; €3eOHBCE~~\ . . 6TB18WD 00/ 36006 Bi odegr adabl e Pol ymer 2 9 ~Y 2a33

PCT/ AU99/ 011 O1 This invention relates to inprovenents in biodegradabl e
pol ymeric products particularly starch based polyners. s to id T2AY28008 0
Backgr oundWOd08AW6| nventi on There is an increasing demand f eer/ManyoPloast i c
products used in packaging to be biodegﬁadable. Trays in biscuit and
chocol at e packages are one exanple. Starch filns have been proposed as

bi odegradabl e al ternati ves foer@%,ralml %Q‘%}ent 3949145 proposed a
C ?ion 0

starch/ pol yvi nyl al cohol /gl ycerol nposI use as a bi odegradabl e
agricultural nulch sheet. Difficulties have been encountered in producing

; March b ; e rti.cularly by hqgt nelt extrusion. The nol ecul ar
structurztﬁﬁ%l lI-B;hgé1¥I gﬁéé‘@ﬁeaﬁéo'HW%Y%ﬁFQ%df‘?@e@%asﬁbl%olm@dp psodectses and
t enper at Yaetiodary tiadeh bag@@ipd]yh{érgj asticise the starch and pass it through

the extrusion die. For nost products foam ng has to be avoided and this
genera?l ly requires attention because of the water content of the starch.

Foam ng @ YNV assing the nmelt prior to exiting the die as
suggested 1 n "USA pat?eﬁ'?gngéﬁggg4 and 53165p . The latter patent al so avoids

addi ng welthere ian increasing kiensmdefop hedrmeglakfic PRRAS 884 ﬁ?@ﬁ%ﬁ% (tachE

the. addition of water the star

dryi t h i di
p; )(glcggsZ&ﬁlé\{eqrga%ag;ﬂﬂyléggP&%@f?dlqmoéﬁfé PEPBaged aca 0setexampee.er . bound to
th t . h t ire high
b essur oo A e P pBs¥8 B o b & A Ba i Gasoa mer ot ar ch
i st dOpr HSAIeatant 39401 45 eremosed wsbarawpemvimaﬂclbm/@gbém CBRHR tio Yor

I'met ny

mel ting Lnt .the starch. .The additive is selected from

sul f oxi dg‘gbgﬁ’ é;goéj@f?f%i?%é? a%?"ﬂﬁirg] BHEN$HeRS: or ani de conpounds. 1n order
to produ@iffistiitieshape! r ird ; [ [ t hey have  been

bl ended 'tlh a rar? ebggﬂo?]ﬁgghtdglégmE?%'%g‘!galrrg@gégggBPB’\ﬁ%erfsiH%C Ry

di scl osegyirﬁ’t!}@i\t ft@@n.sTmzm@%qmmrmrmm thewtsrchris Adveekyvamydte@! cohol

d tal i . USA patent 5449708 di sc| it
of st ar chy ity fedE a8 ihd Bhipesalire BB Reedarlte pistiosertos Saighycor of

baseds| ubnd paiss it tRtaughothe extdisiiredie. FoRRTRR fdmind st S5 osed in USA
pat ent 5374.88$i?@'5355e are conposed of a hi gE?%HnLi/ %se s'{]gr@r?d{gﬁpga gl ycer ol

pl asti ci 24! 5 ganesally fequires atteption Mevapee df WeONVAB NI DS the
PCT/ AU99LRED i i ' ' | ified starches h |
been proparar F RnY el thbribdncl) B) AR 8RG4Re R Rriatiaueutng the dedor
modi f | edSuggastedin USA patents 56/10176ymd B3 6510 18kRf péfe?ft%'&%savooigs .

s

Hydr oxyp | ati.on reportedly increases el ongation at break and

st rengt hggﬁﬁg%%@e@%ﬁi@i iéﬁ@épia}m@%& YSpopgtent 556269 bygiot thengf f i cacy
of tbesestapsithnd agdd; lef 4 Bk i ised, their,cost inhibits
t he conmerci al agcerg{ abi :elétQ;Q/ﬁ’t(lﬁ%t %@Q%?éhﬁggaggﬁgggﬁ}er%rﬁcgﬁ%@ﬂ aft is an

obj ect ofempfiraturay batwean 12096 and dZ03ChHeasrgranaaepbiR@to WY §8;GaN be

processe orned into sheet and shaped products w thout
di fficul ?g}/@%ﬂ%{é}eﬁ{eﬁg 2 YRR RIGFRMTS 2§ tyreastire; high pressydesl uses. Bri ef

Descri pt Anothef appralch\tehpfiving the melt processability of starch is to provide an

additive as in USA patent 5362777 which reduces the melting point of the starch.

