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This invention relates to a flexible, multilayer film
cambination having low oxygen transmissive characteristics.

Certain polymeric films employed far the packaging of
foods inherently permit the transmission of oxygen from the
outside of the film to the inside of a package made up of
the film. Such ingress of oxygen permits rapid deterioration of
ﬁxﬂs;ndhxﬁﬂjﬁusmjxacxﬁmahnr;thenﬂbmejxs<amﬂusrmxor
control is desired. '

It is an object of the present invention to decrease
the oxygen transmission rate of such films.

In accordance with the present invention, there is
provided a film cambination which comprises a polymeric substrate
susceptible of transmitting oxygen, at least one side thereof
having been treated to a surface-free energy of at least about 35
dynes/¢m, that side having a primer coating thereon; and,cxlthe
primer coating, an oxygen transmission inhibiting layer
caprising a cross-linked poly(vinylalcohol).
| If desired, one side of the film has a heat seal layer
thereon, suitably an acrylic layer.

EhELpnaxmt:hnmuﬂﬂon.ahﬂarelabas1x>a.pnxxss:ﬁm:the
pPreparation of a low oxygen transmissive film coambination which
canprises providing a polymeric substrate film; treating at least
one surface thereof so as to have a surface free energy of at
least 35 dynes/cm; applying a primer coating to at least one of
the treated swrfaces; and applying a poly (vinyl alcohol) and
cross-linking camposition to at least one primed surface. The
polymeric substrate film is preferably oriented, especially
biaxially ariented. ‘
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decrease the oxygen transm ssion rate of such fil ns. HEET TS
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accordance with the present invention; there is provided a

whi ch conprises a polyneric substrate susceptible of transmtting oxygen,

at | east one side thereof havi ng been treat ed to a surface-free energy of

at | east about 35 d cc?kgﬁ g!!n;e@i&eon and,
on the prlmer coatlng, an oxygen transm SSIOI’] |nh E %InQﬁ*EB corrprlsmg a

cross- | i nked fidm ysubstratel or uncriented PEENSS the film
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and polymrbmate f11ns are contemplated herein, a particularly
preferred class of films are the polyolefins. Within the
polyolefin class, hamopolymers and copolymers of propylene are
preferred. Particularly preferred are isotactic polypropylenes
containing at least 80% by weight of isotactic polypropylene.
The preferred base substrate layer can be hamopolypropylene
having a melting point range of from about 321°-336°F. A
cammercially available material of this description is ARCO W472.
The preferred substrate can also be coextruded with a thin skin
" layer, on ane or both sides, conprising fram 2 to 123 of the
total thickness, of a copolymer, suitably a random copolymer, of
propylene and ancther olefin, e.g., ethylene or butene-1. The
other olefin can be present in the copolymer in an amount from
1 to 7 wts. |
In order effectively to inhibit the amount of oxygen
transmitted through the base layer, the base layer must be 1)
treated to a surface free energy of at least about 35 dynes/cm,
2) have a primer coating applied thereto, and 3) a coating of an
oxygen transmission inhibiting layer of a cross-linked
poly(vinylalcchol) applied thereto.
The preferred substrate must be properly prepared to
.receive the primer layer followed by the cross-linked
poly(vinylalcchol). This proper treatment involves treating
 the surface to a surface tension level of at least 35 and
preferably from 38 to 45 dynes/cm in accordance with
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cross-linking-conposition to at |east one pri med Surface. The pol
substrate filmis preferably oriented, especially biaxi :
The substrates contenpl ated herein i ncl ude any pol yneri cifh
oriented or unoriented which inherently permts L

ASTM Standard D2578-84. The treatment can be flame
treatment, plasma treatment, chemical treatment or corona
treatment are preferred with corona discharge treatment
being particularly preferred.

' Camercially available corona discharge treatment
equipment can be cbtained from Solo Systems, Inc., Garland,
Texas; Corotec Corporation, Collinsville, Connecticut;

Softal Electrcnics, Hamburg, W. Germany; and others. Using, for
example, Softal Electronics equipment, a treater can have an air
gap of about 0.050 in. when treating polypropylene film of about
0.9 mils. The film can be treated to 42 to 44 dynes/cm.

After this treatment, a suitable primer material is
doated onto the treated surface.

_ Preferred primer materials are those disclosed in U.S.
Patent 4,564,559. These include a primer produced by condensing
a monpaldehyde with an interpolymer of acrylamide or
methacrylamide and at least one other unsaturated moncmer.
Further included is a material resulting from condensing
amincaldehyde with acrylamide or methacrylamide and subsequently
interpolymerizing the condensation product with at least one
othertmsamtedmmmerintheprsenceofacltocsalkaml.
A preferred primer coating resin of this type camprises a
copolymer containing up to 90% by weight of styrene, up to 80% by
weight of an alkyl acrylate, up to 15% by weight of methacrylic
acid and 5% to 25% by weight of acrylamide which has been
cordensed with a solution of formaldehyde in n-butanol containing
from 0.2 to 3 equivalents of formaldehyde for each amide group in
the copolymer. Ancther primer resin of this type is a 50% solid
solution of a copolymer resin containing 38.5 parts of styrene,
44 parts of ethyl acrylate, 2.5 parts of ethacrylic acid and 15
parts of acrylamide which has be condensed with 5.2 parts of
farmaldehyde in n-butanol.

