1 Bl ODEGRADABLE POLYMERS AND METHODS FOR THE PREPARATI ON THERECF 5

Descri ption The present invention relates to bi odegradabl e
pol yner s,wendiig®peei al | y pol yacrylic and/or pol yasparti ecamrdoloasmses

bi odegr adabl e pol yners. Further, the present 10 invention relates to

met hods for the preparation of the present bi odegradabl e polyners and the
use thereof as, for_ exanple rotective layer or packaging material.

Pol ymer s ar cSLONESRAPABHE EOFRMFRTAND METHOPS FOR THE PREPARATLON o
technical fields such as for packagippgreby nedi cal applications, autonotive
i ndustry, aviation, and common house-hol d applications. However, the ever

i ncreasi ng use of polyners is acconpani ed by serious environnental issues.
General ly used polynmers, such as polyethylene, are 20 in nost cases
petrol eum based, or derived. The use of petroleum or fossil fuel, based
pol yner s Ddddrindtdlon resul ts in, for exanple, phthal ate, phosphate, and
carci nogeni c contam nations of the environnent and high carbon di oxi de

em ssi ons upon conbustion. Accordingly, recycling of 25 polynmers is a good
option to obviate the ahowe gnvifonmenial, Hroblens, Jowevesr, ddiis option is
generally only available for a limted class of polynmers such as high
density pollymerss, Amct kepegptaldly oo lawgind ltike zabb\e ipvdivestced 3@

envi ronment.a robl ens are bj odegradable, or_ c ost abl e, pol rs. In
general Bi% §g§ﬁ§Lﬁ€P 91@6%%%§1§ﬁﬂé?mﬁﬁTyﬁ%V§: e 63F§§§%§K%ﬁ$ch can be
readiby degragad e f@le LXJTULHJHL IR g3 PPapdid drhejf thasi ¢
constituting conponents. In 2 nost cases, these basic constituting

conponentts Sfed b &atesisied dtco RN TIEEd Aelaiticagi srutthicamos” ors otfivet
addi ti Ve%ﬁ:au‘k{l%r,eg%tott%ectq_%oq%%rn%rorp%ac@agﬁlg hemsel,vgs or ot her

or gani sns. partially-“replacing p eum or fossil fuel, based
pol ynmers by bi odegrradatlee palnarerssianidlll v esld iion revdsirgnisfacdanti erseduct i on
of environnmental pollution , Presently, there are two nmin types
of bi odegdt %a%%ﬂﬁﬁﬁﬁéﬁf&@ﬁ?%&%ﬂcgfgiﬂﬁIS A5y dTo P30 9% Sfegr adabl e

Pl asibCs n(ddBR) 1angoxe-iiefegr adabe hhastirts &BF) .aBath oM | lardd r st
undergo chem cal degradation by oxidation and hydrolysis for oxo- and
hydr o- bi stheroad disive pitasitd ePrrlesigectansel YowRvies 1 ed\d toyam itirsiaa sgmgsi cal

di sintegratio rastic reducti.on, i.n thei.r I | ar i ghts. These
snaller,Lﬁ%ﬁégf%%ﬁé%hqg?%ﬁkfbC¥ﬂﬁFgﬁﬁ£%F§7ég%Jfﬁgﬁeéﬁggééﬁﬁgﬁggi
bi odegr adaisers. HBP tend to degrade and bi odegrade somewhat

nore qui ckly than OBP, but the end result is the same - both are converted
to carbon di oxi de, GRS ldid BIEass YOBP rarfgich as polyethylene, are

20 in most cases petroleum based, or derived. The use of
petroleum, or fossil fuel, based polymers ultimately results
in, for example, phthalate, phosphate, and carcinogenic
contaminations of the environment and high carbon dioxide
emissions upon combustion. Accordingly, recycling of

25 polymers 1s a good option to obviate the above environmental
problems, however this option is generally only available
for a limited class of polymers such as high density
polymers.

Another option to avoid the above indicated

30 environmental problems are biodegradable, or compostable,
polymers. In general biodegradable, or compostable, polymers
are polymers which can be readily degraded by, for example,

microorganisms, into their basic constituting components. In



20 generally | ess expensive, possess better physical properties and are
easier to process on current plastics processing equipnment than HBP.

