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(54) Mitle: CHEMICALLY MODIFIED PLASTICIZED $TARCH COMPOSITIONS BY IXTRUSION PROCESSING

(57) Abstraci: A chemically modified plasticized sturch (CMI'S) is prepared by reacling starch with an organic dibesic acid ur an
anhydride of the acid in the presence of a plasticizer using optional free mdical initintors, and optionally wilh the incorporation of
nnno clays in the reactive extrusion process, The starch ia thermoplastic and has a lower viscosily (than the traditional thermoplastic,
atarch. The CMPS is usclul in preparing starch polymer compositions which are at least partiully biodegradable.
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CHEMICALLY MODIFIED PLASTICIZED BTARCH
COMPOSITIONS BY EXTRUSION PROCESSING

CROSS-REFERENCE TQ RELATED APPLICATIONS
[0001} Not Applicable

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT
{0002] Not Applicable

STATEMENT REGARDING GOVERNMENT RIGHTS

[0003] Not Applicable

BACKGROUND OF THE INVENTION

(1) Field of the Invention

[0004] The present invention relates to a biodegradable
chemically wmodified plasticized atarch (CMPS) composition, and
a chemically modified starch-napnoclay CMPS composition, and to
a process for the preparation thereof. The invention preferably
relates to a twin screw extrusion process for manufacturing the
chemically modified starch composition by reacting starch with
a dibasic acid or anhydride of the acid as a wodifier in the
presence of plasticizer and an optional free radical initiator
for the acid or anhydride to provide the plasticized starch
compositions which have improved processability and reduced
viscosity, and is particularly useful when combined with other
thermoplastic polymers. '

(2) Description of Related Art

[0005] In the last two decades, considerabie effort has gone
into the development of biodegradable polymers and blends using
starch. The processing characteristics and wmechanical

W S EAA———— 5 ¢ M amen  m— - - m.
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properties of unmodified starch polymers are very poor compared
to typical synthetic polymers.

[o006] The prior developments in the area of biodegradable
materials from starch involve the use of arn external
plasticizer to solvate the starch granules and impart melt
processability and enhance the room-temperature flexibility of
the final product-. Bome of the earliest efforts on such
materials were dipcussed in U.S5. Pat. No. 3,312,641 (A. E.
Staley Mfg. Co.) and Canadian Patent Appl. No. 838,572 ('USDA,
Lincoln, Nebr.). The subject of these patents was the extrusion
of amylose primarily using water as a plasticizer. In addition,
vpoly (vinyl alcohol), glycerol and other related materials were
also incorporated in the system. Cast filme from water-based
dispersions of s&tarch, glycerol and other polymers were
evaluated in U.S. Pat. NHos. 3,949,145, 4,133,784, and 4,337,181
(USDA, Peoria, Ill.). More recently, extruded compositions
using water were discussed in Eur. Pat. Appl. EP 282,451,
304,401, 3-27,505, 404,723, 404,728, and 408,503 (Warmer Lambert
Co.); water-free systems using glycerol were discussed in PCT
Int. Appl. WO 90/05,161 (Tomka); and formulations using both
water and other plasticizers like glycerol were the subject of
PCT Int. Appl. WO 92/19680 (Novamont S.p.a.), Bur. Pat. Appl.
EP 400,531 (Butterfly S.r.1.), and PCT Int. Appl. WO 90/14,388
(Agri-Tech Industries, Inc.).

[0007] W092/19680 (Novamont) describes the use of undried
starch (about 12% molsture) in biodegradable polymeric
compositions. These compositions produce fllms whose properties
are sensitive to moisture. W093/00116 (P&B) describes plastic
compositions, which use "destructurized" starch, a form where
the crystallinity of the starch has been destroyed by heating.
The term "deatructurized starch" refers to starch in which the
granular, crystalline structure is destroyed resulting in the

LY
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formation of a homogeneous, amorphous material that melts and

- it o = i i it Y— e Bt A

flows like a thermoplastic. The “destructurization" process is
i accomplished by heating starch granules in the presence of
water at elevated temperatures and pressures in a closed volume

like an extruder. The higher the amount of water used, the
lower the temperature needed for "destructurization" to be
completed. Typical compositionma for the “destructurization”
processes include extruding starch with about 15-20% water by
weight along with other additives. It has been argued that the
i concept of "destructurization" is just a new name asBcribed to
an old concept of gelatinization and/or plasticization of
starch that first originated in the food industry. The term
. gelatinization refers to the processe of disruption of the
granular structure of starch by heating a starch suspension at
temperatures in the range of 50°-80°C. Traditional processing
in the food industry involves further heating and mixing of
gtarches to result in the formation of a homogeneous
plasticized mass as discussed by Shogren, R. L., et al.,
Starch/Starke 45, 276-280 (1993). The plasticization of starch
using water and glycercl has been reported as early as 1947 for
pharmaceutical applications ("The Pharmacopoeia of the United
Btates of America", XI1I, p. 513-514, 1947).

— e - —

[0008] The principal difference between the various
. applications has to do with the ratios of starch and
plasticizer (water, glycerol or both) used in the composition.
This leads to differences in the rheological and final
characteristics of each composition that is suited to the
specific application. A high proportion of plasticizer (70-90%
by weight) results in a jelly-like material. Medium plasticizer
contents (40-70% by weight) are more suited for food
applications that have good elasticity combined with reasonable
rigidity to be able to form and shape various products. Low

- — e a—
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plasticizer contents (10-40% by weight) are appropriate for
plastice spplications that require greater rigidity and better
mechanical atrength characteristics. More recently,

plasticization of starch in the absence of water, using

polyhydric alcohols like glycerol and sBorbitel has been

reported. The-teim plasticization in the classical sense as
used in the polymer industry involves transformation of a
rigid, crystalline imaterial into a pliable, lees crystalline
(if not amorphous) material with a lowered glass transition
temperature. Japanese Patent No. 04-48,851 discloses the
manufacture of hiodegradable sheets based upon mixtures of
starch and biodegradable polyesaters derived from reactions of
diols and acids. The starch has normal moisture content of
about 10 to 12% by weight.

[o009] In a typical plasticized system with starch, the
diffusion of plasticizer out of the product when exposed to low

* humidity conditions and diffusion of water into the product

under high humidity conditions ia an inévitable result. This
causes embrittlement of the product due to loss of plasticizer
(low humidity)} and problems associated with retention of
product shape, texture, and form due to excess absorbed water
{high humidity). These effects are detrimental especially when
water is used as a plasticizer, but are prevalent even in non-
water based starch formulations that incorporate hygroscopic
Plasticizers. In general, due to the poor durability of
plasticized starch upon exposure to different environments (due
to its hydrophilic nature) there is likeiy to be very little
commercial use of plasticized native or unmodified starch by
itpelf.

10010) Phyeical or chemical modifications of the starch are
a viable alternative to solving some of these problems.
Physical modifications include coating the starch granules with

- 4 -
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hydrophobic sizing agents and binders similar to those used in
the paper industry, like rosin, proteins, like soy proteins and
silanes or physically coating the end preduct with hydrophobic
materials like low molecular weight waxes, and natural resins
(zein, rosin, shellac and the like) and higher molecular weight
non-polar polymers. Cross-linking of the starch graoules or
plasticized starch is another physical modification route to
improving the hydrophobicity of starch-based materials.
Chemical wmodifications include grafting reactions and non-
degradative substitution of the hydroxyls on the starch with
functional groups like esters, ethers, 1socyanates and the
like. Cyclic dibasic acid anhydrides guch as guceinic anhydride
yield starch esters containing a free carboxylate group that
increases the water-bolding capacity of the product (U.S.
Patent No. 2,461,139; 1949). The same chemistry can be carried
out with maleic anhydride to yleld the maleate half ester.
Treatment of a starch suspension with a cyclic dicarboxylic
acid anhydride containing a hydrophobic substituent group
yields products with emulsion stabilizing properties (U.S.
Patent No. 2,661,349; 1953). These starch esters have value as
dispersants in coatings replacing commercially available paint
coﬁtaining dispersantas. U.S. Patent 3,732,207 discusses the
production of starch esters by heating starch with maleic or
succinic anhydride at 100-155 °C in a batch process with
reaction times of 10 hours in the presence of 0.5-15% moisture
to give a product with degree of substitution (DS) 0.02 to
0.04.

[0011] Tomasik et al., Starch 47 96 (1995) reacted corn
starches in extruders containing varying amounts of moisture
(18, 20 and 30%) with succinic, maleic and phthalic anhydrides
to form starch esters. Carbonate buffer, either pH B8 or pH %

was added as a medium during extrusion. It is demonstrated that
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extrusion of starch with cyclic anhydrides in alkaliine medium
presents a facile method of preparation of anionic starches of
hydrophobic character hased. However, this method has several
serious 1limitations resulting from the chemistry and the
extrusion process. For example, it is extremely difficult to
extrude these 'samples at temperatures of around 130°C due to
the reaultant high viscosity of the starch melt. Also, the use
of water is extremely problematic in processing and quality of
the final product.

[0012] Related prior art is described in:

(1) Ramani Narayan, Steven Bloembergen and Amit Lathia, A
Method of Preparing Biodegradable Modified-Starch
Moldable Products and Filma, U.S. Patent 5,869,647,
February 9, 1999 , July 1993;

(2) Narayan, R., Biodegradable Multi-Component Polymeric
Materials Based on Unmodified Starch-Like
Polysaccharides, U.S. Patent 5,500,465, October 31,
1995;

(3) Narayan, R., Krishnan, M., DuBois, P., Polysaccharides
Grafted With Aliphatic Polyesters Derived From Cyclic
Esters, U.S5. Patent 5, 540, 929, July 30, 1996;

(4) Narayan, R., Krishnan, M., DuBols, P., Polysaccharides
Grafted With Aliphatic Polyesters Derived From Cyclic
Esters, U.S. Patent 5,578,691, November 26, 1996;

(5) Narayan, R., Krighnan, M., DuBois, P., Polysaccharides
Grafted With Aliphatic Polyesters Dexrived From Cyclic
Bsters, U.S. Patent 5, 616,671, April 1, 1997;

(6} U.S5. patent application co-filed with the present
application.

\/U
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OBJECTS

[o013] It is an object of the presenl.: inmvention to provide a
chemically modified plasticized starch and plasticizer
compositions which have improved properties. It is further am
object of this invention to provide a process which is
economical and reproducible. These and other objects will
become increasingly apparent by reference to the following
description.

SUMMARY OF THE INVENTION

[0014] The present invention relates to bilodegradable,
reactive, chemically modified plasticized starch (CMPS)
compositions witkh low viacosity and good processability.
Further, the present invention relates to a continuous reactive
extrusion processa for wmanufacturing the compositions. An
important aspect of this invention 1s that the process uses no
added water, and prevents problems such as high viecosity,
clogging of the thermoplastic starch melt at the die or foaming
of the thermoplastic starch melt. PFurthermore, the resulting
chemically modified starch composgition is highly reactive to
yield graft copolymers with polyesters as described in detail
in our co-pending patent application, which is incorporated
herein by reference. Theae gtarch-polyester graft copolymers
are readily processable into £ilms, and molded products using
conventional plastics processing equipment, and the resultant
product has the most preferred balance in mechanical
properties, water resistance, processability and the rate of
biodegradatio:;. The invention also desecribes a new chemically
modified - starch-nano clay compoaikion with improved
dispersability of the mano clay in the matrix, reactivity and
processability for subsequent reaction with polyesters as
described in our co-pending patent application.

-7 -
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foolis] In accordance with the present invention, there is
provided a biodegradable, reactive low viscogity chemically
modified plasticized starch composition (CMPS) prepared by the
reactlve blending or ‘extrusion processing of starch in the
presence of chemical modifiers, a plasticizer and an optional
free~radlcal initiator.

[ooLe] The presént invention also provides a biodegradable
chemically modified starch-mano c¢lay product prepared by
‘reactive extrusion processirng of starch in the presence of
modifiera, plasticizers and nanoclay material.

[0017] The pxresent invention also relates to a composition
which comprises a mixture of starch esters of a dibasic acid or
an anhydride of a dibasic acid, wher'éin the mixture has reduced
viecosity from a natural starch in dimethyl sulfoxide.

foo1s] The present inventlon also relates to a starch based
compogitionni which comprises a reacted mixture of a
biodegradable starch polymer, a chemical modifier selected from
the group consisting of a dibasic organic acid, and anhydride

of the dibasic organic acid, or mixtures thereof, and a
plasticizer.

. [0019] In particular the present invention relates to a

starch based composition which comprises a reactively extruded
mixture of a blodegradable starch polymer, a chemical modifier
selected from the group consisting of a dibasic organic acid,
an anhydride of a dlbasic organic acid and mixtures thereof, a
plasticizer and, optionally a free radical initiator for the
reaction, wherein the mixture has been extruded with heating
and venting of water from the mixture. '

[c020] Further, the present invention relates to a
biodegradable, chemically modified starch based composition
which comprises a reactively extruded mixture comprising a
biodegradable starch polymer, a chemical modifier selected from

-
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the group consisting of a dibasic organic acid, an anhydride of
a dibasic organic acid and mixtures thereof, a plasticizer

' optionally a free radical initiator for the reaction and a

nanoclay, wherein the mixture has been extruded with heating
and venting of water from the mixture.

[0021] Preferably the starch polymer is selected from the
group consisting of 'cornst:arch, potato starch, tapioca starch,
rice starch, wheat starch, and cassava starch. Preferably the
starch polymer in the mixture ls present in an amount between
about 5% to 90% by weight of the mixture. Preferably the
starch polymer is an unmodified, oxidized or thin boiling
starch of 0 to 95 degree fluidity. Preferably the starch
polymer has moisture content of abcn;t 0.5% to 15% by wé:l.ght.
Preferably the atarch polymer is in a pulverized form.
Preferably the plasticizer is a polyhydric alcochol.
Preferably the plasticizer is present in an amount between
about 10 to 50 wt¥% of the mixture. Preferably the chemical
modifier is present in an amount between about 0.5% to about
10% by weight of the starch polymer. Preferably the nanoclay
is s8Belected from a group conpisting of montmorillonite;
smectite, hectorite and mixtures thereof. Preferably the
nanoclay 1s present in an amount between about 0.5 to 25 wt% of
the mixture. Preferably the free radical initiator is 2,5-
Bis (tert-butylperoxy)-2,5-dimethylhexane or other .organic
peroxide. Preferably the free radica:,l initiator is present in
the mixture in an amount between about 0.01 to 2.0 wt% of the
mixture. Preferably the mixture is processed in a twin-screw
extruder at a temperature in the range of about 100°C to 200°C.
Preferably the anhydrides are selected from the group
consisting of maleic-, Buccinic-, itaconic-, phthalic- and
mixtures thereof. Preferably the chemical modifier is about 2%
to 5% by weight of the starxrch polymer of the mixture.
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[0022] The present invention alsc relates to a process for

preparing a starch based composition which comprises reactively °*

extruding a mixture which comprisés a biodegradable starch
polymer, a chemical modifier selected from the group consisting
of a dibasic organic acid, an anhydride of a dibasic organic
acid and wmixtures thereof, a plasticizer and, optlonally a free
radical initiator wl'1erein the mixture is extruded with heating
and venting of water from the mixture. Preferably the starch

polymer and modifier are mixed as powders. The processing le
preferably at 100-250°C.

BRYEF DESCRIPTION OF THE FIGURES
[0023]

Other advantages of the present invention will be
readily appreciated as the same becomés belkter understood by
reference to the following detailed description when considered

in connection with the accompanying drawings wherein:

[0024] FIGURE 1 is a graph which depicts the calibration

curve of the glycerol pump used in the synthesis of chemically
modified plasticized starch (CMPS); by reactive extrusion
processing using maleic anhydride or maleic acid modifier.

foo25] Figure 2 is an extrusion flow apparatus diagram for

the preparation of CMPS.

[0026] FIGURES 3A, 3B and 3C show the screw configurations

used for reactive extrusion proceassing in the synthesis of
CMPS.

[0027] FIGURE 4 is a graph showing FTIR results of CMPS

samples produced using maleic anhydride modifier by the
reactive extrusion processing. CMPS samples were extracted in
THF solvent using a Soxhlet apparatus. Residue from the thimble
of the apparatus was dried to constant weight and FTIR analysis
conducted. Solvent was evaporated from the extract and the
extract dried to constant weight and FFIR analysis conducted.

- 10 -
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[0028) FIGURE 5 is a graph showing the FTIR resultes of CMPS
samples produced using maleic acid modifier by reactive
extrusion processing. CMPS samples were extracted in THF
solvent using a Soxhlet apparatus. Residue from the thimble was
dried to constant weight and FTIR analysis conducted. Solvent
was evaporated from the extract'and the extract dried to
constant weight and FTIR analysis conducted.

DETAILED DESCRIPTION OF THE INVENTION

{0029] The present iovention provides (i) a biodegradable
chemically modified starch composition, (il) a biodegradable
chemically modified starch-nanoclay composition, (iii) and a
method for making thereof wherein, generally, the compositicn
is prepared by continuous reactive extrusion processing.
Preferably, the present invention concerns a) biodegradable,
highly reactive, chemically modified starch composition with
low wviscosity and high processability, that yields graft
copolymere with biodegradable polyesters as described in our
co-pending patent application. Another object of the present
invention is to provide b) a new chemically modified starch-
nanoclay composition with-' improved dispersability of the
nanoclay in the matrix, réactivil:y and processability for
subsequent reaction with polyesters as described in our co-
rending patent application.

[0030] The components of the biodegradable chemically
modified starch composition that are employed in the process
that is within the scope of this invention preferably include
the following:

(I) Starch preferably selected from the group of
potato starch, corn starch, waxy starch, tapioca
starch, rice starch, wheat starch, and casgaava
starch and the like

- 11 -
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(I1) Plasticizer preferably selected fxrom the group of
polyhydroxy compounds including glycerol, ethylene
glycol, and the like

(IIT) Modifier selected from the group of dibasic acids
and their cyclic anhydride compoundse; and

(Iv) Opticdnally, free radical initiator selected from
the grdup of peroxides, and the like.

The proposed reactions are:

H,OH
HC==CH
o\ /o
'
. I

Maleation Chemistry

H* (acidic
functionality)

Btarch-O# (COCH) +R’-C(0)O-R* Starch-0COR’ (COQR™) + R*-OM (R’ -COOH)

Anhydrides 4 Modified Starch

Transesterification Chemistry

- 12 -
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[0031] Starch (CgH1¢0s)n, i8 a mixture of linear (amylose)
and branched (amylopectin) polymers. Amylose 1s essentially a
linear polymer of .alpha. (1.fwdarw.4) linked D-glucopyranogyl
units. Amylopectin is a highly-branched polymer of D-
glucopyranosyl units containing .alpha. (1.fwdarw.4) linkages,
with .alpha. (1_.£wd;1rw.6) linkages at the branch points. The
process of the present invention can use various types of
starches, such as regular corn starch which coptains about 75%
amylopectin (higher molecular weight branched starch polymer)
and 25% amylose {(lower molecular weight linear starch polymer),
as well aa hybrid corn starch products containing more than 50%
amylose, sold by Corn Products, i_nc. (Chicago, Illinois).
Various other starches, such as potato starch, tapioca starch,
rice starch, wheat starch, cassava starch, and other starches
familiar to those skilled in the art can be utilized in
accordance with the present invention. Compositions having
increased levels of linear starch polymers are most likely to
be the correct choice in terms of processability, film foxrming,
molding and mechanical properties. The starch component in the
chemically modified starch composition is 5% to 90% by weight,
preferably from 50% to 80% by weight.

[0032] A plasticizer is added to the inventive compositions
to achieve greater material processability and product
flexibility, although plasticizers typically soften the
compositions in which they are included. The preferred
Plasticizera are polyhydric alcohols. More preferably, glycerol
ig .used as a suitable plasticizer since it induces high
flexibility, i1s virtually odorless, has a relatively high
boiling poinkt, is biodegradable, and is commercially available
at a reasonable cost. Plasticizer concentration in the final
chemically modified starch product is 15% to 50% by weight and

- 13 -
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preferably from 20% to 30% by weight.

[00313) The preferred modifiers that are useful in the
present invention are to provide a chemically modified starch
ester product. The starch ester product may preferentially be
formed by reaction of the starch hydroxyl groups with a dibasic
acid or cyclic anhydride to obtain ester linkages with pendant
carboxylic groups as shown in Scheme I. The derived pendant
carboxylic group can also catalyze the aforementicned reaction
between the hydroxyl groups on the starch, and the dibasic
acids or their cyclic anhydrides. The more preferred dibasic
acide and their cyclic anhydrides include maleic-, succinic-,
:Ltaconic-', phthalic- and stearic anhydrides and combinations
thereof. The modifier is preferably present in amount of about
0.5% to about 10% by weight of the starch polymer and also
provides an acidic environment for the mixture.

[0034] Optionally, a free radical initlator may be used for
improving the melt-strength of chemically wodified starch
product. It is preferred that the free radical initiator be an
organic peroxide auch as 2,5-dimethyl-2,5-bis(tert-
butylperoxy) hexane, tert-butylperoctoate, tert-
butylperoxypivalate, dicumylperoxide, 1,1-bis(text-
butylperoxy) -3, 3, 5-trimethylcyclohexane, bis(tert-butylperoxy-
isopropyl)benzene and the 1like. Azo compounds, such as
azobisisobutyronitrile can be also used. The free radical
initiator is present in the amount of 0.01 to 2.0 wt percent of
the total mass.

[0035] The present invention also relates to a biodegradable
chemically modified starch-nano clay product, prepared by
reactive extrusion proceesing of starch in the presence of
modifiers, plasticizers, and nanoclay material.

[0036] Nanoclays can be useful to provide an increased
mechanical strength, flame retardancy, gas barrier properties,
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and improved barrier to water vapor for chemically modified
nanoclay starch product (ii). Another preferred embodiment is
that the nanoclays useful for the present invention are well-
dispersed in the biodegradable chemically modified starch-clay
product. The preferred naxioclays are smectite, hectorite clays
including phyllosilicates such as smectite clay minerzls, e.qg.,
montmorillonite, 'particularly, sodium montmorillonite;
bentonite; hectorite; saponite; stevensite; beidellite; and the
like. The clays used are typically smectite clays, particularly
bentonite and hectorite, Smectite clays possess some structural
characteristics similar to the better-known minerals talc and
mica. The preferred range of nancclays is :r:angi-ng from 0.5 to
25 wt ¥ of the total mass. .

[0037] The reactive modification process of starch to form
chemically modified plasticized starch {CMPS) in an extruder
prevents the trxaditionally seen problema, such as clogging of
the plasticized starch melt at the die or foaming of the
plasticized starch melt at the die, cbserved during the regular
thermo-plasticization of starch. The apparatus used in.can:-ying
out the extrusion process may be any screw type extruder. While
the use of a single or twin screw extruder may be used, it is
preferred to uspe a twin-screw extrudexr. Such extruders will
typically have rotating screws in a horizomtal cylindrical
barrel with an entry port mounted over one end and a shaping
die mounted at the discharge end. When twin screws are used,
they may be co-rotating and intermeshing or non-intermeshing.
Each screw will comprise a helical flight or threaded sections
and typically will have a relatively deep feed section followed
by a tapered transition section and a comparatively shallow
constant-depth meter secfion. The motoxr driven screws,
generally fit snugly into the cylinder or barrel to allow
mixing, heating and shearing of the material as it passes
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thmﬁgh the extruder.

