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The disposal of consumer waste has become a significant problem in many industrialised

countries. For example, there are relatively few sites that remain available for landfill in
places such as Europe and Japan. A considerable volume of consumer waste is made up of
polymeric material, and there has been a concerted effort to introduce polymer recycling

strategies to reduce such polymer waste going to landfill.

However, unlike other materials such as glass, wood and metal, the recycling of polymers
can be problematic. For example, polymer recycling techniques typically require the
polymers to be sorted according to their chemical composition. In particular, due to the
diverse array of different commercial pelymers it can be difficult to separate polymer
materials from the waste stream in this manner. Furthermore, most polymer recycling
techniques involve a melt processing stage which can reduce the physical and mechanical
properties of the polymer. Recycléd polymers therefore tend to have inferior properties

and this can limit the range of applications'in which they can be employed.

Apart from problems associated with recycling waste polymer materials, the majority of
polymers currently being used are derived from petroleum-based products, making their

long-term manufacture unsustainable.

In response to these issues, there has been a marked increase in research directed toward

developing biodegradable polymers that can at least in part be manufactured using
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of the research to-date in the field of biodegradable polyners has focussed
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Per haps the nost w dely studied polysagcharide in this regard is starch.
Starch is a particularly suitable biopolyner in that it is derived from
renewabl e resources (i.e. plant products), readily available and relatively
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In preparing biodegradable polymers, polysaccharide is typically utilised by melt mixing it
or a modified form thereof with a suitable biodegradable thermoplastic polymer such as
polyester. For example, biodegradable polymer compositions may be prepared by melt
mixing polyester with starch, a chemically modified starch and/or thermoplastic starch
(TPS - formed by melt mixing starch with a plasticiser such as glycerol). However,
polysaccharides such as starch are quite hydrophilic relative to thermoplastic polymers that
are typically melt mixed with it. Melt mixing of polysaccharide with other thermoplastic
polymers therefore typically results in the formation of multi-phase morphology having a
high interfacial tension which can negatively impact on the physical and mechanical

properties of the resulting polymer composition.

Considerable research has been devoted to improving the physical and mechanical
properties of biodegradable polymer compositions comprising polysaccharide. For
example, phase compatibilisers have been employed to reduce the degree of phase

separation that can occur when polyester is melt mixed with polysaccharide.

Despite advances in the physical and mechanical properties of biodegradable polymer
compositions comprising polysaccharide, such polymer composition are generally still

renowned for having inferior physical and mechanical properties relative to petroleum



conpositions conprising polysaccharide, such polymer conposition are
generally still renowned for having inferior physical and nechani cal
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conpositions also tend to suffer from poor processing behaviour,
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exanpl e, conventional polyester starch pol ynmer conpositions typically
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reduce output.

Attempts have been made to address such processing problems. For example, slower and
gentler processing techniques can be adopted, and specialised processing equipment has
been developed. However, such measures either reduce throughput and/or add cost to the

manufacturing process.

Accordingly, there remains an opportunity to develop new biodegradable polymer
compositions comprising polysaccharide which address or ameliorate one or more
disadvantages or shortcomings associated with existing compositions and/or their method
of manufacture, or to at least provide a useful alternative to such compositions and their

method of manufacture.
SUMMARY OF THE INVENTION

The present invention provides a biodegradable polymer composition comprising the
following components (a)-(f) and/or product(s) formed from a reaction between the
components: (a) one or more biodegradable polyesters; (b) polysaccharide; (c) polymer
having pendant carboxylic acid groups; (d) transesterification catalyst; (¢) polyepoxide;

and (f) fatty acid sodium salt.
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acid sodium salt.

In one embodiment of the method of the invention, the masterbatch provides the only
source of polysaccharide that is melt mixed with other constituents to form the

biodegradable polymer composition.

By first preparing the masterbatch by melt mixing constituents (B) and then melt mixing
the masterbatch with constituents (A), the method in accordance with the invention is
believed to provide for a biodegradable polymer composition that exhibits excellent

compatibility between its constituent components.

Without wishing to be limited by theory, it is believed that the polymer having pendant
carboxylic acid groups facilitates transesterification between the polysaccharide and the
biodegradable polyester during preparation of the masterbatch. Such components within
the masterbatch are in turn believed to function as a compatibiliser and reduce the
formation of multi-phase morphology when the masterbatch is melt mixed with the
constituents (A). A reduction in the multi-phase morphology of the resulting
biodegradable polymer composition is believed to contribute to the excellent physical and

mechanical properties of the composition.
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behaviour.

The excellent properties of the polymer composition in accordance with the invention can
advantageously be obtained with the composition having relatively high polysaccharide

content. Further aspects of the invention are described below.

DETAILED DESCRIPTION OF THE INVENTION

The polymer compositions in accordance with the invention are biodegradable. Those
skilled in the art will appreciate that the term "biodegradable" does not have a universal
definition. For avoidance of any doubt, the term "biodegradable" used herein in
association with the term "polymer", "polymer composition" or specific polymer materials
such as a "polysaccharide” and "polyester”, is intended to denote a material that meets the
biodegradability criteria specified in EN 13432 or ASTM 6400. In other words, the
polymer composituion is considered to be biodegradable if, upon exposure to a composting
environment, 90% of it disintegrates into particles having an average size of less than 2mm
within twelve weeks, and after six months at least 60% of it, in the case of ASTM 6400, or
at least 90% of it, in the case of EN 13432, has degraded into carbon dioxide and/or water.
In some embodiments, biodegradable polymer compositions in accordance with the

invention will meet the more stringent biodegradability criteria set forth in EN 13432.
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believed that one or more components (a)-(f) undergo a chemical reaction and thereby
form a reaction product(s). Those skilled in the art will appreciate that it can be difficult to
clearly define such a reaction product(s) and therefore the most appropriate way to refer to
them is simply as a "reaction product(s)". For example, the polyepoxide (¢) may react with
the one or more biodegradable polyesters (a) to promote chain coupling thereof and
thereby effectively extend the molecular weight of the polyester. All of the components

within the composition may not undergo reaction and therefore the composition may

comprise a mixture of the original components and reaction product(s) of the components.

There is no particular limitation regarding the polyester that may be used in accordance
with the invention provided that it is biodegradable. Examples of suitable biodegradable
polyesters include, but are not limited to, polycaprolactone (PCL) as sold by Union
Carbide under the trade name Tone™ (e.g. Tone P-300, P-700, P-767 and P-787 having a
weight average molecular weight of about 10,000, 40,000, 43,000 and 80,000,
respectively), or those sold by Perstorf under the trade name CAPA 6800 and CAPA FB100
having a molecular weight of 80,000 and 100,000 Daltons, respectively; polylactic acid
(PLA) as sold under the trade name Natureworks™ PLA by Cargill; polyhydroxy butyrate

(PHB) as sold under the trade name Biocycle™ or Biomer™ by Biomer, Germany;



There is no particular Iimtation regarding the polyester that nay be used
in accordance with the invention provided that it is biodegradable.
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MFTI values referred to herein are those determined according to ASTM D 1238 at a
temperature of 190°C with a ram weight of 2.16kg.

The polysaccharide used in accordance with the invention may be any polysaccharide that
can be subjected to melt mixing. The polysaccharide will generally have a water content
below about 1wt.%, for example below about 0.5wt.%. Suitable polysaccharides include,

but are not limited to, starch, glycogen, chitosan, cellulose and combinations thereof.

