 15 For nore information see Wtek, Ewa,
Pazdro, Marcrn and Bortel, Edgar (2007) 'Mechanism for Base

Hydrol ysi s of Mitagenwisitionyisftioronghn tthe phromdtograptelsyssém.Macr onol ecul ar

Sci ence, Part A, 44:5, 503 - 507 DO : 10.1080/10601320701235461

URL: http://clx.doi.org/10.1080/10601320701235461 In an enbodi nent the
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known i n tthen cool back doemtoendio cimperature @e426°6€0l uti on of the copol yner
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units, deternmi @fﬁ‘ﬁ%%“érﬁa?}#gs 6", @Rﬁ'ﬁfé‘ﬁg%ﬂr"'a& conpar abl e net hod.
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units det éri HEGD &5 aﬁifmeﬁﬁw CRGHX LIS PSRN §i2ekperprtion abdientehtinnd. The
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pol yvi nyl a 'ne]5 cogol_%/rrers. However, ‘odor is essentially Inpossi
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bat her layer, conprises a water-so ubl eel'gl(l)po?}i:/rnsfq ‘%@r WE%EE? 7t‘ﬁ%rpurposes
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copol y¥ieri zed Brine@bediyentgingaptpolyminamitecupsymerdas a onimadal froletQ6r wagto
of the Cl ufehbadidyds cGabREa B L4 R%o%" i WiEd oHRLL S, (B)
form hydrox%/él. gr(_)ligs, V\herg}l;ei n%g&%glf)% &ﬁgl?p%r}g%{lﬁ)ﬁdﬁ%ggfs Rarlabbut 180
conposi t i SBAiandEs VB i For pergosey heteingwiiidiy usitssaditatealNé phelometrip datbidity Units
gel per megiie)) WL M ne sy I | | ysis; and/or 15
wher ei n agﬁg_awueops_ Eﬁ@sgl ﬁ’é’%q%?“‘%@%%gé yrr%rgf‘?}@ghs%%ﬂmgﬁygwwomwf
cel| has &vwnimpgkilldarhsrartyal ue of | ess than or equal to about 100 APHA
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porti 80 ofhamortequalo oLHS, preferdyiviestyhan OF squal 18 @bdud 4, pRefér@RE e than or equal to
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g - )Cm al E ogteigt %rle{efa:ln)@ess than or equaﬁto about 30, preferably less than or equal to about 235, Y

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



t he reactor; c) continuously feeding a first portion of a
total anmount of a free radical polynerization catalyst at a first

cat al yst fwORINABE7Into the reactor; d) cont act iREF/ERN0DF087
porti on m¢ferédvi nyl f or mani de, the first portion of at |east one

30vi nyl Cl - | Kyl . it ese i cal . .
pol ymeri zat %Hn&ceg%ﬁgih&é%bgﬂ]ﬁgg&wﬂ ﬁayﬁn%ercﬁggﬁﬁ%ﬁl ?%%Sf'”%%é’ f olrd%% TEFst
peri od cfiditdtese;random distriteljioméf the arvide infthe mtermpeliatocbpolymed prior to hydrolysis and

continu I i for a second period of tine,. a -
2010/ 0304 Py LRHRBEANRe B mBs SSELR T P rEoob s e Sy et amidire
at  a fn- wingy hfeyidemed Hga facowf anabgorptivinon & HE NMRcpatrumidt the copalyihdr ansiesd y
f eedi ng “githsa%%ori]‘gneoor[}i on of at .l east one vinyl Cl1-Cl0 al kyl ester
into t he" FedAMEINSFIo0R 208} absorpioRy rate, while sinmultaneously feeding
a second por Thoproaks hynehitl fridma dhgsafornp il tyg@ipblzati i0 fepfeadnddyss foldivs:a
second catalyst flowrate into the reactor under polynerization
conditions until the total 5 anmount of the N-vinylformmde, the
total amount of the vinyl Cl-Clo alkyl ester, and the total anount of

t he freeJadj<cal o ryzatj~Qn talyst have beeq f in t
reactor; ol,] owedOBy cont¥cki NQ for a thi me—peri n me, Tt he

n-vinyl forgam de and the ay, | qgst ope vinyl ClI-Cm alkyl \gsteyyin the
presence ofl the free radical poly8rization catalyst in the feactor
under pol yfgrization conditions to produce an internediate gBgol yner
conpri si 18 pol yvinyl formani de and one or nore polyvinyH C19C10

al kyl esters, wherein the third period of tinme expires when the
solids content of the internedi ate copolyner in the reactor is
greater thanwokreROhhdte dickBOmtthe? Copotyifienfict! ves TrhmislBeulr r@@HA tol RodbOthe
70 wt% followed b . saponi fyi ng the ,copol ymer under

ei t N&r  miinerings- TESCRSS O FHch ifgs ey ‘i?r‘é[?ﬂ%@edaw | (AR A8 ghoyyrgin Figure 3.
pol yvi nyl anmhe@rdigdiy, ¥ Sdmbpamene theGRkel ok BBAn abb@bidaV the Pihge of 150 ppm may
15h) hydrol yzi ng the internedi ate pol yvinyl am de-pol yvi nyl al cohal
copol ymaRdigHfReRmidingy@s ispredfntingcopiEne Lbafdmbrdimsent B HsEtcopolyRe is

wat er - sQkidhtily 6P MiBhe rifidsREEvidREROBIENAK P hn SHIESPES ihiaftC KRAL dpBbrukdor
addition to tf‘;e pol yvi nyl ‘am ne_copolyner, the barrier coating of the
i nst ant BEAFPPFBRETICOPSIPRE Wit) 27 YRidE caDeR 1O SLSIMIER (G50 RERCE equiafent.)

modifsy tHaemWRGAEmBRbY Rl ek, BRE/PAEAD MNtiR tndBARE Bk £ 2007) IGnRRAEH k&
coating. In an enbodi nent, the barrier coating may include
q

A . REN y ;
cross| i aseiipdolysis o PolpNayiaylfoymamide)s dournak pidacrempelpapian §oienrs. Raol AnAtidy |
am ne cogglyger. Crosslinking of the barrier coating may be fornmed by

chenmical reactions that are initiated by heat, g(;essur e, and/or
radi at i &L 10:1086/ 16604 31 7AEI3046 I RIs:bith: ek - ¢rdongdhp. 198071 ¢ 320d0 1234 g h

exposure of fhe DabdilEht the¥&int ggﬁom%ge?ga Fi&séolaﬁhgmoggmu\e/r R??dél{gz%faclcﬁding

e.g., electron beam exposure, iation, and/ _
anot2er teb pridraen Thistihibousht toibe thel ragpitiof ampre ramdomcdepolyersf thegnstant

Cr 05! i kIR’ £A8EBLS WEAGS khdh th BedriC M g fRAC L WANORB] o B ™
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wi t h t heopdymey haryen AdH Aneolaropbie pfifess. thar gsgual wiebow 160 APHA ynith, yietenyihed
amnecoolrrerw [ I nki a be, 10t
appl i cata?%’ h 'Eﬁtog ca gf 5})?,[0? 4 g‘?{ﬁ aé{hlf‘lv'g%f‘%‘g q?éefgrg@%ta,%gd;%t%m?% ﬁrr%\? gélc’lymcr
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



300of solvent, irradiation with el ectromagnetic energy (e.g., W,
gama-radi ation, and the |ike), or any conbination thereof. The
barrier | ayor20i083¢n7ef er ably applied as an aqueous sol UtRCIYLS2600/0e508T |
t he bar raban 30,pyeferably \AE Rakl6/eqR B7abBGEDO {520y 035 AT onsyos taphaiui Hij

st r aPt el Bpy it pated eropf e A Poth 4P B SERRE RS CMP B0 ety
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functi Onal gIanHBmﬁI)dlinBﬁ e batMér¥er SR pIBesGORMYEBRble cEpoRfiidr ESmedBy Ude
mul tifunctional nononers having at |east two nenbers selected from
the gr oGPPOLBHEREE ng of a vinyl group, an acryloyl group, a

met hacryl 0y|(agfr&HDQt@ﬂm%i?ﬂ@fb(ﬁ%y%ﬁﬁﬂndeaaﬂdl socyanate group and/or an
10 allyl grou es of multi-functional nononmer include divinyl

bonaBng, Or Do ILan DO el LT HOAH 6, Aoh Sk e B0 BhEy AR
1, 9nonange Al neum%me%&yl Srot-ERE AP BSHoR/merl biGinitt @? g) fgltrﬁ hfiRb B and

propane trinethacryl ate, 6-'hexanedi ol "di met hacr
1, 9- non&ER0sP 164 rnelf"mfdbwa%alkxl eBtyT greuRs e be coRohmeRzrdrpitah to form