—
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the transm ssion of oxygen and wherein the utiTi ty of suci [‘Jm,weul s el l
for a minimzation of the tranm ssion of oxygen. In m)st ases,“_ e cgeur ce |
of the oxygen referred to herein is atnosperic . oxygen. Le_nvlian.— l
pol yet hyl ene terephthal ate and pol ycarbonate filns are cont enpl at ed herei n,
a particularly preferred class of filns are the polyolefins. Wthin the

pol yol efin class, hanpRYiwiRilyaitérearal priRes n@fteﬁé;pfh@r@,eare preferred.
Particularly referred are | So actrc pon e#( ntarnrng at | east 80%
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i ckness, Wﬁ% ui t. aﬁﬁgﬁﬂgﬁo eﬁ’ﬁ ropyl ene an
anot her oI ef Ipcﬁ.y e 1yPZne or}laéutene- T oﬁger efin can be present
in the copol mﬁmsah@mmenmtm oL Ahgx Dely (ethylenejming) der ef fecti vel y
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of the poly(ethyleneimine). A commercially available material of _

this type is known as Polymin P, a product of BASF-Wyandotte . .

Corparation. '
Ancther particularly preferred primer material is the

- reaction product of an epoxy resin with an acidified

aminoethylated vinyl polymer. The contemplated epoxy resins

are glycidyl ethers of polyhydroxy compounds. Typical

polyhydroxy compourds which may be used include bisphenol A,

ring-substituted bisphenol A, rescrcinol, hydroquinone,

phenol-formaldehyde, Novolac resins, aliphatic diols, such

as ethylene glycol, propylene glycol, 1,4-butanediol,

1,6-hexane~-diol, glycerocl, lower alkyl hydantoins or a mixture

thereof. The preferred epoxy resins of the present invention are-

those made by the glycidation reaction between epichlorchydrin

and bisphenol A. Epoxy resins of this type are cammonly

classified by their epoxy equivalent weight (EEW) which is

defined by the weight of resin in grams which contains one gram

equivalent of epoxy groups. Resins with an EEW ranging from 170

to 280 may be. used in the present invention, butthepre.ferred

range is 180 to 210.
Although the specific structure of the epoxy resin is

not critical to the primer employed in the present invention,

important considerations in the selection of the epoxy resin

revolve around its physical state. For example, it must be
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ptiner coating applied thereto, and 3) a coating of an oxyg g5 on

t hnr ni- n

treated to a surface free energy of at |east about 35 dyn[s%éﬁ SI—%—)ET%\SGB@EN

inhibiting | ayer of a cross-Ilinked poly(vinylal cohol) app

The preferred substrate nust be properly prepared to receive the priner
| ayer followed by the cross Iinked pol y(vi nyl al cohol ). This proper

| cast 95 and greleral t- T On oS Lo A Gileo e accprdacpeth
eas an &ee era rom 0 a&nq_'s Lemdn gccordar anm%ex\n
- If the epoxy resin is of low viscosity, it may be stirred
directly into the second camponent, i.e., curing agent, however,
it is preferred to employ the epoxy resin in an agqueous emulsiaon.
The second camponent in the epoxy primer camposition of
the present invention is an amino modified acrylic polymer
which is water soluble. This polymer is a curing agent for
the epoxy campound. The preferred material is described in
U.S. Patent No. 3,719,629, the disclosure of which is
incorporated herein by reference. This material may be
generically described as an acidified aminoethylated
interpolymer having pendent amincalkylate groups. This
material is produced by polymerizing acrylate, methacrylate,
styrene or other suitable monomers with sufficient methacrylic or
acrylic acids to give a —COCH content of 7.5 to 12.5%. Solvent
pplwmnﬁzatﬂx1teduﬁqm§;aEE'pnakmred. The polymer is then
reacted with ethyleneimine monomer and acidified with
* hydrochloric acid to render the polymer water-soluble.
' In one embodiment of the present invention, a liquid
epoxy resin is emilsified in a solution of the curing agent
by rapid stirring, the resultant dispersion is diluted with
water to the desired concentration for coating, usually from
2 to 20% solids. When mixing the epoxy resin with the auring
‘agent, it is generally preferred to use a stochiometric
equivalent balance of epoxy and amine groups. However, it has
been found that the stochiometric ratio may be varied over a wide
range, from 1 epoxy to 3 amine groups through 3 epoxy groups to 1
amine group. Any of the above described primers can be employed
in the range of 0.001 to 3.5 g/m-.
The poly(vinylalcchol) enployed herein can be any
camercially available material. For example, ELVANOL 71-30, an
E. I. duPont product. The poly(vinylalcohol) coating solution is
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ASI.M St andard D2578-84. The treatment can be flanme treat gﬁﬁ%/xs BEEN lE
treatnment, chem cal treatnment or corona discharge treatne H‘% Vi =
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treatment and corona discharge treatnent are preferred w h__g;o.r_ P N

di scharge treatnment being particularly preferred. “Cormer ci al | y
avai |l abl e corona di scharge treatnent equi pnment can be obtained from Solo

Systens, | nc prefaaed d@ﬁiﬁg@h&tpcﬂgnébrmhatiwalher,cobﬂmvamde,

For oxanpl c. "SBHELPoR SALY i PRianif il L s T BB o h QLD 00,

about 0. 050 mtal&ﬁn t'meaﬂ:msg ]mﬂa}mqgﬂlbr@lfbﬁm oelaxinert 0. 9 nils. The

filmcan be tgga faeﬁgdé dY BaRderBially availahid fodd1$rith@at nent, a
sui tabl e prlmer rra erral“1s coated onto the treated surface.

Preferred priadee weuldringlude PAREZ 633, @& Bethydabed pelaine tarpaldehydes 559,
These i ncl udeyRER7EE 2 ReaE1aea] Melanindefimaddehydiel CoMEE jods & th an

nter poI ymer t%.né%é[oam fein urea formaldehyde, glyoxal or borax. An
acid catalyst, e.g., ammonium sulfate, ammonium chloride,
sulfuric acid, nitric acid ammonium nitrate will effectively
catalyze these systems

Cross-luﬂung:.smneda.rttomkeme .
poly(vinylalcohol) less moisture sensitive but it is
essential that this does not occur before the coating weight
is applied and evenly distributed. This is effected by
making up the aquecus solution so that the initial

. concentration is too low for this to occur but, as drying
occurs, the concentration increases and the rate of
cross-linking is heightened.

