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10 BACKGROUND OF THE INVENTION

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

strategies to reduce such polymer waste going to landfill.

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

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

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

30

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



30 WD 2011/ 026171PCT/ AU2010/ 001100 -2 devel opi ng bi odegradabl e pol yners
that can at least in part be nmanufactured using renewabl e resources. Unlike
convent i onel2opalyimer s, bi odegradabl e pol ynmers can be noretrardioopiwegr aded
t hrough the action of mcroorganisns to produce | ow nol ecul ar wei ght
products that present little, if any, environnental concern. Furthernore,
through the action 5 of biodegradation the volune occupied by such polyners
in waste streans is significantly reduced, Mich of the research to-date in
the field of bicidegradable polyners has Tocussed on utilising naturally
occurring bio-polynmers such as starch. Starch is a particularly suitable 10
bi o- polyner inthat it is derived fromrenewabl e resources i.e. plant
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In preparing biodegradable polymers, starch is typically utilised by melt mixing it or a
modified form thereof with a suitable biodegradable thermoplastic polymer such as
15 polyester. For example, biodegradable polymer compositions may be prepared by melt
mixing polyester with starch, a chemically modified starch and/or TPS (formed by melt
mixing starch with a plasticiser such as glycerol). However, starch and its various
modified forms are quite hydrophilic relative to thermoplastic polymers that are typically
melt mixed with it. Melt mixing of starch with other thermoplastic polymers therefore
20 typically results in the formation of multi-phase morphology having a high interfacial
tension which can negatively impact on the physical and mechanical properties of the

resulting polymer composition.

Considerable research has been devoted to improving the physical and mechanical
25 properties of biodegradable polymer compositions comprising starch. Despite advances in
the physical and mechanical properties of biodegradable polymer compositions comprising
starch, such polymer composition are generally still renowned for having inferior physical

and mechanical properties relative to petroleum derived polymers.

30 Furthermore, such polymer compositions also tend to suffer from poor processing

behaviour, particularly in their conversion into products such as film or sheet. For



3 exanpl e, conventional polyester starch pol yner conpositions typically
exhi bit poor processing behaviour during blown filmproduction. Attenpts
have al sowbeenorerte t 0 address such processi ng probl enspcEanu2ewanpioe,
slower 5 and gentler processing techniques can be adopted, and specialised
processi ng equi pnent has been devel oped. However, such nmeasures either
reduce throughput and/or add cost to the manufacturing process.

Accordi ngly, there renmains an opportuni[%_po devel op new pol yner/ TPS
conpositions that 10 address or aneliorat’e one or nore di sadvantages or
shortcom ngs associated with existing conpositions and/or their method of
manuf acture, or to at |east provide a useful alternative to such .. . :
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carbonate; (b) thernoplastic starch (TPS) and/or its constituent
conmponents; (c) polymer having pendant carboxylic acid groups; (d

: . . ).
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30 WO @014 8281 S LR o2 3RO 6P AbED Qiséldvantages or shortcomings associated with existing

compositions and/or their method of manufacture, or to at least provide a useful alternative

to such compositions and their method of manufacture.

SUMMARY OF THE INVENTION

15
The present invention provides a biodegradable’ polymer composition comprising the
following components (a)-(d) and/or a reaction product(s) derived from melt mixing the
components: (a) polyalkylene carbonate; (b) thermoplastic starch (TPS) and/or its
constituent components; (¢) polymer having pendant carboxylic acid groups; and (d)

20 transesterification catalyst.

In one embodiment, the biodegradable polymer composition further comprises component

(e) one or more biodegradable polyesters.

25 The present invention therefore further provides a biodegradable polymer composition
comprising the following components (a)-(e) and/or a reaction product(s) derived from
melt mixing the components: (a) polyalkylene carbonate; (b) thermoplastic starch (TPS)
and/or its constituent components; (c) polymer having pendant carboxylic acid groups; (d)
transesterification catalyst; and (e¢) one or more biodegradable polyesters.

30

Those skilled in the art will appreciate that a polyalkylene carbonate is a specific form of



pol yester. For avoi dance of any doubt, where a conposition in accordance
with the invention conprises polyal kyl ene carbonate and one or nore

bi odegr adabl2e1iprbiyest ers, the one or nore bi odegradabl e ppoiatastomosioar € not
i ntended to include polyal kyl ene carbonate type polyesters (i.e. they are
i ntended to define polyesters other than polyal kyl ene 5 carbonates). Unlike
nost polyesters (and in fact nost other polyners), polyal kyl ene carbonat es
can be nanufactured by pol yneri sing carbqp di oxi de and an al kyl ene oxi de.
By in effect "fixing" carbon dioxide, the manufacturing process of

pol yal kyl ene carbonates affords a reduced 10 carbon footprint relative to
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in accordance with the invention can advantageously not only 20 exhi bit
excel | ent bi odegradability and phy5|cal and mechani cal propertles but al so
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provi des a ..net hod of a bi odegr.adahl nmer. _composition, said
met hod conpiiii&ipgguchele ‘i?iﬂ%“ntlﬁ r‘Hﬁ‘%‘?@F‘B i Rarfl ‘ééﬁ?‘l@ 136§iYs one or nore

bi odegradabl e pol yesters, wherein the masterbatch has been formed by nelt

m xi ng together: (a) polyal kyl ene carbonate; (b) thernoplastic starch (TPS)
and/ or it s Biodegradable polymer compositions comprising starch and polyalkylene carbonates have

15 previously been prepared (see for example Lu et al - Journal of Biomedical Materials
Research Part A, June 15, 2006; 77(4): 653-658). However, such polymer compositions

have typically presented relatively poor mechanical and processing properties.

Polymer compositions in accordance with the invention can advantageously not only
20 exhibit excellent biodegradability and physical and mechanical properties, but also offer
improved processing behaviour relative to conventional biodegradable polymer

compositions comprising starch or starch and polyalkylene carbonates.

The present invention also provides a method of preparing a biodegradable polymer
25 composition, said method comprising melt mixing together: (a) polyalkylene carbonate; (b)
thermoplastic starch (TPS) and/or its constituent components; (c) polymer having pendant

carboxylic acid groups; and (d) transesterification catalyst.

In one embodiment, melt mixed product formed according to this method is itself melt

30 mixed with one or more biodegradable polyesters.



5 constituent conponents; (c) polyner having pendant carboxylic acid
groups; and (d) transesterification catalyst. I n one enbodi nent, the
mast er batwb 2primesdes the only source of starch that is melrtAumwadivnt h t he
one or nore biodegradabl e polyesters to formthe bi odegradabl e pol yner 10
conposition. Wthout wishing to be limted by theory, it is believed that
the excellent properties of conpositions in accordance with the invention
are at least in part derived fromthe u\r%,i{?q_ue conbi nati on of conponents in
t he conposition and al so the manner in ich the 15 conpositions are
prepared. Preparing the masterbatch by nelt m xing conponents (a)-(d), and
then nelt mxing the so fornmed masterbatch with the one or nore, ‘

bi odegr adaBhe Bietepkdnventon jtherglorg alsedprowidss faomgthedpel praparing wpbigdegragdable
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pol yal kyl ene carbonate conten Furt her "aspects of "the invention are
descri bed behssaeriBEAtAN ARIYESCRI PTI ON OF THE | NVENTI ON 30 The pol yner
conpositions in accordance with the invention are bi odegradabl e. Those
skilled in the art will appreciate that the term "bi odegradabl e" does not

have a uni bR eMEOBMER!, MR5h4:BGICAY2OEAEOBE bAl, Hurdd ofstarah tihels mek intiRed For
avoi dance of any doubt, the term "bi odegradabl e" used herein in assqciation

with the tavith thsopperegr morg, digdegradablgppalyesten tooforapdhg fiedegeadable apaly@gth

as a "star ¢hnnosidd> + | Pol yal kyl ene carbonate”, " polymer having pendant
car boxylic acPdS groups" and "polyester", is intended to denote a materi al

that nmeets the biodegradability

Without wishing to be limited by theory, it is believed that the excellent properties of

compositions in accordance with the invention are at least in part derived from the unique

combination of components in the composition and also the manner in which the

15 compositions are prepared. Preparing the masterbatch by melt mixing components (a)-(d),

and then melt mixing the so formed masterbatch with the one or more biodegradable

polyesters, is believed to afford a polymer composition having excellent compatibility

between its constituent components. This in turn is believed to minimise the formation of

* multi-phase morphology within the resulting composition and give rise to the excellent

20 physical, mechanical and processing properties of the composition.

The excellent properties of the polymer composition in accordance with the invention can
advantageously be obtained using a relatively high starch and/or polyalkylene carbonate
content.

25

Further aspects of the invention are described below.
DETAILED DESCRIPTION OF THE INVENTION

30 The polymer compositions in accordance with the invention are biodegradable. Those

skilled in the art will appreciate that the term "biodegradable" does not have a uniform



5 criteria specified in EN 13432 or ASTM 6400. In other words, a pol yner
conposition, for exanple, is considered to be biodegradable if, upon
exposur e wo 28110e10st i ng envi ronnent, 90% of it di sintegratad0ioo100
particles having an average size of |less than 2nmw thin twel ve weeks, and
after six nonths at |east 60%of it, in the case of ASTM 6400, or at | east
90% of it, in the case of EN 13432, has degraded into carbon di oxi de and/or
water. 10 In sone enbodi nents, biodegradabl e polymer conpositions in
accordance with the invention will neet the nore stringent biodegradability
criteria set forth in EN 13432. The bi odegradabl e pol ymer conpositions in
accordance with the_invention nust of course 15 conprise biodegradable
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During formation of such a nelt m xed groduct it is believed that two or
nore of corfplsaeiigo of it, in the case of EN 13432, has degraded into carbon dioxide and/or water.
10
In some embodiments, biodegradable polymer compositions in accordance with the

invention will meet the more stringent biodegradability criteria set forth in EN 13432.

The biodegradable polymer compositions in accordance with the invention must of course
15 comprise biodegradable components. However, it is possible for the compositions to
comprise a non-biodegradable component(s) provided that it is not present in an amount

that adversely affects the biodegradability of the overall composition.

In one embodiment, the polyalkylene carbonate is biodegradable polyalkylene carbonate.
20
In one embodiment, the polymer having pendant carboxylic acid groups is biodegradable .

polymer having pendant carboxylic acid groups.

In one embodiment, the thermoplastic starch (TPS) and its constituent components are

25 biodegradable.

The biodegradable polymer composition in accordance with the invention comprise
components (a)-(d) or (a)-(e) and/or a reaction product(s) derived from melt mixing the
respective (a)-(d) or (a)-(e) components. As will be discussed in more detail below, the
30 polymer composition may be provided in the form of a melt mixed product. During

formation of such a melt mixed product it is believed that two or more of components



WO 2011/ 026171PCT/ AU2010/ 001100 7 within the group (a)-(d) or (a)-(e) may
undergo a chem cal reaction to forma reaction product(s). Those skilled in
the art wblomppseei ate that it can be difficult to cl eacautefoiaoeiosuch a
reaction product(s) and therefore it is often nore convenient to refer to
such a product(s) sinply as a "reaction product(s)" of the conponents or a
product(s) fornmed 5 froma reaction between two of nore of the respective
conponents. The conpositions nmay theref ore. conprise a mxture of the
original conmponents and/or one or nore reaction product(s) of these
conponents. Having said this, the conpositions in accordance with the
invention are.intended to 10 enprace bot E% pre-nelt, g‘ixed_ (i.e physi.cal

t
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i nvention provided that the resulti nt?l pol ymer conposition is bi odegradabl e.
e@rg
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skilled in t o for by copol ynersi ng carbon di oxide with an
al kyl ene of?%g'cﬁ% qfﬁ}éégﬁfeégg%é&c)f a suitable catal yst such as zinc

gluterate. The use of polyal kyl ene carbonates in accordance wth the

i nvention advant ageously enabl es .t he, pol ynmer conpos'ht i.ons to be ,prega ed
with a red BN &H80RIS dbg SPIRPSIHERS HF SECARHANGE WD She iIBYRNtOR: 3E CIRfH ?G{/é%ter

pol ymeryco | L S a S i Kyl t
i ncl udeldp:)olgegt% %ﬁ%l gﬁ% 8§%gafﬁa?}£h?Pl(f%' gﬁ%ﬁ’%%%pb?%{%?’gn% Iggfr:cbgﬁ%?g&?Pg%t.he The

pol yal kyl emempandnts)and postymhklneixed (irmlae duotegral weingdt¢ medtnkjemdbyof thermoaipouents
80,000 - 3Q 150,000 | ton, .for ex | e abaut 110, 00 | ton; and/or .a melt
L ow | ndlex TR R FI B D HRO0 OB B PABHES: 200G Rsn i ¥ ol B 2eq T om
about 9 togaRodompodfidi®ih liccordance with the invention in its pre-melt mixed form will
generally be prepared for the sole purpose of beiqg subsequently melt mixed into a melt

15 mixed product.

