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improve the gas, oil, and flavor barrier performance of organic polymer film substrates (See
PCT/BE928/00009, the US equivalent of which is US Serial No. 09/341,252, filed July 15,
1999). Moreover, the adhesion of the coating to the film surface, as well as the improved
barrier characteristics provided by the silane coating, are greatly enhanced by exposing the
coated film to electron beam radiation.

These coatings represent a significant advance in the art. However, it has been observed
that while the bamrier properties of the prior art coatings are excellent in environments at relative
humidities of 80% or lese, their performance suffers significantly at relative humidities of 90%
or more.

The present inventors have surprisingly discovered that the cornbination of a polyamine,
an ethylenically unsaturated acid, and a bis-silane gives excellent gas barrier properties at low to
moderate relative humidity values, as well as excellent gas barrier eroperties at very high
relative humidity values of 90% or more. The key improvement is the addition of a bis-silane,
which results in excellent barrier at humidities of greater than 90%. The composition may be

crosslinked to further improve barrier. As used herein, the term "barrier" means improving to at
least 750 cc/mzlday a 30 pm uncoated biaxilly oriented, corona treated polypropylene film,
having a permeability measured at 0% relative humidity to oxygen of 1191 cc/m2/day and a

permeability measured at 90% relative humidity to oxygen of 1238 cc/m2/day as measured at
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formation of acid salts is desirable and results in superior bamer propertles

Ancther example, U.S. Patent No. 4,943,600, teaches the combination of a tertiary
amine containing resin, allyl terminated resin, and a maleate functional resin. Likewise the
patentee teaches that the compositions are formulated to minimize or eliminate carboxyl -

- functionality, wﬁch contrasts direct‘l.)r with th;.a present invention.

U.S. Patent No. 5,017,406 claims UV curable compositions which contair.reactive
unsaturated compounds, but does not ieach the use of a polyamine or an unsaturated acid as
does the present invention.

JP (Kokai) publication 7-18221 published on January 20, 1995 teaches a surface
treatment éomposition for gas barrier compﬁsing an aminosilane and a compound having an
aromatic ring or hydrogenated ring. The present invention is distinguishable, however, becau$c
it does not require the addition of cyclic compounds having an aromatic ring, nor does the
reference teach the addition of an ethylenically unsaturated acid.

The present invention i distinguishable from the prior art because none teach the use of
a polyamine, a bis-stlane and an cthylenica]!y unsaturated ai:igi to achieve gas barrier properties.

Int one aspect of the present invention there is provided a composition




0 (57) Abstract: A conposition which provides gas, flavor, and aronma
barrier to substrates, where the conposition is fornmed b m Xi ng an
“ethyl enical 'y unsaturated acid, a bis-silane and a pol yath fegust 3d04august
2004 ALKYLENI M NE/ ORGANI C BARRI ER COATI NGS HAVI NG BI S- SI LANE ADDI Tl VES
Field of the Invention The invention relates to coatings containing a

pol yam ne, a bis-silane and an ethylenically unsaturated acid which have
‘barrier properties useful in packaging applications. Bac ground of the

| nvent i oncortPrisias g EthylRmeally vospiratedbatid Aysa plyamina optipoplb heaing mecresslinkae
~-conmpounds and itaconic acid inprove the gas, oil, and flavor barrier

per f or manE#tek theeigasidca petiamer whqreinsaid pelyaraine day Bupor PATREIBR/@EDAYSS, t he US
equi val ent_ of which is US Serial No. 09/341, 252, filed July 15, 1999).
Mor eover , "R adhesi on of the coating to the filmsurface, as well as the
i nproved barrier characteristics provided by the silane coating,

are' greatly enhanced by exposing the coated filmto el ectron beam

radi ati on. These coatings represent a significant advance in the art.

However, it hasishg ¥ : whilepdhe barrier. pr rties of the
prior art coatingsqgignggggﬁﬁ%ﬁ%ﬂ?% %ﬂVI %%%WPgaﬁ%E?ﬁg%gggE&Jﬁ@ﬁ%dities_of
80% or |ess, their performance suffers significantly at relative humidities
of 90% &"“%ore. The present inventors have surprisingly discovered that

t he conbigation of a polyam ne, an ethylenically unsaturated acid, and a
bi s- si | aRe igndasndnaekdiahd A i Q| lgw to.. derat e

rel ati ve hum d?'?y‘ 'va?ues,' dagal\?/ehplalbgésfgé‘l}(( é?’ en[t"}egzaé@)%‘ﬂﬁi %‘?’S‘BP%@@WM es at
very hig | at i um di val ues of "90% or nore. The key inprovenent is

t he addi %?’%ﬁ‘ygﬁ“‘iﬁb}}’]&i@é#%ls indppeadently seleeted framdhe giolp nonsbseing b1 at

hum ditiges of greater than 90% The. conposition nmay be <crosslinked to
further Hnestenhsanshed allsylencgoursend sitstimied,alltylene petups hiang Kem'| BRBRSHGAPT OVi Ng
to at least 750 cc/nk/day a 30 pmuncoated biaxilly oriented, corona
treated poPYHrubyYemeerbigs oy subktamcd\gyRoPEouR AR ihd kdm BRARGAR AonQ%, el ati ve
humidity to oxygen of 1191 cc/n2/day and a perneability neasured at 90%
rel ati ve $isthiisilage hay thexfygredn: of 1238 cc/ nR/ day as nmeasured at 1 31 August
2004
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R%X35Si-2-SiX3.,R%,
wherein Z is R4NH(R4NH)p R’, each R? is a hydrocarbon group, each X is an alkoxy group

with 1 to 4 carbon atoms, a halogen atom, an oxime group or an acyloxy group, each R* is a

divalent hydrocarbon group having 1 to 12 carbon atoms; b is from 0 to 3 and pisQorl.
The composition is coated on a substrate then optionally treated to initiate a freeiradical
reaction. The invention can be applied as a coating to a variety of substrates used in packaging

applications.

In another aspect of the present invention, there is provided a method comprising the

steps of

(D) mixing an ethylenically unsaturated acid, a bis-silane, and a polyamine optionally having a

crosslinker reacted therein, wherein said polyamine has four or more A, B, or C units, where:



ASTM ' D3985-81. None of the prior art teaches the present invention. For
exanple, U S Patent No. 4,761,435 clains UV curable polyethylenically
unsat urat ed conpositions in combination with a pol yani n& Ae@Ush20Qthi ch use
an aryl ketone photosensitizer . The 435 patent teaches that acid
functionality in the conpositions is undesirable (col. 5, line 24)_ The

pat entees i ngi.cat eot hat,1t he . f rna['qq$&R mne salts is te be avoided,
“because the H%%?enm %e?'mﬁi’elgbstaél Bnl 2,‘52 %"ﬁ?é{;és,an(algﬁﬂﬁgtmétn am ne
salt- This is in contrast to the present invention, which teaches that the

formatiwheref acid salts is desirable and results in superior barrier
properties. Another exanple, U S. Patent No. 4,943,600, teaches the
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conpositions are fornulatgg_tp, m nimze or elimnate carboxyl

f unct i caplaikyl andwikdaryt end R4 43 mdepondentlyyselsited fromethp gryipgonsisiing ofii on U. S.

Pat ent No. 5,017,406 clainms UV curable conmpositions which contain.reactive

unsat urigieatordpapbetdiylederogsen silstiniabalkyletarogs Habing floal yanigwrn an
unsaturated acid as does the present invention. JP (Kokai) publication
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conposi tion foor gas barrier conpr g 'an antnosi [ ane and a conpound havi ng
an aro i.c ring O drogenated ring. The present invention is
distind%%@ﬂ%ﬂ%@?gﬁU&ES%Fwﬁgecause it does not require the addition of
cyclic conpounds having an aromatic ring, nor does the reference teach the
additicR§BX34¢ﬁ4éSﬁ&j_ Pgal ly unsaturated acid. The present invention is

di stingui shable fromthe prior art because none teach the use of a

polyam n e,. _a bhi,s-sil d an ethylenically unsaturated acid to achi eve
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provided a conposition 2 31 August 2004 conprising an ethylenically
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() treating the coated substrate of step (I} to initiate a free radical reaction.

In yet another aspect of the present invention, there is provided a packaging container

the improvement comprising:

at least one barrier layer forming an integral part of said packaging container, wherein
said barrier layer is formed by the method as defined above.
Polyamines

The polyamines of the present invention are polﬁeﬁc, either homopolymeric or
copolymeric polyamines having fou: or more A, B, or C units, where:

Aisan -R2-NR1), unit, Bisan -R1 - N(Ri)z unit, and C is an (-R2)3N - unit,

where:
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aryl al kyl, and al kylaryl, and R2 is independently selected fromthe group
consisting of linear or branched al kyl ene groups or substituted al kyl ene
groups having from!| to 18 carbon atoms, and aryl ene grdudaust2&Qbstitut ed
aryl ene groups having from6 to 18 carbon atons; and said bis-silane has
the fornmula: R3bX3-b S i-Z-S 1X3-bR3b wherein Z is RANH(RANH)p R4, each R3
is a hydrocarbon group, each X is an alkoxy group wth 1 to 4 carbon
atons, a hal ogen atom an oxinme group or an acyloxy group, each R4 is a

di val enRltiytidepeadérsly sglectap frhankiydgyadn, fatiyl, ulsstie@nalkjI0a1, sébsiifudizom 0 to 3
and pis 0 or 1. The conposition is coated on a substrate then optionally-

treated LRI f xadical /' reactio The inventiqn. can be applied

as a Cog%yli%%k b ohgfkgg?’f_l’e ?/?%fgg[h Rndey ssef%tggﬁioﬁl ‘S’&&R‘&'@i‘:ﬂam'&gﬁai cations. In
anot herl.'as ect of g] resent invention, there is provided a nethod

conpri sfﬂeﬁp @a%‘ihé‘g ng grpupy oFisHbsugcdalkyleregrouns havisgSeonut bt ocadwind, a

bi s-silane, and a polyam ne optionally having a crosslinker reacted

t her ei natoWRcand arylengigmoups by subistiteted asyléregroups having fiém Bo Wreafbolaiongs, where: 3
31 August 2004 Ais an -R2 - N(RI)2 unit, Bis an -RL - N(R2-)2 unit, and C

is an (-R2) = .unit, where: - is [ndependently sel ected from hydrogen,
al kyl , substgf:?}!t ﬁf'é‘gepgfqﬂﬂ]}f Sei‘?’:ﬁd%%slé‘ir%eﬂh dhylasupstituted alliyh|aks)) substiveted