25 The additive is selected from dimethyl sulfoxide, a selection of polyols and amino
or amide compounds.
In order to produce starch polymers for particular applications they have been
blended with a range of other polymers. Biodegradable blown films are disclosed
in USA patent 5322866 which blends raw starch, polyvinyl alcohol and talc with

30 glycerol and water. USA patent 5449708 discloses compositions of starch ethylene
acrylic acid and a salt of stearic acid plus a glycerol based tubricant. Flexible and
clear transparent sheets are disclosed in USA patent 5374304. These are
composed of a high amylose starch and a glycerol plasticizer. The use of starch in
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To this end the present invention provides a process for formng _
bi odegr adabl e pol yners whi ch includes the steps of is a) formng a m xture
of starch, a nodified starch, a water soluble polyner or coddl yWier2003

cont ai ni ngy@ioh¥doog! cohol units, up to 20 % of added water of ﬂABQJ/ ]%l
plastlngy and 0.4 to 1.5 %by wei ght of a 02_z2 fatty aC| or s?/

working the mixture and forming a nmelt &ithin the tenperature range of 130C

C 2 du the tenperatuyre and further working the m xture and
the oxt 1 RTGEERG Wi BRRA G IoSAE coooltied RETRhG besalsAtieen Moppdedt USA

L enper at izt 53948540aA@B3F0875 B chBfed 988 L of RIRINRHELAIyecTNE P ocess

as defined allows starch based m xtur 0 be extru $s foani ng.
The need “ﬁ@uqléﬁthyw@xmwpﬂc%lbstlbﬁe@starehmtl-ﬁrdrpxypmopylatldsdnﬁepbrtecwI ting the

i.d,sheet d fl exible starch based
fh L‘ésl:Sﬁnﬁé%%%ﬁﬁéaﬂéﬁ%ﬁ%;eﬁfée%bwi?’:tﬂvsnsﬁ%ﬁlwewgarrasuu%ce)rwagﬁlecImséd. s
nd oxt 1 e a0, e AR R T A o S S B 50101101

I n anot h&RCENRRd, theirgopt inbihits thﬁ\c@mm@mqirawen@bnmy of thenoddets!raage! yner
havi ng t kg Q.LH?‘QSIUOH a) from8 to 80% by weight of a starch nodified 1:0
i nclude an s hydroxyal kyl C2.6 group or nodfified by reaction with an

anhydri dédt nefanaobjemaasfumswhuenmu tb ;baovfdeoarbibde@raﬁj?ab‘?@/??o pn%r%lﬁgp %P;tyceg{nafe; 0

| up) I l"ect ed
ool yvi nylP STRSRA o A A EBRA  o Bhad L e inaskprolgtoay A icuihandh oy e
a mehpi ng,apglar@beﬁ@wa@e%gg i lfshﬁten'a’éhtl%'és?tate of the starch conponents

Brief Description of the invention
To this end the present invention provides a process for forming biodegradable
polymers which includes the steps of
15 a) forming a mixture of starch, a modified starch, a water soluble polymer or
copolymer containing vinyl alcohol units, up to 20 % of added water or a polyol
plasticizer and 0.4 to 1.5 % by weight of a C1,.5, fatty acid or salt,
b) working the mixture and forming a melt within the temperature range of 130°C
to 160°C
20 ¢) reducing the temperature and further working the mixture and the extruding the

mixture or injecting the mixture into a mould at a temperature of 85 °C to 105 °C
without the need to remove water.

The process as defined allows starch based mixtures to be extruded without

25 foaming. The need to vent the extruder to remove water prior to the mix exiting the
extrusion die is not needed. Both rigid sheet and flexible starch based films can be
made using this process. The foaming temperature of the mix is raised above the
temperature at which the melt is most easily plasticised and extruded.

30
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d) fromO0 to 20% by weight of a polyol plasticiser €) from0.1to 1.5 % by
wei ght of a 02 22 fatty acid or salt and f) fromO to 12 % b«y%i.u of
added water. is The conpositions defined include formulati&ns i l e for
form ng fiwaoeo/seoos her mof orming rigid products such as packagmguéddys. The
defined conpositions are easier to process as they can be extruded in film
or sheet formw thout foam ng. The ext ruded sheet can be thermofornmed into
shaped trays or containers 20 for use as bi odegradabl e packagi ng. Usually

t he needj I r ior to the mx exiting the

ext r usi on gpéﬁll%g arr?gtgcﬁgﬁeédggﬁve\nng ﬁ%ﬁg@iﬁ% %B[O(S% Ta‘%@e&ﬁb@ﬂeﬁ ﬁ‘(‘?‘r‘f'?gto t he

