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Description |
COMPOSTABLE PACKAGING FOR CONTAINMENT OF LIQUIDS

Technical Field
The preSent invention relates to a compostable container

for containing liguids or liguid containing materials. The
present 1nvention furthers relates to a paperboard container
having a degradable eoating on at least one of the internal
or external surfaces thereof. More particularly, the present
invention relates to a paperboard container which will
biodegrade to carbon dioxide, water and biomass under
composting conditions. The present invention further relates

to a method of making and a method of using the degradable

container.

Background Art
In the management of Municipal Solid Waste (MSW), the

expectation that paper and paper products would biodegrade in
landfills has proven to be unreliable. 1In fact, newspapers
buried for over fifty year have been recovered from landfills
in readable condition. Since paper comprises about 50% of
landfill space, it has become an important priority to find
alternate ways to manage paper waste.

Recycling paper, often with the removal of printing inks
and coatings, has proven to be economically feasible when the
recovered pulp fibers find new markets and applications.
Fiber recovery, and, in particular, repeated fiber recoveries
tend to damage, break, and otherwise reduce the quality of
paper fiber. This degradation in paper quality often results
in a product with limited or nonexistent new markets or
applications.

Since paper has the inherent property of
biodegradability under appropriate conditions, more
attractive alternates to simple landfilling have received

increased attention. Among these, i1s the process of

composting, in which waste is degraded to humus or biomass

under accelerated anc contrcoclled conditions of moisture, air

and microorganisms. More specifically, paper, under
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composting conditions 1s converted into carbon dioxide, water,

and biomass. The biomass 18 essentially comprised of

microorganisms. Thus, the mass of waste 1s significantly

reduced and the humus by-product has commercial value as low

5 grade fertilizer, soll conditioner, and as a mulch for land and

agricultural applications.

Paper products are often coated with resins or

plastic materials to provide barrier properties when they will

be used in the containment of liguids. The most 1important

10 requirements for these structures when 1ntended for use as

folded cartons to coatain liguid products include:

a . barrier properties to reduce and prevent

r—

absorption and/or transmission of liguid components;

b. heat sealability for carton construction and

15 1integrity;

C. printability to provide attractive, non-

functional graphics;

d. vapor barriers to contain fragrances, flavors,

molsture, etc.:;

20 e. barriers to oxygen and other amblent gases;

f. rigidity, shape retention, and crush resistance.

grm—

Typical constructions of important commercial value

include milk cartons in which the paperboard coating

composition 1s low density polyethylene; fruit juice contailners

25 as described i1n U.S. Reissue Patent No. 33,376; and wet wipe

contalner.

Such constructions meet the requirements stated above

in (a)-(f), however, such constructions are compostable only to

the degree to which cellulose pulp 1s present, typilcally around
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85%. Under composting conditions, the pulp fibers would be

pr

expected to decompose leaving a residue of biologically inert

plastic.

mind s

Disclosure of the Invention

g

It 1s therefore an object of the i1nvention to

-

overcome these and other difficulties encountered i1n the prior

artc.
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Given the current waste disposal prOblems, another
object of the present invention is to provide a container for
liquids which meets requirements (a)-(f) and which will also
degrade to carbon dioxide, water and biomass under composting
conditions.

Another object of the present invention is to provide
liquid barrier properties to pulp based substrates which are
degradable under composting conditions by coating with

polymers selected from the group of aliphatic polyesters.
A further object of the invention is to provide, as an

environmentally improved alternate to plastic, a completely
degradable packaging material for the containment of liquids
and wet products. |

Still another object of the invention 1s to provide
crush-resistant, durable packaging material sultable for
liquids and wet proclucts.

A further object of the invention is to provide coated
packaging material for use in folded cartons in which the
coating has a compositing rate approximately equal to the pulp

based substrate. |
Another object of the invention is to provide special

properties to coatings of biodegradable aliphatic polyesters,
by blending to about 30% by weight with polymers or fillers

that are either miscible or mechanically compatible.

To achieve the objects and in accordance with the
purpose of the invention, as embodied and broadly described
herein, the invention comprises a compostable package for
containing liguids or wet products including a base of
paperboard having coated thereon a polymeric material capable
of preventing leaks wherein said base and said polymeric
material degrades to form carbon dioxide, water and biomass.

In another aspect of the invention there is provided a
method of making a compostalle package for containing a
ligquid or a liquid containing material comprising, providing
a base of paperboard, coating said paperboard with a material
capable of preventing leaks, wherein said base and said

material are compostable tc carbon dioxide, water and
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biomass, forming said paperboard into a container and sealing

the edges and bottom of said container.

In still another aspect of the invention there 1is
provided a method of using a compostable package for
containing a ligquid or a liquid containing material
comprising, providing a base of paperboard, coating said
paperboard with a material capable of preventing leaks,
wherein said base and said material are compostable to carbon
dioxide, water and biomass, forming sald paperboard 1into a

container, sealing the edges and bottom of said container,

and placing into said container a ligquid or a material
containing a liquid.

Additional objects and advantages of the invention will
be set forth in part in the description which follows, and 1n
part will be obvious from the description, or may be learned
by practice of the invention. The objects and advantages of
the invention will be realized and attained by means of the
elements and combinations particularly pointed out in the

appended claims.

Brief Description of the Drawings

Figure 1, illustrates the aerobic biodegradation of

polycaprolactone using ASTM D52089.

