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OVERCOATED WATER-SOLUBLE FILMS

This invention relates to a water-soluble or water-dispersible film having a water-
soluble coating for increased chemical resistance.

Polyvinyl alcohol (PVOH) films are commonly used in unit dose packages. The
PVOH films are able to provide acceptable water solubility, good mechanical strength,
toughness, impact resistance. However, the water solubility of PVOH films deteriorates
when the films are exposed to certain chemicals, such as chlorine-containing substances,
oxidizing chemicals, acid chemicals, alkali chemicals, salts with polyvalent metals, boric
acid, polyamines, insecticides, herbicides, among others. This water solubility decrease
limits the practical applications of PVOH unit dose packages with those chemicals, which are
often used as bleaching agents, laundry detergents, industrial chemicals, pool chemicals and
agrochemical products. Water-soluble films having a water-soluble coating have been
disclosed, as in, e.g., US5362532, which describes a coating of an alkyl acrylate/methacrylic
acid copolymer on a PVOH film. The film was used to make a pouch for dispersing laundry
detergent with the acid-functional polymer on the inside to impart resistance to the pouch
contents. However, this reference does not suggest a film for increasing chemical resistance
of water-soluble polymer films.

There remains a need for water-soluble or water-dispersible films having a water-
soluble coating for increased chemical resistance.

The discussion of documents, acts, materials, devices, articles and the like is included
in this specification solely for the purpose of providing a context for the present invention. It
is not suggested or represented that any or all of these matters formed part of the prior art
base or were common general knowledge in the field relevant to the present invention as it
existed before the priority date of each claim of this application.

Where the terms "comprise”, "comprises"”, "comprised" or "comprising" are used in
this specification (including the claims) they are to be interpreted as specifying the presence
of the stated features, integers, steps or components, but not precluding the presence of one or

more other features, integers, steps or components, or group thereof.

STATEMENT OF INVENTION
The present invention provides a multilayer film comprising: (a) a layer of a first
polymer comprising polymerized units of vinyl alcohol; and (b) a layer of a second polymer

selected from the group consisting of maleic anhydride-isobutylene copolymers, neutralized
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maleic anhydride-isobutylene copolymers, chemically modified maleic anhydride-
isobutylene copolymers, ethylene -acrylic acid copolymer, neutralized ethylene -acrylic acid
copolymer, polyvinylpyrrolidone, poly (vinyl methyl ether), cellulose, methyl cellulose,
hydroxyethyl cellulose, poly(methyl)acrylic acid, poly(ethylene glycol), polyacrylamine,
poly(2-hydroxyethyl acrylate), and mixtures thereof.

According to an aspect, the invention provides a multilayer film comprising: (a) a layer of a
first polymer comprising polymerized units of vinyl alcohol; and (b) a layer of a second
polymer selected from the group consisting of maleic anhydride-isobutylene copolymers,
neutralized maleic anhydride-isobutylene copolymers, chemically modified maleic

anhydride-isobutylene copolymers, and mixtures thereof.

DETAILED DESCRIPTION
Percentages are weight percentages (wt%) and temperatures are in °C, unless

specified otherwise. Operations were performed at room temperature (20-25 °C), unless

la
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specified otherwise. Percentages of monomer units in copolymers are based on total weight
of the polymer chains. The term “(meth)acrylic” means methacrylic or acrylic. Mixtures of
copolymers may be physical mixtures of polymers or polymers made from a combination of
all monomers in the copolymers.

The first polymer may be water-soluble or water-dispersible, the latter referring to
films having materials in the water-soluble film structure which are not fully water-soluble;
films with materials which are water-soluble only at relatively high water temperatures or
only under limited pH conditions; and films which include some portion of water-insoluble
material, such as a relatively thin layer of water-insoluble material.

