PRI NTABLE HI GH BARRI ER MULTI LAYER FILM This invention relates to a

mul til.ayer packaging fil m having good barrier resistance to the
transm ssi on of oxygeﬁﬂ&ﬂ&ﬁMﬁ*é%hmuxn, good printability; and the 5
ability to receive a firmy bonded netal |ayer thereon. Certain polyneric
films e.g., polypropylene, enployed for the packéblng of foods, inherently
permt the transm ssion of ox

Jen. and 1A TamgTE Telel QLS| e film
to inside of a package nade up=ofFtire 10 ' c er :
vapor -permts rapid deterioration of foods packaged in containers made from
such a film Metal depositsyql Suclrddidit AR A GbACASe P pdBRaging
i mprovenment in appearance and-in provi ng ye ano ayer
mlitates against the fildwadiapingr gped barrzqgm%%t@ %otransmzss:.on

of oxygen and water vapor, good printability; and the
5 ability to receive a firmly bonded metal layer thereon.
Certain polymeric films e.g., polypropylene,
employed for the packaging of foods, inherently permit
the transmission of oxygen and water vapor from outside
of the film to inside of a package made up of the film.
10 Oxygen and water vapor permits rapid deterioration of
foods packaged in containers made from such a film.

Metal deposits on such films are desirable because of
the improvement in appearance and in providing yet
another layer which militates against the invasion of

15 oxygen and water vapor.

Thus, it is a principal object of the'present
invention to present a film which has excellent
printability, can have a metal layer firmly bonded
thereto and which has significantly decreased oxygen

20 and water vapor transmission rates.

According to one aspect of this invention, there
is provided a film combination comprising:

(a) an oriented polymeric substrate which either
i) comprises an intimate blend of polypropylene with

25 maleic acid anhydride modified polypropylene or ii) is
otherwise susceptible of transmitting oxygen and water
vapor and has a primer coating on at least one surface:

(b) a layer of cross-linked polyvinyl alcohol on
‘i) the intimate blend or ii) the primer coating:

30 (c) a layer of a polymer comprising vinyl alcohol
residues which may be as defined in b) or an intimate
blend of a homo- or copolymer of vinyl alcohol, with an
ehtylene acrylic acid copelymer: and, optionally

{(d) a layer as defined in a)i).
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Thus, it. is a principal object of the present invention to present a film
whi ¢ch has excellent printability, can have a netal layer firmy bonded

t hereto and which has BEr§a#46ieadb)y decreased oxygen 20 and wat er
vapor transm ssion rates. According to one aspect of this invention, there
is provided a filmconbination conprising: (a) a®~oriented polyneric -
substrate which either i) conprises an intimate bl end of pol ypropylene with
25 mal ei ¢ aci d anhydri de nodified pol ypropylene or ii) is otherw se
susceptible of transmtting oxygen and water vapor and has a primer coating

) the iniimte blend o 11 iR YENEFORGAE; RysosEBhchintl Dler o iin O"
| ayer of a pol yner conpohbinqtyomytomprbamhg

' (a) an oriented colymeric substrate susceptible
in its unmodified form of transmitting oxygen and water
vapor;

(3]

(b) a primer coating on at least one surface of
said substrate (a):
| | (c) a layer of cross-linked polyvinyl alcohol on
said coating (b):; and

.10 - (d) a layer of the blend of (1) a polyvinyl
' alcohol homo or copolymer and (2) an ethylene-acrylic
acid copolymer.

It is preferred that the substrate layer be corona
discharge treated prior to receipt of the primer

15 coating.

The present invention also relates to a process
for forming a firmly bonded film combination
comprising:

(a) preparing an intimate blend of polypropylene

20 ' and a maleic acid anhydride modified polypropylene and
forming a cast layer thereof:

(b) forming said cast layer into a machine
direction oriented film:

(c) applying a coating of poly(vinyl alcohol)

25 containing cross-linking means to the machine direction
oriented film: -

(d) mating a second so-coated machine direction
‘oriented film so that poly(vinyl alcohol) surfaces are
in contact:; :

30 ' (e} transverse direction orienting the mated
films to form a film combination of high delamination
resistance.

This Sheet Has Been Replaced -

LTI




resi dues which may be as defined in b) or an intimte blend of a hono- or
copoel ymar of vinyl alcohol, with an ehtylene acrylic acid copol yner; and,
optionally (d) a | ayerFes4defiad8)in a)i). -2- This invention is also
concerned with a film conbination conprising: (a) _an oriented polyneric
substrate susceptible in its unnodified formof fR&nsmitting oxygen and

water 5 vapor; (b) a primer coating on at | east one surface of said
substrate (a);

The invention is also concerned with a film
combination comprising:

(a) a pair of films each comprised of an intimate
blend of polypropylene and a maleic acid anhydride

5 modified polypropylene:;

(b) coatings of poly(vinyl alcohol) containing
cross-linking means having been applied to a surface of
each of said pair while said pair had been in a machine
direction orientation condition:; and

10 (c) each coated film haﬁing been positioned with
the poly(vinyl alcohol) layers in intimate contacting
relationship while said coated contacting films had
been transverse direction oriented. _

The substrates contemplated herein include any

15 | polymeric film substrate which inherently permits the
transmission of oxygen and water vapor and wherein the
utility of such film for packaging purposes would call
for a minimization of such tgansmission. In most cases
the source of oxygen and water vapor is atmospheric

20 oxygen and water vapor. While nylon, polyethylene
teraphthalate and polycarbonate films are contemplated
herein, the particularly preferred class of films are
the polyolefins. Within the polyolefins class,
homopolymer and copolymers of propylene are preferred.

25 .~ Particularly preferred are isotatic propylenes
containing at least 80% by weight of isotatic
polypropylene. The preferred base substrate layer can

' be homopolypropylene having a melting point from 305 to
340'F, preferably from 321° to 336°F: an inherent

30 ‘viscosity from 1.4 to 4.0; an MFI from 0.5 to 12; an MW
from 100,000 to 600,000; and a density from 0.89 to°
0.91. Commercially available materials of this
description include Exxon 4252 and ARCO W472. The
preferred substrate can also be coextruded with a thin

35 skin layer amounting from about 2-12% of the total
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(c).a layer of cross-linked polyvinyl alcohol on said coating (b); and 10
(d): a lkayer of the bl%n%iﬁ 1)s4 pol yvinyl al cohol honmp or copol yner and
(2) an ethylene-acryli¢ acid topolymer. It is preferred that the substrate
| ayer be corona discharge treated prior to recei ptgqof the prinmer 15
coating. The present invention also relates to a process for formng a
firmy bonded fil mconbination conprising: (a) preparing an intimate bl end

of pol ypropyl ene 20 and a mal ei c acid anhydride nodified
pol ypropyl ene and form ng a cast |ayer thereof; (b) form ng said cast |ayer
I nto a machi ne thickness of a copolymer of propylene and another

'olefin, e.g., ethylene, butene-1, etc. The other
olefin can be present in the copolymer in an amount
_ from about 1-7 wt%.

5 This invention encompasses polypropylene
substrates comprising from (90 to 99 wti, preferably
from 92.5 to 98.5 wt%, of a polypropylene resin as
described herein, compounded with or modified by from
(i to 10 wt%, prefe;ably from 1.5 to 7.5 wt%, based on

10 ' tﬁe weight of the polypropylene resin of a maleated
polypropylene.

The maleated polypropylene additive may be derived
from maleic acid or its anhydfide, copolymerized with
polypropylene. Pertinent properties of maleated

15 polypropylene marketed by Eastman Chemical are as
follows:
Ring and Ball softening 157°C;

M.W. 4500;
Density °C 0.934;
20 . Acid Number 45;

Brookfield Visc. 190°C.cp/370

Color Gardner Scale 11:

Penetration Hardness, 100 gm/S sec,/ZS'C
_ tenths of mm.0-1.

25 . ' In addition, the term maleic anhydride modified
polypropylene homopolymer is the product resulting from
the reaction between maleic anhydride and the thermal

fdegradation product of polypropylene. Examples of this
material can be found disclosed in U.S. 3,480,580.