A preferred polysaccharide for use in accordance with the invention is starch. Starch is a
particularly convenient polysaccharide in that it is relatively inexpensive, it is derived from
a renewable resource and it is readily available. Starch is found chiefly in seeds, fruits,
tubers, roots and stem pith of plants, and is basically a polymer made up of repeating
glucose groups linked by glucosidic linkages in the 1-4 carbon positions. Starch consists
of two types of alpha-D-glucose polymers: amylose, a substantially linear polymer with
molecular weight of about 1 x 10°; and amylopectin, a highly branched polymer with very
high molecular weight of the order 1 x 10’. Each repeating glucose unit typically has three
free hydroxyl groups, thereby providing the polymer with hydrophilic properties and

reactive functional groups. Most starches contain 20 to 30% amylose and 70 to 80%
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example, native starch may be melt processed with one or more plasticisers such as water,
glycerol, maltitol, mannitol, xylitol, erythritol, diethyleneglycol, trimethylene glycol,
triethyl citrate (TEC), sorbitol, other low molecular weight polyether compounds and

combinations thereof.,

Water is an excellent plasticiser for the manufacture of TPS. However, due to its relatively
low boiling point, the presence of water above about 1wt.% in TPS can cause an
undesirable degree of volatilisation of water during melt mixing. Furthermore, the
presence of too much water during the preparation of the masterbatch or biodegradable

polymer composition can cause an undesirable degree of hydrolysis of the polyester.

In one embodiment, the plasticisers used for the manufacture of TPS include glycerol

and/or sorbitol.

The plasticisers are typically used in an amount ranging from about 5wt.% to about
50wt.%, for example in an amount ranging from about 10wt.% to about 40wt.%, or in an
amount ranging from about 15wt.% to about 40wt.%, relative to the total mass of the

plasticiser and native starch.
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r eagent sChehti€ally modified starch may also be used as the polysaccharide in accordance with the

invention. Chemically modified starch includes, but is not limited to, oxidised starch,
etherificated starch, esterified starch, cross-linked starch or a combination of such chemical
modifications (e.g., etherificated and esterified starch). Typically, modified starch is
prepared by reacting the hydroxyl groups of the polymer with one or more reagents. The
degree of reaction, often referred to the degree of substitution (DS), can significantly alter
the physicochemical properties of the modified starch compared with the corresponding
native starch. The DS for a native starch is designated as 0, and can range up to 3 for a
fully substituted modified starch. Where the substituent groups have hydrophobic
character, a DS approaching 3 can afford a modified starch that is relatively hydrophobic in
character. Such modified starches can be more readily melt blended with the

biodegradable polyester, relative to native starch.

A chemically modified starch may also be converted to TPS by melt mixing it with
plasticiser as hereinbefore described. In this case, the aforementioned amounts of

plasticiser used will be relative to the total mass of the modified starch.

Suitable etherificated starches include, but are not limited to, those which are substituted
with ethyl and/or propyl groups. Suitable esterified starches include, but are not limited to,

those that are substituted with acetyl, propanoyl and/or butanoyl groups.
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pendant carboxylic acid groups, a transesterification catalyst i
prepare the masterbatch.” For example, the production of the masterbatch may comprise
melt mixing native starch and/or chemically modified starch, plasticiser, biodegradable
polyester, a polymer having pendant carboxylic acid groups, a transesterification catalyst

and optionally fatty acid sodium salt.

Where a TPS is used in preparing the masterbatch and/or a plasticiser per se is used in
preparing the masterbatch to form the TPS in situ, the presence of plasticiser during the
melt mixing process is believed to further enhance the formation and/or retention of a

highly non-crystalline or destructured form of the polysaccharide.

Examples of suitable starch materials include, but are not limited to, corn starch, potato
starch, wheat starch, soybean starch, tapioca starch, high-amylose starch or combinations

thereof.

In some embodiments, the starch is corn starch, and in others the corn starch is corn starch
acetate such as that supplied by the Shanghai Denaturalization Starch Company, Shanghai,
(DS > 0.08%, moisture content < 14%).

The polysaccharide component of the composition may or may not in its own right meet

the biodegradability criteria specified in EN 13432 or ASTM 6400. However, it will in
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This polymer component of the composition may or may not in its own right meet the
biodegradability criteria specified in EN 13432 or ASTM 6400. However, it will in any
event be used in an amount that does not prevent the biodegradable polymer composition

according to the invention from meeting such criteria.

Suitable types of polymer having pendant carboxylic acid groups that may be used in
accordance with the invention include, but are not limited to, ethylene acrylic acid (EAA)
copolymer, poly(EAA-vinyl alcohol) (EAAVA), poly(acrylic acid) (PAA),
poly(methacrylic acid) (PMA), ethylene-methacrylic acid copolymers (EMAA),
poly(acrylamide-acrylic acid) (PAAA), and combinations thereof.

The polymer having pendant carboxylic acid groups will generally have a melt flow index
(MFI, as measured at 190°C using 2.16 kg weight) of greater than about 15, preferably

ranging from about 15 to about 50, more preferably from about 15 to about 20.

The polymer having pendant carboxylic acid groups will generally have a % acid value (as
determined by ASTM D4094-00) of greater than about 7%, preferably greater than or
equal to about 9%.

The biodegradable polymer composition in accordance with the invention also comprises a

transesterification catalyst. Suitable transesterification catalysts include, but are not
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comprises polyepoxide.” By "polyepoxide" is meant monomeric or polymeric material
having two or more epoxy groups on average per molecule. Provided that the two or more
epoxy groups are capable of undergoing reaction with acid and/or alcohol groups of
polymers present within the composition, the type of epoxy group is not critical. However,

polyepoxides comprising vicinal epoxy groups are generally preferred.

The polyepoxide component of the composition may or may not in its own right meet the
biodegradability criteria specified in EN 13432 or ASTM 6400. However, it will in any
event be used in an amount that does not prevent the biodegradable polymer composition

according to the invention from meeting such criteria.

Suitable polyepoxides include, but are not limited to, diepoxides such as a diglycidyl ether
of bisphenol A, butadiene diepoxide, 3,4-epoxycyclohexylmethyl-(3,4-epoxy)
cyclohexane-carboxylate, vinyl cyclohexene dioxide, 4,4'-di(1,2-epoxyethyl)-diphenyl
ether, 4,4'-(1,2-ep6xyethyl) biphenyl, 2,2-bis(3,4-epoxycyclohexyl) propane, a diglycidyl
ether of resorcinol, a diglycidyl ether of phloroglucinol, a diglycidyl ether of
methylphloroglucinol, bis(2,3-epoxycyclopentyl) ether, 2-(3,4-epoxy) cyclohexane-5,5-
spiro(3,4-epoxy)-cyclohexane-m-dioxane and bis(3,4-epoxy-6-methylcyclohexyl)adipate,
N,N'-m-phenylene-bis (4,5-epoxy-1,2-cyclohexanedicarboxyimide), and tri-and higher
epoxides such as a triglycidyl ether of p-aminophenol, polyallylglycidyl ether, 1,3,5-
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R3

where Ri-Rs are each independently selected from H and alkyl (e.g. C;-C); alkyl), R¢ is an
alkyl group (e.g. C;-Cyz alkyl), and x, y and z are each independently an integer between 1
and 20.

Suitable GMA derived polyepoxides may be obtained commercially, for example, Joncryl®
ADR-4368 by BASF.

The biodegradable polymer composition in accordance with the invention also comprises
fatty acid sodium salt. By "fatty acid sodium salt" is meant a fatty acid in which the

carboxylic acid functional group is in the form of its sodium salt. By "fatty acid" is meant
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groups of polyester within the conposition to produce sodi um carboxyl ate

groups. denzativsdithareefaPblerierigd dathr anighsodanra spléis sodbun stearatggr egat e within the
conposition and pronote nucl eation and spherulite formation. The fatty acid
sodi um salt conponent of the conposition may or may not in its own right
meet t heUski eftthg tadabdid isbdiuar sdleini the SpRpoditiardis beliehedl A BRI1ite ARTNMAN) .
However, it wll L

unitlorm nucleation and spherulite formation in products such as films formed from the
polymer composition. Without wishing to be limited by theory, it is believed that sodium

ions associated with the fatty acid sodium salt react with carboxylic acid groups of
polyester within the composition to produce sodium carboxylate groups. The sodium
carboxylate groups are believed to aggregate within the composition and promote

nucleation and spherulite formation.