cont ent tie ttraposifiohi ed starch is determined by its cost. This conponent
benefits to the resulting material. A preferred Zs

gg%(r)inte)lrjlta ?@%1%&%&@%4%\9/@%@1‘a@qrggénocﬁfi%to inglusetan uent s can be
hyd th | : bstifut
a% h;/g%( iyges yéh@ﬁxggng?%g :bgg%% {oﬂ gf c%'ﬁ%!r? %g::r g éé#ﬁfh? !’EQ %i%n%@%)}éﬁﬂl?g‘?r}f eO(r: an be

used to prodigssbexylsraclédri vati ves. The degree of substitution[ the average

nunber 05) %g{]opg#g?ré%po? %{Eeﬁ' unit that are substituted] is preferably
! The''p red st
)

0.05 to is a high anyl ose ~0o mai ze starch. A

pref err ed) demaengM 19%soyawBigHt 6Ky WRBYALSE o rch A939
mar ket ed by CGoodman Igi eyf‘é/e‘}g# A preferred codr?c)gﬁ?fgat“%g%%rfgé@e to nmeet cost

par anet er s RAlyvinylgeefate, tpaiysnyl alashol and copolyifiess of bihylenaant vinytgiostsait i s

ot at, 11 et b TORL CotnpddhiE (i molfSn Sie almelsrans oo 6006
4 PCTI AQ9/ddhifidndstgeral |y the water content is about 10 to 15 % A

pr ef erreg conc%ntr tion ra,nge for starch is 50 to 70.6% The pol yner
conponenf) d§°8 edpweioht eha pslyiet plastieipery conpatible with starch, water
sol ubl e, gPi |20 mektd ng.. PQi atible with the s
pr ocessi ﬁg f?ﬂﬁ?é?ﬁ?ﬁi%sﬁa%wg é?(f:h.cml%? t/aft/fly%'&)g{ g%lﬁéﬁglps the preferred

pol ymer ButfrgsolOteet2 Yoby sidighteriaddedwatat. cohol , et hyl ene vinyl acetate or
bl engi wi th pol yvinyl al cohol may be used. A preferred concentration range
for eet material is 7 to 9% The preferred plasticiser is glycerol

al t hough i i i : i I ' ~Syitable as is
Sorbr ol T eopsEneairedindlae Rihisehs S el R IS RN g s he
appr opr i Beempfermingirigispradocts swehhastpackagirivays MhendefirstcCornpositions!i t

packages_jit ha een found that |pwer, plastigcizes content inproves the
toughnesggea%%s' 'bﬁ’gprtog?ﬁ? Padiey mge@drﬁﬁﬁgﬂﬁﬁ'@P%l?heqflfpgnivﬂtWtIy due to

t he propfiaimieg. Phe eRtudédshbetidithe HRERRGHeLiRth EH%%@EE%?@%O%&A&Q%’M

hum di ty, pl asticizers such as is glycerol tend to r
st ar ¢h plor yse@shigdagiadapte paskaging. idsually the neegptasvemt thetextpidec tss t he

f | at ' i Ci ; i gid,pol f d,is flexibl
and has. oY iSRS ARG S0 Bl bl o R R nedeRith fhesecs
cont ent fosmutatioaddi ti onal water is added to inprove processing. Thus the

pl asticizes content is preferabl% 0 to 12% and the water content is 12 to
0% For Ihe upper limit to the content of the modified starch is determined by its cost. This

component contributes structural benefits to the resulting material. A preferred

25 component is hydroxypropylated amylose. Other substituents can be hydroxyethy!
or hydroxybutyl to form hydroxyether substitutions, or anhydrides such as maleic
phthalic or octeny! succinic anhydride can be used to produce ester derivatives.
The degree of substitution[ the average number of hydroxy! groups in a unit that
are substituted] is preferably 0.05 to 2. The preferred starch is a high amylose

30  maize starch. A preferred component is a hydroxypropylated high amylose starch
A939 marketed by Goodman Fielder. A preferred concentration range to meet cost
parameters for biscuit trays is 12 to 24 %.
The other starch component is any commercially available starch. This may be

derived from wheat, maize, potato, rice, oat, arrowroot, and pea sources.