30 o In order to effectively inhibit the amount of

| ' oxygen and water vapor transmitted through the base
layer, the base layer should preferably be (1) treated
to a surface free energy of at least about 35 dynes/cm,
(2) have a primer coating applied thereto, (3) have a

35 coating of a layer of a cross-linked polyvinyl alcohol
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direction oriented film (c) applying a coating of poly(vinyl alcohol) 25
containing cross-linking neans to the nmachine direction oriented film (d)
mat i ng a second so- coaFz84#mehi Ad) direction oriented filmso that

pol y(vinyl alcohol) surfaces are-in contact; 30 _g_ (e) transverse
direction orienting the mated films to forma filmconbination of high
del am nati on resi stance. -3a The invention is also concerned with a film

homopolymer or copolymer applied thereto, and (4) have
a layer of a blend of a polyvinyl alcohol homo or
copolymer and a ethylene-acrylic acid copolymer applied
thereto.

5 - The preferred substrate muét be properly prepared
to receive the primer layer, followed by application of
the cross-linked polyvinyl alcchol. This proper
treatment involves treating the surface to a surface

. tension level of at least about 35 and preferably from
10 " 38 to 45 dynes/cm in accordance with ASTM Standard
D2578-84. The treatment can be flame treatment, plasma
treatment, chemical treatment or corona discharge
treatment. Flame treatment and corona discharge
treatment are preferred with corona discharge treatment
15 being particularly preferred.
' Commercially available corona discharge treatment
equipment can be obtained from Solo Systems, Inc.,
Garland, Texas; Corotec Corporation, Collinsville,
Connecticut; Softal Electronics, Hamburg, W. Germany:;
20 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 42-44 dynes/cm. After this
treatment, a suitable primer material may be coated
25 onto the treated surface.
Preferred primer materials are those disclosed in
U.S. 4,564,559. These include a primer produced by
- condensing a monoaldehyde with an interpolymer of
acrylamidé or methacrylamide and at least one other
30 -unsaturated monomer. Further included is a material
resulting from condensing aminocaldehyde with acrylamide
or methacrylamide and subsequently interpolymerizing
the condensation product with at least one other
unsaturated monomer in the presence of a Cl-c6 alkanol.
5 A preferred primer coating resin of this type comprises
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conbi nat.ion conprising: (a) a pair of filns each conprised of an intinmate
bl end of. pol ypropyl ene_and a mal ei c acid anhydride 5 nodi fi ed

pol ypropyl ene; (b) coaffi ﬁdé“df 6§Iy(V|nyI al cohol ) containing cross-Ilinking
nmeans having been applied to a surface of each of_said pair while said pair
had been in a machine direction orientation condition; and 10

(c) each coated filmhaving been positioned with the pol y(vinyl alcohol)

| ayers-in intimte contacting relationship while said coated contacting
films had been transverse direction oriented. The substrates contenpl ated

herein include any 15 a ¢g ol Rite¥eontaliin ifcs Wi R W hd IYIE €5 | ¥tyrene,
permts the transm ssion o %gen and t er, vapor. and wherein the
up to 80 by weight of an alkyl alkylate, up to 15% by
weight of methacrylic acid and 5% to 25% by weight of
‘acrylamide which has bheen condensed with a solution of
5 _ formaldehyde in n-butanol containing from 0.2 to 3
"equivalents of formaldehyde for each amine group in the
copolymer. Another primer resin of this type is a 50%
'solid solution of a copolymer resin containing 238.5
parts of styrene, 44 parts of ethyl acrylate, 2.5 parts
10 of methacrylic acid and 15 parts of acrylamide which
has be condensed with 5.2 parts of formaldehyde in
n-butanol.
A particularly preferred prlmer material for the
structure contemplated herein has been found to be
15 " poly(ethyleneimine). The amine primer provides an
~ overall adhesively active surface for thorough and
secure bonding with the subsequently applied
cross-linked polyvinyl alcohol. It has been found that
an effective coating solution concentration of the
20 poly(ethyleneimine) applied from either aqueous or
organic solvent media, such as ethanol, is a solution
comprising 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
25 BASF-Wyandotte Corporation.
Another 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
30 "polyhydroxy compounds. Typical polyhydroxy compounds
which may be used include bisphenocl A, ring-substituted
bisphenocl A, resorcinol, hydrogquincne,
phenol-formaldehyde, Novolac resins, aliphatic diols,
'such as ethylene glycol, propylene glycol,
35 1,4-butanediocl, 1,6-hexane-diol, glycerecl, lower alkyl
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utility of such filmfor packagi ng purposes would call for a mnimzation
of such it ransm ssi on.

at nrospheric 20

I n nost cases the source of oxygen and water vapor is
Bx84wm( an®Shat er vapor. \Wile nylon, polyethylene

t erapht hal ate and pol ycarbonate filns are contenplated herein, the
particularly preferred class of filns are the poT?ﬁIefins. Wthin the

pol yol efi ns cl ass,

honmopol ynmer and copol yners of propyl ene are preferred.

25 Particularly preferred are isotatic propyl enes containing at
| east 80% by weight. of isotatic polypropylene. The preferred base substrate
L?g?;rggrybfrgﬁf?gflfﬁ{ Aé%fh?agﬁé' f&éﬁ%éér@hBPéak fr%ﬂb3B§ Eg:&%&r
4.0; an MFl from 0.5 txesmms @f \he rms_w OU@V?B'C%D ege; t&ﬁéeamaéﬁsubwythe

from0.89 to

[§)]

10

15

20

25

30

-

err an | nheren VI sScosity ron11

glycidation reaction between epichlorohydrin and

‘bisphenol A. Epoxy resins of this type are commonly

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, 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 around its physical state. For
example, it must be liquid and capable of being readily
dispersed or dissolved with the second component or

‘curing agent as described hereinbelow. If the epoxy

resin is of low viscosity, it may be stirred directly
into the second component, i.e., curing agent, however,

it is preferred to employ the epoxy resin in an aqueous

emulsion. :

The second component in the epoxy primer
composition of tne‘present invention is an amino
modified acrylic polymer which is water soluble. This
polymer is a curing agent for the epoxy compound. The
preferred material is described in U.S. 3,719,629. This
material may be generically described as an acidified

‘amincethylated interpolymer having pendent

aminocalkylate groups. This material is produced by

‘polymerizing acrylate, methacrylate, styrene or other

suitable monomers with sufficient methacrylic or
acrylic acids to give'a -COOH content of 7.5 to 12.5%.
Solvent polymerization techniques are preferred. The
polymer is then reacted with ethyleneimine monomer and

- /_
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0.91. Commercially available materials of this description include Exxon
4252 and: ARCO W72. The preferred substrate can al so be coextruded with a
thirn 35 skin | ages4asquntsisng from about  2-12% of the total -4-
t hi ckness -.of a copol yner of propyl ene and another olefin, e.g., ethylene,
butene-1, etc. The other olefin can be present im&he copolyner in an
amount from about 1-7 wt% 5 This invention enconpasses

pol ypropyl ene substrates conprising from (90 to 99 wt% preferably from
92.5 to 98.5 wt% of a pol ypropylene resin as

acidified with hydrochloric acid to render the polymer
water soluble.
In one embodiment of the present invention, a
iquid epoxy resin is emulsified in a solution of the
5 . 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 curing
- agent, it is generally preferred to use a stochiometric
10 equivalent balance of
| epoxy and amine groups. However, it has been found
that the stochiometric ratio may be varied over a wide
fange, from 1 epoxy to 3 amine groups through 3 epoxy
groups to 1 amine group.
15 The polyvinyl alcochol employed herein can be any
commercially available material. For example, ELVANOL
71-30, an E. I. DuPont product. The polyvinyl alcchol
coating solution is prepared by dissolving the polymer
in hot water, cooling and mixing both with a suitable
20 cross-linking agent and an acid catalyst. The
cross-linking agent can be a melamine- or
urea~formaldehyde resin. Commercially available
cross-linkers also would include PAREZ 613, a
methylated melamine formaldehyde; CYMEL 373, a
25 | methylated melamine formaldehyde:; CYMEL 401, a
trimethylol melamine urea formaldehyde: glyoxal, borax,
etec. An acid catalyst, e.g., ammonium sulfate,
' ammonium chloride, sulfuric acid, nitric acid and
ammonium nitrate will effectively catalyze these
- 30 'systems.
' Cross~-linking is carried out to make the polyvinyl
.alcohol 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
35 ' making up the aqueous solution so that the initial
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descri bed herein, conpounded with or nodified by from (1 to 10 W%
prefierably from1l.5 t% 4§§ @@_ ased on 10 the wei ght of the

