(19) (11) Publication humber: SG 192802 A1

(43) Publication date:
(51) Int. Cl:

(12) Patent Application

30.09.2013
B32B 27/06;

(21) Application number: 2013062252 (71) Applicant:
(22) Date of filing: 02.03.2012

(30) Priority: US 61/451,945 11.03.2011
(72) Inventor:

COLGATE-PALMOLIVE COMPANY 300
PARK AVENUE, NEW YORK 10022 NY
us

SHI, YU 9 YELLOW JACKET COURT
BRANCHBURG NEW JERSEY 08876 US
VAN GORDON, TODD D. 6 DAWN DRIVE
BASKING RIDGE NEW JERSEY 07920
us

WANG, JUN 1217 BODEN PLACE FORT
WASHINGTON PENNSYLVANIA 19034
us

WANG, KAl ROOM 25A, BUILDING C, Yl
HONG GE DONG Yl HUA YUAN, DONG
FANG 3 ROAD TIAN HE GUANGZHOU,
GUANGDONG 510620 CN

(54) Title:
PACKAGING AND MATERIALS FOR MAKING SAME

(57) Abstract:
The invention provides a novel flexible, substantially gas
impermeable laminate material comprising starch/polymer
blends, which can be used to make dispensing tubes, e.g., for
toothpaste, which material is light, resilient, and inexpensive,
which can be made almost entirely from renewable materials,
and which can be recycled.

This PDF First Page has been artificially created from the Singaporian Absiracts



2012/122898 A1 I 000 OO0 A0 A

<

W

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property =
Organization é
International Bureau -,

=

\

(10) International Publication Number

(43) International Publication Date WO 2012 /1 22 898 Al
20 September 2012 (20.09.2012) WIRPO I PCT
(51) International Patent Classification: (74) Agent: CHINA PATENT AGENT (HK) LTD.; 22/F.,
B32B 27/06 (2006.01) Great Eagle Center, 23 Harbour Road, Wanchai, Hong
K CN).
(21) International Application Number: ong (CN)
PCT/CN2012/071846 (81) Designated States (unless otherwise indicated, for every
. . ) kind of national protection available): AE, AG, AL, AM,
(22) International Filing Date: - March 2012 (02.03.2012 AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ.
are (02.03.2012) CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
(25) Filing Language: English DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
Lo . HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
(26) Publication Language: English KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
(30) Priority Data: MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
61/451,945 11 March 2011 (11.03.2011) Us OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
(71) Applicant (for all designated States except US): COL- TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
GATE-PALMOLIVE COMPANY [US/US]; 300 Park o
Avenue, New York 10022 (US). (84) Designated States (unless otherwise indicated, for every
’ kind of regional protection available): ARIPO (BW, GH,
(72) Inventors; and GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
(75) Imventors/Applicants (for US orly): SHI, Yu [US/US]; 9 UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU,

Yellow Jacket Court, Branchburg, New Jersey 08876 (US).
VAN GORDON, Todd D. [US/US]; 6 Dawn Drive, Bask-
ing Ridge, New Jersey 07920 (US). WANG, Jun [US/US];
1217 Boden Place, Fort Washington, Pennsylvania 19034
(US). WANG, Kai [CN/CN]; Room 25A, Building C, Yi
Hong Ge Dong Yi Hua Yuan, Dong Fang 3 Road, Tian He,
Guangzhou, Guangdong 510620 (CN).

TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SF, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: PACKAGING AND MATERIALS FOR MAKING SAME

(57) Abstract: The invention provides a novel flexible, substantially gas impermeable laminate material comprising starch/polymer
blends, which can be used to make dispensing tubes, e.g., for toothpaste, which material is light, resilient, and inexpensive, which
can be made almost entirely from renewable materials, and which can be recycled.



WO 2012/122898 PCT/CN2012/071846

PACKAGING AND MATERIALS FOR MAKING SAME

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of United States Provisional Application No.
61/451,945, filed March 11, 2011. The disclosure of the above application is incorporated herein

by reference.

FIELD OF THE INVENTION
[0002] The invention relates to novel deformable laminate materials and to containers
made therewith, for example dispensing tubes for toothpaste, cosmetics, condiments, glues, and

other materials having the consistency of a paste, gel or cream.

BACKGROUND OF THE INVENTION
[0003] Dispensing tubes present significant technical challenges. They need to be
substantially impermeable to and not react with their contents. Toothpaste, for example, may
contain volatile or reactive components such as active ingredients, water, salts, metal ions,
sweeteners, and volatile flavorings. The tubes should protect the contents from light, as
components may degrade in the presence of light, particularly UV light. Preferably the tubes
should be rugged, able to withstand the rigors of transport, temperature variation, and use by
consumers. The tubes are preferably thin enough to be readily deformable, so the paste can be
easily squeezed out of the tube, yet tough enough to withstand significant pressures in filling and
in use. Finally, the materials and manufacturing costs should be as low as possible, as packaging
may constitute a significant fraction of the cost of goods for many products using dispensing
tubes.
[0004] There is a need for dispensing tubes that provide performance equal to or better

than existing tubes, but which are also environmentally friendly and inexpensive.

