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10 BACKGROUND OF THE INVENTION

With an ever increasing emphasis on sustainability and the environment, there has been a
corresponding increase in research directed toward developing polymeric materials derived
from or comprising renewable biologically derived components.
15

Much of the research to date in developing such polymeric materials has focussed on
utilising naturally occurring bio-polymers such as starch. Starch is attractive in that it is
derived from renewal resources (i.e. plant products), readily available and relatively
inexpensive. However, the mechanical properties of starch in its native form are quite

20 poor compared with those of petroleum derived (i.e. "synthetic") polymers.

The mechanical properties of starch can be improved by melt mixing it with a plasticiser
such as a polyhydric alcohol so as to form TPS. However, the improved mechanical
properties of TPS still remain relatively poor compared with those of petroleum derived

25 polymers.

Starch or TPS in its own right is therefore not considered a viable alternative to petroleum

derived polymers.

30 In attempt to derive the benefits of starch and petroleum derived polymers, a considerable

amount or research has been directed toward developing blends of these two polymer
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15  Polyolefin/TPS blends (e.g. polyethylene/TPS blends) have also been developed. Due to
the non-hydrolytic sensitivity of the polyolefin matrix, such blends are at least expected to
be more suited to recycling than their polyester/TPS counterparts. However, the inherent
incompatibility between the highly hydrophobic character of polyolefins and the
hydrophilic character TPS has proven problematic in attaining blends with -useful

20 properties.

US 6,605,657 discloses a method of preparing a polyolefin/TPS blend in which a relatively
moisture free TPS is prepared in a first extrusion unit and then as a melt is combined with
a polyolefin melt prepared in a second extrusion unit. The resulting blend is said to exhibit
25 good mechanical properties. However, at least the method by which the blend is made is

not without its shortcomings.

While polymer blends comprising both TPS and petroleum derived polymers have been
developed, and opportunity remains to address or ameliorate one or more disadvantage or
30 shortcoming associated with such blends and/or the methods by which such blends are

prepared, or to at least provide a useful alternative polymer blend and/or method for
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10 excellent compatibility between the polymeric components as a blend and may be used to

provide for polymer products that exhibit excellent properties.

Generally, the compositions in accordance with the invention will comprise about 5-25 wt.
% very low density polyethylene (VLDPE), about 5-25 wt. % ethylene acrylic acid
15 copolymer (EAA), and about 50-80 wt. % TPS and/or the constituent components thereof.

In one embodiment, the composition further comprises one or more polyethylene polymers

having a density of greater than 0.905g/cm’.

In that case, the one or more polyethylene
polymers having a density of greater than O.905g/cm3 will generally be present in an

20 amount ranging from about 5-20 wt. %.

Separate from, or in addition to, the one or more polyethylene polymers having a density
of greater than 0.905g/cm’, the compositions in accordance with the invention may also
further comprise ethylene vinyl acetate copolymer (EVA). In that case, the EVA will

25 generally be present in an amount ranging from about 1-10 wt. %.

The compositions in accordance with the invention are intended to embrace both pre-melt
processed (i.e. a physical blend of the components) and post-melt processed (i.e. an
integral intimate blend of the components) forms of the compositions. Having said this, it
30 will be appreciated that a composition in accordance with the invention in its pre-melt

processed form will generally be prepared for the sole purpose of being subsequently melt
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will be substantially converted into TPS during melt processing.

The present invention also provides a method of preparing a polyolefin and thermoplastic
15 starch blend, the method comprising melt processing a composition comprising very low
density polyethylene having a density of less than 0.905g/cm’, ethylene acrylic acid

copolymer, and thermoplastic starch and/or the constituent components thereof.

The composition that is to be melt processed in accordance with the method of the
20 invention may further comprise one or more polyethylene polymers having a density
greater than 0.905g/cm’. In addition to, or separate from, the one or more polyethylene
polymers having a density greater than 0.905g/cm®, the composition that is to be melt

processed in accordance with the method of the invention may also comprise EVA.

25 In one embodiment of the invention, a polyolefin and TPS blend is prepared by melt
processing together (1) a polyolefin and TPS blend prepared in accordance with the
invention, and (2) one or more polyethylene polymers having a density greater than

0.905g/cm3.

30 Melt processed polymer compositions in accordance with the invention have been found to

exhibit desirable attributes such as low sensitivity to moisture, a surface amenable to
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phase notqsRstibHiped form. In some embodiments of the invention, the TPS and polyethylene

10 components of the composition are believed to form stable a co-continuous phase

morphology.
Further aspects of the invention are described in more detail below.
15 DETAILED DESCRIPTION OF THE INVENTION

As used herein, the expression "co-continuous phase morphology" in the context of TPS
and polyethylene phase domains is intended to mean the topological condition in which a
continuous path through either phase domain may be drawn to all phase domain
20 boundaries without crossing any phase domain boundary. By the co-continuous phase
morphology being "stable" is meant that the respective phase domains resist coalescence

during or after melt processing.

Compositions in accordance with the invention comprise VLDPE having a density of less
25 than O.905g/cm3 . Generally, the VLDPE will have a density ranging from about O.85g/cm3 ,
to 0.905g/cm’, for example from about 0.88g/cm’ to 0.905g/cm’. VLDPE is also known in
the art as ultra low density polyethylene (ULDPE), and is generally a copolymer of

ethylene and one or more alpha-olefins such as 1-butene, 1-hexene, and 1-octene.