pol ypropyl ene resin o “R4M1eare pol ypropyl ene. The mal eat ed pol ypropyl ene
addi tive may be derived frommaleic acid or its gnhydride, copolynerized

wi th pol ypropyl ene.. Pertinent properties of naleated 15

pol ypropyl ene marketed by Eastman Chemi cal are as follows: R ng and Bal
softening [err]; MW 4500; Density C 0.934; 20 Acid
Nunber 45; Brookfi el d Visc. [err] Col or Gardner Scale 11;

concentration is too low for this to occur but, as
dryihg'occurs, the concentration increases and the rate
of cross-linking is heightened.
Suitable concentrations have been found to be from
5 | 3 to 10, preferably from 4 to 8 wt%¥ of the solution
'beinq polymer plus cross-linking agent plus catalyst.
If the solids content is higher, the solution becomes
too viscous: if lower, good water resistance is .not
obtained. From 10% to 30%, typically 15% cross-linking

10 agent is used with from 0.5% to 4.5%, typically 2% of
the acid catalyst. A preferred formulation comprises
the following solids content: 85.5 wt% polyvinyl
alcohol; 12.8 wts methylated melamine formaldehyde: and
1.7 wt% ammonium chloride (NH Cl).

15 _ The aqueous polyvinyl alcohol solution 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% aqueous melamine
formaldehyde solution and a § wt% agqueous ammonium

20 chloride solution to provide the preferred formulation
‘recited above.

'~ By cross~linking the underlying layer of polyvinyl
alcohol, the moisture resistance of the polyvinyl
alcohol is dramatically improved. The over-lying blend

25 | layer of polyvinyl alcohol and ethylene-acrylic acid
copolymer provides a;surface that is excellently
printable and metallizable.

_'The final layer of the multilayer film structure
is made up of a blend of noncross-linked polyvinyl

30 " -alcohol homopolymer or copolymer and ethylene-acrylic
acid copolymer. The polyvinyl alcochol is the same
polyvinyl alcohol as described above. The ethylene
acrylic acid copolymer is produced by the high pressure
copolymerization of ethylene and acrylic acid. When

35 - ethylene is copolymerized with acrylic acid, the
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Penetration Hardness, 100 gm'5 [err] tenths of mm0-1. 25 In
addition, the term n’B.|FEIé: anhy cg' de nodified pol ypropyl ene homopol yner is
the product resultingfr SHthe éactlon bet ween mal ei ¢ anhydride and the
thermal degradation product of polypropylene. Expgples of this material can
be found disclosed in U S. 3,480,580. 30 In order to
effectively inhibit the anmount of oxygen and water vapor transmtted
t hrough the base | ayer, the base |ayer should preferably be (1) treated to
a surface free energy of at |east about 35 dynes/cm (2) have a priner
coating applied theretmlectiiadrmstmcture is simifigantly dbperedafbg the
c¢ross-|1inked polyviny%aA éﬁ“?nclu51on of bulky carboxylic acid groups along
the back-bone and side chains of the copolymer. The
_ ' carboxyl groups are free to form bonds and interact
5 . with any polar substr:te. They can also hydrogen bond
together to yield toughness. The carboxyl groups tend
to inhibit crystallization which results in clarity,
low melting and softening point for the film. The
ethylene~acrylic acid copolymers consist essentially of
10 about 96 mol% methylene groups, thus, their water
resistance is understandably similar to that of
.polyethyléne. The ammonium s;lts of the copolymers
permit water dispersions of the material to be formed
which facilitates ease of topical application to
15 surfaces. These copolymers can be formed having melt
indexes from 300 to 3,000. Commercially available
examples of these copolymers are PRIMACOR 4983 (Dow
~ Chemical Co.) an aqueous dispersion having 25% solids
content and obtained from a reaction between
20 approximately 15 mol% acrylic and a 5 mol% ethylene:
' and Michem 4983 available from Michaelman Corporation.
In preparlng the blend of the polyvinyl alcohol
homopolymer or copolymer and the ethyiene-~acrylic aczd
copolymer, the components can range from 1:2 to 2:1 by
25 weight. In preparing a roughly 2:1 blend in an aqueous
dispersion for example, 10 parts of Vinol 325 (a 98%
hydrolyzed medium viscosity polyvinyl alcohol, obtained
» from Air Products) can be mixed with 90 parts by weight
of Michem'4983 (an ethylene-acrylic acid copolymer
30 ‘obtained from Michaelman Corporation). The Michem 4983
has a solids content of about 25%. This combination,
adjusted to an-aqueous 5% solid solution will provide
the polyvinyl alcochol to ethylene-acrylic acid
copolymer mixture in a ratio of approximately 2:1.
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honopol ymer or copol yner applied thereto, and (4) have a | ayer of a blend
of a polyvinyl alcohol hono or copolynmer and a ethyl ene-acrylic acid

copol ymer applied therF~644%¢( .55) The preferred substrate nust be
properly prepared to receive the-priner |ayer, foll owed by application of
the cross-1inked polyvinyl alcohol. This proper t¥¥atnent involves treating
the surface to a surface tension |evel of at |east about 35 and preferably
from 10 38 to 45 dynes/cmin accordance with ASTM St andard D2578- 84.
The treatnent can be flanme treatnent, plasnma treatnent, chem cal treatnent

-or corona discharge treatnment. Fl treatment and corona discharge
treatment are preferred witf %Yffha:%é’ tm‘?c?e‘?]t‘me comprising
aluminium, may be deposited on the intimate blend of
layer (c).
The following Examples illustrate the invention.
5 . EXAMPLE 1
A homopolymer polypropylene film with a biaxial
orientation from 4 to 5 times MD and from 7 to 10 times
TD was corona discharge treated to a wetting tension of
about 42 dynes/cm. The treated film was precoated on
10 both sides with 0.1 wt% poly(ethyleneimine), i.e. _
-Polfmin M, a product of BASF-Wyandotte Corp. The film
was air-dried at a 100°C. This coating weight was too
low to be measured but is calculated to be in the range
of 0.001 grams per 1000 inz. A commercially available
15 acrylic heat seal layer is applied to one side. The
opposite surface of the film structure was coated with
a formulation ccmprisinq 85.5 wt% polyvinyl alcohol,
12.8 wt% methylated melamine formaldehyde and 1.7 wt%g
. ammonium chloride. The sclution was applied utilizing
20 a reverse direct gravure coater and the coated film was
:passed through a dry-air oven at from 100-125°'C. This
produced a ceocating wt of 0.5 g/mz. After allowing the
polyvinyl alcchol 3 days to partially cross-link, the
£film was recoated with the polyvinyl alcohol/ethylene-
25 " aecrylic acid copolymer mixture. . The coating weight of
this mixture was 0.05 g/msi. The following table shows
oxygen transmission data and ink adhesion data.

TABLE
_ Ink Ink Pick-off Oxygen Transmission
30 ' Solvent Based osl 100%3RH S503RH O%RH
Nulam Blue Ink 53.882 0.1082 0.0232
Water Based 0%
Aqualam P White
Ink
35 1 Used 610-3M tape e e T
% ces100in?/24nr mssheeﬁiis‘\l\;\.ﬁ\;i(ﬁird



15 . . being particularly preferred. Commercially avail able corona

di scharge treatnent eg@gggwﬂ ag)be obt ai ned from Sol o Systens, Inc.