[0038] Control of the temperature along the length of the
extruder barrel is important and is accomplished in zones along
the length of the sBcrew. Heat ethange means, typically a
passage such as a channel, chamber or bore located in the
barrel wall, for circulating a heated media such as oil, or an
electrical heater such as calrod or coil type heaters, are
often used. Additionally, heat exchange means may also be
Placed in or.along the shaft of the screw device.

[0039] Variations in any of the elements used in the
extruder may be wmade as desired in accordance with comventional
design practices. A further description of extrusion and
typical design variations can be found in "Encyclopedia of

Polymer Science and Engineering", Volume 6, 1986, pp. 571 to
631. ‘

[0040] In carrying out the extrusion process, temperatures
in the extruder will vary depending on the particular material,
desired properties and application. They can generally range
from about 100.degree. to 250 degree. C. and preferably will
range from a.bou:t 150 .degree. to 200.degree. C.

[0041] Further, the biodegradable chemically modified starch
(i), and biodegradable chemically modified starch-nanoclay
compositionsa (ii) can be manufactured in a one-step process;
vherein the components were previously mixed together, and were
then introduced into the feed throat of a twin-screw extruder
(such as a Century ZSK-30 co-rotating twin screw extruder) at a
feed rate of 500-9000 g/hr by means of a sgolid metering.
Alternatively, the components may be separately introduced in
the case of liquid component by means of a peristaltic puwmp,
and in the case of solid component by means of a solid metering
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at a feed rate of 40-8000 g/hr.

[0042] The biodegradable, .chemically modified starch
composition and the biodegradable, chemically modified starch-
nanoclay compositions are particularly useful for manufacturing
starch-polyester, graft copolymers as described in our co
pending patent application referred to previously.

[0043] _ The following experimental examples demonstrate the
utility of the present invention for forming biocdegradable
chemically modified starch (i), and biodegradable chemically
modified starch-nanoclay (ii) compcsitions.

[0044] Examples of materials made in accordance with the
present invention are biodegradable as demonstrated by standard
ASTM test methods.

EXAMPLES .
Example 1
[0045] Chemical modification of ‘starch polymer was
carried out as follows:

- 17 -




- - ———— - e

WO 2006/455504

[0046] Regular gsilver pearl corn-starch, obtained from
Cargill Inc. was reactively modified wueing maleic
anhydride/maleic acid in a twin-ascrew co-rotating CENTURY
extruder with a screw diameter of 30 wm and a L/D ratio of 40.
Maleic anhydride (MA) was ground to a fine powder using a
mortar and pestlé and mixed with the starch (800 gm starch +
[20 gm] maleic anhydride) using a kitchen blender for 15
wminutes before beirdg fed to the feed port of the extruder.
Glycerol was wixed with 2, 5-Bis (tert-butylperoxy)-2, 5-
dimethylhexane (Luperocx 101) {200 gm glycerol + 1.6 gm Luperox
101} and pumped-to the extruder using a peristaltic pump. The
relative rates of the starch/MA mixture to the glycerol /Luperox
101 mixtures were maintained at 80:20. The calibration curve
for the glycerol pump 1s shown in Figure 1. The screw
configuration used for the maleation consisted of conveying and
kneading elements as shown ip Figures 3A to 3C. A water vacuum
was applied at the vent port to remove the unreacted maleic
acid/water mixture. The chemically modified plasticized staxrch,
CMPS, was collected and ground to a fine powder. Ground CMPS
was stored in an oven at 50°C. The extrusion processing
conditions for the reactive maleation is outlined in Table 1.

- 18 -
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TABLE 1: Extruelon
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Processing conditions in the synthesis of CMPS

ZONE SET ACTUAL UNITS
ZONE1 15 39 °c
ZONE2 95 103 °c
ZONE3 125 122 o
ZONE4 145" 146 °c
ZONES . 160 . 157 ec
ZONEG 165 161 °C
ZONE7 165 167 oc
ZONES 165 164 sQ
ZONES 150 156 °C
DIE 145 147 © oc
MELT TEMP, 148 o
MOTOR SPEED 125 RPM
TORQUE a5 %
PRESSURE s2 Peia
FEEDER SPEED, CENTUGRY 155 (Rate = 12.3 T
1bs/hr)
GLYCEROL PUMP 0.1 (Rate = 3.07 %
1ba/hr)
FEEDER SPEED, EXT - L
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{o047] CMPS produced was extracted\ using tekrahydrofuran
(THF) in a Soxhlet apparatus to remove'the unreacted maleic
anhydride and maleic acid (formed by reaction with water
present in starch). FTIR analysis (Figure 4) of the Soxhlet
residue (after drying in an oven at 50°C overnight) confirmed
grafting of the maleic anhydride onto the starch backbone with
the presence of thej ester carbonyl peak at 1720 cm™.

Example 2

[o048]) The procedure given in Example 1 was followed using
malelic acld modifier instead of maleic anhydride. CMPS produced
was extracted wusing tetrahydrofuran (YHF) in a Soxhlet
apparatus to remove the unreacted waleic acid. FTIR analysis
(Figure 5) conducted on the Soxhlet residue {after drying in an
oven at 50°C overnight) confirmed grafting of the maleic acid
onto the starch backbone with the presence of the eater
carbonyl peak at 1720 cm™.

Example 3
[0049) The procedure in Example 1 was followed to produce
CMPS modified using 2.4-wt¥%, maleic anhydride, both with and
without the initiator. Chemically modified plasticized starch
(CMPS) was produced by plasticization of regular corm starch
{Corn Products, Inc-Brazil) using 20-wt3 glycerol plasticizer
in a twin-screw extruder. The intrinsic viscosity of atarch,
PS, CMPS (2.4-wth¥ maleic anhydride and 0.1-wt% Luperox 101) and
CMPS (no Luperox 101) were determined in DMSO solvent using
Cannon Ubeholde viscometer (0B). The intrinsic viascosity of
starch was around 1.6 dl/g while that of P5 reduced to 1.2
dl/g. However, on maleation without addition of Luperox 101,
the intrinsic viscosity of CMPS drastically dropped to 0.29
dl/g. This reduction is attributed to a decrease in molecular
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weight due to the hydrolysis of starch in the presence of
maleic acid. However, on addition of Luperox 101, the intrinsic
viscosity increased slightly to 0.31 dl/g. This increase is
attributed to branching or cross-linking reactions occurring.

) Example 4
[0050] Chemical modification of starch polymer to form
chemically modified plasticized starch-nano clay products.
* [0051] Regular silver pearl corn-starch, obtained from
Cargill Inc. was reactively modified using wmaleic

anhydride/maleic acid in a twin-screw co-rotating CENTURY™
extruder with a screw diameter of 30 mm and a L/D ratio of 40
in the presence of BENTONE 166™, whiei1 is an alkylaryl ammonium
hectorite clay, obtained from Elementis Specialties (Highstown,
NJ), with greatly improved dispersability characteristics.
Maleic anhydride (MA) was ground to a fine powder using a
mortar and pestle and mixed with the starch (800 gm starch + 20
gmn maleic anhydride + 150 gm 'BENTONE 166) using a kitchen
blender for i5 minutes before being fed to the feed port ' of the
extruder. 200 gm glycerol was pumped to the extruder using a
peristaltic pump. The relative rates of the starch/MA/BENTONE
166 mixture to the glycerpl were maintained at B80:20.

Example 5
[0052] The procedure in Example 4 was followed to produce
CMPS modified using 2.5-wt%, maleic anhydride and BENTONE 11i™,

which is an organic derivative of a special smectite clay,

- obtained from Elementis Specialties. Maleic anhydride (MA) was

ground to a fine powder using a mortar and pestle and mixed
with the starch (B00 gm stazch + 20 gm maleic anhydride + 150
gm BENTONE 111) using a kitchen blender for 15 minutes before
being fed to the feed port of the extruder. 200 gm glycerol was
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pumped to the extruder using a peristaltic pump. The relative
rates of the starch/MA/BENTONE 111 mixture to the glycerol were
maintained at 80:20.

Exawple 6

[0053] The -procedure in Example 4 was followed to produce
CMPS-clay product u.s:i.ng 2.5-wt¥, maleic anhydride and Cloisite
30B™, which is a montmorillonite clay modified with dihylroxy
quaternary ammonium salt obtained from Southern Clay Products.
[0054] Pre:.ferably the starch esters with the plasticlzer
(glycerol) have a viacosity in the range of about 0.15 to 0.3
dl/gram in DMSO. Natural starch has a viscosity of 1.51 dl/gm
and plasticized starch has a viscql;ity of 1.20 d1/gm. Thus
there is a significantly reduced wviacoeity.

[0055] It is intended that the foregoing description be only
illustrative of the present invention and that the present
invention be limited only by the hereinafter appended claims.
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WE CLAINM:

1. A composltion which comprises a mixture of starch
esters of a dibasic acid or an anhydride of a dibasic
acid, wherein the mixture has reduced vigcosity from a
natural starch in.dimethyl sulfoxide.

2. A staréh based composition which comprises a -reacted
mixture of a biodegradable starch polymer, a chemical
modifliexr selected from the group consisting of a
dibasic organic acid, an anhydride of the dibasic
organic acid or mixtures thereof and a plasticizer.

3. A starch Dased compoait‘ion which comprises a
reactively extruded mixture of a biod.egradable starch
polymer, a chemical modifier selected from the group
consisting of a dibasic organic acid, an anhydride of a
dibasic organic acid and mixtures thereocf, a
plasticizer and, optionally a free radical initiator
for the reaction, wherein the mixture has been extruded
with heating and venting of water from the mixture.

4. A bilodegradable, chemically modified starch based
composition which comprisegs a reactively extruded
mixture comprising a biodegradable starch polymer, a
chemical modifier selected from the group consisting of
a dibasic organic acid, an anhydride of a dibasic
organic acid and mixtures thereof, a plasticizer
optionally a free radical initiator for the reaction
and a nanoclay, wherein the mixture has been extruded
with heating and venting of water from the mixture.
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10.

11.

12.
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The composition of any one of Claims 1, 2, 3, or 4
wherein said starch polymer is selected from the group
congisting of cornstarch, potato starch, tapioca
starch, rice starch, wheat starch, and cassava starch.

The composition of any ome of Claims 1, 2, 3, or 4
wherein the starch polymer in the mixture is present in
an amount between about 5% to 90% by weight of the
mixture.

The composition of any one of Claims 1, 2, 3, or 4
wherein starch polymer i8 an unmodified, oxidized or
thin boiling starch of 0 to 95 degree fluidity.

The composition of any one of Claims 1, 2, 3, or 4
wherein the starch polymer ‘has moisture content of
about 0.5% to 15% by weight.

The compoaition of any one of Claime 1, 2, 3, or 4
wherein gaid starch polymer is in a pulverized form.

The compeosition of any one of Claims 2, 3, or 4 wherein
the plasticizer is a polyhydric alcchol.

The composition of any one of Claims 2, 3, or 4 wherein
the plasticizer is present in an amount between about
10 to 50 wt¥ of the mixture.

The composition of any one of Claims 1, 2, 3, or 4
wherein the chemical modifier is the dibasic organic
acid.
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13. The composition of any one of Claims 1, 2, 3, or 4
wherein the chemical modifier is the anhydride.

14. The compopition of any one.of Claims 1, 2, 3, or 4
wherein the chemical modifier is present in an amount
between about 0.5% to about 10% by weight of the starch
polymer, . '

15. The composition of Claim 4 wherein the nanoclay is
selected from a group consiating of montmorillonite;

smectite, hectorite and mixtures thereof.

16. The composition of Claim 4 .wherein the nanoclay is
present in an amount between about 0.5 to 25 wt¥% of the
mixture.

17. The compesition of Claim 3 wherein the free radical
initiator is preeent and is 2,5-Bis(tert-butylperoxy)-
2,5-dimethylhexane.

18, The composition of Claim 3 wherein the free radical
initiator is present in the mixture in an amount
between about 0.01 to 2.0 wt¥ of the mixture.

19. The composition of any one of Claims 1, 2, 3, or 4
wherein the mixture is processed in a twin-screw

extruder at a temperature in the range of about 100°C
to 200°C.
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21.

22.

23.

24.

25.

26.
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The composition of any one of Claims 1, 2, 3, or 4
wherein the acids or anhydrides are selected from the
group consisting of maleic-, succinic-, itaconic-,
phthalic- and mixtures thereof.

The compoaition of any one of Claims 1, 2, 3, or 4
wherein _the chemical modifier is about 2% to 5% by
weight of the starch polymer of the mixture.

A process for f;reparing a starch based composition
which comprises react:'i.vely blending a mixture which
comprises a biodegradable starch polymer, a chemical
modifier selected from the: group coneisting of a
dibasic organic acid, an anhydride of a dibasic organic
acid and mixtures thereof, a plasticizer and,
optionally a free radical initiator wherein the mixl:ur.e
is extruded with heating and venting of water from the

mixture.

The proceas of Claim 22 wherein the starch polymer and
modifier are mixed as powders.

The process of Claim 22 wherein the processing is at a
temperature between about 130 and 180°C.

The composition of any one of Claims 2, 3, or 4 wherein
the plasticizer is glycerol.

The composition of any one of Claims 2, 3, or 4 wherein

the plasticizer is about 15 to 30% by weight of the
composition.
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27. The composition of any one of Claims 1, 2, 3, or 4
wherein the acid is maleic acld and the anhydride is

maleic anhydride.
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COMPOSICIONES DE ALMIDON PLASTIFICADO, MODIFICADO
QUIMICAMENTE, POR PROCESAMIENTO CON EXTRUSION

REFERENCIA CRUZADA A SOLICITUDES RELACIONADAS
[0001] No Aplicable

DECLARACION CON RESPECTO A INVESTIGACION O
DESARROLLO PATROCINADOS FEDERALMENTE
[0002] No Aplicable

DECLARACION CON RESPECTO A DERECHOS
GUBERNAMENTALES
[0003] No Aplicable

ANTECEDENTES DE LA INVENCION

(1) Campo de la invencién

[0004] La presente invencion se refiere a una composicién de almidén
plastificado, modificado quimicamente (CMPS - chemically modified
plasticized starch), biodegradable, y a una composicion CMPS de
nanoarcilla-almidéon modificado quimicamente, y a un proceso para su
preparacién. Preferiblemente, la invencién concieme a un proceso de
extrusion con doble tomillo para fabricar la composicion de almidén
modificado quimicamente haciendo reaccionar almidéon con un acido
dibésico o anhidrido del dcido como modificador, en la presencia de un
plastificante y un iniciador opcional de radicales libres para el acido o
anhidrido, con el fin de proporcionar las composiciones de almidén
plastificado, las cuales poseen una capacidad de transformacién mejorada y
viscosidad reducida, y es particularmente util cuando se combina con otros

polimeros termoplasticos.
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(2) Descripcion del Arte Relacionado

[0005] En las dltimas dos décadas, se han invertido esfuerzos
considerables en el desarrollo de polimeros biodegradables y mezclas que
utilizan almidén. Las caracteristicas de procesamiento y las propiedades
mecénicas de polimeros de almidén no modificado son muy pobres

comparadas con los polimeros sintéticos tipicos.

[0006] Los desarrollos previos en el 4rea de materiales biodegradables
obtenidos del almidén involucran el uso de un plastificante externo para
solvatar los grinulos de almidén e impartir capacidad de transformacién por
fusion ("melt processability’) y aumentar la flexibilidad a temperatura
ambiente del producto final. Algunos de los esfuerzos pioneros en tales
materiales se discutieron en la Patente de los Estados Unidos No. 3,312,641
(A. E. Staley Mfg. Co.) y la Solicitud de Patente Canadiense No. 838,572
(USDA, Lincoln, Nebr.). EI tema de estas patentes era la extrusion de
amilosa usando principalmente agua como plastificante. Ademas, se
incorporaron igualmente en el sistema alcohol poli(vinilico), glicerol y otros
materiales relacionados. En las Patentes de los Estados Unidos No.
3,949,145, 4,133,784, y 4,337,181 (USDA, Peoria, Ill.) se evaluaron
peliculas moldeadas a partir de dispersiones a base de agua de almidon,
glicerol y otros polimeros. Mis recientemente, en las Solicitudes de Patente
Europea EP 282,451, 304,401, 327,505, 404,723, 404,728, y 408,503
(Wamer Lambert Co.) se discutieron composiciones extruidas utilizando
agua; sistemas libres de agua usando glicerol se discutieron en la Solicitud
Intenacional PCT WO 90/05,161 (Tomka); y formulaciones usando agua y
otros plastificantes como glicerol fueron objeto de la Solicitud Internacional
PCT WO 92/19680 (Novamont S.p.a.), ia Solicitud de Patente Europea EP
400,531 (Butterfly S.r.1.), y la Solicitud Internacional PCT WO 90/ 14,388
(Agri-Tech Industries, Inc.).

[0007] W092/19680 (Novamont) describe el uso de almidén no
secado (alrededor de 12% de humedad) en composiciones poliméricas
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biodegradables. Estas composiciones producen peliculas cuyas propiedades
son sensibles a la humedad. W093/00116 (P&G) describe composiciones
plésticas, que utilizan almidén "desestructurado”, una forma en la que la
cristalinidad del almidén se ha destruido por calor. El término "almidén
desestructurado” se refiere a un almidon en el cual se destruye la estructura
cristalina granular, resultando en la formacién de un material amorfo
homogéneo que se funde y fluye como un termoplastico. El proceso de
"desestructuracién” se lleva a cabo calentando los grdnulos de almidén en la
presencia de agua a temperaturas y presiones elevadas en un volumen
cerrado como una extrusora. Entre més alta sea la cantidad de agua
empleada, menor es la temperatura necesaria para completar la
"desestructuracién”. = Composiciones tipicas para los procesos de
"desestructuracién” incluyen extruir almidén con alrededor de 15-20% de
agua en peso, junto con otros aditivos. Se ha argumentado que el concepto
de "desestructuracién” es sélo una nueva denominacion asignada a un
concepto viejo de la gelatinizacién y/o plastificacion del almidén, que se
origin6 por primera vez en la industria de alimentos. El término
gelatinizacion se refiere al proceso de ruptura de la estructura granular del
almidén calentando una suspensién de almidén a temperaturas en el rango
de 50°-80°C. El procesamiento tradicional en la industria de alimentos
involucra ademsés el calentamiento y mezclado de almidones para resultar
en la formacion de una masa plastificada homogénea, como se discute por
Shogren, R. L., et al., Starch/Stiirke 45, 276-280 (1993). La plastificacion
del almidén usando agua y glicerol se divulgd en épocas tan tempranas
como 1947 para aplicaciones farmacéuticas ("The Pharmacopoeia of the
United States of America”, XIII, p. 513-514, 1947).

[0008] La principal diferencia entre las diferentes aplicaciones tiene
que ver con las relaciones de almidén y plastificante (agua, glicerol o
ambos), usados en la composicion. Esto lleva a diferencias en las
caracteristicas reoldgicas y finales de cada composicién, que es apropiada
para la aplicacién especifica. Una elevada proporcion de plastificante (70-
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90% en peso) resulta en un material en forma de jalea] Contenidos medios
de plastificante (40-70% en peso) son més apropi para aplicaciones en
alimentos, que poseen buena elasticidad combinada con una rigidez
razonable, para poder conformar y moldear varios productos. Contenidos
bajos de plastificante (10-40% en peso) son apropiados para aplicaciones
plésticas que requieren caracteristicas de mayor rigidez y mejor resistencia
mecénica. Mds recientemente, se ha informado de la plastificacién del
almidén en la ausencia de agua, usando alcoholes polihidricos como
glicercl y sorbitol. El término plastificacion en el sentido clasico, como se
emplea en la industria de polimeros, implica la transformacién de un
material cristalino rigido en un material menos cristalino (si no amorfo),
plegable, con una temperatura de transicion vitrea disminuida. La Patente
Japonesa No. 04-48,851 divulga la fabricacion de laminas biodegradables a
base de mezclas de almidén y poliésteres biodegradables, derivados de
reacciones de dioles y écidos. El almidén tiene un contenido normal de
humedad de alrededor de 10 a 12% en peso.

[0009]) En un sistema plastificado tipico con almidén, 1a difusién del
plastificante fuera del producto, cuando se expone a condiciones de baja
humedad, y la difusién de agua hacia adentro del producto bajo condiciones
de alta humedad es un resultado inevitable. Esto ocasiona
resquebrajamiento del producto debido a la pérdida de plastificante (baja
humedad) y problemas asociados con la conservacion de la configuracion
del producto, la textura y la forma, debido al exceso de agua absorbida
(humedad alta). Estos efectos son perjudiciales especialmente cuando se
utiliza agua como plastificante, pero son predominantes incluso en
formulaciones de almidén sin agua como base, que incorporan plastificantes
higroscopicos. En general, debido a la escasa durabilidad del almidén
plastificado luego de la exposicion a diferentes ambientes (como
consecuencia de su naturaleza hidréfila), es probable que, en si mismo, sea
muy escaso ¢l uso comercial del almidén plastificado nativo o no
modificado.
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[0010] Las modificaciones fisicas o quimicas del 4lmidén son una
alternativa viable para resolver algunos de estos problemas. Las
modificaciones fisicas incluyen recubrir los granulos de almidén con
agentes de encolado hidréfobos y aglutinantes, similares a los utilizados en
la industria papelera, como colofonia, proteinas, como proteinas de soya y
silanos o recubrir fisicamente el producto final con materiales hidréfobos
como ceras de bajo peso molecular, y resinas naturales (zeina, colofonia,
goma laca y similares) y polimeros no polares de peso molecular mas
elevado. El reticulado ("cross-linking”) de los granulos de almidén o
almidén plastificado es otra ruta de modificacién fisica para incrementar la
hidrofobicidad de materiales a base de algodon. Las modificaciones
quimicas incluyen reacciones de injerto y sustitucién no degradable de los
hidroxilos en el almidon con grupos funcionales como ésteres, éteres,
isocianatos y similares. Anhidridos ciclicos de dcido dibésico tales como
anhfdrido succinico proporcionan ésteres de almidén, que contienen un
grupo carboxilato libre el cual aumenta la capacidad de retencién de agua
del producto (Patente de los Estados Unidos No. 2,461,139; 1949). La
misma quimica puede llevarse a cabo con anhidrido maleico para
proporcionar el semiéster de maleato. El tratamiento de una suspensién de
almid6n con un anhidrido ciclico de acido dicarboxilico, que contiene un
grupo sustituyente hidréfobo, proporciona productos con propiedades
estabilizantes de emulsion (Patente de los Estados Unidos No. 2,661,349;
1953). Estos ésteres de almidéon son utiles como dispersantes en
recubrimientos para reemplazar pintura, obtenible en el comercio, con
contenido de dispersantes. La Patente de los Estados Unidos 3,732,207
discute la produccién de ésteres de almidon calentando almidén con
anhidrido maleico o succinico a 100-155 °C en un proceso por lotes, con
tiempos de reaccién de 10 horas en la presencia de 0.5-15% de humedad
para proporcionar un producto con un grado de sustituciéon (DS) de 0.02 a
0.04.
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[0011) Tomasik et al., Starch 47 96 (1995) Hicieron reaccionar en
extrusoras almidones de maiz, que contenfan cantidades variables de
humedad (18, 20 y 30%), con anhidridos succinicos, maleicos y ftalicos
para formar ésteres de almidon. Durante la extrusion se agregéd
amortiguador carbonato, a pH 8 o pH 9, como medio. Esta demostrado que
la extrusién de almiddn con anhidridos ciclicos en ‘medio alcalino presenta
un método fécil de preparacion de almidones aniénicos de cardcter
hidréfobo. No obstante, este método tiene varias limitaciones serias,
resultantes de la quimica y el proceso de extrusion. Por ejemplo, es
sumamente dificil extruir estas muestras a temperaturas de alrededor de
130°C debido a la alta viscosidad resultante del almidon fundido. Ademis,
el uso de agua es extremadamente problemadtico en el procesamiento y la
calidad del producto final.