1,2, 4-t cﬂ-l)iyYéroﬁﬁs' Qﬁérlﬂhttl?etc% olgrrﬁkﬁfam{ LGRS kyESYsitidhAQls¥bRLi&h as evidenced by
tet raet hyI ene glycol di acryF cyanoet hyl acrylate, bis(4-acryl oxy

pol yet hessgntisHyaRe pealbinciaehesrmeation Bragfientplition shrpmaigpraphic apalysistae/or

si myar  ConpolRgs an aqueous 4% Q)‘ﬁfnoﬁ Hf Eh@@ép% dﬁr[e?ﬁéishl%ﬁ 'al“ﬂ) rﬁﬂ%@l‘i Ras'aR APHOE
organic titanate conplexes, | or oh hexamet hyl ene

di i socyaelat wluegf {reschin ormvﬁﬁe@peﬂ 108 iAGER mnits éetelﬁlé'i'@pﬂh‘t%l‘ﬁ@lﬂw M0%r
gl ut ar al, Eg‘g;;%graﬁfeqneﬁgql LddaR, the polyvinyl am ne copolymer may be

crosslin other various nmulti-functional organic conpounds
such as di al ishsitthe coprynyeshesd wamodadmolegilar weiight digiributénn as @yidenged by a 4

20t 11 5 Qe ANALESsoffiofl WiV £1Eicifof IAOHBAN (BRI AR ONt ai ni Ng

)\
mul ti-val ent ani ons or i organi ¢ cat1ons i ch are capabl e of
com@Pexi ng wihdieip tegopaiytherasvssratialdeamof amiding cinguhs ebideneadbly lack of an

et am nab PP S R R B e G O T AR B om

but anedlahﬂmp@ipm(anglblat e, di rret hyI adi pate, sodium fornate,

pol y(eth efeis thg gm}ergs a %c &cdm ﬁ‘ﬂﬁj th@&néj o?‘ 251 nor gani ¢

crosslln |ng age ncltu e co und cont ival ent anions
including ti at)anatcbwgmg B Ifico partiers of qabsalszmrmmmf N- smj/lfmarasip iramalfegetor;

: In (lz%-ganl ¢ Cab)I Onrsghaéﬁlgg] n&sﬁp(ﬁg% c:alf3 a[tﬂ efoglést%a)/ll%as gﬁc vzlrgyﬁ%b,‘ (,a a(ilkytl Oter into
non- aci ehiegeaetofssl i nki ng agent conprising a nodi f| ed gl yoxal conpound.

Tl o eSO RSBAS ok SBSPEI B Y B E Bhmaaion
cata]yst 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,-Cyp alkyl ester, in the presence of the free radical polymerization catalyst under
polymerization conditions for a first pericd of time;

e) after the first period of time, continuously feeding for a second period of time, a
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HO O R where R represents Cl-Cl') |lower al kyl groups. The

nol ecul ar wei ght of such materials is typically bel ow 500. Preferred
nodi fi ed gWperEN03EGhpounds are nodi fi ed pol yhydr oxy al IPET/Usei9epos097
acet al cerpdparden o themeyioylforhymide af 4 rapihdfcdmanidBASK ramnigtarthe teectonveldle

nane CU . E C |

106 200 Ry b FLeE R aeion o MBIl GG S o
cr ossl i rkerfpvage wisleaimaloadoady Eddihg @ mcbinbpogianigd thedres ralicalgplwferization
nonoal deh s, e.g. .formal dehyde cet al dehyde ) I de t
PRor! R feting BB o N Fo B8 FégBlo FAAR N R DA RN SNt w B
and tohe alriolge of the Nrwiitfplmdmite tterbmleamouned the inyl Or-Opl atlghgstbe, anb headeald

al dehydes, polyac-rolein,. boric aci d borates e g., borates,
rethy - aoul et R R R e R BSaR At B RO B B e at oo
per oxobor at e, bdslked by ashthactitgefok b bixd period of tifde e n{ydiyHerinamlide and the at

crosslinlcing a ts i.ncl ude | act am ¢car boxyl.ates, di.carboxylic
Serae o lesst g TS bR S e saer s of b REsve St Rt SRER aliss ke
di vi nyl ré‘ddioﬂhﬂ&@o_ly&\fbﬁéﬂ{onk&ﬂﬁtgﬁi&prmﬂ@ﬂiﬁﬁﬂdﬁn&l&w&bo@&y@?%ﬁmﬁﬁn@d ds,
germgnates, titaniumsalts and esters r tes, yanadates, CURric
Sal 110 ey Seramdegs Bregr faprgpglywdnyl &r-Cuoalkyfesters, ybepin ‘ﬁkjd afg@ﬁtot
nmay be piReRMies wWher M€ sd)AE Edn@int bfaiSintedhedatCIPOITMES i theQBactod is§ dréute? BHan bp
at | east partial Ié crosslink the pol yvi ny,lp am ne cgﬁg': yner. In an
r'ei

enbodi nEAtal torahent 36 Wi apd fesgthgn grequahioabputi P wate; follay i nked. In
anot her embogi MeRiponifiBs e béfoBfmer BYRF cithr REBEEHVadt LohdFBAPb Pt an
crosslinked. The crosslinking reagent or reagents may be present in
t he bar iftepedigle gplydpyl gamidierohyvipbileoholropolyper (Hlogebbyabout 50 wt %
base on t hept ot @ldra) HQEhe@Jter}d%@iaﬁE:\@/?ﬁh&l%id@pdlﬁ@@?ﬂ&olﬁﬂ&pbl%er under
pol yvi nyl am ne copolyner present. thin this range, the

concent reihar asidip pr Rapie condisions romepdyge the Agreolitle ¢melYBSF ri er | ayer is
greater than or equal to about 0.005 w% preferably greater than or
equal to about 0.01 wt% preferably greater than or equal to about
0. 015 wiOherdromponens of he Barder GaliRZ or equal to about 0.02 wt %
preferably ofealifén b boRfvinyHiaine &%ogﬁi@f{ the@®aQidr (‘Ma%/ﬂgotlﬁftﬁefiﬁ&ﬁﬁ h¥plication

greater than or equal 25to"about )4 W% prefera greater than
or éfualmayurdboneludy. aisr opmponptethatmgsiify thprveater splubilityrandfer Reagnips PropertispRiut

0. 06 wt § B ROk 10y ABAHE o Ors ikl
pref er att)/@ °y"gé’§£§ag‘$é' %i?]gé] E%%@#O‘%‘&??%% U%EOOQ%%S%Q? eg%&graﬁrg’l to
about 0 pEgerablRérogslinkiingrintyil yingythe polgyinyl dminesppadyyuctl Crasslimbingtof e bgrigr %
prefera . . L. 9 lfl r H} g .er
Phan or clnBaFbElomhOR HimEfi et dAP A hmnch skl PRENE AOlol el
about 0 .IBanvnitpdiprest ershhkingimenbeindichdithrangh exposire oizhabrotier [{yerimaterdal to a
prefgra ' r u ahout Q. 0 ara ater
Pharttor T SELele b Ay BEuER Booh, BN sl hidro 3P ERI oBECR! B
about 0 .ethbuoditent ghetfaereadyyr gayeiatlade dnb anmone cegsliaking ceagdneuvhich @sulis ¥ a
preferably .greater than or e | to.about 0..9 % ., pr.ef erabl ! er
Phan or ceshish % Pigtel Pm ot comBndnr hlePackulll Sy diaReRiik Higah
about 2 with%e polyefnelr aadihe/copvlgmbe rCrbdshnking ofelgpumlyving! aioeitopdlymePAvith the
preferably greater than.ar. equal t.o .about 4 w% preferabl reater
Chan or CEHUKSE teetme oo 68 i peptiGram pyf gPbie &1 oPiinesdaumb dic fydha
abowgp 6 oMdlenpimaliRfiGokih géddinagnetib antrgi(e.e UM gdntmafadidtion] amd e like), or any
preferably greater 10 than or equal to about 8 w% preferably

gr eat er SPHYRRIGP el to about 9 W% preferably greater than or
equal to abope vhRiciMafer iPsretRBRRPMicd 1A Riacdub Sdlutln, BHeadr, the baeUkyes0
wt% preferably greater than or equal to about 30 wt% preferably
greater than or equal to about 40 wt% based on the total anount of

t he crosslinking reagent and the pol yvirgyl am ne copol yner present.
Also within this range, the concentration of the crosslinking reagent