Preferably, the first polymer, which comprises polymerized units of vinyl alcohol is a
partially hydrolyzed polymer of vinyl acetate in which some units of vinyl acetate have
hydrolyzed to units of vinyl alcohol. Preferably, the % hydrolysis, which corresponds to the
mole % of vinyl alcohol units, is at least 60 mole %, preferably at least 70 mole %, preferably
at least 80 mole%, preferably at least 85 mole%, preferably at least 90 mole%, preferably at
least 95 wt%. Preferably, the % hydrolysis is no greater than 98 mole %, preferably no
greater than 97 mole t%, preferably no greater than 95 mole %, preferably no greater than 93
mole %, preferably no greater than 92 mole %. Preferably, the number-average molecular
weight (Mw) of the first polymer is from 5,000 to 500,000; preferably at least 7,000;
preferably no greater than 400,000: preferably no greater than 300,000; preferably no greater
than 250,000. The first polymer may contain small amount of polymerized units of
monomers other than vinyl alcohol and vinyl acetate, preferably no more than 10%,
preferably no more than 5%, preferably no more than 3%, preferably no more than 2%,
preferably no more than 1%. Other monomers may include, e.g., carboxylic acid monomers
and their alkyl esters.

The term “chemically modified” refers to a polymer having acid functionality (e.g.,
units of maleic acid or (meth)acrylic acid) which has been allowed to react with a mono-
functional compound having a hydroxyl or amino group. Preferred mono-functional
compounds having a hydroxyl group include ethylene and propylene glycols and their
oligomers, polymers and polymers which are capped on one end with a C;-C, alkyl group;
preferably the polymers and copolymers have Mn no greater than 20,000, preferably no
greater than 10,000. Preferred mono-functional compounds having an amino group include
JEFFAMINE M series amines, which are ethylene and propylene glycol copolymers having a

terminal amino group and which are capped with a methyl group on the terminal hydroxyl

group.
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Preferred second polymers include maleic anhydride-isobutylene copolymers,
neutralized maleic anhydride-isobutylene copolymers, chemically modified maleic
anhydride-isobutylene copolymers, ethylene -acrylic acid copolymer and neutralized ethylene
-acrylic acid copolymer.

Preferably, the multilayer film is in the form of a pouch (i.e., a closed container
formed from the multilayer film) in which the layer of polymer comprising polymerized units
of vinyl alcohol is on the outside of the pouch. Preferably, the pouch is sealed and contains a
mixture comprising a bleaching agent. In one preferred embodiment the mixture comprises
no more than 20 wt% water, preferably no more than 15 wt%, preferably no more than 10
wt%, preferably no more than 5 wt%. The mixture may also comprise glycols, preferably
propylene glycol, in an amount from 1 to 20 wt% of the mixture, preferably 1 to 10 wt%.
The pouch is intended to open up and disperse when added to an aqueous medium at a
temperature from 10 to 80 °C, preferably 15 to 60 °C. Preferably, the sealed pouch
containing the bleaching agent is added to a dishwashing machine or clothes washer,
preferably a dishwashing machine.

A bleaching agent is an oxidizing agent suitable for use in an aqueous medium,
preferably in a washing machine. Preferred bleaching agents include peroxides such as
barium peroxide, sodium carbonate peroxide, calcium peroxide, hydrogen peroxide, lithium
peroxide, magnesium peroxide, strontium peroxide, zinc peroxide, and sodium peroxide;
ketone peroxides such as acetone peroxide, methyl ethyl ketone peroxide, and benzoyl
peroxide; nitrates such as aluminum nitrate, potassium nitrate, silver nitrate, calcium nitrate,
sodium nitrate, cupric nitrate, lead nitrate, magnesium nitrate, strontium nitrate, nickel nitrate,
and guanidine nitrate; nitrites such as sodium nitrite; chromates and dichromates such as
potassium dichromate, sodium dichromate, and ammonium dichromate; persulfates such as
ammonium persulfate, potassium persulfate and sodium persulfate; perborates such as
sodium perborate; perbromates and bromates such as potassium bromate and sodium
bromate; permanganates such as potassium permanganates, sodium permanganate, and
ammonium permanganate; chlorates and perchlorates including barium chlorate, calcium
chlorate, sodium perchlorate (monohydrate), strontium chlorate, magnesium perchlorate, zinc
chlorate, sodium chlorate, ammonium perchlorate and potassium chlorate; periodates such as
sodium periodate and potassium periodate; chlorites and hypochlorites such as lithium
hypochlorite, calcium hypochlorite, and sodium chlorite; chlorinated and/or brominated
isocyanurates such as sodium dichoroisocyanuric acid, potassium dichloroisocyanuric acid,

and trichloroisocyanuric acid; inorganic acids such as nitric acid, chromic acid, and
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perchloric acid; peroxy acids such as meta-chloroperoxybenzoic acid; bromine, chlorine,
iodine and fluorine; potassium superoxide; hydrates of any of the preceding; and
combinations of any of the preceding. Preferably, the bleaching agent is calcium
hypochlorite or sodium dichloroisocyanurate.