Figure 2, illustrates the loss ot mechanical properties
observed for a film of polycaprolactone under outdoor
composting conditions.

Figure 3, illustrates the loss of mechanical properties
observed for a film of polycaprolactone under indoor
composting conditions.

Figure 4, i1illustrates the biodegrédability mechanism ftor

polycaprolactone.

Figure 5, illustrates the biodegradations of polyesters
of 3-hydroxybutyric acid and 3-hydroxyvaleric acid (PHBV).

Figure 6, illustrates the aerobic biodegradation of
blends of polycaprolactone and polyethylene.

Figure 7, illustrates the loss of mechanical properties

observed for a film of polycaprolactone - polyethylene blends

under outdoor composting conditions.
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Figure 8, 1lllustrates the loss of mechanical

pr—

properties observed for a film of polycaprolactone -

polyethylene blends under indoor composting conditions.

Figures 9-12, 1llustrate cross-sectional views of the

'

5 structure of the container materials according to the present

invention.

Figure 13, 1illustrates the apparatus for use in the

test methodology employed 1n the examples.

Best Mode for Carrying Out the Invention

10 According to the present invention, a paperboard

container 1s produced for containing liguids or liguid

contalning materials. The container 1s formed from paperboard

pr—

or related paper substrates. For the purposes of this

invention, the term paperboard refers to those grades and types

15 of paper made on either cylinder board machines or multiwire,

fourdrinier type machines as well as multiformers. Fiber stock

may be either recycled, or virgin or mixtures thereof, bleached
or unbleached. Additilional information on paper and paperboard
used in packaging applications may be found in James E. Kline,

20 Chapter 10, Paper and Paperboard, Miller Freeman Publications,

San Francisco, CA, 1982.

The paperboard or paper substrate for use in the

P

present invention has a basis weight of from about 35 lbs/ream

to about 220 lbs/ream and preferably from about 175 lbs/ream to

F

25 about 220 lbs/ream. According to one embodiment of the present

invention, the paper substrate has a thickness from about 4 to

25 mils and more preferably about 10 to 20 mils. The coated

paperboard should be selected to produce a container having a

cross directional (CD) stiffness as determined by the Taber

- -

30 method of from 50 to 150 and more preferably of from 60 to 135.

The Taber method 18 described i1n TAPPI Test Procedure T-489.
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The ratio of cross direction Taber sti:

1l

coated paperboard to its basis weight (lb/ream) is at least

0.20 and more preferably at least 0.5.
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Paperboard is generally stronger and stiffer in the
machine direction (MD) than in the cross direction.

According to one embodiment of the present invention the

machine direction preferably runs along the container from
side to side, i.e. in a direction perpendicular with the top
and bottom of the container. The machine direction runs from
side to side of the container: the fiber direction of the
paperboard from top to bottom of the container is said to be
the cross direction (CD). The coated paperboard used in the
container according to the present invention preferably has a
ratio of Taber stiffrness of MD/CD of less than or equal to
about 2.65 and more preferably less than or equal to about
1.92.

The paperboard or paper substrate material 1s coated on
at least one side thereof with a degradable resin in a

thickness of from about 0.5 to 2.0 mils. 1In one preferred

embodiment, both sides of the paperboard substrate are coated
with the degradable resin to a thickness of from about 0.5 to
about 2.0 mils. In the present invention degradation
includes biodegradation as well as degradation by moisture,
light, oxygen and other well known means of breaking down
waste materials.

Coating techniques, for example, extrusion coating,
impregnation and the like, are well known in the art, and in
accordance with the present invention, inner coatings and
outer coatings may be applied by processes well known in the
art. Furthermore, the design, quality control and
fabrication of folded cartons for the containment of liquids

are well known in the art, and these processes and techniques

may be used in making the containers of the present
invention.

Characteristics of the biodegradable coating materials
for use in the present invention include good moisture
barrier properties, good thermal sealing properties,
sufficient stiffness to give the container good crush

resistance and biodegradability under composting conditic

-
"
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Examples of biodegradable resins include thermoplastic

oxyvalkanoyl polymers, e.g., ¢ - caprolactone polymers and

those that contain the recurring unit:

|
|

~-O(CH,)_~-C=0

Z)X

Wherein x 1s an integer having a value of 2,3 and 5-7,

including polymers of beta propriolactone and a& -
valerolactone; polyesters of 3-hydroxybutyric acid, 3-

hydroxyvaleric acid and mixtures thereof as well as

copolymers of any of the above.

Suitable alsc are graft polymers prepared by reacting a
lactone such as ¢ - caprolactone with hydroxyl or amino
functional resins such as hydrolyzed ethylene - vinyl acetate
copolymers; segmented polyurethane prepared by reacting
polycaprolactone bearing terminal hydroxyl groups with
diisocyanates and, optionally, chain-extending glycols such
as 1,4 butanediol.

Included also are aliphatic polyesters such as
polyglycolic acid, polylactic acid, polydioxanone,
poly(trimethylene carbonate) and their co- and terpolymers as
well as blends of any of the above with polyesters prepared
from alkanediols and alkanedicarboxylic acids including

oxalates.
Preferred biodegradable resins for use 1in the present

inven
tion are polyvhydroxyaliphatic acids (PHAA).

