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'1his lllvention relates to a flexible, nultilayer film 

oanbination havi.rg low oxyqen transmissive characteristics. 

Certain polymeric films enployed far the packaging of 

foods inherently permit the transmission of oxyqen fran the 

outside of ·the film to the inside of a Package made up of 

the film. SUch ~ ·of oxygen permits rapid deterieration of 

foods packag~ ·in such a container; therefore its exclusion or 

control is desired. 

It is an object of the present invention to decrease 

the oxyqen transmission rate of sudl films. 

In ac:cmdance with the present invention, ~ is 

provided a fihn canbination which _catprises a polymeric sul:strate 

susceptible of transmittin;J oxygen, at least one side thereof 

havirg been treated to a surface-free ene:cgy of at least aJ:Jout 35 

d¥nes/cm, that side having a primer coating thereon; am, on the 

primer ex>atinq, an oxygen transmission inhibiting layer 

oaiprisjng a cress-linked poly(vinylaloohol) • 

If desired, one side of the fillll has a heat seal layer 

thereon, suitably an acrylic layer. 

'!he present invention also relates to a process for the 

preparation of a lc:M oxygen transmissive film oanbination which 

carprises providirq a polymeric sul:strate film; treatin) at least 

one surface thereof so as to have a surface free enEm;W of at 

_least 35 d::fnes/an; applyirg a primer ex>atinq to at least one of 

the treated surfaces; am applyin] a poly (vinyl alcohol) am 

cross-linking eutpJSition to at least one primed surface. 'lbe 

polymeric sub3trate film is preferably oriented., especially 

biaxially oriented. 
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'!he sul:strates contemplated herein include 8rrf polymeric 

film sut:strate oriented or unoriented which inherently permits 

the transmission of oxygen am wherein the utility of sudl film 

wail.d call for a minimization of the transmission of oxygen. In 

mst cases, the source of the oxygen referred to herein is 

atloospleric oxygen. While nylon, polyethylene tereprt:halate am 

polycarbonate films are contemplated herein, a particul.arly 

preferred class of films are the polyolefins. Within the 

polyolefin class, haiqx>lymers am cqx>lymers of propylene are 

preferred. Particularly preferred are isotactic polyprqJYlenes 

oontai.n:in:J at least 80% by weight of isotactic polypropylene. 

'1he ·preferred base substrate layer can be haoopolypropylene 

hav:in;J a meltin:J point rar¥1E! of fran about 321°-JJ6°F. A 

oame:ccially available material of this description is ARCO W4 72. 

'!he preferred sul:strate can also be coextruded with a thin skin 

layer, on one or both sides, oatprisin] fran 2 to 12% of the 

total thickness, of a copolymer, suitably a rarxian copolymer, Of 

propylene am another olefin, e.g., ethylene or l::utene-1. '1he 

other olefin can be present in the copolymer in an aDDmt £ran 

1 to 7 wt%. 

In order effectively to inhibit the ano.mt of oxygen 

transmitted through the J::ase layer t the base layer Dl.JSt Ce 1) 

treated to a surface free energy of at least about 35 d!jres/an, 

2) have a primer ooat:in;J applied thereto, and 3) a coat:in;J of an 

oxygen transmission inhibitin;J layer Of a cross-linked 

poly(vinylalochol) applied thereto·. 

'!he preferred substrate DJSt be prq>erly prepared to 

receive the primer layer followecl by the cress-linked 

poly(vinylalcohol). '!his proper treatment involves treat:in;J 

the surface to a surface tension level of at least 35 am 

preferably fran 38 to 45 dynes/an in aocordance with 
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ASIM Stamam 02578-84. '1be treatment can be flame 

treatment, plasma treatment, chemical treatment or corona 

discharge treatment. Flame treatment am oarooa disdlarqe 

treatment are preferred with corona discharge treatment 

beil'¥,1 particularly preferred. 

0it11ercially available corona discharge treatment 

equipnent can be obtained fran Solo Systems I Inc. I Garland, 

Texas; corotec Ccl.'pOration, COllinsville, Olnneeticut; 

Softal Electronics, Hamblrq, w. Germany; am others. Usirr;J, for 

exanple, SOftal Electronics equipnent, a treater can have an air 

gap of al:a1t 0.050 in. when treatirr;J polypropylene fillll of abait 

0.9 mils. '1he film can be treated to 42 to 44 cyres/an. 
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. '1bese include a primer produced by corxlensirr;J 

a JrCOOaldehyde with an interpolymer of acrylamide or 

methacrylamide arxi at least one other unsaturated mnauer. 