There is no particular limitation on the type of polyalkylene carbonate that may be used in
accordance with the invention provided that the resulting polymer composition is
biodegradable. Polyalkylene carbonates may be prepared by techniques know to those
20 skilled in the art, for example by copolymersing carbon dioxide with an alkylene oxide in
the presence of a suitable catalyst such as zinc gluterate. The use of polyalkylene
carbonates in accordance with the invention advantageously enables the polymer
compositions to be prepared with a reduced carbon footprint compared with conventional
starch/polyester polymer compositions.
25
Examples of suitable polyalkylene carbonates include polyethylene carbonate (PEC) and
polypropylene carbonate (PPC).

The polyalkylene carbonate may have: a molecular weight ranging from about 80,000 —
30 150,000 Dalton, for example about 110,000 Dalton; and/or a melt flow index (MFI)

ranging from about 5 to about 20 g/10min, for example from about 9 to about 15 g/10min;



WO 2011/ 026171PCT/ AU2010/ 001100 8 and/or a glass transition tenperature
rangi ng from about 30C to 40C, for exanple from about 35C to about 40C.

MFI val uesonefiansed to herein are those detern ned accordirng2bm/obEdv D 1238
at a 5 tenperature of 190C with a ram wei ght of 2.16kg. Mol ecul ar wei ght
values referred to herein are nunber average nol ecul ar wei ght val ues

determ ned by gel permeation chromatography (GPC). 10 The conpositions in
accordance with the invention conprise TRS and/or its constituent
conponents. Those skilled in the art will® appreciate that TPSis a
destructured formof starch conprising one or nore plasticisers.

Accordi ngly, as used herein, the expression "'Es constituent conponents” in
the cont ex@neor F#lass dransifigh KPP UFFRALING ST @PYYIARRE 1P tgrlediPe AXamRlRdiom e

used to pr%B&?%SQE%)M&%II@Q§ TPS per se may be present in a pre-nmelt m xed
conposi tion of the invention, or TPS can advantageously be prepared in situ

fromits constituent conponents during nelt m xing of the conposition.
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and/ or 4 s (GRRshiutEMIo0aO KRGNeRRkSwEBRIGH Y1 6Xgar ch and one or nore
pl asticisers); (c) polynmer having pendant carboxylic acid groups; and (d)

transesterification catalyst. Upon being nelt mxed, if the composition
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TPS during e m Xi er wor ih su

conp05|t|omewhnhﬁdbygelpﬁﬂﬁhﬁdﬂbﬁdﬁﬂﬂo@ﬂmhyQ@BC)tuent components of TPS in.
the pre-nelt m xed conposition will be substantially converted into TPS
during melt mxing. Starch is found chiefly in seeds, fruits, tubers, roots
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repeating glucose groups |1nk ucosidic ages in the 1-4 carb
posi ti ons. cemapmnts ofibost silddd tnwihe taypesl appra¢1pﬂeah£}ljll’$|¢s)eeiesmtured form of
2011/ 026171PC'I1'1/ AU2010/ 001100 . . .
starch comprising one or more plasticisers. Accordingly, as used herein, the expression
“its constituent components” in the context of TPS is intended to mean the individual
ingredients that are used to prepare TPS.
15
Thus, TPS per se may be present in a pre-melt mixed composition of the invention, or TPS
can advantageously be prepared in situ from its constituent components during melt

mixing of the composition.

20  Accordingly, a pre-melt mixed composition in accordance with the invention may
comprise: (a) polyalkylene carbonate; (b) thermoplastic starch (TPS) and/or its constituent
components (namely starch and one or more plasticisers); (c) polymer having pendant
carboxylic acid groups; and (d) transesterification catalyst. Upon being melt mixed, if the
composition comprises the constituent components of TPS, they will be converted into

25 TPS during melt mixing. In other words, in such a post-melt mixed composition it is the
intention that any constituent components of TPS in the pre-melt mixed composition will

be substantially converted into TPS during melt mi;(ing.

Starch is found chiefly in seeds, fruits, tubers, roots and stem pith of plants, and is a
30 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



9 polyners: anyl ose, a substantially linear polymer w th nol ecul ar wei ght

of about 1 x 105; and anyl opectin, a highly branched polynmer with very high
mol ecul arwoebghtzeofi the order 1 x 107. Each repeating glratos2oiomiol100
typically has three free hydroxyl groups, thereby providing the pol yner

wi th hydrophilic properties and reactive functional groups. Mst 5 starches
contain 20 to 30% anyl ose and 70 to 80% anyl opectin. However, dependi ng on
the origin of the starch the ratio of amy ose to anylopectin can vary
significantly. For exanple, sonme corn hybrids provide starch with 100%
anyl opectin (waxy corn starch), or progressively higher anylose content
ranging from50 to 95% 10 Starch usuaIIY has a water content of about
15ut. % Howelarers:taneylasea  srbsianialle linparawlymaer iy gwlqoular weight of abeutx 19

bel ow 1% t
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| ess than abmut()70 -Ezeh r%eaihﬁg @mosm um;tpylmazillwhm(tmdzesfrem hydmlxyl groanps;lthsreby
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to about 40[1m whereas potato Starch typically S a particle size
di anmet er r dlmgpriginf efothe stavch tlﬁommmqfcar@bdcm tol@0ylopectingcannyasy ‘sigmificaatly.f diom of

starch may al so be chem nodi d d.starc

el udes. RETPle St FeFRD bty R eisGren B oD 2t PRGN FEad Bl o1
esterified ped@tstvel Chigh&amylRtosieal Rgg flone 00 98I on of such chem cal
nodi fications (e.g. etherificated and esterified starch). Chemcally

nodi fied starch is generally prepared by reacting the 25 hydroxyl groups of
starch g t iy gpe BIallg[HaQ arﬁﬁgre&ln%e t bEGLARASGRE o8f HRRGE! ‘{’rlﬂa stQJch%Qn el gd to
as the egreeo titution éﬂ can significantly’alte

physi ocheniredice [its opeert dongenofo bélewniddi Theedatet ammbntcm“ rthastatthvunﬂ h)rtTfP(S used in
correspondin E ative_ starch. The S for f E:lv rch i s designated as O
and can raﬁ‘ﬁ‘g) Bice gvigh fll’frlnéie’ftlﬂnl‘y‘ Legrerally h f Ht LE e flor Ay
upon the typg Mhustbsteguent and the DS, a chemcally nodifi ed starch 30
can exhi bit considerably different hydrophilic/hydrophobic character
relative to native star ch. WD 2011/026171PCT/ AU2010/ 001100 - 10 - Both
native m. cal medi fied starc ener a it _poor.thernm
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starch may be nelt 5 processed with one or nore plasticjsers. Pole/hydrl C

al cohol s arcsagblse £ sfargh dypigallyphasse paftisks siz¢ diamgierinemaciiom abgrt Tpm to

about 40um, whereas potato starch typically has a particle size diameter ranging from

about 50pum to about 100pum.
20 |
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
25 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
30 can exhibit considerably different hydrophilic/hy‘drophobic character relative to native

starch.



Ref erence herein to the wt. % of TPS is therefore intended to include the
coll ective mass of both the starch and plasticiser constituent conponents
of the TR®0w0/0BhEi1starch from which the TPS nay be der pcedtznmioodes, but
is not limted to, corn starch, potato starch, wheat starch, soy bean
starch, tapioca starch, hi-anylose starch or conbinations thereof. 15 Were
the starch is chemcally nodified, it will generally be etherificated or
esterified. Suitable etherificated starchgs include, but are not limted
to, those which are substituted with et ﬁ)} “and/ or propyl groups. Suitable
esterified starches include, but are not limted to, those that are
substituted with actyl, propanoyl and/or butanoyl groups. 20 In one

enbodi ment of the invention, the starch used to prepare the TPS is corn
starch or r.c cat.at: avij > 0 ' .
general ly aﬁ%g}g Izatct)fr%f?)r ?’é‘g %}eﬁ.{}gals'o\r{ﬁrf%ﬁ €ds B%r?%ng% gthtn%ore gh%’gl §E§rd}$§nﬁpyg 0l
pl asti ci sempsopeBidst dblimppoleysnyidpiopenies,ahebtarchmdyulsteconyettedtoeTRBOby hieang well t o
gl ycerol, ethylene 25 glycol, praqpyl ene glycol, ethylepe. diglycol,

oropyl one EPENYCBI thegthyl EdfexdTRlEyBeive BF Spomisally nRogise statel) ahpe bhymEhe

glycol, golypr.apyl e Shey ©f! mork: 2rRiEQRZEEHbQhydrio %IcoHBI@pﬁ@e%érﬁi‘ally used as
1, 2-butanedi ol, 1, 3-butanediol, 1,4-butanedi o}r, 1, 5-pentanediol, "1, 6-
hexanedi ol plakti&is¢re xathednamufactyrg op6TR8xanetri ol , 1, 3, 5- hexanetri ol ,

neo- pentyl glycol, trinethylol propane, pentaerythritol, xylitol, sorbitol,
and the acetate, ethoxylate, and 30 propoxyl ate derivatives thereof. WO

2011/ 02617 1REkemdHIGH @DERR. %1df TPY i§ teieforinsde® R inclube thbRBlIeaMRI&E Sf

gl ycerol and/or sorbitol plasticisers. Were a mxture of glycerol and

sor bi t ol plbattthe seeshsandpdastigiser, contitpentgoapenets of hadPSt hey are present in a
wei ght ][Pgti o ranging fromabout 2:1 to about 3:1. 5 The plasticiser content
of the S wll generally range fromabout 5 wt. %to about 50 wt. % for
exanpl e fr dicaboed frdd which thet TPy tbederived ifdudes, Hut na bimitedtd, odrn stArdho
about 40 wt. % relative to the conbined mahs of the starch and pl astici ser
conponent g potato starch, wheat starch, soy bean starch, tapioca starch, hi-amylose™ starch or

combinations thereof.

15 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.

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

corn starch acetate having a DS of about > 0.1.

The TPS will generally also comprise or be formed using one or more polyhydric alcohol
plasticisers. Suitable polyhydric alcohols include, but are not limited to glycerol, ethylene
25 glycol, 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, xylitol, sorbitol, and the acetate, ethoxylate, and

30 propoxylate derivatives thereof.