The fatty acid sodium salt component of the composition may or may not in its own right
meet the biodegradability criteria specified in EN 13432 or ASTM 6400. However, it will
in any event be used in an amount that does not prevent the biodegradable polymer

composition according to the invention from meeting such criteria.

As will be discussed in more detail below, the biodegradable polymer composition in
accordance with the invention may also contain one or more other components. However,
the polymer composition will generally have in total at least about 50wt.%, for example at
least about 65wt.%, at least about 75wt.%, or at least about 85wt.%, of components (a)-(f)

described above and/or product(s) formed from a reaction between such components.

The biodegradable polymer composition will generally comprise components (a)-(f) and/or

product(s) formed form a reaction between the components in a range of from about
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above and/or product(s) fornmed froma reacti on between such conponents. The
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about 15wt.% of (c), about 0.0075wt.% to about 0.3wt.% of (d), about 0.1wt.% to about
0.7wt.% of (e), about 0.025wt.% to about 0.3wt.% of (f), and Owt.% to about 25wt.% of

plasticiser, relative to the total mass of (a)-(f) and plasticiser (when present), and such that
the total mass of these components represents at least about 50wt.%, about 65wt.%, about

75wt.%, or about 85wt.% of the total mass of the biodegradable polymer composition.

In a further embodiment, the biodegradable polymer composition comprises components
(a)-(f) and/or product(s) formed form a reaction between the components in a range of
from about 40wt.% to about 80wt.% of (a), about 5wt.% to about 30wt.% of (b), about
1wt.% to about 8wt.% of (c), about 0.01wt.% to about 0.15wt.% of (d), about 0.2wt.% to
about 0.5wt.% of (e), about 0.025wt.% to about 0.15wt.% of (f), and 0 to about 15wt.% of
plasticiser, relative to the total mass of (a)-(f) and plasticiser (when present), and such that
the total mass of these components represents at least about SOwt.%, about 65wt.%, about

75wt.%, or about 85wt.% of the total mass of the biodegradable polymer composition.

The biodegradable polymer composition in accordance with the invention will generally be

provided in the form of a melt mixed product.
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be descri bed1 as reactive mslé m xi.ng, for_exanple reactive_ extrusion.
suitable temperature range and that this fange will vary depending upon the nature of the

components being melt mixed.

Melt mixing that is performed in accordance with the invention will generally promote
reaction between the components being melt mixed. The melt mixing process might

therefore also be described as reactive melt mixing, for example reactive extrusion.

Generally, the biodegradable polymer composition will be prepared by melt mixing
together about 10wt.% to about 95wt.% of the masterbatch, about S5wt.% to about 90wt.%
of one or more biodegradable polyesters, about 0.1wt.% to about 1wt.% of polyepoxide,
and Owt.% to about 0.5wt.% of fatty acid sodium salt, relative to the total amount of these
components, and such that (i) the total mass of these components represents at least about
50wt.%, about 65wt.%, about 75wt.%, or about 85wt.% of the total mass of the resulting
biodegradable polymer composition, and (ii) the total mass of fatty acid sodium salt in the
resulting biodegradable polymer composition ranges from about 0.01wt.% to about
0.5wt.%.

In one embodiment, the biodegradable polymer composition will be prepared by melt
mixing together about 10wt.% to about 90wt.% of the masterbatch, about Swt.% to about
85wt.% of one or more biodegradable polyesters, about 0.1wt.% to about 1wt.% of



General |l y, the bi odegradabl e pol ynmer conposition will be prepared by nelt

m Xi ng together about 10wt.% to about 95wt. % of the masterbatch, about
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bi odegr adabl e pol yner conposition is prepared by nelt m xi ng together about
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represents at least about 50wt.%, about 65wt.%, about 75wt.%, or about 85wt.% of the
total mass of the resulting biodegradable polymer composition, and (ii) the total mass of
fatty acid sodium salt in the resulting biodegradable polymer composition ranges from

about 0.025wt.% to about 0.3wt.%.

In another embodiment, the biodegradable polymer composition is prepared by melt
mixing together about 15wt.% to about 65wt.% of the masterbatch, about 30wt.% to about
80wt.% of one or more biodegradable polyesters, about 0.1wt.% to about 0.7wt.% of
polyepoxide, and Owt.% to about 0.3wt.% of the fatty acid sodium salt, relative to the total
amount of these components, and such that (i) the total mass of these components
represents at least about 50wt.%, about 65wt.%, about 75wt.%, or about 85wt.% of the
total mass of the resulting biodegradable polymer composition, and (ii) the total mass of
fatty acid sodium salt in the resulting biodegradable polymer composition ranges from

about 0.025wt.% to about 0.3wt.%.

In a further embodiment, the biodegradable polymer composition is prepared by melt
mixing together about 20wt.% to about 50wt.% of the masterbatch, about 40wt.% to about
80wt.% of one or more biodegradable polyesters, about 0.2wt.% to about 0.5wt.% of
polyepoxide, and Owt.% to about 0.15wt.% of fatty acid sodium salt, relative to the total



fatty acid sodiumsalt in the resulting biodegradabl e polynmer conposition
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total marggres?gntst Qtelsegstca%ggto 98\?;}(%, about 65wt.%, about 75wt.%, or about 85wt.% of the
total mass of the resulting biodegradable polymer composition, and (ii) the total mass of
fatty acid sodium salt in the resulting biodegradable polymer composition ranges from

about 0.025wt.% to about 0.15wt.%.

In addition to constituents (A) described above (i.e. the one or more biodegradable
polyesters and polyepoxide, and when present the fatty acid sodium salt), the masterbatch
may be melt mixed with one or more further components such as polysaccharide,
plasticiser, and/or one or more other components such as the additives outlined below.
Where such other components are present in the composition it will be appreciated that the
percentage values defined herein will be appropriately adjusted to allow for these

components.

As used herein, the term "masterbatch” is intended to mean a polymer composition formed
by melt mixing constituents (B) which comprise one or more biodegradable polyesters,
polysaccharide, polymer having pendant carboxylic acid groups, transesterification
catalyst, and optionally fatty acid sodium salt as herein described. Constituents (B) may
comprise one or more further components such as the additives outlined below. In that
case, the intended meaning of the term "masterbatch" will of course be extended to include

these other components.
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can be matlnhdkeddhile neinabikingidr dvoidigg eetraslt degeddation of components within the
composition. The minimum melt mixing temperature will of course vary depending upon

the materials being mixed, and this can be readily determined by a person skilled in the art.

Being able to prepare the composition at a minimum melt processing temperature

advantageously minimises thermal degradation of the components of the composition.

Under certain circumstances, it may be desirable to vent or apply vacuum to the melt
mixing process to allow volatile components such as water to be removed from the

polymer melt.

During melt mixing of the masterbatch with constituents (A), the polyepoxide is believed
to react with carboxylic acid and/or alcohol groups of the polymers present. This reaction
can couple polymer chains so as to increase the effective molecular weight of the polymer.
An increase in the molecular weight of the polymer is in turn believed to enhance the
physical and mechanical properties of the resulting biodegradable polymer composition.
Furthermore, the increased molecular weight of the polymer composition is believed to
improve its melt processing properties, and in particular melt processing properties

associated with producing blown film from the composition.