20 film processing the plasticizes content is preferably higher than for
rigid sheet products. H gher concentrations of plasticises ippr
flexibility and for flexible packaging films or mulch fil rrszﬁhg’x‘grmerred
pl astici s@¥0@y#oent is 10 to 16% The fatty acid or fatty apcTABed/mbi101
component is preferably present in concentrations of 0.6 to 1 % Stearic
acid is the preferred conponent. Sodi urh and potassiumsalts 2s of stearic

' | 0 ' ' f this
omponent bt o, rer SOMefit RO X0 W08 26 biehd KB RekAR S fande ',
al | suit 5garchtis 59 to J@filet hat t he aci d tgngs go ac;:u_rr}JI 3t ge;\g?ir pt ioo;hgf

L] Lt 1S _extruded. ai |l ed (¢ g
the | nvennelhrigrBaRbhRR 413t He REmBESERG TS Rr?f%éa%jb FheRtbp thierche
desired pratgesdlilsie, pﬁ:dé?gd@bgﬂéﬁd hk8 a%w%eﬁr(;)l\gf@é%éﬁgﬁg@% A@b@}r&

heated above 140 Cin t 1 MAY 20p3 WO _ 1 01
ext r udler PIRFSS§INgteqpesrturesstor starck( Belyliey! althboldisdhe engfermdpslymeedst t o be

troll V.Qi o . na.  The preferr thqod of carrying
out ¢ hi s PO eHind-Cogabondic 8yihs UG AC<TeR ridands aftponiny
vi nyl al catoshopmiayrier udach W prafdrred dohedrityatidel lAngeTBPSIREEtSmbfirI & S free
fl ow ng QV‘%% . The prem xi ng can be carriedout in any conventional m xer.
2 0 sz’“th

The powder en introduced into a screw extruder and subjected to an

o ovat RN Sadidel® SHESTANA05h Bnind BRSSLEY A ERE e 1 &
maxi iuim Bre alse suitable asfis BB CCASTaNE fodalcdritact stedMmRARRR ssURGH udi Ng

iti [ ' ~ hi initial h . Th It that

" or ne oSS ine BbioBln BcplES kiR FREIGY BUETIAY AnvisImenartira bieut | :
| i ' . ¥ 0. 105C. typi ca

bt s, o BkdeIiERAS Bl fouhd Rt ufel A dAMntntinpiold Hlughobs?,

profil e and l@wy tenm, resiienqe of theanateti). THES is padly dluﬁ)tb oitﬁ_e&‘psrlbpwnﬁtgetﬁdt dhéZOf : gm

' ' ' ' i extrudin
D e Pressi M0 EiloobkYLEl e LLIVAD T T, Dbty o, rom
achi eve glyeerotesrmitd fefriovienpater reaflaw darcH pSiidrandi hike {ARbIS griftk. jthe film
glg ed ?o re Flat

between the die and the roller is usually neéde to ensure he film
does not SRS to pragess the farmpdatiamwiih nogelasticizerantbihie rigid golymenl so

formed biotTIee g YeRBICHEERZs BRGY bRclieiionte af (W BUmeBi Voren b cne 111 m
as it explastitiser chretentliglow aditiahaPwbteres baka ed imprdveSdtessihheRAls the educe
bl ocki ngpl%fstict:igeer content is preferably 0 to 12% and the water content is 12 to 0%. For
20  film processing the plasticizer content is preferably higher than for rigid sheet
products.Higher concentrations of plasticiser improve flexibility and for flexible
packaging films or muich films the preferred plasticiser content is 10 to 16%.
The fatty acid or fatty acid salt component is preferably present in concentrations
of 0.6 to 1%. Stearic acid is the preferred component. Sodium and potassium salts
25 of steéric acid can also be used. Again cost can be a factor in the choice of this
component but lauric, myristic, palmitic, linoleic and behenic acids are all suitable.
It is found that the acid tends to accumulate near to the surface of the composition

as it is extruded.

30 Detailed description of the invention
Processing conditions depend on the formulations and the desired properties of
the product to be produced. The materials need to be heated above 140 °C in the



film ' 25 Exanples 1-14 Biscuit trays were made by extruding a sheet and
subsequently therno formng the tray in a hot press. A tw n screw extruder
was used with a screw speed of 130rpm , 30 The barrel ter‘rp%ﬂaw @0Brof i | e
was 95 [diwedooskod adapter], 95, 95, 95) 95, 100, 130, 140, gEQAuddAfli01110,
90, 60.- The process avoi ded foani ng at the die and did not require venting
of the barrel to rempve noisture. The formul ati ons and the initial

2013 vosbPeosa B At Tise s e ruf el reler BagsRdoBar i e out on'

sheet s medatrbliedbels@npISE & awid fodifithg. hese results are shown in tables 2,
3 & 4. TABLE 1