10 Thus, the constituent conponents of TPS may conprise fromabout 5 wt. %
to about 50 wt. plasticiser and fromabout 50 wt. %to about 95 w. %
starch, fwo2exanpi7e from about 10 wt. % to about 40 wt. ppiraatboimernoand
fromabout 60 wt. %to about 90 wt.% starch, or for exanple from about 15
w. %to about 40 wt. plasticiser and fromabout 60 wt. %to about 85 wt.%
starch. 15 Were the conpositions in accordance with the invention conprise
t he constituent conmponents of TPS, the t_%)gl mass of these conponents may
be consi dered equivalent to the mass of S per se. 20 The conpositions in
accordance with the invention also conprise polyner having pendant
carboxylic acid groups. Reference to the polynmer having "pendant carboxylic
aci d gr oupdn opgemnhedinwet theol Pregempmsss ghiserod andiassprbitol phasticisgfsoups (i . e.
-COOH) are present as substituents along the polyneric backbone of a

pol ymer, for exanple a biodegradabl e polynmer. The acid groups may be

att ached diWbet laymixturt lo€ glystrphrend sorbialkiamtieisers an¢ tisedheds gefirable higat blaaykdrone

by a spacer_group such as.an al kyl ene grqup (e.g..,Cl-C6 al kyl ene). Suitable
Cypes or - poroRa LAy TRuh i b sy el ettt Suns  hat iy be used i
accordarmgce with the invention include, but are not limted to, ethylene

acrylic acid (EAA) copol yner, pol y(EAA-vinyl alcohol) (EAAVA), poly(acrylic
aci d) ( PAA)The3daspeiser somtans of weiﬁ?%wilbger(emlg()rgn&q figmeabeuhn® whaertg abeut ) wit.

copol ynmers, n ol | am. de- acryl i c,,aci (A@ﬁ)
So1e) a1y Thet A toBoaRP 10 Y4 A (GRSl e ﬁ%@%rﬁlga%ﬁ)enasam'\%)éor TR ¢
aci d gr oupsvtwd, kelgterabd athd donitiingl mad¥df thd Asrchans plastkisdr cdRPoneigs.Nng 2. 16 kg

wei ght) of greater than about 15, preferably ranging fromabout 15 to about
50, nore preferably fromabout 15 to about 20. 5 The pol ynmer havi ng pendant

car boxyiq c L r g | 0 i e 1 b
AST Datba 35} 5P B onBERESL! TEGRE Suib A ok PR 3 A ArRGIRLNS, Y
to about 9%t. plastidieer anddegr ablab |50 vpto Py eabanio @P osti %bistansh, ifor exanyld fmooeabwiut h

the inventiagn further conprise a.transesterificatiop catal .. Quitaple
transester ilﬁi‘ﬁtat)i; %gll"é‘_l‘ gﬁpﬁ Blaf%?eﬁﬁﬁii ?rtS’ER a}é)r”é%ﬁo‘ft' % 1 "’L’t?é)d&/?{)),maﬂk’l I?%I“fq‘ fet al
hydroxi des fgughiniie SR8 dBuRNINRT 9PRS out YWY Ba9Kdiste -and TRorh ¥BEutAJ0 A gy St
enpl oyed preferably has | ow ecotoxicity. Antinony based transesterification

cat al ysts wbput 8hek%fstareh.not general |y be used. The catal yst may be
15

Where the compositions in accordance with the invention comprise the constituent
components of TPS, the total mass of these compbnents may be considered equivalent to

the mass of TPS per se.

20 The compositions in accordance with the invention also comprise polymer having pendant
carboxylic acid groups. Reference to the polymer having "pendant carboxylic acid groups”
is intended to mean that the carboxylic acid ‘groups (i.e. —COOH) are present as
substituents along the polymeric backbone of a polymer, for example a biodegradable
polymer. The acid groups may be attached directly to the polymeric backbone or attached

25 to the backbone by a spacer group such as an alkylene group (e.g. C;-Cg¢ alkylene).

Suitable types of polymer having pendant carboxylic acid groups that may be used in
accordance with the invention include, but are not limited to, ethylene acrylic acid (EAA)
copolymer, poly(EAA-vinyl alcohol) (EAAVA), poly(acrylic acid) (PAA),

30 poly(methacrylic acid) (PMA), ethylene-methacrylic acid copolymers (EMAA), and
poly(acrylamide-acrylic acid) (PAAA).



15 provided in solution, for exanple in an aqueous solution. In one aspect
of the invention, the biodegradabl e pol yner conposition conprises the

f ol | owi ngwoaopenents (a)-(d) and/or a reaction product ( erroarovwadifooom nel t
m xi ng the conponents: (a) polyal kyl ene carbonate; (b) thernoplastic starch
(TPS) and/or its 20 constituent conponents; (c) polyner having pendant
carboxylic acid groups; and (d) transesterification catal yst. For

conveni ence this particul ar conposition_Tgy herei nafter be referred to as a
"mast er bat ch”. The term "masterbatch” iS used herein sinply as a
convenient way of referring to the 25 conposition conprising conponents
(a)-(d) and/or a reaction product(s) derived fromnelt m xing the
conponents. The nmasterbatch may be provided in a pre-nelt m xed form or

a
post-nelt m i - t;m 0 il |
Pypi carly MEQtbume hoiE behbod BEEOREK' sl UEAOH, delBallpHiEDE MM e |
in a post - mdaturad xelPOPOLIng 2his kpstight)alf ghearmyhandBout 15, preferably ranging from
2011/ 026171PCT/ AU2010/ 001100 - 13 - conprise one or nore product(s) forned
from a rea@beuwnSheabrd 30 meregreloprbdy Hpmiabeutbhisabert 20.-used to prepare the

mast er bat ch. As will be discussed in nore detail below, when in a
post-nel't mxed form the 5 nasterbatch nay itself be nelt m xed with one
or nore bi diegobtmdhevipglpyrdine caboxylicacid grobpoddhganteddlychapelayaecid value (as

SMRTT i X BeT PR REoRRONE bS5 oE Ejente, e ebeuf B areiiabhy SRR bRl 8511 ¢

starch (TPguansisut bl constituent component's; (c) polyner having

10 The biodegradable polymer compositions in accordance with the invention further
comprise a transesterification catalyst. Suitable transesterification catalysts include, but
are not limited to, alkali metal hydroxides such as sodium and/or potassium hydroxide.
The type of catalyst employed preferably has low ecotoxicity. Antimony based
transesterification catalysts will therefore not generally be used. The catalyst may be

15 provided in solution, for example in an aqueous solution.

In one aspect of the invention, the biodegradable polymer composition comprises the
following components (a)-(d) and/or a reaction product(s) derived from melt mixing the
components:  (a) polyalkylene carbonate; (b) thermoplastic starch (TPS) and/or its
20 constituent components; (c) polymer having pendant carboxylic acid groups; and (d)
transesterification catalyst. For convenience this particular composition may hereinafter be

referred to as a "masterbatch".

The term "masterbatch” is used herein simply as a convenient way of referring to the
25 composition comprising components (a)-(d) and/or a reaction product(s) derived from melt

mixing the components.

The masterbatch may be provided in a pre-melt mixed form or a post-melt mixed form.
When in a pre-melt-mixed form, the masterbatch will typically have been prepared for the

30 purpose of being melt mixed. When in a post-melt mixed form, the masterbatch may



10 pendant carboxylic acid groups, and (d) transesterification catalyst,
can first be physically blended in a high speed m xer. The resulting

physi cal wbend/méi7these conponents nmay then be nelt mni xedr/Avebtoosirbng may
be perforned using techni ques and equi pnent well known in the art. For 15
exanple, nmelt m xing nmay be achi eved using continuous extrusion equi pnent
such as twin screw extruders, single screw extruders, other nultiple screw
extruders or Farell continuous m xers. l_\/gl%t m xing i s conducted for
sufficient tinme and at a suitable tenperature to pronote intimte bl ending
bet ween the conposition constituents. Those skilled in the art wll
appreciate that nelt mxing is %eneral ly perforned within a suitable 20

t enper at ur EOMPRgE OBA @ tIAGE RIAUCts) Agranagh frpmy & reaciep distivery by Ar mpe pdtthie e
of the COWB&?BE&@?&H%EE%%:e%é(&qSterbaHﬂqer certain circunstances, it my
be desirabl’e to vent or apply vacuumto the nelt m xing process to allow
vol atil e conponents such as water to be renoved fromthe 25 polyner nelt.
Melt mixing th is perforned in accor ce wth.the invention ronot e
reaction bg\s\/\é‘{é ‘P%éhst,cB?FﬁSn’é‘nf’Bor?)éfeF?dl géafof”rﬁv eé’ol.m'r%é’oﬁté‘t“’?ltt nW%eHS}[%Bth §s
m ght t her efRifbASMad fsEeBE hiarixas vdi@ﬁﬁk'o‘f%d?@'blod@‘%ﬁéﬂﬁlﬂe bREstersasBdith a
reactive extrusion. 3 WO 2011/ 026171PCT/ AU2010/ 001100 - f4 - present in
t he mast er béndebradabip olymen gompgsition by ageorgankegyidle thefinyengiegest eri f i cat i on

wi th the pol yal kyl ene carbonate and/or the pol ynmer having pendant
carboxylic acid groups. Such reactions are believed to be facilitated by
the presengp @bvitlé éhe hadiedatcRin b infedd indied Faindl a6Biponkiits [fArfolwdlkyéne carbonate,
transesterification catalyst is believed to function by lowering the 5 nelt

processi ng (PeHisanaplastc serahn{1dS)r ael/arailt eppeiteent componerfan(a redymere hiing
m xed anj é@ﬁiﬂng Q%rg)gg}(;ﬁd & gg&%@&?a%g (%ﬁ%&hséaa it lt,dcagqirgt%}?ﬁ&ﬁflf o

pronote the sane degree o i on sence 0 he cata

t he cat al y#$lendsd ired bighegeddomixer. allid reauitieg pleysidal biehd ofithesat@hysientstrhasthen
skilled in the art %0 will appreciate fromthe nature of the constituents
bei ng el t PFiMEAEMX5dpr epare the masterbatch that other reactions such as
condensati on and ester exchange reactions may. al so take place. Thus, it is
to be understood that reference herein to the term"transesterification" is
i ntended t Mdhinixiog mayheperferhehigmsteotinigessanil squiphent welh kneww in hetavie dier
ester, ﬁgcohol &%nd ﬁlci.d. %r ou}pﬁ S Cf\l/ as ester.. e%cga es.éamd uf.:ondrl rélslé;}}ésotrdvin
reacti ons. SYEMRHUE SRFMESED P IREVEP S CPATES 5’@ e At P Tt

t ransest er istieGatek@iddiSt WRRR SERMWC extrifidspotheal yligne waswbonatdednat OFartine
pol ynmer havi ng pendant carboxylic acid groups will typically result in the

formation &PnENUNECRIXEE pAYIFlEnpdng iy conduckd fer sefficieat tinesged a8 pekitable
co- pol ymer (tér)lpémt)ﬁrg H)nﬁltoln&ﬂe tirfaté %‘adé%étbv%@ﬂ tﬁeoéorﬁﬁ%itﬁﬁqaé&ﬁtitu@f?ﬂsy atfipgk ene

car bonat e
skilled in the art will appreciate that melt mixing is generally performed within a suitable

20 temperature range and that this range will vary depending upon the nature of the

components being melt mixed.

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

25 polymer melt.

Melt mixing that is performed in accordance with the invention may promote reaction
between the components being melt mixed. The melt mixing process might therefore also
be described as reactive melt mixing, for example reactive extrusion.