SUMMARY OF THE INVENTION
[0005] The invention provides, infer alia, a novel flexible, substantially gas impermeable
laminate material, comprising an inner polymer layer, a substantially gas impermeable barrier

layer, and an outer polymer layer, wherein the outer polymer layer comprises starch, e.g.,
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Laminate 1 and 2, described below, which can be used to make dispensing tubes which are
lighter and less susceptible to cracking or leaking than aluminum, which can be made almost
entirely from renewable materials, which replaces non-renewable materials such as plastics
made from petrochemical sources.

[0006] A multi-layered toothpaste tube containing renewable material is unique in that
the superior function of the various layers is preserved but with the added benefit that reduced
reliance on petroleum-based materials results in improved sustainability, reduced cost of goods
and reduced impact on the environment through the product’s life cycle.

[0007] Further areas of applicability of the present invention will become apparent from
the detailed description provided hereinafter. It should be understood that the detailed
description and specific examples, while indicating the preferred embodiment of the invention,
are intended for purposes of illustration only and are not intended to limit the scope of the

invention.

DETAILED DESCRIPTION OF THE INVENTION
[0008] The invention provides in a first embodiment, a novel flexible, substantially gas
impermeable laminate material, comprising an inner polymer layer, a substantially gas
impermeable barrier layer, and an outer polymer layer, wherein the outer polymer layer
comprises starch, e.g. a starch/polyethylene blend with starch percentage at least 40%, e.g., 50-
70% or about 60%.
[0009] For example, in one embodiment, the invention provides a novel flexible,
substantially gas impermeable laminate material, Laminate 1, comprising the following layers
(from inner layer, which in use would be in direct contact with contents, to outside layer):
a. Inner layer of non-reactive resin film, for example linear low density polyethylene
(LLDPE);
b. Optional layer of resin film, e.g., selected from
i. low density polyethylene (LDPE),;
ii. low density polyethylene blended with modified starch;
iii. a plastic film layer comprising one or more layers of low density
polyethylene blended with modified starch and one or more layers of low

density polyethylene (LDPE); and
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iv. atriple layer comprising
1. low density polyethylene optionally blended with modified starch
2. thermoplastic starch
3. low density polyethylene optionally blended with modified starch;
c. Optional tie layer, e.g., of adhesive resin material, e.g., comprising anhydride
modified polyolefins or ethylene acid copolymer;
d. Barrier layer made of material which is substantially gas impermeable, e.g.,
impermeable to water vapor and oxygen, e.g., selected from
i. aluminum foil, e.g., recycled aluminum foil;
ii. metalized poly(lactic acid);
iii. poly(lactic acid) (PLA);

iv. metalized paper;

v. resin-coated paper, e.g., paper coated with ethylene vinyl alcohol
copolymer (EVOH);

vi. ethylene vinyl alcohol copolymer film;

vii. nylon;
viil. metalized polyester, e.g., poly(ethylene terephthalate) (PET) and
poly(ethylene naphthalate) (PEN);
e. Optional tie layer, e.g., of adhesive resin material, e.g., comprising anhydride
modified polyolefins or ethylene acid copolymer;
f.  Outer layer of resin film, e.g., selected from
1. low density polyethylene blended with modified starch;

ii. a plastic film comprising one or more layers of low density polyethylene
blended with modified starch and one or more layers of low density
polyethylene (LDPE);

iii. a triple layer comprising
1. low density polyethylene optionally blended with modified starch
2. thermoplastic starch
3. low density polyethylene optionally blended with modified starch;
g. Optional labeling layer, e.g., comprising a white polyethylene film, e.g., with a

sealing characteristic.
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[0010]

1.1.

1.2.

1.3.

1.4.

L.5.

1.6.

1.7.

1.8.

1.9.