In accordance with the method of the invention, the masterbatch is formed by melt mixing
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mast er bat ch may be prepared and conveniently stored for future use.
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di scussed apove in respect of the biodegradabl e pol yner
reaction between the constituents. In particular, the melt mixing process used to be prepare
the masterbatch is believed to promote reaction between at least some of the
polysaccharide and the one or more biodegradable polyesters. Without wishing to be
limited by theory, it is believed that the polysaccharide will undergo a degree of
transesterification with the one or more biodegradable polyesters. The polymer having
pendant carboxylic acid groups may also take part in such reactions. Accordingly, the

masterbatch may be described as comprising constituents (B), optionally fatty acid sodium

salt, and/or product(s) formed from a reaction between such constituents.

Without wishing to be limited by theory, the transesterification catalyst used in preparing
the masterbaich is believed to provide a function that lowers the melt processing
temperature at which the masterbatch constituents may be melt mixed and undergo
reaction compared with that which would be required to promote the same degree of
reaction in the absence of the catalyst. ~While the catalyst is referred to as a
"transesterification" catalyst, those skilled in the art will appreciate from the nature of the
constituents being melt mixed to prepare the masterbatch that other reactions such as
condensation and ester exchange reactions may also take place. Thus, it is to be
understood that reference herein to the term "transesterification" is intended to embrace
other mechanisms of reaction that can occur between ester, alcohol and acid groups such as

ester exchange and condensation reactions.
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ester, alcohol and acid groups such as ester exchange and condensati on
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car boxyldaf RCeth @ C4RFrild @ kedlidt&) BPtegion(s) that is miscible with the polysaccharide
and a section(s) or region(s) that is miscible with the biodegradable polyester and/or the
polymer having pendant carboxylic acid groups. The block co-polymer(s) can therefore
function to decrease the interfacial tension between and promote the coupling of
immiscible polysaccharide and polyester phases that may be present in the masterbatch or

the biodegradable polymer composition formed from using the masterbatch.

Use of the polymer having pendant carboxylic acid groups is believed to promote the
formation of such block co-polymers, which in turn are believed to improve the
compatibility between constituent components of the biodegradable polymer composition

of the invention.

The masterbatch is therefore believed to comprise a highly compatibilised mixture and/or a
product(s) formed from a reaction between the constituent components thereof. Melt
mixing constituents (A) with the masterbatch to provide for the biodegradable polymer
composition has been found to promote a higher degree of compatibilisation of all
components present compared with melt mixing a mere admixture of the components in

the masterbatch (i.e. constituents (B)) with constituents (A).
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exanpl e, the erbat ch or. bi odegradabl e pol ynmer conposition ma e
xanp to agoutr@%wt.% atty acid sodium %alt, relative ?o th)cle total marsrg of these compgnents,
and such that the total mass of these components represents at least about 50wt.%, about

65wt.%, about 75wt.%, or about 85wt.% of the total mass of the masterbatch.

Where the polysaccharide component of the masterbatch is to be in the form of TPS,
preformed TPS may be used or the TPS may be conveniently formed in situ as part of the
process of preparing the masterbatch. In the case where the TPS is formed in sifu during
preparation of the masterbatch, a plasticiser in an amount of from about 5wt.% to about
50wt.%, relative to the combined mass of starch and plasticiser, will be melt mixed
together with the other constituents. When used, the plasticiser will generally be present in

the resulting masterbatch in amount of no more than about 35wt.%.

In one embodiment, the masterbatch is prepared by melt mixing together about 5wt.% to
about 40wt.% one or more biodegradable polyesters, about 25wt.% to about 60wt.%
polysaccharide, about Swt.% to about 25wt.% polymer having pendant carboxylic acid
groups, about 0.05wt.% to about 0.4wt.% transesterification catalyst, Owt.% to about
0.375wt.% fatty acid sodium salt, and Owt.% to about 35wt.% plasticiser, relative to the
total mass of these components, and such that the total mass of these components
represents at least about 50wt.%, about 65wt.%, about 75wt.%, or about 85wt.% of the

total mass of the masterbatch.



cryogenically frozen, fractured then viewed under a scanning el ectron

m croscope to evaluate the | evel of adhesi on between the di spersed phase
and t he cwotwmususIphase. Ceneral ly, the masterbatch w lpcThanzpisspased by
melt m xi ng together about 5wt.%to about 50wt.% one or nore bi odegradabl e
pol yesters, about 20wt.% to about 70wt. % pol ysacchari de, about 3wt.%to
about 30wt . % pol yner havi ng pendant carboxylic acid groups, about 0.05w. %
to about 0.5wt.% transesterification (‘2§tal yst, and optionally Om.%to
about O 53wt.%fatty acid sodiumsalt,”relative to the total mass of these
conponents, and such that the total nmass of these conponents represents at
| east about 50wt . % about 65wt .% about 75wt.% or about 85wt. % of the
total nmass of the masterbatch. Where the pol ysacchari de conponent of the
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carboxylic acid groups, about O.05wt. %to about O.4wt.%transesterification

cat al ystmasgbatgh.t o about 0.375wt.% fatty acid sodiumsalt, and Om.%to
about 35wt. % pl asticiser, relative to the total mass of these conponents,
and such that the total mass of these conponents represents at |east about
50wt . % Iahotdrddfvetwith tha botiod/dWirepring thestiioddgrfable P61 phert ddgnpositiah, itmss of
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mixed as a separate entity with the masterbatch. Regardless of its origin, the total amount
of fatty acid sodium salt used in accordance with the method will generally range from
about 0.01wt.% to about 0.5wt.%, and in one embodiment from about 0.025wt.% to about

O.3wt.%, and in a further embodiment from about 0.025wt.% to about 0.15wt.%.

Where the polysaccharide used in accordance with the invention is starch, the starch will
generally be in the form of TPS. In accordance with the method of the invention, the TPS
will generally form part of the masterbatch, and the masterbatch may be prepared using
TPS or the TPS may be formed in situ during preparation of the masterbatch. In either
case, the masterbatch will generally comprise about Swt.% to about 35wt.%, about 10wt.%
to about 30wt.%, or about 15wt.% to about 30wt.% plasticiser, relative to the total mass of

the masterbatch.

In one embodiment, the masterbatch provides the only source of polysaccharide that is
used to prepare the biodegradable polymer composition. Incorporating the polysaccharide
only in the masterbatch has been found to maximise the ability to attain a highly
compatibilised composition of the resulting biodegradable polymer. This in turn is

believed to impart improved physical and mechanical properties to the composition.



5wt . % to about 30wt. % one or nore biodegradabl e pol yesters, about 30wm.%to
about 55wt . % pol ysacchari de, about 5wm.%to about 15wt . % pol yner havi ng
pendant owolkomyisissoaci d groups, about 0.05wt. % t o about POTAAR00%GE01443
transesterif cation catalyst, OM.%to about 0.3wm.%fatty acid sodi um
salt, and OM. % to about 30wt.% plasticiser, relative to the total nass of
t hese conponents, and such that the total mass of these conponents
represents at | east about 50wt . % abo;tté1 65w . % about 75wt.% or about
85wt . % of the total nmass of the masterbatch. In accordance with the nethod
of preparing the biodegradabl e polynmer conposition, it wll be appreciated
that the fatt}/ldam d sodium salt %/ be present in the masterbatch and/or
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pulp and/or other cellulosic materials; pigments; anti-static agents; stabilisers; additional
polymer material such as ethylene vinyl acetate (EVA); blowing agents; processing aids
such as lubricants; fluidity enhancers; anti-retrogradation additives; plasticisers as

hereinbefore described; and antiblocking agents such as silicon dioxide.