Naturally occurring biodegradable substances are useful
as fillers offering the advantage of reduced cost. Such

fillers include starch, tree bark, ground paper, peat moss

and soy bean powder.
Polvhydroxyaliphatic acids in film form are

biodegradable under composting conditions. One preferred

polyhydroxyaliphatic acid, polycaprolactone (PCL) 1s
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available as a biodegradable thermoplastic resin from Union

Carbide. It is synthesized from ¢-caprolactone:
O
0O O
O HO-R-OH I 1
H-{O-(CHz)s-C-]O-R-O-[C-(CHZ)S-O-]H
N\ /cat. m n

Polycaprolactone in film form, has been demonstrated to be
biodegradable under soil burial and composting conditions, as

shown in Figures 1-3. Composting oi PCL is thought to occur

by the mechanism proposed in Figure 4.
Other preferred polymers for use in the present

invention are the commercially available PHBV polymers of ICI
which are polyesters of 3-hydroxybutyric (HB) and

3 hydroxyvaleric (HV) acids. Their general structure is:
PHBV COPOLYMERS
o
O O
Ny LG
Nen? "ol Nens o

HYDROXYVALERATIE HYDROXYBUTYRATE
(Vi . {§B)

11V CONTENT 0~ 30 MOLE%

These polymers are produced by the fermentation of sugar by
the bacterium ALCALIGENES EUTROPHUS and will degrade to

carbon dioxide and water when piaced in the presence of

microorganisms found in soil, sewage, and river bottoms as

shown in Figure 5.
While PCL is claimed to undergo aerobic degradation,

PHBV will degrade under either aerobic or anaerobic
conditions. '

To enhance or optimize functional properties and cost it
may be desirable to blend these resins with other material.
The successful blending of the aliphatic polyester with
additives to provide improved properties and reduced cost
without impairing degradability was a most useful and
surprising aspect of this invention.

Additives and blending resins include those which are

either miscible or mechanically compatible with aliphatic

polyester. Examples listed below are suitable for use with

polycaprolactone:
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Miscible Mechanically Compatible

PVC Polyethylene

SAN Polypropylene

ABS Natural Rubber

Phenoxy Styrene/Butadiene

Polycarbonate Elastomer & Block
Copolymers

Nitrocellulose Polyvinylacetate

Poly (Vinylidene Chloride) Polybutadiene

Styrene/Allyl Alcohol Ethylene/Propylene

Copolymers Rubber

In addition, PCL may be blended with thermoplastic
elastomers for improved toughness, adhesive, and flexibility.
Especially suitable are the elastomeric segmented
polyurethanes prepared from aliphatic polyester diols,
aromatic or alicyclic diisocyanates; and, optionally, short
chain diol or diamine chain - extender.

Accordingly, the skilled artisan can incorporate the
many useful and unique properties of these additives into the
coating composites to meet specific requirements of the
various end uses contemplated. These materials may be added
in from about 0% to about 30%, preferably from about 10 to
about 20%. Although these materials alone are either slowly
compostable or noncompostable, their use in limited amounts
as described above does not impair the ultimate '

biodegradation of the coating materials.
In addition to blended compositions, these compositions

may be coated onto the paperboard substrate in successive
layers. Noncompostable or slowly compostable layers are so
positioned so as not to interfere with composting of the

remainder of the container. As an alternative, individual
layers of the same or different blended materials may be used
to form the substrate coatings. Noncompostable and slowly

compostable materials may be used in blends or as
intermediate layers in limited amounts. When used in blends,
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these materials are preferably contained in less than 30% and
when found in film form are preferably less than o0.6 mils in
thickness. These materials do not interfere with the

compostability and degradation of the container and are found

in the humus. After composting, these materials are from a
practical standpoint i1ndistinguishable from the rest of the
humus.

In one preferred embodiment, the coating is comprised of
either 100% aliphatic polyester or mixtures thereof with

polyethylene in which the polyethylene is present at levels

up to about 30%. The addition of polyethylene reduces the
rate of water vapor transmission which i1is advantageous for
certain long shelf-1ife products. With the addition of as
much as 30% polyethylene to aliphatic polyester, composting
1s slower, but nevertheless effective under typical
composting conditions, as shown in Figures 6-8.

As an alternative or in addition to the materials
described above, starch may be added to the coating materials
according to the present invention. Starch may be added in
from about 0% to about 70% and more preferably from about 40
to about 60%. One commercially available starch based
biodegradable material for use in the present invention is
Mater-B1® produced by Novamont. This product contains up to
60% starch and 40% of a biodegradable resin material.

Since both coatings and pulp-based substrate are
degradable, disposable packages from these composites will
decompose completely thus contributing to alternate waste
treatment of paper based products. In addition to being
completely degradable, the containers éccording to the
present invention may be incinerated.

Figures 9, 10, 11, and 12 show several embodiments of
the coated paperboard used in the production of the container
according to the present invention. ‘

In Figure 9, layer 1 is a flexible, strong paper

substrate. Layer 2 1s an 1interior or exterior coating of

80-100% of a biodegradable resin having a thickness of from

about 0.5 to about 2.0 mil.
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In Figure 10, leyer 1 1s a paperbocard substrate. An

ilnterior coating 2 and an exterior coating 3 are each present
at a thickness of from about 0.5 to about 2.0 mil.
When it is desirable to minimize the rate of water vapor

transmission, the coated paperboard illustrated in Figure 11

or 12 can be employed. 1In Figure 11, a layer 4 comprising a

barrier layer, for example a high polyethylene content
(30-100%) layer is ccated directly onto one side of the
paperboard. This coating 1is less than 0.5 mil. in thickness
and preferably about 0.2-0.3 mil.

