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(57) Abstract

The present invention relates to a bag packaging system composed of a bag sealable to contain a liguid, in which the bag is composed
of a continuous outer water soluble film (12) and an inner continuous protective film layer (14) that allows storage therein of a Hquid that
would chemically or physicalty react with the water solubie film but is prevented from doing so by the presence of the continuous protsctive

film layer on the inner portion of the bag.
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WATER SOLUBLE BAG PACKAGING SYSTEM AND METHOD FOR PACKAGING

5 Cross-reference to Related Applications

This application claims the benefit under 35 USC § 118(e) of
the copending U.S. Application Serial No. 08/629,175 filed April 8, 1995
which is fully incorporated by reference herein and the benefit of said

Application is claimed for all purposes pursuant to 37 CFR § 1.78.

10 Field of the Invention
The present invention relates to a multi-layer water soluble or
dispersible packaging film and its use in packages for containing
potentially hazardous organic chemicals. More particuiarly, the present
invention relates to a water soluble or dispersible packaging system having
15 acontinuous film barrier on the interior portion of the package for
containing agricultural chemicals having a tendency to adversely affect or
otherwise be deleterious to the outer fiilm portion of the water scluble or

dispersible packaging system.

Backaround of the [nvention

20 Pesticides, such as herbicides, insecticides, fungicides and
other types of agricultural chemicals (referred to herein as “agrichemicals™
are often potentially harmful materials and are commonly made in

concentrated form which can be as a solid, a liquid, a dispersion or a gel,
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for example. Such materials typically need to be diluted with water prior to
use. Numnerous other types of hazardous and toxic materials are also
commonty sold and used on a commercial basis. Containers are needed
for the aforementioned types of hazardous and toxic materials in order to
conveniently distribute, sell and utilize such materials.
Typically, such containers are metal or blow molded plastic.
However, there are hazards and difficulties in handling, storing and using
such types of containers and materials. in addition, particularly with highly
concentrated materials, hazards exist when such concentrates are diluted
for use, such as when pouring the concentrate into a tank or other
container. For example, the concentrated material can splash or spill in
unintended locations, causing unintended human, animal or other contact
with the concentrate.
In addition, disposal of the metal or plastic containers can be
a problem since some residuai concentrated material will remain in the
original container. Thus, disposal of such containers can become an
environmental problem.
ftis known to package certain materials, including certain
liquids in water soluble bags consisting of a layer of cold water soiuble
polyvinyl alcohol. Such packaging is disclosed in U.S. Patent
No. 5,351,831, for example. However, such packaging and similar types
of péckaging are not suitable for containing agrichemicals that
deleteriously affect cofd water soluble polyvinyl alcohel film, such as by
chemical or physical reaction with it, including dissolving the cold water

soluble film. Consequently, a need exists for a suitable cold water soluble

2
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or dispersible container that can contain agrichemicals and other materiais
that chemically, physically or otherwise deleteriously react with the water
soluble film that forms the water soluble bag. In addition, a need exists for
a cold water soluble or dispersible bag for storing such agrichemicals and

other materials that is reliable and easy to produce.

Summary of the Invention

In accordance with the present invention, a multi-layer colkd
water soluble or dispersible packaging film is provided which comprises:
(1) a first “outer” cantinuous cold water soluble or dispersible film layer of
sufficient thickness and strength for use as a package to contain
chemicals, and (i) a second “inner” continuous water soluble or dispersible
film layer which is both chemically differentiated from and thinner than said
first layer. The rﬁulti—layer film of the present invention is suitable for use
as a package to contain potentially hazardous materials, particularly
chemicals that dissolve water soluble film or chemically, physicaliy or
otherwise deleteriously react with or adversely affect water sofuble film.
The water soluble or dispersible packaging system prepared from the
muiti-layer film generally is conveniently in the form of a bag, a pouch or a
sachet. Other conventional container configurations also are
contemplated by the packaging system of the invention.

As used herein, the term “chemical” inciudes all types of
potentially hazardous chemical materials, particularly organic chemicats
including, but not limited to, agrichemicals. The term “agrichemicals”

includes, for example, agronomically useful chemicals from the following

-3-
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classes: plant nutrients, plant growth regulators, plant protection agents
such as pesticides (e.g., herbicides, insecticides, nematocides, acaricides,
molluscicides, fungicides, ete.), activity promoters, penetrating agents,
synergists, antidotes and safeners, activaters, compatibility agents, and
adjuvants. The term “agrichemicals” also inciudes agrichemical
compositions (mixtures of one or more agrichemicats with any
conventional agronomically acceptable carrier or diluent). The muiti-layer
film of the present invention can be used to make water soluble or
dispersible packages that are suitable for containing chemicals such as
agrichemicals or agrichemical compositions in the form of liquids, solids, or
gels. Suitable liquids are, for example, in the form of dispersions,
solutions, suspensions, emulsions and colloids. Solids are in the form of
powders, granules and prills, for example. The term “cold water’ means
liquid water at a temperature of less than 50°C, preferably lower than
35°C, for example, between 5°C and 35°C. “Cold water soluble” means
completely soluble in cold water. “Dispersible” means disintegration or
dissipation as fine particles. Preferably, the dispersed particles are smali
enough to pass through the orifice of a conventionat agrichemical spray
apparatus or are filterable without plugging the spray orifice or filter of a
conventional agrichemical sprayer. For example, particles having a mean
particle size of from about 0.1 to about 250 microns as measured by the
CIPAC MT176 test for dissolution capacity of water soluble sachets are
considered to be dispersible for the purpose of the present invention. The
term “substantially adversely affect” in the context of contact with cold

water soluble film by an agrichemical material or other chemical material
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means that the material is not suitable for containment in a package made
of the film because of any deleterious effect caused by contact of the
material and the film, whether a chemical or physical reaction including, for
example, dissolving the film by the material and unwanted physical

