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It is well known that coatings containing polyamine silane compounds and itaconic acid
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 lesé, 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 ﬁroperties 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

1



ning of each regular issue of the PCT Gazette. (54) Title:

ALKYLENI M NFJORGANI C BARRI ER COATI NGS HAVI NG BI S- SILANE ADDI TILVES 0 (57)
Abstract: A conposition which provides gas, flavor, and oYM er to
substrates, where the conposition is formed by mxing an ethylenically
unsat ur atASTMEIBA85-8t.bi s-sil ane and a pol yam ne. 31 August 2004

ALKYLENI M NE/ ORGANI C BARRI ER COATI NGS HAVI NG BI S-SI LANE ADDI Tl VES Field

of the I nvent iNofe 3he prvittfRed BL BleSsnt biiveiBa] | #lﬂm%éfﬁﬂmﬁ%,gtkﬁi Pledi B9 yam ne,

‘a bis-silane and an ethylenically unsaturated aci have barri er

"~ properti | [  cations. ac_ground. of the | nvention

T e, el P R palABRMICR) Wi Gl r inor bR e
S

itaconic_acid. inproye.the ga oil, -and f| avor_barrier perfornmance of

or gani ¢ BAVSHLE 3t Khicyst pmdLkeioge phoesrsisaey. GBSO ket \osstey havadiént  of
which is _US Serial No. 09/341,252, filed July 15, 1999). Moreover, the
adhesi onfupctionalitydp he cagpesitionsds pudesirahle (cak 8, lime24)e The pgerttées indicanotheckhe
barrier characteristics provided by the silane coating, are' greatly

enhanc e dfdmatiomafsimige salteis te baswiddd betaiise U SlRitssensilpR feat@ ShB il an aHiRs e
coatings represent. a significant advance in the art. However, it has been

obser védand dvakn WhinkSalt MERILBNE tdrall 18 H?crﬁréﬁﬁt(jlﬂt(er&igﬁ, ‘.Pﬂjglg gﬁa‘ggcg F%g@gi ngs are

excellent in environnents at relative "humdities © their .-

per f or meges Sif 5 QP f t.r-elative -humdities of 90% or nore.
The present |nvif%{é‘gfgl%g{i/éeshgﬁg%ﬁlgc%ﬁlbﬁ'?S'ﬁfeg'(‘?ﬁp/"’éfl‘érd’r?mest he conbi nation of
a polyam ne, ,an, ethylenically unsaturated acid, and a bis-silane gives
excel | ent gas‘f\‘b‘g" i%%“@?’o‘%grﬁ;"ég - 498360 teachepdhaeambiaationiof a textarydi t y

val ues, as well as excellent gas barrier properties at very high relative
hum di t 2THEs ceatping o, altyl esmmateivesitcemd a mpaloiefsctionabresine Liddiseiten of a
bi s-silane, which results in excellent barrier at humdities of greater

t han 90%ateTitee teohgsalsit thewompositides are fopmalaiodit ehihithifd rleliflind I RIBIG bar ri er .
As used herein, the term"barrier” neans inproving to at |east 750

cc/ m2/ defyndiosRlitpWhidtc@nteds il With () prehefweionona treated pol ypropyl ene
film having.a perneability neasured at 0% relative humdity to oxygen of
1191 cc/ n2/ days aeikrNo. 5,017,406 claims UV curable compositions which contain 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




perneability measured at 90% relative humdity to oxygen of 1238 cc/ nR/day
as neasured at 1 31 August 2004 ASTM ' D3985-81. None of the prior art
‘teaches the present invention. For exanple, U 'S Patent3Ndugush26®Y 435
clainms WV curable polyethylenically wunsaturated conpositions in
conbination with a polyanm ne resin, which use an aryl ketone

phot osensitizer . The 435 patent teaches that acid functionality in the
‘conpositions is undesirable (col. 5, line 24)_ The patentees indicate that
the for neMPHRNSAN ghyigeicallyjunsatyraied arighands, plypspne, pplioaalbehavivg asmessiirdensi ti zer
reacts only with an amne, and not an amne salt- This is in contrast to
the prese®ectsdniberrin; g 2 Wisdanes whgssin said palyamine baofonner weredt, Baoir € wailst s i s
desirable and results in superior barrier properties. Another exanple, U S.
Pat ent No¥he€:943 600, teaches the conbination of a tertiary anmine
containing resin, allyl termnated resin, and a mal eate functional resin-
Li kewi se the patentee teaches that the conpositions are fornulated to,
mnimze or elimnate carboxyl functionality, which contrasts directly
with the presangafh | S. ept _Non2 5. 017, 406 cl ai UV curabl e
conposi tions mhichqxﬁgﬁpgpaygggésgéeﬁ un %5#%Tganggﬁﬁ@ﬁﬁggbbbuwuﬁoes not
teach the,use of a polyanmine or an unsaturated acid as does the present

i nventi oWPI$P (Kokai) publication 7-18221 published on January 20, 1995

t eaches ahsurface' treatment conposition for gas barrier conprising an

am nosi | BAgs indspeadeaa [ . C T or_.hydrogenat ed ring.
The present ig§Zntiogﬁfgﬂ§12??#@%?@%3gﬁéggﬁ%&%&@ﬁ@%%éggu%gﬁmﬁ?gGﬁis not
require theyadditi of c i.c_ conpounds having an aromatic ring, nor does
the ref %W%H‘Eg a?‘%ﬁ@ﬂ@&éﬂé%éilf indepeadenshy seletted Gaindbé frpup omsating ef:ed aci d.

The present invention is distinguishable fromthe prior art because none
teach t hénegees hsgnched lsylgnergrous or substiiusedsillyddme pedghs ABviRs MnSNb Q8! hibon

unsaturated acid to achieve gas barrier properties. |In one aspect of the

present i #omhenbaykemegreurs sr pibaitiieeatyRnCGERAShihORor 6 R AURKS bro2Q04 4
conprising an ethylenically unsaturated acid and a pol yam ne, optionally

havi ng a ®idss$ilankkss therfeaofed t herein, and a bi s-sil ane, wherein said
pol yam ne has four or nore A, B, or Cunits,
Ry X3.9i-2-SiX5,,R3,

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:



where: Ais an -R2 - N(RL)2 unit, Bis an -Rl - N(R2-)2 unit, and Cis an
(-R2)3N - unit, where: R is independently selected from hydrogen, alkyl,
substituted al kyl, aryl, substituted aryl, arylalkyl, ﬁ%wu@pamL and
R2 is independently selected fromthe group consisting of |inear or
branched al kyl ene groups or substituted al kyl ene groups having froml to 18

carbon atong. andlanylbgne ar s _onisybsbit uted arul.ene gsoups having from
"6 to 18 car B%ﬁs%ﬁ'%;ﬂ(gn& ugﬁo%%oqns'- i'hkgﬁe”)ﬂa?“f ﬁ%é¢6sr?ﬂﬁ‘g;)s b Si-2Z-S
1X3-bR3b wherein Z is RANH(RANH) p R4, each R3 is a hydrocarbon group, each

X i s arnwhdrkoxy group with 1 to 4 carbon atons, a hal ogen atom an oxine
group or an acyloxy group, each R4 is a divalent hydrocarbon group having

1 to 12%,car: : j 0 i Sy r_ i sitionis
coat edz%n%e{p%égﬁeggfsed%ﬁégﬁr %%?' P%‘%%%W S‘}ﬁ?’?ga Sggﬁet%loa(i}fﬂi afl%la%u-eggtgm&?e radi cal

‘reaction_ The invention cgn be applied as a coating to a variety of

subst r aarletkyk enfl alkylpak kndRAds independenityiselested fromethe group comsistioe o6f  t he

present invention, there is provided a method conprising the steps of (1)

m Xi ng laracérrhehedadkysheunogiswr sttstinaeal dkylendlirsusiHaging froan il toal §aakhoan ne

optionally having a crosslinker reacted therein, wherein said pol yam ne

has f OujioRE, aRRE Qlbsfitutéd ‘havigg fr étbgisn%ﬂ%a?mhé -R2 -
N(RI)2 uni t’,awél?%sg?%uﬁ??ﬁl PN Ro- Ene\ﬁ?‘%‘? 2ving oo > A dbms T e
Rl is indgpendently.sel ected from hydrogen, alkyl, substituted al kyl, aryl,
subst i t{t% S'&‘?W?'a‘ytg?%%“ 71, and al kylaryl, and R2 is independentiy

sel ected fromthe group consisting of |inear or branched al kyl ene groups or
substi tRﬁ@@.@WJSﬂﬁgz_b pups having from1 to 18 carbon atons, arylene
groups or substituted aryl ene groups-having from6 to 18 carbon atoms; and