Additional polymer material such as ethylene vinyl acetate may be included in the
biodegradable polymer composition. Those skilled in the art will appreciate that ethylene
vinyl acetate is a copolymer of ethylene and vinyl acetate. The weight percent of vinyl
acetate residue in the copolymer will generally range from about 10wt.% to about 40wt.%,
with the remainder being ethylene residue. When used, an additional polymer material
such as ethylene vinyl acetate will generally be present in an amount ranging from about
0.5wt.% to about 4wt.% in the biodegradable polymer composition. An additional
polymer material such as ethylene vinyl acetate will generally form part of the masterbatch
composition that used in preparing the biodegradable polymer composition. In that case,
the masterbatch may be prepared so as to comprise about 1wt.% to about 8wt.% of the

polymer.

Suitable lubricants include, but are not limited to, calcium stearate, steric acid, magnesium
stearate, oxidised polyethylene, oleamide, stearamide and erucamide. When used, a

lubricant will generally be present in an amount ranging from about 0.2wt.% to 0.7wt.% in



believed to inpart inproved physical and nechanical properties to the
conposi tion. Al though | ess preferred, the nethod of preparing the

bi odegr acdwbl2e10psh3geer conposition may conprise nmelt m xipog/Auzeowoasdser bat ch
and constituents (A) which further conprise polysaccharide. In that case,

t he pol ysaccharide will generally be used in amobunt of no nore than about
15wt . % no nore than about 10wt.% or no nore than about 5wt.% relative to
the total nass of the conponents bein%?nelt m xed. The bi odegr adabl e

pol ymer conposition or the constituents used in the nethod of preparing the
conposition may further conprise one or nore additives provided that such
additives do not adversely inpact on the biodegradability of the polyner
conposi tthe hiodvgradatde pelymess cempositian- ude fillers such as cal ci um carbonat e,
silicon dioxide, talc, clays such as nontnorillonite, titanium dioxide and
natural fibres such as wood powder, paper pulp and/or other cellulosic
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When used, an antiblocking agent such as silicon dioxide will generally be present in an
amount ranging from about 0.25wt.% to 0.5wt.% in the biodegradable polymer

composition.

The biodegradable polymer composition prepared in accordance with the invention has
excellent physical and mechanical properties and is readily biodegradable. The
composition can be conveniently processed using conventional polymer converting
techniques such as extrusion, injection moulding, and thermoforming. The composition is
particularly suited for manufacturing film and sheet that may be converted into packaging
materials. In this case, PCL, PBAT, PHBV, PES and PBS are preferably used as the
biodegradable polyester.

The invention also provides a sheet or film formed from the biodegradable polymer

composition prepared in accordance with the invention.

The biodegradable polymer composition may be provided in any suitable form that can be

processed into a desired product such as sheet or film. Generally, the composition will be



pol ynmer. Suitable lubricants include, but are not limted to, calcium
stearate, steric acid, nmagnesium stearate, oxidised polyethylene, ol eam de,
st ear am dwoanth/siiseam de. When used, a lubricant w || geaeraai2bop/doespr esent
in an anmount ranging fromabout 0.2wt.%to 0. 7wt. % i nt he bi odegradabl e

pol ynmer conposition. Suitable fluidity enhancers include, but are not
limted to, nonoglycerides, glucose fat diethylene glycol dinitrate and
products sold under the trade nane Si &gn- 60 or Siben-80. \Wen used, a

fluidity enhancer will generally be pré€sent in an anount rangi ng from about

Im.%to about 2wt. % i n the bi odegradabl e pol yner conposition. A suitable
anti-retrogradation additive includes, but is not limted to, a distilled
nonogl yckipvided y1be feren of gedletsol nonost earate (GVB). Wien used,
anti-retrogradation additives will generally be present in an anount
rangi ng fromabout 0.5w.%to about 4wm.% in the bi odegradabl e pol yner
conposi tEmbodifien®@ddithé¢ weveatieh agsfudthert ddskebedwithgbigamice de thesfollbsingbmdri-eved
to assist with the dispersability and stabilisation of the pol ysaccharide.
When usedMitpg eXamplsfocki ng agent such as silicon dioxide will generally be
present in an anmount ranging from about 0.25w.%to 0.5wm.%in the

bi odegr adabl e pol ynmer conposition. The bi odegradabl e pol ynmer conposition
pr epar edEXAMREBSdance with the invention has excellent physical and
mechani cal properties and is readily biodegradable. The conposition can be
conveniently processed using conventional polynmer converting techniques

such as EXAMBLEN: Prép8edtiohoffRaYte¥bageh and t her nof ormi ng. The conposition
is particularly suited for manufacturing filmand sheet that maé be

conver t etpkgrafdicplic keefi igrchdPSrofl-8) having aivetersepatenpof lespin, 1va-fy/8.5RES and

PBS are ﬁﬁ%ﬁ{yﬁkyad%?gte%httﬂ&?atg i(ﬁﬂﬁ@i aﬁﬁc@' St @%é{'&? t6%rg'of sorbitol, 1.2kg of
distilled monoglyceride (GMS), 6kg of ethylene acrylic acid (EAA) (9% acid, melt flow
index = 20), 3kg ethylene vinyl acetate (EVA), 0.2kg sodium stearate and 0.12kg sodium
hydroxide dissolved in a minimum amount of water were melt mixed in a ZSK-65 Twin
Screw Extruder (L/D = 48). Prior to melt mixing these components, the solid materials
were dry blended first in a high speed mixer and the liquid materials then added to provide
for a uniform distribution of all components. The temperature profile of the extruder was
set at 100°C/130°C/160°C/160°C/150°C/140°C. The rotation speed of the screw was set at
300 rpm. A vacuum of -0.06 to -0.08 bar was applied during extrusion. The polymer melt
was extruded as a strand, air cooled and cut into pellets. The masterbatch was found to
have a melt flow index of > 4g/10min at 190°C with 2.16kg, and a water content of
<0.2wt.%.

EXAMPLE 2: Preparation of a Biodegradable Polymer Composition

A composition consisting of 30wt.% of the masterbatch prepared in Example 1, , 52.7wt.%
PBAT, 7wt.% polycaprolactone (PCL), 3 wt% polylactic acid (PLA), 2wt% GMS, 0.3wt.%
polyepoxide (Joncryl® ADR-4368) and 5wt% talc was first dry blended and then melt
mixed using a ZSK-65 Twin Screw Extruder with a rotational speed of 200 rpm. The
temperature profile of the extruder was set at 80°C/130°C/170°C/170°C/160°C/130°C. A
vacuum of -0.04 to -0.05 bar was applied during extrusion. The resulting extrudate was

water cooled and cut into pellets and was found to have a melt flow index of 7g/10min, at

190°C with 2.16kg.