al kylaryl, and R2 is independently selected fromthe group consisting of

| i near aoyl, syhlighetkylifydnd R ig iniepanderitlybsefeteli ok theakdoy c%ﬂﬁst&?%‘fﬂﬁea@%}“ ng
from1l to 18 carbon atons, arylene groups or substituted aryl ene
groups-having from6 to 18 carbon atons; and said bis-silane has the
formul a: R3bX3-bSi Z-Si X3-bR3b wherein Zis RANH(RANH)p R4 each R3 is a
hydr ocarbon group, each X is an al koxy group with | to 4 carbon atons, a
hal ogen atom an oxi ne group or an acyl oxy group, each R4 is a divalent
hydr ocar bon group. having | to 12 carbon atons; b is fromO to 3 and pis O
or 1; (Il) coating a substrate with the m xture of step (1); and (I11)
treating the coated substrate of step (I1) to initiate a free radical
reacti on.
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In yet another aspect of the present invention, there is provided a
packagi ng container the inprovenent conprising: at |east one barrier |ayer
forming an integral part of said packaging container, wier®egHste¥04y barrier
| ayer is fornmed by the nethod as defined above. Polyam nes The pol yam nes
of -the present invention are polyneric, either honopol yneric or copol yneric
pol yam ne&apehed alsyleag groups ersnbstinitedalkplendgionps bavingiore’1 t6. 18<arbon aféins-and
N(RI)2 unit, Bis an -R - N(R2-)2 unit, and Cis an (-R2)3N - unit, where:
3a 31 AugitBilend Ror dubstiti@8 BIGR rc?@, g I Rl
substituted al %&ﬁp aryl, sﬁbst [ tu%%%g?gl{,ﬁg%g?;?a y{ﬂ?{géﬁd%‘ém’%"ﬁ;r%lg End
T R2is, i endently selected fromthe group consisting of |inear or
branched%gmr}?ﬁggﬁ%gﬁ‘ﬁg’“gﬁ‘y‘gﬂbﬂt&r?%ed al kyl ene groups having from!| to 18
carbon atons, and aryl ene groups or substituted aryl ene groups having from
6 to 18 car bonlhstasnnes akthe presendopenivenrd golgmkBcinaninire quefosablydgeing al kyl
substituted al kyl, aryl, substituted aryl, arylalkyl, alkylaryl, and R2 is

| ndependentlesuizaiagtted fisrmn50he 2000MDOCRAE A0 BV 000i fréRFre@and o3l August
2004 branched al kyl ene groups or substituted al kyl ene groups having from1

to 18 car ad CEOHRE THEREISS ' aryl ene. grou
havi ng 6 ;{i&%f@rlrs car i)%%qa?(@rntéyd For g%g j e?e%tﬁe%g%%“%%go%%ﬁéﬁ%ﬁ lpfﬁ‘g Swi t h

hydr oxyl . ] nes, qf -t h resent i.pvention are, palyneric.in
R A e i B e T e S R
400 to 400,8% referred, and mpst preferred_being from 600 to 80, 000.-~The
hi gh degrdd %“3’61 ¢zl tolorghighes melacylar wieight pelyamines byvaethvdgweld of
tackiness in the final conposition. The |ower nolecul ar wei ght pol yam nes
can be fdrewain hekyinweh asby teactioorwitihdighel hatidb e ethylems dibhlofod)ydisobattday
met hods well known in the art, such as by reaction with dialkyl halides
(i.e. et lgpaokdikochdnate] ﬁki}amedﬂyleﬁ@ﬁﬁé&&ﬁﬁte),((ﬁ(zﬁ&thk@ﬂy}’eﬁ% és?&‘s‘hﬁ%%ﬁene (§{i01|

e.g. o)

hexamet hyl ene diisocyanate), di(nmeth)acrylate esters xene
di acryl agg, b D= A . ' ' h n | ycol
di gl yci dyl c@?ﬁée?ﬁ @lahrrp"% Fégg&%?%%ﬁl agw}dﬁségé‘@gg‘igﬁﬁ‘%?{egﬁ’h%&yﬁﬁ@’sﬁt i on i ncl ude

pol yvinyl am Ii*:§§mple-s of poiyamines'useﬁll for the invention include polyvinyl amines,

aminofunctional polyacry! amides, poly-DADMAC's polyvinyl pyrrolidone copolymers,
polyethylenimine and the reaction product of ethylene diamine and epichlorohydrin copolymers.
A preferred polyamine that can be used to achieve varying degrees of tackiness is the
class of polyamines referred to as polyalkylenimines, such as polyethylenimine, which is readily
available in a wide range of molecular weighis and different degrees of branching.
Polyethylenimines consist of a large family of watef—soluble, i.e. hydrophilic, polyamines of
varying molecular weight and degree of chemical modification. It is generally known that the
' polymerization of ethylenimine does not result in a polymer that is completely composed of
units having a linear structure, but that also the degree of branching in polyethylenimine
depends on the acid concentration and the temperature during polymerization. This degree of
branching may, for example, vary between 12 and 38 percent. The formula of polyethylenimine

can be represented in the form of A, B, or C units, where:



acni nof uncti onal polyacryl am des, poly-DADVAC s pol yvinyl pyrrolidone
copol yners, polyethylenimne and the reaction product oh:g ‘gt hyl ene di am ne
and epi chl orohydrin copolynmers. A preferred pol yam ne t 1t tg&04sed to
achi eve varying degrees of tackiness is the class of polyamnes referred
to as pol yal kyl eni m nes, such as polyethylenimne, which is readily
avai | abl e i n AisahdR? r NQRbyahitBlisaulrdr - NEGR migad diid ieeRPENdagRees of
branchi ng. Pol yet hyl eni m nes consist of a large fam |y of water-sol uble,
i.e. hydrophi#ic, polyﬁgines of varying nol ecular wei ght and degree of
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" ethylenimne does not result in a polynmer that is conpletely conposed of

units haxo‘.m.saoI1i;madutgcffréﬁ%[ﬁﬁmﬁupmh@tlzﬁhso the degree of branching in
pol yet hyl eni mi ne  depends on the acid concentration and the tenperature

durin ol ri 11QA- I e |- . f I
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represented in.the formof A, B, or Cunits, where: 4 31 August 2004 A is
o~ R Betelohapigh he oy of the captins (R SupBahf telieRs MOBIS. R2) 3N -
unit, where R is hydrogen R2 is an -CH2CH2- group. The ratio of Ato Bto
C uni t s Examplseofpadyathyleriminegnefifieatipn includetygaction withestleslertsi oxidersometires 1: 1 t o
1:2:1. Additional groups may be grafted onto pol yethyl eni m nes using

met hods (etigfi¢neloxadengliyeidol) keinattucethydrkghgoupsh reaeddn with yyanidetané aldeldesng to .
the substrate, or the adhesive properties. Exanples of polyethyleni mne

o {1/CRflo%ad by B sE &S ikloRlealablb bl B SRe et BGHHERS), glieNe

oxi de, glycidol) to’introduce hydroxyl groups, reactionh wth

al dehyd .0l ySi i 4.1 e carbaxylic acid ar S
(S oc Esphfic QUG oL EER LS, 48 erftihe R AR oheies e O TIPS
groups, and grafting.of |1pophilic alkyl chains using al kylating agents
such asagﬁnﬁéﬁﬁ@?s‘éﬁgﬂ’ﬁ{%’.ﬁa%r eferred nol ecul ar wei ghts of the

pol yethylenimne are from600 to 80,000. Myst preferred nol ecul ar weights
of the pol yePrfaredimaleralasweightoef thepolyethylenigone argfiont £00 po80.800hyMest ni nes
are SZ-6050, a silane grafted pol yet hyl eni ni ne avail able from Dow Com ng

Tor ay Spreferred endlekaameightsnaf thipolfaBylarmimeird fomVE0Eto 2560600 and 1000
nol ecul ar wei ght pol yet hyl eni m nes avail abl e from N ppon Shokubai, (Japan).

Et hyl eni cal I'yyging pbiyedyReinfaéchrd SEI6086  L4iRh 8Bl e thyleRinim malibit ehicall y
unsaturated acid is al so added to the
from 'Dow Coming Toray Silicone (Japan), and SP-103 and SP-110 which are 600 and 1000
molecular weight polyethylenimines available from Nippon Shokubai, (Japan).
Ethyleilically Unsaturated Acid
A predetermined quantity of an ethylenically unsaturated acid is also added to the
composition. By "ethylenically unsaturated acid" it is meant any acid which has vinyl -
unsaturation. The ethylenically unsaturated acid is likely te-be added in the amount of up to 80
parts by weight of the composition, with 5 to 75 parts by weight being most preferred. The
most preferred ethylenically unsaturated acid for use in the present invention is itaconic acid;
however, other acids such as fumaric, maleic, citraconic, acrylic, methacrylic, cinnamic, itaconic

~ acid monomethylester, vinylphosphonic acid, sorbic acid, mesaconic acid, and viny! sulphonic

acid may be used as well. The term "ethylenically unsaturated acid" as used herein is meant to



conposition. By "ethylenically unsaturated acid" it is meant any acid which

has vinyl unsaturation. The ethylenically unsaturated acid is |likely 4ta

be added in the anmount of up to 80 parts by wei ght of th 3%399% on,

with 5 to 75 parts by wei ght being nost preferred. The nost preferred

ethylenically unsaturated acid for use in the present invention is itaconic
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aci ds. Praf 8 dpipemgqueligedand 2ilitg b beigg amashpistestcds Imfagt hgesid qantradded

pol yamne to acid groups on the acid is from10:1 to 1:100, with 5:1 to

1: 10 bei #ythe selpbititeimiied te: ethylenicaily ubsdturgtedusid, which ér typidallyt readtedtin t he aci d
can be added to the solubility limt of the ethylenically unsaturated

aci d, whambuits of yypicc 80 pyrts Inewdiglt dfthe itiwnof up to 80 parts by weight of
the conposition. Bis-silanes The key additive of the present invention is.
a bis-si Bangiagescri bed by the general formula R3bX3-bSi-2Z-Si X3-b R3b
wherein Z is RANH(RANH)pR4. In this fornula each Ris preferably a

hydr ocar bon g ! 10 car.bon. .at ans,, for, ex | sat urat ed or
unsat ur at ed a{li?%ﬁ{ae?' iC gggaér’fozr!?gtﬁ’rgsengﬂ%\(fﬂ,uo’? - 2 Riswtipme Q%S?%Yk%ﬁﬁepe@
phenyl g£ougf; preferred groups are nethyl and - ethyl, the nost preferred
of which Jrethyl groups. Each X is an al koxy group with | to 4 carbon
atons, a hal ogen atom an oxine group or an acyl oxy group, of these methoxy
and et hoxy groups are prefersd g_gg;q.gp@t_bm ferred bei ng nmet hoxy groups.
R4 may be a dival ent hydrocarbon group having | to 12 carbon atons,
preferablﬁ e_ach_R4L§?s f4rom2 to 3 carbon atonms. Each b is fromO to 3 but
i's nost WheEw 4is ROHENDRE. in this formpie eathsR is @uefetblyaa dydrocabbaignagp by
use of conpounds in which each X is a nmethoxy group, each R4 is-a nethylene

group, bhdvingl 3N Barbén Gionis, For MBGIHIE AERRIEEYR iphati i
bi s- (ganma- tér)i nmet hoxysi | yl prsopyrl')am ne. 'ia'1ese lr?aslgﬁ%gatswn%l téc e eornr]aélé: to

-(ga ! e. “Th al’s” e
o cpar et By py b eSS oRe R, WAl plohBu sTRe exHR et PRROER e St

Pat ent th@%ﬁosg pr%?ezri'eZPo whzli:}? zzir%’xggtﬁylagnrgugs’. ggh %ﬁgan alkoxy group with 1 to 4 carbon
atoms, a halogen atom, an oxime group or an acyloxy group, of these methoxy and ethoxy
groups are preferred, the most preferred being methoxy groups. R4 may be a divalent
hydrocarbon group having 1 to 12 carbon atoms, preferably each R4 has from 2 to 3 carbon
atoms. Each b is from 0 to 3 but is most preferably 0, and p is 0 or 1. The best results are
obtained by use of compounds in which each X is a methox;é group, each R4 is a methylene
group, b is 0, and p is 0, i.e. when the compound is bis-(gamma—trimcthoxysiiylpropyl)mnine.