30 The VLDPE will generally have a melt index at 190°C/2.16kg of about 0.5 g/10 min to
about 10 g/10 min.
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10 respectively.

Compositions in accordance with the invention also comprise EAA. Those skilled in the
art will appreciate that EAA is a copolymer of ethylene and acrylic acid. Generally, the
acrylic acid content of the copolymer will range from about 5-20%, for example 8-15%.

15 The EAA will also generally have a melt index at 190°C/2.16kg ranging from about 10
g/10 min to about 20 g/10 min.

Suitable grades of VLDPE and EAA for use in accordance with the invention may be
obtained commercially.

20
The compositions in accordance with the invention further comprise TPS and/or the
constituent components thereof. Those skilled in the art will appreciate that TPS is a
destructured form of starch comprising one or more plasticisers. Accordingly, as used
herein, the expression “constituent components thereof” in the context of TPS is intended

25 to mean the individual ingredients that are used to prepare the TPS.

Starch is found chiefly in seeds, fruits, tubers, roots and stem pith of plants, and is a
naturally derived 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
30 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
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Most starches contain 20 to 30% anyl ose and 70 to 80% anyl opecti n. However
dependi ng on

10  Starch typically exists in small granules having a crystallinity ranging from about 15 to
45%. The size of the granules may vary depending upon the origin of the starch. For
example, corn starch typically has a particle size diameter ranging from about 5 um to
about 40um, whereas potato starch typically has a particle size diameter ranging from
about S0um to about 100pm.

15
This "native" form of starch may also be chemically modified. 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). Chemically modified starch is generally prepared by reacting the

20 hydroxyl groups of starch with one or more reagents. The degree of reaction, often
referred to as the degree of substitution (DS), can significantly alter the physiochemical
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. Depending upon the type of substituent and the DS, a chemically modified starch

25 can exhibit considerably different hydrophilic/hydrophobic character relative to native

starch.

Both native and chemically modified starch generally exhibit poor thermoplastic
properties. To improve such properties, the starch may be converted to TPS by means well
30 known in the art. For example, native or chemically modified starch may be melt

processed with one or more plasticisers. Polyhydric alcohols are generally used as
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10  Where the starch is chemically modified, it will generally be etherificated or esterified.
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 actyl, propanoyl and/or butanoyl groups.

15 In one embodiment of the invention, the starch used to prepare the TPS is corn starch or

corn starch acetate having a DS > 0.1.

The TPS will generally also comprise one or more polyhydric alcohol plasticisers.
Suitable polyhydric alcohols include, but are not limited to glycerol, ethylene glycol,
20 propylene glycol, ethylene diglycol, propylene diglycol, ethylene triglycol, propylene
triglycol, polyethylene glycol, polypropylene glycol, 1,2-propanediol, 1,3-propanediol,
1,2-butanediol, 1,3-butanediol, 1,4-butanediol, 1,5-pentanediol, 1,6-hexanediol, 1,5-
hexanediol, 1,2,6-hexanetriol, 1,3,5-hexanetriol, neo-pentyl glycol, trimethylol propane,
pentaerythritol, mannitol, sorbitol, and the acetate, ethoxylate, and propoxylate derivatives

25  thereof.
In one embodiment, the TPS comprises glycerol and/or sorbitol plasticisers.
The plasticiser content of the TPS will generally range from about 5 wt. % to about 50 wt.

30 %, for example from about 10 wt. % to about 40 wt. %, or from about 10 wt. % to about 30

wt. %, relative to the combined mass of the starch and plasticiser components.



Both native and chemcally nodified starch generally exhibit poor

t hernopl astic properties. To inprove such properties, the starch nay be
convert edwbaoibRG20ay nmeans well known in the art. For exaopiagi2003a0097e or
chemcally nodified starch may be nelt processed with one or nore

pl asticisers. Polyhydric alcohols are generally used asplasticisers in the
manuf acture of TPS. Reference herein to the wt. %of TPS is therefore
intended to include the collective masg_of both the starch and plasticiser
constituent conponents of the TPS. The starch from which the TPS may be
derived includes, but is not Iimted to, corn starch, potato starch, wheat
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Pr OPHH €, the constituent components used to prepare TPS (i.e. starch and one or more plasticisers).

In particular, it has been found that starch and one or more plasticisers can be melt
processed in the presence of the VLDPE and EAA so as to produce a melt processed

composition comprising VLDPE, EAA and TPS.

15 Compositions in accordance with the invention will generally comprise the VLDPE in an
amount ranging from about 5 wt. % to about 25 wt. %, for example about 15 wt. %, the
EAA in an amount ranging from about 5 wt. % to about 25 wt. %, for example about 15
wt. %, and the TPS and/or the constituent components thereof in an amount ranging from
about 50 wt. % to about 80 wt. %, for example about 70 wt. %.

20
Where the compositions in accordance with the invention comprise constituent -
components of TPS, the total mass of these components may be considered equivalent to
the mass of TPS per se and therefore the same weight percent ranges for the TPS outlined
herein apply to these collective components. The relative weight percent ranges for each

25 component of the TPS are also outlined herein.