30 |
Without wishing to be limited by theory, it is believed that upon being melt mixed, starch



20 and/or pol yner havi ng pendant carboxylic acid groups that has not
undergone transesterification. Thus, irrespective of whether only part or
all of theosvarebi7under goes transesterification with thecpeluzalokpi®ne
carbonate and/or the polyner having pendant carboxylic acid groups, a nelt
m xed formof the masterbatch is believed to present ‘as a relatively
honbgenous conposition at least in terms of these three conponents. 25
Conpati bilised conmponents present in pol r conpositions, such as a nelt
m xed formof the nasterbatch, nay be r'eia%?ly determ ned experinentally by
i magi ng the conposition and/or by measuring the physical and nechani cal
properties of the conposition. For exanple, the a nelt m xed formof the
mast er bat cpresayt ihahe masgenitchatdmypdsitomemay indagoreltes® efheansosteniieation deith a

scanni ng el ectron, m croscope to evaluate the | evel of i th
di sper sed %ag@yahale%éa@aﬁw rf’&gfﬁ atb’f‘\é’é’ et vg&wrﬁ%ﬁ‘%ﬁ%}ﬁ%ﬁﬁﬁ@ﬁ%’fmg
- 15 - Thegasteichahs< ireBilidRed Rb aRarRHitABE byOMheetesdte Yof therteasésterification e
use. Alternatively, a nelt m xed formof the masterbatch nmay be pre.parﬁd

c

gnddt hen suitsbyguein partiodabimaasestenificatian catalxeds Relisyed fe pctigy ty lowering ¢

i odegr adabl ol yesters. ln that,. , b ] ]

pol ymer %_c 0 ij?gtﬁ P‘f%ﬂngrg‘i}n%eéatﬂ faes% rvflgglgﬁlgsm%ge\?})%gﬁ g‘%al{eshﬂgpg’pxgé}gg@?%ﬁg&? \%\g aréc% age
mel t M Xi Ngn@res fsstiotehpeeed déthahat which eloald tenretjirglopramptedbe same degree

di scussed bel ow, CGeneral |y, the masterbatch will conprise or be prepared by
mel t mi xi ngf resgiéemiarthepbsghcasgitthosatalygihout 50wt . % pol yal kyl ene car bonat e,
about 20wt.%to about 70wt .% 10 thernoplastic starch (TPS) and/or its _
constituent conponents, about 3wt.%to about 30wt .% polymer having pendant
car boxyl i ¢ Wiildthgroatabyst isrederadibtot asta Oansegsrificatibulcatdlygnthoss skilled in the art

transesterifjcation catalyst, relative to t.he total S
cormponeift s Wit RPPEgiaie (IR t?’ﬁenaf‘&ftea?# ﬁﬁsgong#l R8s el%rr%};%ﬁéﬁ gé ngﬁ? gRare e o
| east: abo'r'ﬁafsé%c}%haﬁgﬁi& r&bnd8ucAbRUdondonatidn afd estbpukchdhyd rddctidnst iney
total nmass of the masterbatch. 15 In one enbodi ment, the nasterbatch

conpr i ses alsoi takpr ploeg-ed Thys, il it Xien gndesep ethalg peigrensoy hesgip o1y 3B tterm
9O, oL VoL SRR AR Rl B SQphonrenl asiic
pol yner haveRgcpepeaatcobsl dadaeld groass dich aoestar, exalhgaland toledSation¥eactionhout
15
Those skilled in the art will also appreciate that transesterification between starch, the
polyalkylene carbonate and/or the polymer having pendant carboxylic acid groups will
typically result in the formation of a block co-polymer(s). It is believed that a such block
co-polymer(s) may function as a compatibiliser for any starch, polyalkylene carbonate
20 and/or polymer having pendant carboxylic ac‘:id groups that has not undergone
transesterification. Thus, irrespective of whether only part or all of the starch undergoes
transesterification with the polyalkylene carbonate and/or the polymer having pendant
carboxylic acid groups, a melt mixed form of the masterbatch is believed to present as a
relatively homogenous composition at least in terms of these three components.
25
Compatibilised components present in polymer compositions, such as a melt mixed form
of the masterbatch, may be readily determined experimentally by imaging the composition
and/or by measuring the physical and mechanical properties of the composition. For
example, the a melt mixed form of the masterbatch may be cryogenically frozen, fractured

30 then viewed under a scanning electron microscope to evaluate the level of adhesion

between the dispersed phase and the continuous phase.



20 0.4Wm . % transesterification catalyst, relative to the total mass of

t hese conponents, and such that the total mass of these conponents

repr esentwoavil@aest: about 50w . % about 65w .% about PowmamiI0mo1@bOUL
85wt. % of the total nmass of the masterbatch. In a further enbodinent, the
mast er batch conprises or is prepared by nelt m xing together 25 about 1
Owmt.%to about 40wt . % pol yal kyl ene carbonate, about 40w. % to about 60wt . %
t hernopl astic starch (TPS) and/or its coigtituent conponents, about 1 Ow.%
to about 20wt. % pol yner havi ng pendant car boxylic acid groups, and about
0.05wm . % to about 0.30Wm.%transesterification catalyst, relative to the
total mass of these conponents, and such that the total nass of these
conponents represents at |east: about 50w .% about 30 65w . % about

75wt . % or -about % of t

20117 0017 BRI BT pocricoaied Al AR Eniehuy NGBt RliR" . a¥fRarively, o
conpri si ng neMmRRE Toen 6ﬁﬁhe(rﬁ6stdrbut&lhma§tfbelp&r1ﬁrﬁdl amﬂeﬁexammwntly\bmbmednand
masterbatch is in a nelt mxed formit w| apprecj ated that the
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used in th@eﬁeﬁamdthefm@ﬁ&eﬁ&h REIISbEpriO P ARl prepiied bmeli %&H@rtogaﬁar Atsoit One
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anti-static agents; stabilisers; additional polynmer material (e.g ﬁgl ene

vinyl acet W@MFCSt%Ifmlﬁ'@ caighyist §elaBY‘bé‘é§}§ el anass %fu@ﬁseagom%iep@a
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her ei nbef o escri ; and anti I ng gents such as silicon dioxide.
I n one errb@dmtr&fmaboﬁ\m“n% ion@barde8dwitfo bfithe iitaldegysad did magierbytebr
conposition. Those skilled in the art will appreciate that EVAis a

copol y of ethylene and vinyl acetate. The wei ght percent of vinyl

acetate regh Y4 dnfbdditBeriORR! MARErbWch! cotipREALE Ys pRP&RAfByOMelt mixing together
about 5wt.% to about 40wt.% polyalkylene carbonate, about 25wt.% to about 60wt.%

or

thermoplastic starch (TPS) and/or its constituent components, about 5Swt.% to about

25wt.% polymer having pendant carboxylic acid groups, and about 0.05wt.% to about
20 0.4wt.% transesterification catalyst, relative to the total mass of these components, and

such that the total mass of these components represents at least: about 50wt.%, about. : -

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

In a further embodiment, the masterbatch comprises or is prepared by melt mixing together
25 about 10wt.% to about 40wt.% polyalkylene carbonate, about 40wt.% to about 60wt.%
thermoplastic starch (TPS) and/or its constituent components, about 10wt.% to about
20wt.% polymer having pendant carboxylic acid groups, and about 0.05wt.% to about
0.30wt.% transesterification catalyst, relative to the total mass of these components, and
such that the total mass of these components represents at least: about 50wt.%, about

30  65wt.%, about 75wt.%, or about 85wt.% of the total mass of the masterbatch.



25 about |Om.%to about 40wt.% wth the remainder being ethyl ene residue.
When used in the biodegradabl e pol yner conposition, an additional polyner
mat eri al woebiiagéEEYA wi |l generally be present in an anpgmtatzangiongof rom
about 0.5wt.%to about I Oat.% Suitable lubricant additives include, but
are not limted to, calciumstearate, steric acid, 30 magnesi um st ear at e,
oxi di sed pol yet hyl ene, ol eam de, stearam de and erucam de. \Wen used, a

| ubricant will generally be present in the biodegradabl e pol yner
conposition in an WD 2011/ 026171PCT/ AA80/ 001100 - 17 - ampunt r angi ng
fromabout 0.2wt.%to 5 w.% for exanple 0.5wm.%to 3 w.% Suitable
fluidity enhancers include, but are not |limted to, nonoglycerides, glucose
fat di et hyleike gentex| ofgihai masigrbatgh gompesing tcompenents taleld) i dhe afpgementipped
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about | w . %oie caldudf tRevicoffpodinitd may degmnedsent it the Jomd atreanioadabduct €s) denokdide,

but are not, limted ‘%/\ﬁ distilled m)r}o | yceride such as gl ycerol

monost ear atffom ERABFHORMRNCEH B0 OLRPTe qLdls CRIRRATSRSon 10 additives will
general lgy be present in the biodegradabl e polyner conposition in an anount
rangi ng from about 0.5w.%to about 4wt.% An additive such as distilled
nmonogl ycer iThes,iwheat the astérbatel ist saidatogiostprisg tomporenth (6p€d)sHipady qoynpaise these
stabilisation of the starch. e ed i.n. the biodeqgr.adabl e | yner
conpost ¢ 1 oA PRI LRl imed T & PrE BRI PR OF more
general |y ReHY@ufohents. an anount ranging from about 0.25wt.%to 0.5wt. %
When preparing bi odegradabl e pol ymer conpositions in accordance with

met hods of the invention, if enployed, one or nore such additives wll

gener al ll()y %ei Qﬁ)ldg&ggaﬂlg ;}omngro cg@lBBsq{l&?st & a‘E;Q&BQEJet WA the invention, or the
constituents used in the method of preparing such compositions, may further comprise one
or more additives provided that such additives do not adversely impact on the

biodegradability of the polymer composition.

15 The additives may include fillers such as calcium carbonate, silicon dioxide, talc, clays
(e.g.montmorillonite), titanium dioxide and natura{l fibres (e.g. wood powder, paper pulp
and/or other cellulosic materials); pigments; anti-static agents; stabilisers; additional
polymer material (e.g. ethylene vinyl acetate (EVA)); blowing agents; processing aids such
as lubricants; fluidity enhancers; anti-retrogradation additives; plasticisers as hereinbefore

20 described; and antiblocking agents such as silicon dioxide.

In one embodiment, EVA is included in the biodegradable polymer composition. Those
skilled in the art will appreciate that EVA is a copolymer of ethylene and vinyl acetate.
The weight percent of vinyl acetate residue in the copolymer will generally range from
25 about 10wt.% to about 40wt.%, with the remainder being ethylene residue. When used in
the biodegradable polymer composition, an additional polymer material such as EVA will

generally be present in an amount ranging from about 0.5wt.% to about 10wt.%.