Garl and, Texas; Corot t7on, Collinsville, Connecticut; Softal

El ectroni cs, Hanburg, W GErnany, 20 and_pjhers. Using, for
exanpl e, Softal Electronics equipnent, a treater can have an air gap of
about 0.050 in. when treating polypropylene filmof about 0.9 mls. The
filmcan be treated to 42-44 dynes/cm After this treatnent, a suitable
priner material nay be coated 25 onto the treated surface Preferred
priner materials are those Thécteselting (£ Sm had4nbgh. bikeieri propesties

22?SF;mpGSdﬁfeﬂe?Kaﬁ?&%ﬁ%@%ﬁ”ﬁ#ﬁ%éﬁ e

EXAMPLE 2
An intimate blend of polypropylene (95 wt%) and
S maleated polypropylene (5 wt%) was prepared and formed

into a cast layer of approximately 35 mls thick. This
cast layer was then machine direction oriented to a
thickness of about 1 ml thick. A coating of the
above~identified poly(vinyl alcohol) was applied to one

10 surface each of a pair of the machine direction
oriented polypropylene films. The poly(vinyl alcohol)
coating contained 2.5 phr of ammonium chloride and 20
phr of Parez 613 malemine formaldehyde; 'The so-coated
substrate films were mated together so that the

15 poly(vinyl alcohol) layers were in contact. This was
accbmplished by running the film through rollers at
room temperature. The film traveled at apprcximately
50 fpm and was subjected to a pressure of 90 psi.
Thereafter the film combination was heated to 160°C and

20 transverse direction oriented. The fihished film had
been machine direction oriented 7 times and transverse
direction oriented S5 times.

' The resulting laminated film strongly resisted

delamination and was highly resistant to the

25 transmission of oxygen and water vapor during a 24 hr.
perlod.

It is to be understood that instead of bringing
"togsther 2 separately formed coated machine direction

oriented films a single poly(vinyl alcohol) coated film

30 ‘can be folded on itself so that the poly(vinyl alcchol)

 faces are in contact and, after edge trimming, the film

csn-be pressure laminated to itself, heated and
transverse direction oriented before final windup for
shipment to a converter. '
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30 - . unsaturated nononer. Further included is a material resulting
from condensi ng am noglLgghyde gggh acryl am de or nethacryl am de and
subsequent |y interpolynerizi‘ng the condensation product with at |east one
ot her unsaturated nmononmer in the presence of a<4¥<+] al kanol. 35 . A
preferred primer coating resin of this type conprises a copol yner
containing up to 90% by wei ght of styrene, up to 80% by wei ght of an al kyl
al kylate, up to 15% by wei ght of methacrylic acid and 5% to 25% by wei ght

of acryl am de which has been condensed with a solution of 5
f or mal dehyde in n-butanol d&tntai fiondpef vnderstaasd Xhat the Puters surfaces of

formal dehyde for each g ompiQed 1lanithation can have applied thereto any
conventional coatings, such as, heat seal layers.

This Sheet Has Been Reﬂlaced

RN




copol ynmer. Another primer resin of this type is a 50% solid solution of a
copol yner resin contalpL@g43§ SfBZets of styrene, 44 parts of " ethyl

acrylate, 2.5 parts 10 thacrylic acid and 15

acryl ani de which has be condensed with 5.2 partsiaf forma ]"ﬂ“w””m
n-butanol. A particularly preferred primer material for the struc

contenpl ated herein has been found to be 15 poly(ethylene|n1ne)

The amine prinmer provides an overall adhesively active surface for thorough
and secure bonding wth the subsequently applied cross-1|inked pol yvinyl

al cohol. It has been fQUAIMSkat an effective coating solution concentration
of the 20 pol y(ethyl enei mi ne) applied fromeither aqueous or organic
sol vent nedi a, such as ethanol, is a solution

1, A film combinaticn comprLSLng :

a) an oriented pclymeric substrate which either i)

comprises an intimate blend of polypropylene with
5 maleic acid anydrride modified polypropylene or ii)

is otherwise susceptible of transmitting oxygen

and water vapor and has a primer ccating on at

least one surface:

b) a layer of cross-linked polyvinyl alcohol on i)
10 the intimate blend or ii) the primer coating: '

c) a layer of a polymer comprising vinyl alcohol

residues which may be as.defined in b) or an

intimate blend of a homo- or copolymer of vinyl

alcohol, with an ethylene acrylic acid copolymer:;
15 . and, optionally,

d) a layer as defined in a)i).

2. A film combination according to claim 1 wherein
the intimate blend of a)i) comprises from 92.5 to
98.5% by weight of polypropylene and from 1.5 to
20 . 7.5% by weight maleic acid anhydride modified
pelypropylene.

3. A film combination according to claim 1 wherein
a)ii) comprises.a homopolymer or copolymer of
polypropylene.

25 4. A film combination according to any preceding
claim wherein the oriented polymeric substrate has
been treated to a surface free energy of at least
about 35 dynes/cm.
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conprising 0.1 to 0.6% by weight of the poly(ethyleneimne). A conmercially
avai+abke material of this type is known as Polymn P, a product of 25 - --

BASF- Wandot t e Cor por at Fof44mnot-A8) particularly preferredJ ' '
is the reaction product of an epoxy resin with an_acidifie mmmmﬁmgw
vinyl polynmer. The contenpl ated epoxy resins are'& vci dyl et'hefs © s w
pol yhydr oxy conpounds. Typical pol yhydroxy conpounds which may be used

i ncl ude bi.sphenol A, ring-substituted bi sphenol A, resorcinol,
hydr oqui none, phenol -for mal dehyde, Novol ac resins, aliphatic diols, such as

ethyl ene glycol, propylgne ghygolm ddmbination 4cB8ta18d Yo any preceding
1, 6- hexane-diol, glycerol, lower alkyl ] . .
. : claim wheérein the weight ratic of the intimate

blend of (c) is from 2:1 to 1l:2.

6. A film combination according to claim 5 wherein
5 ' the intimate blend comprises polyvinyl alcohol and
ethylene-acrylic acid copolymer.

7. A film combination according to any preceding
claim having a metal layer deposited on the
intimate blend of layer (c). '

10 8. A film combination according to claim 7 wherein
the metal comprises aluminum.

9. A film combination comprising a'pair of films each
comprising an oriented polymeric substrate
comprising an intimate blend of polypropylene and

15 a maleic acid anhydride modified polypropylene on

N which a coating of polyvinyl alcochol containing a

cross-linking agent has been applied to a surface
thereof while the pair of films have been
monoaxially oriented in the machine direction, the

20 pair of films having been positioned with the
polyvinyl alcohol layers in intimate contacting
relationship while contacting films have been
oriented in the transverse direction.

10. A film combination of claim 9 wherein the
25 > positioning is accompanied by a mating force of
30-130 psi.

" 11. A film-cgmbination according to any preceding
claim which is oriented from 2 to 7 times MD and
from 3 to 8 times TD.
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-7- hydantoins an Xtures thereof. The preferred epoxy resins &%&@OBWO*’
presefit ifivention are those nmade by the egC|dat|on reaction betweetl <g5t71)
epi chl or ohydri n and bi sPhesdd « A. 3Epoxy resins of this type are comonly 5
classified by their epoxy equivalent weight (EEW which is defined by the

wei ght of resin in grans which contains one gram equival ent of epoxy

groups. Resins with an EEWranging from 170 to 280 may be used in the

present invention, but the preferred range is 180 to 10 210.