Pol yest erwopbayo9si2pr edom nant rol e as hydr o- bi odegr adablpeTrasiviossesiue t o
their potentially hydrolysable 25 ester, bonds. HBP can be made from
renewabl e resources such as corn, wheat, sugar cane, or non-renewabl e
resources (petrol eumbased), or blend of these two. Sonme of the commonly

used pol yHT's GarESude PR (O yhyAHEG YA KaiEat SR OoHBY 2 e

( pol yhydroxyhuteat 6l et @)oo PleA (ROl a6t G 3G d)or 3R HRGL
(pol ycaprol actone), PVA (polyvinyl acicohol) and PET (polyethylene

t er epht halcatig)lveBespitthert ey ava |celyidnicos gl vimgdegreadablihense yesr 9 t her e
is a con%&n%&n In%ﬁg i% the art for nore 3 biodegradable polyners and
especiallykblo eé?adﬁ%}é pol ymers whi ch, besides their biodegradable
propesties, al so pravilde st herrthenaf cieall garieperddtes, 1 «afnt, e privesdad by
petrol eum based pol yners, such as strength, oxidation stability, 5 thermal
st abi | i tﬁuetlrrar%a&z%%wy“@rrse\}iéfn Fpde Biovegradaimians ild. TS tconpl et e

conversion, of dihe RAlyTRr o Waterr carlon, dioxide and hiopmss by, for

exanpl e, mcroorgani sns optionally in conmbination wth physical
envi ronment al f act éressudh vas thldmreavdrd etwd inghtn, th@eoxyden, tenperature

and/or acidity. nsi deri.ng the above, it is an abject, anmongst other

ob; ect 5. EHPIRNE PRI e A o T & TAVIRe Ao Siie GPatabl o pol yrrer s
wi t h1benefiieicd)r fr-0nes ti1estatcd e@sip)paitd aldoybiidadiptazonp etielsti desol vi ng
t he above indicated 15 probl ens. Thi s object, anongst other

obj ects, (et Byt e Igr d8ett iUMAERI OIS sie0y ICHi9Tg dsveén BiYodegr adabl e
pol yrer's andy Jrethods, f of, £ Arieparal in, 1 hereef . The bipdearadatl e

pol ymers according to the present invention additionally provi de,

besi des @ lsudisitcantresddectdomgilyet € Hhisodegnadabiiln tohedirt pduts ircesli dual t oxi ¢
conponent s, .addi tional beneficjal, .and surpr.i sing, characteristics such as,
amongst  GEifdr S SRR s [Tt FodiGtcd t o oAt G LSSy hi gh

nmechapi cale if@SISt aMes Olsnstinengt h.owR3Speaiddtald Yee e ahoveQRLGine
anongst other objects, is met, according to a first aspect of the present
i nvent i orthepy ameadds fror prosisaitiasqta Bi-odegr adabl e pol ymer conpri sing: a)
preparing an aci di ggp xtyre of ;[0palyacryd 'b%o%%%r rde”@%%%?%rtt I6,.aci d,
sodi umions, one or nore ol igosaccharides, or i'vatives thereof, and
wat er, wherieiki vt héhnard asesuldutng e xdrigr edras ta ipH tegualanteo -odtowerre han 5;
converted to carbon dioxide, water and biomass. OBP are
20 generally less expensive, possess better physical properties
and are easier to process on current plastics processing
equipment than HBP.
Polyesters play a predominant role as hydro-
biodegradable plastics due to their potentially hydrolysable
25 ester bonds. HBP can be made from renewable resources such
as corn, wheat, sugar cane, or non-renewable resources
(petroleum-based), or blend of these two. Some of the
commonly used polymers include PHA (polyhydroxyalkanoates),
PHBV (polyhydroxybutyrate-valerate), PLA (polylactic acid),
30 PCL (polycaprolactone), PVA (polyvinyl aclcohol) and PET
(polyethylene terephthalate).
Despite the availability of biodegradable

polymers, there is a continuing need in the art for more



b) maintaining the tenperature of said acidic mxture in a range of from
80C 5to 130C until an honpbgeneous suspension is obtained; c) adding

pol yvi nylwal2eotmoB12¢ PVA) and one or nore pol ycarboxyl i c &CTa®2010051663
derivatives thereof, to the m xture of ;10step (b) while naintaining the
tenperature in a range of from80C to fBOC until the bi odegradabl e pol yner