Suitable lubricant additives include, but are not limited to, calcium stearate, steric acid,
30 magnesium stearate, oxidised polyethylene, oleamide, stearamide and erucamide. When

used, a lubricant will generally be present in the biodegradable polymer composition in an



Where the masterbatch conposition conprises one or nore such additives,
reference herein to the term"nmasterbatch” will of course be extended to

i ncl ude tweseriaddiii ves. 25 A bi odegradabl e pol yner conposiAu20m/600100
accordance with the invention may conprise or be prepared using one or nore
bi odegr adabl e pol yesters. There is no particular Iimtation regarding the
pol yester that may be used provided that it is biodegradabl e. Exanpl es of
sui t abl e bi odegradabl e pol yesters incl ugg_but are not limted to, 30

pol ycaprol actone (PCL) as sold by Union rbi de under the trade name ToneTm
(e.g. Tone P-300, P-700, P-767 and P-787 having a wei ght average nol ecul ar
wei ght of about 10,000, WD 2011/026171PCT/ AU2010/001100 - 18 - 40, 000,
43,000 and ag@upDBRNgingdiatEhaus DyWt.7%Fo § Mese fauPample &eMa8ohwere-t he trade
nane CAPA 6800 and CAPA FB100 havi ng a nol ecul ar wei ght of 80, 000 and

100, 000 Dal tons, respectively; polylactic acid (PLA) as sold under the
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(PBS) and Bi onel | eTM 600 (PES)); g(;)rlnybutyl ene adi pate SPBA) as sol d under
the trade wampoSigmincadndBGIOGITy loom SKowHerti% & ebawdPwae.pol y(but yl ene

adi pat e/t erepht hal ate) (PBAT) aliphatic/aromatic copol yesters such as
Ecof | exTM by BASF, 10 or EnPOLTM G060 and EnPCLTM 8000 by Ire Chem cal Ltd
of Seoul; paltytlbydhexytesprydatios \edligivas eincludeB\Yutbyardehetbdlithited N, WHAlled . -
cel lul ose acetate butyrate (CAB) and cellul ose acetate propionate (CAP) '
suppl i ed byngmashyeendecheh anglyceipl menpsicamts 6AMPneMdwn, used, pfgretrogradation

bi odegrggda . I | I . 5
g/ 10 o BaFue WAk eraylte HERAL A b boRUEaBHl bolneP Lot Ride AR,
about 3 or ragimpfremtdbant @betts @ dloli0dwt.th. Ahedditiod egrhadbadistd]ledahyresiyweride | |
general ly have a Ml ranging.from.about. 1l to ‘abaut 5 g/.10 min 20 In
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conposition is prepared by nelt m xing the nmasterbatch together with one or
nmore bi odegr adabl e pol yesters, wherein the masterbatch has been forned by
mel t m xi ngVhagesddem denpiodegradable polyaer sepniposisionb eh andibliskingi geat swedl es

1 Xi h d .Bi od bl | ith.th No ich
< sely o BoRRY FiiehaTE R P ebP L BT b BT R DRy ©

degree of o@waaki bilisation of all conponents present in the resulting
product conpared with nmelt m xing together a.nmere adm xture of conponents
(a)-(d) in the masterbatch and one or nore biodegradabl e pol yesters.
\é\{)hggﬂ b;MI ﬁ)tsﬂféégpprteﬁaxﬂfg i)i'oaéér%iablpey pél?ﬁl@f Xomb&siﬂi&sqgldcgyﬁgnéeh@fth tiendUs U the
invention, if employed, one or more such additives will generally be included in the

20 masterbatch composition.

Where the masterbatch composition comprises one or more such additives, reference

herein to the term "masterbatch" will of course be extended to include these additives.

25 A biodegradable polymer composition in accordance with the invention may comprise or
be prepared using one or more biodegradable polyesters. There is no particular limitation

regarding the polyester that may be used provided that it is biodegradable.

Examples of suitable biodegradable polyesters include, but are not limited to,
30 polycaprolactone (PCL) as sold by Union Carbide under the trade name Tone™ (e.g. Tone
P-300, P-700, P-767 and P-787 having a weight average molecular weight of about 10,000,



30 conposition of the masterbatch facilitates effective and efficient nelt
m xing with the one or nore biodegradabl e polyesters. In particular,
"conpat i bivbi2sewiet7ype copol yners that are WO 2011/ 0261 P¢PAU264020100 001100
- 19 - believed to be present in the nmelt m xed formof the masterbatch are
believed to assist with conmpatibilising the conmposition of the masterbatch
with the one or nore polyesters. By first forming a nelt m xed formof the
mast erbatch and then nelt mxing it wth,;the one 5 or nore bi odegradabl e
pol yesters it has been found that the resulting biodegradabl e pol yner
conposi ti on nay be prepared using a mnimumnelt mxing tenperature while

comost 11 o008, Eha002i S0DRnopeR i marchoseriolf MY TTROHSEE G rpde AR

the | ovest d@meg(ﬁim&c@w}%ﬁwﬂw éan%lerc@ngve?%t twssboéaﬁﬂmmbtah&% can
be 'maintained to enable it to be effectively melt m xed while m ni m sing

or avoi di ngeaph@me;b{ robdaciigaacid (Plod) @som«dmednrsthwtxtadc mamhé\latmmskﬂ‘ d’tLA he

m ni mum me ) | __of ar nd| NQ i

mater a1 o el FORE BRI CEHE as ol RFT G YR phFR B RV BE Pichm
ski |l ed 3 nbyBioaket, GekmaBg] pelyéthylend @ud@rrﬁtz:amsn had geasiiédeosucaina® (PBS) asm
melt processing tenperature advantageously mnimses thermal degradatign of

the componénidsunger fhetradsnprsas BienplleT évyb‘ilm@glrlaaamr gonypasy (€smphenalicon
conpri si ng 168???1@@5&1 ﬁ?{)ne(lgw %66 (@?rﬁdlgflyutylene adipate (PBA) as sold under the

trade name Skygreen™ SGI100 from SK Chemicals Korea; poly(butylene .
adipate/terephthalate) (PBAT) aliphatic/aromatic copolyesters such as Ecoflex™ by BASF,

10 or EnPOL™ G8060 and EnPOL™ 8000 by Ire Chemical Ltd of Seoul;
poly(hydroxybutyrate valerate) (PHBV) by Metabolix Inc. USA; cellulose acetate butyrate
(CAB) and cellulose acetate propionate (CAP) supplied by Eastman Chemicals; or

combinations thereof.

15 The biodegradable polyester will generally have a MFI of no more than about 5 g/10 min.
For example, the MFI may be no more than about 4, no more than about 3 or no more than
about 2 g/10 min. The biodegradable polyester will generally have a MFI ranging from
about 1 to about 5 g/10 min.

20 In accordance with a method of the invention, a biodegradable polymer composition is
prepared by melt mixing the masterbatch together with one or more biodegradable
polyesters, wherein the masterbatch has béen formed by melt mixing together components
(a)-(d) as hereinbefore described. Melt mixing the one or more biodegradable polyesters
with the masterbatch, which is itself is in a melt mixed form, has been found to promote a

25 higher degree of compatibilisation of all components present in the resulting product
compared with melt mixing together a mere admixture of components (a)-(d) in the

masterbatch and one or more biodegradable polyesters.

Without wishing to be limited by theory, it is believed that the highly compatibilised
30 composition of the masterbatch facilitates effective and efficient melt mixing with the one

or more biodegradable polyesters. In particular, "compatibiliser” type copolymers that are



contain these conponents, and/or a reaction product(s) derived fromnelt

m xi ng the 20 conponents, in an anount ranging from about O0.5wt.%to about
45wt . % ofwOapi1i/mbout 2wt . % t o about 63wt. % of (b), aboutrc@®Aidbm@bout
27wt . % of (c), about 0.005wt.%to about 0.45wt.% of (d), and about 5wt.%to
about 85wt. % of (e), relative to the total mass of (a)-(e), and such that
the total mass of these conponents represents at | east about 50wt.% about
65wt . % about 75wt.% or about 85wt .% of fhe total mass of the

bi odegr adabl e 25 pol yner conposition. |In 0one enbodi nent, the bi odegradabl e
pol ymer conposition conprising conponents (a)- (e) contains these
conponents, and/or _ a reaction product(s) derived fromnelt mx t he

) J i ng .
conponent s,Peligvedi{o Raprasentin thy melt ru¥sd fopy o the masferbetch éreall’fé’@f’e‘g@vﬁs.s% with
(a), about 239 2 t . % of
(c), about Cg&8%%&%%%%&%5ﬁégogv@e%%%?tﬁﬁ?‘qgllntggggéo%%Iﬂ%% %%Sttjegé{wabout
o0wmt . % of (e), relative to the total nass WD 2011/ 026171PCT/ AU2010/ 001100
onrcsent s S e R LR Bohe byt I b GBI s i 5, E50REA5 e
85wt . % of tohenbRt aiode%ﬁaawé é;bn@stb}soﬂegﬁsag@éﬂ Eourfdl AR thS Q8RO bRAegdile a
further enbodi nent, the bi odegradabl e pol ynmer conposition conprising

conponent s polmerepmpositiah Meay be prepawsdpisinent stinamin grelbmixiag teroperpiedwhile s)
derived frao .t .M Xing the ¢ nents..in _an I i fr. about
out Y to ooyt bt ontAIBINGR or dohBeAT B i I Bk REhE 08

2wt . % to about 11 w.%of (c), about 0.01wt.%to about 0.165w. % of (d),

and about 40w .%to about 75wt.%of (e), relatiye to the total 10 nass of
(a)-(e), amy BEEKRPHEFMeN (RBIMEMANelHEdng feraprafirec shingarl b lowest sawgtadurg or

| east alQPUtter?}Qé?%m%Braﬁ QHtwlg he GonfHoSibn E2'be Hoairfdin@&PRWnabl tgg@e%fffeu?\?ely
total mass of the biodegradabl e pol'ynmer conposition. For avoi dance of any
doubt, ref endnmixddewhile ntinintifieg oo apadirg thasna alegradstiorgofcappaichiscwithinvthe %

of conponents (a).-(d). or .(a)-(e and/or a reacti.gn product(s) der.ived from
el € i ngorReS e pdbE bk BHRPS e e gr D EoURE Yeh derEinE PR an

that the comPQalthRbeMYmXeMiathis bgh boradilfHabreiasPBNe PESoh Bkillb@irsMear! | ed
anounts and/or a reaction product(s) derived fromthe specified anount of

two or nmore of such conmponents. Thus, the total wt.% of the conponents
and/ or ' %%%g' %Blepl{oOderlgga & )thg ecrolrﬁ/p%gititoplezruefdr %rl?nﬁl'u];n melt processing temperature

advantageously minimises thermal degradation of the components of the composition.

The biodegradable polymer composition comprising components (a)-(e) will generally
contain these components, and/or a reaction product(s) derived from melt mixing the
20 components, in an amount ranging from about 0.5wt.% to about 45wt.% of (a), about
2wt.% to about 63wt.% of (b), about 0.3 to about 27wt.% of (c), about 0.005wt.% to about
0.45wt.% of (d), and about 5wt.% to about 85wt.% of (e), relative to the total mass of (a)-
(e), and such that the total mass of these components represents at least about 50wt.%,
about 65wt.%, about 75wt.%, or about 85wt.% of the total mass of the biodegradable

25 polymer composition.

In one embodiment, the biodegradable polymer composition comprising components (a)-
(e) contains these components, and/or a reaction product(s) derived from melt mixing the
components, in an amount ranging from about 0.75wt.% to about 28wt.% of (a), about
30 4wt.% to about 45wt.% of (b), about 0.75 to about 18wt.% of (c), about 0.0075wt.% to
about 0.3wt.% of (d), and about 30wt.% to about 90wt.% of (e), relative to the total mass



20 present and taking into account the liberation of any reaction
by-products) will generally not exceed the total wt.% of the conponents as
present iwoaniwumsgacted form |In accordance with a net hedTafu2btegwoirvent i on,
a bi odegradabl e pol ymer conposition is prepared by nelt m xing the

mast er batch together with one or nore biodegradabl e 25 pol yesters.
Cenerally, the bi odegradabl e pol ynmer conposition wll be prepared by nelt
m Xi ng toget her about 10wt.%to about 90wt. % of the masterbatch and about
5wt. % to about 85wt.% of one or nore biodegradabl e pol yesters, such that
the total nmass of these conponents represents at |east about 50wt.% about

65w . % about 75wt .% or about 85wt. % of the total nass of the resultin
bi odegr adat9f e(ab(ﬂ),ymfi seddnfwsithe &tal Boss vbﬂmqummwpmrﬂm@lef/ bogt1ghpul 21

- toget her 69&?% O%b%o 8%%6;3@&3 79k 0,0 G wﬁ Hr BatGL @%@tﬁggutbﬁgﬁw-%

to about 80w ne “or |odegra (e pol'yesters, suc

t ot al massb&fdegfadslﬂepolypmmemmosnemesents at | east about 50wt. % about
65W . % about 75wt.% or about 85wt .% of the total nmss of the resulting
bi odegr adabl e pol yner conposition. 5 In a further enbodi nent, the

bi odegr ada Sitel out
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starch that is used to gare the bi odegradabl e pol onposi tion.
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resultlng bi ode s In turnis Ieve
i mproved phYsit. %;l atsomd mmlabaﬂlt psepr; toreabdur 85wet. XonPahe ttotah. mass of the

biodegradable polymer composition.