Exanpl €9 ﬁé)&ﬁﬁ{feﬂ@%@ﬂcﬂ@ﬁé@m&w&mﬁ@vﬁpapmmsd\eascmmmwﬁ@mrm edm

| bl e,
st on2ss ot arel T pOlie oM By S0 ooiibanelys wid” © °
weak35 34flze23‘l®MrK7p6Wdi8r The. préhixing desn Be&Hhich 0Bk a@,hbofﬁmmonal mixer.

fl exi bl e ro 5 3 35.,.387., 881 70. 791 ncl udes 3. 92% CaC03sl i ght foam
f I exi bl e eiriiis Bio 2 psrewEtkder padiswbiscted to an elevated

str 0p638téh]a &aﬁﬂr@ h. sﬁgan%%ué%mé %&’é\/sp%zﬁd the application of external
strop739. 7139. 718. 0311. 760 foam flexib

ver yt r op8g8t ©388 bapel. dhelteppEratirads ralsad to 2$ﬁaxnatum iivo tHeoremgef dfepdodce,

L U SO A RV T it
neek 9942 199 Il phAed Ihe BEIIAABiST6ARLY (O idpsioptiidd (SiafiPiin dle SRR 977129

05. 406609. 926600. 324131079. 915519. 888688. 4001
I~ Y 2009aMpODresnibe tamperature & redssedto @.\@lueg irethe: rngeadf S3CTLAUI9/ 01101

a n|t| al 39 «kqursl
week99. 5 3 ‘893, 413106. 0164. 1443. 078117. 3133. 8234. 102127. 9293. 8145. 6951312

. 6245, 17&&yaﬁam&msﬁ5@r&§fb6p@%@cm§tr¢e follfiviig phransétetdie breaking poi nt
O nitial 5,4 hour sl

week956. I60WEraiyrerprofies£o4160,840 29, 41841309951 480552661 16637. 5911219. 18847. 0

3321.,798 9 65148, 55227.66'116.145 From the above tests and
exanp?es%g% %&gé@ eﬁgéi’p% considerations a suitable formulation for this

bi scui t Diepresspté c4400psi s: g
The 1 ay SIENER Bib AR5 PRJABIES EHO TRV SRIBHG IRTA PR ATBING fiE BIotEn | o5
increasing the speed of the take-off roller to achieve the reduced thickness needed
for flexible film. Cooling of the film between the die and the roller is usually needed
20 to ensure that the film does not adhere to the roller. De-humidified air to cool the
film also assists in removing excess moisture frorn the film surface. If the film is
formed by the blown tube method dehumidified air is used to blow the film as it

exits the die. Talc may also be entrained in the air stream to reduce blocking of the

film.
25

Examples 1-14

Biscuit trays were made by extruding a sheet and subsequently thermo forming the

tray in a hot press. A twin screw extruder was used with a screw speed of 130rpm.
30 The barrel temperature profile was 95 [die], 95 [adapter], 95, 95, 95, 95, 100, 130,

140, 150, 140, 110, 90, 60. The process avoided foaming at the die and did not

require venting of the barrel to remove moisture.

The formulations and the initial observations of the trays’ performance are given in
the table 1.



conpar abl e to the non bi odegradable materials currently used. The costs of
production are al so conparable. Is I 2 1 MAY 2~3 i WO 00/ 36006 8

PCT/ AUQ9/ 0L | 01 Exanples 15 - 22The effect of stearic acid content on the
conposition was tested using aformul ati on of Wieat starch3fi %@ IVMAY f2iusd

Anyl ose A93936%ol yvi nyl al cohol 8%3 ycer ol 10%M\t er 10% i 0o The m xture was
processed at a feed rate of 1.5 a screw speed of 100 rpm and the

t enper at umeo ¥ashed e was 70, 90, 100, 130, 140, 140, 130, 115CTIAG99/01103,
110[ di e] Exanpl eStearic acid content [%Torque [% Mass [gl m n]Quality of
Sheet [observation] 150. 057101Rou h surfacel60.451100N ce

sheet 170 ' : | eﬁ%zf? ]

hol esZOSgﬁg%ﬁiﬂgﬁq ﬁ%ﬁwﬁﬁéﬁ%ﬁ%ﬁ{gﬁ’ﬁww t a&%%é@?ﬂ %(S)\Igetégfggﬁozsmet
with a | thessfregotteareTakownsutablesRo® & Hat torque is decreased with increase
in stearic acid content. is Qutput nass peaks at a stearic acid content of
1.2 g. the preferred range of stearic acidis 0.4 to 1.5 % 20 2 1 MAY
2003 WO GAE1G996 9 Exanpl es 23-26 PCT/ AU99/ 0L | 01 The foll ow ng four

formul at _ons_have alsao been found suitable for use in fornmng packagi ng

trays fofFxpowet 9 suchVheathoRW@Hes Glyceralc(StearicVafRemarisExanpl e
23Exanpl g 24Exanpverogex tah 26A93939. 539. 57979 \Kuddt
starch39| 539. 500P\7q¥ll?%5’85t earic acidl111d ycerol $363Wat ef 810810 5 EXAMPLE
57 mylose
1 37.46 37.46 8.1 14.29 0.84  |includes 4.02% talc
. no foam, fairly flexible,
very strong