Suitable concentrations have been fourd to be fram 1 to

, preferably from 4 to 8 wt% of the solution being polymer
plus cross-linking agent plus catalyst. If the solids
content is higher, the solution becomes too viscous; if

_to 30%, typically 15% cross-linking agent is used with from
0% to 7.5%, typically 2% of the acid catalyst. A preferred
formlation comprises the following solids content: 85.5
wtd poly(vinylalcochol); 12.8 wt¥ methylated melamine
formaldehyde; and 1.7 wt% ammonium chlaride (ME,C1) .

The aquecus poly(vinylalcchol) sblutz.on was prepared by
dissolving sufficient ELVANOL 71-30 in hot water to form an 8 wt%
solution which was then cooled. To this solution was added a 20
wt$ aguecus melamine formaldehyde solution and a 5 wt% agueocus
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nmet hagryl a@m de and at | east one ot her unsaturated nononer. - ;
is a material resulting from condensing ani noal dehyde with gﬂ%ﬁﬁﬁ?ﬁé’@rBEEN
net hacryl am de and subsequently interpolynerizing the conggnsat iR t
with at |east one other unsaturated nonomer in the presence of a Cferr] to
Cerr] alkanol. A preferred priner coating resin of this type conprises a

copol ynmer coremmoniung 9Sshubjorneb giovide thyrmreferryd fandatinn wei ght of

0 U, A N o

f or mal dehyde mmtbunafmn Oo2ittoi hrgfgl from0.2 to 3 equr vaI ents of

f or mal dehyde for ea ‘Pfu&ﬁ’.f&hbﬁ rbfr% resin of
thrstypersaSO%s‘:ﬂF solutron‘iodfjl copol yner |n contarnrng 38.5

parts of styrketB sidespf $herfidmny| acrylate, 2. 5 parts of ethacrylic acid
and 15 parts of acrylam de which has be condensed with 5.2 parts of
f ormal dehyde in n-but anol . EXAMPLE

A homopolymer polypropylene core is coextruded with skin
layers of an ethylene-propylene random copolymer. The rarndom
copolymer contains approximately 3-5% by weight of ethylene. The
extruded film is biaxially oriented to 4-5 times machine
direction and 7-10 times transverse direction to yield a film
having a thickness of approximately 1 mil. The thickness of the
skin layers is approximately 12% of the film ard are
approximately of equal thickness. This film combination is
corona discharge treated in accordance with commonly employed
prior art techniques to produce a surface with a wetting tension
of about 42 dynes/cm. The treated film is precoated on both
sides with 0.1 wt% poly(ethyleneimine), the above-identified
BASF-Wyandotte Corporation Polymin P product. The film is
air-dried at 100°C. This coating weight is too low to be
measured, kut is calculated to be in the range of 0.002 grams per
nZ. 'Itusprinercoatedtreatedsubstratelstlmcoatedmme
51dew1thanacry1ate coatmgtoacoatmgwelght of about 1.0
g/m msacrylatecoatingmsanaquemsammzamlsoluum
of terpolymer latex resulting fram the polymerization of about
563 by weight of methyl methacrylate, about 40% by weight of
methyl acrylate, and about 4% by weight of methacrylic acid.

The opposite surface of this film structure was coated with

the above-identified solution of poly(vinylalcchol),
cross-linking agent and catalyst. The solution was applied
utilizing a reverse direct gravure coater ard the coated film was
passed through a dry-air oven at from 100-125°C. This produced a
coating weight of 0.5 g/mz.

e
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-4- . A particularly preferred priner mgterlal for the structure
conterrpl ated herein has been found to be pol y(ethyl enei mgn -
ﬁéi% f} BEEN

prlner provi des an overall adhesively active surface for|
Secure bonding with the subsequently applied cross-I|inkeg
pol y(vinyl al cohol). It has been found that an effective coating solutlon

concentration .of thw@:&é&tﬁuﬁq@mwmm éxmmé:heabﬂdurous or
or gani ¢ sol vent , nedi a such as eth is a sok%% S g about 0.1
rera

to 0.6% by woeyite ip vhich fﬁqﬁ&?ls yavallable
materi al of aqueous salt solution—pezmatedpadtocorrl:mlthegas

moisture content and then through the film, disposed at
right angles to the stream, with the cross-linked
poly(vinylalcohol) coating upstream. The oxygen transmitted
was determined and the amount of oxygen passed per unit area
of film per time period is calculated. l’:mployng the
descr:.bedstrucmreonlyOGZOcofmcygen/m/dayartso%
relative humidity is transmitted. 'Ihlslsslpenortoary
other known polymeric system for inhibiting the transmission of
oxygen throush a packaging type film. |
. The cross-linked poly(vinylalcchol) coated f£ilm

described above is intended to be adhesively laminated to
either oriented or unoriented commercially available
thermoplastic £ilms such as homopolymer polypropylene film,
polypropylene with coated layers, polypropylene with slip

~ additives, polypropylene with coextruded layers, opague
polypropylene, polyethylene, Nylon, polyethylene
terephthalate, polycarbonate, polystyrene, etc. A
particularly preferred class of films are the polyolefins.
'meouygentrarmmslonratewasmmafterlammtmn
with 25 micron acrylic coated biaxially oriented
polypropylene film. m1y0460cofoxygenperm per day
at 50% relative humidity, 069ccofoxygenpa:m pesrday
at 75% relat:wemnnldltyarﬂs.mccofcxygenperm per
day at 100% relative humidity are transmitted through this
lamination. Unexpectedly, this. is superior to any other
known polymeric structure for inhibiting the transmission of
oxygen, even at relative mmidities over 50%. The bond strength
was found to be excellent, about 200 g/cm.
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thi.,s,type ts known as Polymn P a product of BASF Wandot te Corporatlon.
Anot her particularly pWH—eral-ls t he i

an epoxy resin with an et hyl ated vi nyl
contenpl at ed epoxy resi im ’ mm‘jﬁ hers of poly

