-1 - COMPOSITIONS COMPRISING THERMOPLASTIC STARCH FIELD OF THE INVENTION 5
The present invention relates in general to compositions comprising thermoplastic starch (TPS). In
particular, tYEQrRAY&NABI4EIates to compositions comprising TPS and polyolEfid/AVHNEMSY of
preparing the same, and to products formed therefrom. 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 Mdch™of the research to date in developing such
polymeric materials has focussed on utilising naturally occurrlng bio-polymers such as starch. Starch
is attractive in that it is derived from renewal resources lant products), readily available and
relatively |nexpen5|\fé0m I %%R&ﬁ%u cslﬁ\d iﬁﬁﬁg EFRi@B 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 pfRED dauTHEE INENPIIONNers. Starch or TPS in its own right is therefore not considered
a viable alternative to petroleum derived polymers. - 2 - materials. However, combining relatively
hydrop%ilic starch with petroleum derived polymers, which are typically hydrophobic, to produce
blends witﬁm@pﬁbﬁeﬁ@hmm&@ﬁ@méﬁaa tgaﬁd@aovemdﬁﬁosﬂﬁdmpbwﬁipﬁsitrgpaeﬁinwprasnixemmrmessing
starch or T ith petrol eere enerally results in the for no blends 5
having a rﬁ%\g ‘E’gjﬁf!ﬁ 8@1‘%" %’dflg L%HHI% YR8 IEPE, rsenl%/n:)ﬁélglﬁnérg ofg Tg%;rid exhibit
high interfa@@kﬁem@@afmeﬂ&fmgftmﬁhxam hegraduegaivaéhieet fromt least the mechanical
properties of the resulting polymer blend. Nevertheless, useful blends of starch or TPS and petroleum
derived polymers have been 10 developed. For example, polyester/TPS blends have been shown to
exhibitig o BATICORVIOND aPETERRAINVEN PBON mulated so as to be fully biodegradable. However,
due to the hydrolytic sensitivity of the polyester matrix their application can be limited, for example
such blends are not generally suited for melt-recycling. 15 Polyolefin/TPS blends (e.qg.
polyethyleN&ifhRa blendsiraasiegaésophesin desekigpiesbibtyeatul tte eonifoyanehtithsenbitivitgeofahe
polyolefin matrix S| h hlends are at least expect suited (oM c

polyester/fﬁ% c% Sparssy eO\}\?e{/egFa S}té?inﬁefe%?%v&r)%patlg)ﬁ n%gt\/\?éen m%%{%ﬁ‘%{/ ?g% obic

character tﬁtfqm)lqmmlamg tesdwabhiedhdiogkallyateri ddSdrapamenten problematic in attaining blends
with ulsgeful 20 properties.

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



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 WaaeYHH Bdtusion unit. The resulting blend is said to exhibit 2% b HEYHEal
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 b‘y%ﬁhich such blends are prepared, or to at least
provide a useful alternative polymer blend andlor method for -3- preparing it. SUMMARY OF THE

INVENTION 5 The present invention therefore provides a composition comprising very, low density
polyethylePEREd g aHRMEYS of RIRRINRS, FHERGI N ?ﬁ%f@ﬁes’é"c’ icwéfiﬁglli?&%%%[??erdgmﬁe%

thermoplasgligysiarsh whrierits eppistitliehlyaespRobieNte piddasendlehienfougddbahneohapnsitions in
accordance with the invention demonstrate 10 excellent compatibility between the Iyg)(nEeélii?%
WEF’é e ent

component&CRETH IR BIY FRa§ BPHLdR RIS Ade FoPHOISHE: B?é]\éd’cf?é:?ﬁﬂpgﬁ
propertieswifheparalborihdgorepgmitiansrinRasaiianesulvilidhddnfeniinionvidfcpointise bleads 5-25 wt.

% very_low density polyethylene VLDP@#about 5-25 wt. % e hé#ene acyylic acid 15 copolymer (EAA),
and atbutBDB8 v O PR OB Rt AR R e o R I SAG o R e
compositiamétibie hed exdibie hiphe mermois palyrinylendirobfimdisihafinghade nsgytdiegitapher than
0.905g/cm3. In that g_?se, t%e Qn§ or more g%p%rglleqeé%ol ers q) ving a density of greater than
0.905g/cmZ\BHIGRShE1a 6 RaBISURTPRE T 0 AR S et P g[?é PSP ab6ut 5-20 wt. %. Separate from,
or in addition to, the one or more polyethylene polymers having a density of greater than 0.905g1cm3,
the compasitions in accordance with the inventi ay also further comprise gthylene vinyl acetate
copolyme EXFRY: %é{%@éﬁﬁ{g% AS’%ﬁfigrgenerf%’l(?/l %tréjrlglslglnf? ?rrl“é%dapngl@%%r?%%‘(ﬁgg?ﬁ)nm about
1-10 W0. %developed. For example, polyester/TPS blends have been shown to exhibit good

mechanical properties and can be formulated so as to be fully biodegradable. However,

due to the hydrolytic sensitivity of the polyester matrix their application can be limited, for

example such blends are not generally suited for melt-recycling.