Compositions in accordance with the invention may also comprise one or more
polyethylene polymers having a density greater than 0.905g/cm3. For example, the
composition may comprise low density polyethylene (LDPE) which is generally

3

30 characterised as having a density in the range of 0.910 to 0.940g/cm”. Suitable grades of

LDPE include, but are not limited to, those having a melt index at 190°C/2.16kg of about



pentaerythritol, mannitol, sorbitol, and the acetate, ethoxylate, and
propoxyl ate derivatives thereof. In one enbodinent, the TPS conpri ses

gl ycer ol woadbovoiganbi t ol plasticisers. The plasticiser eomaanbosmvot’he TPS
will generally range fromabout 5 wt. %to about 50 wt. % for exanple from
about 10 wt. %to about 40 wt. % or fromabout 10 wt. %to about 30 wt. %
relative to the conbi ned mass of the starch and pl asticiser

conponent s. Conposi tions in accordance 1\()(i_t h the invention may be provided in
the formof a pre-nelt processed conposition (e.g. a physical blend of the
VLDPE, EAA and TPS and/or the constituent conponents thereof) or a
post-nelt processed copposition (e.g. an integral intimate bl end of the
VLDPE, M/é%wll'fﬁﬁbou?/\ﬁ%{r@"%‘ﬂe conpositions in accordance with the
invention provided in a pre-nelt processed form it will be appreciated
that the conpositions will generally be prepared so as to ultimately be

mel t pr doesklgtbrated of eeparate e TP cemapbsisionndnay comprisendingdrdos denskponent s

therein. Ln that sone, or all .of TPS can,adyant agepus be. r ced by
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pl asti ci ser?can be meFt processed | n]li)}'??g}f resenggmof t he VLDPE and EAA so
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exanpl e @baeitorkguaitto 0%41gkem’EAA i n an amount ranging fromabout 5 wt. %to

about 25 wt. % for exanple about 15 wt. % and the TPS and/or the
constituent components thereof in an ampbunt ranging from

10 Suitable grades of LDPE, LLDPE, MDPE and HDPE for use in accordance with the

invention may be obtained commercially.

When included, the one or more polyethylene polymers having a density greater than
0.905g/cm’ will generally be present in the compositions in an amount ranging from about

15 5 wt. % to about 20 wt. %.

For example, the compositions in accordance with the invention may comprise VLDPE in
an amount of about 10 wt. %, EAA in an amount of about 10 wt. %, TPS and/or the
constituent components thereof in an amount of about 65 wt. %, and LDPE in an amount

20 of about 15 wt. %.

In addition to, or separate from, the one or more polyethylene polymers having a density
greater than 0.905g/cm’, the compositions in accordance with the invention may also
comprise EVA in an amount ranging from about 1 wt. % to about 10 wt. %.

25
For example, the composition may comprise VLDPE in an amount of about 10 wt. %,
EAA in an amount of about 10 wt. %, TPS and/or the constituent components thereof in an
amount of about 65 wt. %, LDPE in an amount of about 10 wt. %, and EVA in an amount
of about 5 wt. %.

30

Compositions in accordance with the invention may also comprise one or more additives.



about 50 wt. %to about 80 w. 9% for exanple about 70 wt. % Were the
conpositions in accordance with the invention conprise constituent
conponentwoahioliRF41t he total nmass of these conponents negrhaze®nsicer ed
equi valent to the mass of TPS per se and therefore the sane wei ght percent
ranges for the TPS outlined herein apply to these collective conponents.
The rel ative wei ght percent ranges for each conponent of the TPS are al so
outlined herein. Conpositions in accgnrgance with the invention may al so
conprise one or nore polyethyl ene pol yners having a density greater than
0. 905g/ cnB. For exanple, the conposition may conprise | ow density

pol yet hy| epe DPE) which is,geperally characterised as having a density in
t he rang{—f"cgf aéh’é‘fﬁgtﬁla@. 92@59%nﬁﬁer§u!(¥'§bl %alﬂPg’de%arﬁqnageDPEﬁF’nc‘ﬁ@(fe,&tﬁut are
not | i mb&dmofillohildS Snd1BMhiteh BioNRIeY; piBEets2dntil 06 dochBK An@iprotesyindaidg/ 10
mn to about 7g/10 mn. In addition to or separate from LDPE, conpositions
may conyeigs ecaldiwmarstehtsie, delest t §cidhoinyagnpsivmn steptalPE)divni sisatate, gexidisad | y

characterised.as havin density ,ranging.fromO0.915g/cnB8 to 0.925¢g/cnB,
medi um deNs y)}enﬁoPG%?hyr %ﬁ%‘aﬂdﬁﬁéf e\?\]ﬁ%}rﬁ@% 5 generally characterised as

having a density ranging from0.926g/cn8 to 0.940g/cnB, and/or high density
pol yet hyl ene (HDPE) which_ is generally characterised as _having a density of
gr eat er @gneeilyathetaddigives wij} berpsed dpyap apouniypagiag figm EWEP-SL‘K‘D@YO abepE2 and
HDPE for use in accordance with the invention may be obtained comercially.
When included, the one or nore pol yethyl ene polynmers having a density
greater than 0.905g/cnB will generally be present in the conpositions in an

amount rangi ng. from abouyt . . . o
8on%’posguons n accorhlance with the invention provided in the form of a melt processed

10 blend can be prepared according to the method of the invention.

Thus, according to the method of the invention a polyolefin and TPS blend is prepared by
melt processing a composition comprising VLDPE, EAA, and TPS and/or the constituent
components thereof.