S i S 5 S S o
with 1 to 4 carbon atoms, a halogen atom, an oxime groﬁp or an acyloxy group, each R4isa
divalent hydrocarbon group having 1 to 12 ;:arbon atoms; bis fromQ0to3and pisOor I;
()  coating a substrate with the mixture of step (1); and |

() 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:

3a



with | to 4 carbon atons, a hal ogen atom an oxinme group or an acyl oxy
group, each R4 is a divalent hydrocarbon group. having | to 12 carbon
atons; bis fromO to 3 and pis 0 or 1; (I1) coating a Suhgushe®@4ith the
m xture of step (1); and (Ill) treating the coated substrate of step (I1)
toinitiate a free radical reaction. In yet another aspect of the present
invention, there is provided a packagi ng contai ner the inprovenent
conprising: at |east one barrier layer formng an integral part of said
packagi Rg isortpandently seletedfiom lydiogemalityl, sabstiayed alkg, £91, Ssgiedidpg, met hod as
defined above. Polyam nes The polyam nes of-the present invention are -

pol ymer i J l.yeric or .caopol yneri.c | yam nes .havi ng four or
o o A, e A8 SIORIARRXS e pna AR HERA o o b eonaipg ok | R -
N(R2-)2,.uni t,. and IS, an (-R2)3N - unjt, where: 3a 31 August 2004 RI is

i ndepentiaH¥ P(/bfg‘éq%sgﬁf&ulew Grps Asabrtitntedatiylene srowpshaving dromal o)18 caghop |
substituted aryl, arylalkyl, and alkylaryl, and R2 is, independently

sel ect edfoms.cirdendengzoups ovsibisétuted grydénelgrovpa hading froanttock catHoy la®nes. gr oups or
substituted al kyl ene groups having froml to 18 carbon atons, and aryl ene
groups or s ti-tut ed aryl ene qroups, having from6 to 18 carbon atons. Rl

i s i ndependerit 139"‘};68?@(?{1%%5&?‘?"%%3 Eﬂ{j@ﬁm @Eﬂy*‘{bsg'ﬂilﬁgtail%taéd, subtipited ar y/| |
substituted aryl, arylalkyl, alkylaryl, and R2 is independently sel ected
from t heylgaplafiyl; atkylasylj and Ro¥ is fidepaideily 3fecd M%?@%ﬂm@%@ﬁﬂe@ Lyl ene
groups or substituted al kyl ene groups having fromI to 18 carbon atons and
arlyl enne groups or substituted aryl ene groups having 6 to 18 carbon atons.
For exanple, RI or R2 can be substituted with hydroxyl groups. The am nes
of -the present invention are, polyneric in nature, preferably having

nol ecul ar wei ghts of from 150 to 2,000,000, with 400 to 400, 000 preferred,
and nost preferred being from600 to 80,000. The high degree of

pol ynmeri zati on of the am ne provides

3b



a |lower degree of tackiness in the final conposition. The | ower nol ecul ar
wei ght pol yam nes can be further polynerized to form higher nol ecul ar

wei ght pol yam nes by net hods well known in the art, su %@ﬁ@%ct i on
with dialkyl halides (i.e. ethylene dichloride), diisocynates (e.g.

t ol ydi i socyanat e hexarret hyl ene diisocyanate), di(nmeth)acrylate esters
(e.g. hexlgaechg d alkylepg SOPH gtsubgsiariechal lém groops hivang fydratiad 1 8darbon xictessand
(ethylene glycol diglycidyl ether). Exanpl es of pol yam nes usef ul for the

i nvent i onariylk 6 bty | y S
pol y- DADIVIG\C%"'MSil %g%)v. nyl pydfcrlgﬂég%ﬁ%eo gg%ghﬂ lw% C%?]ll ﬁlsf g:%l mn Iﬁdgg

' reactlon odyct et e.di am ne and epi chI orohydr| n copol yners. A
preferre p‘(ﬂ'&fﬁ?"ﬁ F@%‘@gﬁdﬁéﬁ@@wsto achi eve varyi ng degrees of
tackiness is the class of polyamnes referred to as polyal kyl eni m nes,
such as pol yetHiglasthesiofghe pkseotinventiopadi polymeniain mhire, prefesbly eingange of
nol ecul ar wei ghts and different degrees of branching. Polyethylenimnes

consi st aholacilarvgdgttast frgm Of50wa 20000500004, 400 18- 400IDOREHEE ,m@mog@m nes of
varying nol ecul ar wei ght and degree of chemical nodification. 'S

general | yréaaunbdifiafiol G108 | SUIRO. 2t infsh &efgﬂegeltdt%gmﬁme@z&?on c&%ﬁeggfng PR, o

a polyner that is conpl ete y conpose ving a

but that r chi . Ien| m depends on the
acid concgéﬁfga‘icgﬁﬁ%?% Q’ﬁgﬁﬁg‘i‘lﬂ?@i} ' :5% SFRe F?ﬁﬁrwghtmy%r ee.-
of branchi f or exarrpl , vary between 12 and 38 percent. The forrrul a
of pol yetcﬂﬁggﬁﬁ?‘h@]y‘ﬁgﬁeg@ foepheghen molpcular weight pelyarineaby Biethmds @elini t s,
where: 4 31 August 2004 Ais an -R2. - N(RI)2 unit, Bis an -Rl - N( R2- )2
uni t, andnewndn tha art, ek a0by reaction, withMiaiks] mdes(xhyeihgagmmaaonae)mso@ﬁagiz-
group. The ratio of Ato Bto Cunits can be from 1:0.5:0.5 to 1:2:1, but

I's pref e(ap!tylylliiwoydnate] hekain@thiieds 311306 Ed)OcﬂﬁjnetH a@Haﬂ%ﬁe ERhs g Heldde lont 0
pol yet hyl eni m nes usi ng nethods wel nown in e art, to change t

af finity dpkrifi€p W"‘&*a&?ﬁtﬁqﬁéﬂ"&%g tf?yle f{ﬁ%&%@é{ @rllgﬁ]osert | es.

Exanpl es of "pol yet hyl eni m ne I'cat | o | nc h et hyl ene

oxi de structu cidol) to.i duc hydr oxyl groups,

reaction wit hlii%%g %gép% %fe%ey@egoq S c‘i”B%’“‘#y 2RSS, | nt r oduce

carboxylic.a d ( Str cker nt hesi s") gr af ti ng of phosphoric acid
<teAl Bhgec!

or sul f ofif@ aﬂ%} & B DMACS peywinyl pyrealidpne copalmsersisi ng

al kyl ati ngl glent s such as dinethyl sulfate.
yethylenimine and the reaction product of ethylene diamine and epichiorohydrin 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:



Preferred nol ecul ar wei ghts of the polyethylenimne are from 600 to 80, 000.
Most preferred nol ecul ar wei ghts of the polyethylenimng are from 600 to
25, 000. Typical polyethyl enimnes are SZ-6050, a silane :&.&:QL@HZOM

pol yet hyl eni ni ne avail able from Dow Comi ng Toray Silicone (Japan), and SP-
103 and SP-110 which are 600 and 1000 nol ecul ar wei ght pol yet hyl eni m nes

avail abl e frMs%pmbnNﬂabjguj@mBiﬁd;agdn)NﬁRZE}jmﬁ@md:@Iﬁ%d.n Nuradiied Acid A
predeterm ned quantity of an ethylenically unsaturated acid’is al so added
to the conposition. By,"ethylenically unsaturated acid" it is nmeant any
acid mmrﬁrﬁgls\?wﬁ@gen ﬁ%gsaarmcéiz%~ 2o ckheyntimeicAte 3 tafsupita can kadfrerai d i s

" likely 4ta be added in the ambunt of up to 80 parts by weight of the

conposi tis10.54b 110D, bulisPre®AiblySiréhd 1Wi13Ht1:24i ng nost preferred. The nost
preferred ethylenically unsaturated acid for use in the present invention

is itaconic i16: t Pt . i | &, . .
citraconic, Z\‘gilby OP%ITEQ%\&%%}%&%% Cl n(gg?%?%:{?ﬂfa aélféér%iq%ﬁ]gg%ff ﬁ%gnkg?wwést er,
vi nyl phgsphoni ¢ aci d, tbi ¢ acid, mesaconic acigi d.vinyl sul phonic
acid ma E?s‘g’d"‘!fégmﬁfmw?ﬁﬂ’etce?ﬁlﬂg't@ﬁﬁﬁ"gﬁﬁ%w e BeS VR BIPRRANSSe | o as used
herein is meant to 5 31 August 2004 include m xtures of one or nore of the
af or ene Fxamplegotralypthylenimineraedificationdndledeaeaction wathathylepeaoxidetstmeturss
nitrogen in the polyamne to acid groups on the acid is from10:1 to 1:100,

with 5(cthyiencbxide, flecidol) pr mtreducechydrotyPardupspredcfordeitin gyanitktang aldeleydeed. | n-
fact, the acid can be added to the solubility limt of the ethylenically

unsat ur giR%ea sl tydrdlisig o infrobuad &ﬂidxyilié mgﬁﬂ%ﬁi ('StrBdRE B in&is") oF parts

by wei ght of the conposition. Bis-silanes e key additive of the present

i nventi | Baes | S-.Si . rib . enernal nul a. .