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



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 componBRP18MRAHF the compositions. Having said this, it 30 will be aBpiéAAMIINE R
composition in accordance with the invention in its pre-melt processed form will generally be prepared
for the sole purpose of being subsequently melt - 4 - processed into a melt processed product. The
TPS per se may be present in a pre-melt processed composition, or it can advantageously be
prepared in situ from its constituent components dufing melt processing 5 of the composition.
Accordingly, a pre-melt processed composition in accordance with the invention may comprise
VLDPE, EAA, TPS and/or the constituent components of the TPS, namely starch and one or more
plasticiserB"WpBR&I&ing melt processed, the starch and the one or more plasticisers in the
composition will converted into TPS and the resulting melt processed composition will comprise
VLDPE, EAA and TPS. In other 10 words, in post-melt processed compositions in accordance with the
invention iDIS YRR3R FHH@VJBN&‘ERQ% components of TPS in the pre-melt processed
composition will be substantially converted into TPS during melt processing. The present invention
also provides a method of preparjn olyolefin and thermoplastic 15 starch blend, the, method
comprising eRrSFSBhégﬁ?é‘téoBthﬁ%iﬂ%r‘%&%ﬁ%ﬁsﬁ&%?&?ﬂeﬁ%r&%tﬁﬁgr?tg‘ﬁac\iﬁ%lg density
of less thapoly8istaenBaeiyenieainylisf deid dopotyotsy/amd, thtiyhoplastiglztadil aopdbyrtice
constituent ¢ onents thereof The composition that is to be melt processed in accordance with the
method ofa[ﬂ‘ggg’mg %ﬁtdﬁ% ﬂ?g{gl: g({)ﬁ%ﬁgéu?)?]tec%rrn%o&eemﬁoIyethylene polymers having a density
greater than 0.905g/cm3. In addition to, or separate from, the one or more polyethylene polymers
it b b et T g T

with the met comprise one embodiment o vention, a
polyole¥in axeténs dolmipdtibifitg firteddy theetiohyoressiommyetitealy bloolyoidfmayro: TEE bbend
prepared in accprdance with the jnvention, and (2) one or mare polyethylene polymers having a
density gré’é?é’t"fﬁg?\r@(%&eﬁ rr%é‘.'0\7\?&%8’%%&5%%?3@?&3%%59/000979 - 5 - printing, a high
content of starch, excellent mechanical properties such as % elongation, and can be readily
melt-recycled. Fyrthermore, such properties can be.attained wi ' i content, which
in turn min#r?ﬁef?ééihfjﬂfnggﬁi Og}ct botﬁsfolﬁeﬁ?ﬁoé%%r?vcgdwpg%ﬁ;%e%nY%%%ﬂ%%}é%%%%g\%ﬁfgm ng’ ing to be
limited by fhewoeyy thevexicekent potysthiyésnof GFoBURES, feboed Sratn wontpositislenénascgbiedaeide with
the inyention is belie st least 4 ry fromt ity Qf RGO ROSINORSHIO mEoyige the TPS
and pﬁyetﬁg}fg emgcl;%%%é%’nﬁ%gagﬁ?&ﬁlyé@o%'pétiﬁgggd?ﬁm. In some em%odflJments of the invention,
the TPS and polyethylene
In one embodiment, the composition further comprises one or more polyethylene polymers

3. In that case, the one or more polyethylene

having a density of greater than 0.905g/cm
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



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 INVENWONIA8138EY herein, the expression "co-continuous phase matpAGGIHIMMEcontext 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 thalescence during or after melt processing.
Compositions in accordance with the invention comprise VLDPE having a density of less 25 than
0.905g/cm3. Generally, the VLDPE will have a density ranging from about 0.85g/cm3 to 0.905g/cm3,
for exampRF9RSHISHIBR B BEl/PrASCESSd. DIBYEM3. 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. - 6 - Suitable VLDPE that may be used.in accordance with the

invention inBRIAERS baAeks HotMiteRf tPr&sethy i8na/dugsms o BBt RTeTh LOmE 25 iehsit o bisaht

0.904g/cmiand - foalljrutexrah k806 3ikbkaalinhaHstalds tumpanenesidang idtepreanalgmer
having a density of about 0.884g/cm3 and a melt index at 190C/2.16kg of about 0.79/10.min, and 5 an
ethylere/bt R CEHASHER NARFRI HEAHAP 6T aB PILEYES SHBRMEHIAJBRCISIER MEBKEBf about

5g/10 mininRafRienaeyhesaipriscaviEDPR, ANEITPgexnafa payeshyiraenplyimsurieniitemdad to mean
a density or melt index determined in accordance wijth ASTM D792 and ASTM D1238, 10 respectively.
CompositidhSiMARESYFFHEA Hith IE MVBRTOR BIE T iR RANE FREE RIGRERFH-tHEs SIEU

appreciateafipiRAdnis 8rcrpely plastigikylanthandmpoditdacioilGeoavaitydiistacryl andd thentent of
the copolymer will range from abput 5-20%, for example 8-159 The EAA i o generally have a
melt in%ei%’f‘fﬂ@ﬁ%:@ BIP@%@?HZCH%O%’(S’& X ﬁ%yi&ﬁQ%ﬁ%fﬂm&é}a e"g?%ﬁs of
VLDPIg angdrdy? farpise ineacpascased wothpbsitionentioncooadahesobising danumesaidtlyis 28¢The
compositians in,accordance with the invention further, rise TPS and/or the constituent.
component&§RERSF: alth%’é'eC%ﬁ‘éﬂ’?ﬂﬁ%‘%??ﬁﬁﬁt&ﬁsrg%%?@tﬁﬁ RSl PARER SR FOHRS SN T starch
comprising:dn®osubsaiisticiaessiedinnr diP§lfudsgusett prraissitipe 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,
andisa 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

3. In addition to, or separate from, the one or more polyethylene

greater than 0.905g/cm
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



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
substantiallYhé&x0@dRer with molecular weight of about 1 x 105; and amBAJBAERM MMy
branched polymer with very high molecular weight of the order - 7 - 1 x 107. 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% amylopectin.
However, depending on the origin of the starch the Patio of amylose to amylopectin can vary
significantly. For 5 example, some corn hybrids provide starch with 100% amylopectin (waxy corn

starch), or progressively higher amylose content ranging from 50 to 95%. Starch usually has a water
content of BiaiRaSWRiEh FRRE! serchaisdimbmenhadicsrmraties wighrasormeingatieRw 1%.