The invention thus provides various embodiments of Laminate 1, e.g.,
Laminate 1 when the barrier layer (d) is selected from resin-coated paper, e.g.,
paper coated with ethylene vinyl alcohol copolymer (EVOH) and ethylene vinyl
alcohol copolymer film;
Laminate 1 or 1.1 wherein the inner layer (a) comprises linear low density
polyethylene film;
Any of the foregoing laminates wherein layer b and layer ¢ are co-extruded and/or
layer e and layer f are coextruded;
Any of the foregoing laminates wherein the optional layers of resin film (b) is
present and comprise low-density polyethylene film;
Any of the foregoing laminates comprising low-density polyethylene mixed with
modified starch, wherein the starch is modified to reduce its hydrophilicity, e.g., by
reaction with hydroxyl groups on the starch, e.g., by esterification with hydrophobic
residues;
The preceding laminate wherein the total starch content of layer of resin film (b)
and/or (f) is at least 40%;
Any of the foregoing laminates wherein resin film (b) is present and comprises low
density polyethylene blended with modified starch; or a triple layer comprising
1. low density polyethylene optionally blended with modified starch
2. thermoplastic starch
3. low density polyethylene optionally blended with modified starch;
Any of the foregoing laminates wherein the total starch content of the laminate is at
least 40%;
Any of the foregoing laminates wherein the optional layers of resin film (b) and/or

(f) are present and comprise a biodegradable or renewable resin;

1.10. Any of the foregoing laminates wherein the optional layers of resin film (b)

and/or (f) are present and comprise a resin made from recycled plastic;

1.11. Any of the foregoing laminates wherein the optional layers of resin film (b)

and/or (f) are present and comprise low density polyethylene made from ethanol
derived monomers that have been polymerized to make chemically identical

polyolefin;
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1.12. Any of the foregoing laminates wherein the tie layers (c) and (e) comprise
anhydride modified polyolefins;

1.13. Any of the foregoing laminates wherein the tie layers (c) and (e) comprise an
ethylene acid copolymer, e.g., ethylene acrylic acid copolymer or ethylene
methacrylic acid copolymer;

1.14. Any of the foregoing laminates wherein the barrier layer (d) is recycled
aluminum foil.

1.15. Any of the foregoing laminates wherein the barrier layer (d) comprises metalized
poly(lactic acid);

1.16. Any of the foregoing laminates wherein the barrier layer (d) comprises poly(lactic
acid) (PLA);

1.17. Any of the foregoing laminates wherein the barrier layer comprises poly(lactic
acid) (PLA) coated with ethylene vinyl alcohol copolymer (EVOH);

1.18. Any of the foregoing laminates wherein the barrier layer (d) comprises metalized
paper;

1.19. Any of the foregoing laminates wherein the barrier layer (d) comprises resin-
coated paper;

1.20. Any of the foregoing laminates wherein the barrier layer (d) comprises paper
coated with ethylene vinyl alcohol copolymer (EVOH);

1.21. Any of the foregoing laminates wherein the barrier layer (d) comprises ethylene
vinyl alcohol copolymer (EVOH) film;

1.22. Any of the foregoing laminates wherein the barrier layer (d) comprises nylon;

1.23. Any of the foregoing laminates wherein the barrier layer (d) comprises nylon
made from renewable materials, e.g., comprising monomers from sebacic acid;

1.24. Any of the foregoing laminates wherein the barrier layer (d) comprises metalized
polyester, e.g., poly(ethylene terephthalate) (PET) and poly(ethylene naphthalate)
(PEN);

1.25. Any of the foregoing laminates wherein the outer layer (g) comprises
polyethylene, e.g., white polyethylene;

1.26. Any of the foregoing laminates which is substantially recyclable;

1.27. Any of the foregoing laminates which is substantially biodegradeable.



WO 2012/122898 PCT/CN2012/071846

[0011] In another embodiment, the invention provides a novel flexible, substantially gas
impermeable laminate material, Laminate 2, comprising the following layers (from inner layer,
which in use would be in direct contact with contents, to outside layer):
a. Inner layer of non-reactive resin film, for example linear low density polyethylene
(LLDPE);
b. Optional layer of resin film, e.g., selected from
i. low density polyethylene (LDPE),;
ii. low density polyethylene blended with modified starch;
i1i. a plastic film layer comprising one or more layers of low density
polyethylene blended with modified starch and one or more layers of low
density polyethylene (LDPE); and
iv. atriple layer comprising
1. low density polyethylene optionally blended with modified starch
2. thermoplastic starch
3. low density polyethylene optionally blended with modified starch;
c. Optional tie layer, e.g., of adhesive resin material, e.g., comprising anhydride
modified polyolefins or ethylene acid copolymer;
d. Barrier layer made of material which is substantially gas impermeable, e.g.,
impermeable to water vapor and oxygen, e.g., selected from
i. aluminum foil, e.g., recycled aluminum foil;
ii. metalized poly(lactic acid);
iii. poly(lactic acid) (PLA);
iv. metalized paper;
v. resin-coated paper, e.2., paper coated with ethylene vinyl alcohol
copolymer (EVOH);
vi. ethylene vinyl alcohol copolymer film;
vii. nylon;
viii. metalized polyester, e.g., poly(ethylene terephthalate) (PET) and
poly(ethylene naphthalate) (PEN);
e. Optional tie layer, e.g., of adhesive resin material, e.g., comprising anhydride

modified polyolefins or ethylene acid copolymer;
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[0012]
2.