The invention also provides a sheet or filmfornmed fromthe bi odegradabl e
pol ymer conposition prepared in accordance with the invention. The
bi odegr acdwbl2e10psh38eer conpositi on may be provided i n anycswtedlmi44er m t hat
can be processed into a desired product such as sheet or film GCenerally,
the conposition will beprovided in the formof pellets. Enbodi nents of the
i nvention are further described with reference to the followi ng nonlimting
exanpl es. EXAMPLES. EXAMPLE 1: Preparafion of masterbatch 35kg of acetic
ester starch (DS of 0.5) having a watér content of less than Iwt.% 8.5kg
pol y(butyl ene adi pate/terephthal ate (PBAT), 14kg of glycerol, 6kg of
sorbitol, 1.2kg of distilled nonoglyceride (GWS), 6kg of ethylene acrylic
acid (EAA) (9% acid, nelt flow index = 20), 3kg ethyl ene vinyl acet ate
(EVA), [ i 4 Y%
(B Rl ok SRE A5 00 r 324000 WL BB, 9.8 BRGVG, o. 2
(LZD = 4ﬁ)crorPth1d( film orehtstaridaidnfDPEeblewaofiio nigptisingt the p?rel:esdmgedoﬁditmhs wer e
dry bl endecl i in a high speed m xer and the liquid materials then added
to provi@rulpsd Stl Uhi form di stribution of all conponents. The tenperature
profile of the extruder was set at 1000CZnO 0CZI OO0CZI OO0CZI SOCZHOOC. The
rotation speed of the screw was set at 300 rpm A vacuumof -0.06 to -0.08
prdsblng ( ] ipg The pol yner nelt was extruded as a
st rand, air cool ed and cut into pellets. The nasterbatch was found to have
a nmelt flow index of > 4ngOm’ n at 1900C with 2.16kg, and a water content

of <0.2WM % IE)éA parati Oan of a Bi odegradabl e Pol yner Conposition
A conposi F‘F‘BW i ng of4 . % of the masterbatch prepared in Exanple
1, , 52. actone (PCL), 3 wt% polylactic acid

(PLA), 2wt O’E%pe@d 3wk|. % 50 m/min

Bubble Height 4.5m

Blow-up Ratio 3:1

Temperature Profile of Extrusion Line

Zone Temperature (°C)
Hopper 10-25, water cooling
Feed 135
Compression 145
Metering/mixing 150
Adaptors 150
Die 150

Bubble cooling was gradually changed from weak to strong. Chilled air at aboout 10-15°C
worked best to avoid film blocking problems. The preferred blow-up ratios were between
2.5:1 and 3.5:1 higher blow-up ratios may lead to bubble instability problems and film
creasing. Depending on equipment design and set-up film thicknesses between 15 pm and

120 pm were achieved using the composition.



pol yepoxi de (Joncryl (r) ADR-4368) and 5wt%talc was first dry bl ended and
then nelt m xed using a ZSK-65 Twin Screw Extruder with a rotational speed
of 200 r pwo 20fteesisaperature profile of the extruder wasPsEARIIBODGEZ!
300CzI 7Q0CzI 700CzZI 6Q0CZI 3Q0C. A vacuum of -0.04 to -0.05 bar was
applied during extrusion. The resulting extrudate was water cool ed and cut
into pellets and was found to have a nelt flow index of 79gZ10m n, at 190Q0C
wi th 2.16kg. The pol ymer conposition prepared in accordance with Exanple 2
was bl own into 20 mcron thick film6A®a standard LDPE blown filmline
usi ng the processing condition tabul ated bel ow. Processing Conditions -

Fil m Bl owm ng Tenperature Profile of Extrusion Line Bubble cooling was

gr adual |'Shecigsultjegl filmowvasvesiedt ascendingntg. ASRM De8fZapnd Sundiocaxhibia 18Gilaor ked

et ween Sab Lhed SOt D BugshPf o oBSRg/ Talthey gHB ] 4ol

I nst abi lfbtind forfally esmpBNKith tHerbisdegadlbbility loguiesiaémgoOPNagyspent desi gn and
set-up filmthicknesses between 15 mm and 120 mm wer e achi eved using the
conposition. The resulting filmwas tested according to ASTM D882 and found
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bi odegr gdéisadchtside/palyestanpolysenfcombodifdiB2 soltl nurclerplae itrade ,namer Bivgorp™, f i | ns
formed from conparative_co rcially avail abl ol.ysacchari de/ pol yest er
pol yner a%ﬁgﬁq?ia&ﬁsé@ﬁﬁmu%e Topd, P e @@0%%%%§fﬁ#,‘9@&%¥§§%t m
and ECO aidrBAdc@IwitEASTAPBINE2LS? iRV 08D €l ongati on at break when tested in
accordance with ASTM D882 of onl'y -400% CLAI M5S: 1. Abi odegradabl e pol yner
conposition conprising the follow ng conponents (a)-(f) and/ or product(s)
formed froma reaction between the conponents: (a) one or nore

bi odegr adabl e pol yesters; (b) polysaccharide; (c) polynmer having pendant
carboxylic acid



groups; (d) transesterification catalyst; (e) polyepoxide; and (f) fatty
acid sodiumsalt. 2. The bi odegradabl e pol yner conposition according to
claim 1, wbeomiosiishe one or nore bi odegradabl e pol yest erPsTaRI®A0M43

i ndependently sel ected from pol ycaprol actone, polylactic acid, polyhydroxy
butyrate, polyethylene succinate, polybutyl ene adi pate terephthate,

pol yhydroxy butyrate val erate, pol ybutyl ene succinate, pol ybutyl ene

adi pate, cellul ose acetate butyrate, | ul ose acetate propionate and

conbi nations thereof. 3. The bi odegradabl e pol yner conposition according to
claiml or 2, wherein the polysaccharide is selected fromstarch, glycogen
chitosan, cellul ose and conbinations thereof. 4. The bi odegradabl e pol yner
conposi t bAIMSecording to claim 3, wherein the pol ysaccharide is starch. 5.
The bi odegr adabl e pol ynmer conposition according to claim4, wherein the
starch is in the formof thernoplastic starch (TPS). 6. The bi odegradabl e
pol ymer t.onpoAibiddepradsisie pdlyngricompbsition dompisingihe fohewingebmpphass ()-(Ht ar ch
(TPS) conprises .a ng§ti%L er selected fron1qh%cerol, maltitol, mannitol,
xyl it ol , 206¥ar prodpesfs) farmag 3‘!0€hég‘fe9%t&n, betwer iths IcemBoyinit ol (@) OPE OF HYpre

citrate g; ' ' Folal= AN f iéﬁ?*@f e
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pol yner graupsy ¢d)pemsesterifratitosatilyst; &9 ipdlygpanigs and (B datecacd sédimmselt.hy| ene

acrylic acid copolynmer, poly(ethylene acrylic acid- vinyl alcohol),
poly(acrylic acid), poly(methacrylic acid), ethylene-nethacrylic acid

copol ynezs, pohe/bid@égth@BldBolaftey botpaiiish aROfHif® PR, 110 QhettEIIRAUne - The
bi odegr adabl e, pol ymer conposition according to claim?7, wherein the pol yner
havi ng paattahiodegtadabls pplyest@iSdargr@alpspd@eegmllyeﬁ@c&ﬁr {rome pelyrapreloplonsiner .
9. The b agearedafl Splghydtsty SRR PeAREY Wbk 30K LaBFerd afpdle™ 1

terephthate, polyhydroxy butyrate valerate, polybutylene succinate, polybutylene adipate,

cellulose acetate butyrate, cellulose acetate propionate and combinations thereof.

3. The biodegradable polymer composition according to claim 1 or 2, wherein the
polysaccharide is selected from starch, glycogen, chitosan, cellulose and combinations

thereof.

4. The biodegradable polymer composition according to claim 3, wherein the

polysaccharide is starch.

5. The biodegradable polymer composition according to claim 4, wherein the starch is

in the form of thermoplastic starch (TPS).