30 preferably | ess than or equal to about 0.01 w% preferably |ess
than or equal to about 0.005 w % based on the total anpbunt of the
crossl i nkiWg 2088g@it and t he pol yvi nyl am ne copol yner BSTES090/0050%7 | t
i npor t arencetappkndrani/oncurdddo a sihstrate predeTald phaspn edfesion testhofubstiade thatpreyents
barrier P &

ability e?)%%%lg] &fro\(?%gl%]r%lg\%g%z %%%-E{)%gegpeljogcggrgqg% LIE| zlr@élggen]rié)co%ar fier
| ayer cavpodinglyomfter bhmgnpphesllagdﬁﬁcd:tamelsybstraqaaeag;b}gpermmﬂgehcanugjul us,

el ongati.o h nexpe ted t
barrier | %ﬁag? I‘!m&/ 1§ tl’l}%)!’llg rﬂé S %ﬂﬂy t;:tg n%grnzy bsgqeu%nt r]r%c{’}:%ssﬁn@% eB‘J‘
embodi rmmqallyhrmmussmaﬂixshaferabgrredhaydar corrprl ses one or nore oxygen
scavengers, i 5 are. chem cal hat, .r.eact tQ .
educe the. coneBteRsdEnE FRRign e iR Etal ot Siys VAR ridains)
bi sul fi taed/()&dﬁﬂaa&ohbbﬂnsctiohatgronpwbihe@owlh&] afinegepolirderf Hkiﬂ)piekl mamh nfuBie )
and a nickel or cobalt cat Vari ous 0x scaven te
which 1 ohenE BaRI R eI MmO RECrD SR PRV TaB I BA: s
may al sG@rdag, an&e@loyll@oﬁ. b afetheal MRS Sup, an aldehyd? g@éilill in 1myirﬁtetgfmxp and/or an

Var 1 R0s B R EPLeo gt bl e HaPet ALEde P FEgRt FTRAS popane

propert lue@naﬁte,umﬂleb@kaxbmmdrﬁmer1 mﬁafnemam@lazé n, mruembmdn difflate,t he
barrier Il ayer may include water-sol ubl e copoly rs of 1\{ /|
pyri di ndmehyiolpaspereipmethacrdlate | hexanedic] gimeghacryie, { Pnopgas 10%%%%‘6’

sal ts, suohicamedblyhOIRRARNE 1 0M-tiallyTRuMMlita@FRIRY A8 @ftoPdibdiate, tetracthylene
am noet hyl acryl ate hydrochl ori de, N nethylam no et hyl acryl ate,

N, N- di )ﬁ9.l|dmympmpe%ﬁmlépyplgﬁ@cryloxy polyethoxy phenyl) propane; triallyl’

N, N-@i mgdobyahaaie RRAEhENsimibdr B6rhpdupds, de,
N, Ndi net hyl am noet hyl - N-acrylam de and the like. Preferred are

pol ymer s conPHENuH#Plecrpistipking asgntinchids preafiqitanats sompliaes. spigderrdiied

acr yl ampdentifyfne Jﬁfs@éﬁﬁa’i@' womeuu%gmsﬂm@m@%plﬁmméméaﬁdwent i's
hydr ophi | i Cl@q@g ahlcon ains | ess than about carbons. 20l n an
59)

enbodi mehara acidetronc@apvlwgnﬂﬂmeﬁemha@ﬂ MWF‘@W'“%\qd@dﬁ’cﬂthef various
pol yner . fu\‘n@t’fdngiqﬁgz}nﬁ:vc%h'l?omds Eued %9&1¥1§ét§des%l%e?&@*1@espﬂl ﬁ(r\ﬂ'uﬁ‘t')‘)!flat@&J gobpl
copol yners have a | evel hydrol ysis ‘{;Fe era reater than or
equd0 t driiggsynateggodikalidespordpergtniogmppyndsceriaiping wtﬂ valmt BN GF {ReTegnip
bet ween ° I i

92. 0- 94 C%&" g?ﬂh i%ﬁ)z’lgmor'%‘f’%r g%‘éﬁ%"é‘%‘%{é’ %-396 55%1?!& F ot B ﬁ‘f?’ e‘?fl’ga"‘

92. 5- 95 dBwgylate, ﬂlhsomn@ofpﬂ@teefilpmmes$e)@n@®om%h>il melapdnedesih ef er r ed,

Wi th gr ?@N%ﬁhyh#&i‘ﬁn&rﬁd Q»rS cﬁ@”%lye&lgle@tplﬂ&g b&?neﬁfbl E)igérplgtescidnlethylrﬁ'af Qte sodlum

preferr thé barrier coatil ng nay

i ncl ude fah‘phapoéy(ethylma?mym dmb@tﬂblkﬂlhmmtpmes wherein the

al p ol efin . .
The 25 scost 1y ORiEEARBGhE ek SAHRE PR conbl b S AU UEbhs inctuding,
be fr omn&dnetwt, z@maesabhmpha&s, dpsteatandOr i@rginic catiows foniGraept; 13t preferably
pol yvin GO i+ I r has a viscosity of about 45- 30 72 cps, a
degree E(gu po‘? y%rt‘g’gﬁ?{eﬁﬁ‘ of about 1600 to 2200, and a Mw of about
146,000 to 1!&61;1@ﬁlBodlMmtahe)trbﬂhnleng)agdnmmnqn ~dcldic cpodsywkmg/dgelalcomhmdmga

pol ymer h Vi SCosi t out..5-6 ¢c a_degree 0 rlzat

bF Abourmaiisd glorEgminiad SR ot AEa Bty ey oeh P SeR
enb@di nEsHnula: WO 2010/030371PCT/U82009/005097 t he pol yvi nyl al coho

pol ymer has a viscosity of about 22-30 cps, a degree of

pol ymeri zati on of about 1000 to 1500, and a Mw of about 85,000 to
124,000. In a preferred enbodi nent, the polyvinyl alcohol polyner has
a viscosity of about 3-4 cps, a degree of polynerization of about 150
to 300, and a Mv of about 13,000 to 23,000. 5In an enbodi nent, the
barrier layer may al so include aqueous 0l uble or dispersible

pol ynmers such as | atex, polyurethane or polyester, inorganic oxide



10 pol yvinyl acetates, polyners of alkyl and sul foal kyl acryl ates and
met hacryl ates, pol yam des, polyvinyl pyridine, acrylic acid polyners,
mal ei ¢ anhyorzowé3eopol yner s, pol yal kyl ene oxi de, net ha®Criseeodeosos7
copol ynmers, polyvinyl oxazolidinones, naleic acid copol yners, other

vi nyl am ne copolyners, nethacrylic acid copolynmers, acryl oyl oxyal kyl
sul fonic acid copoR=€)s, vinylQH dazol e copol yners, vinyl sulfide
copol yners, honnpolyner\or copolyners contai ni ng styrene 15sul fonic
acid, and the |ike. additives may al so be included in
the conposition to |npa pro ertres desired for the particul ar
article being manuf ed. SRQB itives include, but are not
necessarily limted fillersy ments, dyestuffs, antioxidants,
stabilizers, processrng ai ds, plastlcizers, fire retardants, anti-fog
agents, scavengers, and the Iike In an enbodi ment, the barrier |ayer

i ncl udes nan@hORkGQLAL 8,-Cyg lower al aT@EgrQﬁ:l’s I'THRmdIRYRF wé’@h(tdf%%%nu@ id O
about 99 wt % of materials other than the polyvinyl am ne copol

The i nsteminelipeeley 500, Pesfiared Fegitiva glOTR! EamRoRISSES TBACIBRSRAYbosrgwy 2Ryl ethér
i o1 OMta6i obiip AR lomhAR%uI Il G ABR RSB AN dltbiind BAG chAPGEREShRTar 1 er

| ayer thickness is preferably greater than or equal to 25about I,
pref & amrgferg:ﬂGé{P@SAﬂmﬁor@pm@Qwa%Cw 198, W0and BOGs wiich gtedylockeshn
or equalyfpqabout 2.5, preferably greater than or equal to about 3,
preferabf greater than or equal to about 3.5, preferably greater
than or equaln ap gmbgrimentthe grogsfinkindigenty prg seleqted: frognthe graupg gensistieg efbout
4.5, pr fhaidRde, 24 SRRy adegat er
t han or %O%ﬂ@h?%ggg%t i %r efetea(rﬁ%ﬁﬁy’ ﬁeﬁzeazn?g)lrrge ﬁlgr%l&(r)lge'e lﬂa‘%w&t 0 about
20, pr efgén@&éﬂe}'lyrw gaoxal, Stlcmmc @alddthahnd Ibe Hbp trimeggy}ol pre@rlémamey greater:
t Bglr}too L &'ﬁ}:d@%h r’rg thc?gé& arl)éseg?/deggb%g i‘(ﬁélg:%é%fc iﬂ:ﬁ]cg‘%tdg)&awg @%I Bﬁrgégglgéﬁhﬁ Borate,
pr ef er albospn gifbiatids, borfraavhyyiride.cpyedbotatss.glomaobodles, lp:rrgfeeraa@thy lige.eat er t han
b L
2010 103@:%1@@&/ 0BHo e84 &@60ﬁhkgrdeasberanatetsadwmyl’selq,ytrae an@oxabmgach)mlpounds
g‘r g][ gg})ﬁgh as 1@ Ecsﬁéaéerg{agag%e& lrilp% 1R % cltlrgrlpgtfb, La:baﬁ S Cllé)rlc salts and
thamﬁorommu@kmeJabﬂut 400, preferably greater t han or equal to about
o0 B! ol R gt 0 SRR s BB s
than or lesyatiallycradslink the BePvinyl meirercayi ymeyr Hmnembbdhmnntothe baraeﬂ lagenis only
about 900 cronete Al so within thi