5 leaching of film components into the material. In addition, the material
stored in the package can affect the film material by, for example,
physically altering the properties of the film such as extraction of plasticizer
which makes the film brittle, making the film insoluble or otherwise
unsuitable for use in packaging agrichemicals.

10 The multi-layer cold water soluble or dispersible fiim in
accordance with one aspect of the invention includes a first outer
continuous layer of cold water soluble film of sufficient thickness and
strength to provide sufficient structural strength for use as a bag to contain
liquid. Advantageously, the first or outer film layer may itself contain

15 muttiple layers of the same film type (such as co-extruded or tri-extruded
cald water soluble films) as is known in the art. The multi-layer cold water
soluble or dispersible film of the invention includes a second inner layer,
chemically differentiated from the outer layer, which is an inner continuous
or substantially continuous barrier layer of a material that can be cold

20 water or hot water soluble or insoluble film securely adhered to and in
intimate contact with the outer layer. The inner barrier film layer serves
the purpoese of preventing, impeding or otherwise reducing the interaction
between the contents of a package made from the multidayer fim and the
first outer film layer. In one embodiment, the inner barrier film layer is

25 substantially continuous with the outer film layer such that the multi-layer
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film has edge or border areas which do not contain a barrier fim layerto
facilitate heat sealing or other sealing means.

When water inscluble or hot but not cold water soluble
material is the barrier, the inner continuous layer of water insoluble film is
frangible or otherwise lacks sufficient structural integrity to contain the
chemical in a bag. Typically, the thickness of the first outer cold water
soluble layer is much thicker than the second inner barier layer. In one
embodiment, the thickness ratio of the first outer layer to the second inner
tayer is from about 500:1 to about 2:1, preferably from about 400:1 to
about 3:1. When a bag formed of the inventive multidayer water soluble
film is sealed with the chemical contained therein, once the water soluble
filmn layer is dissolved, such as when the package is placed in water, the
inner continuous barrier layer releases the chemical in the bag by
dissolving or dispersing. This occurs because the outer water soluble
structural layer has dissolved and the barrier or inner water insoluble layer
is frangible or otherwise lacks sufficient structurai integrity to remain intact
and contain the agrichemical particularly when agitated in the spray tank of
a conventional agrichemical sprayer. Preferably, as noted above, the
barrier layer disperses or dissolves sufficientiy to aliow flushing into
sanitation systems, passage through filters and spray nozzles,

Suitable materials for the first cold water soluble or
dispersible film iayer can be selected from a wide variety of materials
including, for example, polyvinyl aicohol, polyoxyethylene or a combination

thereof.
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The second barrier film layer can be cold water solubie, hot
water soluble or dispersible. in order to properly function as a barrier, the
barrier material should be at least not as susceptible to interaction with the
agrichemical or other material to be packaged as is the outer film layer.

In accordance with another aspect of the present invention, a
water soluble or dispersible package (conveniently a bag) is provided that
is suitable for containing agrichemicais and other chemicais which
substantially adversely affect water soluble film. The bag is also useful for
containing other types of chemicals, The water soluble or dispersible bag
in accordance with the invention is formed from the aforesaid inventive
multi-layer water soluble film. For example, the bag is formed by sealing
two sheets of the multi-layer film together at the edge regions by means of
an adhesive or heat seal,

In accordance with another aspect of the present invention, a
water soluble or dispersible bag is provided for containing agrichemicals,
the bag being particularly suitable for containing agrichemicals that
substantially adversely affect cold water soluble film. The bagis
composed of an outer layer of cold water soluble film and a continuous
inner barrier film layer wherein the agrichemical composition does not
substantially deleteriously affect the inner barrier film layer and the inner
barrier film fayer is capable of preventing or impeding the agrichemical
composition when stored therein from contacting the outer cold water
soluble film layer and wherein when the bag is placed in water with the
agrichemical store therein, the water soluble film layer dissolves and the

inner barrier layer dissolves or disperses into particles smali enough to
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allow the agrichemical to disperse or dissolve into the water without
clogging the spray system.

In accordance with stifl another aspect of the present
invention, a water soluble bag packaging system is provided for containing

5 and transporting chemicals, particularly agrichemicals, which substantially
adversely affect cold water soluble film, including by chemical or physical
reaction or otherwise. The packaging system includes a bag formed of the
inventive multi-layer water soluble film having the inner continuous water
insoluble film layer or barrier iayer on the interior portion of the bag. The

10 inner barrier layer prevents or impedes the agrichemical composition from
contacting the water soluble film layer and when the packaging system is
placed in water or other medium that dissoives the water-soluble film layer,
the inner barrier layer, lacking sufficient structural integrity and strength to
contain the agrichemical contained therein, releases the agrichemical.

