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I£M OXYGEN TRANSMISSIVE FilM 

'Ibis invention relates to a flexible, l1Dlltilayer film havin:J la,,r 

oxygen transmissive characteristics. 

certain polymeric films employed far the packagirg of foods inherently 

permit the transmission of oxygen fran the outside of the film to the 

inside of a package made up of the film. OXygen permits rapid 
deterioration of foods packaged in such a container, therefore, its 

exclusion or control is desired. 

In ac:x:::ordance with the present invention, a film combination mupt ises 
a polyneric substrate susceptible of transmittirg oxygen, at least one 
side thereof havirg been treated to a surface-free energy of at least 

35 dynes/an; at least 9lle treated side havirg a primer coatirg 
thereon; and on the primer coatin;J, an oxygen transmission inh:ibitirq 

layer of poly(vinyl alcohol) contai.nin; a cross-linkirg agent 

catalyzed with sulfuric acid. 

'!he substrates contemplated herein include aey polymeric film 
substrate oriented or unoriented which inherently permits the 

transmission of oxygen and Wel'ein the utility of such film would call 

for a minimization of the transmission of oxygen. In m::st cases, the 

source of the oxygen referred to herein is a~ic oxygen. While 

nylon, polyethylene terephthalate and polycarbonate, films are 

oontenplated herein, a particularly preferred class of films are the 

polyolefins. Within the polyolefin class, haoopolymers and copolymers 

of p?:q)ylene are preferred. Particularly preferred are isotactic 
polypropylenes contain:in;J at least 80% by weight of isotactic 
polypropylene. 'Iha preferred base sul:strate layer can be 

hanopolypropylene bavin:J a meltin;J point ran;Je fran 321° to 336°F. A 

muaercially available material of this description is ARCO W472. 'Ihe 

preferred substrate can also be coext:ruded with a thin skin layer, in 
an moount fran 2 to 12% of the total thickness, of a copolymer of 
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propylene ard another olefin, e.g., ethylene ard/or l::utene-1. 'Ihe 

other olefin can be present in the copolymer in an annmt fran 1 to 7 

. wt%. 

In order to inhibit effectively the aIOOUnt of oxygen transmitted 
through the base layer, the base layer must be 1) treated to a surface 

free energy . of at least 35 <fyres/an, 2) have a primer coating applied 
thereto, arxl 3) have a coating on the primer of an oxygen transmission 
inhibitil'g layer of poly(vinyl alcohol) containing a cross-1~ 
agent catalyzed with sulfuric acid. 

'!he preferred substrate must be properly prepared to receive the 

primer layer followed by the cross-linked poly(vinyl alcohol). 'Ihis 
proper treatment involves treatin;J the surface to a surface tension 
level of at least 35 and preferably :fran 38 to 45 d!jnes/an in 
accordanoe with AS'lM stamam 02578-84. '!he treatment can be flame 

treatment, 

treatment. 

preferred 

preferred. 

plasma treatment, chemical treatment or corona dischaJ:qe 
Flame treatment and corona discharge treatment are 

with corona disc.barge treatment beir¥J particularly 

COi111er:cially available corona discharge treatment equipnent can be 

obtained fran solo Systems, Inc., Garland, Texas; Corotec CaJ:poration, 
Collinsville, Cormecticut; ·saftal Electronics, Hamblrg, w. Germany; 

and others. Usin;J, for exanple, Softal Electronics equipnent, a 
treater can have an air gap - of about o. 050 in. when treatin;J 
polypropylene film of about o. 9 mils. 'lhe film can be treated to a 
surface free enezgy fran 42 to 44 ~/an. 

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

treated surface. 

Preferred pr:ilner materials are those disclosed in u. s. Patent No. 
4, 564, 559. 'lllese include a primer produced by oorrlensin; a 
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DDnOaldehyde with an interpolymer of acrylamide or nethacrylamide am 
at least one other unsaturated ltDl'1.Clller. F\lrt:her included is a 
material resultirg f:ran ccniensin;J am.inoa.ldehyde with acrylamide or 
methacrylamide am su1::sequently .int:erpolymerizirq . the aniensation 
product with at least one other unsaturated mncmer in the preserre of 
a c

1
-c

6 
· alkanol. A preferred primar coatin;J resin of this type 

oc:.qri.ses a copolymer containin:J up to 90% by weight of styrene, up to 
80% by ~ght of an alkyl acrylate, up to 15% by weight of methacrylic 
acid am 5% to 25% by weight of -acrylamide which has been con:iensed 
with a solution of formaldehyde in n-J:utanol containin:.J 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 containin;J 38.5 parts of styrene, 44 parts of ethyl 
acrylate, 2.5 parts of methacrylic acid am 15 parts of acrylamide · 
which has been corx:lensed with 5.2 parts of fonnaldehyde in n-J::utanol. 