These materials may be referred to as disilylated secondary amines used in the resent
invention may be prepared by processes known i.n the art for example, as disclosed in US Patent
Nos. 2,832,754, 2,920,095 and 5,101,055.

Solvents
The components of the present invention can optionally be combined iﬁ the presence of

6



Sol vents The conponents of the present invention can optionally be
conbined in the presence of 6 31 August 2004 a sol vent.éﬁn 3engé wat er,
al cohol s and bl ends thereof will serve as suitable sol vett® t he
pol yam ne and the ethylenically unsaturated acid are sol ubl e therein.

Anot her highly preferred class of solvents are ether derivatives of nono
or pol y@isglveits In ganctal,avaterpaicohols anddilepds thyteofiwilbsirdess suithbie bolivers bitesse
solvents |like ethylene glycol dinethyl ether. In addition, the selected

sol vent thi polyaptiesf sxdahd sthyleiiicdl yusathstedatid ardsdditie dokdin. Aheh&aliMapt shoul d

be non- toxic, and will not extend the drying tine of the coating beyond

what i s pEgeRIcts@bt blveRRGRPLAR! Rii from 20%
to 99% apnd S cpr ef er avbl y from GOHF%RESQ%%%%ﬁ%cﬁgg%ucgggﬁ?gg%gnposi tion.

Preferr r hanQl. . ,et hanol .. n-propangl I sopr gpanal.

but anol POERV R SndR KRERES o1t cmenl 28 et 5085 SR 38iome pow
Chem cal, Conpany, M dl.and chigan). Optignal Crosslinkers Wile the

pol yani H@,Segﬁe‘? & t%‘?wﬁ%\glh RS Faksieq Brederably, thp solyens should henomry be
conbined to formthe conpositions of the present invention, it is highly
pr ef er r tkiq, ped Wil nof exisnd theldeying tmedfithd coattrigrheyondewhitas dmammereialipr operti es,

reduce dewetting, and inprove appearance. It is believed that a higher

cross! i adcepablei The are6witofsdlvert bas@nga o VY By 99% dndeSprefofsblyi6& HEfei n t he
term"crosslinker” is defined to nean an agent which can further chain .~

ext end o8 g4ayGaR3 o e chhioBitb Wefifred Ti6erkd 23 ShMESL. olfNoIR pABaRIIAN ©

crosslinker or nore preferably, a reactive silane Cross I'nke

m xt ur es- f ni c. Cragssl i,nkers il he .pol yamne, . t

et hyl enﬁgéﬁﬁén%ﬁ%g%ﬁﬁﬁéhng Y Zriopangl ?’?E@Ielaéng’of?éﬂ}‘%@ﬁ @Bﬁﬁ‘gﬁ‘ﬁ&f"’él one to
formthg con}éo I tions o{&ﬂt he present invention, it is preferred that a
conpountrhemic Ak ylidignd, Michigadr chain extend and crosslink the

pol yamne chain. It is believed that a higher degree of polynerization
and cr oOptiondiGrgsdinkerse pol yanine is desirable to provide inproved barrier
properties and appearance of the coatings of the present invention. 7 31

August 2004 Wihile depabandse, deadfihlerdicallo hasaturesd asid and theiQ Skt Maythae
pol yam ne chai n include, but are not
combined to form the compositions of the present invention, it is highly preferred that a
crosslinker is added to improve the barrier properties, reduce dewetting, and improve
appearance. It is believed that a higher crosslink density results in these improved properties.
As used herein the term "crossﬁnker" 1s defined to mean an agent which can further chain
extend and/or crosslink the polyamine. The crosslinker may be an organic crosslinker or more
preferably, a reactive silane crosslinker, or mixtures thereof: -
Organic Crosslinkers
While the polyamine, the ethylenically unsaturated acid and the bis-silane may be
combined alone to form the compositions of the present invention, it is preferred that a
compound be added that will Mer chain extend and crosslink the polyamine chain. Itis

believed that a higher degree of polymerization and crosslinking of the polyamine is desirable to

provide improved barrier properties and appearance of the coatings of the present invention.



limted to, nmultifiinctional acryl ates, nethacryl ates, epoxides,

| socyanat es, thiocyanates, acid halides, acid anhydrides, ,est al kyl
“hal i des, al dehydes, quiriones. or conbi nations thereof %%%%@%fé&g&anples
i nclude, but are not limted to hexanediol diacrylate, glycidyl

met hacryl ate, ethyleneglycoldiglycidyt ether, tolyl diisocyanate, and
ort ho andhggpapounds nesdili te ohads extTindarpbirgsstink the polyamire ahhmi incledd, Bodeenaind
crosslinked either prior to or subsequent to coating the conposition on a
subst r at ¢imiednpamuidSmetionhldcrilates; htdtincepiites) @pexidbs CE QS EhAtEH tHidt§anddd! ¥ ne
coating include those materials which will undergo an acid catal yzed

- condensahhRdes, acid BRGNS, eMetd) afkYehdliaks, ggﬁ?ycﬁg,%@heé &ecoﬁ%kréﬁm ch as

tris-nethylol phenol, aldehydes” such or e yde a yoxafr,egand

I Xt : ' et hyl . ds . that wll der -
2 Nanni cRBraC PR NG B R horf TR et BT R el by 7
I nd denpt f I ' )y th ddj ti f I tif ti I
compound SRyt coldi By e shntpoL ne At o aribpReA PERIFESEOGMROBEST ot od aci d.

These conpounds include nmultifunctional acrylates and nethacrylates. In
addi ti on, -t heTh¢ pgiyamine s be chatneextersied dndioivshlinksd ditherpricysd briubsequibntast | y
into the crosslinked. polyamne structure by the addition of acrylate and
met hacr ytatiag therotripositibn &n h sulstrate] €onipoyh@ Befub AR SAEHHMhAERsRGhd Onai
si |l ane compounds such as acryl oxypropyltrimethoxy sil ane and -

net haer yb& M@E&Aﬁ@im&&%&c%ﬂt&ﬂﬂs FRER R ﬂg@e?g(hy aJiél"@a ?i}ﬁ%%é%é[ngﬂ?otngg .7

this invention prior to or subsequent to the e eni ca ura

acid to l.i: aci rolysis and . condensati gn of the al koxy
o acyl ok ARRE B Stad WIiETHE S sy ldehyocs sulh
rraterial%/ls\n;aftph | ti fgrt&ié]cti nal, groups which will copolynerize with the

et hyl eni ehyfisand glyoab gnd apguresiof foymgldshideand agtivemethgenegomporadser abl y
added in a polyam ne/organic. crosslinker-ratio of 100: 1 to 1. 10, with
a pref erthaigwillamdergpeiMapnidicreaction. 1: 1 and nost preferred ratio being 5:1 to
8 31 August 2004 2:1. Reactive Silane Crosslinker The nost preferred
conpounds  ar eTheraisdenidillyunsamirart acid@ah ba closslikPRMAbpRHHE IR poNantine bact
with a nitrogen atomon the polyam ne chain prior to addi'tion of” the

th a | . _ : rior to additiol by
oL ! 0 habdditont STaAINRRAtha Softpbinds B URPRILL A Liiheerhfl¥BOAY O 2

well as a trialkoxy or triacyloxy si

hydr ol y sjrsarfittaGed SR éo%ohﬁ&oﬁl&i:lgge Isnlflﬂﬁﬁnqc%%?ug} a%%Ia%gsaz}nid rl"lgeﬂtlaré%lates. In
addition, the ethylenically unsaturated acid may be crosslinked directly into the crosslinked
polyamine structure by the addition of acrylate and methacrylate functional silane. The acrylate
and methacrylate functional silane compounds such as acryloxypropylirimethoxy silane and
- methacryloxypropyltrimethoxy silane may be added to the compositions of this invention prior
to or subsequent to the ethylenically unsaturated acid to crosslink the polyacid. Hydrolysis and
condensation of the alkoxy or acyloxy groups subsequent to coating will form a polymeric
material with multi functional groups which will copolymerize with the ethylenically
unsaturated acid.
The organic crosslinkers are preferably added in a polyamine/organic crosslinkerratio of

100:1 to 1:10, with a preferred ratio being 10:1 to 1:1 and most preferred ratio being 5:1 to