Rabxa. b sl Shelt Bl ARERRAE 64 b SRR i B e tiospingen
is preferably a hydrocarbon group having | to 10 carbon atons, for exanple
a saturﬁ%eé‘ff%fhﬁfﬁ@?@?’gﬁ“&gmal i phatic or aromatic group, for exanple alkyl,
al kenyl, or phenyl groups; preferred groups are nethyl and ethyl, the nost

preferred of Pigfired molecutpsprejghtyelabe polyethylnipinsarg froal 16600 §0.609 Mosth | to 4

carbon atons, a hal ogen atom an oxine group or an acyl oxy group, .of these
nmet hoxypmefetred trindecyliar weights of the polyethylenimine are from 600 to 25,000.

Typical polyethylenimines are SZ-6050, a silane grafted ';Solyethylenimjne available =~ %"
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



groups are preferred, the nost preferred being nethoxy groups. R4 may be a
di val ent hydrocarbon group having | to 12 carbon atons,_preferably each R4
has from?2 to 3 carbon atonms. Each b is fromO to 3 but31oéu9ﬂf'§?0%¥eferably
O, and pis 0 or 1. The best results are . obtained by use of conpounds in
whi ch each X is a nethoxy group, each R4 is a nethylene group, b is 0, and

P is 0, iinQudeWhRiurtd\6r FRIPRIRTS e %&Aﬁg%&ﬁdsﬁ%}é}%ﬂ | it RGQRYY;d Fn ne.

These materials may be referred to as ated secondary am nes used in

t he rese ' [ repared b rocesses kno in.the art for
exarpl o, Borm ABHERE LR € pBYERP. Rag! 3557 Bz o dog 5,100, Wi
5,101, 055_, Sol.vents The c nents of the present invention can optionally
e conbi rEh i Dkt REEHEQABE 1d 1o11:Alemg mebpm aredom ek theasidgn b anded

wat er, al cohol s and bl ends thereof will serve as suitable solvents because
t he pol yinihaesolubidity hmited e ethylenagally unsaseraigd aciddwhich ds typiealiyolendtied it her ei n.
Anot her highly preferred class of solvents are ether derivatives of nono
or pol yghmyooits pf epitoh 88 pantsiyoweight dfdhe/cinokitiag. oxi des, which incl udes
solvents |ike ethylene glycol dinethyl ether. In addition, the selected
sol vent widdilaneef erably wet the substrate. Preferably, the solvent should

be non- toxic, and will not extend the drying tinme of the coating beyond
what is comesgi Y. e | e- The ampunt. of, sol.vent ca nge from 20%
to 99% and isﬁg% %&r%dgﬁ% f&éﬁ‘?&feﬁ%’ IPEIHaR 8. abvsﬁg?'bengesﬁflg?%gyc'gﬁpgﬁg? on.

Preferre solvents are net hanol, ethanol, n-propanol, isopropanol,
but anol , "% #- net hoxy 2- propanol (avail able as "Dowanol PM from The Dow
Chem cal Conpany, Mdland, M chigan). Optional Crosslinkers Wile the

pol yam ne, the ethylenicall yRﬁgxggﬂgig_gg(ﬁgwband t he bis-silane may be
conbined to formthe conpositionS of the present invention, it is highly

preferred that_a _cyossljnker 4is added to inprove the barrier properties,
reduce Jd¥hEFEH Ads Faﬁﬂlﬁl#@} - ippusifermuda each Rsis petfermblyda hipdiocarbbn grarp
crosslink density results in these inproved properties. As used herein the

term " crigasdd Pkerio babsiebioned iRl alkARS0Y ow&g%gg?éa Jylu%ﬁn@ror%ﬂic

extend and/or crosslink the polyamne. The crossli na e an organic

crossli e , tive silane.crosslinker,  or

mi Xt ur e;g—tsﬁpe’(r)%{) gy&ﬁplepil@l, ﬁlﬁprk})f, or%l{e%?f: groups;pre erréd groups are methyl and ethyl,
the most preferred of which are methyl groups. Each X is an 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



Organic Crosslinkers Wiile the polyam ne, the ethylenically unsaturated
acid and the bis-silane may be conbined alone to formt:{}e corrgg&H]i ons of
the present invention, it is preferred that a conpound AUGHE at will
further chain extend and crosslink the polyamne chain. It is believed
that a higher degree of polynerization and crosslinking of the polyamne is
desi r ablagolvent. B ganexdb wawpy dodwldrmndrbilends thempéwill sssvamcsuitplge solacreebabusehe
coatings of the present invention. 7 31 August 2004 The conpounds useful to
chai n exiegrdyaatick adabséthylknitdll peitvaedacidabeiduble Herde, Ahstherdtighiyot

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

| SoCyanptfgredclisO6H30RNBSre &Héﬁeﬁbﬁi%ﬁ&ﬁno&%%%&% gf'cg’as firpGlor, al kyl

hal i des, al dehydes, quiriones. or conbinatlon peci T c exanpl es
i ncl ude e toLin.te ex di gl .diacr e | yci dyl . ...

met hacr §P @?ﬁé),d%ee?’ﬁ%sé‘lﬁléugb ;Iécglfég ? gltlye ?Sg@fe cgl}yﬁeé}ﬁ,g‘fxc\éb gif“‘eé'}iﬁ §%‘8§7 gﬁ afidition, , 4

ort ho aﬂ%qu‘ara ﬁ:genzo iré?ne@. The pal g%rni ne can be chai n extended and
crossl i eeted splvent wild prefesably wet the sehsinie. Pesferablyi thg selvent shonbd e Bobn on a
substrate. Conpounds useful to chain extend and crosslink the polyam ne
coat i ngtaxig peeiwilk nns sxtendithe dirang timie iof thewpatinglbegendyehatns emrdercialinl yzed
condensation,, reaction with the nitrogen atomof the pol yam ne, such as

tri s- neadvgprable piknahounlofsdiyvee sarbraase frah 109 fﬂabdﬁlwﬂq%ﬁ:@ftrﬂﬂy%ﬁl 60 fnd
m xtures of formal dehyde and active nethyl ene conpounds that wll under-go

a_Nanni o9k EaGH i B fetbiibbilbh Ablind Sl Ui E hatliil e Bl paRNT nked

i ndependent |y "of e polyarnine by the ad

compoun ' il L coppl rize with the hyl.eni cal | y . unsaturated acid.
These c%ﬁ%r\g)ﬁénnég "mﬁé‘%%&)ﬁ#ﬁ?‘ﬁ?&ff’%ﬁ?ﬁ (tag?:‘ Ic e OgﬁBOIr%‘fl hgﬁﬁ’%t Y I'n
addi ti og the ethylenically unsaturated acid may be crosslinked directly
into th h@Pﬁ%‘s@Q‘?ﬂ@é&.M“ﬁ@%Wlﬂéﬂé{ructure by the addition of acrylate and
nmet hacryl ate functional silane. Ile acrylate and nethacrylate functionai
si | ane ©Opfipvaliirosdinbhrsas acryl oxypropyl tri met hoxy silane and

met haer yl oxypropyl tri met hoxy silane may be added to the conpositions of

thi s i nvent i Ghilp teqolyairine thesatipdeicsif unizburhtoe acit Aud Gt akilane m?%teur ated
acid to crosslink the polyacid. Hydrolysis and condensation of the al koxy

or acyl @ibind't6 fitth hEbSS 0@ ' inkibnfi '
materi al w t"rll multi ftinc ionamlS g;}% psSh%Iiﬂégﬁh\%\?’llF{S%%éf r?ge?i:égzig&\s\nath t he

et hyl enlGayihler is addBP Bt lﬂ{p%v%qhé’i ﬁelrger 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 desiréble to