10 Starch typjcally ﬁéigédﬁfm@i{%égmﬁ hevingAnorestalinitybaRaiRg Famelauidatar%. The
‘size of the granules may vary depending upon the origin of the starch. For example, corn starch
typically haglanwamdreghiziéP§ia1m{a#g I IHTABIRIBIEE tBeafBorabePTHalsErk $5t4Ed starch
typically hag, 5 pafiiflthsigentlisgiar ranging from about 50pm to about 100m. 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 mpgificatioRfite: % ShaHficRI and ssierfisd alereropliaryeapronaetifieshsial droln
generally prepared by reacting the 20 htédroxyl groups of starch with one or more reagents. The

degree of ROFRERTIOHEH rgerrdanss yuththaduyertisndsbeligirshiesem At ey imiraryomdhsne
physiochegyaalPseREstiholieome eified Sl chcoPpamdpailedhg e rspsstding natveigiarch. The
DS for a native starch is designated as 0 and can range up to 3 for a fully substituted modijfied starch.
Depending OBeAtRkGH SUsLJaHAmIG SRBAHEeNES QLM iveny Rodifed statef B8IXERERRSbit
considgraklyHiffacan diaphiisfpuiiaphohie Waeretertelalive eamive FakdhiBodunghand
chemically modified starch generally exhibit poor thermoplastic properties. To improve such
properties,"EPERIAGY 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. - 8 - plasticisers _il%é?,e manufactlfre Ec;f TPS. Reference herein to the
Wt. % of TP &THBGhaTRI6IOhiRA MXFRY RATTLeHHE RS L RAL S 95K BB the starch and plasticiser
constituent components of the TPS. 5 The starch from which the TPS may be derived includes, but is
not limited tQ, corn starch r t | an starch, tapioca starch, hi-amylose
starchi or cBrﬁEiﬁ!&f&%Hﬁgﬁﬁmﬁrﬁgﬁ%ﬁiﬁaﬂy modified, it will generally be
etherificated or esterified. Suitable etherificated starches include, but are not limited to, those which

e s i oy RO e o S S A s el Qe I

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.



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 plast@s¥/&efitdble polyhydric alcohols include, but are not limitedPETGNCERSI0EH Aene
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 prdéa‘ne, pentaerythritol, mannitol, sorbitol, and the
acetate, ethoxylate, and propoxylate derivatives 25 thereof In one embodiment, the TPS comprises
glycerol and/or sorbitol g}aastrcrsers The plasticiser content of e TPS will ge aIIy rarhcs;e from about

5 wt. % to 2HRREY WPBY thatisayarpiecnfcansdanss Wity abvaatlﬂe rrtc a‘rrt} A8ut 10 wt.

% to aboutig{wd. 150 aretatiadr tihe UPUNe MRS weea@rpmaasbptaewﬁémp@memet -9-
Compositions in accordance with the invention may be provided in the form of %ﬁﬁémeltlﬁéocessed

compositidRd&Xg2ta bilSical BkenaloRBu AR EE Mk A2Bf e Eng BREIR SRR &pBnents

thereof) orderrsqsrtxmetsdmoc@ss@wbﬁﬁ rﬁﬂ@ﬂtiﬁﬂt(ﬁage)alatl NEYELineRaLT bbeu ofrgre(Mh&EEnoEAA and
TPS). 5 Where th posrtrons in accoydance with the in gigsd e me rocessed
form, iPwilPBe® Fé‘8 YBhpiTtiths |%§I)f gé)é e"ig[/ be melt
processedlaoetfgrmﬁ]agmeﬁuamcsi_gmdrbﬂend of the |nd|vrdual components therern In that case, some
or all of TPS can advantageously be replaced by 10 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
plasticiserR efefeneerheltiresashadiin mmeaaimeodfatlpelydtﬁ)ﬂ&apdlﬁﬂék soiaetdgiroslusam melt

processed c 0sition ¢ ising VLDP EAA an TPS. S, | %ﬂ ith the
invention \ﬁlf??ﬂeg té’rgﬁﬂfhtéﬁ%’é t%%e'%‘ Cnoam%‘frentwr%ftgrg%{ g rom a ou GSQ\ ?%%g’m 25 wit.
%, fon @xarspbecaivelit. 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
compositimﬁpmﬁomanc&witdiaﬂme iwithrtﬁerim@mmiselsmnetitpem Evdpoilbnts okilled jnttbeotal

mass of the ie cpm orrétéz-]rzrl S #.K &r é‘ss“‘;'gﬁ)re é/glq?l]uva,leﬁit %&% o5 Lﬁc T C%pe&&eeparlr tlﬁeéefore the

same weight perc ranges ar erein ap ollective components. The
relative Weigtyﬂi@eacehwawgesdf(theaohcﬂﬁrmwpﬁnengoffthm'ﬁb@lafe%]%) dortlimxaehhlerdirl 5%.