In one preferred embodiment, coatings 2 and 3 are
comprised of at least 70% and preferably 90-100% of aliphatic
polyester at a thickness of from about 0.5 to about 2 mils
each. 1In addition to meeting all of the requirements
described in (a)-(f) above, this embodiment provides an

excellent barrier to moisture vapor. The polyethylene

component which represents only about 1-3% by weight of the
total composition does not interfere with the rate of
composting as it is confined to the innermost layer and
therefore does not hinder the degradation of the outermost
layers, i.e.: the aliphatic polyester or the cellulose pulp
fibers. Thus, in this embodiment of the invention, the outer
surfaces 2 and 3, which provide the initial sites for
microbial attack, are composed of the biodegradable aliphatic
polyester coatings. The pulp substrate 1 is accessible to
microbial attack either through the degraded layer 3 or
through the edges. ‘

In another alternative, the exterior coating layer 3 may
be eliminated in which case exposure of the pulp layer is

immediate and direct.
Figure 12 represents an alternate configuration to the

performance properties and compostability of Figqure 10. 1In
this particular case, the high .barrier layer 4 is positioned

between two layers of pulp substrate 1 and 1°.
The container according to the present invention can be

used to contain a variety of liguids and liquid containing

materials. For Example, the container may be used for
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beverages such as milk, Jjuice, fruit punch, soda, frozen

juice, and iced tea; tabric softener; butter; margarine;

cosmetics such as shampoo, conditioner, suntan lotion and

body lotion; pancake syrup; cooking oil; processed grains,

fruits and vegetables such as applesauce and pasta sauces;

frozen vegetables; fruits; breads and bread products and

single-use wet wipes.
In one embodiment, the container which 1s preterable for

use with the present invention has cut ends which are sealed
to avoid seepage of the ligquid into or out of the body of the

paperboard. The-.sealing of the edges may be done 1n a

varlety of manners. It may be accomplished by coating the
edges, or by thinning the material down near the cut edges,

i.e., skivving. Skivving of the edges is followed by folding

the skivved areas over the cut edges.

In another preferred embodiment, there 1s a moisture-
impervious membrane provided over the contents. Such
membranes are sometimes referred to as lidding stock or
material. Membranes for this application are typically
comprised of a strong barrier top layer with a heat sealable
lower layer. Non-limiting examples of top layers which may
be used in the present invention, include paper, polyester,
polyethylene, metallized polyester and polypropylene. Non-
limiting examples of heat seal layers include polyethylene,
ethylene-vinylacetate copolymers, and aliphatic polyester.
The edges of the membrane are adhered to the upper edges of
the container and provide an effective storage and shipping
seal. The membrane should peel away from the edges of the
container at the seal without exposure of pulp fibers.
Additionally a moisture-impervious membrane can be heat
sealed at the bottom of the container as well. The bottom of
the container is preferably heat sealed by applying heat and

pressure, as well known in the art.

In one embodiment when the material to be contained 1is
wet towellettes, the consumer obtains the product, rips open
a perforation providing a slot or opening in the paperboard,

permitting the hinged cap-like lid to be raised. This
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exposes the membrane, which 1s easily peeled off with the
fingers and either stored in the box or thrown away.
Thereafter, sealing is done entirely by the raising and
lowering of the hinged lid. The moist towels or napkins are
preferably stacked ard lie horizontally in the container and
may be individually removed as needed.

It is also possible to provide a separate or separable
pouch, bag or liner within the container to provide further
waterproofing protection. Alternatively, this separable
liner may be suppliec during refilling of the container using
a prepackaged bag of replacement wipes.

The container according to the present invention
provides sufficient stiffness to provide the consumer with a
container having hancleability and to provide crush
resistance of the box during storage, shipment and under
conditions of household use.

Containers according to the present invention preferably
have a compression strength of at least 60 lbs. and more
preferably at least 70 lbs. as tested in accordance with
TAPPI test procedure T-804. The container should also
preferably have a cross directional Ring Crush of at least
115 1bs. and more preferably at least 140 lbs. Ring crush
can be defihed accorcling to TAPPI Test Procedure TE818 om-87.

The compression strength of the containers is indicative of

stacking and handling ability of the containers. Higher
stiffness and crush resistance in the cross direction of the

paperboard provides improved stacking and handling of the

containers. 4
The following examples are illustrative of the invention

embodied herein.

EXAMPLES
I. Paper used as base:
a. Bleached paperboard grade DLC (Schoeller

Technical Papers, Pulaski, N.Y.); basis weight
175 1b/ream, 11.5 mils in thickness. Taber
Stiffness MD (machine direction) x CD (Cross

direction) = 65 x 35.
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b. Bleached paperboard grade 4554 (Westvaco);
basis weight 205 lb/ream; 20 mil in thickness.

C. Bleached paperboard grade GAA-11 (Schoeller)
3.5 mil., 38 lb/ream.

d. Bleached paperboard 215 lb/ream, International
Paper.