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



The organic crosslinkers are preferably added in a polyam ne/organi C.
crosslinker-ratio of 100: 1 to 1: 10, with a preferred *aé ?gb(%g 10: 1
‘to 1: 1 and nost preferred ratio being 5:1 to 31 Augus e 4
Reactive Silane Crosslinker The nost preferred corrpounds are those which
contain both a functional group that will react with a nitrogen atom on
the pol ydiesempeiaids upafulde chain exteid arshcrosslink hegblyginim ahain iyclude) bat ave asted
acid to the conpositions of this invention, as well as a trial koxy or

triacyl ofiiteditd, andtifugetinmpl avbylatss, widthackyistey, gpoxiled! i9bdyahdeAREbGRATARNEA | ON

reaction subsequent to coating the conposrtlon of the present invention

T2 s 2ol RS SRA, RONAIBL RNl i REAH I BrllifiBhd 80RO O

of the nolecule is termnated wth hydrox OXy groups

condense 0 t n_of I | ca at ed

' Mol ecul e é;f'c é’{m‘rp ?néég“%@ Butgarr%lgp)s‘ "%%)Eﬁl aﬁe‘gf’lt‘gﬁ‘ﬂ%% rﬂé’?‘ e"E“P’Fé;’]ate’
crosslink d nsi, t f t. lon The reactive silane can have the
gener al F%‘P’ @O 1%3)6@‘%&‘0%@#5@0@1@@ W@P@B@P@@#@&Z%Pﬁ@ms@ne or more
acryl ates, al dehydes met hacryl ates, acryl am des, nethacryl am des,
i socyanat es, Thepel mwyawabce@mrmmmkdmmahuk«mﬁmmrdo ofﬂubsemiem tol i near
or branched hal ogenated al kyl, and hal ogenated aryl, and mis 0, 1, or 2,

and R i scaatigg theohmpobitign bn 6 Substrie. Eoagronds B3R chaﬁmnalaﬁ@hroxsru&hﬁe
reactive silane includes nol ecul es such as gamra- acryl oxypr opyl

trimet hOM?&ﬁE@@aﬁ%%@ud@%&%ﬂé RARRWill nnder 0 acid catalﬁed condensa on-’

trrnethoxysrlane - gl yci doxypr opy L r1 met hoxysi 'ane, Or opr opy

trlnetho Q trlethoxy5|lane

i socyana opr opy T g‘[{#%ﬂ/g F'g‘#éh RRIRAng | sk a3 s |“?‘=‘3]5r¥g81 phenol, aldehydes such
vinyltrine l.ane vinyl -tris-(2- _expoxy cyclohexyl) silane,

ethyltri rﬁefﬁ)ﬁa%iﬁgrlr anpckelyosat. Grd privpyas of f?f@tﬂlﬁ@% cqand agtéve methyeegrostnpunds

et hyl di net hoxy sil ane, nethyl di net hoxy S|Iane and gl yci doxypr opyl

met hy| di et wdhupdergp addannichiteactiont preferred reactive sil anes are

chl oropropyl trinmethoxysilane available fromthe Dow Corning Corporation

as Z-6076, chilereiplamilyunbaisaedysid oan & adaiintbd mdépatedtiorivpdiinilhdiey
Corporation as 1-6376 and gama trinmethoxysilylpropy | glycidyl ‘ether,

avai | abl fic hadidd SFanbRinc 6o LBnGBLRRNAHLPY P\':Zbgé e whth P AiBRG eSS ar Y

to neutralize the polyam ne r the
unsaturated acid. These compounds include multifunctional acrylates and methacrylates. 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



‘reaction of the hal oal kyl functional crosslinker therein, such as by adding
sodi um net hoxi de and filtering off the resulting precipitaje. eactive
silanes are preferably added in a polyatnine/reactive s#ﬂéﬁﬁ?5£2$Q#n ratio
of 100:1 to 1:10, with a preferred ratio being 10:1 to 1:1 and nost
preferred ratio being 5:1 to 2:1. Coating Thickness The coating can be
applied bg any desired anount, however, it is preferred that the coating
be applied’in an amount such that the coat weight is up to 20 pmthickness
gl obal , e .. refecred coating thickness being from0.5 to 10 jun.
Coat i ng kﬂ?@?ﬁ%@%“g % “Eﬂéternined by Scanning Electron M croscopy (SEM
anal ysis. The_coating can_be applied to the substrate by any conventi onal
nethod, such dbegwsiprefeded rermpounds areghnse whish congin katna fungtionatrgreup dhas will
coating, inmrersion coating, and direct, offset, and reverse gravure

coat i ng. reaguvysh 2 aitegendtemamahé palyamnine bkain prigote addicion af thi dehylepicaly y  of
substrates, including, but not limted to polyolefins, such as oriented

pol ypr opyheagateCRI to thessmPeitidds OPiHiFiPentidA) ALdMAsANARARGEY, orBhNEIPiIERE
copol yners, polystyrene, polyesters, such as pol yethyl ené terephthal ate

(PET), o I . ef | I r such as
et hyl ene%muﬁﬂmgi@la{ng%gg?l ﬁ%gﬁig%ggélﬁéﬁggng@%&g%ds ulle)geﬁ@%gg%x% H§ Itheal cohol
(EVOH), polyvinyl al.cohol and copol.yners therepf ol yanmi des, such as

nyl on, aﬁ?fnﬁﬁiw?ﬁ ﬂggﬁﬂr‘?ﬁeﬂte‘g‘,’crﬁ‘é‘ﬁﬂﬁﬂg %P’PW"P&“‘&E}F PEMREE de,
pol yvinylidene dichloride, and pol yacryl ates, iononers, polysaccharides,
such as’ r egenBeeausathe gilane poginn of theomeletule isrermiratechwits hydrbid 105 aliox s grabpsmt s,
ot her natural or synthetic rubbers, glassine or clay coated paper, paper
board or itcamédndpasperith theHydory ar hikaepgtidy ofsthérisiiteneeeminaed molepks it ed
nmet al oxi de coated polyner filnms, such as Al OX, SiOX, or Ti Ox. The

af or esal o H0-5R&BEpsA MielSi KREYbdiids BRrdabe the @ros Qi dehsid Jfthd oM posiaBa! The
though this is not 10 31 August 2004 obligatory. The substrattsP may be a

copol yne I -l a Goat hng._or a conbi.nation
o "any " ofess e’ sEfeah v Ang B 613 ORIy ot GO O W aPn SRR ' The
materials wth each other. In addition, the substrate may be in the form
of a ri gPRf WararepeRiatepralidehydespmethaezlates) asrdamides methpicpbmiigess isocyanates,
pol ypropyl ene, polystyrene, polyam des, PET, EVOH, or

isothiocyanates, anhydrides, epoxides,-acid chlorides, linear or branched halogenated alkyl, and - ==

halogenated aryl, and m is 0, 1, or 2, and R is a group having from 1 to 4 carbon atoms. _
Specifically, the reactive silane includes molecules such as gamma-acryloxypropyl
trimethoxysilane, gamma-methacryloxypropyl trimethoxysilane,3-glycidoxypropyl
tnmethoxysilane, chloropropyl trimethoxysilane, chloropropyl triethoxysilane, gamma-
isocyanatopropyltriethoxysiltane, vinyln'ie'thoxysila'né, vinyltrimethoxysilane, vinyl-tris-(2-
expoxy cyclohexyl) silane, ethyltrimethoxy silane, chloropropyl triethoxy silane, chloropropyl
ethyldiméthoxy 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



| am nates contai ning such materials. The aforesaid substrates nmay al so be
pretreated prior to coating by corona treatnent, plas t [ eat t, acid
treatnments and flame treatnments, all of which are known 1d&ﬁH§?§%H: In
addition, the conpositions of the present invention can be used as barrier
| ayers on,a w de variety of packaging containers, such as pouches, tubes,
bottl es, recibs of theGaloatkhbiuationsll 6kdlinktd tiRd1E,A6h aORPIdideQR AR ehSxide
thereto-formed trays, brick-packs, boxes, cigarette packs and the |Iike.