A particularly preferred primer material for the structure 
oontenplated herein has been fcurxi to be poly(ethylene:iJn:i.ne) .• 'lhe 
imine pr:ilner provides an overall adhesively active surface for 
thorrugh am secure J:xniinq with the subsequently applied cross-linked 
poly(vinyl alcchol). It has been founi that an effective coatin;J 
solution concentration of the poly(ethyleneimi.ne) applied fran either 
aqueous or organic solvent media, such as ethanol, is a solution 
ocmprisinJ fran 0.1 to o.6% by weight of the poly(ethyleneimine). A 

a1tmercially available material of this type is known as Polymin P, a 
product of ~ Corporation. 

Another particularly preferred primar material is the reaction product 

of an epoxy resin with an acidified aminoethylated vinyl polymer. 'lhe 

oontenplated epoxy resins are glycidyl ~ . of polyhydroXy 
~. Typical polyhydroxy cxq:x:un:1s which may be used include 
bisphenol A, rin;r-substituted bisphenol A, resorcinol, hydrcquinone, 
?ienol-formaldehyde, Novolac resins, aliEfultic diols, such as ethylene 
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glycx>l, propylene glycol, 1,4-l::utanediol, 1,6~ol, glycerol, 

lower alkyl hydantoins am mixtures thereof. 'Ihe preferred epoxy 

resins of the present ilwention are those made by the glycidation 

reaction between epidll.orohydrin am bisplenol A. :epoxy resins of 

this type are ccmoonly classified by their epoxy equivalent weight 
(El!H) which is defined by the weight of resin in grams which contains 
one gram equivalent of epoxy greups. Resins with an E»l fran 170 to 
280 may be used in the present :invention, blt the preferred ran;Je is 
180 to 210. 

Although the specific structure of the epoxy resin is not critical to 
the primar eirployed in the present invention, important considerations 

in the selection of the epoxy resin revolve arcurxi its physical state. 

Far exanple, it must be liquid and capable of bein:J readily dispersed 

or dissolved with the secm:i carp:ment or curirq agent as described 

hereinbelow. If the epoxy resin is of lCM viscosity, it may be 

stir.red directly into the second c:aoponent, i.e., curin:;J agent, 
however, it is preferred to eirploy the epoxy resin in an aqueous 

en1lsion. 

'1he secm:i caupanent in the epoxy primer 0:111position of the present 

invention is an amino nr:xlified acrylic polymer which is water soluble. 
'!his polymer is a c:urin; agent for the epoxy CXitpJUl'Xi. · '!he preferred 

material is described in U.S. Patent No. 3,719,629. 'Ibis material may 
be generically described as an acidified aminoethylated il¢erpolymer 

havin;J peDient aminoalkylate groups. '!his material is produa5d by 

polymerizirg acrylate, met:hacrylate, styrene or other suitable 
ioonanet."S with sufficient methacrylic or acrylic acids to give a -<DOH 

content of 7. s to 12. 5%. Solvent polymerization techniques are 
preferred. 'lhe polymer is then reacted with ethylenehnine n:mcmer am 
acidified with hydrochloric acid to remer the polymer water-soluble. 
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In one embcxUment of the present invention, a liquid epoxy resin is 

em11 sified in a solution of the curinq agent by rapid stirrin;J, the 

resultant dispe't'Sion is diluted with water to the desired 

concentration for c:oatin:J, usually fran 2 to 20% solids. When iDixinJ 
the epoxy resin with the curiiJ;J agent, it is generally preferred to 

use a stochianetric equivalent balance of epoxy and amine groups. 

However, it has been fourd that the stochianatric ratio may be varied 

over a wide ran:Je, fran 1 epoxy to 3 amine groups through 3 epoxy 

groups to 1 amine group. 'Arr:/ of the above described prime.rs can be 

employed in an anomt fran o. 001 to 3. 5 g/m2 • 

'1he poly(vinyl alocilol) employed herein can be arrt cx:mme.rcllilly 

available material. For exanple, ELVANOL 71-30, an E. I. duPont 

product. 'lhe poly(vinyl alcohol) c:oati.rg solution is prepared by 

dissolvin;J the polymer in hot water, exx>linq and mixin;J both with a 

suitable cross-li.nkirJJ agent and sulfuric acid as the . catalyst. '!be 

cross-linkinq agent can be a melamine- or urea-formaldehyde res:in. 