e e e S B e e
| ess t han orTiequablinkmgatupeit oBﬂﬁgennrrm‘yef:@bkqm 1n&Bsbdrﬂ'mmayeratemwaén dbout

about. 7 r f er abl I t han or abo ) r ef
oo, | Doy RIEITIAR 3 st hrsed B e ford P nf B0 ip g, ea B g AR olyviny
about 4QmineRbsRiica Pleyent.€BS5thintAie radge, BpLtdhcehBatidh 0fifhe 3EkliRkiag eagsneinshe

prefera | ess, t han equal, to ab 0, ferabl | ess 10t han or
equal gr‘“é‘ﬁ’ Jer T@Fa‘eb&@? ar eplyo P@%gﬁ(ﬁ’ﬁa‘ﬁ&l)?“"gﬁﬁ’é’f grpgerd ‘bacS‘LPE e, to about
prefer altd(n iR SSrefeRBIY oMatcl B4 br dRaiRb bt 015 Mb@f@ﬂilygrbzﬂ&&hdnfbaeqtﬁr to
equal to about 70, preferably |ess than or equal to _about 60

m cr ometakeus 0.0 ?”é%’d-’rf%f'é‘]akﬂy igEeatst tham pr egal dqyibant 40P %iso grefesgply Frafrdhangr gaual
| espgf ha@alﬁﬁt (ﬁ&%‘%, ﬁ)&f@ﬂ@}‘%ﬁﬁg thdd o2 E«ﬁfaﬁ@laﬁodt 098 ult%aﬁl'eiéfab ter E}ﬁn or
about 30, preferab | ess” than or equal to about er ab | ess
t han or eaepiiglabeus 0&5@&%. nrgferqbryear@tearﬂap of il 19 hlmt%P'f ¥ arreftsréblas@at@r than
preferably | ess than or equal to 15about 4.5, preferably | ess than or
equal to about 4, preferably I ess than or equal to about 3.5,
preferably | ess than or equal to about {% preferably |ess than or
equal to about 2.5, preferably I ess than or equal to about 2,




t he pol yvinyl am ne copol yner, the coating conposition may include
the herein described crosslinldng reagent(s), other polyners,

addi ti ves, worpd1yd3es71 i ke. I n addition, the aqueous coat iRGI/EMH8I021 on
may i nc loti etp.rabn ebcmnf) 88 M%sp)éfemhlygreaEr Ehhleorreadal coatwol 3@hw &b, ipreféraide gledover
al kyl Cl ol s ter et hers

the I i kdspdtal Gt 0 6o pRerNeaiialer 50 BETRA FRE002 v, P RARY
about 5 than obbqudl to 2B$ht 0P Syt Preferabiyt drtater thah or ¢qmalge pbduh@4 wr%cprsﬁetaylyr gscater

P O oo et s LR oy B e el aresier O of iy St GR Wi B Bl a8
Dot agt °?‘é‘€"2"e"’b“‘*‘a?g’??ermmo?@%@ﬁ‘iwﬁé‘“ﬁﬁﬁﬁf‘%W?‘Z*‘*?“:E'Ig‘m"
gr eat er *raﬁg?ﬁe%r{teq% 819&%%%“%3 eﬁfféﬂer Sbrdpaldp é'é"c“éfwi“ﬁgme%ﬁa["éé[féﬁ“

t 0 aboutihahQr Edusl Blabad Twid Sreferibly rdhter Hah of yigeo aBAIE3 Wi% GRSty igfeater

preferably I ess than or equal to about 190, ref er g é?&l ess than or
equal t(ShaalS’bEﬂ“alltSGbmﬁSF'éF@r%fﬁqeffblye%?‘ef Hﬁﬁ%ﬁqv deiaout 3y WHBRiergbly greater

pref er alihay ok Efusl thRABSUt BRviBpBlerabl a0 thad 6 bquilitehiuetb vy, fRsrerably BRBteOr
equal to about 150, preferably l'ess than or equal to about 140,

orefr atitap or eaval ioRbayt Bt heRrslerbly e han Sreaupldo aoup e, preferably geater
coating S@bh Stqf2 RS A3kt 20 widd) Préterabl
about 9%%%35?%%@1?@ rﬁ?rfgrg'é@:g%étet ot al gol i ds ctont“etnt Bl:éser ¥ eater
pr ef er atérap ogeaugk tepbaun 30 WEp. rseferably wiraispban or2qua) feabeptAd wi%y bassd ot the R4
or eqUalan%@nt%pﬁﬁgEro?sllnpiﬁgiﬁéﬁphﬁﬂ tgé ﬁﬂmyl hiiRe c%{olﬁﬂﬁ" esdn about 10,
preferably greater than 100r equal to dbout preferably greater
than or equaAlsp@mabc;hrs ra@ee therceneantasiop of the srosslinking Fragant gnbarsies layerdtt
181 ef E fah Xr "i‘(% 2, uI LA oR or 5, legﬁhﬁm%&uaisg%oﬁli’sﬁ@tw ﬁr@feﬂibfyh&ﬁ

range e tota conte t Is re er ab | ess han or equa
about smhanpr ecruertar@bqnt %ys%vtl-‘rli%fﬂfablw leq@am omuelrmhouel@ wigh, gregrabby pss| %@r

than or Shy abBr?t m@ugrrezegab ﬁ@&ftﬁi arﬁle%;[al f%sdﬁoﬂt IQ%"F ﬁreﬁ%ﬂrl lesrs Qhaﬁ%?é&ualﬁtg

preferably [ess than preferably |'ess than or
equal t @bemautt%llmefepbbrﬂ@rs etbh Pr ¢quglsto pbrh 6 w%eq@farabwmwaempal%awb/é

The COaNATERMBNTES LR ofBal $EbARS o AChHARNFYL Bk BFieal o abouc 3 wi,

pr eservati v rocessi ng al O | nprove
app|20c atpraferatdnlgfstharat leewil Brabolit 2 wiéh, puribhylessdhpes equable abmté %,

Par ] Cul Al AMPR Rl chily RS I N eerbig b RAAR QBRI bR o eE, has

|rrprovec§’ L1°on properties over rier aers nown |nt ar
In an erptnﬁdabiyeresS thanhe equbh &sibowr (OF Wt%meprerfq:rslﬂahss tbatdxequall toyebputtOch \at%,
particul a

corrpar at It“;er I’B?S te%ne Ie§ua? ova'?g'?ﬁ)t rf& lﬁ[&s ﬁ{] r%@{ﬂﬁ%l Ad ESI on

Test" agpred@sidy lekstanhe egahto Boefl=d a@b,;prcfttrbiﬁy ketbai weqwd to dheutihdsvignt

barrj er I artr east
e ey nprgeraty o B Sishhe] IS Bbu PRleh Bicferly Rl hiRS a R B B,
pr ef er alpkeyerﬂily leestBdn &Q&ﬁ@ focsbb@rQ, O&Wt%‘ efe&lﬂdbyy lags thazas bqtﬁD%agmeatoe rwt%