The conpogiiifieRse Off fdesuMifSGipitagy €Nt i on may be used as | am nating
adhesives. O course, the presé%t?%/nventi onis not limted to just

packagi ng appl4 i ~.and ma u .in_any application wherein. gas, or
aroma barri er T&%g%)decgp ? gllancs are B}eégqr?%gﬂ?&gegéﬂagg%‘}rg@?acuﬁﬁ%wlﬁFMoafs

i nfl at abl evic nerally, etc. Any of the foregoing substrates may have
primers a@Bi itgd]:fié’%g’cﬁ‘:l?re}fgﬁ&a Eﬁ"Pﬁ’éﬁ“gl Fleto Iahand mestpicferrrd rgtip being 1 sb toy

nmet hods known in the art such as spray coating, roll coating, slot

coating, Zni scus coating, immersion coating, and direct, offset and
reverse gravure coating. Suitable primers include, but areSnotlimted

t 0- car bodjdating T hi¢laleyet hyl eni mi ne, and'silaries, such as

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

o nopr o0 O A BE ol 3 MLk SORREE) L R S

invention will formfilns con s, opti resu

achi eved - heat | nd/or free . radical cures..The conmposjtjons afe .-
preferabfgytgﬁ&g&py%nﬁpé@ol’"étcﬁ“ghﬁ%a'g‘gﬁg‘?ag%@t P04 i dhigkpess glpoal, the

el ectron beam _or ganma radiation or chemcal free radical generators such
as azo cHmsbemREEed coajing spigkness bamairem d0-p &g dQivere sCoating thiknegycaslbect r on beam

is the preferred method of curing because it is cheaper than gamma sources
| i ke Cobdetermingbby S¢aming\Eledtiang Miosscopyl (SERD iandlpdis. r Biei cvhiinglcanbeappliédtosy st em
lies inits ability to generate free radicals w thout photoinitiators . It

al SO i NP dfetsabltiagH anyioRVehSoRl nRARESYich s 9885 biaring 101l ChRMCAbt Bhdg.| NO Of

the coating to the substrate. Electron beam™ accelerators of various types
such as YRRPisEs G ir},};ﬁg- o @%a : r - €4t r-type,

dynamatron-tsype a%gé’ I g ?or ecg)ae é%&t?gl/'%)éecﬁc%gl %ﬁ%rg%%&%a%&%%%ﬁgg of electron
beam - El Sﬁ&srtor} beans having energy of fromb5 to 2000 KeV, preferably from
50 to 30 erﬁscharged "therefrommy be irradiated in a dose of fromO0.1

to 10 Mads ( 1}4.) . A nost_preferred dosage
¢ coating can be disposed on a wide 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



s 150 KeV of at least 5 M. Low el ectron beam voltages may be used if the
substrate is treated in a vacuum Commercially avail ablg sour of

el ectron beam are El ectrocure CB-150 available fromE r%@%ﬁ?@% es, Inc:
(WIlmngton, MA). The conpositions may al so be ultraviolet light cured if
one or nore photoinitiators is added prior to curing. There are no

speci al dbHghtbiyC tThe Behsahtetnhs uémcv‘o?@imnre' JallfthfaRSa E%u@ﬁe,tahﬁ?hdgﬁﬂoaﬁgé gesate
|

radi cal s by the absorption of optical energy. Utraviolet |ight sensitive

c Q%SLH%"?E’TE?: offor e85 Ir‘a%aféégﬁ*ﬁé?hﬁﬁ?%ﬁ%ﬁbﬁ ﬁs?%gﬁﬁf“@?r@%f@ﬁ%@%?f”t
1173), M ) 2 | - 2z - -
(17 geur ittty ol 1 SyE Soe Bege toy B v SLAATH FRAIORIP G For

purposes of this inventjgn, it has been found that from0.05 to 5 wei ght
per cent PagEs Bh as plyethylene. BIPraRyiene, palystrsRp@obrmides, BET.LROH, or
photoinitiators described therein will cause the conposition to cure.

O her t \pematef cdntaning adthoadteg@dner at ors, known to those skilled in the art
may al so be enployed, such as pronoted peroxides, azo conpounds, etc. In

addi tion, ot e affeésariktibfated iy illso B)préfeatedPior Rfcdafin@bFéResd hddlifént) S added

to the conposition. For exanple if a reactive silane crosslinker 1is

dded, I 1 L2 d ti
et | o u e et i (e and Namd e MRE, o AR RH R BB RS

present in the at i sol ut.i.on itself, or may be added through steam.or in
a hi gh hum d??@‘fd?tb%ﬁ%"?ﬂ’@o?lgﬁﬁqﬁ PRESFpIv aap W&%B@W&ﬁ%’%?ﬁb?esence
of heat, for exanple, by heating in an oven at tenperatures up to 140C,
with tenyés mwégp rerkagingeppanersosuch@eponchay tubss diogtes cdalarhagtiehpeasastandes of
90C to 110C being nost preferred. Heating tinme is tenperature dependent
and t he uppatches) gable itopr eaatohs, tierkofomeditrays, hirick @aekst boxks, dgearqackstHne the
heating step serves to evaporate the solvent, and accelerate the

condens diké. OThd @afosRIBnHEIHE BrRsent ilveiiin BiAPbPSsed 19 RindfflinkiaaRa&lves Ur
chem stries required will depend on the particular crosslinking systens

enpl oyed, whj ﬂy%l: ) j N s : g@} I . L5 L.OuUS

opt i onal addﬂ%gg‘gég’ca rhsghgg\géehéi 0’? (;)é lﬁtﬁéﬁ%g%o | ?‘{o}%%l @gfgﬂr%lf %@3215,\%?}:% S
properties f%s requi i.ec{i Tt]lese addi tives bRy, be added .desi rﬁd and in any
anount gllf d.léalys pplicaion wherein gas, or aroma €r pro 1es are desired, such as tires, -

buoyancy aides, inflatable devices generally, etc.

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
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t hey do not degrade the performance of the barrier coatings as illustrated
herein. Such additives..~_y.. include antiblock and sleégpAai d ? 4such as
st earam de, ol eam de or polar additives, such as epoxi de€s, %156 es,

met hacryl ates , polyols, glycidol, glycidyl nethacrylate, ethylene glycol
di gl yci dyl et her, bisphenol A diglycidylether, or polyamnes , such as

pol yet hy lapdperbxidesaridbwodretiy elétron Besn iMAE bfefGred FhS ofdbile BScause it is
pol yet hoxyl at ed phenol may al so be added. Preferred Enbo %mant S

Vat er (7 gheapBcthid @mai i g : o N-(iso o) et hox )
silyl p_roepyl poi yet%iﬂlg%é?lrﬁéﬁgg%g%%wﬁt s?rﬂ?éﬁonvﬁréir? V@&%‘ﬁ%@“ﬁ?r‘l‘@%

2 hour s Ciree Beki e St g B R Aol PP hotesRusD ) el tepentyghesi | 41
propyl pol yethyl enejmne, 749 isopropyl alcohol and | Ig itaconic acid

t oget her WY"%R? g’é’FST'E‘k EP‘F% Fﬂ@?@%gﬂlﬂﬂiﬁwﬁ g coating tgytheisubdtiale. tElectfontbam
conposite was neasured to be 51.6 cc dry, 17.1 cc at 80%H and 26.1 cc wet

and the asgleraiys ofivasionstpesmish devar di Gedf-type resoRatcerandf3radr-thptg Usdar4(ied
Exanpl es Experinments 1-10 --- Al 170 & bis- TMSEDA addition to 1-6601/1TA