15 Consequently, dispersion into the water or other desire medium is
provided.

In accordance with still another aspect of the present
invention, a method of storing a liquid that chemically, physically or
ctherwise deleteriously reacts with cold water solubie film in a water

20 soluble film is provided. The method includes forming a bag from a multi-
layer water soluble film that is comprised of an outer continuous tayer of
water soluble fitm of sufficient thickness and strength to provide adequate
structural strength and integrity for use as a bag to contain liquid and
wherein the multi-ayer water soluble film includes an inner continuous

25 layer of a water insoluble fitm or water soluble film over the outer layer that
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is not dissolved by or otherwise is not substantially adversely affected by
the chemical stored in the bag. The inner continuous layer lacks sufficient
structurai integrity to contain the liquid in the bag once the water soluble
film layer is dissolved. The method further includes placing the liquid in

the bag and thereafter sealing the bag with the liquid contained therein,

Brief Description of the Drawings

FIG. 1is a cross-sectional view of a water soluble film in
accordance with the present invention:

FIG. 2 is a plan view of a bag containing an agrichemical and
constructed from the film of FIG. 1; and

FIG. 3 is a cross-sectional view along lines 3-3 of FIG. 2.

Detaijled Description of the Invention

Refering the drawings generally and in particular to FIG, 1,
there is shown a multi-layer water soluble film 10 composed of a relatively
thick first layer 12 composed of a cold water soluble film and a relatively
thin second or barrier film layer 14 that is a barrier layer for the chemical to
be contained in a bag made from film 10.

Generally, layer 12 of the multi-layer water soluble or
disp_ersible film 10 is relatively thick, sufficiently thick to provide the
necessary structural strength for use as a bag to contain the desired
chemical. Depending on the type of cold water soluble fiim, typical
thicknesses will be in the range from about 10 to about 500 microns or

greater, for example and more typically about 20 to about 75 microns. The
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actual thickness will be dependent on the type of application, including the
type of water soluble matetial, the size of the bag and the density and
amount of the material to be stored therein.

The thickness of second film layer 14 of barrier material is
generally relatively thin, typically in the range of from about 0.25 to about
25 microns er more and preferably about .05 to about 15 microns.
Generally, the purpose of second layer 14 is to provide a bamier so that
chemicals contained in a bag formed from film 10 contacts barrier layer 14
and does not contact first layer 12 of cold water soluble film. in this
manner, film barrier 14 is impervious or resistant to the chemical contained
in the bag. Consequently, it is important that second layer 14 be
continuous or at least substantially continuous for storing and containing
certain chemicals that would be particularly aggressive in attacking the
cold water scluble film of first layer 12. For aggressive agrichemicals, a
continuous second layer 14 becomes more important or even necessary to
properly function as a barrier between the agrichemical and first layer 12
composed of the cold water soluble film or dispersible.

FIGS. 2 and 3 illustrate a bag 16 in accordance with the
present invention that has been sealed and contains an agrichemical 18
therein as shown in FIG. 3. Bag 16 is composed of a sheet of multi-layer
water solubte film 10 that has been folded over and has a hot bar heat seal
20 along the four peripheral sides of bag 18, as best shown in FIG. 2.

As is well known to those skilled in the art, the equipment for
and methods of making bag 16 are well known to those skilied in the art.

Consequently, a detailed disclosure of such is not provided. Any bag

-10-
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design or construction can be utilized in accordance with the invention as
long as the bag can be formed with multi-layer water soluble film 10 in a
desired fashion, filled with an agrichemical and sealed closed with the
materiat therein. Any suitable method of sealing the bag and type of seal
can be utilized including hot bar, impuise or other heat seal, solution seal,
adhesive seal and ultrasonic seal. Generally, a heat or a solution seal is
preferred.

Many types of water soluble films are suitabie for use as the
first layer 12 of multi-layer film 10 in accordance with the invention. For
example, suitable water soluble films include polyviny! aicohol,
polyoxyethylene, cellulose derivatives such as methylcellulose (MC),
methylhydroxyethyl cellulose (MHEC), methythydroxpropy! ceflulose
(MHPC}), hydroxypropyl cellulose {HIPC), cellulose monoacetate,
hydrophobically modified celiulose derivatives, sodium polyacrylate,
polylactic acid, lactic acid ethers or esters of polyvinyl alcohol, lactic acid
ethers or esters of cellulose derivatives, lactic acid grafts on polyvinyl
alcohol, carrageenan, pectin, combinations of the faregoing and
combinations of the foregoing and starch. For example, suitable
hydrophobically modified cellulose derivatives include C-16 madified HEC,
MHPC and HIPC. All of the foregoing materials can be cold water soluble.