Typi cal pol yhydr oxy conpoun e used incl ude blépheno A,J

ri ng-substit ugggdmMBi sphenol A, resorcinol, hydroqui none,
phenol - f or mal dehyde, Novol ac resins, allphatic diols, such as ethyl ene
gl ycol, propylene glycol, 1;4-butanedio|, 1, 6- hexane-di ol , glycerol, |ower

al kyl -hydantoi ns or B nmxtfile dosbination whdéch ceiprises emlymré.ci ns of t he

present inven E¥ EE%,&I]}‘% :g‘g%éxp e?éé%\:
epi chl orohydr%%l%%%}%ﬁﬁ pOXy resl 'ni's type are commnl y

classified bythersof Wmm@ﬂmwﬁm of A deast by t he

wei ght of I €S hBajth rd?p%s m,,ig?e a GHrd i Goht Hicf Bhertlon® POXY
groups. Resins w tﬁg E&ﬁirangl ng from1l to 280, may be. used ?n t he
present i nven@idnon Prinel GREi g 2R MRggen Srepduission gnhibiting A ¢ hough

the specific Wb&@l@ﬁd BecrexXpinked ipolyy¢vinylalcchol) .
2. A film carbination accarding to claim 1 wherein the
. substrate camprises an oriented hamopolymer or copolymer of
propylene. "

3. A film cambination according to claim 1 or 2 wherein
the poly(vinylalcohol) is cross-linked with an acid catalyzed
cross~linking agent.

4. A film cambination according to any preceding claim
wheremonesmeofﬂlefllmhasaheatseal layer thereon.

S. A film combination according to any preceding claim
vwherein both sides of the film have cross-linked
poly(vinylalcohol) thereon.

6. A film cambination according to any preceding claim
wherein the primer camprises poly(ethyleneimine) or the reaction
productofanepoxyrsinwithanacidifiedamimettmcylated
vinyl polymer.

7. Afllmcanbmatlmwheremttnsubstrate includes a
coextruded propylene-ethylene copolymer layer on at least one

8. A film cambination accarding to claim 7 wherein the
propylene-ethylene copolymer is random and the ethylene is
present in a minor proportion.

This Sheet Has Been Reﬂlaced ;
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not critical to the prinmer - on,ed Lnrg_{qe present |nven_i_9n—-~i--nﬁ&r:haﬁf-———”‘
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of ei‘ng‘reldify i spersed or dissol ved W|th t he second €
agent as described hereinbelow. If the epoxy resin is of |ow Vi scosity, it
may be stirred 9. A process for the preparation of a low oxygen

transmissive film combination, which process camprises:

(a) providing a polymeric substrate film;

(b) treating at least one surface thereof so as to
have a surface free energy of at least 35 dynes/cm;

| (c) applying a primer coating to at least one of the

treated surfaces; and

(d) applying a poly(vinylalcohol) and cross-linking
means composition to at least one primed surface.

This Sheet Has Been Re'ilaced ;
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directly into the second conponent, i.e. , curing agent, however, it is
preferred to enploy the epoxy resin in an aqueos emulsion,,,. ., Jhe seen i
second conponent in the epoxy priner conmposition of theipresenEQLnagntlon
is an amno nodified acrylic polymer which is water sol
is a curing agent for the epoxy conpound. The preferred mat erl al is
described in ' ZE (TRANEMISS g , the disclosure of which is

i ncorporated herein by reference. This material may be generically.

descri bed as an acidified am noethyl ated interpol yner having pendent

am noal kyl ate groups. This materi al ABSEIRBEBduced by pol ynerizing acryl ate,
nmet hacryl ate, styrene or other suitable nononmers with sufficient

met hacrylic or acrylic acids to give, a .- ontent ,of 7.5 to 12.5%

Sol vent " pol yneri zat | drlWe xR énﬁ'?"bsp}?% ‘EJ‘“L’FP?é'JﬁB RARIPI & t hen
reacted with WIM&WWIM&@fMWGﬂ&f&rLC acid to
render the po ter of the present
i nvention, : Iﬂ%]%{ 8%&0)?? %gﬁg? 's A RTET 1 egﬁﬂf}ﬁ’@% ﬁf%of the curing
agent by rapl gides and ray oxygen transmissivei iphdbiting layetti dfimed with water to
the desired ¢GRIk Pof AviiPRALANL) 8K Ukor! O priner

layers.
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2 to.20% solids. When m xing the epoxy resin with the curring agent, it is
gﬁgerafly preferred to use a stochionetric equival ent balance of epoxy and
anm ne groups. However, it has been found that the stochijo Led-ALL O,
be varied over a wide range, from1l epoxy to 3 am ne gr'uggg%%?%ﬂéﬁ’ ﬁgg%x
groups to 1 am ne group. Any of the above described pri é§99§33b UentRpye
in the range of 0.001 to 3.5 g/nferr]. The pol y{a —CONGLy=te
enpl oyed herein can be any commercial | y-avail able material. For exanple,

. ELVANCL 71-30, an E. |. duPont product. The pol y(vinyl al cohol) coating

solution is
LOW OXYGEN TRANSMISSIVE FITM

This invention relates to a flexible, miltilayer film
carbination having low oxygen transmissive characteristics.

Certain polymeric films employed far the packaging of
foods inherently permit the transmission of oxygen from the
outside of the film to the inside of a package made up of
the film. Sudxingmsstfgmqqaxpmmﬁtszzphideunﬁanuimmof
foods packaged in such a container; therefore its exclusion or
control is desired. '

It is an object of the present invention to decrease
the oxygen transmission rate of such films.