Further included is a material resultirr;J fran comensirq 

aminoaldehyde with acrylamide or methacrylamide am Sul:sequentiy 
interpolymerizing the c::orrlensation product with at least one 

other unsaturated m:mcmer in the presence of a c1 to c6 alkaml. 

A preferred pr:imer ooatin;J resin of this type carprises a 

ocpolymer corrt:ainiD;J up to 90% by weight of styrene, up to 80% by 

wight of an alkyl acrylate, up to 15% by weight of methacrylic 

acid arxl 5% to 25% by weight of acieylamide whidl has been 

oorxlensed with a solution of formaldehyde in n-J::utanol containiDJ 
fran 0.2 to 3 equivalents of formaldehyde for each amide group in 

the copolymer. Another primer resin of this type is a 50% solid 

solution of a copolymer resin containirq 38.5 parts of styrene, 

44 parts of ethyl acrylate, 2.5 parts of ethacrylic acid arxi 15 

parts of acrylamide which has be c:orxiensed with 5. 2 parts of 

formaldehyde in n-bltanol. 
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A particularly preferred primer material for the 

structure cantenplated herein has been found to be 

poly(ethylene:imine) • '!be imine primer provides an overall 

adhesively active surface for thorough am secure l:xnlirq 

with the sutsequently awlied cross-linked 

poly(vinylalcchol) • It has been fourxi that an effective 

ooatirq solution concentration of the poly ( ethyleneilnine) 

awlied fran either aqueaJS ar organic solvent mecUa, such 

as ethanol, is a_ solution c:x.qjrisin;J about 0.1 to o. 6% by weight 

of the poly(ethyleneimine) • A o:rmnercially available material of 

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

COl:poration. 

Amther particularly preferred primer material is the 

· reaction product of an epoxy resin with an acidified 

aminoethylated vinyl polymer. '!he contemplated epoxy resins 

are glycidyl ethers of polyhydroxy cCanpoums. Typical 

polyhydroxy ~ which my be used include bisphenol A, 

rin,}-substituted bispieml A, resorcinol, hydroquinone, 

i;ilenol-fonnaldehyde, Novolac resins, alipJatic diols, such 

as ethylene glycol, propylene glycol, 1,4-brt:anediol, 

1,6-hexane-diol, glycerol, lc:Mer alkyl hydantoins or a mixture 

thereof. 1he preferred epoxy resins of the present invention are· 

these made by the qlycidatiai reaction between epichl.orohydrin 

am bisphenol A. EP>xY resins of this type are CX1t1tatl.y 

classified by their epoxy equivalent weight (Emf) which is 

defined by the weight of resin .in cjrams which contains one gram 

equivalent of epoxy groups. Res~ with an ml rcm.;Jin;J frail 170 

to 280 may be. used .in the present invention, tut the preferred 

ran;Je is 180 to 210. 

Although the specific structure of the epoxy res.in is 

not critical to the primer enployed in the present invention, 

iDp:>rtant oonsiderations in the selection of the epoxy resin 

revolve arcuni its piysical state. For exanple, it DJSt be 
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liquid am capable. of beirg readily dispersed or dissolved with 

the secon:i caip:ment or curirg agent as described hereinbelow. 

If the epoxy resin is of lCM viscxlsity, it may be stirred 

directly into the seoorxi c:xnponent, i.e., curin;;J agent, ha.Never, 

it is preferred to enploy the epoxy resin in an aqueous enul.sial. 

'1he seoorxi caip:ment in the epoxy primer cxtupcsition of 

the present invention is an amino toodified acrylic polymer 

which is water soluble. 'Ibis polymer is a curin;;J aqent for 

the epoxy oarpOum. '1he preferred material is descr:ibed in 

U.S. Patent No. 3, 719,629, the disclosure of which is 

llm:porated herein by reference. '!his material my be 

generically described as an acidified aminoethyl.cited 

int:erpolymer havinj pement aminoalkylate groups. '!his 

material is produced by polymerizirg acrylate, methacrylate, 

styrene or other suitable monomers with sufficient methacrylic or 

acrylic acids to give a ~content of 7.5 to 12.5%. Solvent 

polymerization ~ are preferred. '!he polymer is then 

reacted with ethyleneimine llD'lCm!r ard acidified with 

bydJ:odUoric acid to remer the polymer water-soluble. 