[0012] El arte previo relacionado se describe en:

(1) Ramani Narayen, Steven Bloembergen and Amit Lathia, A
Method of Preparing Biodegradable Modified-Starch Moldable
Products and Films., Patente de los Estados Unidos 5,869,647, 9
de febrero de 1999, julio de 1993;

(2) Narayan, R., Biodegradable 'Multi-Component Polymeric
Materials Based orn Unmodified Starch-Like Polysaccharides,
Patente de los Estados Unidos 5,500,465, 31 de octubre de 1995;

3) Narayan, R., Krishnan, M., DuBois, P., Polysaccharides Grafted
With Aliphatic Polyesters Derived From Cyclic Esters, Patente
de los Estados Unidos 5, 540, 929, 30 de julio de 1996;

) Narayan, R., Krishnan, M., DuBois, P., Polysaccharides Grafted
With Aliphatic Polyesters Derived From Cyclic Esters, Patente
de los Estados Unic_ios 5,578,691, 26 de noviembre de 1996;

(5)  Narayan, R., Krishnan, M., DuBois, P., Polysaccharides Grafted
With Aliphatic Polyesters Derived From Cyclic Esters, Patente
de los Estados Unidos 5, 616,671, 1 de abril de 1997;

)



WO 2006/035504 PCT/US2005/041237

(6) Solicitud de Patente de los E Unidos presentada

conjuntamente con la presente solicitud.

OBJETOS

[0013] Constituye un objeto de la presente invencién proveer un
almidén plastificado, modificado quimicamente, y composiciones de
plastificantes que tienen propiedades mejoradas. Es también un objeto de
esta invencién proveer un proceso que es econémico y reproducible. Estos
y otros objetos serén cada vez mas evidentes por referencia a la siguiente

descripcion.

SUMARIO DE LA INVENCION

[0014) La presente invencién se relaciona con composiciones de
almidon plastificado, modificado quimicamente (CMPS), reactivo,
biodegradable con baja viscosidad y excelente capacidad de transformacién.
Ademads, la presente invencion se refiere a un proceso de extrusion reactiva
continua para fabricar las composiciones. Un aspecto importante de esta
invencion es que el proceso no utiliza adicién de agua, y evita problemas
tales como viscosidad elevada, obstruccién de la masa fundida de almidén
termopléstico en la boquilia o espumacion de la masa fundida de almidén
termopléstico. Ademéds, la composicion resultante del almidén modificado
quimicamente es altamente reactiva para proporcionar copolimeros de
injerto con poliésteres, como se describe en detalle en nuestra solicitud de
patente co-pendiente, que se incorpora aqui por referencia. Estos
copolimeros de injerto almidén-poliéster son facilmente transformables en
peliculas y productos moldeados usando equipo de procesamiento de
plasticos convencional, y el producto resultante tiene el balance mas
preferido en propiedades mecénicas, resistencia al agua, capacidad de
transformacién y la tasa de biodegradacion. La invencién describe
asimismo una novedosa composicién de nanoarcilla-almidén modificado

quimicamente con dispersabilidad mejorada de la nanoarcilla en la matriz,

\Nb
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reactividad y capacidad de transformacion para reaccién subsiguiente con
poliésteres, como se describe en nuestra solicitud de patente co-pendiente.

[0015] De acuerdo con la presente invencién, se provee una
composicién de almidon plastificado, modificado quimicamente (CMPS),
de baja viscosidad, reactivo, biodegradable, preparada por la combinacién
reactiva o procesamiento con extrusién de almidén en la presencia de
modificadores quimicos, un plastificante y un iniciador opcional de

radicales libres.

[0016] La presente invencion provee asimismo un producto
nanoarcilla-almidén modificado quimicamente, biodegradable, preparado
por procesamiento con extrusién reactiva de almidén en la presencia de
modificadores, plastificantes y material nanoarcilla.

[0017] La presente invencién concierne asimismo a una composicion
que comprende una mezcla de ésteres de almidén de un dcido dibésico o un
anhidrido de un 4cido dibédsico, en donde la mezcla tiene la viscosidad
reducida de un almidén natural en sulféxido de dimetilo.

[0018] La presente invencion se refiere igualmente a una composicion
a base de almidén, que comprende una mezcla reaccionada de un polimero
de almidén biodegradable, un modificador quimico seleccionado del grupo
conformado por un dcido orgénico dibasico y anhidrido del dcido orgéanico

dibédsico, o sus mezclas, y un plastificante.

[0019] En particular la presente invencién se relaciona con una
composicién a base de almidén, que contiene una mezcla extruida
reactivamente de un polimero de almidén biodegradable, un modificador
quimico seleccionado del grupo conformado por un dcido organico
dibésico, un anhidrido de un Acido orgénico dibdsico y sus mezcias, un

plastificante y, opcionalmente, un iniciador de radicales libres para Ia
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reaccion, en donde la mezcla se ha extruido con calor y purga de agua de la

mezcla.

[0020] Ademss, la presente invencidn tiene que ver con una
composicion a base de almidén modificado quimicamente, biodegradable,
la cual contiene una mezcla extruida reactivamente que comprende un
polimero de almidén biodegradable, un modificador quimico seleccionado
del grupo conformado por un dcido orgfnico dibdsico, un anhidrido de un
dcido orgénico dibdsico y sus mezclas, un plastificante y, opcionalmente, un
iniciador de radicales libres para la reaccién y una nanoarcilla, en donde la

mezcla se ha extruido con calor y purga de agua de la mezcla.

[0021] Preferiblemente el polimero de almidén se selecciona del grupo
conformado por almidon de maiz, almidén de pepa, almidon de yuca,
almidén de arroz, almidon de trigo y almidén de casabe. Preferiblemente el
polimero de almidén en la mezcla estd presente en una cantidad entre
alrededor de 5% a 90% en peso de la mezcla. Preferiblemente el polimero
de almidén es un almidén no modificado, oxidado o almidén hidrolizado en
medio 4cido con una viscosidad reducida en caliente ("thin boiling
starch”) de 0 a 95 grados de fluidez. Preferiblemente el polimero de
almidén tiene un contenido de humedad de alrededor de 0.5% a 15% en
peso. Preferiblemente el polimero de almidén esta en forma pulverizada.
Preferiblemente el plastificante es un alcohol polihidrico. Preferiblemente
el plastificante est4 presente en una cantidad entre alrededor de 10 a 50% en
peso de la mezcla. Preferiblemente el modificador quimico esta presente en
una cantidad entre alrededor de 0.5% a alrededor de 10% en peso del
polimero de almidén. Preferiblemente la nanoarcilla se selecciona del
grupo conformado por montmorilonita; esmectita, hectorita y sus mezclas.
Preferiblemente la nanoarcilla estd presente en una cantidad entre alrededor
de 0.5 a 25 % en peso de la mezcla. Preferiblemente el iniciador de
radicales libres es 2,5-bis (ferc-butilperoxi)-2,5-dimetilhexano u otro
per6xido orgénico. Preferiblemente el iniciador de radicales libres estd

d\@



WO 2006/055504 \Jéft PCT/US2005/041237 \\’6\

presente en la mezcla en una cantidad entre alrededor de 0.01 a 2.0 % en
peso de la mezcla. Preferiblemente la mezcla se procesa en una extrusora
de doble tornillo a una temperatura en el rango de alrededor de 100°C a
200°C.  Preferiblemente los anhidridos se seleccionan del grupo
conformado por maleicos, succinicos, itaconicos, ftilicos y sus mezclas.
Preferiblemente el modificador quimico es alrededor de 2% a 5% en peso

del polimero de almidén de la mezcla.

[0022) La presente invencién concierne asimismo a un proceso para
preparar una composicién a base de almidon, que comprende extruir
reactivamente una mezcla que contiene un polimero de almidén
biodegradable, un modificador quimico seleccionado del grupo conformado
por un acido orgéanico dibésico, un anhidrido de un 4cido orgénico dibasico
y sus mezclas, un plastificante y, opcionalmente, un iniciador de radicales
libres, en donde la mezcla se extruye con calentamiento y purga de agua de
la mezcla. Preferiblemente el polimero de almidon y el modificador se
mezclan como polvos. El procesamiento se lleva pref‘eﬁblemente a cabo a
100-250°C.

BREVE DESCRIPCION DE LAS FIGURAS

[0023] Otras ventajas de la presente invencidn se apreciardn
facilmente en la medida que la misma se entienda mejor por referencia a la
siguiente descripcion detallada, cuando se considera en conexion con los
dibujos acompafiantes en donde:

[0024]) FIGURA 1 es un gréfico que ilustra la curva de calibracién de
la bomba de glicerol utilizada en la sintesis de almidén plastificado,
modificado quimicamente (CMPS); por procesamiento con extrusion
reactiva usando modificador de anhidrido maleico o dcido maleico.

[0025] FIGURA 2 es un diagrama de un aparato de flujo de extrusion
para la preparaciéon de CMPS.

10
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[0026] FIGURAS 3A, 3B y 3C muestranﬁ configuraciones del
tornillo usado para el procesamiento con extrusién reactiva en la sintesis de
CMPS.

[0027] FIGURA 4 es un gnifico que muestra los resuitados FTIR de
muestras de CMPS producido usando modificador de anhidrido maleico por
el procesamiento con extrusién reactiva. Las muestras de CMPS se
extrajeron en disolvente THF usando un aparato Soxhlet. El residuo del
c':artucho del aparato ("the thimble of the apparatus") se secd a peso
constante y se condujo un andlisis FTIR. Se evapord el disolvente del
extracto y el extracto se secO a peso constante y se condujo un analisis
FTIR.

[0028] FIGURA 5 es un grifico que muestra los resultados FTIR de
muestra de CMPS producido usando un modificador de dcido maleico por
procesamiento con extrusion reactiva. Las muestras de CMPS se extrajeron
en el disolvente THF usando un aparato Soxhlet. El residuo del cartucho se
secO a peso constante y se condujo un andlisis FTIR. Se evapord el
disolvente del extracto y el extracto se secd a peso constante y se condujo

un andlisis FTIR.

DESCRIPCION DETALLADA DE LA INVENCION

[0029] La presente invencion provee (i) una composicion de almidén
modificado quimicamente, biodegradable, (ii) una composicion de
nanoarcilla-almidén modificado quimicamente, biodegradable, (iii) y un
método para su elaboracion en donde, generalmente, la composicion se
prepara por un procesamiento con extrusion reactiva continua.
Preferiblemente, la presente invencidn se relaciona con a) una composicion
de almidén modificado quimicamente, altamente reactivo, biodegradable,
con baja viscosidad y alta capacidad de de transformacién, que proporciona
copolimeros de injerto con poliésteres biodegradables, como se describe en
nuestra solicitud de patente co-pendiente. Otro objeto de la presente

11
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invencién es proporcionar b) una novedosa composicién de nanoarcilla-
almidén modificado quimicamente con dispersabilidad mejorada de la
nanoarcilla en la matriz, reactividad y capacidad de transformacion para la
reaccidn subsiguiente con poliésteres, como se describe en nuestra solicitud
de patente co-pendiente. |

[0030] Los componentes de la composicion de almidon modificado
quimicamente, biodegradable, empleados en el proceso, que estdn dentro
del 4mbito de esta invencion, incluyen preferiblemente los siguientes:
(I) Almidén preferiblemente seleccionado del grupo de almidén
de papa, almidén de maiz, almidén de maiz ceroso, almidén de
yuca, almidén de arroz, almidén de trigo y almidén de casabe y
similares
(II) Plastificante preferiblemente seleccionado del grupo de
compuestos polihidroxi incluidos glicerol, etilenglicol y
similares
(II) Modificador seleccionado del grupo de écidos dibdsicos y sus
compuestos de anhidridos ciclicos; y
{IV) Opcionalmente, iniciador de radicales libres seleccionado del
grupo de perdxidos similares.
Las reacciones propuestas son:

12
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Sintesis Maleica
H" (funcionalidad 4cida)
Almidén-OH (COOH) + R' -C(0) O-R" ——> Almidén-OCOR' (COOR™) + R"-OH(R'-COOH)
Anhidridos -«— Almidén Modificado
Quimica de Trans-esterificacién

[0031] El almidén (CgH;oOs)n, €s una mezcla de polimeros lineales
(amilosa) y ramificados (amilopectina). La amilosa es esencialmente un
polimero lineal de unidades de D-glucopiranosilo a(1—+4) enlazadas. La
amilopectina es un polimero altamente ramificado de unidades de D-
glucopiranosilo que contienen enlaces a(l—4), con enlaces a(l~6) en los
puntos de las ramas. El proceso de la presente invencion puede usar varios
tipos de almidones, tales como almidén de maiz ordinario que contiene
alrededor de 75% de amilopectina (polimero de almidén ramificado de peso
molecular més elevado) y 25% de amilosa (polimero de almidon lineal de
peso molecular méds bajo), asi como productos de maiz hibrido que
contienen mas de 50% de amilosa, comercializado por Corn Products, Inc.
(Chicago, Illinois). Varios otros almidones, tales como almidén de papa,

13
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almidén de yuca, almidén de arroz, almidén de trigo, almidon de casabe y
otros almidones familiares a los expertos en el arte pueden utilizarse de
acuerdo con la presente invencion. Composiciones que tienen niveles cada
vez mayores de polimeros de almidén lineal tienen la méxima probabilidad
de ser la eleccidén correcta en términos de capacidad de transformacion,
formacion de pelicula, moldeo y propiedades mecénicas. El componente de
almidén en la composicidn de almidén modificado quimicamente es 5% a

90% en peso, preferiblemente desde 50% a 80% en peso.

[0032] A las composiciones inventivas se agrega un plastificante para
obtener una mayor capacidad de transformacién del material y flexibilidad
del producto, aunque tipicamente los plastificantes ablandan las
composiciones en las cuales se incluyen. Los plastificantes preferidos son
alcoholes polihidricos. Més preferiblemente, se utiliza glicerol como
plastificante apropiado puesto que induce una alta flexibilidad, es
virtualmente inodoro, tiene un punto de ebullicion relativamente elevado, es
biodegradable y se obtienen en el comercio con un costo razonable. La
concentracién de plastificante en el producto final de almidén modificado
quimicamente es 15% a 50% en peso y, preferiblemente, desde 20% a 30%

en peso.

[0033] Los modificadores preferidos que son itiles en la presente
invencién tienen que proporcionar un producto éster de almidén modificado
quimicamente. El producto éster de almidon puede formarse
preferiblemente por reaccion de los grupos hidroxilo de almidén con un
icido dibésico o anhidrido ciclico para obtener enlaces éster con grupos
carboxilicos pendientes, como se muestra en Esquema l. El grupo
carboxilico pendiente derivado pueden catalizar asimismo la reaccion ya
mencionada entre los grupos hidroxilo en el almidén, y los &cidos dibdsicos
o sus anhidridos ciclicos. Los écidos dibasicos mas preferidos y sus
anhidridos ciclicos incluyen anhidridos maleicos, succinicos, itacdnicos,

ftalicos y estedricos y sus combinaciones. El modificador estd

14
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preferiblemente presente en una cantidad de alrededor de 0.5% a alrededor
de 10% en peso del polimero de almidén y proporciona asimismo un

ambiente dcido para la mezcla.

[0034] Opcionalmente, puede usarse un iniciador de radicales libres
para mejorar la resistencia del fundido del producto de almidén modificado
quimicamente. Se prefiere que el iniciador de radicales libres sea un
peréxido orgénico tal como 2,5-dimetil-2,5-bis (terc-butilperoxi)hexano,
terc-butilperoctoato, ferc-butilperoxipivalato, peréxido de dicumilo, 1,1-
bis(terc-butilperoxi)-3,3,5-trimetilciclohexano, bis(terc-butilperoxi-
isopropil)benceno y similares. En igual forma pueden usarse compuestos
azo, tales como azobisisobutironitrilo. El iniciador de radicales libres esta
presente en la cantidad de 0.01 a 2.0 % en peso de la masa total.

[0035] La presente invencién se refiere también a un producto de
nanoarcilla-almidon  modificado  quimicamente, preparado por
procesamiento con extrusion reactiva del almidén en la presencia de

modificadores, plastificantes y material de nanoarcilla.

|0036] Las nanoarcillas pueden ser dtiles para proporcionar una
resistencia mecénica incrementada, retardo a la llama, propiedades de
barrera de gas, y barrera mejorada al vapor de agua para el producto de
almidén nanoarcilla modificado quimicamente (ii). Otra incorporacién
preferida es que las nanoarcillas dtiles para la presente invencion se
dispersan bien en el producto arcilla-almidén modificado quimicamente,
biodegradable. Las nanoarcillas preferidas son arcillas de esmectita,
hectorita, incluidos filosilicatos tales como minerales de arcilla de
esmectita, por ejemplo, montmorilonita, particularmente montmorilonita
sodica; bentonita; hectorita; saponita; estevensita; beidelita; y similares.
Las arcillas utilizadas son tipicamente arcillas de esmectita, particularmente
bentonita y hectorita. Las arcillas de esmectita poseen algunas

caracteristicas estructurales similares a los minerales mejor conocidos, talco
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y mica. El rango preferido de nanoarcillas varia desde 0.5 a 25 % en peso
de la masa total.

[0037] El proceso de modificacién reactiva de almidén para formar
almidén plastificado, modificado quimicamente (CMPS), en una extrusora
evita los problemas tradicionalmente observados, tales como atascamiento
de la masa fundida de almidén plastificado en la boquilla o espumacién de
la masa fundida del almidén plastificado en la boquilla, observados durante
la termo-plastificacion ordinaria del almidén. El aparato utilizado en llevar
a cabo el proceso de extrusién puede ser cualquier extrusora tipo tomillo.
Aunque puede emplearse una extrusora de un solo tornillo o de doble
tornillo, se prefiere utilizar una extrusora de doble tomillo. Tales extrusoras
tendrin tipicamente tomillos rotativos en un cilindro horizontal ("a
horizontal cylindrical barrel') con un puerto de entrada montado en un
extremo y una boquilila de moldeo montada en el extremo de descarga.
Cuando se usan tornillos dobles, éstos pueden ser co-rotativos y con alto
grado de ajuste entre roscas o sin ¢l ("imtermeshing or non-
intermeshing'). Cada tornillo comprenderd un aspa helicoidal o secciones
roscadas y, tipicamente, tendra una seccion de alimentacién relativamente
profunda, seguida por una seccion de transicién ahusada y una seccion
dosificadora de profundidad constante, comparativamente superficial. Los
tornillos accionados mecdnicamente, se encajan por lo general
apretadamente en el cilindro o barril para permitir el mezclado,
calentamiento y cizalladura del material, a medida que pasa por la

extrusora.

{0038] El control de la temperatura a lo largo del barri! de la extrusora
es importante y se realiza en zonas en toda la longitud del tornillo. Con
frecuencia, se utilizan medios intercambiadores de calor, tipicamente un
pasaje tal como un canal, una cémara o perforacién localizada en la pared
del barril, para circular un medio calentado tal como aceite, o un calentador

eléctrico tales como los calentadores Calrod o tipo serpentin.
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Adicionalmente, pueden disponerse también medi intercambiadores de

calor en el eje del dispositivo de tornillo, o a lo largo de él.

[0039] De acuerdo con las précticas de diseflo convencional pueden
introducirse variaciones en cualquiera de los elementos utilizados en la
extrusora, segin se desee. Una descripcion més detallada de variaciones
tipicas de extrusién y disefio pueden encontrarse en "Encyclopedia of
Polymer Science and Engineering", volumen 6, 1986, paginas 571 a 631.

[0040] En la realizacion del proceso de extrusion, las temperaturas en
la extrusora variarin dependiendo del material particular, las propiedades y
aplicacion deseadas. Aquellas pueden variar desde alrededor de 100° a
250°C y, preferiblemente, variaran desde alrededor de 150° a 200°C.

[0041] Ademids, el almidén modificado quimicamente, biodegradable
(i), y las composiciones de nanoarcilla-almidén modificado quimicamente,
biodegradable (ii) pueden fabricarse en un proceso de paso inico, en donde
los componentes se mezclaron previamente entre sf y luego se introdujeron
en la boca de alimentacién de una extrusora de doble tomillo (tal como una
extrusora de dos tornillos co-rotativos Century ZSK-30) con una velocidad
de alimentacién de 500-9.000 g/h mediante dosificacion de un sélido.
Alternativamente, los componentes pueden introducirse separadamente; en
el caso de un componente liquido, por medio de una bomba peristéltica y,
en el caso de un componente sélido, por medio de una dosificacién de
s6lido con una velocidad de alimentacién de 40-8.000 g/h.

[0042] La composicion de almidéon modificado quimicamente,
biodegradable y las composiciones de nanoarcilla-almidon modificado
quimicamente, biodegradable, son particularmente Gtiles para fabricar
copolimeros de injerto poliéster-almidén, como se describe en nuestra

solicitud de patente co-pendiente, mencionada previamente.
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[0043] Los siguientes ejemplos experimentales demuestran la utilidad
de la presente invencién para formar almidén modificado quimicamente,
biodegradable (i), y composiciones de nanoarcilla-almidén modificado
quimicamente, biodegradable (ji).

[0044] Ejemplos de materiales fabricados de acuerdo con la presente
invencién son biodegradables, como se demuestra por métodos de ensayo
ASTM estindar.

EJEMPLOS
Ejemplo 1
[0045] La modificacién quimica de polimero de almidon se llevo a

cabo en la siguiente forma:

[0046] Almidén de maiz ordinario color perla plateado ("regular
silver pearl corn-starch”), obtenido de Cargill Inc. se modificé
reactivamente usando anhidrido maleico/dcido maleico en una extrusora
CENTURY co-rotativa de doble tornillo con un diémetro de tornillo de 30
mm y una relacién L/D de 40. Se molié anhidrido maleico (MA) hasta
obtener un polvo fino usando una maja y mortero y se mezclé con el
almidén (800 gm de almidén + [20 gm] anhidrido maleico) usando una
mezclador de cocina durante 15 minutos antes de cargarse al puerto de
alimentacion de la extrusora. El glicerol se mezclo con 2,5-bis(terc-
butilperoxi)-2,5-dimetilhexano (Luperox 101) {200 gm de glicerol + 1.6 gm
de Luperox 101} y se bombe6 a la extrusora usando una bomba peristéltica.
Las tasas relativas de la mezcla almid6n/MA a las mezclas glicerol/Luperox
101 se mantuvieron a 80:20. La curva de calibracién para la bomba de
glicerol se muestra en Figura 1. La configuracion del tornillo usada para el
tratamiento maleico ("maleation™) tenia como finalidad transportar y
amasar elementos, como se muestra en las FIGURAS 3A a 3C. Se aplico
un vacio de agua al puerto de purga para eliminar la mezcla de dcido

maleico sin reaccionar/agua. El almidén plastificado modificado
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quimicamente, CMPS, se recogié y moli6 hasta obtener un polvo fino. El
CMPS molido se almacend en un horno a 50°C. Las condiciones de
procesamiento con extrusién para el tratamiento maleico reactivo se ilustran
en la Tabla 1.