In accordance with the present invention, there -is
Provided a film cambination which camprises a polymeric substrate
susceptible of transmitting oxygen, at least one side thereof
baving been treated to a surface-free energy of at least about 35
dynes/cm, that side having a primer coating thereon; and, on the
Frimer coating, an oxygen transmission inhibiting layer
camprising a cross-linked poly(vinylalcohol).

If desired, cne side of the film has a heat seal layer
thereon, suitably an acrylic layer. : .

The present invention also relates to a process far the
Preparation of a low oxygen transmissive film combination which
camprises providing a polymeric substrate film; treating at least
one surface thereof so as to have a surface free energy of at
least 35 dynes/cm; applying a primer coating to at least one of
the treated surfaces; and applying a poly (vinyl alcchol) and
Cross—-linking composition to at least ane primed surface. The
polymeric substrate film is preferably criented, especially
biaxially criented.
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prepared by dissolving the polyner in hot water, cooling and m xing both

W th a suitable cross-linking agent and an acid catal y '*-The “er-08s-k4.nki ng
agent can be a nel anmine- or urea-fornal dehyde resin. re+-a| Fyravai labll.e
cross-linkers also would include PAREZ 613, a net hyl at rrel awU

fornal dehyde; CYMEL 373, a nethyl ated mel am ne formal deghy L @1(;9? aI
trimethyl ol nelam ne urea fornmal dehyde,_ gl_yoxal or bor ax. T‘*am‘ﬂ:cﬁ-t%#:ys—’l
e.g., ammoni um sul fate, anmoni um chl or sul furic acid, nitric acid
ammoniumnitrate will effectively catal yze these systens.

Cross-linking is carried out to make the poly(vinylalcohol) |ess noisture
sensitive but it is essential that this does not occur before the coating

wei ght is applied aﬁ%hg\t&%t%g é{’“&éﬁ% dﬁth ng up the

aqueous sol ution so e1ntra concentratlon 'S t owfor this to

occur but, afilw gubstrate oriented or unoriented which inherently permits
the transmission of oxygen and wherein the utility of such film
would call for a minimization of the transmission of oxygen. In
most cases, the source of the axygen referred to herein is
atmospheric oxygen. While nylon, polyethylene terephthalate and
polycarbonate films are contemplated herein, a particularly
preferred class of films are the polyolefins. Within the
polyoclefin class, hamopolymers and copolymers of pmpylene' are
preferred. Particularly preferred are isctactic polypropylenes
containing at least 80% by weight of isotactic polypropylene.
The preferred base substrate layer can be hamopolypropylene
having a melting point range of from about 321°-336°F. A
camercially available material of this description is ARCO W472.
The preferred substrate can also be coextruded with a thin skin
layer, on one or both sides, catprlsmg fram 2 to 12% of the
total thickness, of a copolymer, suitably a random copolymer, of
propylene and ancther olefin, e.g., ethylene or butene-1. The
other olefin can be present in the copolymer in an amount from
1 to 7 wts.

In order effectively to inhibit the amocunt of oxygen
transmitted through the base layer, the base layer must be 1)
treated to a surface free energy of at least about 35 dynes/cm,
2) have a primer coating applied thereto, and 3) a coating of an
oxygen transmission inhibiting layer of a cross-linked
poly(vinylalcchol) applied thereto.

The preferred substrate must be properly prepared to
receive the primer layer followed by the cross-linked
poly(vinylalcchol). This proper treatment involves treating
the surface to a surface tension level of at least 35 and
preferably from 38 to 45 dynes/cm in accordance with



occurs, the concentration increases and the rate of cross-linking is

hei ght ened. Sui tabl e concentrations have been {foafgto-be-fromt=l 0
16, preferably from4 to 8 wt% of the solution being p I@E@rﬁ\kpiusnw_ T )
cross-linking agent plus catalyst. If the solids contefit is Zag 1gg5e f
sol ution becones too viscous; if |lower, good water res aéfhc (EESEN Yo ) SREMRePS
obt ai ned. From about 5%to 30% typi cal I3y 15% cross-1i
with from0%to 7.5% typically 2% of +He—acid catalyst. A preferred

formul ati on conprises the follow ng solids content: 85.5 wt %

pol y(vinyl al cohol ); 12.8 wt % net hyl ated nel am ne fornmal dehyde; and 1.7 wt%

ammoni um chl oride (NH err %%7 The aqueous. pol y(V| nyl al cohol)

sol uti on was pﬁgﬂﬁ%@ﬁ"@d}ip §r§?ﬂgT§%TtFﬁ%1F‘8ﬁF epedilame - 30 in hot water
to forman 8 wibestglett] Ylavh &b hﬂ&eaﬁﬁaﬁi‘hbﬁ &bt | on was added
a 20 wt%aqueogs gEI am ne formal dﬁaxge SoJ ut;on and a iWtoéoa ueous

treatment are preferred with corona discharge treatment
being particularly preferred.

Camnercially available corona discharge treatment

equipment can be obtained fram Solo Systems, Inc., Garland,
Texas; Corotec Corparation, Collinsville, Comnecticut;
Softal Electronics, Hamburg, W. Germany; and others. Using, for
example, Softal Electronics equipment, a treater can have an air
gap of about 0.050 in. when treating polypropylene film of about
0.9 mils. The film can be treated to 42 to 44 dynes/cm.

After this treatment, a suitable primer material is
coated onto the treated surface.