In one embodiment of the present invention, a liquid 

epoxy resin is enulsified in a solution of the curirg agent. 

by rapid stirrirg, the resultant dispersion is diluted with 

water to the desired concentration for coatin;J, usually frail 

2 to 20% solids. When mixing the epoxy resin with the curin;;J 

· agent, . it is generally preferred to use a stochianetric 

equivalent balance of epoxy ard amine groups. However, it has 

been fOund that the stodlianetric ratio may be varied over a wide 

ra!¥Je, fran 1 epoxy to 3 amine groups through j epoxy groups to 1 

amine group. Arif of the above described prime.rs can be enployed 

in the ran;e of 0.001 to 3.5 g/m2• 

'1he poly(vinylalcohol) enployed herein can be any 

c:x:umercially available material. For example, ELVANOL 71-30, an 

E. I. duPont product. '1he poly{vinylalcohol) coatirg solution is 
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prepared by dissol vir¥J the· polymer in hot water, coolir¥J arxi 

m:ixirq both with a suitable cross-linkirg agent am an acid 

catalyst. '!be cross-linkirq agent can be a melamine- or 

urea-formaldehyde resin. canmercially available cross-linkers 

also wcu1d include PAREZ 613, a methylated melamine formaldehyde; 

e»m, 373, a methylated melamine formaldehyde; ~ 401, a 

trimethylol melamine urea formaldehyde, qlyoxal or borax. An 

acid catalyst, e.g., amoonium sulfate, anm:mium dllaride, 

sulfUric acid, nitric acid amnarl.um nitrate will effectively 

catalyze these systems. 

crcss-linkirq is carried cut to make the 

poly(vinylaloohol). less misture sensitive bit it is 

essential that this does not occur before the ooatin;J weight 

is applied am evenly distribrt:ed. '!his is effected by 

making up the aqueous solution so that the initial 

concentration is too low far this to occur :tut, as dl:yin'J 
occurs, the concentration increases arxi the rate of 

ccoss-linkm;J is heightened. 

SUitable concentrations have been fam:l to be frail 1 to 

10, preferably from 4 to 8 wt% of the solution bein3' polymer 

plus cross-linkirq agent plus catalyst. If the solids 

ocntent is highe?:, the solution becanes too vj scaJS; if 
. . 

lower, good water resistance is not obtained. Fran about 5% 

. to 30%, typically 15% cross-linldn.1 agent is used with fran 

0% to 7.5%, typically 2% of the acid catalyst. A preferred 

fODllllation ocmprises the foll~ solids content: 85.5 

wt% poly(vinylaloohol); 12.8 wt% methylated melamine 

formaldehyde; am 1. 7 wt% ammnium chloride (NH4Cl.). 

'!he aqueous poly(vinylaloohol) solution was prepared by 

dissolvir¥J sufficient ELVANOL 71.-30 in hot water to fcmn an 8 wt% 

solution which was then CX)()led. To this solution was added a 20 

wt% aqueous melamine fonnal.dehyde solution am a s wt% aqueous 
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amnarl.um chloride soiution to provide the preferred farnulation 

recited above.. '!he cross-linked poly(vinylalcohol) can be 

present in fran 0.2 to 3 g/m2 • 

'1he .cross-linked poly(vinylalcdlol) may be on one, or on 

lJath sides, of the film. 

EXAMPLE 

A haoopolymer polypropylene core is coextruded with skin 

layers of an ethylene-propylene ram.cm copolymer. '1he rarnau 

oopolymer contains ~tely 3-5% by weight of ethylene. 11le 

exb.u3ed film is biaxially oriented to 4-5 times machine 

direction am 1-10 times transverse directiai to yield a film 

havin!J a thickness of a~tely 1 mil. 'lbe thiclmess of the 

skin layers is a~tely 12% of the film am are 

approximately of equal thickness. 'Ibis film combination is 

corona discharge treated in accordance with C01tlllDill.y employed 

prior art techniques to produce a surface with a wet.tirg tension 

of abait 42 ~/an. '!he treated film is preooated ai both 

sides with 0.1 wt% poly(ethyleneimine), the abcve-i~ied 

BASF-wyaniotte CoI:poration Polymin P product. '!he film is 

air-dried at 100°c. 'Ibis coatirq weight is too low to be 

measured, bit is calculated to be in the rarge of o. 002 grams per 

m2• '!his primer coated treated sulJstrate is then coated on one 

side with an acrylate ooatirg to a coatirg weight of about 1.0 

qtm2• '!his acrylate ooatirq was an aqueaJS anmoniacal solutiai 

of tm:polymer latex resultirg frali the polymerization of about 

~6% by weight of methyl metbacrylate, alxut 40% by weight of 

methyl acrylate, am about 4% by weight of methacrylic acid. 