II. The coatings were extruded from the following
polymers:
a. polycaprolactone (PCL) Tone Polymers P-767E

and P-787 (representing different molecular
weights with 767E being the lowest), Union
Carbide Chemicals and Plastics Company, Inc.,

Solvents and Coatings Materials Division,

Bound Book, N.J.

b. PHBV tm (ICI Americas, Wilmington, DE) - 8%
and 12% polyhydroxyvalerate;

C. Linear low density polyethylene (LLDPE);
hexene based grade DFDA-7047 (Union Carbide)

d. Low density polyethylene (LDPE) (Quantum)

III. Testing and Evaluations
a . Liguid containment was evaluated by the Mason

Jar Test as follows:
The Mason Jar Test to Determine

Liquid Containment of Packaqging Materials

This test procedure provides a convenient way to observe

the liquid barrier properties of film, paper, coated paper
and related packaging materials. Failure 1n the test

materials such as attack or penetration by the contained

liguid or leaks through pin-holes and other coating

imperfections are usually observed within the first 24 hours

of the test.
As can be seen from Figure 13, a standard wide mouth

Ball type Mason Jar, 7 inch high and 3% inch wide is drilled

with a 1/8" hole for pressure egualization.

The hole is plugged and the jar is filled with 600 ml of
liguid. Optionally, dye may be added to aid in observing the

nature and location of failures.
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Test specimen circles 3 and 5/16" in diameter are placed
between two rubber gaskets and then tightened on the jar with
the outer screw type lid supplied with the jar.

The jar is inverted and the plug removed.

The assembly is examined daily for signs of leakage and
renetration.

In those cases where fluid consistently leaked around

specimen edges, it was useful to heat seal the material to

the rubber gaskets.
Test results are reported based upon sample composition,

thickness, ligquid, elapsed time and nature of failure.

b. Water vapor transmission (WVT) was measured
according to TAPPI T523 on -87 and ASTM
F 1249-90

C. Oxyvgen transmission was measured according to

ASTM [C-3985

Extrusion coatings were conducted using an Egan single
flight screw through a 15 inch T-type die with a 30 mil gap
setting.

Polycaprolactone P-767E was extruded with a temperature
profile of 200°F in the feed zone; 225-250°F in the barrel
and 245°F in the die.

Films were collected on a matte finished steel chill
roll at 55-60°F and combined through a nip roll with the
substrate after surface treatment of the latter with corona
discharge or flame tc enhance adhesion.

EXAMPLE 1 '

PCL-767E was coated on one side of the Westvaco
paperboard at a thickness of 1.25 mils. The coated material
was challenged with baby wet wipe lotion in the Mason Jar
Test with no signs of penetration or leakage after one month.
Its water vapor transmission rate was 15.65 gm/100 sg.in./24
hr.

EXAMPLE 2
The coated paperboard from Example 1 was coated on the

other side with a second layer of PCL-767E at 1.25 mil.
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The coated board basis weight was 311.5 g/sg.m. with a

thickness of 23 mils.
In the Mason Jar Test, using Downy® Fabric Softener,
manufactured by Proctor & Gamble, as the fluid, no leaks,

swelling or penetration was observed after 1.3 months.

Similar results were observed with iced tea over a period of

26 days. Water vapor transmission was 8.55 gm/100 sg.in./24

hr.

EXAMPLE 3
PHRBRV 8% and 12% were mixed 1n a l:]1 ratio and extruded

on the DLC substrate at a thickness of 1.5 mil. The basis

weight of the coated paper was 215.8 g/sg.m.
In the Mason Jar Test, thls material resisted leakage

penetration by baby wet wipe lotion for two months.

EXAMPLE 4
-The coating mix of Example 3 was applied to one side of

the DLC substrate at a thickness of 2.0 mil. Total basis

weight was 241.8 g/sg.m. The water vapor transmission value

was 4.5 gm/100 sg.in./24 hr.

EXAMPLE 5
Polycaprolactone P-767E and LLDPE resin were mixed in a

ratio of 90% PCL and 10% LLDPE and extruded onto the Westvaco
paperboard at a coating thickness of from about 1.0 to about
1.3 mil.
Extrusion temperatures were 275°F at the feed zone
' 325-345°F in the barrel: and 345°F in the die. '
Basis weight was 291.5 g/sg.m. Water vapor transmission
was 11.0 gm/sqg.in./24 hr. 1In comparison to Experiment 1,

water vapor transmission was reduced by 30% due to the

presence of the polyethylene.

EXAMPLE 6
In this experiment a second coating layer was applied to

the product of Example 5. Coating thickness was 1.25 mil.
and the basis weight measured at 303.9 g/sgq.m. Water vapor
transmission was 5.33 gm/100 sg.in./24 hrs. In comparison to

Experiment 2, water vapor transmission was reduced by 38% due

to the presence of polyethylene.
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In the Mason Jar Test with baby wet wipe lotion, no
leaks or penetration was observed for five weeks.
EXAMPLE 7
- 85/15 and

A

e

PCL-767FE and LLDPE were mixed 1n a ratio of

s

5 extruded onto the Westvaco* paper at a thickness of 1.25 mil.

Water vapor transmission was 8.45 gm/100 sg.in./24 hr. In

water vapor transmission was

comparison to Experiment 1,

reduced by 46% due to the polyethylene.

the Magson Jar Test

Downey fabric softener was used in

with no leaks or penetration after one month.