For avoidance of any doubt, reference herein to the compositions comprising a specific

15  wt.% of components (a)-(d) or (a)-(e), and/or a reaction product(s) derived from melt
- mixing the respective components in these groups, is intended to mean that the
composition may contain the individual components in the specified amounts and/or a
reaction product(s) derived from the specified amount of two or more of such components.
Thus, the total wt.% of the components and/or a reaction product(s) derived therefrom (if

20 present and taking into account the liberation of any reaction by-products) will generally

not exceed the total wt.% of the components as present in an unreacted form.

In accordance with a method of the invention, a biodegradable polymer composition is
prepared by melt mixing the masterbatch together with one or more biodegradable

25 polyesters. Generally, the biodegradable polymer composition will be prepared by melt
mixing together about 10wt.% to about 90wt.% of the masterbatch and about 5wt.% to
about 85wt.% of one or more biodegradable polyesters, such that the total mass of these
components represents at least about 50wt.%, about 65wt.%, about 75wt.%, or about
85wt.% of the total mass of the resulting biodegradgble polymer composition.

30

In one embodiment, the biodegradable polymer composition is prepared by melt mixing



Al t hough | ess preferred, the nethod of preparing the biodegradabl e pol yner
conposition may conprise nelt m xing the masterbatch, one or nore

bi odegr admbl2e1pabyest ers and 20 starch and/ or TPS and/ orcCirtau26mmseiiob uent
conponents. In that case, the starch and/or TPS and/or its constituent
conponents wll generally be used in anbunt of no nore than about 15w . %
no nore than about 1 Oamt.% or no nore than about 5w.% relative to the
total nmass of the conponents being nelt gixed. 25 In one enbodi nent, a

bi odegr adabl e pol yner conposition is pr égllr'ed by nelt m xing the

mast er batch together with one or nore biodegradable poI yesters and a
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et her of t WJS]S%} %i%@ Blymd! dbmigd¥itichMeidh Mlgaae QhicH Ry Sn aRé

(co) pol yner conb natl o S thereof Preferred pol yepoxi des are those
formed thr magterlod’u@l bes yrer ifeutd tmrrmklrgllscydhfdy'lblhm torgtitate pyhighly qogm)lbllrsh@

monomer 5. SORPRRGHHICG. s el DBReeBis Gt adiay weT R RURYRY b drpaha

styrene-ac ﬁbe&e@FhMﬁn&fﬂébM1@l me%kkwth%bgmbs1a6nl ess than about 7,000
and having general Tormula (1) .
Although less preferred, the method of preparing the biodegradable polymer composition
may comprise melt mixing the masterbatch, one or more biodegradable polyesters and
20 starch and/or TPS and/or its constituent components. In that case, the starch and/or TPS
and/or its constituent components will generally be used in amount of no more than about
15wt.%, no more than about 10wt.% or no more-than about Swt.%, relative to the total

mass of the components being melt mixed.

25 In one embodiment, a biodegradable polymer composition is prepared by melt mixing the
masterbatch together with one or more biodegradable polyesters and a polyepoxide,
wherein the masterbatch has been formed by melt mixing together components (a)-(d) as

hereinbefore described.

30 By "polyepoxide" is meant monomeric or polymeric materials having two or more epoxy

groups on average per molecule. Provided that the two or more epoxy groups are capable



WO 2011/ 026171PCT/ AU2010/ 001100 - 23 - where R1-R5 are each independently
selected fromH and alkyl, R6 is an al kyl group, and x, y and z are each

i ndependemdl2g11aneimt eger between 1 and 20. 5 Suitabl e GvATO@RM@T1100

pol yepoxi des may be obtai ned conmercially, for exanple, Joncryl (r) ADR-4368
by BASF. When nelt m xing the masterbatch together with one or nore

bi odegr adabl e pol yesters and a pol yepoxi de, the pol yepoxide is believed to
react with carboxylic acid and/or alcohol,,10 groups of the conponents being
melt m xed. This reaction can coupl e polyirer chains so as to increase their
effective nol ecul ar weight. An increase in the nol ecul ar weight of the

polymer is in turn believed to enhance the ph sic é and nechani cal , .
properties offundergong Jeadtionvith add grd@aslceh ogr%%‘ro ‘Eﬂﬁ‘iﬂ?é‘?’f“?(ﬂ’iese%\”tth’é‘rtﬁﬁr e,
the increa I i

ol t procesey R Re e (yRCh S erp iR Rl MG RO P PR iHEE
mel t pr ocessdimg epoxgpgmoupeae@ssaallyapretrmdt h produci ng blown filmfromthe
conposition. A pol yepoxide will generally be used in an anount rangi ng
fromabout 0.1-1wm.% for exanple fromabout 0.1-0.7 w.% or from about

0.2-0.5 st s%talsleg)@hiey@xia& bR, Budhre Rt finfied28, diBsoxidssaEPad Qal%fl'm}tll@ﬁle@ne
e

or nore biodegrada po yesters to be nelt m xe A blodegg pol yner
conposi ti om)fprblpahl@ell nAacchblﬁ'cmlaﬁ’i@e wiephxidae |3n4rém>iYGM01@bR¥ %Ml‘@g‘b@ﬂ@q}’?
have excel | ent n PEILLILS ARdyil

bi odegr adalﬂ'é11 e c%r% Xgl Ef gl%h%)%ﬁgeﬁllogn Q dl éssg(%g, %’rP jdiphenyl

convent i onathe? s, ol yn@soxgethyn rlilphbgyt @;Ilbis(m%psmlyclahe&m propand),a dnrgl)eixiylon
noul di ng, and thernoform ng. The .conpositions are particularly suited f

manuf act ur €AY f PF nﬁeaqfamgheét di%%ﬁldﬂaft}k?é eﬁnml?xtosblcw,o 2y iyl ether o
R T S LS
2011/ 02617 3pEI3 Ainke)-00ddikane-m-dioxane and bis(3,4-epoxy-6-methylcyclohexyl)adipate,
N,N'-m-phenylene-bis (4,5-epoxy-1,2-cyclohexanedicarboxyimide), and tri-and higher

epoxides such as a triglycidyl ether of p-aminophenol, polyallylglycidyl ether, 1,3,5-
tri(1,2-epoxyethyl) benzene, 2,2',4,4'-tetraglycidoxybenzophenone,

15 tetraglycidoxytetraphenylethane, a polyglycidyl ether of phenol-formaldehyde novolac, a
triglycidyl ether of glycerin, a triglycidy! ether of t;imethylolpropane, poly glycidyl (meth)

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

Preferred polyepoxides are those formed through the polymerisation of glycidyl
20 methacrylate (GMA). The GMA may be homopolymerised of copolymerised with one or
more other monomers. For example, the GMA based polyepoxide may be a multi-
functional styrene-acrylic oligomer having a molecular weight of less than about 7,000 and

having general formula (I):

@

25



- 24 - The bi odegradabl e pol ymer conposition nmay be provided in any
suitable formthat can be processed into a desired product such as sheet or
film Genwoabityzet7me conpositions will be provided in trerfsaanmoabipel | ets.
5 Enbodi ments of the invention are further described with reference to the
followi ng non-limting exanples. EXAVPLES: 10 EXAMPLE 1: Preparation of a
bi odegr adabl e pol yner conposition. 25.5 kg of Starch acetate [fineness: 120
mesh; noisture: 8% degree of substitutign: 1.5% sourced by China St arch
Shanghai, China] (DS of 0.5) having a wafer content of less than |w.

19. 2kg pol y(propyl ene carbonate) (PPC) [nol ecul ar weight: 110, 000 Dal ton.
MFI: 15 9-15¢g/10m n; 190C, 2.16 kg; noisture: <2% density: 1.22g /cnSB;

gl ass terrperature 35-40C. Manufactured by PPCC, West |nner Mngoli a,

Chi na], R [

sor bitol ggrér)nﬁke F%gfg)} Sgi@g@ y?%gérﬁ{?g%%fﬁgg%ﬁ(&pg‘?llﬁafbﬁ%l é&;‘!’(g‘f‘gx
stearic amyda,nd]z@irgear&l ieddpghdamtlyanariptegar teovabn(1E&)20( 9% aci d, nelt fl ow i ndex
= 20) [e.g. Dow Primacor 3460], 6kg ethylene vinyl acetate (EVA) [VA: 20
14% M: 2. Beijing, China], 1.4kg calcium stearate and 0.12kg sodi um

hydr oxi i BB QUL r ®
H gh- spggd%lr%ﬁ?(@% ‘G?‘gAScﬁrlR%g%c([)Tb&?ot at1 ng spbeeg%bty@&g%oél\rﬂ/% %&hgutybﬁis re g%/lﬁglg %d(i)\;: A

uni f or m di ADPRB368 bp BASKI | conponents (The solid naterials were dry
bl ended first in a high speed m xer and the liquid materials then added)
then nelt mxed in a ZSK-65 Twin Screw Extruder (L/D = 48). The 25

t enper at ur ayRiPfreltemXind R QEiEBEIRH ¥EEh&OVitRlone or more biodegradable polyesters
100C/ 130C/ 160C/ 160C/ 150C/ 140C. The rotation speed of the screw was set at

300 rpm Aapde @ememmd@ thepelyepaxidyg's balicvgd $o aquﬂ Wtk catbekylip aoxd andorocolmhe

st or D o8 oS 3 S SRS P il TRRERLeR Lo Sl BRO e HhBh 0 (1

2.16kg, ands® imfeeﬁe thefrtegfiottivaf mslRcwlut w%ght.\bﬂlﬁfklédsg%fllzjrm&ﬂ&i%&l@ﬁmwo -

25 - polymer is in turn believed to enhance the physical and mechanical properties of the
resulting biodegradable polymer composition. Furthermore, the increased molecular
weight of the polymer is believed to improve the melt processing properties of the

15 composition, and in particular the melt processing properties associated with producing

blown film from the composition.

A polyepoxide will generally be used in an amount ranging from about 0.1-1wt.%, for
example from about 0.1-0.7 wt.%, or from about 0.2-0.5 wt.%, relative to the total mass of

20 the masterbatch and the one or more biodegradable polyesters to be melt mixed.

A biodegradable polymer composition prepared in accordance with the invention can
advantageously have excellent physical and mechanical properties and is readily
biodegradable. The composition can be conveniently processed using conventional
25 polymer converting techniques such as extrusion, injection moulding, and thermoforming.
The compositions are particularly suited for manufacturing film and sheet that may be
converted into packaging materials. In that case, the one or more biodegradable polyesters

are preferably selected from PCL, PBAT, PHBY, PES, and PBS.

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

composition prepared in accordance with the invention.



EXAMPLE 2: Preparation of a further biodegradable polynmer conposition. A
conposition consisting of 50w. % of the polyner conposition prepared in
Exanpl e wo4911f2vd71% PBAT (Enpol G8060) and 0. 3wt . % pol ycepaed tho1100
(Joncryl (r) ADR-4368) was first 5 dry blended and then nelt mxed using a
ZSK-65 Twin Screw Extruder with a rotational speed of 200 rpm The
tenperature profile of the extruder was set at

130/ 145/ 165- 165/ 145/ 135/ 130/ 130C. A vacu -0.04 to -0.05 bar was
applied during extrusion. The resulting gxtrudate was wat er cool ed and cut
into pellets and was found to have a nelt flow index of 7g/10mn, at 190C
with 2.16kg. 10 The pol yner conposition has the follow ng properties: MI:
39/ 10m n; 190C, 2.16kg, Mdisture: 0.5% Density: 1.2g/cn8. The pol yner

conmposi tio ' W i

i cron ¢ hi QEEPRRREEHabie pBR AR KARGENIbY the WTRp Gafd oy buMB) Bhd nEk cdbe

condi ti ons ptabsiedtiid aliekiood priedocessh agsh€etnati filimo n@enera'x'l)i theBloowionigiofix tvilliie r

Speed 25 rpm Lé% ﬁ?eted‘ 5(% r’r{m n Bubble Height 4.5 mBlowup Ratio 3:1
provided in the form of pellets.