15
Melt processing may be performed using techniques and equipment well known in the art.
Generally, melt processing is achieved using continuous extrusion equipment, such as
single screw extruders, twin screw extruders, other multiple screw extruders or Farrell
continuous mixers. Melt processing is conducted for sufficient time and at a suitable

20 temperature to promote intimate blending between the components of the composition.
Those skilled in the art will appreciate that melt processing is generally performed within a
suitable temperature range that this range will vary depending upon the nature of the
polymer(s) being processed. Generally, the compositions in accordance with the invention
will be melt processed at temperatures ranging from about 150°C to about 210°C.

25
As indicated above, where the composition that is to be melt processed comprises the
constituent components of TPS, the method in accordance with the invention

advantageously converts these components during melt processing into TPS.

30 The composition to be melt processed in accordance with the method of the invention may

be first physically blended in a high speed mixer. For example, the method may first



5wm. %to about 20 wt. % For exanple, the conpositions in accordance with
the invention nmay conprise VLDPE in an anount of about 10 wt. % EAA in an
amount ofwehlowo1i@iw . % TPS and/ or the constituent cowrpenant®/dobsgyeof in
an anount of about 65 w. % and LDPE in an anount of about 15 wt. % In
addition to, or separate from the one or nore pol yethyl ene pol yners having
a density greater than 0.905g/cnB, the conpositions in accordance wth the
invention may also conprise EVA in an @nmount ranging fromabout 1 wt. %to
about 10 wt. % For exanple, the compoSition nmay conprise VLDPE in an
amount of about 10 wt. % EAA in an anount of about 10 wt. % TPS and/ or

t he constltuent corrponen s.thereof in an unt of. ab %. LDPE in
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about 0.5 wt. %to a out 2 Ww. % Conpositions in accordance with the
i nvent i oWhgreosnederdmiore eeditivesy aregssed inghe compestendhey ey kaaddsd dresHsr ed

accor di t i nvention. Thus, according to the nethod of
the i nvg%ﬁrgrtlﬁg]gnerﬁq rgﬁg#’%tl&g‘% >TPS bl end is prepared by

Where the compositions in accordance with the invention comprise one or more
10 polyethylene polymers having a density greater than 0.905g/cm3 , this polyethylene
component(s) may form part of the composition that is melt processed in accordance with
the method of the invention, or some or all of it may be introduced as part of a second melt
processing step. For example, a polyolefin and TPS blend prepared in accordance with the
method of the invention may be subsequently combined together with a polyethylene
15 polymer having a density greater than 0.905g/cm’ and the mixture melt processed so as to

incorporate further polyethylene polymer into the blend.

Thus, in one embodiment of the invention the method further comprises melt processing
the so formed polyolefin and TPS blend with one or more polyethylene polymers having a

20 density greater than 0.905g/cm3 .

In that case, about 40 wt. % to about 60 wt. % of the so
formed polyolefin and TPS blend will generally be melt processed with about 60 wt. % to
about 40 wt. % of one or more polyethylene polymers having a density greater than

0.905g/cm’.

25 The polyolefin and TPS blend in accordance with the invention have been found to exhibit
a number of advantageous properties relative to a conventional polyolefin / TPS blend. For
example, the blend in accordance with the invention demonstrates excellent % elongation
even at high (e.g. about 40-50 weight %) TPS loadings. Products such as films formed
from the composition can therefore exhibit improved puncture and tear resistance. The

30 blend may also exhibit decreased sensitivity to moisture and a surface that is particularly

suited for printing without being subjected to surface modification techniques such as



melt processing a conposition conprising VLDPE, EAA, and TPS and/or the
constituent conponents thereof. Mt processing may be perfornmed using

t echni quewoanth/aguipnent wel | known in the art. Gener al lpgr/amebdo/gooeessi ng
i s achi eved using continuous extrusion equipnment, such as single screw
extruders, twin screw extruders, other nmultiple screw extruders or Farrell
continuous m xers. Melt processing is conducted for sufficient tinme and at
a suitable tenperature to pronote intigate bl ending between the conponents
of the composition. Those skilled in the art will appreciate that nelt
processing is generally performed within a suitable terrperature range t hat
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accor slang@enonhs WeR somdd e neft-reHelihgventi on may be first physically bl ended
in a high speed m xer. For exanple, the nethod may firstconprise bl ending

in a high speed nmixer in the follow ng order of addition starch, EAA VLDPE
and one ff, ESg 1&?1' X.It.‘&’dl‘#sc bRnAC P co%&'é}keav%éﬂ'ﬁ% &L OLntRRd{Ok, 0£LH J(f)og Wher e
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Where EVA hs used in the conposition, it may be added directly after all
the pol yPHEIHORS SPh B8Fkagi8 e been added. \Where one or nore additives are
usediyn the conposition, they nmay be added directly

Without wishing to be limited by theory, it is believed that the improved properties
afforded by the blend in accordance with the invention is least in part due to the TPS and
polyethylene phase domains of the blend being highly compatibilised. In particular, it is
believed that the TPS and polyethylene phase domains can be provided with a co-

15 continuous morphology. The high degree of compatibility between the polyethylene and
TPS phases domains is believed to result from the unique blend of VLDPE in combination
with EAA and TPS.

Embodiments of the invention are further described with reference to the following non-

20 limiting examples.