EWnere | TAis itaconic lagléi d)'gi | ny.g;%eri m%??ﬁ%@%‘ﬁ%@g&% [ Bitofi

1701 STOSRO g ey ok 00 e el i DA el el 2.7
oD T ) R MRS SRR B SRR L™

pol yet hyl L 45% sol ids in isopropyl alcohol) ("1-6601") was

obt ai ned'sﬁgg %aé@ﬂ%t R pPoHiestion heqmivaltagesimayby usadriétheissbgimte is treated
trimet hoxysilyl propyl)amne (Silquest Al 170 or "Al 170") from Wtco, the
bi s- [ ( 3-1ntarvagrmh oigminerdialiyrayadbleetdaydes bEeleartneam (@i dE R IMTRRACE)1 56 om
Gelest, and the itaconic acid ("ITA")from Acros Chem cals. The coating

sol uti ommm@ﬁahlﬁmrwlscmcéspmqwnmﬁg&am. 30 pra thick "Rayopp”
oriented pol ypropylene filmfromUCB Filns utilizing a #18 Myer rod. The

cond 11 ons. 't oS ORI Al AxEG S0l 60 B T K P Bl BLr e
S T R e A
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
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cc/square neter per 24 hours, "dry" values being neasured at 0% rel ative
humdity and "wet" values at 90% relative humdity utiljizin Oxtran
2/ 20- Series: Some -of-the -coated filns were al so eval u%f‘é@qﬁ%H The
MOCON i nstrunents were obtained from Modem Controls Corporation. For
conparison, the polypropylene base filmhad a perneability of 1200

_cc/ squar eura viara/cddddigation reacﬁah,lwﬂiaeregﬁk@,tﬂ;e/ﬁeiuﬁaé 8 thbRArdERRUA SiSture TSy
coating |l ayer thickness was neasured by neans of Scanning El ectron

M cr oSCOpypie  thESRER sod it Helof t.

sol ution o? %ﬁg’gbﬂl} (3.8 g?l Bg%rglxtslegh&???opropﬁmﬁ%(ﬁgeﬁ%"ﬁ?g%%ﬁmg%ﬁugust
2004 and e i A ' d for m nutes. [taconic acid . 26 was added

~to the s%‘féli}t i%ﬁgaa%&} %éi’ B%ngcﬁ lﬁ?éec@g?uglf h"‘rpé%‘felﬁ‘i?ro(% e"ﬁoﬁf ?mlﬁé}?’i’ﬁ’ 9‘)5"5&"(& g,
drying and curing, the errre/félroqiolity of the corTIII)osite was nmeasured to be
107.5 ccArn 355?.%‘3"3 URi§o449° Gyt rnnsrabwes ek from PO R0 128%¢ beiggt hi ckness

was determ ned to be 2.4m Experinent 2 - 1 %A 1170 1-6601 (3.71g) and | PA

(4. 6g) vi¥ekeried prd epersgaesefr 96°6rto 100AC being Wistprefefigdl. Hiatingline is4. 21 g) were
added to the above nentioned m xture and this was stirred for 15 m nutes.

0.48g obmperaturddepeaded aeditht Godting wiil ¥dadh @xcR fide tihieSn WAStSIO sebdifds Phe 2 hours
(where Part A was made by mxing 15g Al 170, 74g |IPA and 11g I TA

{ 00et herHeatif 4165 sk #31b Bibpoflias 0 ] ded

cotrrposijte V\lﬁgs ﬁ%asur eﬂ_ t 0 %gé/tﬁg{.)lgi{g’tc&g??%ﬂ?&ec@ﬁ%%%%mﬁgpgfgﬁ%%%B,_cc
wet and & i.n ness et.er m ne e n. peri ment 3 -
491170 si'g‘g‘g%%ﬂ{p?, g@%?‘*‘ﬁ‘iﬂ"d‘“ﬁﬂ&e\,\% ‘S%?r&q'é'f%r‘?igld})e?ﬁ&[ﬂ‘h‘é? PRYEUIED nins ..
Wat er (79&3&2&3 | TA (4. 08}&%. wer e added to the above nmentioned m xture and
this wasTesipragsysinsemploysd, whickare yyellhgownsn thegrtadded to the nixture and
this was stirred for 2 hours (where Part A was nmade by m xing 15g A 170,
749 | PA Qpidonal Aglditivest oget her). After coating, drying and curing, the

perneability of the conposite was neasured to be 121.6 cc dry, 25.2 cc at
80%RH and 424/fions opidnabatllitives carCieadddeditolthé 6dRgRERioNaS iiflfloos YartRd to be 2.8

m_ Experinent 4 -- 10% A 1170 1-6601 (2.53g) and I PA (2.65g) were stirred
t oget hempréftiiel @s Fguitb® SThedhlitifel MayHAddelds desired and in any amount as long as
they do not degrade the performance 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 -



(3.829) were added to the above nentioned m xture and this was stirred for
15 mnutes. 4g of Part A was added to the m xture and t ﬂ&&ms gtirred for
2 hours (where Part A was made by m xing 159 A1170, 74 4Ig | TA
together). After coating, drying and curing, the perneability of the
conposite was neasured to be 68.8 cc dry, 33.1 cc at 80%RI-1 and 61.5 cc 15
31 AugustExafpleswet and the coating thickness was determined to be 2.2 pxn.
Experiment 5 - 13% A1170 1-6601 (2.13g) and I PA (1.98g) were stirred

t oget her Bixpériméhtd1l-10t-2 311 Eis-TRBEBAGAH TSN td B66OUIT ARIE7 RATRAMuRbRE

above nmentioned m xture and this was stirred for 15 mnutes. 5.2g of Part
A was ad E%ﬁmp/g rs (where Part A

- was nadeﬂg%lﬂg%h%(r%mv?&kﬁﬁ%tﬂ i” éﬁ%ﬁf@ FL:{a%faqxiaFiﬁget h(er) After
coating, dryi nd C osi te was.nmeasured
Lo be 37.9 colbppermenty 1P g %ﬁ%ﬂﬁ%@»ﬁ%@m&ﬁ% fCretinms Si5IR Vilged

t hi ckness was determ ned to be 2.1 fin. Experinent 6 -- 16% A1170 1-6601
(1.73g) HreIWeight teto of 397 e vathse total selidssgaientel 30%. T solventscosploveddn af the)

and I TA (3.56g) were added to the above nentioned mxture and this was
stirred expenriéntsidascribed bdovgveré corPmot: indjusinial gradkeidopiroparoband distilied veanet. t hi s
was stirred for 2 hours (where Part A was nmade by mxing 15g A 1170, 74g

| PA and The H—ﬁsﬁﬁoﬁ@ﬂﬁ&ﬂt@i&xy) &yl pfopyPRdlydtgllerinting 949 dolfddlih %pﬁ(%)s}ﬁalcohol)

perneability o e conposite was neasured to be 6.3 cc dr cc at

80%:H an miped to be- 1 7
pm Expegl neng%f%ofweﬂ%b? %‘8@’?%%@‘?%5@6@‘%‘” re stirred

t oget her for nut 7 JTA. (3.42Q). were added-to the
above rremr?ms'ﬁlil&f’w %"Hﬂ?i Sﬁi‘ﬂ"és %ﬁ@ﬂ #@Jof)oﬁo‘ﬁg’?’ﬁ?%gteé%sfg 6g of Part
A was added to the mxture and this was stirred for 2 hours (where Part A
was madetripyethanysibyigropylethylencdiaming § birMEBRA T Gom Celess god s ifaconit meid
coating, drying and curing, the perneability of the conposite was neasured

to be 4. ¢TEA")fiom AGBSCRemicalat TROGHIng seludSR. viere all applicdas Boroheweaed 3gm
t hi ckness was determined to be 2.3 m Experinent 8 - 4% bi sSTMSEDA 1-6601

I( $A33g) gk "Reforp! Olied Folhropylese ARDRLAVCE FilmbQuili-gh9d 8 M- ¢6d. (@) and
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)

14



16 31 August 2004 (4.08g) were added to the above nentioned m xture and
this was stirred for 15 mnutes. 1.6g of Part B was added, to the m xture
and this was stirred for 2 hours (where Part B was made BYAUGHSKZORY 24. 2¢
bi STMSEDA, 64.8g | PA and 11 g I TA together). After coating, drying and
curing, the perneability of the conposite was neasured to be 77.8 cc dry
and 472 .ahd the nsturastoiret] fer 5 mixattésn dratdmi cond ¢626) svad alidedmo dedoltiohendthém
Experiment 9 -- 10% bi sTMSEDA 1-6601 (2.53g) and I PA (2.659) were stirred

t oget hefmikmie W stiod f@ D hodd. Alfef ding Wlyihg And 332k pARE@LARAISTRd O t he

above nentioned m xture and this was stirred for 15 mnutes.” 4g of Part B

- was addegbesit s Mext i ta Part B was
made by mb%lng 2?. 2g%f?$£8%§é$ §a%ldlg,&lli g%{fh?i?rgl@% C[%(%c\g?ﬁde%. Af ter
coating, dryi and curing,. .th rnmeability of the conposite was neasured
to be 3§°%‘5‘)éa‘f‘}g'“§ﬁsdw%%‘52tﬁﬁ%fbe%5°§§% he coating thickness was deternined
to be.1,.05m Experi nent 10 - 19% bi sSTMSEDA 1-6601 (1.33g) and I PA (0.659)
were st @P@H@%ge‘rﬂe@f*ﬂdmlo m nutes. Water (7g) and ITA (3.42g) were
added to the above nentioned m xture and this was stirred for 15 m nutes.