Al t hough the specific structure of the epoxy resin is not critical to the

primer enployed in the present porywapre HIGHE BARRIER MULTILAYER FILM
Agﬁxzbgz

A film combination comprising a) an oriented

polymeric substrate which either i) comprises an

3. intimate blend of polypropylene with maleic acid
anydride modified polypropylene or ii) is otherwise
-susceptiblé of transmitting oxygen and water vapor and
has a primer ccating on at least one surface: b) a
layer of cross-linked polyvinyl alcohol on i) the

10 intimate blend or ii) the primer coating:; c) a layer of
a polymer comprising vinyl alcohol residues which may
be as defined in b) or an intimate blend of a homo~ or
copolymer of vinyl alcohol, with an ethylene acrylic
acid copolymer: and, optionally d) a layer as defined

1s in a)i).
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i nvéntion, inportant considerations in the selection of the epoxy resin
revol ve around its physical state. For 15 exanple, it nust be liquid
and capabl e of being readily dispersed or dissolved with the second
conponent or curing agent as.described hereinbelow. If the epoxy resin is
of low viscosity, it may be stirred directly into the second conponent,
I.e., curing agent, however, 20 it is preferred to enploy the epoxy
resin in an aqueous enul sion. The second conponent in the epoxy priner
conposition of the present invention is an amno nodified acrylic polyner

Spoxy conpound. - The. pr cf SRIAREE, AL Rakiien MAFHATReERS °F ) 1°

This material may be generically descri hABSTRAQY acidified

A film combination comprising a) an oriented
polymeric substrate which either i) comprises an
intimate blend of polypropylene with maleic acid
anydride modified polypropylene or ii) is otherwise
susceptible of transmitting oxygen and water vapor and
has a primer coating on at least one surface: b) a
layer of cross-linked polyvinyl alcohol on i) the
10 intimate blend or ii) the primer coating:; c) a layer of

[§]]

a polymer comprising vinyl alcohol residues which may
be as defined in b) or an intimate blend of a homo- or
copolymer of vinyl alcohol, with an ethylene acrylic

acid copolymer:; and, optionally d) a layer as defined

15 in a)i).
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am noet hyl ated i nterpol yner havi ng pendent am noal kyl ate groups. This
material is produced by 30 pol yneri zi ng acryl ate, nethacryl ate,
styrene or other suitable nonomers with sufficient nethacrylic or acrylic
acids to give a [err] content of 7.5 to 12.5% Sol vent pol ynerization
techni ques are preferred- The polyner is thgg_reacted wi th ethyl enei m ne
nononmer and 8 acidified with hydrochloric™acid to render the pol yner

wat er soluble. In one e | f i i wqui d_epoxy
resin is enulsified in MOPRIEALE B B FPEAPER FriMd

This invention relates to a multilayer packaging
film having good barrier resistance to the transmission

of oxygen and water vapor, good printability; and the
5 ability to receive a firmly bonded metal layer thereon.

Certain polymeric films e.g., polypropylene,
employed for the packaging of focds, inherently permit
the transmission of oxygen and water vapor from outside
of the film to inside of a package made up of the film.

10 Oxygen and water vapor permits rapid deterioration of
foods packaged in containers made from such a film.
Metal deposits on such films are desirable because of
the improvement in appearance and in providing yet
another layer which militates against the invasion of

15 oxygen and water vapor.

Thus, it is a principal object of the present
invention to present a film which has excellent
printability, can have a metal layer firmly bonded
thereto and which has significantly decreased oxygen

20 and water vapor transmission rates.

According to one aspect of this invention, there
is provided a film combination comprising:

(a) an oriented polymeric substrate which either
i) comprises an intimate blend of polypropylen3 with

25 maleic acid anhydride modified polypropylene or ii) is
otherwise susceptible of transmitting oxygen and water
vapor and has a primer coating on at least one surface;

(b) a layer of cross-linked polyvinyl alcohol on
i) the intimate blend or ii) the primer coating;

30 (cy a layer of a polymer comprising vinyl alcchol
residues which may be as defined in b) or an intimate
blend of a homo- or cbpolymer of vinyl alcohol, with an
ehtylene acrylic acid copolymer; and, optionally

(d) a layer as defined in a)i).
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curihg agent by rapid stirring, the resultant dispersion is diluted with
water to the desired concentration for coating, usually from2 to 20%
solids. Wien mxing the epoxy resin with the curing agent, it is generally
preferred to use a stochionmetric equival ent bal ance of epoxy and am ne
groups. However, it has been found that the_gtochionetric ratio nmay be
varied over a wide range, from1l epoxy to 3 am ne groups through 3 epoxy
groups to 1 am ne group. The polyvinyl alcohol enployed herein can be any
commercially available material. For exanple, ELVANOL 71-30, an E. 1.
DuPont product. The pol yvinyl al cohol coating solution is prepared by
di ssol ving the pol ynmerTiis hotvemttion i90dlsg eoncermedgwbbhhawftilma
suitable combination comprising:

(a) an oriented jolymeric substrate susceptible

in its unmodified form of transmitting oxygen and water

ur

vapor:;
(b) a primer coating on at least one surface of
said substrate (a):;
(c¢) a layer of cross-linked polyvinyl alcohol on
said coating (b); and
10 (d) a layer of the blend of (1) a polyvinyl
alcohdl homo or copolymer and (2) an ethylene-acrylic
acid copolymer.
It is preferred that the substrate layer be corona
discharge treated prior to receipt of the primer
15 coating.
The present invention also relates to a process
for forming a firmly bonded film combination

comprising:
(a) preparing an intimate blend of polypropylene
20 and a maleic acid anhydride modified polypropylene and

forming a cast layer thereof:
(b} . forming said cast layer into a machine
direction oriented film:
(c) applying a coating of poly(vinyl alcohol)
25 containing cross-linking means to the machine direction
oriented film: -
(d) mating a second so-coated machine direction
‘oriented film so that poly(vinyl alcohol) surfaces are
in contacrt:
30 ' (e) transverse direction orienting the mated
films to form a film combination of high delamination
resistance.

This is the replacement sheet

Date: 3 0 JUL 199



cross-linking agent and an acid catal yst. The cross-1linking agent can be a
nmel am ne- or urea-fornal dehyde resin. Comercially avail able cross-1inkers
al so woul d i ncl ude PAREZ 613, a nethyl ated nel am ne formal dehyde; CYMEL
373, a methyl ated nel am ne f.or mal dehyde; CYMEL 401, a trinmethylol nelam ne
urea fornmal dehyde; gl yoxal, borax, etc. An atgi<€ catal yst, e.g., amonium
sul fate, ammoni um chloride, sulfuric acid, nitric acid and ammoniumnitrate
will effectively catalyze these systens. Cross-linking is carried out to
make t he pol yvinyl alcohol |ess noisture sensitive but it is essential that

this does not occur before the cgating weight is aqglied_and evenly
distributed. This is &heedf¥@nfjon 1s also concerned with a film

combination comprising:

(a) a pair of films each comprised of an intimate

blend of polypropylene and a maleic acid anhydride
5 modified polypropylene:

(b) <coatings of poly(vinyl alcohol) containing
cross-linking means having been applied to a surface of
each of said pair while said pair had been in a machine
direction orientation condition:; and

10 (c¢) each coated film having been positioned with
the poly(vinyl alcohol) layers in intimate contacting
relationship while said coated contacting films had
been transverse direction oriented.

The substrates contemplated herein include any

13 polymeric film substrate which inherently permits the
transmission of oxygen and water vapor and wherein the
utility of such film for packaging purposes would call
for a minimization of such transmission. In most cases
the source of oxygen and water vapor is atmospheric

20 oxygen and water vapor. While nylon, polyethylene

' teraphthalate and polycarbonate films are contemplated
herein, the particularly preferred class of films are
the polyolefins. Within the polyolefins class,
homopolymer and copclymers of propylene are preferred.

25 Particularly preferred are isotatic propylénes
containing at least 80% by weight of isotatic
polypropylene. The preferred base substrate layer can

" be homopolypropylene having a melting point from 305 to
340°F, preferably from 321°* to 336°F:; an inherent

30 viscosity from 1.4 to 4.0; an MFI from 0.5 to 12; an MW
from 100,000 to 600,000; and a density from 0.89 to
0.91. Commercially available materials of this
description include Exxon 4252 and ARCO W472. The
preferred substrate can also be coextruded with a thin

35  skin layer amounting from about 2-12% of the total
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maki’ng dp t he aqueous solution so that the initial -10- nol ecul ar
structure is significantly altered by the random i nclusion of bul ky
carboxylic acid groups along the back-bone and side chains of the

copol yner.

The carboxyl groups are free to formbonds and interact 5.

wi th any pol ar substrate. They can al so hydfﬁﬁén bond together to yield

t oughness.

The carboxyl groups tend to inhibit crystallization which

results in clarity, low nelting and softening point for the film The
et hyl ene-acrylic acid copolyners consist essentially of 10 about 96

ol % met hyl ene gr oyRy cxhiidy J'Y 'cofifner of propylene and another

10

15

20

25

36

35

olefin, e.g., ethylene, butene-1, etc. The other
olefin can be present in the copoclymer in an amount
from about 1-7 wts.