EXAMPLES

Example 1
25 The components listed below in Table 1 (composition A) were first blended in a high

speed mixer in the following order of addition: starch, EAA, VLDPE, LDPE, Calcium
stearate, stearic acid, glycerol, and sorbitol. The resulting physical blend was then melt |
processed on a vented twin screw extruder having melt profile 140/170/175/175/165/155
deg.C, torque < 80%, screw speed 320-350 rpm, vacuum of -0.05 bar and output of 200
30 kg/h to provide for Blend A. Film was then blown from a composition of 50 wt. % Blend
A and 50 wt. % LLDPE. The resulting film had a gauge of 15 micron, a tensile strength at
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Supplier: Nanjing Soap factory
Purity: >96%
Boiling Point: >250 deg. C
Sorbitol Grade: industry Sorbitol 5 kg/100.8kg | 4.96
Supplier: Jiangsu Luo’er Gaici Pty Ltd.
Purity: >70%
Boiling Point: =100 deg.C
EAA Grade: Primacor 3340 12kg/100.8kg | 11.91
Supplier: DOW
MFTI: 10.5 g/10mins (190 deg. C/ 2.16kg)
Density: 0.938g/cm3
ethylene-acrylic acid copolymer having an
acrylic acid content of 9.5%
VLDPE Grade: Attane 4404 10kg/100.8kg | 9.92
Supplier: DOW
MFT: 4g/10mins (190 deg. C, 2.16kg)
Density: 0.904 g/cm3
LDPE Grade:1FTB 12kg/100.8 kg | 11.91
Supplier: Beijing Yanshan Pty Ltd.
MFT: 7g/10mins (190 deg. C, 2.16kg)
Density: 0.92g/cm3
Stearic acid Grade: 1801 0.5kg/100.8kg | 0.49
Supplier: Shanghai factory
Calcium Grade: 1801 0.3kg/100.8kg | 0.30
stearate Supplier: Supplier: Shanghai factory '
total 100.8kg 100%
5
Example 2
The components listed below in Table 2 (composition B) were first blended in a high speed
mixer in the following order of addition: starch, LDPE, VLDPE, EAA, Calcium stearate,
10 stearic acid, glycerol, and sorbitol. The resulting physical blend was then melt processed



suited for printing without being subjected to surface nodification

t echni ques such ascoroner treatnent. In particular, the blends can
denonst r ave 2aived4abl e surface (e.g. having a surface pelcaratgossged7yal ent
to about 42-55 dynes) wi thout being subject to surface treatnents. Film
formed fromthe conposition can therefore be printed without first having
to be subjected to surface treatnent. Furthernore, the blend in accordance
with the invention is well suited for ylt-recycling. The polyolefin and
TPS bl end in accordance with the invention is well suited for manufacturing
films and noul ded products Such products can readily be used in many

applications su ackagi Wt hout w r It
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Enbodi ments of the invention are further described with reference to the

fol |l ow n@foﬁ@ﬁﬁ mting exanples. EXAMPLES Exanple 1 The conponents |isted

below in Table 1 (conposition A) were first blended in a high speed m xer

in the follow ng order of addition: starch, EAA, VLDPE, LDPE, Calcium
Table 2: Composition B

Component | Grade and Supplier Amount %

Cornstarch Grade: Eatable or industry first class products 42kg/100.8kg 41.66
Supplier: Shandong Zhucheng Starch Pty Ltd.
Degree of Substitution: >0.1

Glycerol Grade: saponification Glycerol or vegetal | 11kg/100.8kg 10.91
Glycerol ,
Supplier: Nanjing Soap factory
Purity: >96%

Boiling Point: >250 deg. C ,
Sorbitol Grade: industry Sorbitol 10kg/100.8kg 9.92
Supplier: Jiangsu Luo’er Gaici Pty Ltd.
Purity: >70%

Boiling Point: =100 deg.C

EAA Grade: Primacor 3340 12kg/100.8kg 11.91
Supplier: DOW

MFTI: 10.5 g/10mins (190 deg. C/ 2.16kg)
Density: 0.938g/cm3

ethylene-acrylic acid copolymer having an
acrylic acid content of 9.5%

VLDPE Grade: Attane 4404 10kg/100.8kg 9.92
Supplier: DOW

MFT: 4g/10mins (190 deg. C, 2.16kg)
Density: 0.904 g/cm3

LDPE Grade:1FTB 15kg/100.8kg 14.89
Supplier: Beijing Yanshan Pty Ltd.
MFI: 7g/10mins (190 deg. C, 2.16kg)
Density: 0.92g/cm3

Stearic acid | Grade: 1801 0.5kg/100.8kg 0.49
Supplier: Shanghai factory

Calcium Grade: 1801 0.3kg/100.8kg 0.30

stearate Supplier: Supplier: Shanghai factory

total 100.8 kg 100%




stearate, stearic acid, glycerol, and sorbitol. The resulting physical

bl end was then nelt processed on a vented twin screw extruder having nelt
profil e IO 0i01104%/ 175/ 165/ 155 deg. C, torque < 80% screwAIRe®ho@20- 350
rpm vacuum of -0.05 bar and out put of 200 kg/h to provide for Blend A
Filmwas then blown froma conposition of 50 . % Blend A and 50 wt. %
LLDPE. The resulting filmhad a gauge of 15 mcron, a tensile strength
atbreak of 14 MPa, and an el ongation qgf > 200% as tested using a universal
tensile testing machine. Table 1: Conposition A Exanple 2 The conponents
|isted below in Table 2 (conposition B) were first blended in a high speed
m xer in_the follow ng order of addition: starch, LDPE, VLDPE, EAA Calcium
st ear at e&X ic acid, glycerol, and sorbitol. The resulting physical

bl end vwapnd BefhorBhis 18k PERICHCThLR: ¥ RBRpsitivh ) Skt bichdeten ahﬁ%l'l cli®l t
profile 140/170/ 175/ 175/ 165/ 155 deg.C, torque’'< 80% screw spee 20- 350
rpm vacmixer @i the) f@Bving oadat afirddifionofsta?dn HyAh VLDRE, YV 4eLPBE, Blakiwem B,