2.1.

2.2.

2.3.

24.

2.5.

2.6.

2.7.

An outer layer or multilayer comprising a starch/polyethylene blend with starch
percentage at least 40%, e.g., 50-70% or about 60%, e.g., a plastic film
comprising one or more layers of low density polyethylene blended with modified
starch and one or more layers of low density polyethylene (LDPE); for example
comprising a triple layer (from inner to outer)
1. Starch/polyethylene blend with starch percentage 50-70% or about
60%;
2. Starch/polyethylene blend with starch percentage 50-70% or about
60%; and with 8 weight percent pigment; and
3. Linear low density polyethylene and/or low density polyethylene;
Optional label layer, e.g., comprising white polyethylene, e.g., optionally
comprising sealant.

The invention thus provides various embodiments of Laminate 2, e.g.,

Laminate 2 when the barrier layer (d) is selected from resin-coated paper, e.g.,
paper coated with ethylene vinyl alcohol copolymer (EVOH) and ethylene vinyl
alcohol copolymer film;

Laminate 2 or 2.1 wherein the inner layer (a) comprises linear low density
polyethylene film;

Any of the foregoing laminates wherein layer b and layer ¢ are co-extruded and/or
layer e and layer f are coextruded;

Any of the foregoing laminates wherein the optional layers of resin film (b) is
present and comprises low-density polyethylene film;

Any of the foregoing laminates wherein the resin film (b) is present and comprise
low-density polyethylene mixed with modified starch, wherein the starch is
modified to reduce its hydrophilicity, e.g., by reaction with hydroxy groups on the
starch, e.g., by esterification with hydrophobic residues;

The preceding laminate wherein the total starch content of layer of resin film (b) is
at least 40%;

Any of the foregoing laminates wherein the total starch content of the laminate is at

least 40%;
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2.8. Any of the foregoing laminates wherein the optional layers of resin film (b) are
present and comprises a biodegradable resin;

2.9. Any of the foregoing laminates wherein the optional layers of resin film (b) are
present and comprise a resin made from recycled plastic;

2.10. Any of the foregoing laminates wherein the optional layer of resin film (b) are
present and comprises low density polyethylene made from ethanol derived
monomers that have been polymerized to make chemically identical polyolefin;

2.11. Any of the foregoing laminates wherein the tie layers (c) and (e) comprise
anhydride modified polyolefins;

2.12. Any of the foregoing laminates wherein the tie layers (c¢) and (e) comprise an
ethylene acid copolymer, e.g., ethylene acrylic acid copolymer or ethylene
methacrylic acid copolymer;

2.13. Any of the foregoing laminates wherein the barrier layer (d) is recycled
aluminum foil.

2.14. Any of the foregoing laminates wherein the barrier layer (d) comprises metalized
poly(lactic acid);

2.15. Any of the foregoing laminates wherein the barrier layer (d) comprises poly(lactic
acid) (PLA);

2.16. Any of the foregoing laminates wherein the barrier layer comprises poly(lactic
acid) (PLA) coated with ethylene vinyl alcohol copolymer (EVOH);

2.17. Any of the foregoing laminates wherein the barrier layer (d) comprises metalized
paper;

2.18. Any of the foregoing laminates wherein the barrier layer (d) comprises resin-
coated paper;

2.19. Any of the foregoing laminates wherein the barrier layer (d) comprises paper
coated with ethylene vinyl alcohol copolymer (EVOH);

2.20. Any of the foregoing laminates wherein the barrier layer (d) comprises ethylene
vinyl alcohol copolymer (EVOR) film;