SR B ARCIPASS W BRI ARC IS8 FRECrIG RRIEEBEESEOVTErS

havinga densr y greater For example, the’composition mady comprise low density
polyethylegé (UDRE) ahmhﬁ@ g@fematly 30 characterised as having a density in the range of 0.910 to
0.940g/cm3. Suitable grades of LDPE include, but are not limited to, those having a melt index at

190C/2.16kg of about
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



- 10 - 0.29/10 min to about 7g/10 min. In addition to or separate from LDPE, compositions may
comprise linear low density polyethylene (LLDPE) which is generally characterised as having a density
ranging fromV® @98%Hh3 to 0.925g/cm3, medium density polyethylene (MOBBVRRIN Yenerally
characterised as having a density ranging from 0.926g/cm3 to 0.940g/cm3, and/or high density
polyethylene (HDPE) which is generally characterised as having a density of greater or equal to
0.941g/cm3. 10 Suitable grades of LDPE, LLDPE, MDPE and HDPE for use in accordance with the
invention may be obtained commercially. When indladed, the one or more polyethylene polymers
having a density greater than 0.905g/cm3 will generally be present in the compositions in an amount
ranging from aboyt 15 5 wt. % to about 20 vvt. %. For example, the compositions in accordance with

the inventibrinl&y- cdirgltisercative egtiease B Pl ohas Buke. HiscevAeryh RSnERATEBbUt 10 wt.

%, TPS angieVi diexCoRsHbiant CWMAGRRMEPRNGS §Rb i A andURLofi vb Bui dfo il Seowid INDRE in an
amount 20 of about 15 wt. %. In addition to, or separate from, Ehe one of more pc;%??%%ene polymers

having a dSAKRFY FORIRIKRATD Y8 FEesH R Sth b SRR SREH Bat LeWENATt WP may also
comprise EWAgRR eMAL ARG FEHid @bm&ﬂoﬁﬂ-t&%@}a@p&&tﬁﬂd&ﬁ- Var)FQTgﬁiﬁkmﬁllB'} thtz)br
composition may comprise VLDPE in an amount of abo wt. %, EAA in an amount of about 10 wt.
%, TPS arfdiPRie éSW&ﬁBHhL[‘X H%&{Bﬁiégtﬁ’éf%f"i’h&é# @%Wb‘f%%ﬂt@%%?% EBEB AN
amount of glegtdssy &1 Riahndriny Sscantemneaiping oot wto%s. SSakchddilbshmay walerde fillers
(e.g. calcium carbopate, talc, clays (e.qg. montmorillonite), and. titanium dioxide); pigments; anti-static
agents; anWBP%e%E%’@%Jg Y’e’%’v cé&%ﬁe&é Fat rg?fe‘f%@&(ﬁlr Eégb(hé% Win] é&seggé?é,cs%&ﬂﬁu%tearate,
oxidised pobiethykne, oleamide, stearamide and erucamide). 5 Generally, the additives will be used in
an amount ranging from about 0.5 wt. % to about 2 wt %. Compositions in accordance with the

invention provided in the form of a melt processed 10 blend can be prepared according to the method
of theligveBtiach Typisakiycoridindrictie] rpethadsofidhinm naentsaliinolyaedingfibhiRBdiend i©

prepared by.melt processing a compagsition comprising VLDPE, E and.TP$ and/or the constituent
componen‘t%%’er%%? fész/lgﬁt@ﬁreogé%%%egs rﬁng?/' B’gl%er? ?r%%‘é‘%é* %ntg@%r?lrd 1(Ialsoa§nt eeatﬂlrﬁﬁier%?) Well
known in teeaatpl&; enenasiprchelypivatiyskingipativievedeudiagpaontiangiug édnusiboueduipment, such

as single s rew %>6truder twin scre extrt:ﬁf(%rs.ot@er multlplerfc.c ew. extcr]éudeer:t%eor Farrell {;%rr}ynuous

mixers. Mé} procegglng\?seégﬁsdgg{gé) fcs)trarsc ,8’;%"8 %gaasn% B3 Stitable Membé?gﬁ}u?g {6 promote

intimate blebalimg®hetteabdhel®dmponents of the composition. Those skilled in the art will appreciate
that %It 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

accordancg sttt éiverniof sidtdemaglalsedneshediaaigmpdified.e Chenyiadl YrovedafesistaBdC to
about Zlocl:ric%isdes, 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



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
componentUAHY Mt brocessing into TPS. - 12 - comprise blending in £ARHEHERAWRNLEr in the
following order of addition starch, EAA, VLDPE and one or more polyhydric alcohols such as glycerol
and/or sorbitol. Where one or more polyethylene polymers having a density greater than 0.905g/cm3
are used in the composition, these may be added directly after the VLDPE. Where EVA is used in the
5 composition, it may be added directly after all thé ff:)f)lyethylene polymers have been added. Where
one or more additives are used in the composition, they may be added directly before the one or more
plasticisers. Where the compositions in accordance with the invention comprise one or more 10
polyethyleREStaiRTe 8 H&'\ﬁ%@“a\fﬁ‘éHé‘?@nggéter than 0.905g,1cm3, 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. Fo