Preferred primer materials are those disclosed in U.S.
Patent 4,564,559. These include a primer produced by condensing
a monoaldehyde with an interpolymer of acrylamide or
methacrylamide and at least cne cther unsaturated moncmer.
Further. included is a material resulting from condensing
amincaldehyde with acrylamide or methacrylamide and subsequently
interpolymerizing the condensation product: with at least one
otha'msabaratednmanerintheprsemeofacltocs alkanol.
A preferred primer coating resin of this type camprises a
copolymer containing up to 90% by weight of styrene, up to 80% by
weight of an alkyl acrylate, up to 15% by weight of methacrylic
acid and 5% to 25% by weight of acrylamide which has been
condensed with a solution of formaldehyde in n-butanol containing
fram 0.2 to 3 equivalents of formaldehyde for each amide graup in
the copolymer. Another primer resin of this type is a 50% solid
solution of a copolymer resin containing 38.5 parts of styrene,
44 parts of ethyl acrylate, 2.5 parts of ethacrylic acid and 15
parts of acrylamide which has be condensed with 5.2 parts of
farmaldehyde in n-hbutanol.
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-7- ammoni um chl oride solution to provide the prefe

recited above.

0.2 to 3 g/nerr]. The cross-|inked pol y(vinyl

one, or on bot

core is coextruded with skin layers of an ethyl ene-prof
copol yner. The random

The cross-1inked poly(vinylal cohol) can U@Fﬂr@.ﬁmﬁ SHEEDN

0l

h sides, of the film A honopplGater...
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A particularly preferred primer material for the
structire contemplated herein has been found to be
poly(ethyleneimine). The imine primer provides an overall
adhesively active surface for thorough and secure bonding
with the subsequently applied cross-linked -
poly(vinylalcohol). It has been found that an effective
coating solution concentration of the poly(ethyleneimine)
applied from either agqueocus or organic solvent media, such
as ethanol, is a solution camprising about 0.1 to 0.6% by weight
of the poly(ethyleneimine). A commercially available material of
this type is known as Polymin P, a product of BASF-Wyandotte
Carporation.

Ancther particularly preferred primer material-is the
reaction product of an epoxy resin with an acidified
amincethylated vinyl polymer. The contemplated epoxy resins
are glycidyl ethers of polyhydroxy compourds. Typical
polyhydroxy compounds which may be used include bisphenol A,
ring-substituted bisphenol A, resorcinol, hydroguinone,
phenocl-formaldehyde, Novolac resins, aliphatic diols, such
as ethylene glycol, propylene glycol, 1,4-butanediol,
1,6-hexane-diol, glycerol, lower alkyl hydantoins or a mixture
thereof. The preferred epoxy resins of the present invention are
those made by the glycidation reaction between epichlorchydrin
and bisphenol A. Epoxy resins of this type are commonly
classz.fledbythe:xepoxyeqmvalmtwelght (EEW) which is
defined by the weight of resin in grams which contains one gram
equivalent of epoxy groups. Resins with an EFW ranging from 170
to 280 may be used in the present invention, but the preferred
range is 180 to 210.

Although the specific structure of the epoxy resin is
not critical to the primer employed in the present invention,
important considerations in the selection of the epoxy resin
revolve arcurd its physical state.. For example, it must be

D
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copol ymer contains aproximately 3-5% by weight of ethylene. The extruded,
filmis biaxially oriented to 4-5 tinmes machi ne dlrecho,n'"'“ :]=10 tlmas
tfansverse direction to yield a filmhaving a thickne§s of- g PPTOXi mat &l

ml|. The thickness of the skin |ayers is approxi rrately (12% o?\&t @@Qf 1996 pd
are approximately of equal thickness. This film conbihatloi S Corona

di scharge treated in accordance with corgqronly enpl oyed pri or art techni ques
to produce a surface with a wetting temsron of about 42 dynes/cm The
treated filmis precoated on both sides with 0.1 w % pol y(ethyl enei m ne),

t he above-identified BASF-Wandotte Corporation Polym n P product. The film

is air-dried at,l10Ql.err]C. I s coatin { | o b sur ed,
but is cal cul at %M ZB'Q] F?Papﬂ% c‘?fa o?%gfhﬁéﬁ ‘ﬁ/fé? ‘F% % pri ner
coated treated Msmmmmmmmgeoh@sdmmeame}UMe _,
coating to a co iend ‘QJ%F; rl. aﬁ:gﬁge coatin
was angaqueous gfmmm%‘? %tlon 0 terpo T’at gx resulting from t%e
pol yreri zati on thmm@ h%e-mamwmg heWever,40% by
wei ghf[ of met hyhtqgr%%]&gﬁf, t MWQ& & aﬂ‘%d@ﬁ%§|éﬁ]§£dp. The
| S m s ru

opposite surface of ure, watiecgp%t};dprw camposition of

ﬂxepreserrtm%onlsananmmodlﬁedaczyhcpolyner
which is water soluble. This polymer is a arring agent for
the epoxy campound. The preferred material is described in
U.S. Patent No. 3,719,629, the disclosure of which is
incorporated herein by reference. This raterial may be
generically described as an acidified aminoethylated
interpolymer having pendent amincalkylate groups. This
material is produced by polymerizing acrylate, methacrylate,
styrene or other suitable monomers with sufficient methacrylic or
acrylic acids to give a -COCH content of 7.5 to 12.5%. Solvent
polymerization techniques are preferred. The polymer is then
reacted with ethyleneimine monomer and acidified with
hydrochlaric acid to render the polymer water-soluble.

In cne embodiment of the present invention, a liquid
epoxy resin is emilsified in a solution of the curing agent
by rapid stirring, the resultant dispersion is diluted with
water to the desired concentration for coating, usually from
2 to 20% solids. When mixing the epoxy resin with the auring
agent, it is generally preferred to use a stochiametric
equivalent balance of epoxy and amine groups. However, it has
been found that the stochiametric ratio may be varied over a wide
range, from 1 epoxy to 3 amine groups through 3 epoxy groups to 1
amine group. Any of the above described primers can be employed
in the range of 0.001 to 3.5 g/m°.