TABLA 1: Condiciones de Procesamiento con Extrusion en la Sintesis de
CMPS

ZONA AJUSTE ACTUAL UNIDADES
ZONA 1 15 39 °C
ZONA 2 95 103 °C
ZONA 3 125 122 °C
ZONA 4 145 146 °C
ZONA § 160 157 °C
ZONA 6 165 161 °C
ZONA 7 165 167 °C
ZONA 8 165 164 °C
ZONA 9 150 156 °C
BOQUILLA [145 147 _ °C
TEMPERATURA DE FUSION 148 °C
VELOCIDAD DEL MOTOR  [125 RPM
TORQUE 35 %
PRESION 92 Psia
VELOCIDAD DEL 155 (Tasa=12.3Ibsh) [%
ALIMENTADOR, CENTURY

BOMBA DE GLICEROL 0.1 (Tasa=3.071bs/h) (%
VELOCIDAD DEL — %
ALIMENTADOR,

EXTRUSORA

[0047] El CMPS producido se extrajo usando tetrahidrofurano (THF)
en un aparato Soxhlet para eliminar el anhidrido maleico y &cido maleico
sin reaccionar (formados con el agua presente en el almidén). El andlisis
FTIR (FIGURA 4) del residuo Soxhlet (luego de secar en un homo a 50°C
de un dia para otro) confirmé el injerto del anhidrido maleico en la
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estructura de sostén del almid6n con la presencia del pico éster de carbonilo

en 1720 cm™.

Ejemplo 2

[0048] Se siguié el procedimiento suministrado en el Ejemplo 1
usando modificador &cido maleico en lugar de anhidrido maleico. Se
extrajo el CMPS producido usando tetrahidrofurano (THF) en un aparato
Soxhlet para retirar el acido maleico sin reaccionar. El andlisis FTIR
(FIGURA 5) conducido en el residuo Soxhlet (luego de secar en un horno a
50°C de un dia para otro) confirmé el injerto del dcido maleico en la
estructura de soporte del almidén con la presencia del pico éster de
carbonilo en 1720 cm™.

Ejemplo 3
[0049] Se siguié el procedimiento en el Ejemplo 1 para producir
CMPS modificado usando 2.4 % en peso de anhidrido maleico, con y sin
iniciador. Se produjo almidén plastificado modificado quimicamente
(CMPS) por plastificacién de almidéon de maiz ordinario (Corn Products,
Inc., Brazil) usando 20% en peso de plastificante glicerol en una extrusora
de doble tornillo. Se determinaron la viscosidad intrinseca del almidén, PS,
CMPS (2.4 % en peso de anhidrido maleico y 0.1 % en peso de Luperox
101) y CMPS (sin Luperox 101) en disolvente DMSO usando un
viscosimetro Cannon Ubeholde (OB). La viscosidad intrinseca del almidén
fue de alrededor de 1.6 dl/g mientras que la de PS se redujo a 1.2 di/g. No
obstante, con el tratamiento maleico sin la adicién de Luperox 101, la
viscosidad intrinseca del CMPS cayé dristicamente a 0.29 dl/g. Esta
reduccion se atribuye a una disminucién en el peso molecular debida a la
hidrélisis del almidon en la presencia de acido maleico. No obstante, con la
adicién de Luperox 101, la viscosidad intrinseca crecié ligeramente a 0.31
dl/g. [Este aumento se atribuye a la ocumrencia de reacciones de

ramificacion o reticulado.
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Ejemplo 4
[0050] Modificacién quimica de polimero de almidén para formar
productos de nanoarcilla-almidén plastificado modificado quimicamente.

[0051] Almidén de maiz ordinario color perla plateado, obtenido de
Cargill Inc. se modificé reactivamente usando anhidrido maleico/dcido
maleico en una extrusora CENTURY™ co-rotativa de doble tornillo con un
didmetro de tomillo de 30 mm y una relacion L/D de 40 en la presencia de
BENTONE 166™, que es una arcilla de hectorita de alquilarilamonio,
obtenida de Elementis Specialties (Highstown, NJ), con caracteristicas de
dispersabilidad enormemente mejoradas. Se molié anhidrido maleico (MA)
hasta obtener un polvo fino usando una maja y mortero y se mezclo con el
almidon (800 gm de almidén + 20 gm de anhidrido maleico + 150 gm de
BENTONE 166) usando un mezclador de cocina durante 15 minutos antes
de cargarse al puerto de alimentacion de la extrusora. Se bombearon 200
gm de glicerol a la extrusora utilizando una bomba peristiltica. Las tasas
relativas de la mezcla almidon/MA/BENTONE 166 al glicerol se

mantuvieron a 80:20.

Ejemplo 5
[0052]) Se siguié el procedimiento en el Ejemplo 4 para producir
CMPS modificado usando 2.5% en peso de anhidrido maleico y BENTONE
111™, que es un derivado orgénico de una arcilla de esmectita especial,
obtenida de Elementis Specialties. Se molié anhidrido maleico (MA) hasta
obtener un polvo fino usando maja y mortero y se mezclé con el almidén
(800 gm de almidén + 20 gm de anhidrido maleico + 150 gm de
BENTONE 111) usando un mezclador de cocina durante 15 minutos, antes
de cargarse al puerto de alimentacién de la extrusora. Se bombearon 200
gm de glicerol a la extrusora utilizando una bomba peristéltica. Las tasas
relativas de la mezcla almidon/ MA/BENTONE 111 al glicerol se

mantuvieron a 80:20.
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Ejemplo 6
[0053] Se siguid el procedimiento en el Ejemplo 4 para producir un
producto arcilla-CMPS usando 2.5% en peso de anhidrido maleico y
Cloisite 30B™, que es una arcilla de montmorilonita modificada con sal de
amonio dihidroxicuaternario, obtenida de Southern Clay Products.

[0054] Preferiblemente los ésteres de almidon con el plastificante
(glicerol) tienen una viscosidad en el rango de alrededor de 0.15 a 0.3 dli/gm
en DMSO. El almidén natural tienen una viscosidad de 1.51 dl/gm y el
almidén plastificado tiene una viscosidad de 1.20 dl/gm. En consecuencia,

hay una viscosidad significativamente reducida.
[0055] Se pretende que la descripcién precedente sea unicamente

jlustrativa de la presente invencién y que la presente invencién se limite

s6lo por las reivindicaciones expuestas a continuacién.
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REIVINDICAMOS:

1. Una composicién que contiene una mezcla de ésteres de
almidén de un dcido dibasico o un anhidrido de un 4cido
dibésico, en donde la mezcla tiene una viscosidad reducida de
un almidén natural en sulféxido de dimetilo.

2. Una composicién a base de almidén que contiene un mezcla
reaccionada de un polimero de almidon biodegradable, un
modificador quimico seleccionado del grupo conformado por
un dcido orgdnico dibadsico, un anhidrido del dcido orgdnico

dibésico, o sus mezclas, y un plastificante.

3. Una composicién a base de almidén que contiene una mezcla
extruida reactivamente de un polimero de almidén
biodegradable, un modificador quimico seleccionado del grupo
conformado por un dcido orgénico dibasico, un anhidrido de
un écido orgdnico dibdsico y sus mezclas, un plastificante y,
opcionalmente, un iniciador de radicales libres para la
reaccion, en donde la mezcla se ha extruido con calentamiento

y purga de agua de la mezcla.

4, Una composicion a base de almidén modificado
quimicamente, biodegradable, que contiene una mezcla
extruida reactivamente que comprende un polimero de almidén
biodegradable, un modificador quimico seleccionado del grupo
conformado por un icido orgénico dibésico, un anhidrido de
un 4cido orgénico dibdsico y sus mezclas, un plastificante y,
opcionalmente, un iniciador de radicales libres para la reaccion
y .una nanoarcilla, en donde la mezcla se ha extruido con

calentamiento y purga de agua de la mezcla.

23



WO 2006/055504 PCT/US2005/041237

10.

La composicién de una cualquiera de las Reivindicaciones 1, 2,
3, 6 4 en donde dicho polimero de almidon se selecciona del
grupo conformado por almidon de maiz, almidon de papa,
almidén de yuca, almidén de arroz, almidén de trigo y almidén

de casabe.

La composicion de una cualquiera de las Reivindicaciones 1, 2,
3, 6 4 en donde el polimero de almidén en la mezcla estd
presente en una cantidad entre alrededor de 5% a 90% en peso

de la mezcla.

La composicion de una cualquiera de las Reivindicaciones 1, 2,
3, 6 4 en donde polimero de almidén es un almidén no
modificado, oxidado o almidén hidrolizado en medio acido con
una viscosidad reducida en caliente ("thin boiling starch'’) de
0 a 95 grados de fluidez.

La composicién de una cualquiera de las Reivindicaciones 1, 2,
3, 6 4 en donde el polimero de almidén tiene un contenido de
humedad de alrededor de 0.5% a 15% en peso.

La composicion de una cualquiera de las Reivindicaciones 1, 2,
3, 6 4 en donde dicho polimero de almidén estd en forma
pulverizada.

La composicién de una cualquiera de las Reivindicaciones 2, 3,

6 4 en donde el plastificante es un alcohol polihidrico.

La composicién de una cualquiera de las Reivindicaciones 2, 3,
0 4 en donde el plastificante esta presente en una cantidad entre
alrededor de 10 a 50 % en peso de la mezcla.
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12. La composicion de una cualquiera de las Reivindicaciones 1, 2,
3, 6 4 en donde el modificador quimico es el dcido orgdnico
dibésico.

13. La composicién de una cualquiera de las Reivindicaciones 1, 2,
3, 6 4 en donde el modificador quimico es el anhidrido.

14. La composicion de una cualquiera de las Reivindicaciones 1, 2,
3, 6 4 en donde el modificador quimico estd presente en una
cantidad entre alrededor de 0.5% a alrededor de 10% en peso
del polimero de almidon.

15. La composicion de la Reivindicacion 4 en donde la nanoarcilla
se selecciona del grupo conformado por montmorilonita;
esmectita, hectorita y sus mezclas.

16.  La composicién de la Reivindicacién 4 en donde la nanoarcilla
estd presente en una cantidad entre alrededor de 0.5 a 25 % en

peso de la mezcla.

17. La composicion de la Reivindicacién 3 en donde el iniciador
. de radicales libres estd presente y es 2,5-bis(terc-butilperoxi)-
2,5-dimetilhexano.

18.  La composicién de la Reivindicacién 3 en donde el iniciador
de radicales libres estd presente en la mezcla en una cantidad
entre alrededor de 0.01 a 2.0 % en peso de la mezcla.

19. La composicién de una cualquiera de las Reivindicaciones 1, 2,
3, 6 4 en donde la mezcla se procesa en una extrusora de doble
tomnillo a una temperatura en el rango de alrededor de 100°C a
200°C.
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20. La composicién de una cualquiera de las Reivindicaciones 1, 2,
3, 6 4 en donde los 4cidos o anhidridos se seleccionan del
grupo conformado por maleicos, succinicos, itacénicos,

ftilicos y sus mezclas.

21. La composicion de una cualquiera de las Reivindicaciones 1, 2,
3, 6 4 en donde el modificador quimico es alrededor de 2% a
5% en peso del polimero de almidon de la mezcla.

22, Un proceso para preparar una compaosicion a base de almidén
que comprende combinar reactivamente una mezcla que
contiecne un polimero de almidén biodegradable, un
modificador quimico seleccionado del grupo conformado por
un 4cido organico dibasico, un anhidrido de un dcido organico
dibésico y sus mezclas, un plastificante y, opcionalmente, un
iniciador de radicales libres, en donde la mezcla se extruye con

calentamiento y purga de agua de la mezcla.

23.  El proceso de la Reivindicacion 22 en donde el polimero de

almiddn y el modificador se mezclan como polvos.

24.  El proceso de la Reivindicacién 22 en donde el procesamiento
tiene Jugar a una temperatura entre alrededor de 130 y 180°C.

25.  Lacomposicion de una cualquiera de las Reivindicaciones 2, 3,
6 4 en donde ¢l plastificante es glicerol.

26. La composicién de una cualquiera de las Reivindicaciones 2, 3,

6 4 en donde el plastificante es alrededor de 15 a 30% en peso

de la composicién.

26
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27. La composicion de una cualquiera de las Reivindicaciones 1, 2,
3, 6 4 en donde el acido es acido maleico y el anhidrido es
anhidrido maleico.
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From the INTHRNATIONAL SEARCHING AUTHORITY

PATENT COOPERATION TRE

To

IAN C. MCLEOD PCT

MCLBOD & MOYNE, I'.C. NOTIFICATION OF TRANSMITTAL OF

2190 COMMONS PARKWAY H -C
OKEMOS, Mi 43864 THE INTERNATIONAL SEARCH REPORT AND

THE WRITTEN OPINION OF THE INTERNATIONAL
SEARCHING AUTHORITY, OR THE DECLARATION

(PCT Rule 44,1)

4

2

Dats of mail; _
N oy T " o reformcs FOR FURTHER ACTION Seo paragraphs | and 4 below
Intemational application Na. ’ International filing date
PCT/US05/41237 ) (daywmanth/year) 15 November 2005 (15.11.2005)
Applicant -
MICHIGAN STATE UNIVERSITY

2

4

Ths applicant is herchy notified that fhe international peasch raport and the written opinioa of the Intersational Searching Authority
have been eotablished aad are transmitied heywwith,

Fliing of smesdmenty and sistement under Article 19;
The applicant i entitlad, if be s0 wishes, to armnd the claims of the international applitation (see Ruls 46):
When? The time limit for (ing such wrendments is nermally two monfhs from the dats of transmiital of the intrres tional
smrch reporl
Where? Direcily lo Lbe Inlernational Bureau of WIFO, 34 chemin des Colamboties
1111 Gensva 20, Switzeriand, Fuczimile No.: (41-22) 338.82.70,

For mors Jdetailed inatroctinne, see the notes oa the accompanying shest.

[} The applicant s hersby notified that 5o international search report will be ssteblsbed and that tha dochrafion uader
Article 17(2)(s) o that affuct snd the wrillsn opision of the [ntermational Searching Anthority are transmitied barewith.

[] Wunh rogant te the protest egainst payment of (an) sddificus] fe(s) under Rale 40.3, the spplicant is notified hat:

D fho protest fogeiher with the decinion thoreon has boen tranamitted 1o the Iniwmstionn! Bureau together with the wpplioant’s
request to forward the tesis of both the protest and the decigion thereon to the designated Officey,
no deoisivn has bes mads yet on the protest; (e spplicent will be notified as soon as a decizion is mads.
Remindars

Shortly afler e expimtion of 18 menths Fom ths priority date, the internstional spplication will be prblished by the Intrrmational
Bursan. If the spplicant wishea to avoid or postpane publication, & notics of withdmawal of ths intlemational spplication, ar of the prierily
claim, nmsi reach the Intemaliona] Bursan as provided in Rules 905is.1 and 90#ir.3, respoctively, before the completion of the tochsical
preparations for internationsl publication.

The epplicasi may sabmit commen on an informal basis on the writlen opinion of the Inismational Searching Anthorily to the
luternational Buresw The Inletmational Bureau will send u copy of such conunemts to afl designated Offices uniem sn indsrmational
prelminary exantimation report has besn or is to be eshablished. These commenis wonld also bs mado availahle Lo the public but pot
bafore the expiration of 30 months from the priority dats.

Withiu 19 mentl frem the priotity dats, but only in respect of some designaisd Offices, & demund [ar internations] prelimisary
examination must be filed if the appBcant wishes ko posipone (he entry into the national phase untll 30 months fram the pricrity date (in
some Officas even latar); atherwise, the applicant owat, within 26 montha from the priority daie, perform the prescribed acla for eafry
into the national phuss befire (hose designated Olfices.

In respect of other designated Offices, Dhe lime limit of 30 montim (or later) will apply oven if no demand in filed within 19 montha

Seo the Annex to Ferm PCT/IR/0] and, for delajls about the applicabls time Jimius, Office by Qffice, s0e the PCT Applicont 's Guide,
Voluma I, National Chapters and the WIPO Infernet site.

_ A
Name and ouiling addreay of the IEA/ US Autharized officer !
Ml Siop FCT, Atta: EVUS Kevmski Wal Jean
Coummiminney for Patonts rynski William
FO.Box 1430 Paral list
. Alexandria, Virgigia 223 13-1450 Telephene No. 571-272-1024
Facximile No. (571) 273-3201

Form PCT/ISA/220 (Januasy 2004)

(Ses notes on accompenying shest)



PATENT COOPERATION TREATY ()x%

PCT

INTERNATIONAL SEARCH REPORT
(PCT Article 18 and Rules 43 and 44)

Applicant’s ar sgent’s file refornaco FOR FURTHER o8 Form PCT/ISA/220
MSBU 4.2-T24 ACTION as wull as, whae spplicable, item 5 beir.
Imoroational spplication Ne. Internationel filing dute (dawimonthAear) | (Barlieet) Priority Duts (dawinonih/yaar)
PCT/US05/41237 15 November 2005 (15.11.2005) 19 Novernber 2004 (19.11.2004)
L
MICHIGAN STATE UNIVERSITY

This intornational soarch report has besn prepared by this Intemnational Searching Authority end is ranamitted {o the applicant
according to Article 18. A copy is béing transmitted {o {he Intornational Bureau

This international search report consists of s total of sheels. .
It is also sccompanied by a copy of each prigr art document cited in this report.

1. Bssis of the Repert
[ W‘nhgndbhlw.ﬂn internationa) search was carried out on the baris of

the international applicetion in the language in which it was filed.
& tranalation of the intemational application into __. , which is the langunge
of « tranlation farmished for the purposes of intamational sesrch (Rulss 12.3(s) and 23.1(5))
b.D With regard to any nucleotide and/or amino scid sequence disclosed in the international spplication, see Bax No. L
2 D Certain clsimw were found unsearchable (See Box No. II)

3. L) Unityofmventionts lacking (See Box No. I)
4. With regard tothe title,

the text is approved as submitted by the applicant.
ths text has been oatublished by this Antherity to resd as follows:

5.  With regard to the sbatraet,
the taxt is approved as submitted by the applicant.
the text has been established, according to Rule 38.2(b), by this Authority as it appears in Bax No. IV, The spplicant
may, within one month from the date of mailing of this international search report, submit cormments to this Authority.

6.  With regard to the drawings,
o the of the drawings to be published with the abstract is Figure No. _____

ns suggesied by the applicant.

as selected by thin Authuority, because the applicant failed to suggest & gure.

as selected by this Autherity, because this figure better chamoterizes the invention.
b D none of the figures is to be published with the abstract.

Form PCT/ASA/210 (first sheet) (April 2003)




INTERNATIONAL SEARCH REPORT

A *)\

Interndti
PCT/USOS/41237

tion No.

A CLASSIFICATION OF SUBJECT MATTER
PC: COBH 30/12( 2006.01);C0J 103/06( 2006.01)

USPC: 536/48;106/207.1,207.5

According to International Patent Classification (IPC) or to both nsticoal classification and IPC

B.  FIELDS SEARCHED

U.S. : 536/48; 106/207.1,207.5

Minimum documentstion searched (clamification system followed by classification symbols)

Documentation searched otber than minimumm documentation (o the etent thet such documents are included in the fields searched

Hlectronic data base consulted during the international search (name of data base and, where pmcticable, search terma used)

C DOCUMENTS CONSIDERED TO BH RELIEVANT

"L*  docurmmd which nwy throw donbis o priorty elsien(s) or which s olied io
establish the publiostion date af mother citstion o other specis] rees (=

docansal refiaving to s oral disolosare, nse, sxbibilion ar olker mesens

"7 doowt published prior to the irternations] Gllag dete but xier thas the
pririty date clsicned

o

Category * Citalion of document, with indication, where sppropriate, of the relevant passages Rolevant to claim No.
X US 4,011,392 A (RUDOLPH et al) 08 March 1977, scc enlire Socument. 1,2 5-14,20,21,27
Y US 2003/0141637 Al (KBSSELMANS et a) 31 July 2003, see enfire document. 3, 5-14,17-21,26-27
Y UH 4,291,803 A (BOVIER et al) 04 November 1980, sec entire document. 2542, 2543
I_—_l Further docoments are listed in the continuation of Box C. I:] See patent fmily ammex.
. Spooisl cxtegrwiew of cilnd docarants T Inter dooorest published alter the intemstionsl Gling dute or pricsily
ddaiw and nol I confliol with the spplivetion but ciied to Soderstend the
A" dommnt definingthe peosral siste of ths st wiko)) s ot considered to be of principle or thexy endutyiag the nveation
puriiubr relevnes
- deomres? of pertisnlnr relsvencs; the olairnd inventios ssnnet be
“E"  extlisr wpplstion or patent published on or after the niemstioes] fling dets camiderel nowl or camnot be contilered to involve m inveslive slop
whan the doowrsesd & faken sloas

domment of partiouler ralevencs; Lhe olakned kovestion esnnot be
oaeidered to lnvalve s nventive slep when the docsont b eondvined
with one or moew other such docormnts, ssch combination being
obvinns to & parsos skilled o the et

& dooura e  of the sexs patent fenily

Date of the actual completion of the international search
14 September 2006 (14.09.2006)

Name and mailing sddress of the ISA/US
Mail Siop PCT, Atin: INA/US
Conunissioner fbr Patents
P.O, Bax 1430
Aloxandria, Virghria 22313-1450

Facaimile No. (571) 273-3201

Dete of mailing of the interatianal 3_11.6-61_]_ , l

Authorized officer
Krynski William
Telephme No. 571-272-1024

Form PCT/ISA/210 (second sheet) (April 2005)




From the
INTERNATIONAI, SEARCHING AUTHORITY
To:

IAN C. MCLEOD
MCLEOD & MOYNE, P.C.

PATENT COOPERATION TREATY X\ ()‘9 .

2190 COMMONS PARKWAY
WRITTEN OPINION OF THE
KEMOS, M1 48864
° INTERNATIONAL SEARCHING AUTHORITY
(PCT Rule 435is.1)
Dute of rmiling 1
daymont |
Applicant’s or agent's file referonce FOR FURTHER ACTION
MSU 4274 See paragraph 2 bolow
Intermational application No. “Intermational filing dats (dawinontkjear) | Priority date (dawinonth/year)
PCT/US05/41237 15 November 2005 (15.11.2005) 19 November 2004 (19.11.2004)

USPC:  536/48,106/207.1,1067207.5

Tnternational Paterd Clamification (IPC) or both neticnal classifiostion and IPC
IPC:  COSB 30/12( 2006.01),C08J 10M06( 2006.01)

Applicant
MICHIGAN STATE UNIVERSITY

1. This opinion condaine itdications relating 1o the following fema:

Non-establishment of opinion with regwrd to novelty, inventive step and industrial applicability

Rensoned statement under Rule 4350r.1(n)(]) with regard to novelly, inventive step or industrial
applicability; ciiations and explnnations supportiog such siatement

Certain defects in the internstional applicatioa
Coertain olservations on the international application

E BoxNo. [ Basiy of the opinion
D Bex No. If Priority

[] BaNom

D Bax No. IV Lack of unity of invention
D4 BaNav

[] BaNaVi  Cartain doouments ited
[ BaxNo v

D Bax No. VIII

If this opinion is, as provided abuve, considered 10 be & written opinion of the JPEA, the spplicant ix invited to subgit 10 the
IPEA a written reply together, where appropriate, with smsndments, before the expiration of 3 months from the date of ouiling
of Form FCT/ISA/220 or before the expimtion of 22 months from the pricrity date, whichever expires later.

Por furiher options, see Form PCT/ISA/220.