CClnmercial.ly available cross-linkers also 'WCUl.d include PAREZ 613, a 

methylated melamine formaldehyde; CYMEL 373, a methylated melamine 
formaldehyde; ~ 401, a trimethylol melamine urea fomaldehyde1 

glyoxal., borax, etc. SUlfuric acid as the cress-linker catalyst has 

been discovered to be far superior to nitric acid, anm:mium chloride 

and anmonium nitrate. 

crcss-1.inkinq is carried out to make the poly(vinyl alcohol) less 

llDisture sensitive bit it is essential that this does not occur before 

the coatinq weight is applied and evenly distril::uted. '!his is 

effected by makin;J up the aqueous solution so that the initial 

concentration is too la.r1 for this to oocur blt, as dcy:i.ng occurs, the 

oancent:l:ation increases and the rate of cross-linkinq is heightened. 

SUitable concentrations have been foum to be fran 1 to 35, preferably 

fran 4 to 8 wt% of the solution, beinq polymer plus crcss-linkirq 
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agent plus sulfuric acid in a catalytically active anamt. If the 

solids content is higher, the solution beaDes too viscaJS; if lawer, 

good water resistance is not obtained. Fran 5% to 30%, typically 15% 

cross-linkin;J agent is used with fran 0.1% to 7.5%, typically 2% of 

the sulfuric acid catalyst. A preferred fornulation carprises the 

followin;J solids content: 85.5 wt% poly(vinyl alcohol); 12.8 wt% 

methylated ~ formaldehyde; am 1. 7 wt% sulfuric acid. '!be 

sulfuric acid enployed can have a sl:Ien;Jth fran 0.1 to 1.0, 11Dlarity. 

A catalytically active anamt can be fran 0.1 to 20 

wt. %. 

'!he aqueous poly(vinyl alcohol). solutions were prepared l::Joj dissolvin;J 

sufficient ELVANOL 71-30 in hot water to form 8 wt% solutions which 

were then aooled. To these solutions were added a 20 wt% aqueous 

melamine fonnaldehyde solution am the app10opriate anomt of aqueous 

anm:mium dll.aride solutions am sulfuric acid solutions to provide the 

fanm.ll.ations shown in the Table below. '!he cross-linked poly(vinyl 

alcohol) can be present in fran 0.2 to 3 g/m2 • 

Exanples 

Bant>les as shown in the foll.atli.rg Table were prepared as follows: A 

halq>Olymer polypropylene oore is ooextruded with skin layers of an 

ethylene-propylene ram.au copolymer. '!he raman copolymer contains 

approximately 3-5% b;{ weight of ethylene. 'Ihe extnmd film is 

biaxially oriented to 4:..5 times machine direction am 1-10 times 

transverse direction to yield a fillil havirq a thickness of 

approximately l. mil. '!he thickness of the skin l.aye1:s is 

approximately l.2% of the film am are approximately of equal 

thickness. 'Ibis fillil canbination is corona discbarge treated in 

aocordanoe with o 1•a•IOlll.y enployed prior art tedmiques to produce a 

surface with a wettirg tension of about 42 dynes/an. '!he treated film 

is precoated on both sides with 0.1 wt% poly(ethyleneimine), i.e., the 

above-identified BASF-wyamotte COJ::poration Polymin P product. '1be 

film is air-dried at ioo 0 c. 'Ibis CXJatinj weight is too low to be 
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measured, l:ut is calall.ated to be in the ran;;e of 0.002 grams per m2
• 

'!his pr:imer coated treated sul:strate is then coated on one side with 
an acrylate coatin;J to a coatin;J "Weight of about 1. O g/m2

• If PVCH is 
~lied first, the barrier is inproved. '!his is due to the additional 
heat that is· used.~ dry the acrylic. '!his acrylate coatin;J is an 
aquecus amna1iacal solution of terpolymer latex resultinq fran the 
polymerization of about 56% by "'1eight of methyl nvathacrylate, about 

40% by weight of methyl acrylate, and about 4% by 'Weight of 
methacrylic acid. '!he opposite surface of this film structures was 
cciated with the awz:q:>riate solution of poly(vinyl alcohol), 
cross-linkin; agent and catalyst. '1he solutions were ~lied 

utilizin;J a reverse direct gravure coater and the coated fihn is 
passed through a dry-air oven at frau 100-12s0 c. 'Ihis produces a 
coatin;J weight of 0.5 g/m2

• 

'!he dried films are then tested in an oxygen-permeability device in 
which a stream of dry oxygen is passed through an aquecus salt 
solution-penneated pad to cart:rol the gas B>isture content and then 

through the fillm;, disposed at right an;iles to the stream, with the 
cross-linked poly(vinyl alcohol) coatin;J upstream. 