is formed. Polyacrylic acid conprises a repetitive structural 15 unit
repr esen@@d&gﬁa&aﬁﬁﬂea QAT 2RAMTSTEE T1 G Yar i tEgéaPa yad9diise aci d

conpri ses;ia diePelddilded SHAG Widladdpida Ry esepad iRy fonny %r(o%'?,@\lo"') »
where n is an integer. A igosaccharides conprise repetitive to 10
st ruct ur a@thsge deadiide i tosr oottt ids  glafdee pfavictess e yg dlcactdsein xyl ose 20

and ri bose. Sqaccllarides are commnlry r ferredolr'(%.as carhba y.dcrat es or

ased p #mers, such’ as sq1eng h, oXx1 % ion_stanil’i g
sugars. nmon “deri vati’'ves of saccharidés are, for exanple, sugar al cohols.
The sbdi umdrens. istddig ipryes etaragiadict oy, Xtair evasre fganeral |y provided in the
formof a sodiumsalt, such as 25 sodi um_hydroxi de, sodi um carbonate or

sodi um cRIGHERE 2 Preflertabl v -Sodi ey dBxicde conversion ofrfdigyr esent

aci di ¢ mgduhe CONR $8s Mat ef WYL RRLEIR! ably Jisrdeion sedpater or
distilled water. The pH of the present acidic m xture is
equal to,ex30wld,owercradrgrphsns oguceras loy pH gforingtdom W8t 7, 4.6,

g’ g: :23 :;:ph]%/:sé:ca ’ Aé’nd{fi%:’odﬁmze’n%a]l’ 4fac%’ozr’ss'S:IL'J’C ' %’sg’uzi't%’avzl’o]l'egc’ jl'i%’h:!t’,7’ 1.6,

10 oxygen, temperature and/or acidity.

Considering the above, it is an object, amongst
other objects, of the present invention to provide novel
biodegradable polymers with beneficial properties at least
partially, if not completely, resolving the above indicated

15 problems.

This object, amongst other objects, is met by the
present invention by providing novel biodegradable polymers
and methods for the preparation thereof. The biodegradable
polymers according to the present invention additionally

20 provide, besides a substantially complete biodegradability
without residual toxic components, additional beneficial,
and surprising, characteristics such as, amongst others,
thermal stability, resistance to oxidation, and/or high
mechanical resistance or strength.

25 Specifically, the above object, amongst other
objects, is met, according to a first aspect of the present
invention, by methods for preparing a biocdegradable polymer
comprising:

a) preparing an acidic mixture of
30 polyacrylic and/or polyaspartic acid,
sodium ions, one or more
oligosaccharides, or derivatives

thereof, and water, wherein the



3.8, 2.6, 1.4,
5

3.7, 2.5, 1.3, 3.6, 2.4, 1.2, 3.5, 2.3, 1.1, 3.4, 2.2, or
According to the present invention, the tenperature of the

present awodbci/aeseure is maintained in a range of fromP8BOEPR@OMSGE unt i |
honmogeneous suspension is obtained. Obtaining a hombgeneous suspension

according to 5 the present

est abl i shing whet her the m xture appears. to be uniforaé or honobgenous, by
e

t he naked eye.

AcEDTdt g ¥ o™t RV b ed@ht 2i iVeRtFoh, TPt OF s

1.

invention can be readily visually determ ned by

a

essential to maintain the tenpspatufg,Qfsthe present acidic 10 mixture in a
range of between 80C and 130C, such at 85, 90, 95, 100, 105, 110, 115, 120,
or 125C, preferably betwekeh 90€iandinisC, therecppeferabtyobesseén 100C and
110C. At tenperatures above 1§Q§ iéhg.oéﬁggsggcga£igeg g%l%rg%hégg&
undesired chenical reactions such &s' 15 ¢aranel fzation or deconposi'tion
whi | esat tenperatures bel ow 80€ insetfuctentanorondgechens cahspeasionity,

such chem ca
m xXture. Siml

the ranges indicated in th

bondi ng, is observed between the constituents of the acidic
ar consi derati oh® @ppPY£9’ mai ntai ning the tenperatures in

PLESERY SLePv20{€)alconol (Pva) AGGOSMAENG to

step (c), polyvinyl alcohof (PVA) and a pol ycarboxylic acid, or a
derivative thereof, are addedotonvhe hohpgenbosyhixtaredef step (b).