7.6g of Pa660BCiAE) anttHA (d06g) herastixded tagethed farHi0aning s Waitdr (Tgend IFA 2 hour s
(where Part B was nmade by m xing 24.2g bi sTMSEDA, 64.8g IPAand | Ig ITA

t oget hey) 21 g)iwef addedio 1hE abov@midnlinelHixeitt hildthis WHREstRRETHA hinlef 0lsbe
conposite was neasured to be 7:9 cc dry and 209 cc wet and the coating

e e e o s i B Pl FARTBEs) 1 2
mixing 15g A1170, 74g IPA and 11g ITA together). Afier coating, drying and curing, the
permeability of the composite was measured to be 118.3 cc dry, 44.8 cc at 80%RH and 594.3 cc
\\}et a;ld the coating thickness was determined to be 2.35um.

Experiment 3 — 4% A1170
. 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

15
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wet and the coating thickness was determined to be 2.2 ym.
Experiment 5 — 13% A1170

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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HO XD S NG NG NO) Il -Nmihlfr -0".0- 31 August 2004 en 14 18 31 August 2004 As
can be seen fromthe above table, substantial inprovenents,in oxygen
transmssion have been achieved with the bis-silane ovet! 2¥RISES ol not
havi ng the bis-silane. Experinments 11-14 --- - Al1170 & bis-TMSEDA addition
to 1-6601/ITA (35:65wm formul ation keeping the ITA | evel constant in
the mixture (Aweandessa fran itheabon blecubstanial emprovemrents in dXygdmirartsmission
(1-6601/ Al 170/ bi sTMSEDA) : | TA formul ations were utilized in a weight

rati o ofha8&béEnwchiniddhwith thetbid-sikat beks teornadl nadhadffthe Biesibat.vent s enpl oyed
in all the experinments described bel ow were conmon industrial grade

| sopr opam@erigBfts 4190 L Laed 70 Bis-TMIPB ALidER{S ?ﬁi rni ng
Cor porat i onn(M(Sj land, M), th eSS| | quest A iil%@‘S(Sftsrggﬁim M?WE%&I’CHNBEDA

from Ge]k%@ ﬁtlcr\fe] {:&n@%ﬂ?ﬁl eﬁﬁﬁtgre( M E’&ggl chac® " The coating

sol utions corona treated Rayopp" oriented

polypropylen fllmfro Fi rqod,. The co film
was dried inplﬁﬁ PGSR IU’%&F Lﬁﬁ%ﬁl%‘gﬁ“@ﬁﬁ’ﬁﬂ%fggﬂﬂ?@%“@ q’cZF ns
for a further 2 hours. The dried coated filmwas then "cured" by an EB
machi ne iag weighi/aifaod d&:6awewith Bugtal Blideeintent of 30%. Thio selvdrty@npayedrin gl ghe was
added to.a solution of 1-6601 (4.67g) and | PA (4.43g) and the m xture
stirred ekperirhents destrited beloacwalecommich i0dusBinl giside isaghpandl @nd Histiledl wdteron and
the m xture was stirred for 2 hours. After coating, drying and curing, the

per meabitet1 V60l vah 8bGREA Bkt DoWaorilg Bsatdh (Milafid; ms)cg,g Sllgﬁe)ét APl 6 cc

at 80%RH and 993.9 cc wet and the coating thickness-wa mned to
from Witco, the bisTMSEDA from Gelest, and the itaconic acid from Acros Chemicals. The

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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be 2pm Experinent 12 -- 15% A1170 1-6601 (2.67g) and |IPA (1.09g) were
stirred together for 10 mns. Water (7g) and I TA (3.249) were added to the
above nentioned nixture and this was stirred for 15 raind! ABgsbgO®hrt A
was added to the m xture and this was stirred for 2 hours (where Part A was
made by mxing 159 Al 170, 74g IPAand | | g I TA together). After coating,
drying and tidoni@sité Was medsiidb bk 559.7 3c 3kt MAGHS EoatBlR thiGineb\GastRIPAN liGo Wa'S
nmeasured to be 559.7 cc wet and the coating thickness was determ neé: to be
2.1 dun. yopefiment 13 -- 20% A 1170 Water (7g) and I TA (3.02g) were added
to 1-6601 (2g) with stirring and this was stirred for 15 mnutes. 8g of
- Part A ot 1 re and this was stirred for 2 hours (where
Part A %pﬁgggﬁb@ ?ﬁi@ﬁgqryég A 1170, 74g IPA and 11 g I TA together).
After coating, drying and curing, the perneability of the conposite was
measured to bevaiel Getandfi (302g) were @@egmom%lr@gmﬂlmnmd thrsdwasstirred
coating thickness was determned to be 2.5 pan. Experinent 14 -- 200/ a
bi s TVSEDAeX meinufezg Bg effart AAvasaddabip themixtaddad tHiowds §HRE HH2Dhontk {Where
stirring and this was stirred for 15 mnutes. 8g of Part B was added to

the m xt Pert Aawds inbdsby@skisd i 5o £01700742TF 05 E] 10WFAr 6 .t i ;
mi xing 24. 29 bi STVBEDA, éﬁg.SQgrl foraen g o1l oget%%dr?@ A tr\é@at"{c%gf”i";n%

d . . . . . d b ! 28
e ary_ o Ei e pbRaBTETBARL Lo et GRS S AT 0 be

. i f EXx i 11 14. 2 1 Augu
| oam TaBbeid1 SRS LGed Rl e loalh Bidiotss MR Hetemetie tope 3.3 20 31 August

- Experiment 14 - 20% bisTMSEDA
Water (7g) and ITA (3.02g) were added to 1-6601 (2g) with stirring and this was stirred
for 15 minutes. 8g of Part B was added to the mixture énd 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 coxz;posite 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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2004 As can be sten ftom the above table, substanti al ro
oxygen been a cbieved wth the bis-sitane over the co %i£$h’%§5&¥

t he

bi s-silane. 22 31 August 2004 That which is clained is:

August
ts in
avi ng

conposition conprising: an ethylenically unsaturated aC|d_and_a polyanine
optionally having a crosslinker reacted therein, and a bis-sil ane,

said polyammﬂﬁwmQQ§d .or nore A, B, or Cunits, where: Ais an -
N(RI)7 unit, IS an b N(R2-)2 unit, and Cis an ( -R2)3N - uni
wher e: 1. A composmon 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? is 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-silane has the formula;
R3bx3~b31'2'3 iX3pR3p
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 viny] sulplionic acid, and mixtures thereof.

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

wher ei n
R2

it



R is independently selected from hydrogen, alkyl, substituted al kyl, aryl,
substituted aryl, arylalkyl, and alkylaryl, ylen e gro r I tuted
al kyl ene groups having froml to 18 carbon atons. and gif/ﬁg%@%g&%ps or
substituted arylene groups having from6 to 18 carbon atons; and said

bi s-silane has the formul a: R3bX3_bSi-Z-Si X3_bR3b wherein Z is RANH(RANH) p
R4 each R3bis-(ertimethoxysilpipropyhaing oe duik [(S-trimedwxgdilyhypsopgl@henddidnding). t 0 4’
carbon atonms, a hal ogen atom an oxine group or an acyl oxy group, each R4
is a 1divalent_hydrogcarbon group having | to 12 carbon atons; b is fromO
to 3 and p is 07or 1: %?OW%@BREGQFFilog(hﬁ’F‘“éh%PWWﬂmﬁﬁ%me%@ﬂﬂm!@ihagma