'!he oxygen transmitted was detent1ined and the annmt of oxygen passed 

per tmi.t area of film per time period is calallated. '!he sulfuric 
acid catalyzed systems are superior to any other catalyzed system far 
.inhibitin;J the transmission of oxygen through a packagin;J type film. 
'!he nll:i>in;J resistance of the sulfuric acid catalyzed systems are also 
ait:starxlinj as shown by the data of the Table. 
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AND RUBBING RESJ:STANCE OF PVOH COATING 

(~S04 vs HN4Cl) 

* Rubbirg '!02 (ccllOOin2} p 613 

Semple catalvst Xlink Resistance at 75% RH ADD. 50l RH 
Code (pno) (~) OWK lWK 3WK lWK 3WK 

C2388L NH4CL: 2.0 15 100 70 50 7.07 

C2389L NH4CL: 2.0 15 100 70 50 9.94 
Virton P NH4CL: 2.5 20 70 70 70 8.63 8.5 - 50.0 
180-01P ~so4 : 2.0 15 50 30 0 4.19 3.53 
220-0lP ~504: 2.0 25 50 50 0 4.69 3.86 
L9-Q5P ~504: 2.0 20 50 30 0 3.14 3.24 
IB-lOP Nil Nil- 100 100 100 4.64 7.03 
IB-llP ~504: 3.0 20 10 0 0 1.69 2.78 

* Parez 613, a methylated melamine formaldehyde 

'!he cross-linked poly(vinyl aloc:hol) coated films described above are 
interxled to be adhesively laminated to either oriented or unoriented 
o 1111ercially available thernq>lastic films such as hatqx>lymer 
polypropylene film, polypropylene with coated layers, polypropylene 
with slip additives, polypropylene -with ooextruded layers, opaque 
polYPJ:tP.flene, polyethylene, Nylon, polyethylene terephthalate, 
polycarbonate, polystyrene, etc. A particularly preferred class of 
films are the polyolefins. 
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1. A film cx:mbination ccmp:-isin] a polymeric substrate susceptible 

of transmittin;J oxygen, at least one side thereof havin;J been treated 

·to a surface free energy of at least 35 dyres/an; at least one treated 

side havin;J a primer coatin;J thereon; ani on the primer coat.Uq, an 

oxygen transmission inhibiti.n;J layer canprisin) a poly(vinyl alcohol) 

am a· cross-l.inkin;J aqent catalyzed with sulfuric acid. 

2. A oanbination acoordin;J to claim 1 wherein the substrate 

cxa11pt·ises an oriented halqx>lymer or cqx>lymer of propylene. 

3. A oanbination aocordin:J to claim 2 wherehl the poly(vinyl 

alcohol) is cross-linked with a methylated melamine formaldehyde, a 

trimathylol melamine urea formaldehyde, glyoxal am borax ard 

catalyzed with sulfuric acid.· 

4. A oanbination aocordirg to any ~ claim wherein both sides 

of the substrate have cross-linked poly(vinyl aloohol) thereon. 

5. A canbination aooorc1in] to any precedin;J claim wherein one side 

of the substrate has a heat seal layer thereon. 

6. A canbination aooorc1in] to clallt 5 wherein the heat seal layer 

cxmprises an acrylic polymer. 

7. A oanbination aocordirg to any prec:edin;J claim wherein the primer 

oanprises poly( ethyl.enellline) • 

8. A canbination aocordirg to any .~ claim wherein the 

substrate includes a coextruded cxmparatively thin propylene-ethylene 

oc:polymer layer on at least one side thereof. 

9. A oanbination aocordirg to claim 8 "1herein the substrate includes 

a c:oext:ruded carparatively thin prqJyl.ene-ethylene copolymer layer on 

both sides thereof. 
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10. A oanbination of clalll 8 or 9 wherein the propylene-ethylene 

copolymer is ramau. am the ethylene is present in a minor prcportion. 
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