~conposition of the present invention utilizing an optional sol vent

contai ning water. Because the silane portion of the nol ﬁiu’%e i (t)@{m nat ed
wi t h hydroxyl or al koxy groups, it can condense with t y 'ﬂ‘@i? al koxy
portion of other silicone termnated ' Ml ecules to formSi-OSi groups.
The Si-O Si bonds increase the crosslink density of the conposition. The
reactivessj | ane can have the general fornula QSi RM(OR)3_m where Qis any
group containing one or nore acryl ates, al dehydes, nethacryl ates,

acryl am ¢es, ..net.hacryl api des, isocyanates, isothiocyanates, anhydrides,
epoxi des%ee&‘éti“'geédﬁ% '8@?}‘&?‘? near or branched hal ogenated al kyl, and

hal ogenated aryl, and mis O, 1, or 2, and Ris a group having froml to 4
~carbon at ons. Thepws mrefered gomponnds argdhase avhigh contain bath a Bmstionsl groubdbatvidh as
gama- acryl oxypropyl trinethoxysilane, gamma-net hacryl oxypropyl

t ri met hoxsesi Witlna nrogéryatomicmthe pelydmine chaimptitwons wdditiamef the ethiylenizplppy |

trimet hoxysil ane, 'chloropropyl triethoxysilane, ganma-

| socyanaufpneayd kdid &f hexsdaposiivhis of tHiyintédiRh Vel ds%rlﬁalkoxy or triacyloxy silane
vinyl trinmet hoxysilane, vinyl-tris-(2- expoxy cycl ohexyl) silane,

ethyltri | LEek: | | or opr I

ot iyl o rmErpB e ered Ry BoRRi 3By boldeh bR ikcfin SPGB O L BT HE

met hyl di net hO)%/ sil.ane. The nopst .Fr.eferred reactive silanes are

chi or opr SFPPOSIYInRE flicRESSens inyention i ‘QB@@“‘PP‘BWF&? VephGINIAYPS MAEE-Cor por at i on -
as Z-6076, chloropropyl triethoxysilane available fromthe Dow Corning. -
Cor por at i on aBecausathe silang pgetioneol the meleerdg isdenminatecbwith hydgbyyiodglkoxy grenps,
avai l able fromthe Dow Com ng Corporation as Z-6040. It rmay be necessary

t 0 neut r #lcar eprkibvese yathytherhydoxy af alkoxyt partién SflothergliRbn@@Mdinaead sidl@lesto t he
hal oal kyl functional crosslinker therein, such as by addi ng sodi um

met hoxi dfonarSi-3-5l £0{hs) THISi-0-BEbIRIS ickdaBOthe CRRRIRhSty oF MR dofifobiiyh. Fhi anes

are preferably added in a polyatnine/reactive silane weight ratio o

100: 1 t O elich sipiet j ' 0:1 f0 1-1 and nost preferred
ratio behg 5o Bel it SfeRl b ORRlaOR e itre g e Y BT GRE  1°

any desired anmount, however, it is preferred that the coating be applied
in an an®Rer e Acrylatgs. aldehydesamethesrylates; asrylgmides, @tharyldmides essyaghiehal , t he
nost preferred coating thickness being from0.5 to 10 jun. Coating
t hi cknesisotbemydnates,dahwdridesnegotijesSacid ohlogdds| Badar orbrivhiched aslogsnatedaMy!, and - -~
anal ysis. The coating can be applied to the substrate by any conventional
met hod,  Kulsgen@ed &1, ad £A80] Nor 2/ &d R &Akbihavileorfi 936 4 R8rbon atoms.
Specifically, the reactive silane includes molecules such as gamma-acryloxypropyl
trimethoxysilane, gamma-methacryloxypropyl trimethoxysilane,3-glycidoxypropyl
tnmethoxysilane, chloropropyl trimethoxysilane, chloropropyl triethoxysilane, gamma-
isocyanatopropyltriethoxysilane, vinyltriethoxysilane, vinyltrimethoxysilane, vinyl-tris-(2-
expoxy cyclohexyl) silane, ethyltrimethoxy silane, chloropropyl triethoxy silane, chloropropyl
ethyldimethoxy silane, methyldimethoxy silane and glycidoxypropyl methyldimethoxy silane.
The most preferred reactive silanes are chloropropyl trimethoxysilane available from the Dow
Coming Corporation as Z-6076, chloropropyl triethoxysilane avaitable from the Dow Corning

Corporation as 1-6376 and gamma trimethoxysilylpropyl glycidyl ether, available from the Dow

Coming Corporation as Z-6040. It may be necessary to neutralize the polyamine after the



meni scus coating, inmersion coating, and direct, offset, and reverse
gravure coating. Substrates The coating can be disposeﬁéo a wde variety
of substrates, including, but not limted to polyolefi 1, Wqush284 or i ent ed
pol ypropyl ene (OPP), cast pol ypropyl ene, polyethyl ene and polyethyl ene
copol yners, polystyrene, polyesters, such as pol yethyl ene terephthal ate
(PET), orreagpioh y£thk hakynfapétional @bl ercifGuyPhsty JMdgRReINIEMSthotideh as
et hyl ene vinyl acetate, ethylene acrylic acid and ethylene vinyl alcohol

(EVQH),  nghYirend & arnedudiddbréapokey/Mers thereof, polyam des, such as
nyl on, and MXD6, polyi m des,” pol yacrylonitrile, polyvinylchloride,

pol yvi nyl i den i ori.de.  and pol.yacryl.ates,, i ononers. | ysacghar i des,
such as regengl;hgtrg%wégél £ 8% fe?eé?‘%y E‘?‘%lefié%ﬂg?lywrﬁ?“?ﬁ%ye&%‘%‘gﬁts,
other natural oy synthetigc rubbers, glassine or clay coated paper, paper
board or @bgftf’ ‘Lh‘géﬁ“ aaPFEI&FE E}"Pibquﬁw torks} and mesd pesferredaptie beiagosl taed
net al oxi de coated polyner filns, such as Al OX, SIiOX, or Ti . The

af oresai @kubstrates are likely to be in the formof a filmor sheet,
though this is not 10 31 August 2004 obligatory. The substrate nmay be a

copol ynerCeating dihi¢laiess a coextrudate, a blend, a coating or a conbination
of any of the substrates |isted above according to the conpatibility of the

TRt als o he@aRihgdal B apptikd Al !dBid dihrd WAL €14 YRE ke b2 TOT M

of a rigid container om materials sucH as polye

pol ypropyl ene,. polyst.yrene, polvyvam des, PET, EVOH @ | g nat es caont ai ni ng
such mat é?ﬁgﬁ%sb? a?ﬁ%eédﬁgp@gl"% Sé'éb‘??‘r‘g? Eat weisht fs3p tBe{OdFE iginesyielgblothe o
coating by corogna treatment, plasma treatnent, acid treatments and flane

t r eat nenfRost piefemsd cogtinghigknessbringfrom @.héo dPpm.| Goatingithickness camde
conpositions of the present invention can be used as barrier |layers on,a

wi de var detesmioéd paStegingElexon MinmssypySER) analpsis cligscoatinghes, bebpplitEs,

vial s, bag-in-boxes, stand- up pouches, gable top cartons, thereto-forned

trays, btlicGabfiatsy any@sRFentiohd ediddSsueh ak Sprayebating, roll éfing T8 & {HEQSi tions

\ . a
of the present invention nmay be used as | amnating adhesives. O course,

the presgRhisbve@atih 'ﬂnh-rﬁ% 1o} ﬁ'-ﬂg’ E%P j RAGKAGLN |Lcations, and
may be usec? 'iibn anﬁapp cat i on s er%‘%ér%t’é)g%%t’ or aronag%‘gtﬁ'gfééa%ng'r operties
are desi gﬁgﬂ stusch as tires, buoyancy aides, inflatable devices generally,
etc. Any 0 h f oregoi ng substrates may have priners applied thereon. The

primers are %)pl ied to the substrates by nethods known in the art such as
spray coati nglPg€fatinggap pq@,sp@pq)@namde variety of substrates, including, but not limited to

polyolefins, such as oriented polypropylene (OPP), cast polypropylene, polyethylene and
polyethylene copolymers, polystyrene, polyesters, such as polyethylene terephthatate (PET), or
polyethylene naphthalate (PEN), polyolefin copolymers, such as ethylene vinyl acetate, cthylene
acrylic acid and ethylene ﬁnyl alcohol (EVOH), ponvinyialcohoI and copolymers thereof,

| polyamides, such as nylon, and MXD6, polyimides, polyacrylonitrile, polyvinylchloride,
polyvinylidene dichloride, and polyacrylates, jonomers, polysaccharides, such as regenerated
cellulose, and silicone, such as rubbers or sealants, other natural or synthetic rubbers, glassine or
clay coated paper, paper board or craft paper, and metallized polymer ﬁ]ms and vapor deposited

metal oxide coated polymer fitms, such as A10y, SiOy, or TiOy.

The aforesaid substrates are likely to be in the form of a film or sheet, though this is not

10



coating, meniscus coating, imrersion coating, and direct, offset and
reverse gravure coating. Suitable prinmers include, but gie notL'ééBited

t o- carbodi i m de, - pol yet hyl eni mi ne, and' silaries, such &Y August2004

N- ( 2- am noet hyl ) - 3-am nopropyl tri net hoxy sil ane and

am nopropyl triethoxysilane_ Curing Wiile the conpositions of the present

i nvent i aiblighibly. ThE Bhstth@nzAtbe PN inet, ANEthinaRNS coexBRBAENBIERS Y béRing bEa

achi eved by heating and/or free radical cures. The conpositions are
prefera Alle ' i ggﬁr : A.ravi -

el ectr o?oﬁlgg%ﬁgg?%m e%’g I a?élsgi%‘ieg% C ear%nE@gngs[ "lrjlg% Cr%gl@? {é%[lgfgdefg%erelg?%rrlaés such
as azo conpounds [1. 31 .Au t 2004 and, peroxi.des..Low.energy el ectron beam
is the p‘?ﬂg?%?ﬁg@eﬁépﬁé HB‘?’L{@?R"I ﬁ#ﬁg‘@&&@&&?f?@ Oﬁﬂ'@%ﬁé?nt?‘ﬁéﬁnﬂ%ﬁﬂi“ sour ces
| i ke Cobalt M60., Its advantage over ultraviolet radiation as a cure system
li es i n Materighpych aypelyethdenss pelxpropyiens; pelistyrese mobasudespPet.diVitiert ors . It
al so inparts higher vyields of crosslink density and chem cal grafting of

t he coatlammpatepcaont@ninglssdhrasterial&l ect ron beam accel erators of various types
such as van de G aaf-type, resonance transformer-type, |inear-type,

dynanat r on- t yihe afiéhaldl tbstfal RGBS BREraRA phRr HSQRLAS bttt t@nminte! ectron
beam El ectron beans having energy of fromﬂgﬁto 200(%@!{20\/, preferatt)’ly from

50 to 3 i : r j ' ' f fromO.1
fo 10 nPRgaR eptth Sl H ol ol Wk, f BERRLESolp IR '\ Low
el ectron beam vol.t ages may he us if the. substrate is treated in a .-~
vacuum mﬁ%@éﬁ‘?’@%@ﬂ%ﬂ%‘ﬁg‘?w&*&f myenhion,can bp used ag barrier layer5 8 ar e
CB-150 avail able from Energy Sciences, Inc: (WImngton, MA). The

conposi tidhearetiof padkaging conteingts, Bichas pouphes, tahesdotdesoyialsdnagrimbexes, stand-
photoinitiators is added prior to curing. There are no speci al

restri ctippoeches ghble tgyhairions) ithenab-dosnedardya tgickpatisehoxes igapargaelisand d@t cal s
by the absorption of optical energy. Utraviolet |ight sensitive

phot oi niliké.aTke ompdkitibh€MEe Plesdnl ifveMicH hayBeekel Bs lahnddigelh&ivet. t he present
conposition include 2-hydroxy-2- nethyl-I-phenyl-propan-1 -one (Darocure