Starch may be added and used in combination with the
foregoing water soluble materials to make first layer 12. For example,

suitable starches include unmodified or modified comn, potato, rice and

wheat starches.
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Suitable materials for the generally relatively thin barrier layer
14 generally can be selected from three categories: (1) cold water soluble,
but with at least less reactivity or susceptibility to interaction with the
agrichemical (or other material to be contained in the bag) than the outer
layer, (2) hot water soluble; and (3) dispersible barriers, In addition, the
barrier layer must have good adhesion properties to, and otherwise be
compatible with, relatively thick first layer of water soluble film 12, and also
be chemically and physically compatible with the material to be stored in
the resulting container made with film 10.
in one embodiment, the barrier layer is a polymer present as
a thin continuous layer that does not dissolve in water at temperatures
above 50°C. Suitable polymers can be selected from cellulose derivatives
in which the degree of substitution is sufficient to prevent solubility above
50°C such as, for example, cellulose acetate lactate, cellulose lactate,
methythydroxybuty! cellulose and hydrophobically modified celluicse
derivatives,
In accordance with another embodiment, the inner layer or
barrier 14 is a continuous, thin polymer fayer that does not dissoive in
water at temperatures below about 50°C, Suitable materials for this
embodiment inciude polyvinyl aicohol that does not dissolve in water at
temperatures below 50°C, including between 97% and 89.99% hydrolyzed
poiyvfnyl alcohol. Generally, such hot water soluble films will be utilized as
a thin layer, usually from about 0.25 to about 15 microns thick, so that the

barrier disintegrates once the outer cold water soluble film dissoives.
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In siill another embodiment of the present invention, barrier
iayer 14 can be composed of a polymer film material that dissolves in
water but is less or substantially less reactive than the material of first or
outer layer 12 of film 10 to the agricultural composition or other material to

5  be contained within a bag constructed of such material. Generally, such
barrier layers are not suitable for aqueous solutions containing free water.
Generally, such barrier layers are suitable for packaging organic solvent-
based materials and solids.

Generally, cold water soluble materials can be utilized for the

10 inner barrier fayer when the cold water soluble barrier material is not ag
susceptible to interaction with the agrichemical or material to be packaged
as the material of the outer layer. For example, when the outer layer is
cald water soluble polyvinyl alcohol, suitable cold water soluble materials,
depending on the material to be packaged, include celiulose derivatives

15 having a degree of substitution (DS) or meles of substfitution (MS) that
provide solubility in water in the range of 5-80°C or greater, such as
methyl cellulose, methylhydroxyethy! cellulose, methylhydroxpropyl
cellulose, methylethyl cellulose, methylhydroxybutyl cellulose,
hydroxypropyl cellulose, carboxymethyl celiulose, hydrophobically modified

20 cellulose derivatives, cellulose monoacetate, cellulose acetate lactate,
cellqlose lactate, karaya gum, guar gum, carrageenan, pectin, gum,
tragacanth, sodium alginate, gum arabic, xanthan gum, sodium acrylate
and ammonium acrylate,

in another embodiment, inner layer or barrier 14 can be

25 selected so as to disperse or disintegrate in water, provided that it exhibits
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the proper resistance and other properties with respect to the agrichemical
or other material to be contained in a bag constructed of such a film.
Suitable materials for the inner barrier layer 14 for this embodiment include
acrylic acid polymers, acrylic ester polymers, acrylic acid copolymers,
acrylic ester copolymers, copolymers of acrylic acids and esters,
crosslinked polyviny! alcohols, crosslinked cellulose derivatives, ethyl
celluiose, nitrocellulose, cellulose butyrate, cellulose acetate butyrate,
ethylene vinyl alcohol, ethylene vinyl acetate, polyvinylidene chiotide and
alkali soluble waxes and poiyurethanes.

Other materials may be known to those skilled in the art for
barrier layer 14. Any suitable method of making multi-layer water soluble
film 10 can be utilized. For example, the inner barrier layer can be
laminated to the outer water soluble film layer in a manner well known to
those skilled in the art. In addition, the inner layer can be co-extruded by a
thermal process to the outer water soluble film layer, such as by blown film
or slot die extrusion. Further, the inner barrier layer can be coated onto
the outer water soluble film layer, Other suitabie techniques of fabricating
the multi-layer water soluble film 10 in accordance with the invention
known in the art could also be utilized,

Some agrichemicals are generally unsuitable for storage in
cold water soluble polyvinyl alcohol bags, namely CIBA HST.

Examples

The following are examples of multi-layer fitm in accordance

with the invention matched with agrichemicals and other materials to be

contained by containers made from such fiim,

-14-
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EXAMPLE 1
Open-topped, heat sealed water soluble or disintegratable
bags are produced from a two-layer film composed of a 38 micron outer
cold water soluble polyvinyl alcoho! (PVQOH) (88% hydrolysis, 25 cps) layer
5 and a 1.0 micron cold water dispersibie polyvinylidene chioride barmrier
layer and are manually filled with from 10 grams to 2300 grams of a
pesticide, which is not compatible with the outer cold water soluble PVOH
layer, in the form of a wettable powder or water dispersible granule. in the
absence of the barrier layer, this incompatibility would result in loss of

10 desirable physical properties (puncture resistance, tear resistance, drop
impact resistance, water solubility etc.) of the water soluble layer upon
exposure to the pesticide. The pesticide composition of the wettable
powder on a % by weight basis is 50% active ingredient, 3% wetting
agent, 5% dispersant, and 42% diluent, where the wetting agent is

15 typically an anionic surfactant such as alkyl sulfonate (e.g. sodium
dodecylbenzenesulfonate) or an alkyl naphthalene sulfonate {e.g. sodium
isopropyl naphthalene sulfonate); the dispersant is typically a sodium
lignosulfonate; and the diluent is an inert inorganic material, such as a
kaolinite ciay, or an alkyl naphthalene sulfonate (e.g. sodium isopropy!