2.21. Any of the foregoing laminates wherein the barrier layer (d) comprises nylon;
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2.22. Any of the foregoing laminates wherein the barrier layer (d) comprises metalized
polyester, e.g., poly(ethylene terephthalate) (PET) and poly(ethylene naphthalate)
(PEN);
2.23. Any of the foregoing laminates wherein the barrier layer (d) comprises nylon
made from renewable materials, e.g., comprising monomers from sebacic acid;
2.24. Any of the foregoing laminates wherein the outer layer (g) is present and
comprises polyethylene, e.g., white polyethylene;
2.25. Any of the foregoing laminates which is substantially recyclable;
2.26. Any of the foregoing laminates which is substantially biodegradeable.
[0013] The invention further provides a dispensing tube comprising a laminate as
described above, e.g., comprising a flexible, substantially gas impermeable laminate material,
comprising an inner polymer layer, a substantially gas impermeable barrier layer, and an outer
polymer layer, wherein the outer polymer layer comprises starch, e.g. a starch/polyethylene
blend with starch percentage at least 40%, e.g., 50-70% or about 60% (L.aminates of the
Invention); for example a laminate selected from the foregoing Laminate 1, et. seq. or Laminate
2, et. seq.. In one embodiment (Container 1), the dispensing tube comprises a tube having top
end, a bottom end and a flexible wall made of a LLaminate of the Invention, wherein the wall at
the bottom end is crimped to form a seal, and wherein the top end has a shoulder sealed to and
approximately perpendicular to the wall, wherein the shoulder is made of a material which is
more rigid than the wall, the shoulder comprising or providing support for a nozzle, and the
nozzle having a cap, such that the container may be sealed. The invention thus provides various
embodiments of Container 1, e.g.,
3.1.  Container 1 wherein the shoulder is made of high density polyethylene (HDPE);
3.2.  The foregoing container wherein the HDPE is reprocessed HDPE;
3.3.  Any of the foregoing containers wherein the wall further comprises interior ribs,
e.g., to provide additional strength and resistance to cracking;
3.4.  Any of the foregoing containers comprising a flavor barrier insert which separates
the contents of the container from the shoulder material;
3.5.  The foregoing container wherein the flavor barrier insert is made of renewable

materials, e.g., reprocessed poly(ethylene terephthalate) (RPET);
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3.6.  Any of the foregoing containers wherein the cap is made from recyclable or
renewable materials, e.g., recycled polypropylene;
3.7.  Any of the foregoing materials wherein the cap is made from PLA resin
optionally coated with aluminum;
3.8.  Any of the foregoing containers wherein the cap is made from biodegradable
materials, e.g., a resin mixed with at least 40% starch, preferably at least S0%
starch;
3.9.  Any of the foregoing containers wherein the entire container is recyclable.
3.10. Any of the foregoing containers where the container includes about 25% by
weight of renewable or recycled materials.
[0014] In a further embodiment, the invention provides a toothpaste product, comprising
toothpaste in a container according to any of the embodiments described for Container 1.
[0015] In a further embodiment, the invention provides a method of recycling plastic
laminate toothpaste tubes, e.g., according to any of the embodiments described for Container 1,
comprising selling toothpaste to consumers, accepting the tubes back from consumers after use,
and recycling the tubes into resin-based products.
[0016] The following abbreviations are used from time to time in the specification:

Al aluminum

EAA: Ethylene — acrylic acid copolymer

EVOH: ethylene vinyl alcohol copolymer

HDPE: High density polyethylene

LDPE: Low density polyethylene

LLDPE: Linear low density polyethylene

PE: Polyethylene

PP: Polypropylene

PET: poly(ethylene terephthalate)

PLA: poly(lactic acid)

TPS: Thermoplastic starch
[0017] Preferred materials include the use of modified starch as a filler for PP or PE.
Starch may be used in injection molded caps, as well as in starch filled films. Other renewable

based materials such as seeds, bamboo, plant fiber, etc. can be fillers as well.
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[0018] In one embodiment, laminates are made as follows: Bubble blown film is made
by extruding a thin circular ring of plastic that is drawn up into an inflated bubble. The thickness
is programmed with a combination of die gap and rotating tenting rollers. The bubble is
collapsed at the top of the tenting assembly into a role that is rotated around the bubble for
thickness control and distribution within the roll. Very wide sheets can be made this way. Cast
films are made as a flat sheet extruded and drawn from a straight die nip onto a chilled roller.
The thickness control is better with this making process than with the bubble blowing process.
[0019] In one embodiment, the outer PE layer in the tube laminate is a complex
arrangement of blown film and molten extruded PE for special printing and sealing function.
The inner cast PE film is laminated with coextrusion to a tie layer of EAA and on to an
aluminum foil layer. The EAA tie layer is matched on the outer side of the aluminum foil as
well. The layers come together at the factory in one pass through the lamination machine.
[0020] The laminate is transferred to the tube making machine to be formed into the tube
sidewalls and welded to the shoulder making the nozzle. The overall thickness is 100 to 500
microns.