35H R PR oA UREID

y F
example, RPEIFREHRSEHE RN SFebzrds hedersdatsadssith 1! fh%& Yi&iti8h may be

subsequemniyrcoRbieH a0 glastvdEn copsiveshytenepdhepelsNeiclER@Ng a density greater than
0.905g/cm3 and the mixture melt processed so as to incorporate further polyethylene polymer into the

blend. 5I'hus, in one embodiment of the invention the method further comprises melt processing the so
formed polyadsfiaren@dik SVhien chwitlP © neapromaee vl iathydencbpolymer $iiteid oacddndeasity greater
than 0.905g/cm3. In that c%se about 40 wt. % to aboug 60 wt. % of the s formeid goI%olelflin and TPS
blend will §8RPaIRAEE M f)%c%%‘éc With 2580t 86 R RSBt PEO Wi AR SR SHRSGreT
polyethylepenpisibatiers hrysog a density greater than 0.905 g/cm3. 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 dwihwastiatsarekcellendritcelyngaiiifiedy én wilhiginéeatly dizoethétifbtitedigheSirified

loadings. Rradycts such as films formed from the composition, can therefore exhibit improved.puncture
and tear re%?é@ﬁ%@%@ﬁ%%i Cr&%sylgféggéxﬁﬁ’)ﬁtar e(gPe?aI@rén %@ﬁ%ﬁ%ﬁ?f&ﬁlﬁéﬁs Ure an téll(%‘seﬁlrface
that is partieitheetiduiteldofoprppiptigguyish ititablag gebfextethtohes iadedn duifiestioot levimidies such
as - 13 - coroner treatment. | rticular, the blends,can demonstrate a wettable surface (e.g. having
a surface [t)%?gfr:i%i/; ae%ﬁ?v%eﬁﬁ%%ﬁ%&ﬁt- 5%98%%?}(/{/&%%{%%?&%80 Ell%re%ltp {0 surface treatments. Film
formed from the composition can therefore be printed without first having to be subjected to surface

treatment. Furthermore, the blend in accordance with, the 5 inventiQn..i { e(;';io;ﬁr Jkr&cycling.
The g?osyoller}iﬁ naeng%éi%nr%c? ?nt%%cl:%‘h%%%qé \t/n\ﬁ%hs%ﬁ}g}?nt\%ﬁti%ngl%%\%gﬁ %slb\éllteleltijﬁ?z‘:;r'g manutfacturing films
and mouldeatpstdictseBue hanioduwdiScal.leadily be used in many applications such as packaging.

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.



10 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"BRiA} HiAM lcompatibilised. In particular, it is believed that the BERAIREBOREMylene
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 Iim?t'rng 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. TIHOPRAIRTHHYaReardrene Wik Breinraiion sasbepuy dsd dhefars efewisantder having
melt profile, 40¢detDA $RIdOTELS 5080y e dPBIHRI<0P0He. SUBPBPEAA 3264 3PRY AR/ vacHem of

-0.05 bar and output of 200 30 kg/h to provide for Blend A. Film was then_hlown from a composition of

50 wt. % ERRRINCH PR RRNOR LD RE 3Rt IR ACRISs G SO LT 48 i forfh UFIR! strength
at WO 20LQ{RLZ081REIT Ak DOFBOLA O md4rphyeak of 14 MPa, and an elongation of > 200% as

tested using a universal tensile testing machine. Table 1: Composition A Component Grade and
Suppliér Amount % Cornstarch

Where the compositions in accordance with the invention provided in a pre-melt processed
form, it will be appreciated that the compositions will generally be prepared so as to
ultimately be melt processed and form a melt processed blend of the individual
components therein. In that case, some or all of TPS can advantageously be replaced by
10 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 O.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



Grade: Eatable or industry first class products Supplier: Shandong Zhucheng Starch Pty Ltd. Degree
of Substitution: >0.1 50kg1100.8kg 49.60 Glycerol Grade:saponificationGlycerolorvegetal Glycerol
Supplier: NaW§ 844 ctory Purity: >96% Boiling Point: >250 deg. C | Ik§ABOERYIYDPTSorbitol
Grade: industry Sorbitol Supplier: Jiangsu Luo'er Gaici Pty Ltd. Purity: >70% Boiling Point: z-;100
deg.0 5 kg/100.8kg 4.96 EAA Grade: Primacor 3340 Supplier: DOW MFI: 10.5 g/lOmins (190 deg. C/
2.16kg) Density: 0.938g/cm3 ethylene-acrylic acid copolymer having an acrylic acid content of 9.5%
12kg/100.8kg -10-

0.2g/10 min to about 7g/10 min.

In addition to or separate from LDPE, compositions may comprise linear low density
polyethylene (LLDPE) which is generally characterised as having a density ranging from
5 O.915g/cm3 to 0.925g/cm’, medium density polyethylene (MDPE) which is generally
characterised as having a density ranging from O.926g/cm3 to 0.940g/cm3 , and/or high
density polyethylene (HDPE) which is generally characterised as having a density of

greater or equal to 0.941g/cm’.

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.



11.91 VLDPE Grade: Attane 4404 Supplier: DOW MFI: 4g/I0Omins (190 deg. C, 2.16kg) Density: 0.904
g/cm3 10kg/100.8kg 9.92 LDPE Grade:1FTB Supplier: Beijing Yanshan Pty Ltd. MFI: 7g/1 Omins (190
deg. C, 2.10K8)20¥H#)4D.92g/cm3 12kg/100.8 kg 11.91 Stearic acid GradB8CTS8H2%3@81&1 Shanghai
factory 0.5kg/100.8kg 0.49 Calcium stearate Grade: 1801 Supplier: Supplier: Shanghai factory
0.3kg/100.8kg 0.30 total

-11 -

Such additives may include fillers (e.g. calcium carbonate, talc, clays (e.g.
montmorillonite), and titanium dioxide); pigments; anti-static agents; and processing aids
(e.g. calcium stearate, steric acid, magnesium stearate, sodium stearate, oxidised

polyethylene, oleamide, stearamide and erucamide).