20 naphthalene sulfonate); the dispersant is typically a sodium lignosulfonate;
and the diluent is an inert inorganic material, such as a kaclinite ciay, or an
inert organic material such as starch.

| The pesticide composition for a water dispersible granular
composition on a % by weight basis is 35% active ingredient, 3% wetting

25 agent, 7% dispersant, 1% bonder, and 54% diluent, where the wetting

-15-




10

15

20

25

WO 97/37903 PCT/US97/05776

agent is typically an anionic surfactant such as alkyl ary! sulfonate (e.g.
scdium dodecylbenzenesulfonate) or an alkyl naphthalene suifonate); the
dispersant is typically a sodium lignosulfonate; the binder is a water
soluble polymer such as polyvinylpyrrolidone; and the diluent is an inert
inorganic material such as a kaofinite clay or an inert organic material such
as starch,

After the bags are filied, they are manually or automatically
heat sealed at the top by the two sealing jaws of a thermoplastic bag hot
bar heat sealer that heats the polymer under pressure until a heat seal is
formed. The heat sealed bags are placed in a outer package which is
suitable for storing the water soluble bags for acceptably Jong periods of
time before being removed from the cuter package and introduced into the
main tank (typically 50 to 800 gallons in size) of a spraying system which
has water residing in it. Tank agitation is started and in a reasonably short
pericd of time the water soluble bags dissolve with disintegration of the
barrier layer and the pesticide dissolves or disperses in the water, creating
a spray solution which is then typically sprayed on a growing crop.,
EXAMPLE 2

Two layer water soluble bags are produced on a form-fill-seal
machine and filled with a pesticide in the form of a flowable or emulsifiable
concentrate or gel. These water soluble bags are produced from a two-
layer film composed of a 50.8 micron outer cold water soluble palyvinyl
alcohol layer having an 88% degree of hydrolysis and a viscosity of 23
cps. and a 0.7 micron layer of ethylene vinyt acetate. The flowabie

suspension concentrate composition on a % by weight basis is 40%
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pesticide active ingredient, 2% wetting agent, 3% dispersing agent, 5%
antifreeze, 0.1% anti-foam, 0.2% thickening agent, and 49.7% water,
where the wetting agent is typically a nonionic surfactant (e.g.
polyalkoxylated nonylphenol); the dispersing agent is typically a sodium
lignosulfonate; the antifreeze is a water soluble polyhydroxy material such
as ethylene glycol or glycerin; the anti-foam is a poly(dimethylsiloxane);
and the thickening agent is a polymeric organic material such as
carboxymethyceilulose.

The emulsifiable concentrate composition on a % by weight
basis is 26% pesticide active ingredient, 8% emulsifier system, and 67%
solvent, where the emulsifier system is a mixture of an anionic surfactant
(e.g. calcium dodecylbenzenesulfonate) 3-4% and a nonionic surfactant
(e.g. polyalkoxylated castor oil) 4-5%; and the solvent is typically a
petroleum based aromatic solvent (which depending on the solubitity
characteristics of the active ingredient may be partially or wholly replaced
by a more polar solvent such as an alcohol or a ketone),

The two-layer water soluble film in roll form is mounted to a
form-fill-seal machine. The thickness of the outer cold water soluble
polyvinyl alcohol iayer of the film is typically 20 to 76 microns and the inner
barrier of EVA is from 0.25 to 1.25 microns. The two-layer water soluble
or dispersible film is formed into an open ended bag by conveying the film
over a forming shoulder and heat sealing simultanecusly with the bottom
and side of the bag using hot bar or impulse sealing methods. The
flowable or emulsifiable concentrate or gel product is then introduced into

the open ended bag (typically in the range of 5 mi to 2000 ml). Each filled

PCT/US9TN5776
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bag is heat sealed at the fop foliowing dispensing of the pesticide into the
bag. Each bag is then loaded (either manually or automaticaily) into an

outer package that is distributed and used as discussed in Example 1.

EXAMPLES 3-13
Following procedures similar to those outlined in Examples 1-2, two layer

bags are made from the following components:

Example Cold Water Sotuble Thickness Barrier Layer Thickness
Fitm
3 Methylhydroxpropyi 75 micron PVDC 1.0 micron
cellulose
4 Methyihydroxgropyl 75 micron EVOH 1.4 rmicron
cellulose
5 Methylhydroxpropyl 75 micron alkali soluble acrylic 2.0 micron
cellulose
6 Methylhydroxpropyl 75 micron nitrocelfulose 1.0 micron
celivlose
7 Polyethylene Oxide 50 micron PVOH, 99% 5 micron
' Hydrolysis
8 Polyethylene Oxide 50 micron Acnylic acid/ester 1.5 micron
copatym
9 Carrageenan 75 micron Crosslinked MHPC 5.0 micron
0 Cellulose monoacetate 38 micron Cellulose butyrate 2.0 micron
1 Lactic acid grafts of 38 micron EVOH 1.0 micron
PVOH
12 PVOH, 88% Hydrolysis 38 micron MHPC 25 micron
13 Pectin/Starch 50 micron polyurethane 1.0 micron

An example agrichemical formulation of wettable powder is
by weight 50% active ingredient, 3% wetting agent, 5% dispersant, and
42% diluent, where the wetting agent is typically an anionic surfactant such

as alkyl suifonate (e.g. sodium dodecylbenzenesulfonate) or an alkyl
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naphthalene sulfonate (e.g. sodium ispropyl naphthalene sulfonate); the
dispersant is typically a sodium lignosulfonate; and the diluent is an inert
inorganic material, such as a kaolinite clay, or an inert organic material
such as starch.