6. The biodegradable polymer composition according to claim 4, wherein the
thermoplastic starch (TPS) comprises a plasticiser selected from glycerol, maltitol,
mannitol, xylitol, erythritol, diethyleneglycol, trimethylene glycol, triethyl citrate (TEC),

sorbitol and combinations thereof,

7. The biodegradable polymer composition according to any one of claims 1 to 6,
wherein the polymer having pendant carboxylic acid groups is selected from ethylene

acrylic acid copolymer, poly(ethylene acrylic acid- vinyl alcohol), poly(acrylic acid),



wherein the transesterification catalyst is an alkali netal hydroxide. 10.
The bi odegradabl e pol ynmer conposition according to any one of clains 1 to
9, wher eiwotzhm/podsyepoxi de is sel ected fromdi gl yci dyl ecmau2eddoigphenol
A, but adi ene di epoxi de, 3, 4-epoxycycl ohexyl net hyl - (3, 4- epoxy)

cycl ohexane- car boxyl ate, vinyl cycl ohexene di oxi de,

4,4 -di (|, 2-epoxyet hyl)-di phenyl ether, 4,4'-(Il, 2-epoxyethyl) biphenyl,

2, 2-bi s(3, 4- epoxycycl ohexyl ) propane, %§ egC|dyI et her of resorcinol,
dlegC|dyI et her of phloroglucinol, di-gl'ycidyl ether of

met hyl phl or ogl uci nol, bis(2, 3- epoxycyclopentyl) et her, 2-(3, 4-epoxy)

cycl ohexane- 5, 5- sp|r0(3 4- epoxy) - cycl ohexane- ndi oxane,

bi s( 3, 4-rebyetiscrich peidy cetbens methacyliceacid, eapolymsns npolpteryansidescelispoxy -

1, 2- cyclo r box triglycidyl ether of p-am nophenol,

ponaIIfF yC|§g#%ﬁfE§ y%nngS tri(l,2-epoxyethyl) benzene,

2,2',4, 4'-tetraegC|doxybenzophenone tetraglycidoxytetraphenylethane,

polyglycidyl et her (§$enol f or mal dehyde novol ac, trbg C|dyI et her of
W

gl yceri - tri His/Ripdse mowe&wﬁw@wréwsrf@claﬁm PEPHY U IPOLIRATH)
acryl at %@Wﬁ ereof. 11. The
bi odegrg1 aH %ﬁcmxgrr(g%csl? %?éo’q%gn% 0 d&%&@%&qﬁ%} clainms-1 to 10,
wherein the fatty acid sodlunfsalt is sodlunfstearate 12. The

bi odegr abI tion accar.din one of clains. 1 to 11
wherern She. B boNEFaTAD Rabnst SoRBrm bR ALeordiag. ety of CBibrace D)
formed f\Ql'ié”ﬂ:lﬂ tﬁ@&&xfm&&@&féﬁ%&amﬁs%rm&flerﬁétﬁl Hydrékid@nge of from about
20wt . % t o about 80wt.% of (a), about 2wt.%to about 60wt. % of (b), about

0.3 to about 25w .% of (c), about 0.005 to about 0.475wt. @6of (d), about
0.1to ut 0,0f d abaut 0..0 ut 0. 5wt . f f r ative
Lo the (Bral T bickPermdfle pfmed Bolhontph b S n . e P oipie 15
conponeniieréiapthe spsll&poxidel Basdledddbd fitond Qlw‘%y&ﬁi?[f ethBe of Qﬁ@}Jheﬂ@iSA qutafdhﬁxe

bi odegradabl e pol yner conposition. 13. T blodeqradable yner

conposi tdierpxXifEe or ﬂﬁ@OKXPYé]OQFWITGthYM?ef@PWX)heCYC ohexane carBoxylate vinyl
cyclohexene dioxide, 4,4'-di(1,2-epoxyethyl)-diphenyl ether, 4,4'-(1,2-epoxyethyl)
biphenyl, 2,2-bis(3,4-epoxycyclohexyl) propane, diglycidyl ether of resorcinol, diglycidyl
ether of phloroglucinol, diglycidyl ether of methylphloroglucinol, bis(2,3-
epoxycyclopentyl) ether, 2-(3,4-epoxy) cyclohexane-5,5-spiro(3,4-epoxy)-cyclohexane-m-
dioxane, bis(3,4-epoxy-6-methylcyclohexyl)adipate, N,N'-m-phenylene-bis (4,5-epoxy-
1,2-cyclohexanedicarboxyimide), triglycidyl ether of p-aminophenol, polyallylglycidyl
ether, 1,3,5-tri(1,2-epoxyethyl) benzene, 2,2'.4,4'-tetraglycidoxybenzophenone,
tetraglycidoxytetraphenylethane, polyglycidyl ether of phenol-formaldehyde novolac,
triglycidyl ether of glycerin, triglycidyl ether of trimethylolpropane, poly glycidyl (meth)

acrylate oligomers and (co) polymers, and combinations thereof.

1. The biodegradable polymer composition according to any one of claims 1 to 10,

wherein the fatty acid sodium salt is sodium stearate.

12. The biodegradable polymer composition according to any one of claims 1 to 11,
wherein the composition comprises components (a)-(f) and/or product(s) formed form a
reaction between the components in a range of from about 20wt.% to about 80wt.% of (a),
about 2wt.% to about 60wt.% of (b), about 0.3 to about 25wt.% of (c), about 0.005 to
about 0.475wt.% of (d), about 0.1 to about 1wt.% of (e), and about 0.01 to about 0.5wt.%



pol ysaccharide is in the formof thernoplastic starch (TPS) conprising a
pl asticiser selected fromglycerol, maltitol, mannitol, xylitol,

eryt hrit oo 2diocatsiggbenegl ycol , trinmethyl ene glycol, trietroylawodyoaisas( TEC),
sorbitol and conbi nations thereof, and wherein the plasticiser is present
in an anount of up to about 25wt.% relative to the total nmass of the
conposition. 14. The bi odegradabl e pol yner conposition according to any one
of clainms 1 to 13 which neets bi odegrarﬁqability criteria set forth in EN
13432. 15. A sheet of filmformed froma biodegradabl e pol ymer conposition
according to any one of claims 1 to 14. 16. A nethod of preparing a

bi odegr adabl e pol yner conposition, said nmethod comprising nelt m xing

t oget her off Dhaelatévaiarthn tosalanass 96 (2)t(De mrd such)thattihe total sngss ik ehesn eoraponesise

bi Odegr%ﬁﬁé' ﬁt?%tiﬁagt Eo&”ﬁO\QP%y‘SP% dt%tatl"‘ﬁ{?%)e'o? &erfgﬁ%%aﬁé?% fe been

f or med er ‘constituen h™co nor e

bi odegradmh;ksitiml yesters, polysaccharide, polynmer having pendant .carboxylic
acid groups, and transesterification catalyst, and wherein constituents (A
and/or (B) further conprise fatty acid sodiumsalt. 17. The net hod

accordi ngy to Pﬁ@'bﬂ%dje@rad‘ﬁﬁ%rﬁb meP @ ofpeLifbR AU Brdi P b dQSint @, %ﬁéfelﬁoﬁfece of
M Tea w Eh i

pol ysaccharide that s melt constituents A'to fofmthe
bi odegr alatzijmaeclpukiymsrmcmapﬁsmt Df) mhermSplaﬂthe stapthh 6 8P 3)c comgliisigg to ptdsaéisarl6 or

17, wherein, the bIOd bl e nmer osi.ti.on | repay. b nel
m Xxi ng t%&@feﬁerfr%o a[lﬁto )l;dﬂ?m’é 'ztg L tﬁ’é’ilﬁgtf’g %@‘%ﬂ?ﬁle E . %
to abOUttri%fe\ﬁﬁyl% ly&dd etrféfhy%ftﬁt@(&!\%@%&&ﬂi@&' MARBILPSH RS theddd?, LﬁndQvlhéMam% t 0

about % of pol yepoxi de %to about O0.5wt . % of fatty acid sodi um
sal t, r euhatpnlas@mﬁer ls rpéesp@tt ial ancaeeumt o6 p o ebeut ISt Smeeletive tarthe safelhmesseaaf (i)

t he tota]!h gg@ﬁ ﬁi{ I;hese conponents represents at |east about 50m.% of the
total mass PHe° resulting -

14. The biodegradable polymer composition according to any one of claims 1 to 13

which meets biodegradability criteria set forth in EN 13432.

15. A sheet of film formed from a biodegradable polymer composition according to

any one of claims 1 to 14.