[0021] In some embodiments, one or more layers of the laminate contain high
proportions of starch. Starch is the least expensive biopolymer on the market, and indeed is only
about a quarter the price of polyethylene. Thus, by developing high performance laminates
which also have high percentages of starch, Applicants are able to reduce reliance on petroleum-
derived polymers, and also reduce costs

[0022] “Modified starch” for use in this invention includes starch which has been
modified to enhance its compatibility in a blend with a polymer, for example by plasticizing
starch to break down its crystalline structure and optionally chemically modifying the starch to
reduce its hydrophilicity. Starch/plastic blends for use in the present invention preferably utilize
pre-plasticized starch. If native starch granules are simply blended with synthetic polymers as
fillers, plasticizers added, and there are no other modifications done on the starch, the highest
percentage of starch that could be integrated into such compounds is 15-20% due to the high
crystallinity of starch and its poor compatibility with synthetic polymers. Therefore the starch is
plasticized to destroy its crystallinity to certain level, which makes the starch more easily
thermoprocessed. The plasticized starch is then blended with some polymers with hydrophilic

functional groups (e.g., hydroxyl, carboxyl groups) that can react with hydroxyl groups on starch,

11
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or with small molecular compatibilizers. The starch content of these compounds can reach 50-
80%. For example, in a blend of plasticized starch with PE, the starch content is e.g. about 60
wt% in the compound. In one embodiment, only the outer or penultimate film layer is modified
with starch/PE compound to minimize the potential interference of such modification to the
packaged toothpaste. The outer layers do not contact directly with the toothpaste and are
separated from it by the barrier layer.

[0023] In other embodiments, the invention uses thermoplastically processable starch,
TPS, in one or more layers. TPS is a 100% starch material which can be blended with different
synthetic polymers. As described in US 5,362,777, in order to produce TPS, a plasticizer is
mixed with native starch and the mixture is caused to melt by the application of heat and
mechanical energy. After the mixture of starch and the plasticizer is molten, the melt is mixed
until it is at least almost homogeneous. The mixing process is executed without the presence of
water.

[0024] The foregoing description of preferred embodiments is merely exemplary in
nature and is in no way intended to limit the invention, its application, or uses.

[0025] As used throughout, ranges are used as shorthand for describing each and every
value that is within the range. Any value within the range can be selected as the terminus of the
range. In addition, all references cited herein are hereby incorporated by referenced in their
entireties. In the event of a conflict in a definition in the present disclosure and that of a cited
reference, the present disclosure controls.

[0026] Unless otherwise specified, all percentages and amounts expressed herein and
elsewhere in the specification should be understood to refer to percentages by weight. The

amounts given are based on the active weight of the material.

EXAMPLE 1
[0027] Toothpaste tubes are prepared using renewable and recyclable materials, then
tested for performance. Laminates are prepared having the following configurations, from inside
to outside:
a. LLDPE/LDPE/tie layer/recycled Al foil/tie layer/LDPE/white PE blend
b. LLDPE/LDPE from ethanol/tie layer/metalized PLA/tie layer/LDPE from
ethanol/white PE blend reprocessed HDPE

12
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c. LLDPE/LDPE from ethanol/tie layer/ PLLA/tie layer/LDPE from ethanol/white PE
blend reprocessed HDPE
d. LLDPE/LDPE from ethanol/tie layer/metalized paper/tie layer/LLDPE from
ethanol/white PE blend reprocessed HDPE
e. LLDPE/LDPE from ethanol/tie layer/EVOH coated paper (2 sides)/tie
layer/LLDPE from ethanol/white PE blend reprocessed HDPE
f.  LLDPE/LDPE with starch loading/tie layer/renewable nylon barrier/tie
layer/LLDPE with starch loading/white PE blend
[0028] Modification to the top end of the tube includes using reprocessed PET in the
flavor barrier insert. Expected stress cracking behavior in the insert is improved with the design
change including interior ribs to provide hoop strength and more resistance to stress cracking.
Caps are made with recycled PP resin as opposed to virgin resin. Alternatively the caps are made
of PLA resin and sputter coated with aluminum for better barrier is needed. The HDPE shoulder
1s made with reprocessed HDPE that passes a safety and aesthetic screening (aging study). In
combination with reprocessed PET or another polyester any migration concerns from the
reprocessed HDPE are removed.
[0029] Renewable PE made from sugarcane ethanol or other renewable sources is
available from Braskem or Dow Chemical. Where aluminum foil is used as the barrier layer,
recycled aluminum foil is used. Options to replace aluminum foil as barrier include PLA or
metalized PLLA, metalized paper, EVOH coated paper, EVOH coated PLA film, or metalized
polyester, e.g., PET and PEN;
[0030] . Finally, nylon from renewable sources, €.2. made using sebacic acid, is tested as
a barrier material.
[0031] Starch filling, mixing the resins with modified starch to reduce the amount of
plastic and enhance biodegradability, is also evaluated, by starch filling the internal LDPE layers
and by making the cap resin 50% filled with starch.