2 33.51 33.51 7.46 21.05 0.75  |Includes 3.72% CaCO;
No foam, flexible, weak

3 3442 34.42 7.66 18.92 0.77  |Includes 3.81% CaCO;
slight foam, flexible,
strong

4 35.38 35.38 7.88 16.67 0.79  [includes 3.92% CaCO,
slight foam, flexible,
strong

5 37.34 37.34 7.87 16.67 0.78 no foam, flexible, strong

6 38.41 38.41 8.08 14.29 0.81 no foam, flexible, strong|

7 39.71 39.71 8.03 11.76 0.79  |no foam, flexible, very
strong.

8 38.03 38.03 7.69 11.27 0.76  |jncludes 4.23% water
no foam, flexible, fairly
strong

9 81 0 8 10.2 0.8

10 65 16 8 10.2 0.8

11 57 24 8 10.2 0.8

12 24 57 8 10.2 0.8

13 16 65 8 10.2 0.8

14 0 81 8 10.2 0.8

Table 2 - Youngs Modulus

example initial 24 hours 1 week
9 942.591 355.992 395.783
10 743.174 611.025 459.516
11 729.490 578.648 567.977
12 905.406 609.926 600.324
13 1079.915 519.888 688.400
14 1155.357 797.400 749.335




Formul ations as shown in table 5 were prepared for the purpose of assessing
their performance under |ow and high humdity conditions a 1tﬂAYa§&§SS t he
performance of the plasticises under these conditions. Tabl

Mat eri al SA939bNEdUSt eari c aci dWat er d ycer ol A79. 57. 950. PCT/AU99/01101
~~011. 75B78. 317. 840. f ~4. 358. 7C78. 317. 840.

~~7.255. 8D78. 317. 840, E~10. 152. 9E79. 57. 950, E11. 750 Table 6 shows the
strength ct R and table 7 shows the is characteristics
at 15% R or%t h§g}ee$o$€r%§ g%r(& If#%\WO 001 36006 Table 6 - 65%H 10 Z 1 NAY

2f 03 PCT/QAU99/ 01101 For mjhiial onModul us | adoirsT d S. 1w
[ Mpa] El dngati-onA5473.2118B7747 179(‘1anAﬁ‘%Dl%'%61840E18322'?f§ s Table ¥

- 15%H For nul at PonNbdul ds [ Mo&582%I d S. 2.189 3.413

[ Mpa] El CWOZTZC 51316""" “203J0323D2447°§124E26 64423 Tabl-es_é_%nd 7
show t hat_under "hi gh or [nedi u ativel hum d4t19 G ycerjol i nﬁ@%s
toughnegs as negsured by el ongedqzpn. Unfer T owgpglative Num gf § tte

g| ycer olt—absorbs-wvater firomthe starch n _the DOl vner _dnd this eécreases i o

toughnegs. Exantdl e 28 Two for 28 i ons here p36|ddred or bei nd.698 nul a E of

exanpl e 27 and—tFe otther—berng; kg —Sarerexcept—that Yoot S
repl aced_by V\hé]és{t st ar ch. Botﬁz'ﬁggrml as| were {')1Z§essed extruc@e%e%s sheet
and then thernofdornmed into bisgyys 1s trays. ghegirays [were g@sln a
product trial where hiscuits were placed in the tray packaged and then
stored for three nonths. The perfor mance and appearance of the trays were
acceptabl e and as good as conventional non - biodegradable trays. The

significant advantage of the trays made by both formnul ati ons were that

di sposal Tabte Auch straipl & thesredRitg porit trays are difficult for consumers
to

Cc initial 24 hours 1 week
9 56.969 82,532 78.304
10 49.845 43.613 41.588
11 56.550 56.166 37.591
12 19.188 47.033 21.798
13 17.699 40.952 21.165
14 8,652 27.661 16.145

From the above tests and examples and based on cost considerations a suitable
formulation for this biscuit tray application is:

939 Wheat |PVOH Glycerol |Stearic
[hydroxy Starch Acid
propylated

mylose]
15 65.2 8 11 0.8

10 - The trays are biodegradable and have strength and flexibility properties
compargble to the non biodegradable materials currently used. The costs of
production are also comparable.
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WD 00136006 |1 2 1 MAY 2003 PCT/ AU991 01101 conpress and their vol ume cannot
be significantly reduced but by sinply running these trays \ndemaaziggp they
can be conpressed by hand into a small disposable pellet. s Fromthe above
descri pti ovO a#izkoeskanpl es it can be seen that the present i rnEmAUS0IROOVI des
a bi odegradabl e starch polyner that is conparable in price and perfornmance
characteristics to conventional non-bi c};degradabl e polyners. Consequently

packagi n t §osuch as biscuits and chocol ates using a rigid
thernnfo?%gﬁnp%ggﬂiagzbe just as presentable and attractive with the added

benefit (Theodfféntiof gtemniciaoihomitend by tHe cem@bsitiodiviad fisted DaFkagi ng of
products suclg as ngaad) in flexible packaging filns, can alSo be attractive -
and bi od&A4aBeROT: 2" 1 MAY 2003 12 CLAIMS 1. A bi odegradabl e pol yner for

t hernof orm ng ri gi iNng produckgehavi ng the conposition 5 a) 8 to 80%
of a starch nodi fi\glg@tgg&?ﬁic ude an h?gr/‘gxyal kyl C2_6 group or nodified by
react son wi t h Modifietyanylose AB3@ di caBBUxylic acid b) 4 to 11 % of a water
sol ubl e pol yner selgcted fro ol yvin cetate and pol yvinyl al cohol c) up
to 12% added wat er %8%’8{5“5' a'Pga“%Z% of élobol yol plasticises e) 0.1 to 1.5% of
a 02_22 fatty acid oGjywetdl f) the balgpge being a natural starch. 2. A
conposition as clained in claiml1l wherein conponent e) is stearic acid. 15
3. A conposition as Waigihred in claim10%r claim2 wherein conponent b) is a -
pol yvi nyl al cohol conponent. 4. A conposition as clained claim1 wherein

t he polyol plasticises is glycerol. 20 5. A conposition as clained claim1

wher abn” e rpixtuyrelwad pricessedst & BcERite iof 1785 @crsW sﬂegﬁ%f"t@%{\i %n&rtﬂé“ 10

to 12% 6. A biodegradable_filmform ng pol ymer conposition consi sts
of temperature profile was 70, 90, 100,130, 140, 140, 130, 115, 110, 110, 110[die]
Example Stearic acid | Torque [%] Mass Quality of Sheet
content [%] [g/min] [observation]
15 0.0 57 101 Rough surface
16 0.4 51 100 Nice sheet
17 0.8 44 106 Nice sheet
18 1.2 39 114 Nice sheet
19 2 38 106 Sheet with some
holes
20 3 38 106 Sheet with holes
21 4 35 101 Sheet with a lot of
holes
22 5 34 102 Sheet with a lot of
holes

The results show that torque is decreased with increase in stearic acid content.
15 Output mass peaks at a stearic acid content of 1.2 g. the preferred range of stearic
acid is 0.4 to 1.5 %.

20



CAF{2. AF. A. A3h. AFO. Al : . Ayr. AY. A Fe.AY.A ?). A "$.>6
) N5} xsni d_ZU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] cal] cakcaH]&%La] c8a]
ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] cal] ca] ca] ca! 6XO#t
<*Tzupkf aW pesdoea] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] calrealcedomaiggal cal
calU] cal-ca] cal ca]calca]calcalcalcalcalca! Xzfrt @{!j!"# ####@$$$| w mhc " X] ] U]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]( ((:?fc;a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU
calcalc o ca! $$$9& 0) ) *r**
L#+L+ ] - Ek%ﬁ](g]éiz?,l ]OIV1zupke [JUU] ca] ca] cal] ca] ca] ca] ca] caU] cal] ca] ca] ca]c

a] ca] ca] Thpdallaving duwrdpwalletidnshavd aﬁbcwd&ﬁh@ﬂh%ﬁtébléﬁlﬂ]&%] iRFbidiRg+272] 21 2
363364h44445e555 555 5? 9S9Vv9o 9| C Xke‘&U,U] cal] ca] ca] ca]ca]ca]ca]c
aU] ca] caPBS18Y Qﬁ:gﬂ %ﬁ‘%ﬁ S PYEh E‘é@}qﬁeﬁ? sc)¢ BissHitea] caU] ca] caU] ca] caU ¢
a] gi«g iggg/gatgr:lazlir >>E?x,:)aén r? %63 @yt o] %"‘251 cajgalc "151‘%'%% ]qa]Ec)%ﬁrB@f&?U] cal ca
] ca] ca] ¢a] ca‘\i]&ﬁa] caU] ca] 88]&ka] ca| ca] c39.6a] cajca] cayga] ca] ¢al] cafygaJcarf @an\O
AAAAAQB FEEER 3R eEscaacH gblid ZlUlcal clcalcalca] calcala] ca
] ca] ca] ca 3]’"@; E@] ¢al ca]éggca] cia] cafgg] ca] ay ca]Q:a] ca] q a] ca] dh] ca] ca] caj
ca ".>f FIPEHN) - [T [0%&Kg()-C L M =t