Fil mwas_then bl own usi Bl.end, B. , Th sul ting filmhad tensile

1 oo rorearait, deienseid, At B Sorbfof LR Keshtdd AviThDRend vk B Bt .
testes usbf@sal oihMRh&atwireB&tweextraddr g idmembit peofilNaoflidsmrextroni7bagds
excel l ent antiblock and anti-static properties. Table 2 : Conposition

BExanp! edeg.GrHerqus mp80iénsereyi speeci3 BB fvinm, assna of Odsnbas sindjaytputof 8P e
coamP el ; . O o e
Lot O AR L EeRe A kehal AT 0L UM MAEpro BB bR

sor bi t ola coventi@mb bidwiag ppsts incaterbdtein d Tha sesuhimg forintis punabds sed soft feaent ed
twi n screw extruder, avd' t?ags eggglfenpsro%g‘i | e 3140/ 165/ 170/ 170/ 170/ 155

packaging material an ness and soft touch properties.
10

Table 3: Composition C

Ingredient Grade and Supplier Amount %

Cornstarch Grade: Eatable or industry first class products 50kg/105.8kg | 47.23
Supplier: Shandong Zhucheng Starch Pty Ltd.
Degree of Substitution: >0.1

Glycerol Grade: saponification Glycerol or vegetal | 11kg/105.8kg | 10.42
Glycerol

Supplier: Nanjing Soap factory
Purity: >96%

Boiling Point: >250 deg. C
Sorbitol Grade: industry Sorbitol Skg/105.8kg 4.72
Supplier: Jiangsu Luo’er Gaici Pty Ltd.
Purity: >70%

Boiling Point: =100 deg.C

EAA Grade: Primacor 3340 12kg/105.8kg | 11.34
Supplier: DOW

MFT: 10.5 g/10mins (190 deg. C/ 2.16kg)
Density: 0.938g/cm3

ethylene-acrylic acid copolymer having an
acrylic acid content of 9.5%

VLDPE Grade: Attane 4404 10kg/105.8kg | 9.45
Supplier: DOW

MFT: 4g/10mins (190 deg. C, 2.16kg)
Density: 0.904 g/cm3

LDPE Grade:1FTB 11kg/105.8kg | 10.42
Supplier: Beijing Yanshan Pty Ltd.
MFI: 7g/10mins (190 deg. C, 2.16kg)
Density: 0.92g/cm3




deg.C, torque < 80% screw speed 320-350 rpm vacuum of -0.05 bar and

out put of 200 kg/h to provide for Blend C. Blend C was forned into a foam
buy nelt woacomsHERag it with a conventional bl ow ng agencradtemmaioh. The
resulting foamis suitable as a soft foam packagi ng material and has

excel l ent softness and soft touch properties. Table 3 : Conposition
CExanple 4 Blend B was nelt processed with 20 wt. % LDPE (nelt index
0.39g/10 mins and density of 0.922 g/¢n8). and formed into sheet of 0.380 mm
t hi ckness. The resulting sheet was thernofornmed into a cuspated sheet.
Exanple 5 Blend B was blown into 50 mcron filmand then converted into
shoppi ng bags with a | oading carrying capacity of 6 kg. The bags were found

to hav conpara able tear tensile and-el nnn:\flnngL p nnnrtlpc t o bags nade

from HOBEYAThe fi | Gredenl4d YAy printed using cony8k/iGh8e pr pe@dsed and
wi t hout| Corona pr ¢Suprligrnieiiing Benshand’tp Lisl-eXangi Ras | mel t pr oces:ed with 10
W . % HDPE and bl opMd.into a filmsuitable for use i shoppi ng bag
applicdtions. The|MHu? gildgihs (190wag. C.auhtkg)o be 100% nore stiff than|a
conpar gbl e fil m maienfiyom9y3ugémBl end B. Throughout this specifigation|and
t he cl digisarihiced 1 orhdew) gainl ess t he cont ext requi re:ogkg/qogvsﬁge bhe word
“conprilse", and varshﬁl;ﬁeq;@agggq fagtorypOnpPri ses” and [conprising”| wll be

under sti@E LR T PTG A1 80T onm of a stated it egv639%/1§5 gg oggoup of

! rn'gﬁge(r: Steifae Lfrpf Euip_l;e; nS_l}ppﬁeF )gﬁaﬁjg%ap If'alc?(];ryany othe eger step or
group gr it eeers 105.8 100%
Example 4

Blend B was melt processed with 20 wt. % LDPE (melt index 0.3g/10 mins and density of
5 0.922 g/cm’) and formed into sheet of 0.380 mm thickness. The resulting sheet was

thermoformed into a cuspated sheet.

Example 5

Blend B was blown into 50 micron film and then converted into shopping bags with a
10 loading carrying capacity of 6 kg. The bags were found to have comparable tear, tensile
and elongational properties to bags made from HDPE. The film can be easily printed

using conventional processes and without Corona pre-treatment.

Example 6 ,
15 Blend B was melt processed with 10 wt. % HDPE and blown into a film suitable for use in

shopping bag applications. The resulting film was found to be 100% more stiff than a

comparable film made from just Blend B.