Preferably, the ethylene-(meth)acrylic acid copolymer comprises at least 73 wt%
ethylene, preferably at least 76 wt%, preferably at least 78 wt%; preferably no more than 87
wt%, preferably no more than 84 wt%, preferably no more than 82 wt%. Preferably, the
ethylene-(meth)acrylic acid copolymer comprises at least 13 wt% (meth)acrylic acid,
preferably at least 16 wt%, preferably at least 18 wt%; preferably no more than 27 wt%,
preferably no more than 24 wt%, preferably no more than 22 wt%. Preferably, the ethylene-
(meth)acrylic acid copolymer is a random copolymer. Preferably, the ethylene-(meth)acrylic
acid copolymer is an ethylene-acrylic acid copolymer.

Preferably, the number-average molecular weight (Mn) of the ethylene-(meth)acrylic
acid copolymer is from 2,000 to 20,000; preferably from 2,500 to 15,000; preferably from
3,000 to 10,000. Preferably, the weight-average molecular weight (Mw) of the ethylene-
(meth)acrylic acid copolymer is from 8,000 to 150,000; preferably from 10,000 to 100,000;
preferably from 12,000 to 60,000; preferably from 14,000 to 30,000. Preferably, the
ethylene-(meth)acrylic acid copolymer is partially neutralized, i.e., from 50 to 100 mole% of
the carboxylic acid groups is neutralized by addition of a base, preferably at least 70%,
preferably at least 80%, preferably at least 85%, preferably at least 88%; preferably no more
than 96%, preferably no more than 94%, preferably no more than 92 wt%. Preferably, the
base is an alkali metal hydroxide, preferably sodium or potassium hydroxide, .preferably
potassium hydroxide.

Preferably, maleic anhydride-isobutylene copolymers comprise from 40 to 60 mole %
each of maleic anhydride and isobutylene, preferably from 45 to 55 mole %, preferably from
48 to 52 mole %. Preferably, maleic anhydride-isobutylene copolymers are alternating
copolymers. Preferably, maleic anhydride-isobutylene copolymers have Mw from 5,000 to
500,000; preferably at least 8,000; preferably at least 10,000; preferably at least 50,000;
preferably at least 100,000; preferably no greater than 300,000; preferably no greater than
200,000.

In one preferred embodiment of the invention, the multilayer film comprises a layer
of a third polymer selected from the group consisting of maleic anhydride-isobutylene
copolymers, neutralized maleic anhydride-isobutylene copolymers, chemically modified

maleic anhydride-isobutylene copolymers, ethylene -acrylic acid copolymer, neutralized
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ethylene -acrylic acid copolymer, polyvinylpyrrolidone, poly (vinyl methyl ether), cellulose,
methyl cellulose, hydroxyethyl cellulose, poly(methyDacrylic acid, poly(ethylene glycol),
polyacrylamine, poly(2-hydroxyethyl acrylate, and mixtures thereof; wherein the first and
second layers are on opposite sides of the layer of polymer comprising polymerized units of
vinyl alcohol.

Preferably, the amount of crosslinker in the ethylene-(meth)acrylic acid copolymer is
no greater than 0.15 wt%, preferably no greater than 0.1 wt%, preferably no greater than 0.05
wt%, preferably no greater than 0.02 wt%; all percentages based on dry polymer. A
crosslinker is a polymerized unit of a multiethylenically unsaturated monomer or a metal ion
selected from the group consisting of Zn*?, Ca**, Mg** and Al*. Percentages of metal ions
are based on metal alone, without the anion.