109 () LY10% () -ri K 1" 109 () -7, L" 109 ()-2|Y610% ()- FY)10%& @ - Fse1poe: (
)- YL10%g' Slearkiasd’ ()-r @& / 10 [10, =10%& () 3= 1 ‘ y
109%& () 1~ ALY ()2 L 00K () n 2 L1100 ()7 @ ¥/ 10,
109& ()} E%‘M%"E -1 109%& ()- 100 () -30%& ( -"- 104 ()- 10 ) NdE:/ |
10s10%&{ )~ V& (Y-S IO SOV 1096-&—(——"10 N566B:
10! SFf &QMMLW&(@ #1 100&! ()-I%%& ) !1%/&'()- L 108 ()-

6XOdE: / 10! 3109& ()- 1! 109%& () - \ | .

&0Z" 10%& () - F. $109%& () -, 109%& ()-) @O0% ()-~_@ 10S" 10%B& ()-110%88& ()-!
*1098B& ()-f 10 10 101 1:10%& ()- Y510%: ()-#t dE~_ @ 10109B& ()-1Y

10988 ()-9109B& ()- 9

EXAMPLE 27

Formulations as shown in table 5 were prepared for the purpose of assessing their
performance under low and high humidity conditions and to assess the
10 performance of the plasticiser under these conditions.

Table 5
Materials A939 PVOH Stearic acid Water Glycerol

% % % % %

A 79.5 7.95 0.8 0 11.75

B 78.31 7.84 0.8 4.35 8.7

C 78.31 7.84 0.8 7.25 5.8

D 78.31 7.84 0.8 10.15 2.9

E 79.5 7.95 0.8 11.75 0

Table 6 shows the strength characteristics at 65% RH and table 7 shows the
15 characteristics at 15% RH for these formulations.
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&() 3 o 22N o D/ 1010 1nQ|1n0/&(\-
8:1109%&] () - Aigugl ¢ w: Elongation
10H=#1)%}&() 1109 | 11 591() %&'() aﬁO%&()"ZlW () - W&
dEmbC lt)_U_XQ___’LO_Z&_(_);ss -VY#109& () - sfl! 10%& ({

@ 109 () - ((O)A*r**dErfPC 10! '54710%& ()rs' 3.2 R ’l'IrB1 =
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10! 1 2810%& () - 4 1 78

C 1080 14 65
D 1656 18 40
E 1832 27 28

s Table 7 — 15%RH

Formulation Modulus Yield S. Elongation
[Mpa] [Mpa] %
A 1750 27 20
B 1916 33 26
C 2035 33 23
D 2447 38 24
E 2696 41 23

Tables 6 and 7 show that under high or medium relative humidity Glycerol
improves toughness as measured by elongation. Under low relative humidity the
glycerol absorbs water from the starch in the polymer and this decreases

10 toughness.
Example 28
Two formulations were prepared on being formula E of example 27 and the other
being the same except that 50 % of the A939 was replaced by wheat starch. Both
formulas were processed extruded as sheet and then thermoformed into biscuit

15 trays. The trays were used in a product trial where biscuits were placed in the tray
packaged and then stored for three months. The performance and appearance of
the trays were acceptable and as good as conventional non — biodegradable trays.
The significant advantage of the trays made by both formulations were that
disposal was much simpler. Conventional trays are difficult for consumers to
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10 7. A composition as claimed in claim 6 wherein component e) is stearic acid.

8. A composition as claimed in claim 6 or claim 7 wherein component b) is a

polyvinyl alcohol.

15 9. A process for forming starch polymer products which includes the steps of
a) forming a mixture of starch, a modified starch, a water soluble polymer or
copolymer containing vinyl alcohol units, up to 20 % of added water and a
polyol plasticizer and 0.4 to 1.5% by weight of a C12.2; fatty acid or salt
and

20  b) working the mixture and forming a melt within the temperature range of
130°C to 160 °C
c) reducing the temperature and further working the mixture and then extruding
the mixture or injecting the mixture into a mould at a temperature of 85 °C to

105 °C without the need to remove water.
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