25pr ef | t 70% t | | t t
or ot or aibregerds bt ooty Ug . Bty s e gt Plab Baba 098 e
pr ef er alpkeferatily leeafidn ck2641 gmamarm e hefadblyleatthdnea squaPORtowy 0wt

referably at | east 250% refera at | east 0%
Phan 1 narciemle e saua Mapud (aPigs rerabl s shangh gqpalig b o 0i e
undegp t Beereriip RadnAAR Gk B abB&L0.01 with, bRreeribhsiassAtHaS equal tHabbut 0805 esb,

substrate is coated with a barrjer Iayer in a man e
based on the total amount of the crosslinking redgent 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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aqueous 4 washi n [ 030371P 009 0050 I

nater . SR e PRARERE o et TR, Ablsdfeue propery
the art of mndfstant thechymlnuMnarqnmmﬂmmbmangmmp%e anount of
barrier |aye trate.is.once again deter

cal cul ated a age h cen%{aggmﬁ?m b@frgf[’)f cﬁ'gpl?siese?"eloé er c?‘gg‘%rggavm%mt Khich
adhes$i onreghapiesls th&SreaB:ft withexypaii (@) td ragiee uk@oﬁchﬂraaubstdxag@ BExdawplosinglude

ot her conpar.ahl.e netho f .determ ni.n adhesi b sed.. .
For mat | SHUGHO0r S, HHERE (ischa s vt Eombiprcith ST BBmBLHE sty et
producedr Bybals tdglyse. Manblr@xydeR Istavbigaiytysigns knietiacngds vazinck @iynidnein! i ke,
dependt hg on t he . intended %Pegl icatjon. The coating conposition is
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t he coaigealgr hampreqial torboned Yoemiprbais 99.8%s withalevel of byginelysis of batises 8
than or araretrsdaobRaR Ol pRRiRLpka BP0k SR it BERLES 2P Ys TRl
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5 Substrates In an enbodi nent, the coating conmposition is
applied to a substrate conprising one or nore polyneric resins and/or
i nor gani ¢ WN38t0/034385. Pref erred pol yneric resins incl u®ETASRPHVEDI
resins ahed:lob'winpkﬂl@bdtpelymeebasmsuscatbsf atmue2d- iﬁepps,tamasev pictolyarerikytigh of

densi t h

super - yoéﬁ&ié@s{)ﬁyﬁ@bﬁf yet ‘fl'loézr’\beo“ f@a VI P\% i %écfé;mebggmb §7the

et hyl en@eiamnyl Iah:blml pdpmblylmea v1se¢shybmutase¢ afls) acdegme df pnbpnﬂrgmmn of about 150
et hyl egz E aCHJj3 B Jﬁ et hyl ene- car bon nonoxi de
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resin, ethylene-pr | ene rubber, ethyl ene-lbutene
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and/or ri sin r:ra er or nmultilayer m nated articles.
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| ani2Aat eldtedst o any one of the articles nentioned above. 30The
substr ates. MK WS LS AR Lt ARl B S o SHRLPEE polyviny
treatnents include flane"treat corona treatnent, irrad df ¥|on,
physi cakmipbcepdbment , and/or the |i ke. In an enbodi ment the barrier
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substrate is expressed as a percentage of the CO2 effusion through an
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identical conditions. Accordingly, a barrier coating with a CQO2



20 bat her layer has a CO2 reduction index of |ess than 100% on a
particul ar substrate under a particular set of conditions.
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above disclosed CO2 reduction |ndexes at greater than or equal to
about 0% Rel ative Hum dity (RH) at roomtenperature (i.e., a
tenperature between about 20 and 25C), t@eferably greater than or
equal to about 25% RH 25 at roomtenperature, nore preferably greater



WO 2010/ 030371PCT/ US2009/ 005097 i ndex greater than 100% i ndi cates a
substrate which is nore perneable to 02 than the uncoated substrate.
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r epr esergsl @ abos 40, mmeferabity 'gwhtci than quuamszkbba S(Jopreﬁrabh'cm@tet Hen pespual to
conditiaq n St er

Feduct i aro 865 QR TR o ehific RO B Lpe RS e RS B
particu Ivacossgts podferdbig maﬂthan @requal Rraabmrlab.l pye,ferhllsig lelsmharamteqbai tor abent I8y er

has an 02r ctl n i nde al to

by of or aBEETtL Eosc i o Bfual s abie a0, atsleiobroloon it e B PYIeBY Hsferpgles
equab t ehadlobedual@d Yooup t 5, pietebdbiy lek3iantoh aqualnt abapt 340, prfadbiviless8Bor equal
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barrier layer has an 02 reduction 1| ndex SUTPfICI ent to provide the
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preferably Wherein the coated substrate has a thickness which is 20%
t he thickness of the uncoated substrate, preferably wherein the

coated substrate has a thickness 5 whictpis 10% the thickness of the
uncoated substrate. In an enbodi nent, the instant barrier |ayer



Exanpl es Testing was conducted to determine the ability
to decrease the re-solubility of PVOH VAm 15fil ns (the polyvinyl

am ne copowWgren)o3ent a wat er - based sol ution. Met hod: PCT/USA00BNE NV AM
pol yner saasonpé.goumend casiefidiitgvishing bepd dfpomamediaNbeesiep RhyWiER tHeraficess
as described infra. The PVOH VAm sol ution 5% solid 1S _cont act ed
Wit varPUe R migies s qeieaR St S EOA of ber AR e MESTHRE A7 Cast
as a fi lapivddidimined BidCdalteREd@f a p&IElAMge YheRIned\Biridr @478V @ Andasuréithd Bdhesivie N
for 24 hours.‘g hggt_history was then applied to the drieﬁ %%%nl,,
sanpl es PEPertes Qf dhedaprier laygrin thg subsmate c Baweier hgisomparalir methons gfisteanining
the gur faaksioRfay Reuskd! m reached about 200F during this tinme. 25 Film
Testi ng In these tests, the dissolution tinmes is used to
determ ne the solubility of the filmconprising the PVOH VAm pol yner
pr oducedroArARnQK ik BaribhEayefPr oved NVF Copol ymer Process. Tensile
testing was used to determne any enbrittlement of the film Color
testing was UEEQating campesitinn araybp proguced by sipiple migings meli-blanding, kegading.and
30 The | ' ; f QL b s

Fr om g S e B LB e
and WWas ah¥ lgRipREEEre ins thp gangﬁ@f 20,‘3,9 tp yaeabop\A60° he blending may immediately precede
2010/ O3Qr A3t SRR A0 A L1o GPBRIKIRE prBLAL &R ForktBhdis fpu e

noted. In addition, a conparatiVe co-polymer was produce
Conpar atmasterbgelpios later Bsegn the@oeduetiantof isisdpeekegingargisled]i Whensteladlayeesrasi n.

Fol 1 ow ma s e Bt o R e RSB  flop Heow

20C ( cpgjoldimgyprientation, thermoforming, extrusion coating, coating and curing, lamination, extrusion-

15  lamination, blow-molding, co-extrusion injection molding or combinations thereof would typically
follow the blending.

The coating composition may comprise about 1 wt%- up to about 99 wi% polyvinyl amine
copolymer, based on the total amount of the coating composition present. Within this range, the
coating composition may comprise greater than or equal to about 10 wt%, preferably greater than or

20  equal to about 20 wt%, preferably greater than or equal to about 30 wt%, preferably greater than or
equal to about 40 wt%, preferably greater than or equal to about 50 wt%, preferably greater than or
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 wi%,
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,

20
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reverse roll coating, gravure coating, extrusion/co-extrusion, injection molding, blow molding,
and/or the like. In a preferred embodiment, the coating composition is applied to the substrate
followed by solvent evaporation, and/or heating, and/or irradiation, and/or the like to fix the coating

composition to the substrate and/or induce crosslinking to produce the barrier layer.

Substrates

In an embodiment, the coating composition is applied to a substrate comprising one or more
polymeric resins and/or inorganic substrates. Preferred polymeric resins include polyolefin resins
and/or polyester resins. Substrates may thus include high density polyethylene, linear low-density
polyethylene, super-low-density polyethylene; ethylene-vinyl acetate copolymer, ethylene-acrylate
copolymer, ethylene-acrylic acid copolymer, ethylene-methacrylic acid copolymer, ethylene-carbon
monoxide copolymer, amorphous polystyrene, crystalline polystyrene, vinyl chloride resin,
polyamide resin, polyacetal resin, polycarbonate resin, ethylene-propylene rubber, ethylene-1-
butene rubber, propylene-1-butene rubber, styrene-butadiene rubber, styrene-butadiene block
copolymer, paper, resin-coated paper, poly(ethylene terephthalate) (PET), cellulose diacetate,
cellulose triacetate, poly(ethylene naphthalate), polyester diacetate, poly(ethylene vinyl alcohol)
("EVOH"), polyacrylonitrile, polyvinyl chloride, poly(vinylidene dichloride), polyvinylchloride
("PVC™), poly(vinylidene dichloride) ("PVDC"), and/or the like.

Preferred inorganic substrates may comprise 8i0; glass, TiO; glass, various metal layers
comprising Group 1 to Group 16 metals and/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,
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.