Preferably, the thickness of the layer of polymer comprising polymerized units of
vinyl alcohol is from 25 to 500 microns; preferably at least 40 microns, preferably at least 50
microns; preferably no greater than 300 microns, preferably no greater than 200 microns,
preferably no greater than 100 microns. Preferably, the thickness of the layer of polymer
selected from the group consisting of maleic anhydride-isobutylene copolymers, neutralized
maleic anhydride-isobutylene copolymers, chemically modified maleic anhydride-
isobutylene copolymers, ethylene -acrylic acid copolymer, neutralized ethylene -acrylic acid
copolymer, polyvinylpyrrolidone, poly (vinyl methyl ether), cellulose, methyl cellulose,
hydroxyethyl cellulose, poly(methyl)acrylic acid, poly(ethylene glycol), polyacrylamine,
poly(2-hydroxyethyl acrylate, and mixtures thereof is from 0.1 to 25 microns, preferably at
least 0.5 microns, preferably at least 1 micron, preferably at least 2 microns, preferably at
least 3 microns; preferably no greater than 20 microns, preferably no greater than 15 microns,
preferably no greater than 10 microns.

Preferably, one or more layers are added to a film comprising polymerized units of
vinyl alcohol using conventional coating methods, including blade, web, spray, knife, rod,
kiss, slot, painting, printing, and combinations thereof. The layers may also be added using a

solvent-free powder coating process.
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EXAMPLES
Example 1. Preparation of a coating solution with an ammonium modified maleic
anhydride-isobutylene copolymer

Weighed 100 grams of [SOBAM 110, which is an amide-ammonium salt of maleic
anhydride-isobutylene product (alternating copolymer, Mw=165,000) from Kuraray Co., Ltd,
and 400 grams of deionized water in a 500ml 3-neck round flask with a condenser and a
mechanical agitation. The mixture was agitated at moderate speed at room temperature
overnight. A clear homogeneous solution was obtained. It is a 20 wt% solution and ready

for the coating application.

Example 2. Preparation of a coating solution with a neutralized maleic anhydride-
isobutylene copolymer

Weighed 100 grams of ISOBAM 10, which is a maleic anhydride-isobutylene product
(alternating copolymer, Mw=165,000) from Kuraray Co., Ltd, 51.8 grams of sodium
hydroxide and 549 grams of deionized water in a 500ml 3-neck round flask with a condenser
and a mechanical agitation. The mixture was agitated at moderate speed in an oil bath at 80
C for 6 hours. A clear homogeneous solution was obtained. Itis a 100% neutralized 20 wt%
polymer solution. After cooling to room temperature, the solution is ready for the coating

application.

Example 3. Preparation of a coating solution with a neutralized maleic anhydride-
isobutylene copolymer

Weighed 100 grams of ACUSOL 460ND, which is a neutralized maleic anhydride-
isobutylene product (alternating copolymer, Mw=10,000) from the Dow Chemical
Company, and 400 grams of deionized water in a 500ml 3-neck round flask with a condenser
and a mechanical agitation. The mixture was agitated at moderate speed at room temperature
for 2 hours. A clear homogeneous solution was obtained. It is a 20 wt% solution and ready

for the coating application.

Example 4. Overcoating on the top of a PVOH film substrate

A PVOH based thermoplastic film, MonoSol M8630 supplied by MonoSol, a Kuraray
Company (approximately 87-89% hydrolyzed), was chosen as the coating substrate in the
example experiment. The thickness of the MonoSol M8630 film is about 3 mil. A piece of
the MonoSol M8630 film was cut to about 6” by 10” and fixed with tapes on the top of a

6
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glass substrate. The coating solutions prepared in Example 1-3 were overcoated on the top of
the MonoSol M8630 film by a 1mil (25 micron) 3” wide coating blade, respectively. The
coating formulations are shown in Table 1. The glass substrates with overcoated PVOH
films were put into an oven at 40 C with constant N2 flow. The overcoated films were taken
out of the oven after 40 minutes. The thickness of Coating A, B and C is around 5 micron.

The obtained bilayer films coatings are ready to evaluate.