The poly(vinylalcchol) employed herein can be any
cmmerc:.ally available material. For example, ELVANOL 71-30, an
E. I. duPont product. The poly(vinylalcchol) coating solution is




the above-identified solution of poly(vinylalcohol), eross-linking agent

and catal yst. The solution was applied utilizing are q:;@;q_/@nr;‘%% QLQMPI’

coater and the coated fil mwas passed through a dry- ar oven. at
100-125[err] C. This produced a coating weight of 0.5 /mﬁt@rrZHAUGBQB

The dried filmis then tested in an oxygea=pecmpalb
deV| ce in which a streamof dry oxygen s passed through an

prepared by dissolving the polymer in hot water, cooling and
mixing both with a suitable cross-linking agent and an acid
catalyst. The cross-linking agent can be a melamine- or
urea-formaldehyde resin. Cammercially available cross-linkers
also wauld include PAREZ 613, a methylated melamine formaldehyde;
CYMEL 373, a methylated melamine formaldehyde; CYMEL 401, a
trimethylol melamine urea formaldehyde, glyoxal or borax. an

" acid catalyst, e.g., ammonium sulfate, ammonium chloride,
sulfuric acid, nitric acid ammonium nitrate will effectively
catalyze these systems. _

Cross-linking is carried out to make the
poly(vinylalcohol) less moisture sensitive but it is
essential that this does not occur before the coating weight
is applied and evenly distributed. This is effected by
making up the aquecus solution so that the initial
concentration is too low for this to occur but, as drying
occaurs, the concentration increases amd the rate of

~ cross-linking is heightened.

_Suitable concentrations have been found to be from 1 to

10, preferably from 4 to 8 wti of the solution being polymer
Plus cross-linking agent plus catalyst. If the solids
cantent is higher, the solution becomes too viscous; if
lower, good water resistance is not obtained. From about 5%
to 30%, typically 15% cross-linking agent is used with from
0% to 7.5%, typically 2% of the acid catalyst. A preferred
foarmulation comprises the following solids content: 85.5
wt¥ poly(vinylalochol); 12.8 wt¥ methylated melamine
farmaldehyde; and 1.7 wtd ammonium chloride (NH,C1).

The agueous poly(vinylalcchol) solut::.on was prepared by
dissolving sufficient ELVANOL 71-30 in hot water to form an 8 wt$
solution which was then cooled. To this solution was added a 20
wt¥ aquecus melamine formaldehyde solution and a 5 wtt aquecus
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aqueous salt solution-perneated pad to control the gas_mpisture-content, and
then through the film disposed at right angles to tte»:ﬁr’geamw;thh{me,
cfoss-1inked poly(vinylalcohol) coating upstream Th oxygz;stoéﬁéls‘mﬁteﬁd
was deter ined and the anobunt of oxygen passed per ubi.—jate,a;r __________________ P p ?Er
time period is calculated. Enploying the described strtettre—enly-—0-62cc
of oxygen/nferr]/day at 50%relative humdity is transmtted. This is
superior to any other known pol yneric sﬁs}_e'.m for inhibiting the
transm ssi on of oxygen through a packaging type film The
cross-1linked poly(vinylalcohol) coated filmdescribed above is intended to

be adhesively lam nated to ei.ther oriented or,uporiented co reial ly
avai | abl e t her nmlf“cd?lﬁrﬂ'geﬁ?ém Qﬁ)mﬁe M%Fﬁyf%ﬁ@f?ﬂ%
pol ypr opyl ene wirebitsdaabaovd.ay e crass~} inkedypalyd vimytlaledhql) ackh beves,

pol ypr opyl ene V\nﬂr ] gs%&e r dan | r aque pol ypropyl ene, polyethyl ene,
Nyl on, pol yet hyfrene eg}ép t a?'a .é"é‘ 3Sg(lgﬁé'ar.bonat e, polystyrene, etc. A
particularly pref erredMMIMw @inylaloehel)| say rhe ariemes gryon

transm ssion raygtiagqds! JemtRe¢ignt er | am nation

EXAMPLE

A hamopolymer polypropylene core is coextruded with skin
layers of an ethylene-propylene randam copolymer. The random
copolymer contains approximately 3-5% by weight of ethylene. The
extruded film is biaxially oriented to 4-5 times machine
direction and 7-10 times transverse direction to yield a film
having a thickness of approximately 1 mil. The thickness of the
skin layers is approximately 12% of the film and are
approximately of equal thickness. This film combination is
carona discharge treated in accor:dance with commonly employed
prior art techniques to produce a surface with a wetting tension
of about 42 dynes/cm. The treated film is precoated aon both
sides with 0.1 wt% poly(ethyleneimine), the above-identified
BASF-Wyandotte Corporation Polymin P product. The film is
air-dried at 100°C. This coating weight is too low to be
measured, but is calculated to be in the range of 0.002 grams per
n°. This primer coated treated substrate is then coated on ocne
side with an acrylate coating to a coating weight of about 1.0
g/inz. This acrylate coating was an aqueous ammoniacal solution
of terpolymer latex resulting from the polymerization of about
56% by weight of methyl methacrylate, about 40% by weight of
methyl acrylate, and about 4% by weight of methacrylic acid.