EXAMPLE 2

[0032] Tubes are made using the following laminate structure (outside to inside):
Component / material Process for making layer Thickness (microns)
White PE Blown Film 120

13
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LDPE extruded 40
EAA extruded
Aluminum foil 12
EAA extruded

40
LDPE extruded
LLDPE/LDPE Cast Film 38
TOTAL 250

Starch filling, mixing the resins with modified starch to reduce the amount of plastic and enhance

biodegradability, is also evaluated, by starch filling the internal LDPE layers.

EXAMPLE 3

[0033] Tubes are made using the following laminate structure (outside to inside):
Component / material Thickness (microns)
White PE 120-130

LDPE 18-28

LDPE /EAA 15-25/7-17

EVOH 10-20

EAA/LDPE 7-17 /15-25

LDPE 18-28

LLDPE sealant 45-55

TOTAL ca. 300 (average)

Starch filling, mixing the resins with modified starch to reduce the amount of plastic and enhance

biodegradability, is also evaluated, by starch filling the internal LDPE layers.

EXAMPLE 4

Tubes are made using the following laminate structure (outside to inside):
Component / material Thickness (microns)

White PE 55-65

LDPE + starch 102-113
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EAA 7-17

EVOH 10-20

EAA 7-17

LDPE + starch 38-48

LLDPE sealant 45-55

TOTAL ca. 300 (average)

EXAMPLE 4:

[0034] A laminate is made using a blend of plasticized starch with PE. The starch content

18 60 wt% in the compound. Only the outer film is modified with starch/PE compound to
minimize the potential interference of such modification to the packaged toothpaste. The outer
film does not contact directly with the toothpaste and is separated from it by the barrier layer.
The outer film laminate, which includes the starch/PE layer, is produced separately and then is
laminated on the barrier layer. It has been found that when the outer most layer of LLDPE is not
included, the outer film layer of the starch/PE blend breaks when extruded with the other layers
to form the laminate. However, it has also been found that the inclusion of an addition outer film
layer of LLDPE may provide structural support for the outer film layer of the starch/PE blend to
prevent breakage during extrusion of the laminate. The modified structure in this embodiment is

shown as follows, outside to inside:

Outer film layer 1 LLDPE

Outer film layer 2 92 wt %: starch/PE, starch
60%; 8 wt% pigment masterbatch

Outer film layer starch/PE, starch 60%

Tie layer: Co-extruded PE/EAA

Barrier layer — aluminum foil

Tie layer: Co-extruded PE/EAA

Inner film triple layer PE

[0035] In this embodiment, the total outer film thickness is 185 u, with the outer film

layer 1 and 3 of 27.5 u thick, respectively, and outer film layer 2 of 130 p. The starch/PE
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compound has a starch percent of 60%. The outer film is 3-layer co-extruded followed by film
blowing.
[0036]

structure with the tie layer in between PE and barrier. Both inner and outer PE layers have

This laminate is compare with a conventional laminate having a PE/barrier/PE

multiple-ply layers with different total thicknesses. The barrier layer is Al foil or other barrier
materials. The tie layers are co-extruded PE/EAA layers to bond PE films onto the barrier layer.
[0037]

conventional laminate are compared in Table 1:

The film properties of the outer films used in the novel laminate and the

Table 1. Mechanical properties of the regular and outer films

Film Dart Impact Tear Strength Tensile Strength Stiffness
(2) (MPa) (MPa) (N)
(GB9639-88) (GB/T16578-96) (GB/T13022-91) (Internal
MD TD MD TD Method)
Conventional outer 145 73 90 35 32 0.15
film
Starch-outer film 162 30 35 83 8.6 0.27
[0038] Toothpaste tubes are made using the laminate having the high-starch outer film.

The tube properties are tested using the internal air burst, drop, inter-layer bond strength tests

(Table 2) and found to be acceptable.

Table 2. Qualification tests on the starch tubes
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EXAMPLE 5: Two ply laminate

[0039] In this example, the outer film has a two-ply structure and the PE in the co-

extruded tie layer is eliminated. This is done due to the good compatibility between PE/starch

compound and the EAA as well as to reduce more petroleum based material in the structure to

increase the biobased material content. The structure from outside to inside is as follows:

Outer film layer 92 wt %: starch/PE, starch

60%; 8 wt% pigment masterbatch

Tie layer: EAA

Barrier layer — Aluminum foil

Tie layer: EAA

Inner film layer: LLDPE/sealant

17
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CLAIMS
WHAT IS CLAIMED IS:

1. A flexible, gas impermeable laminate material, comprising an inner polymer layer, a gas
impermeable barrier layer, and an outer polymer layer, wherein the outer polymer layer

comprises starch.