Table 1. Coating formulations:

Coating# A B C
Solutions Example 1 Example 2 Example 3
Solid content (%) 20 20 20
Coating blade# 1 1 1

The water dispersibility of the overcoated bilayer films were measured by the dissolving of a
piece of 2cmx1lcm film in about 15 ml of DI water. All A, B, C coatings and the M8630 film
control are fully soluble after 2 minutes at room temperature with mild agitation. After
stretched by hand to 200% elongation, all A, B and C coatings do not show apparent coating
delamination and mechanical failure.

The aggressive chemical resistance of the overcoated films was illustrated by the
contact of calcium hypochlorite at 120 F. The overcoated bilayer films, A, B and C, were cut
to fit in a 4” wide glass dishpan, respectively. Part of the overcoated areas was covered by
near 100% pure calcium hypochlorite powder. The dishpans with bilayer films and calcium
hypochlorite were placed on a metal frame in a 120 F oven for 14 days. The uncoated
M38630 film was also treated under the same condition as a comparative control. The bilayer
films and the M8630 film were taken out of the oven after 14 days. The water dispersibility

of those films was measured and the results are shown in Table 2.

Table 2. Water dispersibility of films before and after hypochlorite treatment

M&630
Film # A B C control
Before hypochlorite fully fully fully fully
treatment dispersible dispersible dispersible dispersible
After hypochlorite partially fully partially not
treatment dispersible dispersible dispersible dispersible
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It was found that the uncoated M8630 control film after hypochlorite treatment remains as a
whole piece of film without any apparent solubility or dispersibility. Coating# B remains
fully water dispersible and Coating A and C become partially water dispersible after
hypochlorite treatments. The experimental results demonstrate that the overcoatings in our
invention are able to improve the aggressive chemical resistance of the PVOH film

effectively.

The mechanical properties of the overcoat bilayer films and the uncoated M8630 control film
were quantified by their tensile properties. These quantities were determined using a HSKS
Tinius Olsen Universal Testing Machine, and by using the ASTM D 882, "Standard Test
Method for Tensile Properties of Thin Plastic Sheeting".

The tensile measurement results are shown in Table 3.

Table 3. Tensile measurement results of bilayer films and M8630 control

Film # A C M8630
Elongation @

Break(%) 339 362 347
Modulus (MPa) 85 49 135
Max Stress(MPa) 24 18 56
Toughness (MJ/m?3) 47 33 108

The tensile results illustrate that the overcoatings in this invention do not decrease the film
flexibility. Both coating A, C and M8630 film control provide over 300% elongation at
break. The modulus, max stress and toughness of those overcoated bilayers are lower than
the M8630 control, but they are still acceptable for the targeted applications. The examples
in this documents demonstrate that the new overcoated films can be applied in unit dose

packaging with aggressive chemicals.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A multilayer film comprising: (a) a layer of a first polymer comprising polymerized
units of vinyl alcohol; and (b) a layer of a second polymer selected from the group consisting
of maleic anhydride-isobutylene copolymers, neutralized maleic anhydride-isobutylene
copolymers, chemically modified maleic anhydride-isobutylene copolymers, and mixtures

thereof.,

2. The multilayer film of claim 1 in which the layer of the first polymer has a thickness
from 25 to 500 microns and the layer of the second polymer has a thickness from 0.1 to 25

microns.

3. The multilayer film of claim 1 or claim 2 in which the second polymer is an

alternating copolymer.

4. The multilayer film of any one of claims 1 to 3 which is a pouch in which an inside

surface is completely covered with the second polymer.

5. The multilayer film of claim 4 in which the pouch comprises a bleaching agent.

6. The multilayer film of claim 5 in which the bleaching agent comprises calcium

hypochlorite or sodium dichloroisocyanurate.

7 The multilayer film of claim 1 or claim 2 which is in the form of a pouch in which the
layer of polymer comprising polymerized units of vinyl alcohol is on the outside of the

pouch.

8. The multilayer film of claim 7 wherein the pouch is sealed and comprises a bleaching

agent.

9. The multilayer film of claim 8 in which the bleaching agent comprises calcium

hypochlorite or sodium dichloroisocyanurate.