5
Embodiments of the invention are further described with reference to the following non-
limiting examples.
EXAMPLES:
10

EXAMPLE 1: Preparation of a biodegradable polymer composition.
25.5 kg of Starch acetate [fineness: 120 mesh; moisture: 8%; degree of substitution: 1.5%.
sourced by China Starch, Shanghai, China] (DS of 0.5) having a water content of less than
1wt.%, 19.2kg poly(propylene carbonate) (PPC) [molecular weight: 110,000 Dalton. MFI:
15 9~15g/10min; 190°C; 2.16 kg; moisture: <2%; density: 1.22g /cm3; glass temperature:
35~40°C. Manufactured by PPCC, West Inner Mongolia, China], 9.8kg of glycerol [Pure
99.95%; saponification level], 4.8kg of sorbitol [70% mixed liquor sourced from
Lianyungang, China], 0.6kg of stearic acid, 10kg of ethylene acrylic acid (EAA) (9% acid,
melt flow index = 20) [e.g. Dow Primacor 3460], 6kg ethylene vinyl acetate (EVA) [VA:
20 14%; MI: 2. Beijing, China], 1.4kg calcium stearate and 0.12kg sodium hydroxide
dissolved in a minimum amount of water were first mixed in a High-speed mixer is SHR- .. -
500; rotating speed Y: 980r/min to provide for a uniform distribution of all components
(The solid materials were dry blended first in a high speed mixer and the liquid materials
then added) then melt mixed in a ZSK-65 Twin Screw Extruder (L/D = 48). The
25 temperature profile of the extruder was set at 100°C/130°C/160°C/160°C/150°C/140°C.
The rotation speed of the screw was set at 300 rpm. A vacuum of -0.06 to -0.08 bar was
applied during extrusion. The polymer melt was extruded as a strand, air cooled and cut
into pellets. The masterbatch was found to have a melt flow index of > 4g/10min at 190°C

with 2.16kg, and a water content of <0.2wt.%.



20 Filmblow ng: F35 single screw, vertical blow ng; |ength-dianeter
ratio: 30:1 Rot ati ng speed of screw. 15r/mn; 25 D aneter of bubble:
35cm  WevaRdily@eel71PCT/ AU2010/ 001100 - 26 - Fil mthi ekmaa=oiodo0@om (30
pm Tenperature Profile of Extrusion Line Zone Tenperature (C) Hopper

10- 25, water cooling Feed 135 Conpression 145

.25

EXAMPLE 2: Preparation of a further biodegradable polymer composition.
A composition consisting of 50wt.% of the polymer composition prepared in Example 1,
49.6 wt.% PBAT (Enpol G8060) and 0.3wt.% polyepoxide (Joncryl® ADR-4368) was first

5 dry blended and then melt mixed using a ZSK-65 Twin Screw Extruder with a rotational
speed of 200 rpm. The temperature profile of the extruder was set at
130/145/165~165/145/135/130/130°C. A vacuum of -0.04 to -0.05 bar was applied during
extrusion. The resulting extrudate was water cooled and cut into pellets and was found to .
have a melt flow index of 7g/10min, at 190°C with 2.16kg.

10

The polymer composition has the following properties: MFI: 3g/10min; 190°C; 2.16kg,
Moisture: 0.5%, Density: 1.2g/cm’.

The polymer composition prepared in accordance with Example 2 was blown into 20
15 micron thick film on a standard LDPE blown film line using the processing conditions

tabulated below.

Processing Conditions — Film Blowing

Extruder Speed 25 rpm
Line Speed 50 m/min

Bubble Height 45m

Blow-up Ratio 3:1

20

¢ Film blowing: F35 single screw; vertical blowing; length-diameter ratio: 30:1
e Rotating speed of screw: 15r/min;

25 e Diameter of bubble: 35¢m;



Met ering/ m xi ng 150 Adaptors 150 Die 150 5 The inside and outside cooling
was gradually changed fromweak to strong. Chilled air is preferred; 10-15C
wor ked bewd 2boi/yoind fil m bl ocking probl ems. The pref er ped/An20r00pi00 at i os
were between 2.5:1 and 3.5:1 higher blowup ratios may | ead to bubble
instability problens and fil mcreasing. Dependi ng on equi pnment design and
set-up filmthicknesses 10 between 15 pm and 120 prn can be achi eved using
the conposition. The resulting film vvas_Eggted according to ASTM D- 882 and
found to exhibit a tensile strength at break of >18 MPa (conpared to 12-15
MPa for the sanme filmw thout the PPC), an elongation at break of >350% a
tear strength of 110 N (conpared to 90 N for the sanme 15 filmw thout the
PPC) and a°f afilmpgickrass: 0.08m@t(3e¢mngt h of 70 g (conpared to 65 g for the
same filmw thout the PPC). The filmwas also found to fully conmply with

t he bi odegradability requirenents of EN 13432. The reference in this

speci fi cat TemptanaaPrqitlé of EpmidiorcBineon (or information derived fromit), 20
or to any matter which is known, is not, and should not be taken as an
acknow edgnent or adm ssion or any form of suggestion that that prior

publicatiop (or information defived fromit) or|] known matter forns part of
the common| general KXW edge in tﬂg“{eirgguqlegfc)endeavour to which this
specificat|on rel ates. :
Hopper 10-25, water cooling
Feed 135
Compression 145
Metering/mixing 150
Adaptors 150
Die 150

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

10 between 15 um and 120 um can be achieved using the composition.

The resulting film was tested according to ASTM D-882 and found to exhibit a tensile
strength at break of >18 MPa (compared to 12-15 MPa for the same film without the PPC),
an elongation at break of >350%, a tear strength of 110 N (compared to 90 N for the same

15 film without the PPC) and a falling dart impact strength of 70 g (compared to 65 g for the
same film without the PPC). The film was also found to fully comply with the
biodegradability requirements of EN 13432,

The reference in this specification to any prior publication (or information derived from it),
20 or to any matter which is known, is not, and should not be taken as an acknowledgment or
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.



- 27 - Throughout this specification and the clainms which follow unless
the context requires otherwi se, the word "conprise", and variations such as
"conpri sewO 28ngh26z@npri sing”, will be understood to inplpyTisoionolesi on of
a stated integer or step or group of integers or steps 5 but not the
exclusion of any other integer or step or group of integers or steps. WO
2011/ 026171PCT/ AU2010/ 001100 -28- CLAIMS: 1. A bi odegradabl e pol yner
conposition conprising the foll ow ng coqggqents (a)-(d) and/or a reaction
product(s) derived frorri nmelt m xing thé conponents: (a) 5 polyal kyl ene
carbonate; (b) thernoplastic starch (TPS) and/or its constituent

conponents; (c) polyner having pendant carboxylic acid groups; and (d)
transesterification catalyst. 2. The bi odegradabl e pol yner conposition
according t [ : her. .. i Bl . ) .

bi odegr adats APy byc SR AL, B 1162 WARETIOE) nOBS B IRKR requices
accordi ng tothezWwizemhd woodedsprisg” ,andparietidrs sqel) ay ttompaisel” and dcorapddingiy will
product (s) ,derived fromnelt m xing the copponents, in an anpunt of about
Swt. % to abSundesipedds tralaq? bR Aaies Tiseet orAkeR OTogre ) oF Bi5g8T O5MEPSs ¢ o
about 30 ., hGthe BRGusAIPSt an- ARMint@BdrQr 3RB Y gfoupWf idfe&dds or steps.



15 relative to the total mass of these conponents, and such that the total
mass of these conponents represents at | east about 50w . % of the

bi odegr adabl2e1pbymer conposition. 4. The bi odegr adabl ecpaluzomvoo1100
conposition according to claim2 conprising conponents (a)-(e), and/or a
reaction product(s) derived fromnmelt m xing the conponents, 20 in an
anount of about 0.5wt.%to about 45wt.% of (a), about 2wt. % to about 63wt. %
of (b), about 0.3 to about 27wt . % of (c) about 0.005W.%to about 0.45wt.%
of (d), and about 5wt.%to about 85w . %o%3 (e), relative to the total nass
of (a)-(e), and such that the total nmass of these conponents represents at

| east about 50wt . % of the biodegradabl e pol yner conposition. 25 5. The

bi odegrada@IeA*W:yner conposition according to claim2 or 4, wherein the
one or nore biodegradabl e polyesters is selected from pol ycaprol act one
(PCL); polylactic acid (PLA); polyhydroxy butyrate (PHB); polyethyl ene

succi nate (IPES) ;A pmldygnatiydlelpelymmaionqmeitioPBS)upripmgwbutfglﬂmgaad'mpanmts PBA) ;
pol y(but yl te/ter hth ate) , 30 (PBA ol xybut rate

Dol bt are] (Brastpiof ot TSR HoMaeE dst aram call : MEaNs JrostouburaRe @

pr opi 0n65t e pofyAiRyler@ndrisonni (@tth&ﬂﬁ)pldgﬁé 8@fch S?%éfop?tﬁ%ZMnNa@gﬁ&{eQ@lloo

- 29 - The Dbi odegradabf ol ynme oaqmaon according to any one o
claims 1 téC)a)olymgrlavmgtmdmlcy@bkylnceaced geubsirrad éd) gansestercication eaiatyst.

pol yet hyl ene carbonate (PEC), polypropyl ene carbonate (PPC) and a

conbi nation thereof. 5 7. The bi odegradabl e pol ymer conposition according
to any one2of clRiertiodegialable pdIgmed Corhpsitiodl yorerdin@yd Bimeniather canpaxig i C .
acid groups is selected from ethyl ene acryl ic acid (EAA) copol yner,

pol y( EAA- viCRIIPORIM 6HAINF of meas/pipdegradaplepelyesi@s-aci d) (PAA), pol y(nethacrylic
acid) (fgMA), ethylene-nmethacrylic acid copolyners (EMAA), 10

pol y(acryl am de-acrylic acid) (PAAA), and conbinations thereof. 8. The

bi odegr adal3l e pdhgmbiodegradatde t paymac camapasgidno aacgrdoge tof claimai s cdmposidg

components (a)-(d), and/or a reaction product(s) derived from melt mixing the
components, in an amount of about 5wt.% to about 50wt.% (a), about 20wt.% to about
70wt.% (b), about 3wt.% to about 30wt.% (c), and about 0.05wt.% to about 0.5wt.% (d),
15 relative to the total mass of these components, and such that the total mass of these

components represents at least about S50wt.% of the biodegradable polymer composition.