The opposite surface of this film structure was coated with

the above-identified solution of poly(vinylalcohol),
cross-linking agent and catalyst. The solution was applied
utilizing a reverse direct gravure coater ard the coated film was
passed through a dry-air oven at from 100-125°C. This produced a
coating weight of 0.5 g/mz.
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with 25 mcron acrylic coated biaxially oriented pol yproovl ene film_ (Ml

0.46 €c of oxygen per nferr] per day at 50%rel ative h ?-GJJ %E.JQ—'\‘QQ“%TO‘“
oxygen per njerr] per day at 75% relative humdity andl‘ESi' cc o x

per merr] per day at 100%relative humdity are trans
| am nati on. Unexpectedly, this is superior to any othe
structure for inhibiting the transm ssion of oxygen, even at relative

humi dities over 50% The bond strength-wls found to be excell ent, about 200
g/cm - *C L M S_

The dried film is then tested in an oxygen-permeability
device in which a stream of dry oxygen is passed throuch an
agueous salt solution-permeated pad to control the gas
moisture content and then through the film, disposed at

 right angles to the stream, with the cross-linked
poly(vinylalcochol) coating upstream. The oxygen transmitted

. was determined ard the amount of oxygen passed per unit area
of film per time period is calculated. Employing the
-described structure only 0.62 cc of oxygen/mzlday at 50%
relative himidity is transmitted. This is superior to any
other known polymeric system for inhibiting the transmission of
oxygen through a packaging type film.

The cross-linked poly(vinylalcchol) coated film
described above is intended to be adhesively laminated to
either oriented or unoriented commercially available
thermoplastic films such as homopolymer polypropylene f£ilm,
polypropylene with coated layers, polypropylene with slip
additives, polypropylene with coextruded layers, opaque
polypropylene, polyethylene, Nylon, polyethylene
terephthalate, polycarbonate, polystyrene, etc. A
particularly preferred class of films are the polyolefins.
'Iheoxygentransnissionratewasdetermihedafterlamimtim
with 25 micron acrylic coated biaxially criented
polypropylene film.. Only 0.46 cc of oxygen per n° per day
at 50% relative humidity, 0.69 cc of oxygen per m2 per day
at 75% relativel'mm:i.dityan"'ri5.81<':::ofoxygenpe:r:'m2 per
day at 100% relative l'n.nnJ.dJ.ty are transmitted through this
lamination. Unexpectedly, this. is supei:icr to any other
known polymeric structure for inhibiting the transmission of
oxygen, even at relative humidities over 50%. The bond strength
was found to be excellent, about 200 g/cm. |



1. A filmconbination which conprises a polyneric s ' | bl e of
transmtting oxygen, at |east one side thereof havin Béengbfﬁage 0
surface free energy of at least about 35 dynes/cm tfjat side havir

prinmer coating thereon; and, on the priner coating,

i nhi biting Ilmmum c“' |“ Ia Cross- I i nked pol y(vi ny FLIRY 2
A filmconbi to claiml1l wherein the substrate conprises an

oriented hom)pol ymer or copol ymer of pr-e-?-l—ene 3. Afilm

conbi nation according to claim1 or 2 wherein the poly(vinylalcohol) is
cross-linked with an acid catalyzed cross-Iinking agent. 4. Afilm
conbi nation according to any preceding claimwherein one side of the film

has a heat sealCIAIM®r t her eon.

1. A film cambination which camprises a polymeric
substrate susceptible ef transmitting oxygen, at least one side
thereof having been treated to a suxface free energy of at least
about 35 dynes/cm, that side having a primer coating thereon;
ard, on the primer coating, an axygen transmission inhibiting
layer camprising a cross-linked poly(vinylalcchol).

2. A f£ilm cambination according to claim 1 wherein the
substrate camprises an oriented hamcpolymer or copolymer of

3. A film cambination according to claim 1 or 2 wherein
the poly(vinylalcohol) is cross-linked with an acid catalyzed
cross-linking agent.

4. A film combination according to any preceding claim
wherein one side of the film has a heat seal layer thereon.

5. A film combination according to any preceding claim
wherein both sides of the film have cross-linked
poly(vinylalcochol) therecn.

6. A film combination according to any preceding claim
wherein the primer comprises poly(ethyleneimine) or the reaction
product of an epoxy resin with an acidified amino ethoxylated
vinyl polymer.

7. A film combination wherein the substrate includes a
coexm:dedpropylene-ethylel:lecopolymrlayetmatleastone
side thereof. . ) _

8. A film conbination according to claim 7 wherein the
propylene-ethylene copolymer is randam and the ethylene is
present in a mincr proportion.
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5. A filmconbination according to any preceding cl al“meth"
of the fi pol y(vi nyl al cohol ) t her &onss.

conbi nat i o any preceding clai mwherein tlhe pr i se$
pol y(et hyI MWQ reaction product of an epoﬂyt»cfés?{r?a\ﬁ@h ------ |
acidified am no vi nyl pol ymer. =ATTiTmconbi n“aﬁnh
wherein the substrate i ncI udes a coextruged propyl ene et hyl ene copol yner

| ayer on at | east one side thereof. 8. A filmconbination

according to claim7 wherein the propyl ene-ethyl ene copol yner is random and
the ethylene is present in a minor proportion.

9. A process for the preparation of a low oxygen
transmissive film cambination, which process camprises:

(a) providing a polymeric substrate £ilm;

(b) treating at least cne surface thereof so as to
have a surface free energy of at least 35 dynes/cm;

(c) applying a primer coating to at least one of the
treated surfaces; amd '

(d) applying a poly(v:mylalcd:ol) ard cross-linking
means camposition to at least one primed surface.




- 10 - rewm ot 9. A process for the preparatlon of .. _@ | ow _oxygen

transm ssive fil mconbination, which process conpri ses Hh ‘A .
pfovi ding a pol ymeric substrat e film (b) trd 3t ’g&é
@9 :

surface thereof so as to have a surface free energy ¢
dynes/cm (c) applying a prinmer coating to at—leasf ofeof " the
treated surfaggggggghigggg%gﬁigizggpIying a pol y(vinyl al cohol) and
cross-1linking neans conposition to at | east one primed surface.

ABSTRACT

A low oxygen transmissive film cambination having a
Substrate with a surface having a surface free energy of at
least about 35 dynes/cm, a primer coating on one or both
sides and an oxygen transmissive inhibiting layer of a
cross-linked poly(vinylalcohol) on one or both primer
layers.