3. Far further detaily, sce notes to Form PCT/ISA/220.

Name and mmiling address of the ISA/ US
Mail Stop PCT, Attn: IRA/US
Commissionsr for Patanis
P.O. Box 1430
Alavandris, Virginia 22313-1450

Faasimile No. !.'ﬂl) 733201

"Date of completion of this opinion
14 Scptember 2006 (14.09.2005)

Authorized officer
Krymki WilliamJean P

Telephone No. 51?31@!5% list

Farm PCI/ISA7237 (cover shest) (April 2003)




Internutionsl appli B
WRITTEN OPINION OF THE .
INTERNATIONAL SEARCHING AUTHORITY PCT/US05/41237

Box No. [ Basis of this opinjon

1. With regand to the Innguege, this opinion has been sstablished on the basis of:
B the intemationsl application in the langnage in which it was filed

D a translation of the intermational application into ; which is the langunge of s translation furnished for the purposca of
internationa] search (Rules 12.3(a) and 23.1(b)).

2 With rogard lo anry nurleotide and/or amino scid sequence disclosed in the intermational application and necessary 10 the plnimed
invention, this opimion has been established on the basis of:

s typc of material
[ & sequeme tisting. -
[ 1ables) related 1o the sequence listing

b format of material
[ en peper
[ in toctronic fam
c. iime of filing/furnishing
[0 comained in the internationa! application as filed,
[ fited together with the international application in electronic form.
[] turnisbwd subsequestly to this Autbority for the purposes of sarch.

3.D In nddition, in the cass that more than one version or copy of & soquence listing end/or table(s) relating thereto has been filed
or furnished, the required statements that the information in the subsequent or additional copies ia identical w0 thet in the
application as filed ar does not go beyond the application as filed, as nppropriste, were furnished.

4. Additional comments:

Form PCI/ISA/237(Bax No. 1) (Agrl 2005)
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International appli
WRITTEN OPINION OF THE PCT/US0541237

INTERNATIONAL SEARCHING AUTHORITY

BoxNo. V Reasoned statement under Rule 43 biz.1(2)(T) with regard fo novelty, inventive step or industrial
applicablility; citationy and explenations supporting such statement

1. Statement
Novelty (N) Claims 3-4, 1519, 22-26 YES
Claims 1,2, 5-14, 2021, 27 NO
Inventive siep (IS) Claims 15-16,22-24 YBS
Claims 1-14, 17-21, 2542 2543 NO
Industrial applicability (IA) Claims 1-27 YBS
) Claims NONE NO
2. Citations and explangtions:

Claima 3-4, 15-19, 22-26 oyt the criteria set out in PCT Article 33(Z), becauss the prior mt does not teach or fairly suggest the oluim
limitati

Claims 15-16, 22-24 mest tho criteria set out in PCT Article 33(3), beosuse the prior arl does not teash or fairly suggost the claim
Tinzitetions.

Claims 1-27 meet the criteria set out in PCT Articls 33(4), amd thus have industrial spplisability becavae the sulject malter claimed can
be made or used in industry.

Claims 1, 2, each of olaims 5-14, 20, 21 and 77 depending from claims 1 and 2 and claim 26+2 lack novelty under PCT
Artiole 33(2), as baing anticipated by US 4011392

ThmnphoﬂbnﬁmhnhﬂufmdlmhmbyMMWﬁnwmlud:lgnm:,nnln:
and phthalic acids and the cotresponding aahydrides. Example 2 discloset & composition comprising 60% starch estar and 20% butyl
cellonolve - » polyhydric alcohol plasticizer. The similar starting wterials and process conditions woukl be expecied to produse
products exhibiting similar properties.

Clains 3 and 5-14, 17-21, 26 and 27 &3 dependent from claim 3 and claime 23-24 lack an inventive sep umier PCT Asticle
33(3), aa being obvious over US 4011392, as applied above, in viow of US 2003/014637.

The difference between these claims and the primary reference is the composition is reactively extruded. US 2003014637,
pamgmph [0035] teaches starches can be estezified uxing any conventional reagent by mixing the starch and reagent, such zs anhydride,
in an axtruded operated ot 125-160 C. It would have been obvious to one of ardimry skifl in the art to cary out the resotion in an
axtruded becsuse the secondary referenoe tsmches it would be cxpeoted 1o work for any conventional estorification agent.

Claims 25+2 and 2543, lnck an inventive step under PCT Asticle 33(3), aa being obvious over US 4011192, es applied above,
in vicew of US 2003/014637 in farther view of US 4231803.

The limitation added by clsim 25 is that the plsatioizor is glyeerol. Claim 2 teaches one of ordinery skill in the mrt thet
glyeerol is o« musfil plastioizer for starch osters. It would have been obvions 10 one of ardinary skill in the art to uss giycerol as the
plasticizer in the prior art combination for thet reason.

Clrirzs 15, 16 and 5-14, 19-21 and 25-27 as dependent upon claim 4 are allownble over the prior ert of recond. The prior art fiils to
teach or sugyest the improvements obtained by adding a nanoclay 10 & reactively extroded mixture of starch and a chemnioal modifier of
& dibaxic organic acid or anhydride thereof and a plasticizer.

Fonn PCTAISA/237 (Box No. V) (April 2005)
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NOTES TO FORM PCT/ISA/220

These Notes are intended to give the basic instructions conceming the filing of amendments under Article 19. The
Notes are based on the requirements of the Patent Cooperation Treaty, the Regulations and the Administrative Instructions
under that Treaty. In casc of di cy between these Notes and those requirements, the latier are spplicable. For more
detailed information, sce also the Applicant's Guide, a publication of WIPO.

In thege Notes, “Article,” “Rule” and “Section” refer to the provisions of the PCT, the PCT Regulations and the PCT
Administrative Instructions, respectively.

INSTRUCTIONS CONCERNING AMENDMENTS UNDER ARTICLE I9

The applicant has, after having received the intemational search report and the written opinion of the International
Searching Authority, one opportunity tb amend the.claims of the international apglication. It should however be emphasized
that, since all parts of the iniemational application (claims, description and drawings) may be amended during the
intcrnational preliminary examination procedure, there is usually no need to file amendments of the claims under Article 19
except where, e.g. the applicant waniz the latter lo be published for the purposes of provisional protection or has another
reason for nmendinf the claims before international publication. Furthermore, it should be emphasized that provisional
protection is available in some States only (see PCT Applicant ‘s Guide, Volume I/A, Annexes Bl and B2).

The attention of the applicant is drawn to the fact that amendments to the claims under Article 19 are not allowed where
the International Searching Authority has declared, under Article 17(2), that no international search report would be
cstablished (see PCT Applicant's Guide, Volume [/A, paragraph 296).

What parts of ihe international application may be amended ?
Under Article 19, only the claims may be amended.
During the intemnational phase, the claims may also be amended (or further smended) under Article 34 before the

Internaticnal Preliminary Examining Authority. The description and dawings may only be amended under
Article 34 before the Inicrnational Preliminary Examining Authority.

Upon entry into the national phase, all parts of the internaticnal application may be amended under Article 28 or,
where applicable, Article 41.

When? Within 2 months from the dale of transmittal of the international search report or 16 months from the priority date,
whichever lime limit expires later. It should be noted, however, that the ssnendments will be considered as having
been received on time if they are received by the International Bureau after the expiration of the applicable time
limit but before the completion of the technical preparations for international publication (Rule 46.1).

Where not to flle the amendments ?
The smendments may only be filed with the International Bureau and not with the receiving Office or the
Intemational Searching Authority (Rule 46.2). ;

Where a demand for international preliminary cxamination has been/is filed, see below.

How?  Either by cancelling one or more enlire claims, by adding one or more new claims or by amending the text of one
or more of the claims as filed.

A rcplacement sheet must be submitted for each sheet of the claims which, on account of an amendment or
amendments, differs from the sheet originally filed.

Al the claims appearing on a replacement sheet must be numbered in Arabic numcrals. Where a claim is
cancelled, no renumbering of the other claims is required. In all cases where claims are renumbered, they must be
renumbered consecutively (Section 205(b)).

The amendments must be made In the language in which the International application ls to be published.

What documents must/may accompany the amendments ?
Letter (Section 205(b)):
The amendments must be submitted with a letter.

The letter will not be published with the intcrnational application and the amended claims. It shouid not be
confused with the “Statement under Article 19(1)" (sce below, under “Statement under Article [9(1)").

The letter must be In English or French, at the choice of the applicant. However, if the language of the
International appiication is English, the letter must be In English; If the language of the international
application Is French, the letter must be in French.

Notes to Form PCTASA/220 (first sheet) (January 2004)
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PeT RECEIVED

- PATENT COOPERATION TREA

NOTIFICATION OF RECEIPT OF 9
MCLEOD, lan, C. MAKR (2 2006
RECORD COPY McLeod & Moyne, P.C.
(PCT Rule 24.2(a)) 2130 Commons Parkviapyl G, MCLEOD

Okemos, Ml 48864
United States of America

Date of mailing {day/month/year)

12 February 2006 (12.02.2006) IMPORTANT NOTIFICATION
Applicant’s or agent’s flle reference Intemationsl applicstion No.
MSU 4.2-724 PCT PCT/US2005/041237

The applicant is heraby notified that the Intemational Bureau has received the record vopy of the International application as
detailed below.

Namu(s) of the applioant(s) and State(s) for which they are applicants:

MICHIGAN STATE UNIVERSITY (for all designated States except US)
NARAYAN, Ramani et al (for US)

Intetnational filing date : 156 November 2005 (15.11.2005)
Priority date(s] claimed : 19 November 2004 (19.11.2004)
Date of reoeipt of the record copy

by the Internetional Bureau : 19 Janvary 20086 {19.01.2006)
List of deslgnated Offices :

AP :BW,GH,GM,KE,LS,MW,MZ,NA,SD,SL,5Z,TZ2,UG,ZM,ZW

EA :AM,AZ,BY,KG KZ,MD,RU,TJ, TM

EP :AT,BE,BG,CH,CY,CZ,DE, DK, EE,ES,FI,FR,GB,GR,HU,IE,IS,IT,LT,LU,LV,MC,NL,PL PT,RQ,
SE,SI,SK, TR

OA :BF,BJ,CF,CG,CI,CM,GA,GN,GQ,GW,ML,MR,NE,SN,TD, TG

National :AE,AG,AL,AM,AT,AU,AZ,BA,BB,BG.BR,BW,BY,BZ,CA,CH,CN,CO,CR,CU,CZ,DE,DK,DM,
DZ,EC,EE,EG,ES,FI,GB,GD,GE,GH,GM,HR,HUV,ID,IL,IN,IS,JP,KE,KG,KM,KN,KP,KR,KZ,LC,LK,
LA,LS,LT,LU,LV,LY,MA,MD,MG,MK,MN,MW,MX,MZ,NA,NG,NI,NO,NZ,0M,PG,PH,PL.PT,RO,RU,SC,

The imernations! 8 o WIPO Authorized officer:
34, chamin des Colombettes Héléne CAMPIN (Fax 338 8965)
1211 Geneva 20, Switzerland
Facsimile No. {41-22) 338.80.85 Telephone No. (41-22} 338 8716

Form PCTAB/301 (January 2004) 106903076

- SD,SE,SG,5K,51,5M,5Y,TJ,TM, TN, TR IT,TZ,UA, UG, US,UZVC,VN,YU,ZAZM2ZW . . . . ..
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. Continuation of Form PCTNB/301 (\@/ 4 %0
-

NOTIFICATION OF RECEIPT OF RECORD COPY

L e e L S

Data of mailing {day/month/year)

12 February 2006 (12.02.2006) IMPORTANT NOTIFICATION
Applicant’s or agent'a fils reference Imernational application No.

MSU 4.2-724 PCT PCT/US2005/041237
ATTENTION

The applicant should carefully check the data appearing in this Notifioation. In case of any discrepancy between these data
snd the Indications in the inerristions! application. the applicant should immedistely inform the internstionsl Buresu,

in sddition, the applicant’s sitention = drawn 1o the information corrtained In the Annex, relating 10:
- time limits for entry Into the national phase - ses updated impaortant Information (as of April 2002}
- requiremems regarding priarity documents (if applicable)

A copy of this Notification is being sent to the recsiving Office and to the International Searching Authority.

mees A e oma s o we AR - s e s

Form PCTAB/301 {continuation sheet) (January 2004)
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Imternational application No.

ANNEX IO FORM PCT/1B/301 J p(i US2006/041237
. &

INFORMATION ON TIME LIMITS FOR ENTERING THE NATIONME

The applicant Is reminded thet the “national phase™ must be ermtored bafore aach of the designated Offices indicated on
the cover sheet of this Notification by paying national fees and furnishing translations, as prascribed by Articles 22 snd 38 and
the applicable national laws. In addition, the applicant may elso have to comply with other special requirsmeants applicablé
In cartain Qffioes. It is the applicant's responaibility 10 ensure the necessary steps to enter the national phase are teken in a
timely fashlon. Moast Offices do not lesue remindars to applicants in connectlon with the entry into the national phass.

The applicable time limit for eantering the national phase will, subject to what I3 said in the following paragraph, be
30 MONTHS from the priority date, not only In respect of any elected Office if a demand far international preliminary

" examination ia filed befors the expiration of 18 months from the priority date (see Article 39(1)). but also In raspect of any

designated Office, In the absence of filing of such demand, where Article22(1) as modified with effect from 1 April 2002
spplies in respact of that designated Office. For further details, see PCT Gazette Na. 44/2001 of 1 November 2001, pages 18928,
18832 and 19934, as well as the PCT Newslsttar, October and November 2001 and Februsry 2002 lssues-

In practice, time kimits other than the 30-month time limit will continue to apply, for verious pariods of ime, in respect of
certain designated or slected Offices. For regular updates on the applicable time limits (20, 21, 30 or 31 months, or other
time limit), Offlce by Office, refer 10 the PCT Gazette({"Section V" part published on & weekly basis), to the PCT Newsletter
{on a manthly basls) and to the relevent Natlonal Chapters in Volumae Il of the PCT Applicant's Gulde (the paper version of
which is updated usually twice u yesr and the internet version af which Is updated usually on a weakly basls). Finally, a
oumulative tabls of sll spplicable time limits for amesing the netional phase is aveilable from WIPO's Imemiet she, via finks
from various pages the site including those of the Gazetts, Newslstter and Guide, at http:/Avww.wipo.int/pet/enfindex.html.

Information dbout the requirements for fillng a demand for intarnational prefliminary examinstion is set out In the PCT
Applicant's Quide. Volume VA, Chapter IX. Note that only an applicant wha Is a national or resident of a PCT Contracting

State which is bound by Chapter Il has tha right to file 8 damand for International preliminary examination (at present, all
PCT Contracting States are hound by Chapter I}

REQUIREMENTS REGARDING PRIORITY DOCUMENTS
For applicants who have not yet complisd with the requiremeants regarding priority dosumants, the following is recalled.

Whera the priarity of an esrller natlonal, regional or internstional spplication is claimed, the applicant must submit a copy
of the said eariler application, certified by the suthority with which it was filed {"the priority document™) to the recelving Office
{which will transmit it to the International Bursay) or directly to the Internetional Bureau, before the expiration of 18 months from
the priority date, provided that any such priority docurment may stlll be submitted to the International Bureau befors that date of
internetional publication of tha international application. In which case that document will ba considerad to have been received
by the International Buresu on the last day of the 18-month time limit {Rule 17.1{s)).

Where tha priority document ls issued by the receiving Offics, the applicant may, instesd of submitting the priority
documeént, request the receiving Offios to prepare and transmit the priority document to the International Bureau. Such request

must be made before the axpiration of the 18-month time limit and may be subjected by the recaiving Offlces to the paymant
of a fes {Rula 17.1({b}).

if the priority documant concarned is not submitted to the Imernational Buresu or if the raquest to the receiving Office

-—--t0-prepare and-transmit the priority document has not been-made (and the corresponding.fes,-if any, paid) within the applicable

time limit indicated under the praceding parsgraphs, sny designated State may disregard the priority clalm, provided that no
dasignated Office may disregard the priority clalm concerned before giving the applicant an opportunity, upon entry Into the
netional phase, to furnish the priority document within the time limit which is reasonable under the circumstances {Rule 17.1{a})-

Whers severul priorities aze claimed, the priority date to be considered for the purposss of computing ths 18-month time
limit (and sl other PCT time limits) is the filing date of the earllest applicstion whose priority fs claimed {Artiole 2{xi){b)).

Form PCTAB/301 (Annex) {January 2004) 0068903078




- PATENT COOPERATION TREA . .

PCT

NOTIFICATION CONCERNING
SUBMISSION OR TRANSMITTAL
OF PRIORITY DOCUMENT

{(PCT Administrative Instructions, Section 411)

CT/US2005/041237
From the INTERNATIONAL BUREAU

RECEIVED

APR 06 2008
McLeod & Moyne, P.C.

2180 Commons Parkway AN C. MCLEOQD
Okemos, M| 48884

ETATS-UNIS D'AMERIQUE

Duts of mailing (daymontivyear)
28 March 2006 (208.03.20086)

Applicant’s or sgents file referencs

MSU 4.2-724 PCT IMPORTANT NOTIFICATION
Intemnational application No. International filing date (dawimonthiueer)
PCTAUS2005/041237 15 November 2005 (15.11.2005)
Imernational publication date (daymanth/psar) Priority date (dapwinonthiyear)
Not yet published 19 November 2004 (19.11.2004)
Applicant

MICHIGAN STATE UNIVERSITY et el

1. By mesns of this Form, which replaces any previoualy issued nolification concerning submission or transmillal of priority

documents, the applicant is hereby nolified of the date of receipt by the Intemational Bureau of the priority document{s) rclsting to
all earlier application(s) whose priarity is claimed. Unless otherwise indicated by the lelters "NR", in the right-hand column or by an
asterisk appearing next to a date of receipt, the priority document concerned was submilied or transmiited to the International Buresu
in compliance with Rule 17.1(a) ar {b).

- (If applicable) The letters “NR* sppearing in the right-hand column denote s priority document which, an_the datc_of mafling of
this Form, had not yet been recelved by the International Buresu under Rule [7.1(a) or (b). Where, under Rule 17.1(a), the
priority document must be submitied by the epplicant to the recciving Office or the International Bureau, but the applicant fails 10
submit the priority document within the applicable time limit under that Rule, the atiention of the applicant is directed to Rule
17.1(c) which provides thal no designated Office may disregard the priority clsim concemned before giving the applicant an
opportunily, upon entry into the national phase, to fumish the priority documnent within a time limit which is reasonable under the
circumstances,

. (If applicablg)An asterisk (*) appearing ncxt to a date of receipt, in the right-lund column, denotes a priority document submitted
or transmitted to the Internationzl Bureau but not in compliance with Rule 17.1(a) or (b) (the pricrily docuinenl was received
after the time limit prescribed in Rule 17.1(a) or the request to and trapamit the priority document was submitted to the
receiving Office afler the applicable time limit under Rule 17.1(b)). Even though the priority document was not furnished in
complisnce with Rule 17.1{a) or (b), the International Buresu will nevertheless tranamit a copy of the document to the designated
Officen, for their consideration, In case such & copy is not accepted by the designated Office as (he priorily document, Rule 17.1(c)
provides that no designated Office may disregard the priority claim concemed before giving the applicant an opportunity, upon entry
into the national phase, to furnish the priority document within a time Jimit which is reasonable under the circumstances.

o PCT seceiying Office of priority document

19 November 2004 (10.11.22004) 10/863,300 us 28 Jammry 2008 (26.01.2006)

Facsimile No. +41 22 338 82 70
e e e —————
Form PCT/IB/304 (October 2005)

The International Buresu of WIPO
3, chemin des Colombeites
1211 Geneva 20, Switzerland

Authorized oflTicer

Gijsbertus Beijer
Facsimile No. +41 22 740 14 35
Telephone No. +41 22 338 95 61

CSPV5S3BK
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. N » r WO 2006/055504
) PATENT COOPERATION TR! ‘I’Y PCT/US2005/041237
FEB 0 & 2007 ' From the INTERNATIONA u 9

tan G.Mdlsod - P T {
NOTIFICATION CONCERNING

AVAILABILITY OF THE PUBLICATION :gl'i%":- I';:y"l-‘; PC

OF THE INTERNATIONAL APPLICATION ’ 17 M.
2190 Comnmons Parkwa
Okemos, M| 48884 Y HECE,VED
ETATS-UNIS D'’AMERIQU

FEB 22007

Date of nwiling (dayAmonth/year)

11 January 2007 (11.01.2007) IAN C. M D

Applicant’s or agent's file re[erence . .

MSU 4 2-724 PCT . IMPORTANT NOTICE
Intenutlonal application No. ) Intemnational filing dole (day/montvyear} Priorily <nle { dax/montl/year)
PCTAIS2005/041237 15 November 2005 (15.11.2005) 19 November 2004 (19.11.2004)

Applicant
MICHIGAN STATE UNIVERSITY et al

‘The: applicant is hereby notifled thal the Inlernational Buresn:

D has published the above-intlicated international applic:utinn on under
No. WO

has republished the above-indicated international application on 11 Jarmuary 2007 {11.01.2007) under
No. WO 2006/055504

For an explanation 83 tn the reason for this republication of the jniernatjonal application, refercnce is made 10 INID codes ( 15), (48)
ur (88) (as 1l case may be) on the froni page of the published intermational application.

A copy of the inlemalional application is aveilasble for viewing and downloading on WIPO's website at the following address:
hutp://www.wipn.int/pctdb (under "Query™ eater the PCT or WO numbar).

The applicant may also request a paper copy of the published intcriationel application from the Interoational Bureau by submiiting a writlen
request (o PatentScope@wipa.itt or o the address provided below.

‘The International Burcau of WIPO Authorized officer
34, chemin des Colombeties .
1211 Geneva 20, Switzeriand Nora Lindner
Facsimile No. +41 22 338 82 70 e-mail: pti?@wipo.int

Form PCTABA311 (April 2006)




International Application No.

PCT

REQUEST
International Filing Date

The underzigned requests that the jpresent

international application be processed .. . . s
according 1o the Patent Cooperstion Tresty. Name of receiving Office and "PCT [ntemnational Application
Applicant’ t's file referenc
(!.decl'li,lﬂ !', ?Iles:: 8 !';:m ; ufn) MSU 4.2.724 PCT

BoxNo.I  TITLE OF INVENTION
GHEMICALLY MODIFIED PLASTICIZED STARCH COMPOSITIONS BY EXTRUSION PROCESSING

BoxNo.ll  APPLICANT - (] This person is atso inventor
Name and address (FamBy name fallewed by piven name; for & logui Jull affirial designation. | Telephone No,
jn.:rnmq:n':mm‘ mn':m":rﬂ- umqmﬁ-aﬂumu.zﬁ {517) 355-2186

AT i e

ministra ulidin,
East Lanslng, Michigan {517) 432-3880
United States of America Teleprinter No.
o\ Applicant's registration No. with the Office

State (that is, country) of nationality: State (that Is, country) of residence:

us ' us
This in appli il designated K1 all designated States t the United States the Stabes indicated i
for b purposemat [ ] St the Uniied Staey of Awweics || of Ameria ony the Supplemental Box
BoxNo.lll  FURTHER APPLICANT(S) AND/OR (FURTHER) INVENTOR(S)

N d address: ; efficial dayignasisn. . .
n'.":;"....."" ’2::“' .u—'f&r‘?.?"#éﬁ"ﬂ‘z.’i—mum This person is:

Bux Iy iha applicent’s Siise (that Is, counnry) of reshdence f no Siats uf i lndicxsed bedom) .
4275 Conite Cirde. L) e s
nifer Circle . .
Okemos, Michigan 48664 applicant and inventor
United States of America inventor only (Jf thiy check-bax ir
marked, do not fill in below.)