This invention encompasses polypropylene
substrates comprising from (90.£c 99 wt%, preferably
from 92.5 to 98.5 wt%, of a polypreopylene resin as
described herein, compounded with or modified by from
(1 to 10 wt%, preferably from 1.5 to 7.5 wt%, based on
the weight of the polypropylene resin of a maleated
polypropylene.

The maleated polypropylene additive may be derived
from maleic acid or its anhydfide, copolymerized with
polypropylene. Pertinent properties of maleated
polypropylene marketed by Eastman Chemical are as
follows: ' |

Ring and Ball softening 157°C:

M.W. 4500:

Density °C 0.934;

Acid Number 45;

Brookfield Visc. 190°C.cp/370

Color Gardner Scale 11:

Penetration Hardness, 100 gm/S5 sec./25°C
tenths of mm.0-1.

In addition, the term maleic anhydride modified
polypropylene homopolymer is the product resulting from
the reaction between maleic anhydride and the thermal

. degradation product of polypropylene. Examples of this

material can be found disclosed in U.S. 3,480,580.

In order to effectively inhibit the amount of
oxygen and water vapor transmitted through the base
layer, the base layer should preferably.be (1) treated
to a surface free energy of at least about 35 dynes/cn,
(2) have a primer coating applied thereto, (3) have a
coating of a layer of a cross-linked polyvinyl alcohol
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resi stance is understandably simlar to that of polyethylene. The amoni um
salts of the copolyners permt water dispersions of the material to be
formed which facilitates ease of topical application to 15 surf aces.
These copol yners can be forned having nelt indexes from 300 to 3, 000.
Commercial |y avail abl e exanpl es of these copo?yners are PRI MACOR 4983 (Dow
Chem cal Co.) an aqueous di spersion having 25% solids content and obtai ned
froma reaction between 20 approximately 15 nol % acrylic and a 5

nmol % et hyl ene: and M chem 4983 avallable from M chael man Cor porati on.

Phe. ot hylenc. acry FPBORALY Ao 5 TE0 T °”%F°4%%€é?§hg§3$°'s§$@ﬁza?§

2:1 by 25 veilglyer dﬁquhﬂandrqfenlpnkngnﬂijalﬂqhmu|hoan agueous
copolymer and a ethylene~acrylic acid copolymer applied
thereto.

5 The preferred substrate must be properly prepared

to receive the primer layer, followed by application of
the cross-~linked polyvinyl alcochol. This proper
treatment involves treating the surface to a surface
tension level of at least about 35 and preferably from
10 38 to 45 dynes/cm in accordance with ASTM Standard
D2578-84. The treatment can be flame treatment, plasma
treatment, chemical treatment or corona discharge
treatment. Flame treatment and corona discharge
treatment are preferred with corona discharge treatment
15 being particularly preferred.
Commercially available corona discharge treatment
equipment can be cobtained from Solo Systems, Inc.,
Garland, Texas:; Corotec Corporation, Collinsville,
Connecticut: Softal Electronics, Hamburg, W. Germany:
20 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 42-44 dynes/cm. After this
treatment, a suitable primer material may be coated
25 onto the treated surface.
Preferred primer materials are those disclosed in
U.S. 4,564,559. These include a primer produced by
* condensing a monoaldehyde with an interpolymer of
acrylamide or methacrylamide and at least one other
30 ‘unsaturated monomer. Further included is a material
resulting from condensing aminocaldehyde with acrylamide
or methacrylamide and subsequently interpolymerizing
the condensation product with at least one other
-C. alkanol.

1 786
5 A preferred primer coating resin of this type comprises

unsaturated monomer in the presence of a C
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dispbrsibn for exanple, 10 parts of Vinol 325 (a 98% hydrol yzed nmedi um
viscosity polyvinyl alcohol, obtained fromAir Products) can be mxed with
90 parts by weight of M chem 4983 (an ethyl ene-acrylic acid copol yner 30
obt ai ned from M chael man Corporation). The M chem 4983 has a solids
content of about 25% This conbination, adjust®ed to an aqueous 5% solid
solution will provide the polyvinyl alcohol to ethylene-acrylic acid
copolymer mxture in a ratio of approximtely 2:1. -11- A netal |ayer,
for exanple one conprising alum nium nmay be deposited on the intimte
bl end of a copolymer containinc up to 90% by weight of styrene,
up to 80% by weight of an alkyl alkylate, up to 15% by
weight of methacrylic acid and 5% to 25% by weight of
acrylamide which has lieen condensed with a solution of
5. formaldehyde in n~butnnocl containing from 0.2 to 3
equivalents of formaldehyde for each amine group in the
copolymer. Another primer resin of this type is a s0%
solid solution of .a copolymer resin containing 38.5
parts of styrene, 44 parts of ethyl acrylate, 2.5 parts
10 of methacrylic acid and 15 parts of acrylamide which
has be condensed with 5.2 parts of formaldehyde in
n-butanol. .
A particularly preferred primer material for the
structure contemplated herein has been found to be
15 poly(ethyleneimine). The amine primer provides an
overall adhesively active surface for thorough and
secure bonding with the subsequently applied
cross-linked polyvinyl alcohol. It has been found that
an effective coating solution concentration of the
20 poly(ethyleneimine) applied from either aqueous or
organic solvent media, such as ethanol, is a solution
comprising 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
25 BASF-Wyandctte Corporation.
Another 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
30 "polyhydroxy compounds. Typical polyhydroxy compounds
which may be used include bisphencl A, ring-substituted
bisphenol A, resorcineol, hydroquinone,
phenol-formaldehyde, Novolac resins, aliphatic diols,
such as ethylene glycol, propylene glycol,
35 l1,4-butanediol, 1,6-hexane-diol, glycerol, lower alkyl
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| ayer (c). The follow ng Exanples illustrate the invention. 5

EXAMPLE 1 A honopol yner pol ypropylene filmwith a biaxial orientation from

4 to 5 times MD and from7 to 10 times TD was corona di scharge treated to a
wetting tension of about- 42 dynes/cm The treated fil mwas precoated on 10

both sides with 0.1 wt % pol y(ethyl eneinmine) 7. e. Polynin M a product of

BASF- Wandotte Corp. The filmwas air-dried at a [err]. This coating
wei ght was too low to be measured but is calculated to be in the range 2 of
0.001 grams per 1000 in . A commercially available 15 acrylic heat

seal layer is applied Lo, one, shde;  T0gs0RRR2LES ST e did &by
resins of the present invention are those made by the
glycidation reaction between epichlorohydrin and
bisphenol A. Epoxy resins of this type are commonly
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, but the préferred range is 180 to

10 210.

ul

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

15 example, it must be liquid and capable of being readily
dispersed or dissolved with the second component or
curing agent as described hereinbelow. If the epoxy
resin is of low viscosity, it may be stirred directly
into the second component, i.e., curing agent, however,

20 " it is preferred to employ the epoxy resin in an aqueous
emulsion.

The second component in the epoxy primer
composition of the present invention is an amino
modified acrylic polymer which is water soluble. This

25 polymer is a curing agent for the epoxy compound. The
preferred material is described in U.S. 3,719,629. This
‘material may be generically described as an acidified

aminocethylated interpolymer having pendent
aminocalkylate groups. This material is produced by

30 ‘polymerizing acrylate, methacrylate, styrene or other
suitable monomers with sufficient methacrylic or
acrylic acids to give a -COOH content of 7.5 to 12.5%.
Solvent polymerization techniques are preferred. The
polymer is then reacted with ethyleneimine. monomer and

A
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a far _rruI‘at [ on—c—ernﬂp{i S+ng--85. 5-wt-% pol yvinyl al cohol, 12.8 wt % net hyl ated

mel am ne f or maj g @6annnn|un1chlor|de The sol ution was
appl i ed ut|I|2| everse direct gravure coater and the coated
filmwas passed “ 'mm”m air oven at fromf[err]. This 2 produced a
coating w of O al I owi ng t he-gpol yvi nyl al cohol 3 days to
partially cross- Ilnk the filmwas recoated wth the polyvinyl

al cohol / et hyl ene- acrylic acid copolyner nmixture. The coating
wei ght of this m xture was 0.05 g/nmsi. The follow ng table shows oxygen
transm ssion data and ink adhesi on data. TABLE I nk I nk Pi ck-of f

Oxygen Transni ssi 8figdfied witfohysdnochdezdc acid to (ugnder the moiymer
S0%RH  O&H water soluble.