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

but not the exclusion of any other integer or step or group of integers or steps.

The reference in this specification to any prior publication (or information derived from it),

25 or to any matter which is known, is not, and should not be taken as an acknowledgment or



The reference in this specification to any prior publication (or
information derived fromit), or to any matter which is known, is not, and
shoul d novoheiwmbkem as an acknow edgnent oradni ssi on or pamat2009000479
suggestion that that prior publication (or information derived fromit) or
known matter fornms part of the common general know edge in the field of
endeavour to which this specification relates. CLAIMS: 1. A conposition
conprising very |ow density polyethyl gge having a density of I|ess than
0.905g/cnB, ethylene acrylic acid copolynmer and thernoplastic starch and/ or
the constituent conponents thereof. 2. The conposition according to claim
1, wherein.the very |l.ow density.pol hyl ene h densi.ty rangi ng. frrom
about - 0 BT 6% OB SHEECTLT AL R REOE PAPRSSE LA TS AR 1 or 2
in the fRdmidforakddWs hfagtkr RIrBRGhas oft 1M doRinion @h&iEINRAdWedsd MethBYi@daf t he
ethyl ene acrylic acid copolyner and the thernoplastic starch and/or the
const i t LRadeavounisowkigh shis ppaciisationrelafere conposi ti on according to claim1 or
2 inthe formof a nelt processed blend of the very |ow density

pol yet hyl ene, the ethylene acrylic acid copolyner and the thernoplastic
starch and/ or the constituent conponents thereof. 5. The conposition
according to any one of clains 1 to 4, wherein the very | ow density

pol yet hyl ene is present in an anount ranging fromabout 5 wt. %to about 25
Ww. % the ethylene acrylic acid copolymer is present in an anount ranging
fromabout 5 wt. %to about 25 wt. % and the thernoplastic starch and/or
the constituent conponents thereof is present in an anount ranging from
about 50 wt. %to about 80 w. %



6. The conposition according to any one of clains 1 to 5 further conprising
et hyl ene vinyl acetate copolyner in an anount ranging fromabout 1 w. %to
about 10 w0.208%01Z041The conposition accordi ng to any onePofi/aal2e09090979t 0 6
further conprising one or nore polyethyl ene polyners having a density of
greater than 0.905 g/cnB8. 8. The conposition according to claim?7, wherein
the one or nore polyethylene polyners having a density of greater than
0.905 g/cnB is selected froml ow dens_ilt)y pol yet hyl ene, |inear |ow density
pol yet hyl ene, nedi um density pol yet hyl'éne, andhi gh density pol yet hyl ene. 9.
The conposition according to claim7 or 8, wherein the one or nore

pol yet hyl ene pol yners having a density of greater 0.905 g/cmis present in
an am)unQLNMgi ng fromabout 5 wt. %to about 20 wt. % 10. The conposition
according to any one of clainms 1 to 9 further conprising one or nore
additives selected fromcalciumstearate, steric acid, nmagnesi um stearate,
sodi um st.ear aA epmpzrsitios edmposiye vhpl lemedensite aniydthylent davimgi aldensity o dess ani de.

11. A nethod pof pr ri ng ol yol efi n,and .t her nopl.astic, star.ch,bl end, the

Tt hod conpr i BTG 0 EmprSRUBEs Agvic agidSonelymeh g MemePRGuRh B Sionsi  y
pol yed hyl ene havéignRnt@ispdnénBithdrésts t han 0. 9059/ cnB, ethylene acrylic

aci d copolyner, and thernoplastic starch and/or the constituent conponents

thereof. 12. The nethod according tqQ claim 11, wherein the verg’ | ow density
pol yet hyd-ene Higscompesitiontagcoraig g ldimohn Wissein the 3erygewndensisy poloethylgne ns.

13. The met hqg aceRi Afsihf nShPisBul 8 88%/cih? 1o YOGS GLR’ L he very |ow density

3. The composition according to claim 1 or 2 in the form of a physical blend of the
very low density polyethylene, the ethylene acrylic acid copolymer and the

10 thermoplastic starch and/or the constituent components thereof.

4. The composition according to claim 1 or 2 in the form of a melt processed blend of
the very low density polyethylene, the ethylene acrylic acid copolymer and the

thermoplastic starch and/or the constituent components thereof.

5. The composition according to any one of claims | to 4, wherein the very low

15 density polyethylene is present in an amount ranging from about 5 wt. % to about
25 wt. %, the ethylene acrylic acid copolymer is present in an amount ranging from

about 5 wt. % to about 25 wt. %, and the thermoplastic starch and/or the constituent

components thereof is present in an amount ranging from about 50 wt. % to about

80 wt. %.

20 6. The composition according to any one of claims 1 to 5 further comprising ethylene
vinyl acetate copolymer in an amount ranging from about 1 wt. % to about 10 wt.

%.

7. The composition according to any one of claims 1 to 6 further comprising one or

more polyethylene polymers having a density of greater than 0.905 glem®.