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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Car bodi | i t WO-20088%GHi | m de SMA - Styrene MWEITHIS2009/005097
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i no- oo CIE B bty bR PR ES P o BB AR5y bR YR 1
0. 1: 1 1:ahefihediiRtQHhd/Mamiardget iy peseniint at teast reo lagst ofitheartige.r eagent was
used as a st q'néj?drdﬂioﬁﬁ rI]z;[yEr% lniay also include one or more layers which are permeable and/or
5  impermeable to various gases including oxygen and carbon dioxide.
In an embodiment, the substrate is a blank which after having the barrier coating applied to
it, is subsequently blow molded to produce a final article, In another embodiment, the substrate is a

previously blow molded articie.

10  Barrier Layer Properties
The instant barrier layer provides barrier properties to prevent effusion of carbon dioxide
and/or oxygen there through. The improvement in CO, barrier properties may be measured in terms
of a CO; reduction index, wherein the CO; effusion through a coated substrate is expressed as a
percentage of the CO effusion through an essentially identical uncoated substrate under essentially
15  identical conditions. Accordingly, a barrier coating with a CO, reduction index of 1% represents a
barrier wherein the CO; effusion rate is 1% of an uncoated substrate. A barrier coating with a CG-
reduct.ion index greater than 100% indicates a substrate which is more permeable to CO; than the.
uncoated substrate. Likewise, a barrier coating with a CO; reductibn index of zero () represents-a
substrate which is impermeable to CO; under the test conditions. In an embodiment, the instant
20  barrier layer has 2 CO; reduction index of less than 100% on a particular substrate under a particular
set of conditions, Preferably, the instant barrier layer has a CO; reduction index of 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 iess 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 br
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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of  COMP&itkeieM of MB ufic4rRd substrate, preferably wherein the coated substrate has a thickness which is
20  20% the thickness of the uncoated substrate, preferably wherein the coated substrate has a thickness
which is 10% the 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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nitiat (:?i{JOIIt g‘%(,jpreferably less than or equal to about 4%, preferably less than or equal to about 3%,

15  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
equal to about 0.7%, preferably less than or equal to about 0.6%, preferably less than or equal to
about 0.5%, preferably less than or equal to about 0.4%, preferably less than or equal to about 0.3%,
preferably less than or equal to about 0.2%, preferably less than or equal to about 0.1%, preferably

20  less than or equal to about 0.05%, preferably less than or equal to about 0.01% under similar
conditions.

In another embodiment, the instant barrier layer has an O reduction index sufficient to
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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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 L12,

(Sekisui Specialty Chemicals America, LLC), and was produced using the Improved NVF
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Comparative copolymers utilized herein had the following characteristics:

Grade Reaction | 4% Viscosity 15% Ash Amine
Solids - at 20°C Viscosity at | (% NayO) Mol%
Wi% (cps) 20°C 4
{cps)
Inventive M6 52.04 13.37 35.58 0.89 5.0
Inventive L12 56.28 7.30 13.54 1.02 10.5
M6 ~52 ~13 ~35 ~1 5.0
Comparative
Process D
M6 ' ~52 ~13 ~35 ~1 ~5
Comparative
Process E
5
Crosslinking reagents used were:
Curesan 199 — Blocked Giyoxal (BASF)
Carbodilite — Carbodiimide
SMA - Styrene Malaic Anyhydride
10 Borate — Boric acid (Lab Stock).
The crosslinking reagents are presented as a ratio of crosslinking reagent to molar amine
functional groups on the PYOH-VAm copolymer.
0.001:1
15 0.01:1
0.1:1
1:1

The PYOH-VAm copolymer without crosslinking reagent was used as a standard control.
In addition, a 50/50 by weight blend of L12 PVOH grade C-325 was used, along with L12 in

20 combination with glyoxal.

Film Dissolution Time Procedure

500mL of water were placed in a glass beaker;
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| nventive Copol yner + C-310 (50/50) 0.0029 2.67 Inventive Copolynmer +
AQ 4104 (70/30) pH=10.5 0.0038 2.67 Inventive Copol yner + AQ 4104
(70/ 30) pIwez0W/A300086 2. 67 In a second round of RCARIS2eIg/003IE
ef fect @¥djsumingeratyrean 2§%e oxygen transmi ssion rate was determn ned
usi ng t;l\ed. Isp ol | ve copolyner filmas follows: OIR 23C 0% RH [ cnB/
(100 in2* ayﬁvlf R 23C 50% RH (cnB/ (100 in2-day)) OTh

Set a controlled stirring rate;

Submerge a 17x1” sample in water (supported); and
5 Record the time when a hole forms in the film to represent the break time; and
Record the time when 95% of the film dissolves as the Dissolution time. The results are shown in

Figures 1 and 2.

Accordingly, Curesan 199 (blocked glyoxal) outperformed all other crosslinking reagents

10 insoluble even after 15 minutes at all crosslinker levels below 10%. Control L-12 was 3.61
minutes. No Film break with crosslinker level of 1% and above 130% improvement in film break -

- at crosslinker level of 0.1%. Control L-12 was 0.80 minutes, Other crosslinkers showed only a
minor improvement. However, 50/50 Blend of L12 and C-325 had no break or dissolution 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 compietely 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 PYOH-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. i
Film dissolution testing was conducted using M6 grade PVOH-VAm 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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23C 75% RH (cnB/ (100 in2-day)] OIR 23C 85% RH [cnB/ (100 in?-day)]
Fi | m Thi ckness (m crons) Inventive Copol ynmer Neat 0.0034 0.0055
0. 0036 0. 08620®/08M71 nventi ve Copol yner + 0.5%172 0. 00PTTOISOMIA05097

0. 0009 0. 006]9 M6:C325 Totally insoluble
75:25 Over 600% improvement
Mé6:C325 Totally insoluble
50:50 Over 600% improvement

10

15

20

At 25% added PVOH the film is completely insoluble. Simply adding 10% of fully hydrolyzed
PVOH can have a 400% improvement in the re-solubility of the PVOH-VAm film.

Barrier Properties Testing

An inventive polyvinyl alcohol — polyvinyl amine copolymer (PVOH-PVAm) was produced
using the Improved NVF Copolymer Process (Inventive M6). Two comparative M6 PVOH-PVAm
copolymers were produced using Comparative Process’ D and E. Comparative Process D is
essentially the same as Comparative Process E, yet produced using different equipment.

In the Inventive Improved NVF Copolymer Process, the initiator is fed for 30 minutes
followed by the delay feeds of initiator and monomer feeds for a total of 180 minutes followed by
another 120 minutes of reaction after the feeds have finished. Total lab reaction time is 5 hours..
Importantly, the Inventive Improved NVF Copolymer Process does not stop the initiator feed during
the initial polymerization phase.

. initiator delay
30-35 min Y,
43-62C 300 130 min |
vinyl dehy i :

Y

Lstntiator {55 -60 min

| nnua]-polymenzauon >i main pﬂhmzanm { post-polymerrzation >

90 min 60 min

i

480 min

The Comparative Process D and E are shown above and referred to herein as Comparative
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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2. 67 Inventive Copolyner + 1.5% P172 0.0006 0.0003 0.0003 0.0066 2.67
Conparative AQ 4104 EVOH 0. 0241 0.0245 0.0263 0.0260 2.67 Inventive
Copol ynmer woAQoh3¢41 ( 70/ 30) 0. 0029 0. 0005 0.0029 0. 006FCA/BZ009MM3097
2010/ 036@ppedGliér 300 wenutdsratld Be nenbinarfedd intdntingd GO 0herR0 hil b a2 3 Baminliesk
Gas con%%rt]]trati

10

15

20

25

30

is time gpfcg'dosoalqt/g S?Ozppt‘:d and the reaction is heated for another 60 minutes, which results in
a total reaction time of 8 hours.

Films of the PVOH-PVAm copolymers were produced and subjected to O2 barrier testing
by MOCON Inc., 7500 Boone Ave. N. Minneapolis. MN 55428 U.S. according to barrier testing
parameters well known to one of minimal skill in the art. The PVOH-PVAm copolymers were
cross-linked using Polycup 172 (Hercules/Ashland) which is an adduct of epichlorohydrin well

known in the art.

Method of Preparing Films for Oxygen Barrier Testing
A 7% wt/wt solution of the PVOH-PVAm copolymer was heated to ensure complete

dissolution, cooled to room temperature, and then filtered through a 140 mesh screen to remove
unsolubilized gels.

The cross-linking compound Polycup 172 was then added to the filtered solutions under
gentle agitation. The cross-linking compound was added at 2.5% and 5% wt/wt, based on
calculations relative to the activity of the cross-linking compound and the composition of the
PVOH-PVAm copolymer.

The solutions were then centrifuged 10 @ 1200 rpm to remove entrapped air bubbles and
then cast on a 3 mil PET film (the test substrate) using a Gardco 1.5 wet mil bar applicator.