Pol yvi nyl al cohol (PVA) has a.repeating structural _unjt represented by
formul a 25 (C2H40),, wherein efgv%ElY%?eb%??e £DOT9CEP%O§£TF%K%C? is a

hydr ogar bon w
four carboxyli

15 unit
Polya
repre
Oligo
sacch

20 and r

th having at |eastpt\w) - @O0 ghouUpPSaisSUeh asetwo, three, or
¢ groups. temperature in a range of from 80°C to
130°C until the biodegradable polymer is
formed.

Polyacrylic acid comprises a repetitive structural
represented by formula (C3H;0;),, where n is an integer.
spartic acid comprises a repetitive structural unit
sented by formula (C4HsNO,),, where n is an integer.
saccharides comprise repetitive 2 to 10 structural

aride units such as glucose, fructose galactose, xylose

ibose. Saccharides are commonly referred to as

carbohydrates or sugars. Common derivatives of saccharides

are,

gener

for example, sugar alcohols.
The sodium ions in the present acidic mixture are

ally provided in the form of a sodium salt, such as

25 sodium hydroxide, sodium carbonate or sodium chloride,

prefe

prefe

rably sodium hydroxide.
The present acidic mixture comprises water which
rably is deionised water or distilled water.

The pH of the present acidic mixture is equal to,

30 or lower, than ph 5, such as a pH of 5, 4.9, 4.8, 4.7, 4.6,

4.5,
3.3,
2.1,

4.4, 4.3, 4.2, 4.1, 4, 3.9, 3.8, 3.7, 3.6, 3.5, 3.4,
3.2, 3.1, 3, 2.9, 2.8, 2.7, 2.6, 2.5, 2.4, 2.3, 2.2,
2, 1.9, 1.8, 1.7, 1.6, 1.5, 1.4, 1.3, 1.2, 1.1, or 1.



According to the present invention, after adding polyvinyl alcohol (PVA)
and a pol ycarboxylic acid, or a 30 derivative thereof, to the honbgenous
m xture olVoxemgirl, the tenperature i s maintai ned at tIreTER2@OM5i6AElI cat ed
above until a biodegradable polyner isformed. The formation of a

bi odegr adabl e pol yner can readily be observed by 6 establishing the
formation of a gel-Ilike structure whi ch, upon cooling, will forma solid

structure. Accordi R§ITFHRE prreddint HARrsitt otV Sord Br e of t he steps of
the present,Jmihode sch s p%te%%rtta)aCl(on)o 2 :ARAOT;  G)a 1841 iR1Rf arabl y
performed under continuous m xi ng such as nechani cal stirring. Accor d| ng to
a pref er redigentddifmemt 56f°Q he fLIS0SIC agpedt cofhangepreesentsuispegrtiioon, the
acidic mxtur af SC% R ai 1r1(g %Io orlsmeesoubsy pgeht .per cent age of the
total wei gsnt 0 ‘he "bi"odegra dab gﬁyrrer o mp(ﬁyacr)ﬂqc acid
and/ o palhsasparddre acivésnt3i%n @ar ess re%@iillymvﬂﬁ&,ll@ndietermlned by

2% to 30% one or m)re ol i gosacchari des, or 15derivatives thereof. According
to anot hé&S e erFeﬁt Cofmiptelng PEP A e dtC & tlﬁ]elfr?rré%erﬂr

inventi O'twon{da_;e%toeéfé qi)y % wei ght percentage of the total
bi odegr adabl € pol yrrer 200 1 to ZOA) pol yvi nyl al cohol; and 0.1 to 3% of

pol ycar boxyl i ¢ aci dkccmrcarrsikrtlwa:tha/@rtdwféoflnvention, it iAccording to yet

anot her preferrleq rrbodl nt of th fH{rsta ec f thee{)Sreer1 ent i nvention,
the presént 25 ‘&ci Lff‘rlé1 ste PP HES a St PESSS ﬁ{]  erabl y
3.5 10 4suchias la1 @H;@fngfte 4>f 4)63;,we45r12 804’C1,an4§, 1309,C,3.s8ch3. a7c % 6, 3.5,