'!he opposite surface of this fillll structure was coated with 

the above-identified solutiai of poly{vinylalcohol) , 

cross-linkin;J agent am catalyst. '!he solution was applied 

utilizin;J a reverse direct g.ravure coater arxi the ooated film was 

passed through a dry-air oven at fl:an 100-125°C. '!his produced a 

ooatin;J weight of 0.5 g/m2• 
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'1he dried film is then tested in an oxygen-permeability 

device in which a stream of dry oxygen is passed thrcugh an 

aqueoos salt solution-permeated pad to COJlt:rol the gas 

moisture content am then through the film, disposed at 

right arqles to the stream, with the cross-linked 

poly(vinylalcohol) coatinq upsb:eam. '!he oxygen transmitted 

was detennined am the amount of oxygen passed per unit area 

of film per time period is calculated. &;>l.o.Yin;l the 

descr:ibed structure only o. 62 cc of orjgenfm2 /day at 50% 

relative hlnnidity is transmitted. 'Ibis is superior to 8rf1f 

other known polymeric system for inhibitiDJ the transmission Of 

oxygen through a packaqiDJ type film • 

. '1he cross-linked poly(vinylalcohol) coated film 

descr:ibed above is int:en:ied to be adhesively laminated to 

either oriented or unoriented cxmnercially available 

thenooplastic films such as halDpolymer polypropylene film, 

polypropylene with coated layers, polypropylene with slip 

additives, polypropylene with coextruded l.ayecs, cpque 

polypropylene, polyethylene, Nylon, polyethylene 

terephthalam,polycarbona~,polystyrene,etc. A 

particularly preferred class of films are the polyolefins. 

'1he oxygen transmission ram was detennined after lamination 

with 25 micron acrylic coated biaxially oriented 

polypropylene film. only 0.46 cc of oxygen per m2 per day 

at 50% relative lunnidity, 0.69 cc Of oxygen per m2 per day 

at 75% relative humidity am 5.81 Cc: of oxygen per m2 per 

day at 100% relative hlnnidity are transmitted through this 

lamination. Urecpectedly, this. is superior to arr:t other 

1mcwn polymeric structure for :inhibitirq the transmission of 

oxygen, even at relative hlnnidities over 50%. '1he boni strength 

was fourd to be excellent, about 200 g/an. 
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1. A film canbination whid1 c:arprises a polymeric 

substrate susceptible of transmittinJ oxygen, at least one side 

thereof havilq been treated to a surface free energy of at least 

abait 35 dyms/an, that side havin;J a primer OJatin;J thereon; 

and, on the primer c::oatiDJ, an oxyqen transmission inhibitin;J 

layer cxmprisinJ a cress-linked poly{vinylalochol). 

2. A film canbination aoccrdirg to claim 1 wherein the 

substrate oarprises an oriented hatqx>lymer or cqx>lymer of 

prcpylene. 

3. A film canbination acx:ordirJJ to claim 1 or 2 wherein 

the poly{vinylalcdlol) is cross-linked with an acid catalyzed 

cr:oss-1~ agent. 

4. A film c:ombina~on acx:o:rdirq to aey precedirg claim 

wherein one side of the film has a heat seal layer thereon. 

5. A film canbination aoccrdirg to aey precedirg claim 

wherein both sides of the film have cross-linked 

poly{vi.nylalccilOl) thereon. 

6. A filin combination aocordinJ to aey precedin;J claim 

wherein the primer carprises poly ( ethyleneimine) or ·the reaction 

product of an epoxy resin with an acidified amino ethoxylated 

vinyl polymer. 

7. A film oanbination wherein the substrate in::l.udes a 

coextruded propylene-ethylene copolymer layer on at least one 

side thereof. 

8. A film oauhination aoc::ordin;J to clajm 7 wherein the 

propylene-ethylene copolymer is randan and the ethylene is 

present in a minor proportion. 
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9. A process for the preparation of a low oxygen 

transmissive film canbination, 'Which process carprises: 

(a) ~a polymeric substrate film; 

(b) treatirxJ at least one surface thereof so as to 

have a surface free energy of at least 35 ffyres/an; 

(c) applyi.Jg a primer ooatin;J to at least me of the 

treated surfaces; am 

(d) aR>lyi.Jg a poly(vilJ¥1aloohol) am cross-linkirq 

~ cu•tiosition to at least one primed surface. 

l1i1W~i1Di ·• 