2. The laminate material of claim 1 comprising the following layers:
a Inner layer of non-reactive resin film;
b. Optional layer of resin film;
c. Optional tie layer of adhesive resin material;
d. Barrier layer of material which is gas impermeable, selected from
1. recycled aluminum foil,
1. metalized poly(lactic acid),

1ii. poly(lactic acid),

1v. metalized paper,

V. resin-coated paper, e.g., paper coated with ethylene vinyl alcohol
copolymer,

vi. ethylene vinyl alcohol film,

vii.  nylon, and

viii.  metalized polyester, e.g., poly(ethylene terephthalate) and poly(ethylene

naphthalate);e. Optional tie layer of adhesive resin material;

f. Outer polymer layer comprising starch;
. Optional outer label layer.

3. The laminate according to claim 2 wherein layers (b) and (c¢) and/or layers (e) and (f) are
co-extruded.

4. The laminate according to claim 2 or 3 wherein the inner layer (a) comprises linear low

density polyethylene film.

5. The laminate according to any one of claims 2-4 wherein the optional layer of resin film
(b) is present and comprises low-density polyethylene film and/or low-density
polyethylene mixed with modified starch, wherein the starch is modified to reduce its

hydrophilicity.
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The laminate according to any one of claims 2-5 wherein the outer polymer layer
comprising starch (f) comprises low-density polyethylene mixed with modified starch,
wherein the starch is modified to reduce its hydrophilicity.

The laminate according to any one of claims 2-6 wherein the optional layer of resin film
(b) and/or the outer polymer layer comprising starch (f) comprise one or more layers
selected from

i low density polyethylene blended with modified starch;

ii. a plastic film layer comprising one or more layers of low density polyethylene

blended with modified starch and one or more layers of low density polyethylene (LDPE);

1il. a triple layer comprising
1. low density polyethylene optionally blended with modified starch
2. thermoplastic starch
3. low density polyethylene optionally blended with modified starch.

The laminate according to any one of claims 2-7 wherein the tie layers (c) and (e)
comprise anhydride modified polyolefins or ethylene acid copolymers.
The laminate according to any one of claims 2-8 wherein the barrier layer (d) is
comprises nylon made comprising monomers from sebacic acid.
The laminate according to any one of claims 2-9 wherein the outer layer (g) comprises
polyethylene.
The laminate of claim 1 comprising the following layers:

a. Inner layer of non-reactive resin film;
b. Optional layer of resin film;

Optional tie layer;

& 0

Barrier layer made of material which is gas impermeable;

e. Optional tie layer;

g

Outer polymer layer comprising a starch/polyethylene blend with starch
percentage 50-70%:;
g. Optional outer layer, e.g., comprising white polyethylene, e.g., optionally
comprising sealant.
The laminate according to claim 11 wherein layers (b) and (c) and/or layers (e) and (f) are

co-extruded.
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The laminate according to claim 11 or 12 wherein the inner layer (a) comprises linear low
density polyethylene film.

The laminate according to according to any one of claims 11-13 wherein the optional
layer of resin film (b) is present and comprises low-density polyethylene film.

The laminate according to according to any one of claims 11-14 wherein the optional
layer of resin film (b) is present and comprises low-density polyethylene mixed with
modified starch, wherein the starch is modified to reduce its hydrophilicity.

The laminate according to according to any one of claims 11-15 wherein the optional

layer of resin film (b) is present and comprises

1. low density polyethylene (LDPE);
11. low density polyethylene blended with modified starch;
1il. a plastic film comprising one or more layers of low density polyethylene

blended with modified starch and one or more layers of low density polyethylene

(LDPE); or

iiv.  atriple layer comprising
a. low density polyethylene optionally blended with modified starch
b. thermoplastic starch
c. low density polyethylene optionally blended with modified starch.

The laminate according to according to any one of claims 11-16 wherein the tie layers (c)
and (e) comprise anhydride modified polyolefins or ethylene acid copolymers.

The laminate according to according to any one of claims 11-17 wherein the barrier layer
(d) is comprises nylon made comprising monomers from sebacic acid.

The laminate according to according to any one of claims 11-18 wherein the outer layer
(g) comprises polyethylene.

The laminate according to any one of claims 11-19 wherein the outer polymer layer
comprising linear low density polyethylene and a starch/polyethylene blend with starch
percentage 60%.

A tube having a top end, a bottom end and a flexible wall made of a laminate according
to any of the foregoing claims, wherein the wall at the bottom end is crimped to form a
seal, and wherein the top end has a shoulder sealed to and approximately perpendicular to

the wall, the shoulder being made of a material which is more rigid than the wall, and the
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shoulder comprising or providing support for a nozzle, and the nozzle having a cap, such
that the container may be sealed.
The tube of claim 21 wherein the entire tube is recyclable.

The tube of claim 21 wherein 25% of the tube is made with recycled materials.
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