An example agrichemical formulation of water dispersible
granule is by weight 35% active ingredient, 3% wetting agent 7%
dispersant, 1% bonder, and 54% diluent, where the wetting agent is
typically an anionic surfactant such as alkyl aryl suifonate {e.g. sodium
dodecyibenzenesulfonate) or an alkyl naphthalene sulfonate (e.g. sodium
isopropyl naphthalene suifonate); the dispersant is typically a sodium
fignosulfonate; the binder is a water soluble polymer such as
poiyvinyipyrrolidone; and the diluent is an inert inorganic material such as
a kaolinite clay or an inert organic material such as starch.

An example agrichemical formulation of flowable suspension
concentrate is by weight 40% active ingredient, 2% wetting agent 3%
dispersing agent, 5% antifreeze, 0.1% anti-foam, 0.2% thickening agent,
and 49.7% water, where the wetting agent is typically an nonionic
surfactant (e.g. polyalkoxylated nonylphenol); the dispersing agent is
typically a sodium lignosulfonate; the antifreeze is a water soluble
polyhydroxy material such as ethylene giycol or glycerin; the anti-foam is a
poly(dimethyisiloxane); and the thickening agent is a polymeric erganic
material such as carboxymethyi celiulose.

An example agrichemical formulation of emulsifiable
concentrate is by weight 25% active ingredient, 8% emulsifier system, and

67% solvent, where the emulsifier system is a mixture of an anionic

~-19-

L



5

10

PAOPER\DCDA24461-97, 188 - 8/7/99

-20-

surfactant (e.g. calcium dedecylbenzenesulfonate) 3-4% and a nonionic surfactant (e.g.
polyalkoxylated castor oil) 4-5%; and the solvent is typically a petroleum based aromatic
solvent (which depending on the solubility characteristics of the active ingredient may be

partially or wholly replaced by & more polar solvent such as an alcohol or 2 ketone).

Throughout this specification and the claims which follow, unless the context requires
otherwise, the word "comprise”, and variations such as "comprises” and "comprising", will
be understood to imply the inclusion of a stated integer or step or group of integers or steps

but not the exclusion of any other integer or step or group of integers or steps.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A water saluble bag packaging system for transporting
agrichemicals which chemically or physically react with water soluble films,
said packaging system comprising a bag containing an agrichemical
compasition, séid_bag cantaining an outer cold water-soluble film layer and
an inner bamrier layer and the inner barrier layer pravents the agrichemical
composition from contacting the water soluble film layer, and wherein
when the packaging system is placed in water and said water-soluble film

layer dissolves and said inner barier layer dissolves or disperses into

particles smali enough to allow the agrichemical to disperse into the water.

2, The packaging system of claim 1, wherein the water-
soluble film layer is a fim selected from polyviny! alcatol, 15

polyoxyethylene or a combination of the above,

3. The packaging system of claim 1, wherein the water-
soluble film layer is a film seiected from the group consisting of polyvinyi
alcohol, polyoxyethylene, celiulose derivatives such as methyi cellulose
(MC), methylhydroxyethyl (MHEC), methylhydroxypropyl (MHPC),
hydroxypropyl (HPC), cellulose, cellulose monoacetate, hydrophobically
medified cellulose derivatives, sodium polyacrylate, polytactic acid, lactic
acid ethers and esters of polyvinyl alcohol or cellulosics, carrageenan,

pectin, combinations of the above, and combinations of the above with

starches.

21-
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4. The packaging system of claim 1, wherein the
agrichemical is selected from the group consisting of fertilizers and
pesticides in the form of liquids, gels, dispersions, solutions, suspensions,

emulsions, colloids, powders, granules or prills.

5. The packaging system of claim 4, wherein the
pesticide is selected from the group consisting of herbicides, insecticides

and fungicides.

6. The packaging system of claim 1, wherein the
agrichemical contains one or more components that dissolve, react
deleteriously with, or otherwise adversely affect the outer cold water

soluble film layer.

7. The packaging system of claim 1, wherein the inner

barrier layer has a thickness between 0.25 microns and 25 microns.

8. The packaging system of claim 1, wherein the water-
soluble film layer has a thickness between about 12 microns and 200

microns.

8. The packaging system of claim 1, wherein the inner

barrier tayer is a polymer layer which does not dissolve in water at

temperatures above 50°C.
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10.  The packaging system of claim 9, wherein the polymer
layer which does not dissolve in water at temperatures above 50°C is
selected from the group consisting of cellulose derivatives in which the
degree of substitution is sufficient to prevent solubility above 5°C selectad
from the group consisting of cellulose acetate lactate, celluiose lactate,
methythydroxybutyl cellulose, hydrophobically modified cellulose

derivatives and combinations thereof.

11.  The packaging system of claim 1, wherein the inner
barrier layer is a polymer tayer which does not dissolve in water at

temperatures below 50°C.