1173), sold %:?fetrj% . %gﬁ' - Hhenyl- I none
(I'rgacure 65 c sol’ rE%h g}’ IS%@%}’%@WWP{B‘E@V ‘0%&?%@\%\7 g%} For
.0..05 1o 5 weight

pur poses _of .t.his inyentio i.t has been . found that fro
her cent DBUEAdN ARy anPfigetion ierdin ekl ™A RaTIEE RigBEAES R devifedy figh o tres!
photoinjtiators described therein will cause the conposition to cure.
Ot her t Vh@netaidssciflatghiedgyicergsaealpele: known to those skilled in the art
may al so be

Any of the foregoing substrates may have primers applied thereon. The primers are

applied to the substrates by methods known in the art such as spray coating, roll coating, slot
coating, meniscus coating, immersion coating, and direct, offset and reverse gravure coating.
- Suitable primers include, but are'not limited to 'carbodiimide, ‘polyethylenimine, and silanes,
. such as N-(2-aminoethyl)-3-aminopropyltrimethoxy silane and aminopropyltriethoxysilane.
Curing
While the compositions of the present invention will form films at ambient conditions,
optimum results are achieved by heating and/or free radical cures.
.The compositions are preferably cured by a free radical generator, such as ultraviolet,

- electron beam, or gamma radiation or chemical free radical generators such as azo compounds

11



enpl oyed, such as pronoted peroxi des, azo conmpounds, etc. In addition,
ot her nethods of curing may be required if a crosslinker 1i/§ adgg[g%to t he
conposition. For exanple if a reactive silane crosslinkel AYSUSEARM4, "~ { he
conposition may be . 12 31 August 2004 cured via a condensation reaction,
whi ch requires the presence of noisture. The noisture may be present in the

coat i ng aod peroxides. tIwet nergyreletlrn beard SARE pheférRH SRS EF BuBhe bBealsd it &
hum dity oven. The reaction may be acceFerat ed t hrough tﬁe presence of

heat , foe},&ig@frm;},@g' bRadel ' -~ ratyres . 140C, with
t enperatures of frag?hM%OC tgﬂgezg?:b%glplngdefp&r@%é@%%ﬂ%gﬁﬂiﬁag%%%%wgfsBF“%C
to 110C bgi - - rred. atin ine is . tenperature dependent and

t he coat P%%h%ﬁﬁtggéﬁt}ﬁggﬁnwtg%eg ﬂ‘éﬂwﬁ%w'&l%‘t pPhptemitiainrs nli also mhparistigher ng
step serves, ta evaporate the solvent, and accel erate the condensation
react i onyﬁ@s\ﬁgﬁwswﬂwaﬁfﬁhﬁﬁﬂmﬁﬁw egpting teithe substwates tHleatonbeami r ed

w || depend on the p'arti'cul ar crosslinking systens enpl oyed, which are
wel | knodselerrtomnef various Gpes smahs vatdde Graabtyparesonsncepiansfostheraggh, linv@gygean be
added to the conposition to inprove various properties as required. These

addi ti vedymampatron-typddad high ﬁe&qﬁéﬁcgdy@r&n bB usddhs 3 TBHRE oﬁaeéﬂﬂﬁ%eg@ &Yoo not

degrade the performance of the barrier coatings as illustrated herein. Such

A S TR D R,
b1 sphenol SRR bl in Thooe35ipar0 R 10 Wk () 1Pt et dosracana

ot her sil t1ing agents, such as pol yet hoxyl ated phenol may al so be
added. F’Pégﬁ %%Xd’\?gh%‘ﬂg@éh@w electron bggrn a/pliggeenay bd usaddt theisobsiateds (rBaté2g)

are added to N-(isopropoxy, nethoxy) silyl propyl polyethyleneimnmne (29)
wi t h' st i e vaguuam dCominsrodly ayailablesbuf@s of edtionbead ok leRasdurCBS 58dded t o
the m xture and this is stirred for 2 hours (where Part A is nade by m xing

159 N (i=svaitabdpfran EnefpptStinyds, Bict gWilmiRod, Mpo). yet hyl enei mine,  74g i sopr opy!
al cohol and | Ig itaconic acid together). “After coating, drying and

1710 at o0 ARG ey A AR ABeL Re he EF o ek e g ned
to be 2 a%d@d prio‘f??L tg’gunAﬁ'ég Lﬁlgrezageo 1?'0 special restrictions on the photoinitiators as long as they can
generate radicals by the absorption of optical energy. Ultraviolet light sensitive photoinitiators
or blends of initiators used in the UV cure of the present composition include 2-hydroxy-2-
methyl-1-phenyl-propan-1-one (Darocure 1173), sold by EM Chemicals, and 2,2 Dimethoxy-2-
phenyl-acetol-phenone (frgacure 651), sold by Ciba-Geigy Corporation, Hawthome, New York.
For purposes of this invention, it has been found that from 0.05 to S weight percent based on
the total solids in the composition, of the photoinitiators described therein will cause the
composition to cure.
Other types of free radical generators, known to those skilled in the art may also be
employed, such as promoted peroxides, azo compounds, etc.
In addition, other methods of curing may be required if a crosslinker is added to the

composition. For example if a reactive silane crosslinker is added, the composition may be

12



Exanpl es Experinments 1-10 --- Al 170 & bis- TMSEDA addition to 1-6601/1TA
(29:71 wt) formulation keeping the ITA | evel constant i% %he ma% ure
(where I TAis itaconic acid) In experinents |-10 the (1-6604gust 2004
170/ bi STMSEDA) : | TA formul ations were utilized in a weight ratio of 29:71
w with a total solids content of 30% The solvents enployed in all the
~exper i meatred diascohdetatun reavtivs higORgRRes HEbieidntabs HbRAk. | BRAGRARGhaRNd
distilled water. The N-(isopropoxy, nethoxy) silyl propyl
pol yet hyhepeidh [ WXL ) "1~ 1%) wa

Prebeit Bthé 6Hng Qblbsh s &%%)%d&%@?%ﬁt&ta&e&ﬁl? gﬁ%gg\}]}hmm ity

obt ai ned from Dow Com ng Corporation

trinmetho [ ' Si | quest 170 or ~AlL 170") from Wtcao, the
bis-[(3- Oyeh E%‘% E‘%ﬁ@%ﬁl %@?}%&%‘%ﬁe&ﬁﬁw‘%@%ﬁ% of fiegy; é‘rﬁ?&%@&e%}’ heaty in

Celest, and the itaconic acilc)i4 °é" | TA")from Acros Cheni cals. The coating
sol ut i orf QP EL temperaies vpitor KOCE, with temneptwes alirom 60°Citei 120°C Reipg pp”
oriented polypropylene filmfromUCB Filns utilizing a #18 Myer rod. The
coat ed fPreferiad andiiempgratmesefl 907Ero ak1080 Beihg mokOprefernad e Heating timelier anbi ent
conditions for a further 2hours . The dried coated filmwas then "cured"

by an EBenpematunedependerObRiihe ackRing Ml rdatl ek fred fitheGi ¥AER 10REEGRALI Thd Y val ues
for each fil mwere neasured and recorded in units of cc/square neter per

24 hour sheatiflf dtep ¥M4ES ePPbRG: HE Qﬁ%rﬁ%ﬁ%c&w&ﬁg%twgé%og B

1 tll
values at 90% relative humdity utilizing Qrieg onme .-

-of -the ; t fi re,al sg evaluated at S0%RH. Th I nstrunment s
wer e obtsélﬁﬁ@ﬁ ‘?er 8‘m%g‘£¢$°%ﬁw glﬁm %ﬂ'&’f&o‘ﬁ‘% qu?ndc‘HHg‘éP?%‘Sw?r t he

pol ypropc)l{l e{lﬁfbase filmhad a gier nmeabi | ity of 1200 cc/square neter/24
hours atSregshnkipgsysiemsemploysdwaick arewelldaswménthemfe coating | ayer thickness
was neasured by neans of Scanning El ectron M croscopy (SEM. Experinent |
-- No A Qpffenahdditivesg) was added to a solution of 1-6601 (3.86g) and | PA
(i sopropyl al cohol, 4.87g) 14 31 August 2004 and the m xture stirred for 5

m nut es. |t acvurions apiichal AIROE} carbise AAEEH thOcdhSoskRINYb iRProdedakdte N xture
was stirred for 2 hours. After coating, drying and curing, the perneability

Of the rRejRRSIak el TPRSUSAMHA o bk Ao £elidhanih BnFlindi BOURE AN

650.6 cc wet and t coating thi ess was determ ned
EXperi Mgty & rot degiade thd ggrfonnance of the barrier coatings as illustrated herein. Such additives. «..

include antiblock and slip aides, such as stearamide, oleamide or polar additives, such as
epoxides, acrylates, methacrylates, polyols, glycidol, glycidyl methacrylate, ethylene glycol
diglycidylether, bisphenol A diglycidylether, or polyamines, such as polyethylenimine and other
silanes. Wetting agents, such as polyethoxylated phenol may also be added.