Applican’s registration No, with the Offics

State (that is, couniry) of nationality: State (that is, couniry) o-f residence:
us us

i i | all deai 1! des: L] - 7] the United S the 8 indicated i
for tmparposmat L] St T [ e e St ot avaeea. DX oAt [ i Sen indicaiei

Further applicants and/or {further) inventors are indicated on a continuation sheet.

—

BoxNo.IV  AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORRESPONDENCE

The person identificd below is been appointed to act on behalf of common
the applicant(s) before the competent International Authoritics as: ] gent L] representative

Name and sddress; : designation.
e s i et | Tomome

McLEQOD, C (517) 3474100

c ,lan C. P

MtLeod & Moyne, P.C. Facsimile No.

%1"90 coma)ons ﬁat}\ava (517) 3474103
8mos, igan .

United Slates of Amerlca Teleprinter No.

Agent's registration No. with the Office
20,931

D Address for correspondence: Mark this check-box where no agent or common representative is/has been appointed and
L the spuce above is used instesd 1o indicate a special address to which correspondence should be sent.

Foren PCT/RO/101 (first sheet) (April 200 ’
LegaiStar 2005, Form PCTR.I.‘,)Q pel 2 See Notes to the request form
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Continuation of Box No. 1Il FURTHER APPLICANT(S) AND/OR (FURTHER) INVENTORH
If none of the following sub-boxes Is used, this sheet should not be included in the request.

Name and sddresy: (Fuutly rawe followad by gives nawe: for a leged entity, Al gificial designation. | This person is:
The addrens muz! includs postol cods end nema of country. The couniry of the advireas indieored (n thiy

Bax Iy the applicans’s Stats (that iz, conniry) of residence {f no Stse of residence is indicated balow.) D applicant only
?::;L:KnE:SHWNAN' Sunder . applicant and inventor

Indlan Way . ,
Okemas, Michigan 48854 inventor only (If this check-box is
Unlied Siates of America U marked, do not fill in below.)

Applicant's registration No. with the Olfice

State (that is, couniry) of nationality: State (that is, country) of residence:
IN ) us
This pexson is applicant all designated all desi States axcept the the United Stetes tho States indicaicd
for the puw;pgﬁm D States - D United Statas of America of Amarica only in the Supplemental
Name and addross: (Fawily nams followed by given mame; for a lagal andity, full official desigwarion. | This perzon is:
“The addrenr snast inchiudy posial code ond neme of country. Tha country of the address indicsied in this .
Rox Is the applicant’s Siass (that is, couniry) of residence if no Swa of revidence is Indicated below,) D applicant only
15253" sd 6:;&9:"' I'aqa Apt. J applicent and inventor
Easlt Lansing, Michigan 48823 4 . )
United Siates of America [ ‘inventor only (1fthis check-bax is
‘ Applicant's registration No. with the Office
State (1hai is, country) of nationality: State (thoi is, country) of residence:
IN us
This is applicant I designated llldnligmds axcept the the United Stat the Siates indicated
for mmng D s':m- United States ofl.A“:nh ' ol'.m:rln unl;' in the Supplexnsnia]

The addrens mout inchulg poxsal code and uoma of coumiry. 'Tha country of the addresy indleniad in 1his

Bax i the applicant’s Sints (Shat ir, counry) of residence if no State of residance ts indicatad balorw) [] spplicant anly
SHIN, Boo-Youn
Kyoungean 712-740 spplicant and inventor
R ) D inventor only (I this check-box is
marked, do not fill in below.)

! : Applicant's registration No. with the Olfice

State (that Is, couniyy) of nationality: Stats (thet s, country) of residence:

KR i KR
This person is icant H designated Il designated Sintey the the United Stales the Stales indicated
R:rl:he purpn-.spglﬁf D ;lllll e D :)nilul States of AII_"?::M of AnI:ria only in the Supplemental

ﬁ

Name antl address: (Family awwe foliowed by given same; for a legal entily, full official desiguation. | This pemon is:

Tha addrext must inchals postal cods and soma of country, The couniry of the addresy Indicoted in thiy .

Bex in the applicont’s Siare (thas s, country) of residence |f xo Sais of residence is indicated befow,} D applicant only

DUBOIS, Phillppe spplicant and inventor

Rue, Grande, 1 .

4280 Ciplet D inventor only (If this check-box is
BELGIUM marked, do not fill in below.)

Applicant's registration No. with the Office

State (that is, counsry) of nationality: State (that &3, country) of residence:

BE . BE
This person is applicant all dasignated all designated States excepl the the United Siatey the Statey indicated
for the purposes of: D Stales D United States of an_::pl anm:rin only in the Supplemental

@ Further applicants and/or (further) inventors are indicated on another continuation sheet.

Form PCT/RO/101 (continuation sheet) (April 2005) See Notes lo the request form
LegalStar 2005, Form PCTREQ
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¥
Contlnuation of Box No. [[I FURTHER APPLICANT(S) AND/OR (FURTHER) INVENT
If none of the following sub-boxes is used, thiz sheet should not be included in the request.

Name and address: (Fomily same follownd by given sams; for a lagol entlty. full officis! deigrotion. | This person is:

The midresy syt inciuds parial cods and nome of counsry. The country of the oddrey indicated In thiy

Bax s the applicant’s Siate (that s, country) of reridence if no State of revidence is indicosed below,) D applicant only

wzogez, Jsan-MRria 104 applicant and inventor

TEgSI. l:?ls nlg.'ﬂ Rlali:hlgtan 48823 D inventor only {If this check-box ix

United Statea of America marked, do not fill in below.)

{ Applicant's registration No. with the Office

State (that is, country) of nationality: State (tAai is, coumtry) of residence:

BE us
This person § licant ol devignatad all designated States except the the United States the Staten indicated
l’orl:h pulpu"u'gﬁ D Statey - D Uniled States of Amm;qn of America only in the Supplsmental

Name and address: (Femily noms flowed by giw sase; for o legal enplly, full efficial derignation. | This person is:
The eddresr suurt include postal code and nama of couniry. The country of the address indicared in thiy B

Bax iy tha applicont’s Stase (thet is, country) of reshiencs |f no Stata of residence b Indicated balaw,) D applicant only

D applicant and inventor

D inventor anly (If this check-box Is
marked, do rot fill in below.)

Applicant’s registration No. with the Office

Siate (that is, country) of nationality: State (tAat Is, country) of residence:

]
This person is spplicant all designated ail desi Siates oxcept the the United States the Statey indicated
for the purposes of: D Siates United gtml of Ametica D of Americaonly '~ in the Supplemental

Name and adidreasc (Family nams followed by giwn mane; for @ legal enthty. full officiel dexignation. | This person is:
The addraxs sust inchude postal cods and wama of country. The country of the address indicared in thix
hh&wlmbmlﬂub.mimﬂmfumdmumw D appliunlm[y

D applicant and inventor

[::l inventor only (If this check-box is
marked, do not fill in below.)

Applicant's registration No. with the Office

State (that is, couniry) of nationality: State (7hat is, country} of residence:
This person is applicant D nll designated D :}lmd:lim os'guu except the D the United States the Staley indicated

for the purposes of: Stiates i of Anerica only in the Supplamental
- — — ———————
Neme and address: (Family asms followed by givas name; for a lagal entity, full official dexigmution.

This person is:
Tha pddrasy muyy inchude pastel codu and name of eountry. The country of the address indicated in this . “
Bax is the applicant’s Sute (iha is, country) of residencs |f mo Stare of residenca s indicated buiow,) D applicant only

D applicant and inventor

D inventor only (If this check-box is
marked, do not fill in below,)

Applicant's registralion No. with the Office

State (kAat iy, country) of nationality: State fthat is, country) of residence:
This person ix applicant all dezignated D all designated Stales except the the United Siates the Sttes indicated
for the purpases of: Smtes United Siates of America of America onty in the Supplementsl

D Further spplicants and/or (further) inventors arc indicated on another continuation sheet,

Form PCT/RO/101 (continuation sheet) (April 2005) See Notes to the request form
LegalStar 2005, Form PCTREQ
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BoxNo.¥ DESIGNATIONS 2 \

international fling date, for the grant of every kind of protection available and, where applicable, for the grant of both regional
snd national patenis.

However,
D DE Qermany Is not designated for any kind of naticnal protection

D KR Republic of Korea I3 not designated for any kiud of national protection
D RU Russian Federation Is not designated for amy kind of national protection

may be wsed lo exclude ﬂmmblyrah dnlguadm concerned in order to avoid the caam” of the
fm" umier the mmanal lmv ‘{ an urlm- national ich priority Is claimed. See the Noles fo Box No.' V as
e consequences of such narlonal law provisions in these and certain atlm' States.)

The filing of this request constitates under Rule 4.9(a), ihe designation of all Contracting States bmn*l;y the PCT on the

Box No. ¥I FRIORITY CLAIM

“The priority of the following eatlier spplication(s) is hereby claimed:

Filing date Number Where earlier application is:

of earler application of earlier application national spplication: . L . . s
daymoni 2 rogiona) application:* | miemational spplication;
( ") cauniry or Member regional Office recoiving Offica

item (1)
19 NOVEMBER'2004 10/993,309 us
(19.11.2004)

itern (2)

item {3)

[J Purther priority claims are indicated in the Supplemental Bax.

The receiving Office is requested to prepare and transmit to the International Bureau a certified copy of the earlier

application(s) fonly if the earlier application was filed with the Office which for the purposes of this international application
iz the receiving Office) idenlified sbove as:

) allitems B item(1) O item) [ ieme) [[] othes, sce Supptemental Box
Inceirad Froparey o7 e b o o B O e e e for e frotection of

BoxNo.YII INTERNATIONAL SEARCHING AUTHORITY
Cholcs of International Seurcllln_g Authority (ISA) (if wo or more International Sanrdafng Au!.'m-mu are compeient lo

carry out the international search, indicate the Authority chasen; the two-lsiter code may be
A S e e,
‘Requ'z: ;:’:": nl‘l:ﬂll:;l of uhl}l'l';r J.?:'h".-’}w""'"" to that search (if an earlier yearch has been carried out by or requested
Dute (day/month/year) Number Couniry {or regional Qffice)
19 NOVEMBER 2004 10/993,308 us
Box No. VITI DE'CLAMTIONS
The followm deelnnllou ars contained in Boxes Nos. VUI (i} to (v) {moark the applicable Number of
'ow and indicate in the righ! column the munber of each type of declaration): declarations

Box No. VIII (i) Declaration es to the identity of the inventor

Box No. VIII (ii) Declamtion as to the spplicant's entitlement, as at the intemnational
filing date, 10 apply for and be granted a paient

O

O

0 BoxNo. vl (ii)  Declaration us lo the applicant’s cotitlement, as at the inlemational
filing date, to claim the priority of the carlier application

O

Box No. VIlI (iv}  Declaration of inventorship (only for the purposes of the designation
' of the United States of Amil('let) i

_D Box No. VI (v) Declaration es to non-prejudicial disclosures or exceptions to lack of novelty -

Form PCT/RO/101 (leoondlhul April 2005 See Notes (o the request form
LegalStar 2005, Forth rcnu:o)( el 2003) ‘ /f
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electronic form; seé (c)
low)

H
Totsl number of sheets : 38

O B

() O] sequencclisting
()] tmbles related thereto

() [0 slso In electronle form
(Section BO1{m)(ii))

(D sequence listing
(iD] tebles rcluted thereto

i e and ﬁlﬂ%e& of ﬂ.ll'{"ll'l
hekett CD- other)
on whic% are contalned l.heor

O tablea releted thereto:
ilems 9(ii)

a sequence listing: ..................

additional to be indicatad und
¢ D e 1001, e earaen)

4
Sheet No. ... 5. ..
Box No. IX CHECK LIST; LANGUAGE OF FILING \
‘This intemational application contains: This international application is accompanied by the following Number
(s) on paper, the follawing rumber of ::.;';“‘(') m‘ﬂ‘nﬁ’ﬁg}ﬁﬁmﬂ belaw and indicate in of iterns
request (includis 1. ® feecalculnlion sheet
declaration ﬂﬂﬂms i 8 2. [0 original separate power of attomney
description (excluding 3. [] original general power of atiomey
1 . .
lnb! mfﬁ?ﬁ.'.'ﬂi" 22 4. O mcop;y of general power of attomney; reference number, if
laims . S P
:bﬂnl:t . ? 5. [0 statement explaining Iack of aignature
drawings : 5 6. O mg document(s) identified in Box No. VI as
s""“""'u:t'_“"'"' of sheets 38 7. 0 I(lr'lnslnlion of intemational application into
sequenco listing : anguage): . ... ... i i
tables related thersto 8. O ip indications concening deponiled microorganism or
Wﬁq allsnal number of - m.biolog}::llnmmill e
s o A .
. ence listing in electronic form
whether or noil g "}’M In 9. O ﬁﬁu typcnu!nd rumber of carriers)

ba fﬂﬁ! IBl:ri:‘:gr Iaru:lh ;3! a8 parl :II: ;E‘e intm:::allmal lppluiﬁlai-m) :
(i) O (only where clg-bax B(i) or (c)fi) is marked in left columa)
S s RS e
() e Wik e sequrnea heting e oones ot Cotoey
10, [0 (ables in electrofic form related to acquence listing
(indicate fype and number of cam'c; .

@0 ﬂﬁ'm’wfxﬂf B et e matt o the et
application . :
©0 b “*%Eiﬁonﬂ %.%b) %ﬁ O e o ieavin, (hn
80T guarery P o OF ntematioful search under Section

iii) [] together with rclevant satement ag 10 the identity of the
G copita with the iabies meoboned in left column. 7

11. [ other (zpecifi):

Flgura of the deawlngs which
should sccompany tlie sbatract:

Lan, f fili [ the
intersational lppfigﬂ?im: English

Box No. X SIGNA:\WRI OF APPLICANT, AGENT OR COMMON REPRESENTATIVE
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CHEMICALLY MODIFIED PLASTICIZED STARCH
COMPOSITIONS BY EXTRUSION PROCESSING

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] Not Applicable

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT
[0002] Not Applicable

STATEMENT REGARDING GOVERNMENT RIGHTS

[o003] Not Applicable

BACKGROCUND OF THE INVENTION

(1) Field of the Invention

[0004] The present invention relates to a biodegradable
chemically modified plasticized starch (CMPS) composition, ahd
a chemically modified starch-nanoclay CMPS composition, and to
a process for the preparation thereof. The invention preferably
relates to a twin screw extrusion process for manufacturing the
chemically modified starch composition by reacting starch with
a dibasic acid or anhydride of the acid as a modifier in the
predence of plasticizer and an optional free radical initiator
for the acid or anhydride to provide the plasticized starch
compositions which have improved processability and reduced
viscosity, and is particularly useful when combined with other
thermoplastic polymers.

{2) Description of Related Art

[0005] In the last two decades, considerable effort has gone
into the development of biodegradable polymers and blends using
starch. The processing characteristics and mechanical
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properties of unmodified starch polymers are very poor compared
to typical synthetic polymers.

[0006] The prior developmentas in the area of biodegradable
materials from starch 1involve the use of an external
plasticizer to solvate the starch granulea and impart melt
processability and enhance the room-temperature flexibility of
the final product. Some of the earlieat efforts on such
materials were discussed in U.S. Pat. No. 3,312,641 (A. E.
Staley Mfg. Co.} and Canadian Patent Appl. No. 838,572 (USDA,
Lincoln, Nebr.). The subject of these patents was the extrusion
of amylose primarily using water as a plasticizer. In addition,
poly (vinyl alcohol), glycerol and other related materials were
also incorporated in the system. Cast films from water-based
dispersions of starch, glycerol and other polymers were
evaluated in U.S. Pat. Noas. 3,949,145, 4,133,784, and 4,337,181
(USDA, Peoria, Ill.). More recently, extruded compositions
using water were discussed in Eur. Pat. Appl. EP 282,451,
304,401, 527,505, 404,723, 404,728, and 408,503 (Warner Lambert
Co.); water-free systems using glycerol were discussed in PCT
Int. Appl. WO 90/05,161 (Tomka); and formulations using both
water and other plasticizers like glycerol were the subject of
PCT Int. Rppl. WO 92/19680 (Novamont S.p.a.), Eur. Pat. Appl.
EP 400,531 (Butterfly S.r.l1.), and PCT Int. Appl. WO 90/14,388
(Agri-Tech Industries, Inc.).

[0007]) W092/19680 (Novamont) describes the use of undried
starch (about 12% moisture) in biodegradable polymeric
compositions, These compositions produce films whose properties
are sensitive to moisture. W093/00116 (P&G) describes plastic
compositiona, which use "destructurized" starch, a form where
the crystallinity of the starch has been destroyed by heating.
The term "destructurized starch" refers to starch in which the

granular, crystalline structure is destroyed resulting in the
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formation of a homogeneous, amorphous material that melts and
flows like a thermoplastic. The "destructurization" process is
accomplished by heating starch granules in the presence of
water at elevated temperatures and pressures in a closed volume
like an extruder. The higher the amount of water used, the
lower the temperature needed for "destructurization" to be
completed. Typical' compositions for the »destructurization”
processes include extruding starch with about 15-20% water by
weight along with other additives. It has been argued that. the
concept of "destructurization" is just a new name ascribed to
an old concept of gelatinization and/or plasticization of
starch that first originated in the food industry. The term
gelatinization refers to the process of disruption of the
granular structure of starch by heating a starch suspension at
temperatures in the range of 50°-80°C. Traditional processing
in the food industry involves further heating and mixing of
atarches to result in the formation of a homogeneous
plasticized wmase as discussed by Shogrem, R. L., et al.,
Starch/Starke 45, 276-280 (1993). The plasticization of starch
using water and glycerol has been reported as early as 1947 for
pharmaceutical applications ("The Pharmacopoeia of the United
States of America", XIII, p. 513-514, 1947).

[0008] The principal difference between the various
applications has to do with the ratios of starch and
plasticizer (water, glycerol or both) used in the composition.
This leads to differences in the rheological and final
characteristice of each composition that is sulted to the
specific application. A high proportion of plasticizer (70-90%
by weight) results in a jelly-like material. Medium plasticizer
contents (46-70% by weight) are more suited for food
applications that have good elasticity combined with reasonable
rigidity to be able to form and shape various products. Low
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plasticizer contents (10-40% by weight) are appropriate for
plastics applications that require greater rigidity and better
mechanical strength characteriptics. More recently,
plasticization of starch in the absence of water, using
polyhydric alcohols like glycerol and sorbitol has been
lreported. The term plasticization in the classical sense as
used in the polymer industry involves transformation of a
rigid, crystalline material into a pliable, less crystalline
(if not amorphous) material with a lowered glass transition
temperature. Japanese Patent No. 04-48,851 discloses the
manufacture of-biodegradable sheets based upon mixtures of
starch and biodegradable polyesters derived from reactions of
diols and acids. The starch has naormal moisture content of
about 10 to 12% by weight.
[0009] In a typical plasticized system with atarch, the
diffusion of plasticizer out of the product when exposed to low
humidity conditions and diffusion of water into the product
under high humidity conditions is an inevitable result. This
causes embrittlement of the product due to loss of plasticizer
{low humidity) and problems associated with retention of
product shape, texture, and form due to excess absorbed water
(high humidity). These effects are detrimental especially when
water is used as a plasticizer, but are prevalent even in non-
water based starch formulations that incorporate hygroscopic
plasticizers. In general, due to the poor durability of
plaaticized starch upon exposure to different environments (due
to ite hydrophilic nature) there is likely to be very little
commercial use of plasticized native or unmodified starch by
itself.
[0010] Physical or chemical modifications of the starch are
a viable alternative to solving some of these problems.
Physical modifications include coating the starch granules with
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hydrophobic sizing agents and binders similar to those used in
the paper industry, like rosin, proteins, like soy proteins and
silanes or physically coating the end product with hydrophobic
materials like low molecular weight waxes, and natural resins
(zein, rosin, shellac and the like) and higher molecular weight
non-polar polyme;s: Cross-linking of the starch granules or
plasticized skarch-is another physical modification route to
improving the hydrophobicity of starch-based materials.
Chemical modifications include grafting reactions and non-
degradative substitution of the hydroxyls on the starch with
functional groups like esters, ethers, isocyanates and the
like. Cyclic dibasic acid anhydrides such as succinic anhydride
yield starch esters containing a firee carboxylate group that
increases the water-holding capacity of the product (U.S.
Patent No. 2,461,139; 1949). The same chemistry can be carried
out with maleic anhydride to yield the maleate half ester.
Treatment of a starch suspension with a cyclic dicarboxylic
acid anhydride containing a hydrophobic substituent group
vields products with emulsion stabilizing properties (U.S.
Patent No. 2,661,349; 1953). These starch esters have value as
dispersants in coatings replacing commercially available paint
containing dispersants. U.S. Patent 3,732,207 discusses the
production of starch esters by heating starch with maleic or
succinic anhydride at 100-155 % in a batch process with
reaction times of 10 hours in the presence of 0.5-15% moisture
to give a product with degree of substitution (DS) 0.02 to
0.04.

[0011] Tomasik et al., Starch 47 96 (1995) reacted corn
starches in extruders containing varying amounts of moisture
(18, 20 and 30%) with succinic, maleic¢ and phthalic anhydrides
to form starch esters. Carbonate buffer, either pH 8 or pH 9
was added as a medium during extrusion. It is demonstrated that
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extrusion of starch with cyclic anhydrides in alkaline medium
presents a facile method of preparation of anionic starches of
hydrophobic character based. However, this method has several
gsericus limitations resulting from the chemistry and the
extrusion process. For example, it is extremely difficult to
extrude these samples at temperatures of around 130°C due to
the resultant high'viscosity of the starch melt. Also, the use
of wﬁter is exEremely problematic in processing and quality of
the final product.

[0012] Related prior art is described in:

(1) Ramani Narayan, Steven Bloembergen and Amit Lathia, A
Method of Preparing Biodegradable Modified-Starch
Moldable Products and Films, U.S. Patent 5,869,647,
February 9, 1999 , July 1993;

(2) Narayan, R., Biodegradable Multi-Component Polymeric

Materials Based on Unmodified Starch-Like
Polysaccharides, U.S. Patent 5,500,465, October 31,
1995;

(3) Narayan, R., Krishnan, M., DuBois, P., Polysaccharides
Grafted With Aliphatic Polyesters Derived From Cyclic
Esters, U.S. Patent 5, 540, %23, July 30, 1996;

(4) Narayan, R., Kriehnan, M., DuBois, P., Polysaccharides
Grafted With Aliphatic Polyesters Derived From Cyclic
Esters, U.S. Patent 5,578,691, November 26, 1996;

(5) Narayan, R., Krishnan, M., DuBois, P., Polysaccharides
Grafted With Aliphatic Polyesters Derived From Cyclic
Esters, U.S. Patent 5, 616,671, April 1, 1997;

{(6) U.s. patent application co-filed with the present
applicafion.
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OBJECTS

[0013] It is an object of the present invention to provide a
chemically modified plasticized starch and plasFicizer
compositions which have improved propertiea. It is further an
object of thies invention to provide a process which is
economical and reproducible. These and other objects will
become increasingly apparent by reference to the following
description.