10

EXAMPLE 8

A second layer of 85/15 PCL-767E and LLDPE at 1.25
mil. was applied to the other side of the substrate used 1in
Experiment 7 giving a total basis weight of 300.7 g/sg.m.

15 Water vapor transmission was 4.81 gm/100 sg.m./24 hr.
In the Mason Jar Test with baby wet wipe lotion, no leaks or
penetration was obgerved for three weeks. In comparison with
Experiment 2, water vapor transmlssion was reduced by 44% due
to the presence of polyethylene.

20 Examples 1-8 above illustrate the configurations as
set forth in Figures 9 and 10.

BEXAMPLE ©
With DLC as the substrate an 0.5 mil. cocating of low
density polyethylene (Quantum NA-206) was extruded on one side
25 only.

Two layers of PCL-767E at 1.2 mil. each were then

1

*Trade-mark
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extruded onto first, the polyethylene side and second, the

P

uncoated side. This composite 18 representative of the

embodiment described 1n Figure 10. The water vapor

transmission rate was 1.22 gm/100 in®/24 hr.

EXAMPLE 10

L4

Example 9 was repeated with a polyethylene coating of

0.3 mil. The water wvapor transmission rate was 1.79 gm/100

Syt

in®*/24 hr. Taber Stiffness according to TAPPI-489 was 98.5 in

the machine-direction and 60.0 1n the cross direction.

EXAMPLE 11




WO 94709210 o } o N . PCT/US93/09686

~18-

This is an example of the configuration shown in Figure
8. The substrate, GAA-11l, was a high tear strength, starch
sized paper at 3.5 mil. thickness. It was extrusion coated
with 2.0 mil. of PCL-767E giving a material useful as a heat
sealable lidding stock.

The following examples illustrate test samples which

were deemed to provide acceptable barrier properties and

degradation properties for use in the present invention.

Example 12
2.0 mils of 85% PCL and 15% LLDPE was coated on both

sides of a base of 2.5 lb/ream paperboard obtained from

International Paper.

Example 123
1.25 mils of 85% PCL and 15% LLDPE was coated on both

sides of a base of 215 lb/ream paperboard obtained from

International Paper.

Example 14
2.0 mils of 90% PCL and 10% LLDPE was coated on both

sides of a base of 215 lb/ream paperboard obtained from

International Paper.

Example 15
1.25 mils of 90% PCL and 10% LLDPE was coated on both

sides of a base of 215 lb/ream paperboard obtained from

International Paper.

Example 16
First 0.5 mils of LDPE and then 1.25 mils of PCL were

coated on one side of a base of 215 lb/ream paperboard
obtained from International Paper. The other side of the

based was coated with 2.0 mils of PCL.

Example 17
0.5 mils of LDPE, 85% PCL and 15% Texin 480A

polyurethane was coated on both sides of a base of 215 1b/

ream paperboard obtained from International Paper.
The oxygen permeability of these and other coatings oOn

paperboard are compared in the chart below (23°C):
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COATING SAMPLE

Low density polyethylene;
reference Example 3

Serial No.

Example

Present

Example

Example

07/923,556
2
Invention
6
8

~19-
CC

760 mm 02

21. (80% RH)
22, (30% RH)
13, (80% RH)
13. (30% RH)
29. (80% RH)
33. (30% RH)
26 . (80% RH)
30. (30% RH)

PCT/US93/09686

Omm O

17.2

17 .3

12.6
12.4

16.5
43.0

15.4

28.5

0,/100 IN,/24 HOUR

2

(80% RH)

(30% RH)

(80% RH)
(30% RH)

(80% RH)
(30% RH)

(80%)
(30% RH)

The coated paper board materials described in the

examples above are excellent candidates in the construction

of containers for the packaging of liquids and wet products.

Ease of sealing and seal integrity were excellent, and

surprisingly better than polyethylen
industry standard.

> which 18

the current

When exposed to hot air for 5-10 seconds,

these coatings became tacky and readily formed strong coating

to coating or coating to paper bonds.

The present invention

also provides for means by which the adhesive properties of

the coated surface may be modified.

For examples, in the

opening and dispensing of a heat sealed container, the

adhesion may be desirably reduced to allow a clean, fiber-

free peel and separation of layers.
These and related modifications may be achieved by

blending or by topical treatment of the coatings described

herein with low molecular weight,

polyesters. The later have a tendency to be waxy and low 1n

(1.e.,

500-3000) aliphatic

strength; and, as such, weaken the adhesive interface and

lower the cohesive strength of the coating.
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Materials of this invention are well sulted to the steps
involved in converting coated paperboard into a folded carton
including sheeting, printing, scoring, perforating, skivving,
folding, and sealing.

- The result of the Mason Jar Tests with typical fluids

indicate that aliphatic polyesters in film form when coated

on paper substrates are entirely satisfactory in containing a
wide range of liquids.
Other embodiments of the invention will be invention

will be apparent to those skilled in the art from

consideration of the specification and practice of the
invention disclosed herein. It 1s intended that the

specification and examples be considered as exemplary only,

with a true scope and spirit of the invention being indicated

by the following claims.
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CLAIMS:

1. A compostable container for packaging a liquid or

liquid containing material comprising:

.

a base of paper board having an internal surface and an

> eXternal surface;

at least the internal surface Created with a corona

discharge or a

a coating material selected from aliphatic polyesters to a

thickness of from 0.5 mil to 2.0 mil applied to at least the

10 1internal surface;

wherein the base and the coating material are capable of

degrading at substantially the same rate to form carbon

dioxide, water and biomass: and

wherein the base has a cross-directional Taber stiffness

15 of 50 to 150, a thickness of from 4 to 25 mils, and a basis

weight of from 25 to 220 1bs./ream.