" Preferred Embodiment- -

Water (7g) and itaconic acid (3.02g) are added to N-(isopropoxy, methoxy) silyl propyl
polyethyleneimine (2g) with stirring and this was stirred for 15 mins. 8g of Part A is added to
the mixture and this is stirred for 2 hours (where Part A is made by mixing 15g N-(isopropoxy,
methoxy) silyl propyl polyethyleneimine, 74g isopropyl alcohol and 1 1g itaconic acid together).
After coating, drying and curing, the permeability of the composite was measured to be 51.6 cc

dry, 17.1 cc at 80%RH and 26.1 cc wet and the coating thickness was determined to be 2.5 -



1-6601 (3.71g) and I PA (4.6g9) were stirred together for 10 mns. Water (7Q)
and I TA (4.21 g) were added to the above nenti oned n‘ix%g{gyand é&n S was
stirred for 15 mnutes. 0.48g of Part A was added to t £20%nd this
was stirred for 2 hours (where Part A was made by mxing 15g Al 170, 74g

| PA-and 11g I TA together). After coating, drying and curing,the

per meabi Exampdds t he conposite was neasured to be 118.3 cc dry, 44.8 cc at
80% Rl | and 594.3 cc wet and the coating thickness was determ ned to be

2.35 n. Expeirhe@Nl-16 = AMYPI & Ms-TMISINA (ddidenlo RBEOT/EMA (24071 Wi Fitmblakibh €d
together for 10 mns_ .. V\ater (79) and ITA (4.08g). were added to the

above mg&ﬁ;@ﬁeﬁ&w&%ﬂ WRPurs Miérsﬁrd&gr gmghaa; 1.6g of Part A

- was adde m xture an I's was stirre ours (where Part A was

drying and cufl Hwﬁ%tsielﬁaa%éﬁ%f It SER AP RGO ess sre R o

121.6 cc_dry 25 2 cc at 80%H and 424.9 cc wet and the coating thickness
was det efh? W@&h&rétl%@f 278l wh with total selids content of 309, Therplvensaupleyeding) thend

| PA (2.65g) were stirred together for 10 m nutes. Water (7g) and ITA
(3.82g) emeenedtedsaribed belowhvwere corembi: ondastriad geade isopropariohis] disdllegitviatered f or
15 mnutes. 4g of Part A was added to the m xture and this was stirred for

2 hours (mé Bﬁupbxﬁnymxwﬁm pbbpyg@dymlézéﬂnﬁé 4% sdiids ih E’sﬁpﬁw zhcdﬂal)l TA

together). After coating, drying an curlng, the perneabil

éi”ﬁﬁzhé?‘ “’%%A‘W%%E%e%iﬁzo‘i’rﬁlggﬁtﬁo nwﬁﬁ?@%@e iy ”Seﬁ_% 2 S§n15
Experi nme

t oget .her gh%s" WGP 70 i %%ﬁﬁﬁér‘%ﬂﬂlﬂja E‘%J?)e#\éebiﬁﬁééli{(r)e?he

above nenti oned mxture and this was stirred for 15 m nutes. 5.2g of Part
A was adtieethexysibdprpytlethilepediaminge {biBglMEED AL plomdpelest sod the itasheiceciar t A
was nmade by mxing 159 A 1170, 74g IPA and 1 | g ITA together)- After

coat i ng, (‘WFAT)figmakdosChémigalst Fhe caingralniibristwerohll tfyslicdaoparehi geaedb3pasur ed
to be 37.9 cc dry, 27.4 cc at 80%H and 85.4 cc wet and the coating

t hi cknesgid@Ra bALRedpdIfprBByléncliilnt fom I8 FIFRMilifing a #18 Wit 1dd Teb601
(1.73g) and IPA(1.31g) were stirred together for 10 m nutes. Water (79)

and I TA coated film was dried in an oven at 60°C for 10 minutes and under ambient conditions for a

further Zhours. The dried coated film was then "cured" by an EB machine at IOMegaréds and
165Kv.

The oxygen permeability values for each film were measured and recorded in units of
cc/square meter per 24 hours, "dry" values being measured at (% relative humidity and "wet"
values at 90% relative humidity utilizing MOCON Oxtran 2/20Series. ‘Some of the coated -
films were also evaluated at 80%RH. The MOCON instruments were obtained from Modemn
‘Controls Corporation. For comparison, the polypropylene base film had a permeability of 1200
cc/square meter/24 hours at all the relative humidities measured. The coating layer thickness
was measured by means of Scanning Electron Microscopy (SEM).

Experiment 1 - No A1170

Water (7g) was added to a solution of 1-6601 (3.86g) and IPA (isopropyl! alcohol, 4.87g)
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(3.56g) were added to the above nentioned m xture and this was stirred for
15 mnutes. 6.4g of Part A was added to the mxture and_this was stirred
for 2 hours (where Part A was made by mixing 15g A 117031 Augpst g04ng 11 g
I TA together). After coating, drying and curing, the perneability of the
conposite was neasured to be 6.3 cc dry, 46.7 cc at 80%H and 578.6 cc wet
and t he aodthteimmgturditoted dersS marmtate feconicmdd (426 whs dddudito epehitioraid the- 19%
A1170 1-6601 (1.33g) and I PA (0.65g) were stirred together for 10 m nutes.

Wt er ( baiktupelad slifred (or-2A0@ts. WiteEcabdfle driifg bREc@RRY e PeRidadiligrfoftht ure and

this was stirred for 15 mnutes. 7.6g of Part A was added to the m xture
~and thi g, it bk hRdadr t0deRY's Q%A‘h 1 xjhng 159 A
1170, 74g PA ar’% 119&%,&%{%9@[ flcgr .’%ig’tégr%li?:%% i ng,dr%r%%ér%éﬂeéfgl}ldd(@gri ng, the
per nmeabi | it f. the conposi.t S asured to be 4.2 cc dry, 136.2 cc at
8094RH aﬁﬂa"f'ééﬁ‘ikr@f:sw @Weﬁﬁ@‘ég‘gﬁ%g t hi ckness was deternined to be 2.3
m Experjnent 8 - 4% bi STMSEDA 1-6601 (3.33g) and | PA (49) were stirred
t oget heEXpgrmegd 2 de &d17at er (7g) and | TA 16 31 August 2004 (4.08g) were
added to the above nentioned m xture and this was stirred for 15 m nutes.

1. 69 of Pa660B(Elg) antiHA (4o68) mermstixted tagethed farHi0amings Waitdr (Tgdnd IFA 2 hour s
(where Part B was nmade by m xing 24.2g bi sTMSEDA, 64.8g IPA and 11 g I TA

t oget heyd.21 g)ieRs addediio thE abdlie hdibioAion vk BAd thid WEs RRFHFANS hinve®f 04RE
conposite was neasured to be 77.8 cc dry and 472.1 cc wet and the coating

t hi ckne i | - 9% .bj sTMBEDA. ;.1-6601
(2. 55g) OEPAER o8 pIB e haliE ol S s S 5™ ol (iR R LA WRRe o7 )
and I TA .(.3. ed t above tioned mixture and this was

sti rred@%?gig%%ﬁﬁzg‘ﬂ%mﬁiﬂgﬂigtm %%rtgﬁafé@a%& RangRnc qyFae, this was
stirred for 2 hours (where Part B was made by m xing 24.2g bi sSTMSEDA,

64. 8g | PEmgaAlility qf ghe composiewarmyasurstitebe EHh3 cadry, #4-§cag Pdh%gRJdland H%%-3 c¢ he
permeability of the conposite was neasured to be 33 cc dry and 332.9 cc wet
and t hewetadithexpating thickaes waslegtahmediaisd? BSuhe 1. 05m Experinment 10 - 19%
bi sSTMSEDA 1-6601 (1.33g) and I PA (0.65g) were stirred together for 10

m nut esExpiiineint § ZOM92RA170A (3.42g) were added to the above nmentioned
m xture and this was stirred for 15 mnutes. 7.6g of

. 1-6601 (3.33g) and IPA (4g) were stirred together for 10 mins. -Water (7g) and ITA (4.08g). ..
were added fo the above mentioned mixture and this was stirred for 15 mins. 1.6g of Part A,
was added to the mixture and this was stirred for 2 hours (where Part A was made by mixing
15g A1170, 7Ag IPA and 11g ITA together). After coating, drying and curing. the permeability
of the composite was measured 10 be 121.6 cc dry, 25.2 cc at 80%RH and 424.9 cc wet and the
coating thickness was determined to be 2.8 pm. -

Experiment 4 -- 10% A1170

1-6601 (2.53g) and IPA (2.65g) were stirred together for 10 minutes. Water (7g) and ITA
(3.82g) were added to the above mentioned mixture and this was stirred for 15 minutes. 4g of
Part A was added to the mixture and this was stirred for 2 hours (where Part A was made by
mixing 15g A1170, 74g IPA and 11g ITA together). Afier coating, drying and curing, the

permeability of the composite was measured to be 68.8 cc dry, 33.1 cc at 80%RH and 61.5 cc
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Part B was added to the m xture and this was stirred for 2 hours (where

Part B was nmade by mxing 24.2g bi sTMSEDA, 64.8g | PA a I T
together)- After coating,, drying and curing, the perngag'tf%‘ﬂ'qtgg/%q&t he

' ' : ting
conposite was neasured to be 7:9 cc dry and 209 cc wet and the coa
thrgkness was determned to be 1.95m The barrier data for Exanples | to 10

i s shown hemwmdboxaﬁ)é fhicknesh fvas defrmbhed © B 227y NNOOO 0 ORto MO LD
rnCMMen+--+ 0 M , o rr - a
Experiment 5 — 13% All170
1-6601 (2.13g) and IPA (1.98g) were stirred together for 10 minutes. Water (7g) and ITA
(3.69g) were added to the above mentioned mixture and this was stirred for 15 minutes. 5.2g of
Part A was added to the mixture and this was stirred for 2 hours (where Part A was made by
‘mixing 15g A1170, 74g IPA and 11g ITA together). After coating, drying and curing, the
- permeability of the composite was measured to be 37.9 cc dry, 274 cc at 80%RH and 85.4 cc
wet and the coating thickness was determined to be 2.1 pm
Experiment 6 — 16% A1170
1-6601 (1.73g) and IPA (1.31g) were stirred together for 10 minutes. Water (7g) and ITA
(3.56g) were added to the above mentioned mixture aflld this was stirred for 15 minutes. 6.4g of
Part A was added to the mixture and this was stirred for 2 hours (where Part A was made by
rﬁixing 15g A1170, 74g IPA and 11g ITA together). After coating, drying and curing, the
permeabifity of the composite was measured to be 6.3 cc dry, 46.7 cc at 80%RH and 578.6 cc
wet and the coating thickness was determined to be 1.7 pm.
Experiment 7 — 19% Al170
1-6601 (1.33g) and IPA (0.65g) were stirred together for 10 minutes. Water (7g) and ITA
(3 :42g) were added to the above mentioned mixture and this was stirred for 15 minutes. 7.6g of
Part A was added to the mixture and this was stirred for 2 hours (where Part A was made by
mixing 15g A1170, 74g IPA and 11g ITA together). After coating, drying and curing, the
permeability of the composite was measured to be 4.2 cc dry, 136.2 cc at 80%RH and 792.1 cc
wet and the coating thickness was determined to be 2.3 ym.
Experiment 8 - 4% bisTMSEDA

1-6601 (3.33g) and IPA (4g) were stirred together for 10 minutes. Water (7g) and ITA
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(4.08g) were added to the above mentioned mixture and this was stirred for 15 minutes. 1.6g of
Part B was added to the mixture and this was stirred for 2 hours (where Part B was made by
mixing 24.2g bisSTMSEDA, 64.8¢ IPA and 11g ITA together). After coating, drying and curing,
the permeability of the composite was measured to be 77.8 cc dry and 472.1 cc wet and the
coating thickness was determined to be 2.7pm.
Experiment 9 - 10% bisTMSEDA

1-6601 (2.53g) and IPA (2.65g) were stirred together for 10 minutes. Water (7g) and ITA
(3.82g) were added to the above mentioned mixture and this was stirred for 15 minutes. 4g of ~ ..
Part B was added to the mixture and this was stirred for 2 hours (where Part B was made by
mixing 24.2g bisTMSEDA, 64.8g IPA and 11g ITA together). After coating, drying and curing,
the permeability of the composite was measured to be 33 cc dry and 332.9 cc wet and the
coating thickness was determined to be 1 .05pm.
Experiment 10 — 19% bisTMSEDA

1-6601 (1.33g) and IPA (0.65g) were stirred together for 10 minutes. Water (7g) and ITA
(3.42g) were added to the above mentioned mixture and this was stirred for 15 minutes. 7.6g of
Part B was added to the mixture and this was stirred for 2 hours (where Part B was made by
mixing 24.2g bisSTMSEDA, 64.8g IPA and 11g ITA together). After coating, drying and curing,
the permeability of 'ﬂlé‘composite was measured to be 7.9 c¢ dry and 209 cc wet and the coating
thickness was determined to be 1.95um.