4. The biodegradable polymer composition according to claim 2 comprising
components (a)-(e), and/or a reaction product(s) derived from melt mixing the components,
20 in an amount of about 0.5wt.% to about 45wt.% (;f (a), about 2wt.% to about 63wt.% of
(b), about 0.3 to about 27wt.% of (c), about 0.005wt.% to about 0.45wt.% of (d), and about
Swt.% to about 85wt.% of (e), relative to the total mass of (a)-(e), and such that the total
mass of these components represents at least about S0wt.% of the biodegradable polymer
composition.
25
5. The biodegradable polymer composition according to claim 2 or 4, wherein the one
or more biodegradable polyesters is selected from polycaprolactone (PCL); polylactic acid
(PLA); polyhydroxy butyrate (PHB); polyethylene succinate (PES); polybutylene
succinate (PBS); polybutylene adipate (PBA); poly(butylene adipate/terephthalate)
30 (PBAT); poly(hydroxybutyrate valerate) (PHBV); cellulose acetate butyrate (CAB);

cellulose acetate propionate (CAP); and combinations thereof.



wherein transesterification catalyst is an alkali netal hydroxide. 15 9. The
bi odegr adabl e pol yner conposition according to any one of clains 1 to 8

further owopoiwizegiconponent (f) pol yepoxide. 10. The bi edegradamoeiopol ynmer
conposition according to claim9, wherein the pol yepoxide is selected from
di gl yci dyl ether of bisphenol A, butadiene diepoxide, 3,4- 20
epoxycycl ohexyl net hyl - (3, 4- epoxy) cycl ohexane-car boxyl ate, vinyl

cycl ohexene di oxi de, 4,4'-di(1,2-epoxyet§¥L)-diphenyl et her,

4,4' - (1, 2-epoxyet hyl ) bi phenyl, 2, 2-bis(3/4- epoxycycl ohexyl) propane,

di gl ycidyl ether of resorcinol, diglycidyl ether of phloroglucinol,

di gl yci dyl ether of nethyl phl oroglucinol, bis(2,3-epoxycyclopentyl) ether,
2- (3, 4-epoxy) cycl ohexane-5, 5-spiro(3, 4-epoxy) -cycl ohexane- m di oxane, bis(3
, 4- epoxy- 6+ 25 | .ege-hi :

(4. 5 opoxy 21 2- Gy ET SRR W BEL DBhBor P lacc AL T OB cpims 110 5,

p- am nophewﬁierelpodhya;bdlyélgylysm tptboanteeis, sdle@ed-firom ( folRethelenx yatbophie RIECEne,

2,2, 4, 4'-te ragl yci doxybenz tetragl yci doxy tetraphenyl et hane,
pol ygl yci d)PP YPEHS) e“@fcaéw ﬁtsl(B}Qg)ﬁ'ﬁf %@Wﬂéa?ﬂgﬂ%ffr&e? triglycidyl ether of
glycerin triglycidyl ether of trinethylolpropane, poly glycidyl (neth)

acrylate oligoners 30 and (co) polyners, and conbinations thereof. WO
2011/ 026171PCT/ Alhzdxodma_dzba p@gmer tampgsitien hedrding go @pardmgofaclalms 1 to 6,

biodegradable mer . conposition net.hod risin m X1 n

Loget her S e PR FERSR e, BRgeR pfRnRopeid AR5 "HiekTeeh P iens, or
its consti ta a‘c@drrqgmr)t &poﬁﬁﬁerP%bWWEAAhﬂ\dyngchB@ﬁE(EIAAQ@()b% éh&yﬁ@'adld)
groups; and (d) transesterification catal 12. The method accordi ng

to cl ai m 11PAMepdy@ngthacrelimpeid) (FMA)i §thpfi/ pam@bla%syhcrréwl GopRlyars S

uc o0t agbhiedgiheeinciod andpt tn R RTINS 075w "op (b

relative to the total nass of these conponents, and such that the tota

mass of these c onents represents at .| east about 50wt . % of ¢t he
bi odegr adalt e pgfr@nwd% I pélgmer cqmpositign ﬁﬁ%@&gée@&mnﬁg&o daimsai 4P 14 or

12, wher ei qlR&, RAhy¥RlKAEANR é&?&ﬂ?&%aatnealkaﬁl &%ia?@&gx&iéom pol yet hyl ene
car bonat e (PEC), polypropyl ene carbonate (PPC) and a conbi nati on thereof;

t he pol yner haV|ng pendant carboxylic acid groups is selected from

15 9. The biodegradable polymer composition according to any one of claims 1 to 8

further comprising component (f) polyepoxide.

10. The biodegradable polymer composition according to claim 9, wherein the
polyepoxide is selected from diglycidyl ether of bisphenol A, butadiene diepoxide, 3,4-
20 epoxycyclohexylmethyl-(3,4-epoxy) cyclohexane-carboxylate, vinyl cyclohexene dioxide,
4,4'-di(1,2-epoxyethyl)-diphenyl ether, 4,4'-(1,2-epoxyethyl) biphenyl, 2,2-bis(3,4-
epoxycyclohexyl) propane, diglycidyl ether of resorcinol, diglycidyl ether of
phloroglucinol, diglycidyl ether of methylphloroglucinol, bis(2,3-epoxycyclopentyl) ether,
2-(3,4-epoxy) cyclohexane-5,5-spiro(3,4-epoxy)-cyclohexane-m-dioxane, bis(3,4-epoxy-6-
25 methylcyclohexyl)adipate, N,N'-m-phenylene-bis (4,5-epoxy-1,2-cyclohexane
dicarboxyimide), triglycidyl ether of p-aminophenol, polyallylglycidyl ether, 1,3,5-tri(1,2-
epoxyethyl) benzene, 2,2',4,4'-tetraglycidoxybenzophenone, tetraglycidoxy
tetraphenylethane, polyglycidyl ether of phenol-formaldehyde novolac, triglycidyl ether of
glycerin, triglycidyl ether of trimethylolpropane, poly glycidyl (meth) acrylate oligomers

30 and (co) polymers, and combinations thereof.



15 et hyl ene acrylic acid (EAA) copol yner, pol y(EAA-vinyl al cohol) (EAAVA),
poly(acrylic acid) (PAA), poly(nethacrylic acid) (PMA),

et hyl ene-wethaenyi7ic aci d copol yners (EMAA), pol y(acryl aoirdarasyophios aci d)
(PAAA), and conbi nations thereof; and the transesterification catalyst is
an al kali netal hydroxide. 20 14. A nethod of preparing a bi odegradable

pol ymer conposition, said nethod conprising nelt m xing a nasterbatch
toget her with one or nore bi odegradabl e_R | yesters, wherein the nmasterbatch
has been fornmed by nmelt m xing together: ?a) pol yal kyl ene carbonate; (b)
thernopl astic starch (TPS) and/or its constituent conponents; (c) polyner
havi ng pendant carboxylic_ acid groups; anddéi)d) transesterification

catal yst. 4d. 15 Aneethipd nofd PRPAEREI bipdeesadaply Palymgse Fempositian, ngadd enpthedn
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conmponent s, and.%‘l;ﬁa t hat thF t ot al g}gss of these conponents 30 represents
at | east at®SHPSEH(AdArarsesisRtAton&giE8hbl e pol ymer conposition. WO

2011/ 026171PCT/ AU2010/ 001100 -31- 16. The nethod according to claim 14 or
15,' wherein the polyal kyl ene carbonate is selected from pol yet hyl ene

car bonat e (IREC) ,Theongthpdpytadiagdardrmimatle WIREDR thegompesiien irapiepared fhyrmelt ;

t he pol yner_.havi endan LPAXYhi C i d u i sect from. e ene
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5 aci d) (PABdut Pal% teebhiacoywt.be(c)cdnd)aboiNAd S wEtoty labog-01RitEquy, relaticiodthe . .

copolymers (EMAA), poly(acrylam de-acrylic acid) (PAAA), and conbi nations
t hereof ; ariefat meass rofntdiess cpmppeants osndc decky hat the tatal angss) of Hhesel COMPIRERS de.

% r eTh e gre tr&ﬁ'gseﬂfsca‘? 'i&is%ohPSWY%Q)'?%eot;io&ég%dﬁﬁlelp%l)tfrﬂexjc%mﬁﬁgﬁfoﬁ.i n the one or

13.  The method according to claim 11 or 12, wherein the polyalkylene carbonate is
selected from polyethylene carbonate (PEC), polypropylene carbonate (PPC) and a
combination thereof; the polymer having pendant carboxylic acid groups is selected from
15 ethylene acrylic acid (EAA) copolymer, poly(EAA-vinyl alcohol) (EAAVA), poly(acrylic
acid) (PAA), poly(methacrylic acid) (PMA), ethylene-methacrylic acid copolymers
(EMAA), poly(acrylamide-acrylic acid) (PAAA), and combinations thereof, and the

transesterification catalyst is an alkali metal hydroxide.

20 14 A method of preparing a biodegradable polymer composition, said method
comprising melt mixing a masterbatch together Witi‘l one or more biodegradable polyesters,
wherein the masterbatch has been formed by melt mixing together: (a) polyalkylene
carbonate; (b) thermoplastic starch (TPS) and/or its constituent components; (c) polymer
having pendant carboxylic acid groups; and (d) transesterification catalyst.

25
15. The method according to claim 14, wherein the masterbatch is prepared by melt
mixing together about Swt.% to about 50wt.% (a), about 20wt.% to about 70wt.% (b),
about 3wt.% to about 30wt.% (c), and about 0.05wt.% to about 0.5wt.% (d), relative to the
total mass of these components, and such that the total mass of these components

30 represents at least about S50wt.% of the biodegradable polymer composition.



10 bi odegradabl e pol yesters is selected from pol ycaprol actone (PCL);
polylactic acid (PLA); polyhydroxy butyrate (PHB); polyethyl ene succinate
(PES); poWphutiyhemne succi nate (PBS); pol ybutyl ene adi pateT(aRB#Y0/001100

pol y(butyl ene adi pate/terephthal ate) (PBAT); poly(hydroxybutyrate val erate)
(PHBV); cellul ose acetate butyrate (CAB); cellul ose acetate propionate
(CAP); and conbi nations thereof. 15 18. The nethod according to any one of
clainms 14 to 17, wherein about 1OM. %t zilbout o0wt . % of the masterbatch is
melt m xed with about 5wt. % to about 85wt3 % the of one or nore

bi odegr adabl e pol yesters, such that the total mass of these conponents
represents at | east about 50wt.% of the total mass of the resulting

b:c odlegr adablibe poihgnmethod aserrdigi 1o Jaim 119” IPhevhertindbe relyalkylong qaﬂ’oé‘ﬁ‘f iSne
o th the orsleeil SO BOGRRRR LE65AP (DEE) DGt TIABELECARE tPEEISHACR

b| odegr adatmlombmaltmﬁehere@ftrﬂmpdlymar hodog ﬂémigmt arbonylioraeidogroapsiisnseletteddrdi i n
the form of }%Ilgnrclaeaei‘:tryl%r acflé (E]AA) copolymer, poly(EAA-vinyl alcohol) (EAAVA), poly(acrylic
5 acid) (PAA), poly(methacrylic acid) (PMA), ethylene-methacrylic acid copolymers
(EMAA), poly(acrylamide-acrylic acid) (PAAA), and combinations thereof; and the

transesterification catalyst is an alkali metal hydroxide.

17. The method according to any one of claims 14 to 16, wherein the one or more
10 biodegradable polyesters is selected from polycaprolactone (PCL); polylactic acid (PLA);
polyhydroxy butyrate (PHB); polyethylene succinate (PES); polybutylene succinate (PBS);
polybutylene  adipate = (PBA); poly(butylene adipate/terephthalate) (PBAT);
poly(hydroxybutyrate valerate) (PHBV); cellulose acetate butyrate (CAB); cellulose
acetate propionate (CAP); and combinations thereof.
15
18. The method according to any one of claims 14 to 17, wherein about 10wt.% to
about 90wt.% of the masterbatch is melt mixed with about Swt.% to about 85wt.% the of
one or more biodegradable polyesters, such that the total mass of these components
represents at least about S0wt.% of the total mass of the resulting biodegradable polymer

20 composition.

19.  The method according to any one of claims 14 to 18 which comprises melt mixing

the masterbatch together with the one or more biodegradable polyesters and a polyepoxide.

25 20.  Abiodegradable polymer composition according to any one of claims 1 to 10 in the

form of a sheet or film.