SUMMARY OF THE INVENTION

[0014] The present invention relates to biodegradable,
reactive, chemically modified plasticized s8tarch (CMPS)
compoaitions with low wviscosity and good processability.
Further, the present invention relates to a continuous reactive
extrusion process for manufacturing the compositions. An
important aspect of this invention is that the process uses no
added water, and prevents problems such as high viscoaity,
clogging of the thermoplastic starch melt at the die or foaming
of the thermoplastic starch melt. Furthermore, the resulting
chemically modified starch composition is highly reactive to
yield graft copolymers with polyesters as described in detail
in our co-pending patent application, which i1s incorporated
herein by reference. These starch-polyester graft copolymers
are readily processable into films, and molded products using
conventional plastics processing equipment, and the resultant
product has the most preferred balance in wmechanical
properties, water resistance, processability and the rate of
bicdegradation. The invention also describes a new chemically
modified starch-nanoc c¢lay composition with improved
dispersability of the nano clay in the matrix, reactivity and
processability for subsequent reaction with polyesters as
described in our co-pending patent application.
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fo015] In accordance with the preeent invention, there is
provided a biodegradable, reactive low viscosity chemically
modified plasticized starch composition (CMPS) prepared by the
reactive blending or extrusion processing of starch in the
presence of chemical modifiers, a plasticizer and an optional
free-radical }nigiatof.

[0016] The present invention also provides a biodegradable
chemically mo&ifieﬂ starch-nano c¢lay product prepared by
Eeactive extrusion processirig of starch in the presence of
modifiers, plasticizers and nanoclay material.

[0017] The present invention also relates to a composition
which comprises a mixture of starch esters of a dibasic acid or
an anhydride of a dibasic acid, wherain the mixture has reduced
viscosity from a natural starch in dimethyl sulfoxide.

[0018] The present invention also relates to a starch based
composition which comprises a reacted mixture of a
biodegradable starch polymer, a chemical modifier selected from
the group consisting of a dibasic organic acid, and anhydride
of the dibasic organic acid, or mixtures thereof, and a
plasticizer.

[0019] In particular the present invention relates to a
starch based composition which comprises a reactively extruded
mixture of a biodegradable starch polymer, a chemical modifier
selected from the group consisting of a dibasic organic acid,
an anhydride of a dibasic organic acid and mixtures thereof, a
plasticizer and, optionally a free radical initiator for the
reaction, wherein the mixture has been extruded with heating
and venting of water from the mixture.

[0020] Further, the present invention relates to a
biodegradable, chemically modified starch based composition
which comprises a reactively extruded mixture comprising a
biodegradable starch polymer, a chemical modifier selected from
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the group coneisting of a dibasic organic acid, an anhydride of
a dibasic organic acid and mixtures thereof, a plasticizer
optionally a free radical initiator Eor the reaction and a
nanoclay, wherein the mixture has been extruded with heating
and venting of water from the mixture.
[0021] Preferably the atarch polymer is selected from the
group consisting of cormstarch, potateo starch, tapioca starch,
rice starch, wheat starch, and cassava starch. Preferably the
starch polymer in the mixture is present in an amount between
about 5% to 90% by weight of the mixture. Preferably the
starch polymer 1is an unmodified, oxidized or thin boiling
starch of 0 to 95 degree fluidity. Preferably the starch
polymex has moisture content of about 0.5% to 15% by weight.
Preferably the starch polymer is in a pulverized form.
Preferably the plasticizer is a polyhydric alcochol.
Preferably the plasticizer is present in an amount between
about 10 to 50 wt¥% of the mixture. Preferably the chemical
modifier is present in an amount between about 0.5% to about
10% by weight of the starch poiymer. Preferably the nanoclay
is selected from a group consisting of montmorillonite;
smectite, hecterite and mixtures thereof. Preferably the
nanoclay is present in an amount between about 0.5 to 25 wt% of
the mixture. Preferably the free radical initiator is 2,5-
Bis (tert-butylperoxy) -2,5-dimethylhexane or other organic
peroxide. Preferably the free radical initiator is present in
the mixture in an amount between about 0.01 to 2.0 wt% of the
mixture. Preferably the mixture is processed in a twin-screw
extruder at a temperature in the range of about 100°C to 200°C.
Preferably the anhydrides are selected from the group
congisting of maleic-, succinic-, itaconic-, phthalic- and
mixtures thereof. Preferably the chemical modifier is about 2%
to 5% by weight of the starch polymer of the mixture.

a\d\
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[0022] The present invention also relates to a process for
preparing a starch based composition which comprises reactively
extruding a mixture which comprises a biodegradable starch
polymer, a chemical modifier selected from the group consisting
of a dibasic organic acid, an anhydride of a dibasic oryganic
acid and mixtures thereof, a plasticizer and, optionally a free
radical initiator wherein the mixture is extruded with heating
and venting of'water from the mixture. Preferably the starch

polymer and modifier are mixed as powders. The processing is
preferably at 100-250°C.

BRIEF DESCRIPTION OF THE FIGURES

[0023) Other advantages of the present invention will be
readily appreciated as the same becomes better understood by
reference to the following detailed description when considered
in connection with the accompanying|drawinga wherein:

[0024] FIGURE 1 is a graph which depicts the calibration
curve of the glycerol pump used in the synthesis of chemically
modified plasticized starch (CMPS); by reactive extrusion
processing using maleic anhydride or maleic acid modifier.
[0025] Figure 2 is an extrusion flow apparatus diagram for
the preparation of CMPS.

[0026] FIGURES 3A, 3B and 3C show the screw configurations
used for reactive extrusion processing in the saynthesis of
CMPS.

[0027] FIGURE 4 is a graph showing FI'IR results of CMPS
samples produced using maleic anhydride modifier by the
reactive extrusion processing. CMPS samples were extracted in
THF solvent using a Soxhlet apparatus. Residue from the thimble
of the apparatus was dried to constant weight and FTIR analysis
conducted. Solvent was evaporated from the extract and the

extract dried to constant weight and FTIR analysis conducted.
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[0028] FIGURE 5 is a graph showing the FTIR results of CMPS
samples produced vusing maleic acid wmodifier by reactive
extrusion processing. CMPS samples were extracted in THF
solvent using a Soxhlet apparatus. Residue from the thimble was
dried to constant weight and FTIR analysis conducted. Solvent
was evaporated from the extract and the extract dried to
constant weight and FTIR analysis conducted.

DETAILED DESCRIPTION OF THE INVENTION

[0029] The present invention provides (i) a biodegradable
chemically modified starch composition, (ii) a biodegradable
chemically modified starch-nanoclay composition, (iii) and a
method for making thereof wherein, generally, the composition
is prepared by continuous reactive extrusion processing.
Preferably, the present invention concerns a) bilodegradable,
highly reactive, chemically modified starch composition with
low viascosity and high processability, that yields graft
copolymers with biodegradable polyesters as described in our
co-pending patent application. Another object of the present
invention is to provide bh) a new chemically modified starch-
nanoclay composition with-' improved dispersability of the
nanoclay in the matrix, reactivity and processability for
subsequent reaction with polyesters as described in our co-
pending patent application.

f0030] The components of the biodegradable chemically
modified starch composition that are employed in the proceas
that is within the scope of this invention preferably include
the following:

(I) Starch preferably selected from the group of
potato starch, corn starch, waxy starch, tapioca
starch, rice atarch, wheat starch, and cassava
starch and the like

- 11 -
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(II) Plasticizer preferably selected from the group of
polyhydroxy compounds including glycerol, ethylene
glycol, and the like

(III) Modifier selected from the group of dibasic acids
and their cyclic anhydride compounds; and

(IV) Optionally, free radical initiator selected from
the group of peroxides, and the like.

The proposed reactions are:

H H
—_ o—

H

Maleation Chemistry
H' (acidic
functionality)
8tarch-OH (COOH)+R’-C(0)O-R" Starch-OCOR’ (COCR") + R*-DH{R’-COQH)
Anhydrides - Modified Starch

Transesterification Chemistry

- 12 -
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[0031] Starch (CgH1005)n, is a mixture of linear (amylose)
and branched (amylopectin) polymers. Amylose 1s essentially a
linear polymer of .alpha.(l.fwdarw.4) linked D-glucopyranosyl
units. Amylopectin is a highly-branched polymer of D-
glucopyranoasyl units containing .alpha. (1.fwdarw.4) linkages,
with .alpha.(1.fwdarw.6) linkages at the branch points. The
process of the present invention can use various types of
starches, such as regular corn starch which contains about 75%
amylopectin (higher molecular weight branched starch polymer)
and 25% amylose (lower molecular weight linear Btarch polymer),
as well as hybrid corn starch products containing more than 50%
amylose, sold by Corn Products, Ipc. (Chicago, Illinois).
Various other starches, such as potato starch, tapioca starch,
rice starch, wheat starch, cassava starch, and other starches
familiar to those Bkilled in the art can be utilized in
accordance with the presgent invention. Compositions having
increased levels of linear starch polymers are most likely to
be the correct choice in terms of processability, film forming,
molding and mechanical properties. The atarch component in the
chemically modified starch composition 1s 5% to 90% by weight,
preferably from 50% to B0% by weight.

[0032] A plasticizer ig added to the inventive compositions
to achieve greater material procepsability and product
flexibility, although plasticizers typically soften the
compositions in which they are included. The preferred
plasticizers are polyhydric alcohols. More preferably, glycerol
is used as a suitable plasticizer since it induces high
flexibility, is wvirtually odorleas, has a relatively high
boiling point, is biodegradable, and is commercially available
at a reasonable cost. Plasticizer concentration in the final

chemically modified atarch product is 15% to 50% by weight and

- 13 -
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preferably from 20% to 30% by weight.
[6033] The preferred modifiers that are useful in the

present invention are to provide a chemically modified starch
eater product. The atarch ester product may preferentially be
formed by reaction of the starch hydroxyl groups with a dibasic
acid or cyclic anhydride to obtain ester linkages with pendant
carboxylic groups ‘as shown in Scheme I. The derived pendant
carboxylic group can also catalyze the aforementioned reaction
between the hydroxyl groups on the starch, and the dibasic
acids or theilr cyclic anhydrides. The more preferred dibasic
acids and their cyclic anhydrides include maleic-, succinic-,
itaconic—; phthalic- and stearic anhydrides and combinations
thereof. The modifier is preferably present in amount of about
0.5% to about 10% by weight of the starch polymer and also
provides an acidic environment for the mixture.

[0034] Opticnally, a free radical initiator may be used for
improvihg the melt-strength of chemically modified starch
product. It is preferred that the free radical initiator be an
organic peroxide such as 2,5-dimethyl-2,5-bis(tert-
butylperoxy) hexane, tert-butylperoctoéate, tert-
butylperoxypivalate, dicumylperoxide, 1,1-bis(tert-~
butylperoxy) -3, 3,5-trimecthylcyclohexane, bis (tert-butylperoxy-
isopropyl)benzene and the 1like. Azo compounds, such as
azobisisobutyronitrile can be also used. The free radical
initiator is present in the amount of 0.01 to 2.0 wt percent of
the total mass.

[0035] The present invention also relates to a biodegradable
chemically modified starch-nano clay product, prepared by
reactive extrusion processing of starch in the presence of
modifiers, plasticizers, and nanoclay material.

[0036] Nanoclays can be useful to provide an increased
mechanical strength, flame retardancy, gas barrier properties,
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and improved barrier to water vapor for chemically modified
nanoclay starch product (ii). Another preferred embodiment is
that the nanoclays useful for the present invention are well-
dispersed in the biodegradable chemically modified atarch-clay
product. The preferred naﬂoclaya are smectite, hectorite clays
including phylloasilicates such as smectite clay minerals, e.qg.,
montmorilloniie, * particularly sodium montmorillonite;
bentonite; hecéoritg; saponite; stévensite; beidellite; and the
like. The clays used are typically smectite clays, particularly
bentonite and hectorite, Smectite clays possess some structural
characteristics similar to the better-known minerals talc and
mica. The preferred range of nanoclays is ranging from 0.5 to
25 wt % of the total mass. .

[0037] The reactive modification process of starch to form
chemically modified plasticized starch (CMPS) in an extruder
prevents the traditionally seen problems, such as clogging of
the plasticized starch melt at the die or foaming of the
plasticized starch melt at the die, observed during the reqular
thermo-plasticization of gtarch. The apparatus used in carrying
out the extrusion process may be any screw type extruder. While
the use of a single or twin screw extruder may be used, it is
preferred to use a twin-screw extruder. Such extruders will
typically have rotating screws in a horizontal cylindrical
barrel with an entry port mounted over one end and a shaping
die mounted at the discharge end. When twin screws are used,
they may be co-rotating and intermeshing or non-intermeshing.
Each screw will comprise a helical flight or threaded sections
and typically will have a relatively deep feed section followed
by a tapered transition section and a comparatively shallow
constant-depth meter section. The motor driven screws,
generally fit anugly into the cylinder or barrel to allow
mixing, heating and shearing of the material as it passes

- 15 -
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through the extruder.
[0038] Control of the temperature along the length of the

extruder barrel is important and is accomplished in zones along
the length of the screw. Heat exchange means, typically a
passage such as a channel, chamber or bore located in the
barrel wall, for circulating a heated media such as oil, or an
electrical heater such as calrod or coll type heaters, are
often umed. Additionally, heat-exchange means may also be
placed in or along the shaft of the screw device.

[0039] Variations in any of the elements used in the
extruder may be made ap desired in accordance with conventional
design practices. A further desctiption of extrusion and
typical design variations can be found in "EBncyclopedia of
Polymer Science and Engineering”, Volume 6, 1986, pp. 571 to
631.

[0040] In carrying ocut the extrusion process, temperatures
in the extruder will vary depending on the particular material,
desired properties and application. They can generally range
from about 100.degree. to 250 degree. C. and preferably will

'range from about 150.degree. to 200.degree. C.

[0041] Further, the biodegradable chemically modified starch
(1), and biodegradable chemically modified starch-nanoclay
compositions (ii) can be manufactured in a one-step process;
wherein the components were previously mixed together, and were
then introduced into the feed throat of a twin-screw extruder
(such as a Century ZSK-30 co-rotating twin screw extruder) at a
feed rate of 500-9000 g/hr by means of a solid metering.
Alternatively, the components may be'aeparately introduced in
the case of liquid component by means of a peristaltic pump,
and in the case of solid component by means of a solid metering

- 16 -
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at a feed rate of 40-8000 g/hr.

[0042] The biodegradable, chemically wmodified starch
composition and the biodegradable, chemically modified atarch-
nanoclay compositions are particularly useful for manufacturing
starch-polyester graft copolymers as described in our co
pending patent aﬁplication referred to previously.

[0043] The following experimental examples demonstrate the
utility of the present invention for forming biodegradable
chemically modified starch (i), and biodegradable chemically
modified starch-nanoclay (ii) compositions.

[0044] Examples of materials made in accordance with the
present invention are biodegradable as demonstrated by standard
ASTM test methods.

EXAMPLES

Example 1
[0045] Chemical modification of ‘starch polymer was
carried out as follows:

- 17 -
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[0046] Regular silver pearl corn-starch, obtained from
Cargill Inc. was reactively modified wusing maleic

anhydride/maleic acid in a twin-screw co-rotating CENTURY
extruder with a screw diameter of 30 mm and a L/D ratio of 40.
Maleic anhydride (MA) was ground to a fine powder using a
mortar and pestle and mixed with the starch (800 gm starch +
[20 gm] maleic anhydride} using a kitchen blender for 15
minutes before being fed to the feed port of the extruder.
Glycerol was mixed with 2, 5-Bis (tert-butylperoxy)-2, 5-
dimethylhexane (Luperox 101) {200 gm glycerol + 1.6 gm Luperox
101} and pumped to the extruder using a peristaltic pump. The
relative rates of the starch/MA mixture to the glycerol/Luperox
101 mixtures were maintained at 80:20. The calibration curve
for the glycerocl pump is shown in Figure 1. The screw
configuration used for the maleation consisted of conveying and
kneading elements as shown in Figureslah to 3C. A water vacuum
was applied at the vent port to remove the unreacted maleic
acid/water mixture. The chemically modified plasticized starch,
CMPS, was collected and ground to a fine powder. Ground CMPS
was stored in an oven at 50°C. The extrusion processing
conditions for the reactive maleation is outlined in Table 1.

- 18 -
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Processing conditions in the synthesis of CMPS

ZONE SET ACTUAL UNITS
ZONEL 15 39 °C
ZONE2 55 103 °c
ZONE3 125 122 °C
ZONE4 145 146 °C
ZONES 160 157 °C
ZONEG 165 161 °c
ZONE7 165 167 °C
ZONES 165 164 °c
ZONES 150 156 °C
DIE 145 147 - °c
MELT TEMP. 148 °C
MOTOR SPEED 125 RPM
TORQUE 35 %
PRESSURE 92 Paia
FEEDER SPEED, CENTURY |155 (Rate = 12.3 %
1ba/hr)
GLYCEROL PUMP 0.1 (Rate = 3.07 3
1ba/hr)
FEEDER SPEED, EXT - ¥

- 19 -
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[0047] CMPS produced was extracted using tetrahydrofuran
(THF) in a Soxhlet apparatus to remove the unreacted maleic
anhydride and maleic acid (formed by reaction with water
present in starch). FTIR analysis (Figure 4) of the Soxhlet
residue (after drying in an oven at 50°C overnight) confirmed
grafting of the maleic anhydride onto the starch backbone with
the presence of the ester carbonyl peak at 1720 cm™.

Example 2
{0048] The procedure given in Example 1 was followed using
maleic acid modifier instead of maleic anhydride. CMPS produced
was extracted using tetrahydrofuran (THF) in a Soxhlet
apparatus to remove the unreacted maleic acid. FTIR analysis
(Figure 5) conducted on the Soxhlet residue (after drying in an

oven at 50°C overnight) confirmed grafting of the maleic acid °

onto the starch backbone with the presence of the ester

" carbonyl peak at 1720 cm™.

Example 3
[0049] The procedure in Example 1 was followed to produce
CMPS modified using 2.4-wt%, maleic anhydride, both with and
without the initiator. Chemically modified plasticized atarch
(CMPS) was produced by plasticization of regular corn starch
(Corn Products, Inc-Brazil) using 20-wt% glycerol plasticizer
in a twin-screw extruder. The intrineic viscosity of starch,
PS, CMPS (2.4-wt% maleic anhydride and 0.1-wt¥% Luperox 101) and
CMPS (no Luperox 101) were determined in DMSO solvent using
Cannon Ubeholde viscometer (0B). The intrinsic viscosity of
starch was around 1.6 dl/g while that of PS reduced to 1.2
dl/g. However, on maleation without addition of Luperox 101,
the intrinsic viscosity of CMPS drastically dropped to 0.29
dl/g. This reduction is attributed to a decrease in molecular

- 20 -
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weight due to the hydrolysis of starch in the presence of
maleic acid. However, on addition of ILuperox 101, the intrinsic
viecosity increased slightly to 0.31 dl/g. This increase is
attributed to branching or cross-linking reactions occurring.

) Example 4
(0050} Chemical- modification of starch polymer to form
chemically modified plasticized starch-nanc clay products.
[0051] Regular silver pearl corn-starch, obtained from
Cargill Inc, was reactively modified wueing maleic

anhydride/maleic acid in a twin-screw co-rotating CENTURY™
extruder with a screw diameter of 30 mm and a L/D ratio of 40
in the presence of BENTONE 166™, which is an alkylaryl ammonium
hectorite clay, cbtained from Elementis Specialties (Highstown,
NJ), with greatly improved dispersability characteristics.
Maleic anhydride (MA) was ground to a fine powder using a
mortar and pestle and mixed with the starch (800 gm starch + 20
gm maleic anhydride + 150 gm BENTONE 166) using a kitchen
blender for 15 minutes before being fed to the feed port of the
extruder. 200 gm glycerol was pumped to the extruder using a
peristaltic pump. The relative rates of the starch/MA/BENTONE
166 mixture to the glycerol were maintained at 80:20.

Example 5
{00521 The procedure in Example 4 was followed to produce
CMPS modified using 2.5-wt%, maleic anhydride and BENTONE 111™,
which is an organic derivative of a special smectite clay,
obtained from Elementis Specialties. Malelc anhydride (MA) was
ground to a fine powder using a mortar and pestle and mixed
with the starch (800 gm starch + 20 gm maleic anhydride + 150
gm BENTONE 111) using a kitchen blender for 15 minutes before
being fed to the feed port of the extruder. 200 gm glycerol was
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pumped to the extruder using a peristaltic pump. The relative
rates of the starch/MA/BENTONE 111 mixture to the glycerol were
maintained at 80:20.

Example 6

[0053] The procedure in Example 4 was followed to produce
CMPS-clay product using 2.5-wt¥, maleic anhydride and Cloisite
30B™, which is a montmorillonite clay modified with dihydroxy
quaternary ammonium salt obtained from Southerm Clay Products.
[0054] Preferably the starch esters with the plasticizer
(glycerol) have a viscosity in the range of about 0.15 to 0.3
dl/gram in DMSO." Natural starch has a viscosity of 1.51 dl/gm
and plasticized starch has a viscosity of 1.20 dl/gm. Thus
there is a significantly reduced viscosity.

[0055] It is intended that the foregoing description be only
illustrative of the present invention and that the present
invention be limited only by the hereinafter appended claims.

- 22 -
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WE CLAIM:

1. A composition which comprises a mixture of starch
esters of a dibasic acid or an anhydride of a dibasic
acid, wherein the mixture has reduced viscosity from a

natural starch in dimethyl sulfoxide.

2. A stareh based composition which comprises a reacted
mixture of a biodegradahle starch polymer, a chemical
modifier selected from the group consisting of a
dibasic organic acid, an anhydride of the dibasic

organic acid or mixtures thereof and a plasticizer.

3. A starch based composition which comprises a
Teactively extruded mixture of a biodegradable starch
polymer, a chemical modifier selected from the group
consisting of a dibasic organic acld, an anhydride of a
dibasic organic acid and mixtures thereof, a
plasticizer and, optiocnally a free radical initiator
for the reaction, wherein the mixture has been extruded

with heating and venting of water from the mixture.

4. A biodegradable, cﬁemically modified starch based
composition which comprises a reactively extruded
mixture comprising a biodegradable starch polymer, a
chemical modifier selected from the group consisting of
a dibasic organic acid, an anhydride of a dibasic
organic acid and mixtures thereof, a plasticizer
optionally a free radical initiator for the reaction
and a nanoclay, wherein the mixture has been extruded
with heating and venting of water from the mixture.

23
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The composition of any one of Claiwms 1, 2, 3, or 4
wherein sald starch polymer is selected from the group
congisting of cornstarch, opotate starch, tapioca
starch, rice starch, wheat starch, and cassava starch.

The composition of any one of Claims 1, 2, 3, or 4
wherein the-starch polymer in the mixture is present in
an amount between about 5% to 90% by weight of the

mixture.

The composition of any one of Claims 1, 2, 3, or 4
wherein starch polymer is an unmodified, oxidized or
thin boiling starch of 0 to 95 degree fluidity.

The composition of any one of Claims 1, 2, 3, or 4
wherein the satarch polymer has moisture content of
about 0.5% to 15% by weight.

The composition of any one of Claims 1, 2, 3, or 4

wherein said atarch polymer is in a pulverized form.

The composition of any one of Claims 2, 3, or 4 wherein

the plasticizer is a polyhydric alcohol.

The composition of any cne of Claims 2, 3, or 4 wherein
the plasticizer is present in an amount between about
10 to 50 wt¥% of the mixture.

The compoasition of any one of Claime 1, 2, 3, or 4
wherein the chemical modifier is the dibasic organic
acid.
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The composition of any one of Claims 1, 2, 3, or 4

wherein the chemical modifier is the anhydride.