The barrier data for Examples 1 to 10 is shown below in Table 1.
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w OO +0 ."~0O[-'"0~DenG NnCTC ) a . - ,nNNN.- - w CCDC)CCO I
-Nmihifr -0'.0 - 31 August 2004 en 14 18 31 August 2004@5 can 28 seen from
the above table, substantial inprovenents in oxygen tra rAtegy Ohave been
achieved with the bis-silane over the control not having the bis-silane.
Experiments 11-14 --- - A1170 & bis-TMSEDA addition to 1-6601/1TA

(35: 65w ) f oinesndeisenn fravn dps abgve tablel hstaptia impmvenents in oxygtretravismission
(where ITAis itaconic acid) In experinents 11-14 the (1-6601/ Al )

170/ bi s THdBER#EN: akHidved wiklmine dis-sitage wadreéhddontrolzed havifg theviii-ghbher ati o of 35: 65w
with a total solids content of 30% The solvents enployed in all the

exper i mgp&nﬁl@ﬁﬁrlqu—mlzqw&ﬁsmmmdtﬁgﬁ% i 16801/T A¢85:6 Cgfo%ﬂm%n and
distilled water. The 1-6601 was obtai ned from Dow Corni ng rporation

(M dl ang. ; gh the IPR aléleg rom Q&%éﬁ’)&ﬁf ﬁ@gﬁe Ijl'ﬁ_llﬁltgco%mba@d-SNSEDA fromGeJes t,

and the’i ni c

In experiments 11-14 the (1-6601/A1170/bisTMSEDA):ITA formulations were utilized
in a weight ratio of 35:65wt with a total solids content of 30%. Ihe_ solvents employed in all the
experiments described below were common industrial grade isopropanol and distilled water.

The 1-6601 was obtained from Dow Corning Corporation (Midland, MI), the Silquest ALIT0
from Witco, the bisTMSEDA from Gelest, and the itaconic acid from Acros Chemicals. Tﬁe

coating solutions were all applied to corona treated 30 pm thick "Rayopp” oriented

polypropylene film from UCB Films utilizing a #18 Myer rod. The coated film was dried in an

oven at 60°C for 10 minutes and under ambient conditions for a further 2 hours. The dried

coated film was then "cured” by an EB machine at 10Megarads and _1.65Kv.

Experiment 11 — No A1170

Water (7g) was added to.a solution of 1-6601 (4.67g) and IPA (4.43g) and the mixture
stirred for 5 minutes. Itaconic acid (3.9g) was added to the solution and the mixture was stirred
fpr 2 hours. After coating, drying and curing, the permeability of the composite was measured to
be 84.1 cc dry, 155.6 cc at 80%RH and 993.9 cc wet and the coating thickness was determined to
be 2pum.

Experiment 12 - 15% A1170

1-6601 (2.67g) and IPA (1.09g) were stirred together for 10 mins. Water (7g) and ITA
(3.24g) were added to the above mentioned mixture and this was stirred for 15 mins. 6g of Part
A was added to the mixture and this was stirred for 2 hours (where Part A was made by mixing

15g A1170, 74g IPA and 11g ITA together). After coating, drying and curing, the permeability
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coating solutions were all applied to corona treated 30 pmthick "Rayopp"
oriented polypropylene filmfromUCB Filns utilizing a #18 Myer _rod. The
coated filmwas dried in an oven at 60C for 10 mi nutes ahOu@H#éP0hnbi ent
conditions for a further 2 hours. The dried coated filmwas then "cured"
by an EB nmachine at | Owvegarads and 165Kv. Experinent 11 - No A 1170 Water
(79) was ofditesbnipdsite $84 mitds@red@b bd 5659 ke (vt £ilthe é&ﬁn% Bﬁcl&éss‘l@&)dde?ém %o
m xture stirred for 5 mnutes. Itaconic acid (3.99) was added to the
sol utionb@@cj;ﬁ}p,_e m xture was stirred for 2 hours. After coating, drying
and curing, the perneability of the conposite was neasured to be.84.1 cc .
~dry, . 155. 0%RH., 3.9 cc wet and the coating thickness-was
determ nelig‘pf%%m%%telzéz'éﬁb%ﬁ ment 12 -- 15% A1170 1-6601 (2.67g) and | PA
(1.099) were irr(e7d together for 10 mins. Water (7g) and I TA (3.249) were
added to the a¥eie(’gbmdididd W2exwareaddeditor 66 1@g) with sthodg huf thistwasatined 64
of Part A was added to the m xture and this was stirred for 2 hours (where
Part A wder Havimuley. 8 of Pajt AV addedif6Ghe ihdbgureRAd drisiwhs $tir@d |72 hOgetviasy -
After coating, drying and curing, the perneability 19 31 August 2004 of the
conposi t Pamas waemads BPmixendESHRP170, 7 ar'd gt NI REH Hhf A
OROITO, Vs W a1 & 70&8\&%{;&@?%&?@2 TA

determned to be 2.1 dun. Experinent 13 --

ﬁﬁ'h%zﬁﬁt B4 Ey il gkt é%%%fa%%@tvﬁ%&l‘n%‘ﬁﬁ% Bt G o éc{ar;??edf for
2 . A ixing 1 Sg A 1170, 74g |PA 11 g-I'TA
Coget her JORET ! ko W S g e i o6t v kBB KAWL y of tho

conposite was neasured to be 51.6 cc dry, 17.1 cc at 80%H and 26.1 cc wet

and t he E3Bmtdfi<1@98ebisTMSERA er mined to be 2.5 pan. Experiment 14 --
200/ a bi sTMSEDA Water (7g) and ITA (3.02g) were added to 1-6601 (2g) with

stirring and Wite (MgsandtiTA(R02g) oere 28detli to0t6591 (B9 with Mg MBS vad deded O
the m xture and this was stirred for 2 hours (where Part B was nmade by

m Xi ng 2fbra§ oiheiEd Paf/B R8s hdRAa6 the Thisturd Shd BASLARTdred ﬁfrtﬁfoursg%’lgeng’

drying and curing, the permeability of the conposite was neasured to be 28
cc, A1y apgh BRAR nfad by Wikind ¥ pHR1MI8EDAI 64 8 TN ERE 1 AT A'RESHED "Riet © PO
coating, drying and curing, the permeability of the composite was measured to be 28 cc dry and
- 689.7 cc wet and the coating thickness was determined to be 1.4pm.

Table 2 shows the barrier data for Experiments 11 to 14.
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As can be séen from the above table, substantial improvexﬁents in exygen been achieved

with the bis-silane ever the contro} not having the bis-siiane.
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?'~r-"NM# 21 31 August 2004 As can be sten ftom the ve ,
substantial inprovenents in oxygen been a cbhieved wﬁtﬁﬁfﬁﬁgﬁ#ggéftane

over the control not having the bis-silane. 22 31 August 2004 That which
Is clainmed is: 1. A conposition conprising:
That which is claimed is:
1. A cémposition comprising:
an ethylenically unsaturated acid and a polyamine optionally having a crosslinker reacted
therein,
and a bis-silane, wherein said polyamine has four or more A, B, or C units, where:
Aisan-R2-NRI)y unit, Bisan-R! - N(RZ-); unit, and C is an (-R2)3N - unit,
where:
R1 is independently: selected from hydrogen, alkyl, substituted alkyl, aryl, substituted aryl,
arylalkyl, and alkylaryl, and R? js independently selected from the group consisting of:
Jinear or branched alkylene groups or substituted alkylene groups having from 1 to 18 carbon
atoms, and arylene groups or substituted azyle:;e groups having from 6 to 18 carbon atoms; and
said bis-siiane has ﬂ;ﬁe formula;
R3pX3.pSi-Z-5iX3.pR3},
wherein Z is R4NH'(R4NH)p R# each R3isa hydrecarbon group, each X  is an alkoxy group
with ! to 4 carbon atoms, a halogen atom, an oxime group or an acyloxy group, each R4 is a
divalent hydrocarbon group having 1 to 12 carbon atems; b is from 0 to 3 and pis 0 or 1.
2. The composition of claim 1 further comprising a solvent selected from the group
consisting of water, alcohol, ether derivatives of mono and poly g]}-{COIS, and mixtures thereof.
3. The composition of claim 1, wherein the ethylenically unsaturated acid is
selected from the group consisting of itaconic, fumaric, maleic, citr'aconic, acrylic, methacrylic,
and cinnamic, itacoric acid monomethylester, vinylphosphonic acid, mesaconic acid, sorbic
acid, and vinyl sulpkonic acid, and mixtures thereof.