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;

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;

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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Test Gas Pressure: 760 mm Hg Carrier gas 98% N2, 2% H2

PCT/ 13S2009/ 005097 5 As the data shows, the instant barrier

| ayer nmay WOr20H0é803¢onpri se an addi ti onal pol yner or coplTyirseeos0es0gr |
et hyl ene- vi ni80 &Dcidh03-2 UEdCﬂai)demhhiuhtmrgwirdmissiorﬂ et bl@anytpmmf mhtedal én the

tect | ng, e e SRRORC Bt B8 Byt paert snIRa R i s B By ancior an

testi ng, °Th
prOcessequGrEStemﬂdijtmgprocéﬁfé 23C OIR 23C OIR 23C 50% RH 75% RH

0
90%1{ Film IrlaC irs t/ ron[mdmi tesLngnﬁ'le samples were evaluated for OTR at 40°C and 50% RH as

5 follows:
OTR @ 40°C
50% RH Film

OTR (Oxygen Transmission Rate) [em®/(100 in2- | Thickness
MOCON Testing day)] [micronsi
Comparative PET substrate (no coating) 3

mils 1.8900 2.67
Inventive Copolymer Neat 0.0029 2.67
Comparative Celvol 310 0.0086 2.67
Comparative Oxibloc 1322 1.4424 2.67
Comparative AQ-4104 EVOH 0.3395 2.67
Inventive Copolymer + C-310 (50/50) 0.0029 2.67
Inventive Copolymer + AQ-4104 {70/30)
pH=10.5 0.0038 2.67
Inventive Copolymer + AQ-4104 (70/30)
pH=5.1 0.0086 2.67

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
fem?/ [em®/ [cm?/ [em’/ Thickness
(100 in*day)] | (100 in*-day)] | (100in°-day)] | (100in>-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
EVQOH 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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Thi ckness (100 i n2-day)] (100 in2-day)] (100 in2-day)] [m crons] M
I nventive Copol ynmer Neat 0.0016 0.0016 0.0014 2.67 M6 Conparative
Process D Wea010¢3¢(80 0. 0178 0. 0298 2.67 M6 Conpar ati ve QR lEee8g03e07

Neat 0. 0¥BRLowa Egd Detegpmd.imit < 0.0003 cm>/100in*day

Test Gas concentration 100% O,
Test Gas Pressure: 760 mm Hg
Carrier gas 98% Na, 2% H,

5
As the data shows, the instant barrier layer may further comprise an additional polymer or
copolymer (e.g., ethylene-vinyl alcohol, EVOH) which provides a further benefit over the
individual components alone.
In a third round of testing, the OTR of PYOH-PVAm polymers produced by different
10  processes were evaluated,
OTR OTR OTR
23C 23C 23C
50% RH 75% RH 90% RH Film
[em®/ [em®/ [em®/ Thickness
(100 in>-day)] | (100 in’-day)] | (100 in’*-day)] | [microns]
M6 Inventive Copolymer
Neat 0.0016 0.0016 0.0014 2.67
M6 Comparative Process D
Neat 0.0030 0.0178 0.0298 2.67
M6 Comparative Process E ' :
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 ~ Day1 Day 2 Day 3 Day 4 Day 5
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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2.67 In addition, the viscosi y of the PVOH PVAmM sol utions

cross-linked with epichlorohydrin (Polycup 172) was eval uated over

time. Broowbizelodh3ds7scosity, cps at 25C Day 1 Day 2 Day reTiespood/oiday7 5

M6 | nventive Copolymer + 5% P172 70 120 270 1100 gel l ed/ cuttable M
0,

Conpar at i A};ﬁAF’éo?ocr?&sn%lymuSlgg/ En]fe?r%..a70 100 160 360 al nost gel |l ed/ very

t hi ck
Colorquest equipment - 10mm sample size

diluted to 8% TS

M6 Inventive Copolymer Neat 3.88 clear white
M6 Comparative Process D Neat 128.52 very yellow
M6 Comparative Process E Neat 93.6 yellow

*The lower the number - the less yellow in color.

Accordingly, the inventive copolymer produces an essentially “water white” film, whereas
the comparative films have an unacceptable yellow color.
5 It should be understood, of course, that the foregoing relates to preferred embodiments of
the invention and that modifications may be made without departing from the spirit and scope of the

invention as set forth in the following claims.
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15As the data show, the Inventive copol yner produced according to the
| mproved NVF Copol yner Process shows a marked inprovenent in OIR
relative to the untreated substrate, and an i nprovenent in properties
relativ t nparative Process D and E materials. In addition

t he InJ%#%ﬁ&gnggﬁglyner produced via the "inproved NVF copol yner
process" denonstrates higher reactivity with crosslinkers as conpared
to Process D. In addition to barrier properties, the 20 inventive
copol yrkr fiA Barmeayereampeingd mehainyg eninemobpét pieohoireopolymer

denonstrate [} e r '

as moasur ez s 2t 85 B e 301 BlE SainpbL Rl nbA, GRESOUTRD,
asI fol l ows: arﬁﬁe&ﬁﬁlWiﬁﬁl(bﬁﬂdho‘kEHB?K}maﬁs mgaileﬁStbsgcmmlgm/e_lﬁlzsﬁnRgrl Lab

Co uest equi prment - S e size diluted to 8% nventive
Oopglrgrrer Ne(gbjfrgr@%%@oﬂapﬁﬁﬁoevlhm@gg@e@nﬂeat 128.52 M6

Co ti 0 ' er
Vel Tow yel 1 ¢ MRS 1 odfbIZper fne BEHASIRAP LT LIRS cSfe."Mlid fhoker Y
Accordi ngly, t hegdioheaimg from 8@ pofl @orerol #r aidbe dernayl gessenfroml the " wat er

Vel | ow col or . SoPORRGUFAC LTS tASPEBEMIBD o and (gt S0 Re PBreRich ol
ol 11 cati ons ey be B oG B B R ) 0 IO ope
of the inventi bpdmxysgoupsrth in the foll owing clains.
wherein the copolymer has a unimodal compositional distribution as
evidenced by essentially one peak in a gradient elution chromatographic
analysis
and wherein further the copolymer is essentially free of amidine rings as
evidenced by a lack of absorption in a '*C NMR spectrum consistent with an

amidine carbon atom absorption.

2. The barrier layer of Claim 1, wherein an aqueous 4% solution of the polyviny!
amine-polyvinyl alcohol copolymer measured at 10 mm cell has an APHA
color value of less than or equal to 10 APHA units determined according to
ASTM D1209 or a comparable method.

3. The barrier layer of Claim 1, wherein the vinyl C4-C4q alkyl esters are vinyl

acetate, vinyl propionate, or a combination thereof.

4, The barrier layer of Claim 1, wherein the polyvinyl amine-polyvinyl alcohol

copolymer comprises from 0.5 mol% to 20 mol% amine functional groups.
5. The barrier layer of Claim 1, wherein a 4 wi% aqueous solution of the

polyvinyl amine-polyvinyl alcohol copolymer at 20°C has a turbidity of less
than 100 NTU.
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Patent clainms: 1. A barrier |layer conprising a polyvinyl

am ne- pol yvi nyl al cohol copolynmer applied to a substrate as a

wat er - sol ubl e conposition, wherein the polyvinyl am ne-pol yvinyl

al coholg cop j AN rTok " 9

of N viiyi 1 o Haperlet ol BE I FRARNSTEREAGHS of Rusl 60T d3ubAglpdineh
Cl- C10 al kylsetsdted $ronatte givep donsistingzif g pblyarer8 @f NevihQOpyrialité, of t he
fornyl groups fromthe cotp | ymeri zed units (a) to formam no groups

and from 30 §tbYlepsaliyLpsa ugat%gﬂaor@:a% el] tkiﬁlk(yb%me}orgww&étw Ngrethyiamino

copol yneri z I by Qi 2in the

cogolzrrer hgés{hgagﬁ'i%#%dgfm?6@%%@%@%%M&F§[%%ﬁ%%§ evi denced by

essenti al | y aimetpdakiriomethgk dehcryibmidet N dhdinhethpatrogoethil-d-aondbyed e
d wherein fuyrther t I i tially f of i, di.