2. The container according to claim 1, wherein the

coating material is heat sealable, flexible, adhesive,

resistant to stress cracks and abrasion resistant.

20 3. The container according to claim 1 or 2, wherein the

coating material is selected from polycaprolactone, poly-3-

acid and copolymers of glycolic acid, lactic acid and
polyactide.

25 4. The container according to claim 3, wherein the
coating material is polycaprolactone.
5. The container according to any one of claims 1 to 4,

wherein said coating material further contains an additive
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selected from the group consisting of PVC, SAN, ABS, phenoxy,

22

T}

polycarbonate, nitrocellulose, poly vinylidene chloride,
styrene/allyl alcohol copolymers, polyethylene, polypropylene,

natural rubber, styrene/butadiene elastomer and block
> copolymers, polyvinylacetate, polybutadiene, ethylene/propylene

rubber, starch and thermoplastic segmented polyurethane.

6 . The container according to claim 5, wherein the

additive is polyethylene.

7 . The container according to any one of claims 1 to 6,

-

10 wherein said base further comprises, two layers of paperboard

having a barrier layer placed therebetween.

8 . The container according to claim 7, wherein the

barrier layer is polyethylene.

9. The container according to any one of claims 1 to 6,
15 wherein said base of paperboard has a barrier layer applied

prior to application of said coatling material.

10. The container according to claim 9, wherein the

barrier layer is polyethvylene.

11. A method of making a compostable package for

20 containing a liquid or liquid containing material comprising

the steps of:

providing a base of paper board having an internal and an

external surface:

treating at least the internal surface with a corona

25 discharge or a flame:; and

coating at least the internal surface with & coating

material selected from aliphatic polyesters capable of

preventing leaks to a thickness of from 0.5 mil to 2.0 mil;
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wherein the base and the polyester coating material are

capable of degrading at substantially the same rate to form

carbon dioxide, water and biomass; and

wherein the base has a cross directional Taber stiffness

of 50 to 150, a thickness of from 4 to 25 mi1il, and a basic

weight of from 25 to 220 1lbs./ream; and

forming the coated paper board into a container;

filling the container with a liquid or liquid containing

material therein: and sealing said container.

12. The method according to claim 11, wherein the coating

material is heat sealable, flexible, adhesive, resistant to

N

stress cracks and abrasion resistant.

13, The method according to claim 11 or 12, wherein the

coating material is selected from polycaprolactone, poly-3-

hydroxybutyric acid, poly-3-hydroxyvaleric acid, polyglycolic

acid and copolymers of glycolic acid and lactic acid.

14 . The method according to claim 13, wherein the coating

material is polycaprolactone.

15. The method according to any one of claims 11 to 14,

wherein said coating material further contains an additive

selected from the group consisting of PVC, SAN, ARS, phenoxy,

polycarbonate, nitrocellulose, poly vinylidene chloride,

styrene/allyl alcohol copolymers, polyethylene, polypropylene,

natural rubber, styrene/butadiene, elastomer and block

copolymers, polyvinylacetate, polybutadiene, ethylene/propylene

rubber and starch.

16. The method according to claim 15, wherein the

additive is polyethylene.
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17. The method according to any one of claims 11 to 16,

wherein the liquid or liquid contailning material is selected

from the group consisting of milk, juice, fruit punch, soda,

frozen juice, iced tea, fabric softener, butter, margarine,

cosmetics, shampoo, conditioner, suntan lotion, body lotion,
pancake syrup, cooking o0il, processed grains, fruits,

vegetables, applesauce, pasta sauces, frozen vegetables, frozen

fruits, breads, bread products and single-use wet wipes.

18. The method according to claim 17, wherein the liguid

or liquid containing material is single-use wet wipes.

19. A method of using a compostable container for
packaging a liquid or liquid containing material comprising the

steps of:

providing a base of paper board having an internal and an

external surface;

treating at least the internal surface with a corona

discharge or a flame; and

coating at least the internal surface with a coating

material selected from a polyhydroxyaliphatic acids capable of

preventing leaks to a thickness of from 0.5 mil to 2.0 mil;

wherein the base and the coating material are capable of
degrading at substantially the same rate to form carbon

dioxide, water and biomass; and

wherein the base has a cross directional Taber stiffness

of 50 to 150, a thickness of from 4 to 25 mil, and a basgis

welight of from 25 to 220 1lbs./ream: and

forming the coated paper board into a container;

sealing the edges and bottom of the container:
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and placing into the container a liquid or a material

containing a liquid.

20. The method according to claim 19, wherein the coating
material is sealable, flexible, adhesive, resistant to stress

cracks and abrasion resistant.

21. The method according to claim 19 or 20, wherein the

acld and copolymers of glycolic acid, lactic acid and

polyactide.

22 . The method according to claim 21, wherein the coating

material is polycaprolactone.