In one embodiment of the present invention, a
iquid epoxy resin is emulsified in a solution of the

(8 1]

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 curing

agent, it is generally preferred to use a stochiometric

10 equivalent balance of
epoxy and amine groups. However, it has been found
that the stochiometric ratic may be varied over a wide
range, from llepoxy to 3 amine groups through 3 epoxy
groups to 1 amine group.

15 The polyvinyl alcochol employed herein can be any
commercially available material. For example, ELVANOL
71-30, an E. I. DuPont product. The polyvinyl alcochol
coating solution is prepared by dissolving the polymer
in hot water, cooling and mixing both with a suitable

20 cross-linking agent and an acid catalyst. The
cross-linking agent can be a melamine- or
urea-formaldehyde resin. Commercially available
cross-linkers also would include PAREZ 613, a
methylated melamine formaldehyde:; CYMEL 373, a

25 methylated melamine formaldehyde:; CYMEL 401, a
trimethylol melamine urea formaldehyde; glyoxal, borax,
etc. An acid catalyst, e.g., ammonium sulfate,

' ammonium chloride, sulfuric acid, nitric acid and

ammonium nitrate will effectively catalyze these

30 systems.

Cross-linking is carried out to make the polyvinyl
alcohol 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

is making up the aqueous solution so that the initial
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Nul am Bl ue | nk [err] Water Based 0% Aqual am P

Waite I nk 35 1 Used 610-3Mt ape -12- The resulting film had high
barrier properties having excellent printability. EXAMPLE 2 An intinmte
bl end of pol ypropylene (95 wt% and 5 | eat ed pol ypropyl ene (5 wt%

was prepared and fornmed into a cast |ayer of “approximately 35 nls thick.
Thi s _

molecular structure is significantly altered by the
random inclusion of bulky carboxylic acid groups along
the back-bone and side. chains of the copolymer. The
' carboxyl groups are free to form bonds and interact
S with any polar substr:zte. They can also hydrogen bond
together to yield toughness. The carboxyl groups tend
to inhibit crystallization which results in clarity,
low melting and softening point for the film. The
ethylene-acrylic acid copolymers consist essentially of
10 about 96 mol% methylene groups, thus, their water
resistance is understandably similar to that of
polyethylene. The ammonium s§lts of the copolymers
permit water dispersions of the material to be formed
which facilitates ease of topical application to
15 surfaces. These copolymers can be formed having melt
indexes from 300 to 3,000. Commercially available
examples of these copolymers are PRIMACOR 4983 (Dow
Chemical Co.) an aqueous dispersion having 25% solids
content and obtained from a reaction between
20 approximately 15 mol% acrylic and a 5 mol% ethylene:
and Michem 4983 available from Michaelman Corporation.
In preparing the blend of the polyvinyl alcohol
homopolymer or copolymer and the ethylene-acrylic acid
copolymer, the components can range from 1:2 to 2:1 by
25 weight. In preparing a roughly 2:1 blend in an agqueous
dispersion for example, 10 parts of Vinol 325 (a 98%
hydrolyzed medium viscosity polyvinyl alcohol, obtained
- from Air Products) can be mixed with 90 parts by weight
of Michem 4983 (an ethylene-acrylic acid copolymer
30 obtained from Michaelman Corporation). The Michem 4983
has a solids content of about 25%. This combination,
adjusted to an aqueous 5% solid solution will provide
the polyvinyl alcchol to ethylene-acrylic acid
copolymer mixture in a ratio of approximately 2:1.

This is the replacement sheat

Date: 30 JUL 1996



cast layer was then machine direction oriented to a thickness of about 1 mi
thick. A coating of the above-identified poly(vinyl alcohol) was applied to
one 10 surface-each of a pair of the machine direction oriented

pol ypropyl ene filnms. The pol y(vinyl al cohol) coating contained 2,5 phr of
ammoni um chl ori de and 20 phr of Parez 613 neham ne fornal dehyde. The
so-coated substrate filns were nated together so that the 15

poly(vinyl alcohol) layers were in contact. This was acconplished by
running the filmthrough rollers at roomtenperature. The filmtravel ed at
approximately 50 fpm and was subjected to a pressure of 90 psi. Thereafter
the film conbi nati on wad metaddlapefrer fPprap¥ample one compyisdnge direction

oriented. ~The finiphgdnibh Hay becAepBSDLEA Eh' ekl QRtAWatd 8l ehd IJFES

and transverse
layer (c).

The following Examples illustrate the invention.
5 EXAMPIE 1
A homopolymer polypropylene film with a biaxial
orientation from 4 to 5 times MD and from 7 to 10 times
TD was corona discharge treated to a wetting tension of
about 42 dynes/cm. The treated film was preccated on
10 both sides with 0.1 wt% poly(ethyleneimine), i.e.
Polymin M, a product of BASF-Wyandotte Corp. The film
was air-dried at a 100°C. This coating weight was too
low to be measured but is calculated to be in the range
of 0.001 grams per 1000 inz. A commercially available
15 acrylic heat seal layer is applied to one side. The
opposite surface of the film structure was coated with
a formulation comprising 85.5 wt% polyvinyl alcchol,
12.8 wt% methylated melamine formaldehyde and 1.7 wt%
ammonium chloride. The solution was applied utilizing .
20 - a reverse direct gravure coater and the coated film was
passed through a dry-air oven at from 100-125°C. This
produced a cocating wt of 0.5 g/mz. After allowing the
polyvinyl alcohol 3 days to partially cross-link, the
film was recoated with the polyvinyl alcochol/ethylene-
25 acrylic acid copolymer mixture. = The coating weight of
this mixture was 0.05 g/msi. The following table shows
oxygen transmission data and ink adhesion data.

TABLE
Ink ' Ink Pick-off OQxvgen Transmission
10 Solvent Based ot 100%RH SO%RH O%RH
Nulam Blue Ink’ 53.88° 0.108% 0.0232
Water Based 0%
Aqualam P White
Ink
35 L Used 610-3M tape
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direction oriented 5 tines. The resulting lamnated filmstrongly resisted
del am nati on and was highly resistant to the 25 transm ssi on of
oxygen and water vapor.during a 24 hr. period. It is to be understood that
i nstead of bringing together .2 separately fornmed coated machine direction
oriented filns a single poly(vinyl alcohol)-%%ated film 30 can be
folded on itself so that the poly(vinyl alcohol) faces are in contact and,
after edge trinmng, the filmcan be pressure lamnated to itself, heated
and transverse direction oriented before final w ndup for shipment to a

converter. The resulting film had high barrier properties
having excellent printability.
EXAMPLE 2
An intimate blend of polypropylene (95 wt%) and
5 maleated polypropylene (5 wt%) was prepared and formed
into a cast layer of approximately 35 mls thick. This
cast layer was then machine direction oriented to a
thickness of about 1 ml thick. A coating of the
above~identified poly(vinyl alcochol) was applied to one
10 surface each of a pair of the machine direction
oriented polypropylene films. The poly(vinyl alcochol)
coating contained 2.5 phr of ammonium chloride and 20
phr of Parez 613 malemine formaldehyde. The so-coated
substrate films were mated together so that the
15 poly(vinyl alcohol) layers were in contact. This was
accomplished by running the film through rollers at
room temperature. The film traveled at approximately
50 fpm and was subjected to a pressure of 90 psi.
Thereafter the film combination was heated to 160°C and
20 transverse direction oriented. The finished film had
been machine direction oriented 7 times and transverse
direction oriented 5 times.
The resulting laminated film strongly resisted
delamination and was highly resistant to the
25 transmission of oxygen and water vapor during a 24 hr.
pericd. _
It is to be understood that instead of bringing
' together 2 separately formed coated machine direction
oriented films a single poly(vinyl alcochol) coated film
30 "can be folded on itself so that the peoly(vinyl alcohol)
' - faces are in contact and, after edge trimming, the film
can be pressure laminated to itself, heated and
transverse direction oriented before final windup for
shipment to a converter.
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-13-* 1t is to be understood that the outer surfaces of the conpleted

| am nation can have applied thereto any conventional coatings, such as,
heat seal |ayers. CLAI M5 (anended) 1. A film conbination conpri sing:
(a) an oriented polyneric substrate which in_its unnodified state is
susceptible of transmtting oxygen and wat e'rl:’v"apor in an anount which is
detrinental to product packaged by said substrate; (b) a prinmer coating on
at | east one surface of said substrate (a); (c) a layer of cross-Iinked
pol yvi nyl al cohol on said coating (b); and

It is to be understood that the outer surfaces of
the completed lamination can have applied thereto'any
conventional coatings, such as, heat seal layers.