- solvent selected fromthe group consisting of water, alcohol, ether

der i vat i vedTolecRiBhWeghbinghs sangg 9fa0040 25800.ni xt ures thereof. 3. The
conposition of claiml1l, wherein the ethylenically unsaturated acid is

sel ected from the gr Shepcangrsitiohiofiglainh 1] wWhereini the moliPdtio®f nitFiak€htoms on the
citraconic, acrylic, nethacrylic, and cinnamc, itacotfic acid

monomet hyl welyaiine & By kel @EABOB thedftythnidll 36 MGteAGEH s ﬁ%:g%@. 103%d: and

vi nyl sul phonic acid, and m xtures 'theredof_ 4. The co sition“of claim

1, wh [ [ i S-5i L . .2004 s
: erein said;zbis 'glilépr i ;/)Fr)fiog 3f é%n‘f‘f,%gl?etsrglfn?% composition is coated on a substrate

bi s-(g-trinethoxysil am ne of

-trimethoxysi) yl.) propyl ]ethyl.enedi.aujine) . 5. The conposition of claiml,
wherein t h%féﬁ%ﬁ#g%hﬁ?‘ﬁ&‘;“? Cﬁéﬁ’%‘sﬁ P@iarpﬁi%ﬁg argpied golyprappicaes sastpolypraphienen -
the range of 600 to 25,6000. 6. The conposition-of claim1, wherein the -
mol ar r at iR9IXshyiRne 2Bd palyethpene eapotyimer; pedyspaenen polyesteriigrohethylae augshtigitaté:he

ethylenically unsaturated acid is from10:1 to 1:100. 7. The conposition of

claim 1, obrgiylent neplthaitegiolyolsfin copolyiiens] ethicie ilybhdeate ethRhESAFIL {dem

the group consisting of polyolefins; oriented pol ypropyl ene; cast

pol ypr opy letiyéene vixil Xiebhot! ohvisyIslcatl %&d Mﬁ&&ﬁ@ﬁ%@%ﬁﬁ%ﬁ%@ﬁﬁé%‘ !

pol yesters; pol yethyl ene terephthal ate; “polyet

Py ene. SRR KR BB M s BT Bl iy e
pol yam des,, nyl on, anﬁl MXDG; ol yi m des;. polyacrylonitrile;

pol yvi nyl Ehles P aolyagfais Wf’maﬁgb preharides; siaeperaied celliiese; silicame] mbbers or
pol yacryl ata?s; Jiononers; polysaccharides; regenerated cellul ose; silicone;

rubber s” o2 rawTal or piathetis rubberssglassine: drelayidobied papay) mpei vard) krafi papers 0at ed

paper; paper board; craft paper;
metallized 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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netal lized films; and vapor deposited metal oxide coated polyner filnms. 8.
The conposition of claim?7, wherein the coated corrp03|t n I S gb@ osed on
one or nore additional substrates to forma | ani nat e, di tional
substrate or substrates are optionally prinmed. 9. The corrp03|t|on of claim
8, wherein the additional substrates used to formthe |amnate are

sel ected_fromthe group consisting of polyolefins; oriented polypropyl ene;
cast potleopeFybterter spalangss patral o Syketis subhersh glassine ersirylopated pagesipasery r ene:
pol yesters; polyethylene terephthalat e; polyethyl ene naphthal ate;

pol yol efhoﬁfdcelpﬁlpymrme%@bé/ﬁm aud wagior deEtsiiecmetat dyilecuatedgolydr fitasi d;

et hyl ene vinyl al cohol; polyvinylal cohol and copol yners thereof; pol yam' des
, nylon; andOMXD@he Cmbw!ﬁﬂrdﬁ%lmmfdiﬁlih_@?ﬁh{ek isSeleBRl Yohi vyt gfbluﬁrl d e;

pol yvi nyl dichl ori de; ponV|nyI|dene chl oride; polyacryl ates; "1 ohoners;

pol ysac‘%ﬁggtg@%fagmrkﬁ] e lugﬁ August 2004 silicone; rubbers
or seal ants; natural or synthetic rubbers; assine or clay coated paper;

paper board cra |, 1. d filng; apor deposited netal
oxi de coat ed poI yner g‘?'ﬁﬁér%uonlﬁalaﬁ’e ShersyL it F@ﬁsqﬂ’x(’g 15 JeSE é\ﬁé‘rré?‘ﬁ“’?he
pri mer ected fro he gr con5|st|ng of a silane,

pol yet h?ﬁ@?‘ﬁ %‘e &Hh F‘BB'&lQS*ﬁdﬁ R)3Lin- White Q eonsaias 2 gwowp aélectedirom the
wherein the crossl|nker is present and is a reactive silane having the

gener al ghouprdshsistia@ioRadr{Ees didehyhie] fiefla&giked] Rpylaniles Hhe g fromthe .

group consisting of acryl ates, al dehydes, nethacryl ates, acryﬁaam des, .

nmet hacr hydrid xi des, acid
chl ori d)g!sOe I |§§eﬁ0ﬂg ra ?hﬁ%indﬁ %Q%@%Qﬂﬁ%ﬁlgnﬁ@s ﬁﬁ?ﬂﬁﬁ%‘%ﬁgt ed ar'yl and
mis. , carbon atons, and sai d
conposi Pﬂéﬁ %&é ag%i]aﬂ‘ﬁg‘fl %&‘i‘“ﬁeﬁ%r"&ﬁ éd"'gia?d Kfsea growpbaing I of cl ai m

7, whereip the coated substrate is heated in the presence of noisture. 13-
.A neth %W@ﬁ@ﬂﬁ%?%@“%%ﬂ?mﬂeﬁgﬂ@ﬁ‘abz@yl eni cal | y unsat urat ed
acid, a bis-silane, and a polyam ne optionally having a crosslinker
reacted ther &n, Mposkbh@fptaimanWhaeimaheéaawdsnbsuwiehé‘atecﬁntﬂé C units,
where: Ais an -R2 - NNRI)2 unit, Bis an -RI - N(R2-)2 unit, and Cis an
(- R2) 3Npresanet bf moke#e:

13 -A method comprising the -sieps;of fo .
(I) mixing an ethylenically unsaturated acid, a bis-siiane,_and a polyamine optionally having a
crosslinker reacted therein, wherein said polyamine has four or more A, B, or C units, where:
Aisan-RZ2-N@R!)) unit, Bisan -R!-N(R2.); unit, and C is an (-R2)3N - unit,

where:

Rlis indépehdenﬂy selected from hydrogen, dlkyl, 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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Rl is independently selected from hydrogen, alkyl, substituted al kyl, aryl,

substituted aryl, arylalkyl, and alkylaryl, and R2 is i en y
sel ected fromthe group consisting of |inear or branchedéhg'ﬁg 322@54 gr oups

or substituted al kyl ene groups having froml| to 18 carbon atons,

aryl ene. groups or substituted aryl ene groups-having from6 to 18 carbon
atons; and i agb?s-si | an as the fornmul a: R3bX3-bSi - Z- Si X3-bR3b . wherein
Zis R4NM’(“E§4‘§§)‘€° ,’baéﬁlﬂs’ﬁg? BET R GRAISE SHUpLAS an@srlexx sranpaeach| Rébisy
group 25 31 August 2004 with | to 4 carbon atons, a hal ogen atom an oxinme
group or dalenthydsagarbpngrpup havire Rip 12 cabonlntomiseh s fngnair(owad fralp Groverpl; havi ng
1 to 12 carbon atons; bis fromO to 3 and pis 0 or 1; (11) Mcoating a
subst r at @wi t boating asibstrateevit the neiptuteldf stepr@); tickat i ng t he coated substrate
of step (Il) toinitiate a free radical reaction. 14. The nethod of claim

13, wher iy SaeslingiesconadistBbratetTaiep Qi) foSniilicld e reftigt T ON beam

radi ati on, gamma radi ation or ultraviolet radiation, optionally in the

presence of  phot oipRi £ : [Jd.freecradical reaction.is jnitiated
thermally in the p?@%@h@égg?dgmﬂ?’éﬁeﬁed?éaégﬂeﬁg"r‘ilg‘i"’ife&?@"l'g.‘m%d t hod of
claim13 ernein the.coated supsirate of step (11) is heated. 16. The
met hod o'f‘lccv%}’é’i bﬁi”fd”‘i}%’é’r gamma frdiatiogor pltravigletiradiations aptionallyl in e presercgafi ¢
crosslinker. |IT A packaging contai ner the inprovenent conprising: at |east
one barrP Gm@?@ﬁsﬂwaiﬂg‘?mcﬂﬁﬁwpaumcd@emﬂyhpﬂmmﬁarﬁe&imﬁw
wherein said barrier layer is formed by the nethod of claim13. . 26 .~
generator. ' -

15.  The method of claim 13, wherein the coated substrate of step (II) 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.