23. The method according to any one of claims 19 to 22,

wherein said coating material further contains an additive
selected from the group consisting of PVC, SAN, ARS, phenoxy,
polycarbonate, nitrocellulose, poly vinylidene chloride,
styrene/allyl alcohol copolymers, polyethylene, polypropylene,
natural rubber, styrene/butadiene, elastomer and block
copolymers, polyvinylacetate, polybutadiene, ethylene/propylene

rubber and starch.

24 . The method according to claim 23, wherein the

additive is polyethylene.

25. The method according to any one of claims 19 to 24,

wherein the liquid or liguid containing material is selected

from the group consisting of milk, juice, fruit punch, soda,

frozen juice, iced tea, fabric softener, butter, margarine,
cosmetics, shampoo, conditioner, suntan lotion, body lotion,

pancake syrup, cooking oil, processed grains, fruits,

vegetables, applesauce, pasta sauces, Ifrozen vegetables, frozen

fruits, breads, bread products and single-use wet wipes.
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26 . The method according to claim 25, wherein the liquid

or liquid containing material is single-use wet wipes.

27. A compostable package for liguid or liquid containing

material comprising:

5 a base of paper board having an internal surface and an

external surface:

at least the internal surface treated with a corona

discharge or a flame; and

a coating material selected from polyhydroxyaliphatic

10 acids capable of preventing leaks to a thickness of from 0.5

mil to 2.0 mil applied to at least the internal surface
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15 wherein the base has a cross-directional Taber stiffness

of 50 to 150, a thickness of from 4 to 25 mils,
and a basis weight of from 25 to 220 1bs./rean.

28. The container according to claim 27, wherein the

coating material is sealable, flexible, adhesive, resistant to

20 stress cracks and abrasion resistant.

29. The container according to claim 27 or 28, wherein

the coating material is selected from polycaprolactone, poly-3-
hydroxybutyric acid, poly-3-hydroxyvaleric acid, polyglycolic

acld and copolymers of glycolic acid and lactic acid.

25 30. The container according to claim 29, wherein the

coating material is polycaprolactone.
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31. The contailner according to any one of claims 27 to

30, wherein said material further contains an additive selected

F

from the group consisting of PVC, SAN, ABS, phenoxy,

polycarbonate, nitrocellulose, poly vinylidene chloride,
styrene/allyl alcohol copolymers, polyethylene, polypropylene,
natural rubber, styrene/butadiene, elastomer and block
copolymers polyvinylacetate, polybutadiene, ethylene/propylene

rubber and starch.

32. The container according to claim 31, wherein the

additive 1s polyethylene.

33. The container according to any one of claims 27 to

32, wherein the liquid or liquid containing material 1s

selected from the group consisting of milk, juice, frult punch,

soda, frozen juice, iced tea, fabric softener, butter,

margarine, C

P

osmetics, shampoo, conditioner, suntan lotion, body

lotion, pancake syrup, cooking oil, processed grains, fruits,

vegetables, applesauce, pasta sauces, frozen vegetables, frozen

fruits, breads, bread products and single-use wet wipes.

34 . The container according to claim 33, wherein the

liguid or ligquid containing material 1s single-use wet wipes.

35. The container according to any one of claims 27 to

34, wherein said base further comprises, two layers ot

paperboard having a barrier layer placed therebetween.

36. The container according to claim 35, wherein the

barrier laver is polyethylene.

37. The container according to any one of claims 27 to

—

34, wherein said base of paperboard has a barrier laver applied

prior to application of saild coating material.

38. The container according to claim 37, wherelin the

barrier layer 18 polyethylene.
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FIG. T

AEROBIC BIODEGRADATION OF
POLYCAPROLACTONE (ASTM D5209)

INOCULUM CUMULATIVE
EXPOSURE (DAYS)  CARBON DIOXIDE (mg)
0 ' 0
5 222
19 145.1
32 2998
42 406.8
50 4842
50 532.1
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FIG. 5

PHBV IS INDEFINITELY STABLE WHEN STORED IN AIR: DEGRADATION TO
CO2 AND WATER WILL OCCUR ONLY WHEN THE POLYMERS ARE EXPOSED TO

MICROORGANISMS FOUND NATURALLY IN SOIL, SEWAGE, RIVER BOTTOMS, ETC.

INA CONTROLLED EXPERIMENT USING C14 TAGGED, PHBV FILM LOST
APPROXIMATELY 50% OF ITS CARBON CONTENT IN 16 WEEKS AS COs -

WHEN BURIED IN MOIST SOIL.
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FIG. 6

AEROBIC BIODEGRADATION OF
POLYCAPROLACTONE POLYETHYLENE BLENDS

CUMULATIVE CARBON DIOXIDE (ma)

INOCULUM 90% PCL 80% PCL
EXPOSURE (DAYS) 10% LLDPE 20% LLDPE
0 0 0
S 24.6 19.8
19 228.9 125.8
32 361.0 198.4
42 391.8 220.4
o0 406.3 296.3
60 440.5 287.8
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FIG. 13

LIQUID CONTAINMENT
MASON JAR - PACKAGING MATERIALS

/——PLUG FOR HOLE
——1/8" HOLE

7" MASON

—JAR

RUBBER GASKET
Wi OPEN CENTER

————— 1
— . PAPERBOARD

————— SAMPLE
\

\ RUBBER GASKET
1 W/ OPEN CENTER

OPEN SCREW LID WITH

(T%E,NJ,EE% OPEN CENTER
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