Generally, the additives will be used in an amount ranging from about 0.5 wt. % to about 2

wt. %.

Compositions in accordance 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



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, 10V6QHHE/AB Iglycerol, and sorbitol. The resulting physical blendPWEMREP I Brocessed
WO 2010/012041PCT/A112009/000979 - 15 - 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 kg/h to provide for Blend B. Film was then blown using Blend B. The resulting film had a
tensile strength at break of greater than 10 MPa, ad an elongation of > 250% as tested using a 5
universal tensile testing machine. The film exhibited excellent antiblock and anti-static properties.
Table 2: Composition B Component Grade and Suri%ier Amount % Cornstarch Grade; Eatable or

industry firsPRBEERlsading Supglieh Brsh R ZRUERERY Stie 1S A diirRe 3 Bubdiithtion:
>0.1 42kgRpHBkoafld 6% Gly&RIR! polyhydric alcohols such as glycerol and/or sorbitol. Where one

or more polyethylene polymers having a density greater than 0.905g/cm’ are used in the
composition, these may be added directly after the VLDPE. Where EVA is used in the
5 composition, it may be added directly after all the polyethylene polymers have been added.
Where one or more additives are used in the coniposition, they may be added directly

before the one or more plasticisers.

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



Grade:saponificationGlycerolorvegetal Glycerol Supplier: Nanjing Soap factory Purity: >96% Boiling
Point: >250 deg. C | Ikg/100.8kg 10.91 Sorbitol Grade: industry Sorbitol Supplier: Jiangsu Luo'er Gaici
Pty Ltd. Pur¥@ 21841 Bing Point: 2100 deg.0 10kg/100.8kg 9.92 EAA Grdde/ P¥e03340
Supplier: DOW MFI: 10.5 g/1 Omins (190 deg. Cl 2.16kg) Density: 0.938g/cm3
ethylene-acrylicacidcopolymerhavingan acrylic acid content of 9.5% 12kg/100.8kg 11.91 VLDPE

Grade: Attane 4404 3

coroner treatment. In particular, the blends can demonstrate a wettable surface (e.g. having
a surface polarity equivalent to about 42-55 dynes) without being subject to surface
treatments. Film formed from the composition can therefore be printed without first
having to be subjected to surface treatment. Furthermore, the blend in accordance with the

5 invention is well suited for melt-recycling.

The polyolefin and TPS blend in accordance with the invention is well suited for
manufacturing films and moulded products. Such products can readily be used in many
applications such as packaging.
10
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



Supplier: DOW MFI: 4g/lOmins (190 deg. C, 2.16kg) Density: 0.904 g/cm3 10kg/100.8kg 9.92 LDPE
Grade:1FTB Supplier: Beijing Yanshan Pty Ltd. MFI: 7g/I0Omins (190 deg. C, 2.16kg) Density:
0.92gkm3 19y BU03RYH1 4.89 Stearic acid Grade: 1801 Supplier: Shanghdf ¢AeA8RPPHREITD0.8kg
0.49 Calcium stearate Grade: 1801 Supplier: Supplier: Shanghai factory 0.3kg,/100.8kg 0.30 total
100.8 kg 100%

-14 -

break of 14 MPa, and an elongation of > 200% as tested using a universal tensile testing

machine.

Table 1: Composition A

Component Grade and Supplier Amount %

Cornstarch Grade: Eatable or industry first class products | 50kg/100.8kg | 49.60
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 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

MFI: 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

MFI: 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.
MEFT: 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



WO 2010/012041PCT/A112009/000979 - 16- Example 3 The components listed below in Table 3
(composition C) were first blended in a high speed mixer in the following order of addition: starch,
EAA, VLDPFORONPBPE Calcium stearate, stearic acid, glycerol, and sorBifol/AUREVEeNHy physical
blend was then melt 5 processed on a vented twin screw extruder having melt profile
140/165/170/170/170/155 deg.C, torque < 80%, screw speed 320-350 rpm, vacuum of -0.05 bar and
output of 200 kg/h to provide for Blend C. Blend C was formed into a foam buy melt processing it with
a conventional blowing agent masterbatch. The re‘sh?tihg foam is suitable as a soft foam packaging
material and has excellent softness and soft touch properties. 10 Table 3: Composition C Ingredient
Grade and Supplier Amount % Cornstarch Grade: Eatable or industrie?rst class products Supplier:

Shandong Zhdckehigdstifen S0t 18X BrdsreBayinsumaliuneile o 4 KK by 1gkg127/h35cHgedrol
Grade:sapgiifiratiogisly cerelPrfegtab st rshs WaBliem NG Saditasiapurer 1r0~a5koo

provide for Blend B. Film was then blown using Blend B. The resulting film had a tensile
strength at break of greater than 10 MPa, and an elongation of > 250% as tested using a
5 universal tensile testing machine. The film exhibited excellent antiblock and anti-static

properties.