12, The packaging system of claim 11, wherein the
polymer layer which does not dissolva in water at temperatures below

50°C is between 97 and 99.99% hydrolyzed polyvinyl alcohol.

13.  The packaging system of claim 2, wherein the inner
barrier layer is a polymer layer which dissolves in water but is less reactive
than polyvinyl alcohol or polyoxyethylene to most of the agrichemical

compositions being packaged.

14.  The packaging system of claim 13, wherein the
polymer layer which dissolves in water but is less reactive than polyvinyl
alcohol or polyoxyethylene to most of the agrichemical compositions is

selected from the group consisting of celluiose derivatives which have a
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DS (degres of substitution) or MS (moles of substitution) that provides
solubility in the range of 50°C and 60°C or broader such as methyl
celiulose, methylhydroxyethyl celiulose, methylhydroxypropyl celluiose,
methylethyl celluiose, methylhydroxybutyl cellulose, hydroxypropy!
cellufose, carboxymethyl cellulose, hydrophobically modified cellulose
derivatives, cellulose monoacetate, cellulose acatate lactate, cellulose
lactate, karaya gum, guar gum, carrageenan, pectin, gum tragacanth,

sodium alginate, gum arabic, and xanthan gum.

15, The packaging system of claim 1, wherein the inner

barrier layer disintegrates in water,

16.  The packaging system of claim 15, wherein the inner
barrier layer which disintegrates in water is selected from the group
consisting of soluble acrylic acid polymers, soluble acrylic ester polymers,
soluble acrylic acid copolymers, soluble acrylic ester copolymers, soluble
copolymers of acrylic acids and esters, crosslinked polyvinyi alcohols,
crosslinked celiulose derivatives, ethy! cellulose, nitrocellulose, celiulose
butyrate, cellulose acetate butyrate, ethylene vinyl aicohol, ethylene vinyl

acetate, polyvinylidene chioride, alkali soluble waxes and polyurethanes.

17.  The packaging system of claim 1, wherein the inner

barrier layer is laminated to the outer water-soluble film layer.

24
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18.  The packaging system of claim 1, wherein the inner

barrier is co-extruded with the outer water-soluble film layer,

19.  The packaging system of claim 1, wherein the inner

barrier is coated onto the outer water-solubie film layer.

20. A method of packaging an agrichemical which
chemically or physically reacts with a cold water soluble film comprising:

forming a bag from a film comprising an outer laver of the
cold water soluble fim and an inner barrier layer that does not react with or
become dissolved by the agrichemical, the inner barrier layer forming the
bag interior and being dispersible or dissoivable in cold water upon
dissolving of the cold water soluble layer;

adding a desired amount of the agrichemical into the bag;
and

thereafter sealing the bag with the agrichemical contained
therein, the barrier layer preventing the agrichemical composition from

contacting the outer water soluble fiim layer,

21.  The method of claim 20 wherein said barrier layer is

cold water soluble.

22.  The method of claim 20 wherein said barrier layeris

cold water insoluble.
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23, Amuiti-layer water scluble film, suitable far

construction of a bag to contain liquid that adversely affects water soluble
film comprising:
an outer continuoué layer of cold water soluble film of
sufficient thickness and strength to provide sufficient structural integrity to
contain the liquid in 2 ba(ﬁfbﬁcegthe outer soluble fiim layer is dissclyed.
AAE e tmes contamons %;}f;éf:j{,f;w’[
24, The film of claim 23 wherein said continuaus layer of
cold water insoiuble film does not dissolve in water above a temperature of
50°C and is selected fram the group consisting of cellulose derivatives in

which the degree of substitution is sufficient to prevent solubility above

50°C.

25.  The film of ciaim 24 wherein said callulose derivatives
are selected from the group consisting of cellulose acetate lactate,
cellulose lactate, methylhydroxybutyl cellulose and hydrephobically

modified cellulose derivatives.

26.  The film of claim 23 wherein said inner continuous

layer does not dissolve in water at temparatures belaw 50°C.

27.  The mutti-layer water soluble film of claim 26 wherein
the inner centinuous layer is a polymer film that has been about 97% and

99.9% hydrolyzed polyvinyl alcghat.

.26-
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28.  The multi-layer water soluble film of claim 23 wherein
the outer water soluble film layer has a thickness of between about 12

microns and 200 microns.

28.  The multi-layer water soluble film of claim 23 wherein
the inner layer of water insoluble film has a thickness of between about

0.25 microns and 15 microns.

30.  The multi-layer water soluble film of claim 23 wherein
the water soluble film layer is selected from the group consisting of

polyvinyl alcohol, poiyoxyethylene and combinations thereof,

31.  The multi-layer water scluble fitm of claim 23 wherein
the water soluble film layer is selected from the group censisting of
methyiceliulose, methylhydroxyethyl celiulose, methylhydroxpropyi
cellulose, hydroxyprapyl celiulose, cellulose, cellulose monoacetate,
hydrophobically modified cellulose derivatives, sodium polyacrylate,
polylactic acid, lactic acid ethers, polyvinyl alcohol asters, cellulose esters,
carrageenan, pectin, combinations thereof and combinations thereof with

starch.

32, Amultilayer water soluble film, suitable for
construction of a bag to contain liquid therein comprising an outer
continuous layer of cold water soluble film comprising polyvinyl alcchol;

and

27
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an inner continuous layer of a cold water soluble film,
different than the outer continuous layer and selected from the group
consisting of cellulose derivatives which have a degree of substitution that
provides cold water solubility, the outer and inner layers providing

sufficient structural strength to contain liquids when formed into a bag.