4. The composition of claim 1, wherein said bis-silane is



an ethylenically unsaturated acid and a polyam ne optionally having a
crosslinker reacted therein, and a bis-silane, wherein | I ne has
four or nore A, B, or Cunits, where: Ais an -R2 N Rl)ﬁﬁhgq&??@g‘ an Rl
N(R2-)2 unit, and Cis an ( -R2)3N - unit, where: R is independently
sel ected from hydrogen, alkyl, substituted alkyl, aryl, substituted aryl,
aryl al ky! , bisr(ertamgipxysilylpropyBamime gr (hip§(3errinmethonysitylipapyRétylbRdemdheups
having from| to 18 carbon atons. and axyl ene groups or substituted
aryl ene groups having,fromb6.to 18 carbopn atons; and said bis-silane has
the formul a: R3BX3_bSPE ngoRuioges plaml s whergmsthe polxamine rupalyoihyleniminsthar®es a
~ hydr ocar bon groulp, each, X i s an al kox roup with |l to 4 carbon atons, a
hal ogen at®moles W@t@r%@nmofaﬁﬁma@éﬁgﬂt). group, each R4 is a 1divalent
hydr ocarbon group having | to 12 carbon atonms; b is fromO to 3 and pis O

or 1. 2. The cofposi Theeomygositionioficlhin ) Whatinaheiold i of nRRIg¥E Mom3 Ve €d
fromthe group consisting of water, alcohol, ether derivatives of nono and

P oDy Sctyanfineiott beld Qoup ek R lethylenichg uOFRAR LR Rim 0% W hodiher & 7

the ethylenically wunsaturated acid’is romt roup ¢onsi sting

of itaconic, f ric ' | ni a lic, nethacryl.ic, nd
ci nnanic, i tacgﬁcal iC T}écc@p%@gﬁéfﬂéﬁgst‘g%mg%‘%mg Br‘ﬁcoaé iog 2 SHE@%‘l‘Eeoni c

and vi nyl. sul pho acid, and m xtures thereof_ 4

d bi i d . _
The conposSEIeFiSH TS gronP poliel polyalesingcsicbted aalypropyieac; zast polypecyylenes

bi s-(g-trinmethoxysilyl pr&gyl )am ne or (bis-[(3 L
-trinmet ho%ﬁfp’ﬂ%ﬁa polyethpnegnpdiymei podystyrerte; palyestargmobeitiylons t@éphthaditen 1,
wherein the polyarnine is polyethylenimne having a nolecular weight in

the range polye8ftent aaftih4ae, poyolcRnecopolyaiess; bihglene vingl aetitel ethpR&E Sdrlid ;Q:?d;h

nolar ratio of nitrogen atons on the polyamne to the acid groupsS on the

et hyl eni cakyfend Rl Hicahd holpityldlSoHol 258 %Mé}s a,'e;‘%@ iPPé’ta{é‘T&gé’fyg% ) é@é tion of

claim1l1, wherein the conposition is coa on a subs from

the group g9 sdil £ LNS: .0kl ent.ed. pol ypr opyl.ene; cast, .
pol ygr opSI ene;’ ﬁ%ﬁ@%ﬁ?@@%ﬁ’qé’ﬁé’%m@w@@%ﬁ%‘éﬁ?ﬁcﬁﬁ%@%B&W@ lene
pol yesters | ye ne terephthal ate; . pol yethyl ene naphthal at e;

: hyl
pol yol efi ﬁ*"é’@ﬁ%ﬂ%@@?ﬂt@é P ;mquc £ feengaisd (celhidosgesilicane; mbbefs or

sealants; natural or synthetic rubbers; glassine or clay coaté‘d‘paper; paper board; craft paper;
métallized films; and vapor deposited metal oxide coated polymer films.

8 The composition of claim 7, wherein the coated composition is disposed on one
or more additional substrates to form a laminate, and said additional substrate or substrates are
optionally primed.

0. The composition of claim 8§, v.vheréin the additional substrates used to form the
laminate are selected from the group consisting of potyolefins; oriented polypropylene; cast
po!ypropj}lene; polyethylene and polyethylene copolymer; polystyréne; polyesters; polyethylene
terephthalate; polyethylene naphthalate; polyolefin copolymers; ethylene vinyl acetate; ethylene
acrylic acid; ethylene vinyl alcohol; polyvinylalcohol and copolymers thereof; polyamides,

nylon; and MXD6; polyimides; polyacrylonitrile; polyvinylchloride; polyvinyl dichloride;

polyvinylidene chloride; polyacrylates; ionomers; polysaccharides; regenerated cellulose;
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et hyl ene vinyl al cohol; polyvinyl al cohol and copol yners thereof;

pol yam des, nylon; and MXD6; polyim des; polyacrylonitrjl

pol yvi nyl chl ori de; polyvinyl dichloride; polyvinyliden 1‘%‘?9”8?12%1

pol yacryl ates; iononers; polysaccharides; regenerated cellul ose; silicone;
rubbers or seal ants; natural or synthetic rubbers; glassine or clay coated
paper; craft pa er; netallized filnms; and vapor deposited

met al oxsil “’E’d&at@EF‘H fs@*@ﬁ@%%ﬂw ity cofitgdl paper; paber ei n
the coated conposition is d| sposed on one or nore additional substrates to
forma I@m%a&gmmgfall@ethﬂm iand wdpos dégsisitat iaetal oxiddaiatedtpeiynat €ilms.
optionally prined. 9. The conposition of claim8, wherein the additional

substrates usiéd t dheoompbsditon dRUIIMAR, Svlidfein SRlpHRleR tk SlcoH B0 M BoRp
consi sting of polyolefins; .oriented polypropylene cast polypropylene

pol yet hyebRRing e a E%M%dlyéﬂ?ﬂ&uﬁn .1:u¥ bodifHligeSt Yr ene;  pol yesters;
pol yet hyl ene terephthal at ‘e; poI yet ene napht hal at e; pol yol efi n

copol yners; hyl L ac ic acid thylene vi nyl

aI cohol poI ?él nyiﬁmﬁ Jﬁ@‘? %or?ao &P@F &l‘gF@ﬁ'ﬁ“&ﬁW%ﬁsﬁrﬂé@ lsa"ﬁ%t'(‘fﬁ and
; i.m des,; crylonltrlle pol yvinylchlorid e; polyvinyl

d| chI or |5§@¥ ¢ hayine (e &?ﬁ?@%@ﬁ@u'ém%&ﬁ@ R)pals gemiains a groupselected from the

pol ysacchari des; -regenerated cel |l ul ose; 24 31 August 2004 silicone; rubbers

or seal groupicondiitinbaf a@ylatey Hldubyiss, féihagyRitesSAcRASHIMRs, Metitdclarfiided, €d paper ;.

paper board; craft paper; netallized filns; and vapor deposi ted nmetal

oxi de c¢ fi..claim§ erelnthe

pri mer ?%Esel ectééﬂﬁ{xl)a% t’he %&de;f%g%ﬁgg@a%mﬁgg hgeaf %l%ranch\é’g

pol yet h : ar bodi.i m.de. QS|t|on of claimI1,

wher ei n‘?ﬁ%ﬂ% §g§1¥f (gp(i gg?@ﬂta“gﬁﬁ‘silys Zé"'s \‘ﬁé‘grgi‘l?]éﬁﬁ’é“&ﬂa\ﬂ%g t he
general fornmula QSi 3- where Q contains a group selected fromthe

gr oup cSﬂ&%?‘Pﬁ&%‘F‘%@W@H@%@Oﬂ%ﬁS@mM beprpnevtighizadat es, acryl am des,

nmet hacryl am des, isocyanates, isothiocyanate, anhydri des, epoxi des, acid
chiorides, | l3ear Tb¢cdmmsithawfch&hdgwhatiadha&:da;ddsubﬂﬂateh'alhw@iattﬂ@l aryl, and
mis. 1, 2 or 3, and Ris a group having 1 to 4 carbon atons, and said

conposi presenchapmophednal | y been neutralized. 12. The conposition of claim
7, wherein the coated substrate is heated in the presence of noisture. 13-

. A et hod coppri sh%ﬁm, §Q eétla d’f‘ xi.ng an ethyl enically unsaturated
aC|d a bis-silane, and a polyam ne optlonally havi ng a
(I) mixing an ethylenically unsaturated acid, a bls-sﬁane,_and a polyamine optionally having a
crosslinker reacted therein, wherein said polyamine has four or more A, B, or C units, where:

Aisan-R2-NRI)) unit, Bisan-R! - N(R2.); unit, and C is an (R2)3N - unit,

where:

Rlis indépehdenﬂy selected from hydrogen, ﬁkyl, substituted alkyl, aryl, substituted aryl,
arylalkyl and alkylaryl, and R is independently selected from the group constsung of:

linear or branched alkylene groups or. substltuted alkylene groups having from 1 to 18 carbon
atoms, arylene groups or substituted arylene groups.having from 6 to 18 carbon atoms; and
said bis—silane has the formula:

R3pX3.4Si-Z-SiX3 pR3y,

wherein Z is RINHRINH)p R4 ,each R3is a hydrocarbon group, each X is an alkoxy group
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crosslinker reacted therein, wherein said polyam ne has four or nore A B,
or Cunits, where: Ais an -R2 - N(RI)2 unit, Bis an -Rl .- N&}gﬁﬁz unit,
and Cis an (-R2)3N - unit, where: R is independently eﬁ'é%"fs om

hydr ogen, al kyl, substituted al kyl, aryl, substituted aryl, arylalkyl, and
al kylaryl, and R2 is independently selected fromthe group consisting of

I i near or .branched. al kyl en roups or substituted al kyl ene groups having
froml t &‘?‘fpa %d‘ﬁ"“ %E%/‘Bﬁs?ﬁ"“é‘?%‘r'f‘é‘ LANRKIEE SHIUP 3B 1ECYIQRE graupy tashR? is a
groups-h%ying from6 to 18 carbon atons; and said bis-silane has the
fornul a: dRalsREhyitpcashoy sroumirsting et 2carbon atonRybliy fRami 1 Rhdaanio &B3i:s a
hydr ocar bon group, each X is an al koxy group 25 31 August. 2004 with | to 4

carbon allyns, ceatinglhcybstragtwith thamigiesf sgipq@Pad an acyl oxy group, each R4
is a divalent hydrocarbon group. having 1 to 12 carbon atons; b is fromO

to 3 and(ifl) i steating tHe coated subduaRAisRE () t%LiHﬁitafeaatf?ele‘l’ij}a&i@altercﬁ%.Xt ure of step
5 T

(1); and treating the coated substrate of ste toinitrate a free

radi cal reactiggon. 4, foacl ai m. rein said.free radical
reaction is i n?ti at e%mgeﬁdgf‘télg@g(l)% %%5%1 %é?rgg}%ﬁcafbegm S itiged BY or
ultravio radi at i optional Ly.in the presence of photoinitiators , or
said f reél@(%ué) abc%‘i'“?‘ﬁ%&"t“r g‘ﬂ“‘?@ '?‘Jﬂélt‘tof‘é’{ @E‘Wlﬁ’é‘?‘r‘fﬁ?‘?‘}})% Aptignally e praserse of fr ee
radi cal generator. 15. The nethod of claim 13, wherein the coated

subst r at Bioggntialers, on sajd free mdisalaaaction & inifiagedrtherhadly i thelpadsenckHf avfeeradicalt he . -
crosslinker is present and is an organic crosslinker. IT A packaging .~

cont ai negenefatori npr ovenent conprising: at |east one barrier |ayer form'ng an
integral part of said packaging container, wherein said barrier layer is

formed by thelsret gk méthéd &6 dRitd13, wheRin the coated substrate of step (1) is heated.
. 16.  The methed of claim 13, wherein the crosslinker is present and is an organic
crosslinker.
17. A packaging contﬁncr the improvément comprising:
at least one barrier layer forming an integ;:al part of said packaging ;:ontainer, wherein said

barrier layer is formed by the method of claim 13.