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 v
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

MFI: 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

MEFT: 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.
MFTI: 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%




Boiling Point: >250 deg. C 11kg/105.8kg 10.42 Sorbitol Grade: industry Sorbitol Supplier: Jiangsu
Luo'er Gaici Pty Ltd. Purity: >70% Boiling Point: --z100 deg.0 5kg/105.8kg 4.72 EAA Grade: Primacor
3340 Suppl¥© BIARPIRMRL 10.5 g/lOmins (190 deg. Cl 2.16kg) Density: 0.9FgleR3009/000979
ethylene-acrylicacidcopolymerhavingan acrylic acid content of 9.5% 12kg/105.8kg 11.34 VLDPE
Grade: Attane 4404 Supplier: DOW MFI: 4g/l Omins (190 deg. C, 2.16kg) Density: 0.904 g/cm3

10kg/105.8kg 9.45 y

Example 3
The components listed below in Table 3 (composition C) were first blended in a high speed

mixer in the following order of addition: starch, EAA, VLDPE, EVA LDPE, Calcium
stearate, stearic acid, glycerol, and sorbitol. The resulting physical blend was then melt

5 processed on a vented twin screw extruder having melt profile 140/165/170/170/170/155
deg.C, torque < 80%, screw speed 320-350 rpm, vacuum of -0.05 bar and output of 200
kg/h to provide for Blend C. Blend C was formed into a foam buy melt processing it with
a conventional blowing agent masterbatch. The resulting foam is suitable as a soft foam
packaging material and has excellent softness 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 wvegetal | 11kg/105.8kg | 10.42
Glycerol

Supplier: Nanjing Soap factory
Purity: >96%

Boiling Point: >250 deg. C
Sorbitol Grade: industry Sorbitol 5kg/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

MFTI: 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.
MFTI: 7g/10mins (190 deg. C, 2.16kg)
Density: 0.92g/cm3




LDPE Grade:1FTB Supplier: Beijing Yanshan Pty Ltd. MFI: 7g/lOmins (190 deg. C, 2.16kg) Density:
0.92g/cm3 1 Ikg/105.8kg 10.42 WO 2010/012041PCT/A112009/000979 - 17 - EVA Grade:14-2,
V4110J 6kgMO3BREBBT Supplier: Beijing Yanshan Pty Ltd., Yangzi Pty PGHAUMEY09037ROmins
(190 deg. C, 2.16kg)
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EVA Grade:14-2, V4110J , 6kg/105.8kg 5.67
Supplier: Beijing Yanshan Pty Ltd., Yangzi Pty
Ltd.

MEFTI: 2 g/10mins (190 deg. C, 2.16kg)

Density: 0.93 g/cm3

Stearic acid | Grade: 1801 0.5kg/105.8kg | 0.47
Supplier: Shanghai factory '

Calcium Grade: 1801 0.3kg/105.8kg | 0.28

stearate Supplier: Supplier: Shanghai factory

total 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/em’) 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



Density: 0.93 g/cm3 Stearic acid Grade: 1801 0.5kg/105.8kg 0.47 Supplier: Shanghai factory

Calcium stearate Grade: 1801 Supplier: Supplier: Shanghai factory 0.3kg1105.8kg 0.28 total 105.8
100% WO 2010/012041 PCT/AU2009/000979
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admission or any form of suggestion that that prior publication (or information derived
from it) or known matter forms part of the common general knowledge in the field of

endeavour to which this specification relates.



Example 4 Blend B was melt processed with 20 wt. % LDPE (melt index 0.3g/10 mins and density of
5 0.922 g/cm3) 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 6f 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
processeGlVATIIME) 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 XcompAsednapusi tianatmnprisind) sy dom piesssY gullyathphenesinay | ngidl densigerfstessl to imply
the inclusion of g stated inteqeg or step or group of integers or steps but not the exclusipn of any other
integer or step (ﬁﬂ %r}otg'g %Ei%gg’erest%ﬁ %rt]gp%gyli% HamiS %P rg?ran?/nfeor(r)ﬁ 0 8[Jeg é’sﬁg%rﬁ Bﬂ%}ethat prior

publEation (or ifaymetiohalény e densitit) ar dgreaten thariterJObgapet;t avfd Haeroophest g eteechl
knowledge in the @?Id %f end vaur to which {hiﬁ1 eFification relates. - 19 - CLAIMS: 1. A
andfor % en Tup

S
composition comprlsmtg(%/%(?g gtvt\j/ Jersih B%%?e%hy e%oe'having a density of less than 0.905g/cm3,

ethylene acrylic acid copolymer, one or more polyethylene Spolymers having a density of greater than
0.905 g/otn3, anthghepmppsititic atapcel Ao dPor! ahe dorvehiele At thervpdnkawysdersBoRayathy e’fnposition

according to claﬁgg%d‘gﬁgfﬁi %&?F%M%M&@Wfﬁﬂ%&%@ density ranging from about

0.85g/cm3 to 0.905g/cm3.”3. The Composition according to claim 1 or 2 in the form of a physical blend.
10 4.The compoasition according to claim 1 or 2 in the form of a melt processed blend. 5. The

compositn accHiBifRBCsHPBRecordRaiR a4 Firehiaheher e inRRiRISyethylene is
present in an amount ranging from about 5 wt. % to about 25 wt. %, the ethylene acrylic acid
coptdymet. is praserdomposidine ecdoraingito dlaim dlana i ie Yorto ebauntetbprdcddsaanlieting
thermoplastic starch and/or the constituent 15components thereof is present in an amount ranging
from abog_t 50 th(goéf}n"ﬁ?(%ﬁon according to any one of clams 1 to 4, wherein the very low
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
15 components thereof is present in an amount ranging from about 50 wt. % to about

80 wt. %.

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, wherein the one or more
20 polyethylene polymers having a density of greater than 0.905 g/cm?® is selected from
low density polyethylene, linear low density polyethylene, medium density

polyethylene, and high density polyethylene.

8. The composition according to any one of clams 1 to 7, wherein the one or more
polyethylene polymers having a density of greater 0.905 g/cm® is present in an
25 amount ranging from about 5 wt. % to about 20 wt. %.