This is the replacement sheet
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(d) .'on said cross-|inked | ayer a |layer of a blend of (1) a polyvinyl
al cohol hono or copolyner and (2) an ethyl ene-acrylic aci d copolyner
The fil mconbination of claim1l wherein substrate |ayer ( m

treated to a surface free energy of at |east @bout 35 dyn m”'g:ﬂefm
combi nation of claim2 wherein said substrate conprises a hanDOLy

copol yner of propyl ene. 4. The conbi nation of claim3 wherein the weight
ratio of the blend of (d) is from2:1 to 1:2. 5. - The conbination of

claim4 wherein said blend is of polyvinyl alcohol and ethylene- acrylic

aci d copol yner. aga%ggggeconbination of claim5 having a netal |ayer
deposited on said n ayer. 7. The conbi nation of claim®6 wherein

said netal is alum num
1. A film combinaticn comprising :

a) an oriented pclymeric substrate which either i)

comprises an intimate blend of polypropylene with
5 maleic acid anydride modified polypropylene or ii)

is otherwise susceptible of transmitting oxygen

and water vapor and has a primer coating on at

least one surface; _

b) a layer of cross-linked polyvinyl alcochol on i)
10 the intimate blend or ii) the primer coating;

c) a layer of a polymer comprising vinyl alcohol

residues which may be as'defined in b) or an

intimate blend of a homo- or copolymer of vinyl

alcohol, with an ethylene acrylic acid copolymer;
15 and, optionally,

d) a layer as defined in a)i).

2. A film combination according to claim 1 wherein
the intimate blend of a)i) comprises from 922.5 to
98.5% by weight of polypropylene and from 1.5 to
20 7.5% by weight maleic acid anhydride modified
polypropylene.

3. A film combination according to claim 1 wherein
a)ii) comprises a homopolymer or copolymer of
polypropylene.

25 4, A film combination according toc any preceding
claim wherein the oriented polymeric substrate has
been treated to a surface free energy of at least
‘about 35 dynes/cm.
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5. » A'film conbination according to any preceding claln1mhere|n t he melght
ratio of the intimate blend of (c) is from2:1 to 1:2. 6 Afilm '

conmbi nation according-to claim5 wherein 5

conpri ses pol yvinyl al cohol .and et hyl ene-acrylic acid c m”nﬁmltﬂ
filmconbinati on according to any preced|ng@ﬁanrnhaV|ng*a.me aye
depositéed on the intimate blend of layer (c). 10 : Afilm
conbi nati on according to claim?7 wherein the netal conprlses al um num 9.

A filmconbination conprising a pair of filnms each conprising an oriented

pol yneric substrate co n t I o] ne., and 15
a maleic acid anhédridgpﬁ%§m¥%€ po ngpéfw 4 é5’§ﬁ§ 5¥éé§&i
' claim wherein the weight ratlo of the intimate

blend of (c) is from 2:1 to 1:2.

6. A film combination according to claim S5 wherein
S the intimate blend comprises polyvinyl alcohol and
ethylene-acrylic acid copolymer.

7. A film combination according to any preceding
claim having a metal layer deposited on the
intimate blend of layer (c).

10 8. A film combination according to claim 7 wherein
the metal comprises aluminum. '

9. A film combination comprising a pair of films each
comprising an oriented polymeric substrate
comprising an intimate blend of polypropylene and

15 a maleic acid anhydride modified poliypropylene on
which a coating of polyvinyl alcchel containing a
cross-linking agent has been epplied to a surface
thereof while the pair of films have been
monoaxially oriented in the machine direction, the

20 pair of films having been positioned with the
polyvinyl alcohol layers in intimate contacting

L relationship while contacting films have been
: ©© ' oriented in the transverse dlrectzon.

‘ ) 10. A £ilm comnlnatlcn of claim 9 wherein the :
25 S .pos;tlonlng is accompanled by a matlnq force of
L 30-130 psx.. o '

2
L

11. A film ccmbinatien according to any preceding
claim which ‘is oriented from 2 to 7 times MD and
from 3 to 8 times TD.

. , gheet
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whi ch a coétlng of pol yvinyl alcohol containing a croggﬁkégﬁmng¢@gggﬁmbas S

been applied to a surface thereof while the pair df eg@lﬂﬁ%epg%n to pqgcd ,,,,
monoaxi al 'y oriented in the machine direction, thg g0criry - pagedddl dPal fo Qhged .
filnms having been positioned with the ponV|QyI al eﬁ é ﬁ%s |ntk &gm
contacting relationship while contacting fllns ha e %$ 1 aged .....
transverse direction. 10. A film conbination of g ere '“
positioning i s acconpanied by a mating force of 3 130 Si . A fZ Hr’rFEB m'l

conbi nati on according to any preceding clai mwhi chliBA Qﬁh%ﬁﬁﬁﬁﬂhrz feppe: _
times MD and frogeddaigi8at Witk hPdrochloric acid to render the polymer

water soluble.

In one embodiment of the present invention, a
liquid epoxy resin is emulsified 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 curing
agent, it is generally preferred to use a stochiometric
equivalent balance of

" epoxy and amine groups. However, it has been found
that the étocniometric ratio may be varied over a wide
range, from 1 epoxy to 3 amine groups through 3 epoxy
groups to 1 amine group.

The polyvinyl alcochol employed herein can be'any
commercially available material. For example, ELVANOL
71-30, an E. I. DuPont product. The polyvinyl alcohol
coating solution is 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. Commercially available
cross-linkers also would include PAREZ 613, a

N methylated melamine formaldehyde: CYMEL 373, a
methylated melamine formaldehyde: CYMEL 401, a
trimethylol melamine urea formaldehyde; glyoxal, borax,
etc. An acid catalyst, e.g., ammonium sulfate,

" ammonium chloride, sulfuric acid, nitric acid and
ammonium nitrate will effectively catalyze these
systens.

Cross-linking is carried ocut to make the polyvinyl
alcohol 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 aqueous solution so that the initial

'mmmmemmmmmmsma
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AR O O 0
CLAIMS (amended)
1. A film combination comprising:
(2) an oriented polymeric substrate which in its unmodified state is susceptible of
transmitting oxygen and water vapor in an amount which is detrimental to product
packaged by said substrate;
(b) a primer coating on at least one surface of said substrate (a);
(c) a layer of cross-linked polyviny! alcohol on said coating (b); and

(d) on said cross-linked layer a layer of a blend of (1) a polyvinyl alcohol homo or
copolymer and (2) an ethylene-acrylic acid copolymer.

2. The film combination of claim 1 wherein substrate layer (a) has b¢en treated to a
surface free energy of at least about 35 dynes/cm.

3. The combination of claim 2 wherein said substrate comprises a homopolymer or
copolymer of propylene.

4. The combination of claim 3 wherein the weight ratio of the blend of (d) is from 2:1
to 1:2,

5. The combination of claim 4 wherein said blend is of polyvinyl alcohol and ethylene-

acrylic acid copolymer.

6. The combination of claim 5 having a metal layer deposited on said blend layer.

1. The combination of claim 6 wherein said metal is aluminum.
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