25 8. The composition according to claim 7, wherein the one or more polyethylene
polymers having a density of greater than 0.905 g/em’ is selected from low density

polyethylene, linear low density polyethylene, medium density polyethylene, and



pol yethyl ene is present in an anmount ranging fromabout 5 wt. %to about 25
w. % the ethylene acrylic acid copolyner is present in an anount ranging
from abowo2owro12¢6t o about 25 wt. % and the thernopl agCrab@vwobw7and/ or

t he constituent conmponents thereof is present in an anmount ranging from
about 50 wt. %to about 80 wt. % 14. The nmet hod according to any one of
clainms 11 to 13, wherein the conposition to be nelt processed further
conprises ethylene vinyl acetate copqlyyrer in an amount ranging from about
1 w. %to about 10 wt. % 15. The nethod according to any one of clains 11
to 14, wherein the conposition to be nelt processed further conprises one

or nore pol yet.hyl.ene po S having a density of greater than 0.905 g/cn8.
16. The net hgﬂg}iéﬁ‘ﬁr‘tﬁipﬂb%@ﬁ@feai m 15, wherein the one or nore polyet hyl ene

pol ymers having a density greater than 0.905 g/cnB is selected froml ow

densi t ypp! yettnd @iposttionerEoddmy ek ¥ oP 8] Whérdit @8 ®ne BB didtenpesethylene
pol yet hyl ene, and hi gh density pol yet hyl ene. The net hod according to

17.
claim15 or I®lymprshervingtehdensie oberagisr - 395 3/@!1?71% RISEENH 8} JRBMQURFANHE a
density of g”%%b%ég&af@tgéaﬁﬁxﬁ @ﬁnﬁ% used in an anount rangi ng from about

5w. %to abo e nmethod according to any one of clains 11
to 17, wherein the so fornmed polyolefin and thernoplastic starch blend is
nmel t $r okessethentdmpasitenoacconding fpdnyeadreydfarsnpal yon® fatheavbmgrisind ems idry
greater than 0.905, g/ cn8. 19.néhe nqthod accordin% to,claim18, wherein the
one or nore ﬁBPVe?q‘lﬁV%eS%F%l pm calcium' stearate, steri acid, magnesiunm stearate,

sodium stearate, oxidised polyethylene, oleamide, stearamide and erucamide.

11. A method of preparing a polyolefin and thermoplastic starch blend, the method
comprising melt processing a composition comprising very low density
10 polyethylene having a density of less than 0.905g/cm’, ethylene acrylic acid

copolymer, and thermoplastic starch and/or the constituent components thereof.

12. The method according to claim 11, wherein the very low density polyethylene has a

density ranging from about 0.85 g/cm’ to 0.905 glem’,

13. The method according to claim 11 or 12, wherein the very low density

15 polyethylene is present in an amount ranging from about 5 wt. % to about 25 wt. %,
the ethylene acrylic acid copolymer is present in an amount ranging from about 5

wt. % to about 25 wt. %, and the thermoplastic starch and/or the constituent
components thereof is present in an amount ranging from about 50 wt. % to about

80 wt. %.

20 14, The method according to any one of claims 11 to 13, wherein the composition to be
melt processed further comprises ethylene vinyl acetate copolymer in an amount

ranging from about 1 wt. % to about 10 wt. %.

15.  The method according to any one of claims 11 to 14, wherein the composition to be
melt processed further comprises one or more polyethylene polymers having a

25 density of greater than 0.905 g/cm’.

16. The method according to claim 15, wherein the one or more polyethylene polymers

having a density greater than 0.905 glem® is selected from low density



having a density greater than 0.905 g/cnB that is nelt processed with the
so fornmed polyolefin and thernoplastic starch blend is selected froml ow

density pwbyeidnikeme, |inear | ow density pol yethyl ene, rediAavrnadaosdrdy

pol yet hyl ene, and hi gh density pol yethyl ene. 20. The nethod according to
claim18 or 19, wherein the so forned polyol efin and thernoplastic starch
bl end and the one or nore pol yet hyl ene polyners having a density greater
than 0.905 g/cnB are nelt processed L%gqther i n anobunts rangi ng from about
40 wt. % to about 60 wt. % and about w. %to about 60 wt. %
respectively. 21. An article conprising or produced froma conposition

according to any one of clains 1 to 10. 22. The .article according to.claim
2 1in the foaseylgne éwpﬁ*r@@&ddmsnmfwgﬁwomfémm 38Dty RoTyg Y IR, and

according to ﬁ»@h&kg% blyeftifenkormof a film 24. An article produced
according to the net 56 of “any one of clainms 11 to 20.

17.  The method according to claim 15 or 16, wherein the one or more polyethylene
polymers having a density of greater than 0.905 g/em’ is used in an amount ranging

5 from about 5 wt. % to about 20 wt. %.

18.  The method according to any one of claims 11 to 17, wherein the so formed
polyolefin and thermoplastic starch blend is melt processed with one or more

polyethylene polymers having a density greater than 0.905 g/em’.

19. The method according to claim 18, wherein the one or more polyethylene polymers
10 having a density greatér than 0.905 g/cm’ that is melt processed with the so formed
polyolefin and thermoplastic starch blend is selected from low density
polyethylene, linear low density polyethylene, medium density polyethylene, and

high density polyethylene.

20.  The method according to claim 18 or 19, wherein the so formed polyolefin and

15 thermoplastic starch blend and the one or more polyethylene polymers having a
density greater than 0.905 g/em’ are melt processed together in amounts ranging

from about 40 wt. % to about 60 wt. % and about 40 wt. % to about 60 wt. %,

respectively.

21. An article comprising or produced from a composition according to any one of

20 claims 1 to 10.
22.  The article according to claim 21 in the form of an extruded or moulded product.
23.  The article according to claim 22 in the form of a film.

24.  An article produced according to the method of any one of claims 11 to 20.