9. The composition according to any one of claims 1 to 8 further comprising one or
more additives selected from calcium stearate, steric acid, magnesium stearate,

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



80 wt. %. 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, wherein the_aone or more 20 polyethylene polymers having a
density of greater than 0.905 g/cm3 is selected fidtd Tow density polyethylene, linear low density
polyethylene, medium density polyethylene, and high density polyethylene. 8. The composition
according to any one of claims 1 to 7, wherein the one or more polyethylene polymers having a density
of greatel0.905y/cretBod [wiepecdarrgn & palyolefitrandinefrooplabive tstaeh Waadakibetraéived %. 9.
The composition according to ny one of.claims 1 to 8 quther comgn’si:& one.or more dditives

selected from cSEIMA Ss'peqarargtél stgrrﬁcgﬁdq,gméagn%%rinﬁﬁ% SRR st\é%yate, Oxicdised"Y

earate,
polyethylene, olpalyette) etearamiite andepsityaniidiess: Han 10.995ietit) dettiyerpasditryl &cpatjolefin and
thermoplastic starch blend, the method comprising melt processing a_co sitign comprising very low
density polyethyiERE TN K donlil LS AR B, SOATEr R A SR L P shlter, one or
moré polyethyle®i8QSo)iomé rarkthiergrapiiastisitstavtiy eeaiier thandsitR0&/condyenedttiereoplastic starch
and/or the constituent components thereof. 11. The method according to claim 10, wherein the very

ow densiy pOYEHYGIRCEPS-A-ARRS1Y AN IARANOIAABR U7 SRR ME(T e he method

according to claim 10 or 11, wherein the very low glensny polye leene IS present I an amount ranging
from about 5 wtdegsity=ieeaiRs e showdah glene to® Bh/BCatid copolymer is present in an amount
ranging from about 5 wt. % to about 25 wt. %, and the thermoplastic starch and/or the constituent

componerys theraafifiprRPaRidRrimg SnPLRh 6N fioRralR PRI i HabgUs& Dty i¥nel 3. The
method according to any one of claims 10 to 12, wherein the compaosition to be melt processed further

comprises ethylS ¥ SR RARADCIBSHAEIGAram AR M W5 Zh RS Aoanb s 1R Sh%$Mout 10

wt. 96. 14. The mathpdareempigriraRprae clainamblno dging eeindhteseermasemalyethylene
polymers havin%;? density greater than 0.905 g/cm3 is selected from low density polri/ethyle_ne, linear

low density poly@tiffet®, i dGHNEERRHS R Y HAG ORIL R CRBIpRASpIS A Resah B The

method accordipgetertiy AnaniurerariHg teokd abdie somih esapeissUNgusvolyethylene polymers
having a density of greater than 0.905 g/cm3 is used in an amount ranging from about 5 wt. % to about

20 wt. %.,16. The methpd according fo any one of claim to, 15, wherein the so formed polyolefin
and therhBpiast PELTRACH SHEPICINbID ABL SR Sh AT B8 Hron BEg B R TR TR W Ehaving
density greater thalih fréO&ssptrBtHer . oneprekh ethyeoerdingl tacekabe ddpolyimeeeimthe amewitmore

polyethylene polymers having a density greater .905 g/cm3 that is melt processed with the so
forr)i/%%d polyoleflrr¥n a%@g[hré)r%gﬁ?gggc\’\éta{%ﬁotﬂ%%ucﬁ?;vg'egfed from low density

14. The method according to any one of claims 10 to 13, wherein the one or more
polyethylene polymers having a density greater than 0.905 g/cm® is selected from
low density polyethylene, linear low density polyethylene, medium density
polyethylene, and high density polyethylene.

20 15.  The method according to any one of claims 10 to 14, wherein the one or more
polyethylene polymers having a density of greater than 0.905 g/cm?® is used in an
amount ranging from about 5 wt. % to about 20 wt. %.

16. The method according to any one of claims 10 to 15, wherein the so formed
polyolefin and thermoplastic starch blend is melt processed with one or more

25 polyethylene polymers having a density greater than 0.905 g/cm?®.

17.  The method according to claim 16, wherein the one or more polyethylene polymers
having a density greater than 0.905 g/cm? that is melt processed with the so formed
polyolefin and thermoplastic starch blend is selected from low density



-21 - polyethylene, linear low density polyethylene, medium density polyethylene, and high density
polyethylene. 18. The method according to claim 16 or 17, wherein the so formed polyolefin and
thermoplastic starch blend and the one or more pgl%ethylene polymers having a 5 density greater
than 0.905 g/cm3 are melt processed together in &mounts ranging from about 40 wt. % to about 60 wt.
% and about 40 wt. % to about 60 wt. %, respectively. 19. An article comprising or produced from a
composition according to any one of claims 1 to 9. 1020.The article according to claim 19 in the form
of an extruded quotyethiviedeprioaest.| Ad. ddrei tytiobbyattnoedsontedilami2asitytipel fethylehe, filnd 22. An

article produce%?g%ca(ra(rj@ tgofgg[r@%gd of any one of claims 10 to 18.

18.  The method according to claim 16 or 17, wherein the so formed polyolefin and

thermoplastic starch blend and the one or more polyethylene polymers having a

5 density greater than 0.905 g/cm® are melt processed together in amounts ranging

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

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

clams1to9.
10 20. Thearticle according to claim 19 in the form of an extruded or moulded product.
21.  Thearticle according to claim 20 in the form of afilm.

22.  Anarticle produced according to the method of any one of claims 10 to 18.