16. A method of preparing a biodegradable polymer composition, said method
comprising melt mixing together a masterbatch and constituents (A) which comprise one
or more biodegradable polyesters and polyepoxide, wherein the masterbatch has been
formed by melt mixing together constituents (B) which comprise one or more
biodegradable polyesters, polysaccharide, polymer having pendant carboxylic acid groups,
and transesterification catalyst, and wherein constituents (A) and/or (B) further comprise

fatty acid sodium salit.

17.  The method according to claim 16, wherein the masterbatch provides the only
source of polysaccharide that is melt mixed with constituents A to form the biodegradable

polymer composition.

18. The method according to claim 16 or 17, wherein the biodegradable polymer
composition is prepared by melt mixing together about 10wt.% to about 90wt.% of the



bi odegr adabl e pol yner conposition, and (ii) the total mass of fatty acid
sodiumsalt in the resulting bi odegradabl e pol yner conposition ranges from
about 0. Owbwvidésissoabout 0.5wt . % 19. The met hod accor dipog/Ao@npiase of
clainms 16 to 18, wherein the masterbatch is prepared by nmelt m xing

t oget her about 5wm.%to about 50wt . % one or nore biodegradabl e pol yesters,
about 20wt. % to about 70wt . % pol ysaccharide, about 3wt.%to about 30wt. %
pol ymer havi ng pendant carboxylic aci roups, about 0.05wt.%to about
0.5wt. % transesterification catalyst, dnd Om.%to about 0.53wt.% fatty
acid sodiumsalt, relative to the total mass of these conponents, and such
that the total nmass of these conponents represents at |east about 50wt . % of
the tot amaﬁalsbgmbf ahoe Swhkt lerabancdhwtde of vh@on@mmmom&a@imwmt@mabgm of

clains 1 o e.one o sters re each
[ ndepend@rll f’ St bouf ‘8{(?‘? rﬁop’bqpyéﬁﬁ’r (va’tol/’i 54 ° qg%t ac‘%S?@Hydroxy
but yr at esaltp ediyéxichyl e @otéluﬁﬁbmt(ﬁ‘ th&@k)éhipbﬁérﬂﬁl&nd@ul@l@'fﬂ&t {(Bree dthlainass of
polyhydroxy butyrate val erate, ybut yl_ene succi nate, pol ybutyl ene,

adi pat e, the& FWB@I@%E@@@&S@H@WP% eaboekyeﬁpm osef él@efcaelen@ﬁ%sf dharesuling

combi nat lh égna(ﬁ%fe l%t A arngﬁdgltfotﬁe alf(i { g%ﬁ‘g Fo%rdl£§ ok't %5} &&i¢ Qodu\ﬁ‘g%glﬁ '119 tlfeh €

pol yner oxyl1¢ ac groups I's e | ene acry

copol yne:resulmhgrlﬁodeglraidabter aolyest ecdnfipositonorangat dtonst ationt anmm&eal to raibbwtl
hydromd&S ereln t he pol yepoxide is selected fromdiglycidyl ether of
bi spheno ﬁ? but adi ene di epoxi de, 3, 4- epoxycycl ohexyl net hyl - (3, 4- epoxy)
cyclohexane carboxylate vi nyl cycl ohexene di oxi de,

4, 4" -di (I, oxyet hyl ) - di henyl ether, 4,4'-(1,2-epoxy ethyl) biphenyl,
2, 2- bi s( B. 4 e y@glmldcmeml qoramacm ofd¢lgimsclﬁjgd 1&twihareiofthe axstechatdi is

dlegC| hl or g cidyl. et her of .

et hyl prePogT B R BEe e b Sl A o Bhity O & e or more biadeapsepie

cycl ohexgilgester§-abput Diwh. %-tsra@asw) 703M@%qia,eysaéwaﬂal¢ QBBMEIWt.% to about 30wt.%

bi s( 3, 4- epoxy- 6- net hyl cycl ohexyl ) adi pate, N, N - m phenyl ene-bis (4, 5-epoxy-
polymer having pendant carboxylic acid groups, about 0.05wt.% to about 0.5wt.%
transesterification catalyst, and Owt.% to about 0.53wt.% fatty acid sodium salt, relative to
the total mass of these components, and such that the total mass of these components

represents at least about S0wt.% of the total mass of the masterbatch.

20. The method according to any one of claims 16 to 19, wherein the one or more
biodegradable polyesters are each independently selected from polycaprolactone,
polylactic acid, polyhydroxy butyrate, polyethylene succinate, polybutylene adipate
terephthate, polyhydroxy butyrate valerate, polybutylene succinate, polybutylene adipate,
cellulose acetate butyrate, cellulose acetate propionate and combinations thereof, wherein
the polysaccharide is starch, wherein the polymer having pendant carboxylic acid groups is
ethylene acrylic acid copolymer, wherein the transesterification catalyst is an alkali metal
hydroxide, wherein the polyepoxide is selected from diglycidyl ether of bisphenol A,
butadiene diepoxide, 3,4-epoxycyclohexylmethyl-(3,4-epoxy) cyclohexane-carboxylate,
vinyl cyclohexene dioxide, 4,4'-di(1,2-epoxyethyl)-diphenyl ether, 4,4'-(1,2-epoxyethyl)
biphenyl, 2,2-bis(3,4-epoxycyclohexyl) propane, diglycidyl ether of resorcinol, diglycidyl
ether of phloroglucinol, diglycidyl ether of methylphloroglucinol, bis(2,3-
epoxycyclopentyl) ether, 2-(3,4-epoxy) cyclohexane-5,5-spiro(3,4-epoxy)-cyclohexane-m-
dioxane, bis(3,4-epoxy-6-methylcyclohexyl)adipate, N,N'-m-phenylene-bis (4,5-epoxy-
1,2-cyclohexanedicarboxyimide), triglycidyl ether of p-aminophenol, polyallylglycidyl



1, 2- cycl ohexanedi car boxyi mde), triglycidyl ether of p-am nophenol,

pol yal Iyl gl ycidyl ether, I,3,5-tri(l,2-epoxyethyl) benzene,

2,2, 4, 4'woebrcaghisei doxybenzophenone, tetraglyci doxyt et paphanyigvnase,

pol ygl yci dyl et her of phenol -formal dehyde novol ac, triglycidyl ether of
glycerin, triglycidyl ether of trinethylol propane, poly glycidyl (neth)
acrylate oligoners and (co) polyners, and conbi nations thereof, and wherein
the fatty acid sodiumsalt is sodiumstiearate. 21. A mast er bat ch sui t abl e
for use in preparing a bi odegradabl e’ 3Iyner conposition, said masterbatch
conprising the foll owm ng conponents and/or product(s) forned froma
reaction between the conponents: (a) one or nore biodegradable polyesters,;

(b) pol yssh&rcharl.dé-tri(lc3-epoxyetht) habengengendad detnteitpglicidoxsibenrophangpe,; (d)
tr anseStt%trraélyg' agxﬁarﬁ)%%gylgtﬁane, aggygl%ld9f' %ltllléf g? ) phe%%lt-%rmgfdghfcf%d 'ng%ﬁ&l t.

triglycidyl ether of glycerin, triglycidyl ether of trimethylolpropane, poly glycidyl (meth)
acrylate oligomers and (co) polymers, and combinations thereof, and wherein the fatty acid

sodium salt is sodium stearate.

21. A masterbatch suitable for use in preparing a biodegradable polymer composition,
said masterbatch comprising the following components and/or product(s) formed from a
reaction between the components: (a) one or more biodegradable polyesters; (b)
polysaccharide; (c) polymer having pendant carboxylic acid groups; (d) transesterification

catalyst; and optionally (e) fatty acid sodium salt.