The composition of any one of Claims 1, 2, 3, or 4
wherein the chemical modifier is present in an amount
between about 0.5% to about 10% by weight of the starch
polymef.

The composition of Claim 4 wherein the nanoclay is
selected from a group consisting of montmorillonite;
smectite, hectorite and mixtures thereof.

The composition of Claim 4.wherein the nanoclay is

present in an amount between about 0.5 to 25 wt®% of the
mixture.

The composition of Claim 3 wherein the free radical
initiator is present and is 2,5-Bis{tert-butylperoxy) -
2,5-dimethylhexane.

The composition of Claim 3 wherein the free radical
initiator is present in the mixture in an amount
between about 0.01 to 2.0 wt¥ of the mixture.

The composition of any one of Claims 1, 2, 3, or .
wherein the mixture is processed in a twin-screw
extruder at a temperature in the range of about 100°C
to 200°C.
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The compositiocn of any one of Claims 1, 2, 3, or 4
wherein the acida or anhydrides are selected from the
group congisting of maleic-, Buccinic-, itaconie-,
phthalic- and mixtures thereof.

The composition of any one of Claims 1, 2, 3, or 4
wherein the chemical modifier is about 2% to 5% by
weight of the starch polymer of the mixture.

A process for preparing a starch based composition
which comprises reactively blending a mixture which
comprises a biodegradable starch polymer, a chemical
modifier selected from thé. group consisting of a
dibasic organic acid, an anhydride of a dibasic organic
acid and mixtures thereof, a @plasticizexr and,
optionally a free radical initiator wherein the mixture

is extruded with heating and venting of water from the
mixture.

The process of Claim 22 wherein the starch polymer and
modifier are mixed as powders.

The process of Claim 22 wherein the processing is at a
temperature between about 130 and 180°C.

The composition of any one of Claims 2, 3, or 4 wherein
the plasticizer is glycerol.

The composition of any one of Claims 2, 3, or 4 wherein
the plasticizer is about 15 to 30% by weight of the
composition.

26
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27. The composition of any one of Claims 1, 2, 3, or 4

wherein the acid is maleic acid and the anhydride is
maleic anhydride.

27
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ABSTRACT QOF THE DISCLOSURE

A chemically modified plasticized starch (CMPS) is
prepared by reacting starch with an organic dibasic acid or an
anhydride of the acid in the presence of a plasticizer using
optional free radical initiators, and optionally with the
incorporation ‘of nano clays in the reactive extrusion process.
The starch is thermoplastic and has a lower viscosity than the
traditional thermoplastic. starch. The CMPS is useful 1in
preparing starch polymer compositions which are at least
partially biodegradable.

.
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iN ) Us
Name and address: (Famwily sows followed iy piven nae; for o lagol smity, full afficial designation. The address musl inciusde pagtel cads and nease of cosniry,)
SHIN, Boo-Young
Kyoungsan 712-T48
KOREA .
Statc (that is, country) of nationality: [ State fthat ir, country) of residence:
KR KR
Name and address: (Fauily sone followad by given nane; for  legal silty, ful! oficiol desipnation. The adirexs sust inciads pasel cods end naws of comtry)
DUBOIS, Philippe
Rue, Grande, 1
4200 Ciplat
BELGIUM
State (that is, country) of nationality: State (that by, country) of residence:
BE BE
Name and address: (Fanily name followed by given nass; for a lagel entiy, fuil ficial designation. The adkiress st incinds pustal code and mome of cowstry,)
RAQUEZ, Jean-Marie
701 Cherry Lane, Apt. 104
East Lansing, Michigan 48823
United States of America .
gtgc (that is, country) of nationality: State (thot is, country) of residence:

us
[] Further applicants are indicated on snother continuation sheet.

Form PCT/IPEA/40] (mlinlaﬁon sheet) (April 2006) See Notex to the demand form
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International mli‘lkm No.
Sheet No. 3. PCT/US2005/041237

Box No. LI AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORRESPONDENCE

The following person is agent I:I common represcnistive
lnd has been appointed eartier and represents the epplicant(s) also for international preliminary examination.
0 hh-wymmnawmﬁmmmmmm)msymmuﬁnhmmm

b fi for the procedure before the Intemational Preliminesy Examining Autherity, in
D :dfu:? m representative sppointed cariler.
No.
Name and address: melbvm#udby::um p.ﬁwﬂw !m:l';-«oo
McLEOD & nlnvomE P.C. (517) 3474103
2100 Commone Parkway Teleprinter No.
Okemos, Michigan 48864
United States of America Agent's regisiration No. with the Office
20,891
:\h;ldt-ll‘oreorrumdum Mark this check-box where no common representative is/has been appointed

space above Is used instead 10 Indicate a special address to emmdumlhouldbelem.
Box No. IV RASIS FOR INTERNATIONAL PRELIMINARY EXAMINATION

Statement concerning amendments:*
1. The applicant wishes the intemational preliminary oxamination to start on the basls of:
B the intemational spplication s originally filed
the description  [{]  us originally filed
as amended under Article 34

the claims 5 s originally filed

as amended under Article 19 (logether with any accompanying ststement)
a8 amended onder Article 34

ns originally filed
a8 amended under Articie 34

the drawings

O 0]

2. [] The applicant wishes eny amendment to the claims under Article 19 to be considercd a8 roversed.

D Whahlem-mmm;nmmmmumemﬁmuﬂnhmﬁmﬂm
in sccordance with Rule 69.1(b), the applicant lulluullﬂlelmmpnpmalhamﬂflheinmnimnl
prelhmuyuummnhununulthaqphmoﬂhupp jcable time limit under Rule 69.1(d).

nnt-prnlywuhuthnmmmmﬂ preliminary examination to start earlier than at the explration of the
ﬂle time lunltundu- Rule 54bis. 1(n).

* Where no check-box mmaﬂordhmm-mlmmlIMmlhemdﬂnmmuond

llmmum}muyﬁledw where a copy of smendmenis o the claims under Article 19 snd/or amendments of the

Amnleummvulby:hemmmmmPmlzmxmmmummymnm
qutodnwuplwnumopmmnwhummmnlpdmnmmmmmml.uu

Language for the purposes of intermatioual prellminary examination: English
which is the language in which the intcrnational application was filed
which is the langusge of a transtation fumished for the purposes of international search
which is the language of publication of the international spplication
vhich is the language of the translstion (to be) fumished for the purposes of international preliminary examination

Box No. ¥V ELECTION OF STATES

'lu"heng}l:!rngoﬂhildunlndmmmmhnﬁdlcnnuwung&mwhmmddmm“mwmmII of

Form PCT/IPEA/401 (second shest) (Apeil 2006) See Notes to the demand form
LegalStar 2006, Form PCTDEM

Form
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International kpplicption No.
Sheet No. . 4. PCT/U: 1237

Box No. VI CHECK LIST

The demand is accompanied by the following elements, in the | referred 1o in For Internntiopal Preli
Box No. IV, brhmnpm?fht:nmm:f - ﬂ"’

Ennunmgmnhmlyunnn
recefved not received

1. tranalation of international application sheets . O
3 amendments under Atticle 34 sheets O O
3. . where ired, tranalation) of

T ments aadee Ao 1o ) sheets - 0
. , where tranglation) of
b i AT o sheets O 0
5. leiter sheets D D
6. other (specify) sheets O (W

The demand is also accompanied by the item(s) marked below:
1.I8] fee calculation sheet 5.[] stetement explaining Inck of signature
2.[1 original scparate powes of sttorney 6.[J spquence listing in clectronic form
3.3 original general power of attorey .00 nbhmwmmm

. f genoral power of attorney;
4 D -  number, |l'ln;' 8.0 other (apecify):

Box No. YII SIGNATURE OF APPLICANT, AGENT OR COMMON REPRESENTATIVE
Nuxt vo each sigmatire. indicute the nome of the person signing eral the capacity in wivich the parsan signs (if such copaeity is sef chvion; fram reading s deman().

%

For Intemational Prelimiosty Examining Authority use only
1. Date of actusl receipt of DEMAND:

2 Ad&o dnte of receipt of dernnnd due
RRECTIONS unda'llule 60.1(b):

DTlmdmofmelptofﬂmdmmduAH‘ERthe 6 The date of receipt of the demand is

AFTER the
expiration of 19 months from the pricrity date wnd expiration of the time limit under Rule S4biy. 1(a) and
m=n4ors below, docs not apply. item 7 or 8, below, does not apply.

] The spplicanthas boen informed accordingly mm.:rmmomedemndl-wnummum

The date of receipt of the desnand Is WITHIN the time fot ader Rule 34b1s.1(s) w8 exionded by virtue of
llll‘l;l. u‘t’ufe lsznleﬂo.mm the priority date ss extended
8. adlleofmnptorlhndmndlsmu'the
s_E] @mmﬁmmofmm“wh D Anmlofﬂlehmlunﬂunderkuleﬂbh 1(a), the
irtion of 19 months fiom the pricrity dals, the darlymunvaluEXCUSEDpnmumloltnlelz
?:rlymunnl is EXCUSED pursnant to Rule 82.

For Internatfonal Bureau use only

Demand received from IPEA on:

Form PCT/IPEA/401 (Inst shect) (April 2006
o 000, Fom a )(lm ) See Notes to the demand form
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\CHAPTER II

FER CALCULATION SHEET
Aunnex to ths Demand
For International Preliminary Examining Authosity use only
IIIIH'IIIII'!IIIIl .
Applicanf's y
Sloretrcace MSU 4.2.724 PCT L L R —
Applicant
MICHIGAN STATE UNIVERSITY ot II
CALCULATION OF PRESCRIBED FEES
1. Preliminsry cxamination fee l 800.00{ P
2. Hendling fee (Applicants from ceriain States are
entitied to o reduction of 75% of lh fn.
Where he applicant s (o all appd
eniitled, the amount io al:r-d’dHﬂZS"qfﬂnL 173.00 HJ
handiing fee.) -
3. Total of prescribed fees
Add the amounts entercd et P and H 773.00
TOTAL
MODE OF PAYMENT
i cash
X mthomationto chorge depodt ) L]
. cheque D revenue stamps
L] benkomn [ other gapecyty:
AUTHORIZATION TO CHARGE {OR CREDIT) DEFOSIT ACCOUNT
({This mode of payment may not be available at all IPEAs)
IPEA us
O  Autborization to charge the tofal fics indicated sbove. Deposit Account No.:13-0810
check-box be marked the condit - 18 JUNE 2008
R} Ghs deposi accouni hcrrﬁaw;g% ;f:'l"onﬁ Date:
an ar
mﬂh enr.y |myov¢p|ym=|m Name: Mary M.
Signature: |
Form PCT, Izlgg‘flp‘m (Annex) &d:lril 2006) See Noles to the fee calculation shest
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PODER
Yo (nosotros) MICHIGAN STATE UNIVERSITY

domiciliado{s) en 238 Administration Building, East
Lansing, Michigan 48824, Estados Unidos de América

Nombro{amos) a: JUAN PABLO CADENA SARMIENTO
yio CARLOS H. PALACIO EASTMAN y/o MARTIN E.
TORRES CARDOZO, de Bogotd, Colombia, apoderados
verdaderos y legaeles con poder especial, amplio y
suficiente, para recebar de las oficines y autoridedes
colombianas administrativas, judiciales y de policla, en
cualquier instancia o recurso, la obtencién de patentes de
invencidn, registros de marcas, disefios industriales,
modelos de utilidad, depdsitos de nombres comerciales,
lamas comerciales y enseflas, registros de derechos de
autor y contratos sobre losa mismos, obtencién de
certificados de obtentor de variededes vegetales, asl
como sus prérrogas, renovacionas, anotaciones de
traspeso, cambios de nombra y/o domicilio; eleborar,
tramitar y registrar contratos de licencia y licencias de
cualesguiera clases; intervenir como demandante o0 como
demandado en cuslquier instancia y recurso ante
cualquier juez, corporacién, funcionario pidblico o
autorided en acciones judiciales, administrativas y de
paolicla tales como: oposiciones al registro de marcas;
acciones de caducidad, cancelaclén y nulidad; acciones
reivindicatorias, acciones derivadas de la obtencién o
explotacién de licencies; acciones de competencia
desleal; demandas penales; acciones de indemnizacidn de
perjuicios, raclamos y observaciones a solicitudes de
patentes, disefios industriales, modelos de utilidad, en el
ejercicio de medidas cautelares y en otras acciones o
medidas similares.

A este efecto, lo(s) facultolamos) para elevar solicitudes,
Jormular descripciones, enmiendas, protestas,
declaraciones, oposicionss, cancelaciones, nulidades,
apelaciones y reclamos; pager Impuestos, cuotas y
gravamenes prescritos por la ley; renunciar o desistir a
derechos concedidos o en curso de concesidn; recibir
toda clase de documentos y velores, dando el descargo
respectivo, y, en general, para der ante dichas
autoridades todos los pasos necesarios al efecto indicado
y tomar todas las medidas que creyeren conducentes al
resguardo de mis (nuestros interesea), con todas las
demads facultades legales necasarias.

Este poder comprende la facultad de ratificar o confirmar
en mi (nuestrol nombre lo actuado asfl como la facultad
de desistir, transigir, comprometer, y la de sustituirlo en
todo o en parte y revocar sustituciones. Asimismo
nombro{amos) a: JUAN PABLO CADENA SARMIENTO
y/lo CARLOS H. PALACIO EASTMAN y/o MARTIN E.
TORRES CARDOZO, domiciliado(s) en la Camrera 7 No.
16-58 Piso 9, mia ({(nuestros) apoderados en Colombia,
con fecultedes para recibir notificaciones y designar
apoderados judiciales o extrejudiciales.

Otorgado y firnado en
hoy _ de de 200_
Firma

Nombra
Cargo

Brigard &« Castro
BOGOTA - COLOMBIA

wf \o)\ i;

POWER OF ATTORNEY

| (We] MICHIGAN STATE UNIVERSITY

domiciled in 238 Administration Building, East Lansing,
Michigan 48824, United States of America

Hereby sppoints JUAN PABLO CADENA SARMIENTO
and/or CARLOS H. PALACIO EASTMAN and/or MARTIN
E. TORRES CARDOZO, of Bogotd, Colombia, my {our)
true and lawful attorneys with special, ample and
sufficient power to obtain from the Colombian
administrative, judicial and police offices and authorities,
in any instance, privileges of patents of invention,
ragistration of trademarks, industrial designs and utility
models; registration of commercial namaes, slogans and
emblems, registration of copyright and contracts related
thereto, certificates of obtainers of vegetables varietias,
as well as extensions, renswals and recordal of
assignments and changes of name and domicile related
to the above; to prepars, prasacute and register licenses
of any kind; to act as plaintiff or defendant in any
instance or recourss, and bafore any judge, corporation,
public official or authority in judicial, administrative and
police actions, such as: oppositions to the registration
of trademarks; caducity, cancellation and nullity actions;
claim actions darived from the obtaining or exploitation
of licansas, action of unfair competition; criminal
proceedings, actions for payment of demages: claims or
observations on patent applications, modals, industrial
designs and utility models; in the exercies of preventive
measures and in other actions or similar proceedings.

To thet gffect they hereby empowered to file
applications, formulate descriptions, amendments,
protests, declarations, oppositions, cancellations,
nullities, appeala and claims; to pay taxes, quotas and
assessments prascribed by law, renounce or waive the
rights granted or in the procase of granting; to receive all
kinds of documente and valuables, giving the respective
release of receipt, and, in general, to take before said
authorities the necessary steps to such effect, and any
measures that they may deem partinent to the safeguard
of my {ourl Iinterast{s} with all the other necessary
lagal powers,

This power includea the faculty to ratify or confirm
desist, settle and compromise on my {our] behalf, and to
substitute thie powar in whole or in part and to revoke
substitutions. At the same time | {Wea) hereby appoint
JUAN PABLO CADENA SARMIENTO and/or CARLOS H.
PALACIO EASTMAN snd/or MARTIN E. TORRES
CARDOZO, domicilad in Carrera 7 No. 18-58, Piso 9,
my {our] attorney{s) In fact, with powers to raceive
notifications and to designate judicial and extrgiudicial
attornays.
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TIFICADO NOTARIAL (SOCIEDAD)

Hoy de de
pergonalmerte comparecié ante m{

8 quien conozco, y de quien me consta que firmé el
anterior documenta, debidamente juramentado declard y
dijo que 4§l (alla) es

de MICHIGAN STATE UNIVERSITY

Sociedad legalments constituida para un perfodo de
duracién que aln no ha terminado; que el declarante ssté
sutorizado por dicha compafila para confarir aste poder;
qua ol sello estampado por 48l al pie de tal poder, en
nombre y representaclén de la expresada compaiila, es el
sallo oficial de ella; y que el objeto para el cual se confiers
aste instrumento estd comprendido dentro de! objeto
social de la sociedad.

Bl suscrito Notario ‘hace constar que tuvo a la viste las
ruebas de Ja axistencia de |la sociedad.

Estado de :
con fecha

y que quian confiera el es BU

representante.

presente poder

Notario PUblico (sello)

CERTIFICADO NOTARIAL
PERSONA NATURAL

Hoy de de
ante ml

., comparecid{eron)

a gquien (es) conozco y me consta que es{son) Ia(s)
persona(s] firmanteis) del documento que preceds y
quien{es) declara(n) quae otorgan el misma para los fines
y propdsitos que en 4| 3e expresan.

Notario Pablico (sello)

LEGAIJZACIION POR APOSTILLA ES REQUERIDA.

NOTARIAL CERTIFICATE Tl%
On this 21 day of June, 2006 of

personally appeared before me

LORALNE J. HUDSON

to me knowh, and known to me to be the person who
signed the foregoing inatrument who being by me duly
sworn did depose and say that he (she} is the

DIRECTOR OF INTELLECTUAL PROPERTY
of MICHIGAN STATE UNIVERSITY

Which Is legally constituted for a term not yet expired,
that deponent is authorized by said Company to confer
this Power of Attorney: thet the seal affixed hereunto
by the deponent in the name and on beha!f of said
Corporation is the corporate seal thereof; and that the
purpose for which this instrument is granted is included
within the corporate purpose of company.

Tha underiignud Notary Public attests thet he has asen
the documents that prove the existence of the company.

State of
under date of

and that he (she) who grants the present power of
attorney is its Representative.

Public Notary (Seal)

NOTARIAL CERTIFICATE
NATURAL PERSON

Onthis al3l dayof Jura of 200

personally appearad befors me

who is{ars} known to me and who | attest axecuted the
foregoing document and he (they) declared he (thay)
grant{s} the document for the uses and purposes thersin
expressad. .

Notary Public (Seal) )
i
LEGALIZATION BY APOSTILLE IS REQUA ?:\" ‘_\_’_;-;91‘

- ,.:.;f('e_f'
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TRADUCCION AL ESPANOL del Documento de Poder otorgado por
MICHIGAN STATE UNIVERSITY domiciliada en 238 Administration
Building, East Lansing, Michigan 48824, Estados Unidos de América..

ESTADO DE MICHIGAN

-

DEPARTAMENTO DE ESTADO

APOSTILLA
(Convencion de La Haya del 5 de octubre de 1961)

1. Pals: ESTADOS UNIDOS DE AMERICA

Este documento publico

2. ha sido firmado por Doris J. Blanken
3. actuando en capacidad de Notario pdblico de Michigan
‘4. lleva el sello de Doris J. Blanken

Condado de Eaton, Michigan

CERTIFICADO
5. en Lansing, Michigan 6. el 6 de julio de 2008
7. por el Secretario de Estado, Estado de Michigan
8. NO. 20588W-06
9. Sello/timbre 10. Fima:

(Firma)
Terri Lynn Land

La certificacién da testimonio de la autenticidad de la firma del funcionario
que firmd el documento anexo, la capacidad en la cual actué ese funcionario,
y donde sea apropiado, la identidad del sello o timbre que lleva el
documento. Esta certificacion no tiene intencién de implicar que los
contenidos del documento son comectos, ni que tienen la aprobacion del
Estado de Michigan
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200 b me
;:h% PATENTEIYH Eve: 379 FASENACIONAL o

Act 411 PRESENTACION Fol-n::s. .1? 1 = NGCIA

REQUISITOS MINIMOS PARA ADMISION A TRAMITE

PCT
" PATENTE DE INVENCION []/ MODELO DE UTILIDAD [ ]-

€ Indicacion de que se solicita la concesion de una patente [ ]/
€ Datos de identificacién del solicitants o de la persona que presenta la solicitud [ ]

¢ Descripcién de la invencién [rl/
€ Dibujos de ser estos pertinentes ]

€ Comprobante de pago de las tasas establacidas J/]/
COMPLETA [ ] | INCOMPLETA [ ]

DISENO INDUSTRIAL [ ]

¢ Indicacién de que se solicita el registro de Disefio Industrial [ 1]

¢ Datos de identificacion del solicitante o de la persona que presenta la solicitud [ ]

¢ Representacién gréfica y fotografica del Disefio Industrial o muestra del []
material que incorpora el disefio

¢ Comprobante de pago de las tasas establecidas [ ]

COMPLETA [ ] INCOMPLETA [ 1]

ESQUEMA DE TRAZADO [ ]

® Indicacién de que se solicita el registro de un.Esquema de Trazado [
4 Datos de identificacién del solicitante o de la persona que presenta la solicitud [
& Representacion grafica del esquema trazado [
4 Comprobante de pago de las tasas estabiecidas _ [

el bl bl Semed

COMPLETA [ ] : INCOMPLETA [ ]

Fe¥or \oatts

Firma Responsable

8-0650L

Fecha Carrera 13 No. 2700 Piso 5,7 y 10
Conmutador: 3 B2 08 40
Fax: 350 5220
E-mall: info@sic.gov.co

www.sic.gov.co
Bogota, D.C., Colombia




REPUBLICA DE COLOMBIA (a
SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO \(b

Bogoti,
2020

Doctor (a)

CADEMA SARMIENTO JUAN PABLO
Apoderado(a) y/o Representante de
MICHIGAN STATE UNIVERSITY

REFERENCIA Radicacisdn Ro. 07 45666
Bolicitud internacional PCT/UB2005/041237
FPecha inicio fase nacional 19/06/2007

Trémite 11

Evento 379

Actuacién 430 \ N ;
Oficio No. . ek b79 53

Como resultado del examen de forma, realizado con fundamento en el articulo 38 de
la Decisifn 486 de la Comisién de la Comunidad Andina, articulo 27 del Tratado de
Cooperacin en Materia de Patentes (PCT), regla 51 bis del Reglamento y Circular
Unica de la Buperintendencia de Industria y Comercio, se le comunica que:

1. La solicitud no contiene 1la copia del documento en que comsata la cesidn del
derecho a la patemte del inventor al soclicitante o a su causante. {Art. 26-k)
Decislén 4B6. Cuando pge trate de documentos otorgados el extranjero, deben
legalizarse de conformidad con lo dispuesto por loam articulos 259 y 260 del Cédigo
de Procedimiento Civil.

En cumplimiento de lo dispuesto por el articulo 39 de la Decisifn 486, se le
requiere para que dentro del término de doa meses sigulentes a la fecha de
notificacién del presente oficlio, complete los requisitos anteriormente enunciados.
En caso de no dar cumplimiento al presente regquerimiento, la solicitud se
considerari abandonada y perderi su prelaciém.

Notifigquese el presente oficlio conforme a lo dispuesto el numeral 5.2, literal
e), del capitulo quinto del titulo primero de la Circular Unica No.10 ds 2001.

RS .

Jefe de 1 vigién de Ruevas Creacicnes (E)

El anterior requerimiento fue notificado por fijaciém en 1lista de

e