i ge. a6 eviRARRE AgPHpl 3k BPTMpaBRRe: wvesters, pebEmYRRe SRUEITIm

consi stent Vi) R 8 B@Fyﬁ@é“rs%%f@ié‘?ﬁﬁﬁdﬁdé’ébp%rﬁ@%,@?{)@?Iﬁ{ﬁne

| ayer of Cai'm 1, wherein an aqueous 4% solution of the p
am ne- pol yviowde,ahetblactylaojsts gonalymees pobutinyd otazaiidinosiels, medeiamcidPHA

col or value of less than, or.equal .to 10n’£‘€tFA upi ts. deternm ned

according t &R _%f?ﬁ@yb?mé{"ecﬁm\"aﬁrse AgIc §9’?h@p§éﬁfm?'§r | ayer
of daiml, agbgioRyaiRgl sUifevic 4did %Fo@hi@fé, BRYIShTd ok yb;ﬁm}»m@ﬁ@ww
vinyl propionate, or a conbination thereof. 4.The barrier [ayer of

Claimi1, \A?Eﬁ‘-@cide eerolyvRlE hemopaiymer @lbq?@m|YWBFSa¢CU’6ai6in9:$MEﬂW|fr?niC
i M Q . % am ' T
bar 11 er t aydtei@pdBla-WiluateRe Lo, Abbad e Uit Rtod ne®

pol yvi nyl argopelypeénsy ang lcoalbimdt@nsahp@dofner at 20C has a turbidity of
| ess than 100 NTU. 6. The barrier layer of Claim1l further
conprising at |east one additional polyner selected fromthe group
consi st4 ng Vi Mol ; i ~
Cnsat arat ad Tiseeet gt R of CIatrb; Wholtl ) Bifrelae| EBIrpRsp ethyione
et hyl acr yl atuvinylid|déhedi nepdlyinemi noet hyl net hacryl at e,

N, Ndi et hyl am nonet hyl - N-acryl am de,

N, N- di net hyl am noet hyl - N-acryl am de, pol yvi nyl al cohol, | atex,

pol yur & hanephpRANIRE 1f/e? of ERiNAIT WREreiPHe/yAR¥ 2% |sd;5r@§enﬁﬁgmh'a¢n
acid polynmers, maleic  anhydride copol yners, polyal kyl'ene oxi de,

met hacr yl amatticle spchyhatrtse heotignlapgt isahispasieddietoren at s st hwo ayieds.
copol yners, vinyl am ne copolyners, nethacrylic acid copol yners,
acryl oyl oxyal kyl sul fonic acid copol ynmers, vinyl imdazole

copol yners, THaWarrigHldviedof MRl ¥ RRSreiM DR ¥ RveP s SSHIRANERS Substrate,
contai ning styrene sulfonic acid, alpha-olefin-vinyl acetate

C(ﬁpol y][rer s, VR oIriber ina/swigairade ioadnold lanky mivich atierchaing theabarsies
conpr 1 ses eCRaTaHARRlEd 10 B8 BroahaiR fowRGiRhte HitonR b Rl o REE!

Claim1l1, wherein the barrier layer is present wwithin an article such
that the barrier |layer is _disposed between at | east two | ayers. 9.
The barkQ-er Thg/Rarrist layesphflaimharipensin harrissfavesis appliad tosa swpstrate t o
a substrate, j ubstrate is a nold bl ank, which
after havi ndml‘t{l@ikﬁ%;&#{wgﬁ%@%&i %ﬁgﬂéaippl ied toit, is subsequently bl ow
nol ded to produce a final article. 10. The barrier |layer of Caiml,
wherein barrjer Iag?r is applied to a,sybstrate which jis a blow . .

nol ded 1a1rtic48F°°P§. N [HABE sk 2 RRATRTARYRIAGEE NG &R [Hlalm § gpRyprising a

according t g\% {ya]} ;Wr'\ L 10 hE i _
copol yner agjp?l I edﬂla#@@;ﬂl?i st ry;'%tla&g@@gdgg?bgrefgg})r&ﬁ gp%‘:)éﬁggtf?‘tﬁ Osﬁ?t\%lter
wher ei n t he splibje cagipositionewbersinitng bobtvinghamirs polyyimgt alice hblozapedyrbgr
a process corTPri sidnl%,the stesps of . . i
IS forme a process comprising the steps of:
a) charging a first portion of a total amount of N-vinylformamide into a
reactor;
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a) charging a first portion of a total amount of N-vinylformm de
into a reactor; b) charging a first portion of a total amount of at
| east one vinyl Cl-Cl10 al kyl ester into the reactor; c) continuously

pol ymori zat it A, &frsochiaf bE @R AROuR! o o AR ER oo ot

reactor; d) cosbeintoghé headtorst portion of Nvinyl formam de, the
first portion of at |east one vinyl Cl1-Cl0 al kyl ester, in the
presence of @heontirkwushdieeding figsipertion olohtadakameudnt of rulsee radical

pol ymeri zati on Ll il i I.YE. . the

first period oP S&ﬁ%&hggﬁf %{r)\éd%%sft;? f? %te‘galqullggﬁfcl)&ééfsgﬁtgn@éﬂgéﬁgé of

time, a secat)dcopobattion thef fitshportion of\N-Vinyifamaeidat, tiee first poyticrosfrat gkt
il e simutaneously feeding a second

fl te into the, t .

por tion of at OPB%SQJY@%E-Q% vl epleh 181TRG IPresange ofibe resdadieabt or at an

ester flow ratgo. Wii-Atieh TldAaepkel Yol ARAIZA80A SRGABAs RA'4 1idP pBfiod BE
o? g yst e

free radical polynerization catal yst at a second cata ow rat
into the reacttmeunder pol ynerization conditions until the total

t of th i nyl f ' .the taotal . of th inyl C-Cl0
2Ryl est er SYafiot e St ARTOch TS aort oK dordan dof & SEPYTRPEYSH Fon
catal yst have fgenafseéohdipRriiditof tﬁéﬁi@imllfér}nérﬁidboé‘k%dn@%%%?ﬁﬁdé‘ﬂow

for a third period of tinme, the n-vinylformam de and the at |east one

vinyl Cl-Cl10 ardtglintedhereagior whilpsiedtaneouslytiredingeesecudidcpdrtion of at

pol ymeri zati on St | e_reactor .under pol rizatio
conditions to Efa%hﬁﬁ%vgw'l ?ﬁ’t Pﬁ@ﬂ?ﬁ?@r&'ﬁfig‘ﬂ%ﬁ%"@% qg?tﬁﬁﬂfﬂlrﬂﬂ’nyl
formani de and ange eimiiroRelyeedig £5860rRl sottioR S Bisfrewhadiehn t he
third period of time expires when the solids content of

t he
i nter nedi at e cBPYMpiEAtipm caipdyst @harsmicond cgtalystdlow rede inde the)reactetourxler
wt % and | ess t : . o i V] the.l pate
cop(:)I yner undep&gm%[ezrs{:@@%gb@hégs ghtsl/[i)tgg)é%%glg I 8&@?@%&&'{{[}&%?@%%%&
ih)nt ﬁr ged: ate pmaﬁmtmwmwﬁtgﬁ{mbmyil @y_b-@?mqh@%ter;@m;dl t}n_efwial bFidLﬁn\tvleﬂtH@y
ydrol yzing,the internedi ate pol yviny] anjde-polyvinyl alcoho
copol ymer ~ undefreg ragjgal %‘HY'BPEZ@#O%%%%’S{B%W PP%Eeq i kwastahe

wat er - sol ubl i L Qe by :
Vier o 3t he DaPAbNELIY HERGIRL i beRb oS 895 hice an
am ne- pol yvi nythezsdtdeast oreoyioylyOeC1¢ alkg esibsinrthe ereseraevafttbe freel rablical

SR ord ar BobriSRedit NGRSt ol b fertlh cShaflis o
flexible artichRde@ER ifidihedifie RBPbIyRTer ARy Q)I?big%zllﬁorr%ﬁmi(%é‘ﬁnd

article of daim12 having an oxy(gsn reduction index l'ess than or
equal to 1% wbReer mqra@ogwgéﬁw kYl estaradeRenein thentbird resiodfof time

A 0 A G e L R
substrat e undefezREsa8raatbl tHatesH edirdl ¢ 208t 87 less than or equal to 70
wit%;

g) saponifying the intermediate 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 either acidic or basic conditions to produce the water-soluble
polyvinyl amine-polyvinyl alcohol copolymer, and

wherein the barrier layer is formed by applying the polyvinyl amine-polyvinyl

alcohol copolymer to a substrate as a water-soluble composition.
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12.

13.

14.

15.

An article comprising the barrier layer of Claim 1.

A rigid article comprising the barrier layer of Claim 1.

A flexible article comprising the barrier layer of Claim 1.

The article of Claim 12 having an oxygen reduction index of less than or equal
to 1%, wherein the oxygen reduction index is a measure of oxygen effusion
through the article expressed as a percentage of oxygen which effuses

through an essentially identical uncoated substrate under essentially identical

conditions.
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