33,  Awater soluble bag for containing an agrichemical
composition that substantially deleteriously affects cold water soluble film,
said bag comprising an outer layer of the cold water soluble film and an
inner barrier layer wherein saig agrichemical composition does not react
with or substantally deleteriously affect the inner barrier layer and the
inner barrier layer is capable of preventing the agrichemicai composition
when stored therein from contacting the water soluble film layer, and

wherein when the bag is placed in water with the agrichemical stored
therein said water-soluble film layer dissolves and said inner barrier layer
dissoives or disperses into particles small enough to allow the

agrichemicat to disperse into the water.

34.  The bag of ciaim 33, wherein the cold water-soluble
film layer is a film selected from the group consisting of polyvinyl alcohol,

polyoxyethylene and combinations thereof.

35.  The bag of claim 33, wherein the cold water-soluble
film tayer is a film selected from the group consisting of polyvinyl alcohol,

palyoxyethylene, cellulose derivatives selected from the group consisting
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of methyl cellulose, methylhydroxyethyl cellulase, methylhydroxpropyl
cellulose, hydroxyprapy cellulose, calluiose, cellujose Mmonoacetate,
hydrophobically modified cellulose derivatives, sodium Polyacrylate,
polylactic acid, lactic acid ethers polyvinyl alcohol esters, cellulose esters,
tamrageenan, pectin, combinations of the above, and combinations of the

above with starch.

36.  The bag of claim 33, wherein the inner barrier layer

has a thickness between 0.25 microns and 15 microns.

37.  The bag of claim 33, wherein the water-soluble fiim

layer has a thickness between about 12 microns and 200 microns.

38.  The bag of claim 33, wherein the inner barrier tayer is
& polymer film which does not dissolve in water at temperatures above

5°C.

39.  The bag of claim 38, wherein the polymer film which
does not dissolve in water at temperatures above 5°C is selected from the
group consisting of cellulose derivatives in which the degree of substitution
is sufficient to prevent solubifity above 5°C such as cellulose acetate
Iactaté, cellufose iactate, methylhydroxybutyl cellulose and hydrophobically

madified cellulose derivatives,
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40.  The bag of claim 33, wherein the inner barrier layer is
a polymer fitm which does not dissolve in water at temperatures below

50°C.

41.  The bag of claim 40, wherein the polymer film which
does not dissolve in water at temperatures below 50°C is between 97 and

99.99% hydrolyzed polyvinyl alcohol,

42.  The bag of claim 34, wherein the inner barrier layer is
a polymer layer which dissolves in water but is substantially less reactive
than polyvinyt alcohol or polyoxyethylene relative to the agrichemical

composition o be contained therein.

43.  The bag of claim 42, wherein the inner barrier polymer
layer which dissolves in water is less reactive than polyvinyl alcohol or
polyoxyethylene to most of the agrichemical compositions is selected from
the group consisting of cellulose derivatives which have a DS (degree of
substitution) or MS (moles of substitution) that provides solubility in the

range of about 5°C and about 60°C.

44.  The bag of claim 43 wherein said inner barrier
polymer layer cellulose derivative is selected from the group consisting of
methylcellulose, methylhydroxyethyl celluiose, methylhydroxypropyl
cellulose, methylethyl cellulose, methylhydroxybuty! cellulose,

hydroxypropyi cellulose, carboxymethyl celluiose, hydrophobically madified
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cellulose derivatives, cellulose monoacetate, cellulose acetate lactate, cellulose lactate, karaya
gum, guar gum, carragecnan, pectin, gum tragacanth, sodium alginate, gum arabic, xanthan

gum and combinations thereof.

5 45.  The bag of claim 33, wherein the inner barrier layer disintegrates in

water.
46.  The bag of claim 45, wherein the inner barrier layer which disintegrates

in water is selected from the group consisting of soluble acrylic acid polymers, soluble acrylic
ester polymers, soluble acrylic acid copolymers, soluble acrylic ester copolymers, soluble
10 copolymers of actylic acids and esters, crosslinked polyvinyl alcohols, crosslinked cellulose
derivatives, ethyl cellulose, nitrocellulose, cellulose butyrate, cellulose acetate butyrate,
ethylene vinyl alcohol, ethylene vinyl acetate, polyvinylidere chloride, alkali soluble waxes,

and polyurethanes.

15 47.  The bag of claim 33, wherein the inner barrier layer is laminated to the

outer water-soluble film layer.

48.  The bag of claim 33, wherein the inner barrier is co-extruded with the
outer water-soluble film layer.

20
49.  The bag of claim 33, wherein the inner barrier is coated onto the outer

water-soluble film layer.

50.  The packaging system of claim 1 substantially as hereinbefore described

25 with reference to the Examples.

51.  The multi-layer water soluble film of claim 23 substantially as

hereinbefore described with reference to the Examples.
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52.  The water soluble bag of claim 33 substantially as hereinbefore

described with reference to the Examples.

DATED this 28TH day of OCTOBER, 1999

NOVARTIS AG

by DAVIES COLLISON CAVE
Patent Attorneys for the applicant(s)
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