3.4, 3.3, 3.2, 3. 2.5, 2.4, 2.3, 2.2, 2.1, 2, 1.9,
1.8, 1.7,9%. @51, @Orl 1435,1 1310 1125 11£0ror0r1 12MRE presdimraaient or s have

o {he | O Ested Tange and especral v s pHI Rt e ange off 5 5 ko s, P

opt i onal I1yt0|°|¢ .Cbitratdcormtwinds tdie vabdvd ithditdat ed. itermpercitaurielasanges,

opti mal %F%Xhlblt Croé%fggg é%emlcal reactions such as

15 caramelization or decomposition while at temperatures below
80°C dinsufficient, or no, chemical reactivity, such chemical
bonding, is observed between the constituents of the acidic
mixture. Similar considerations apply to maintaining the
temperatures in the ranges indicated in the present step

20 (c).

According to step (c¢), polyvinyl alcohol (PVA) and

a polycarboxylic acid, or a derivative thereof, are added to
the homogenous mixture of step (b). Polyvinyl alcohol (PVA)
has a repeating structural unit represented by formula

25 (C,H,0), wherein n is an integer. A polycarboxylic acid is a
hydrocarbon with having at least two —-COOH groups, such as
two, three, or four carboxylic groups.

According to the present invention, after adding

polyvinyl alcohol (PVA) and a polycarboxylic acid, or a

30 derivative thereof, to the homogenous mixture of step (b),
the temperature is maintained at the ranges indicated above

until a biodegradable polymer is formed. The formation of a

biodegradable polymer can readily be observed by



7 conditions are provided resulting in biodegradable polynmers with

excel l ent characteristics. According to still another preferred
enbodi mrenwoabittdegi2ki r st aspect of the present inventionpCriP2@oesmsn 5
acidic mxture of step (a) conprises by wei ght percentage of the total

wei ght of the bi odegradable poI ynmer: 5%to 60% pol yacrylic acid and/or

pol yaspartic acid, preferably 5 to 55% According to a

further ﬁrséfa@lﬁeg@lé%&ﬁierréﬂm@ftlt% of0 & iFslt™ l&éﬁe&tr&fcq% pre<Ent

i nventi onpdrhe dyiesent \acidi M 4 W iof Shepti@e conprises, by weight
per cent age of the 15 total wei ght of the bi odegradabl e pol yrrer,0.0S%to 2%

sodi um onssuchasO. @53C@rﬁ1®191500 tZlGOEZ&S@H@ g.@®mntion, one or more of

0.4, 0. 45, Q.55, O, 65, 0. 7, 8,0.85,0.9,

0. 95, 1. 0/ 1T OETETY, PSTE yrEehs ey g step (@), 0,

1.5, 1555,2hdy,ck 6&;)1.akel pﬁ‘éfbrhbly?@e]rf&rhe% uhdr Lo, 2 %sThe -qaresent

i nventors have surprisingly found that by carefully controlling the anpunt
of sodi uRYGhES FRGGHAGL iStiddnBi9ati on with the above indicated 20

tenperature and pHAANGes., PR MRl JSAGHQN.cro BRSS! IgIKidng, andi tions
are provided resulting in biodegr adabl e polynmers wth excellent

char act erdsgtsiags.of the presentAamtn@rt,oty@t aa ifdurct ek tprref erfr edtep
enbodi manéa)of therlf |erstb as of et he present, i nventl og the h‘?ﬁhesflent 25
aci di ¢ m Xtur€ St $t%p Fa) c r iFSESBY A5 ght P8t Céitagd Gt hé Xt ot al
wei ght oftHehe ibidedegicrdakl @ aeingrer 2% to 25% preferably 2% to 20% of one
or nore oligosaccharides, or derivatives thereof. The pr esent
ol i gosacchari des can corﬁ?r itse$ 0%, Pplvacnylis apidgangl/er 10 sacchari de
units. 30Preferred oli g0RA g%;IICEQ% %%Cl .ding to this enbodi rent of the
present invention are di- or trisacc ari des, preferably selected from
t he group consisting of Zucrosd,eaml tsagk,unl actrose,armi gerotri ose, 8
mal trotri ose, mnelezi toseé,o/ sugar .al cohol s, mannllt ol , orhbl t%{ xyI itol,
rml t| tOl and |aCt| tOl ) ] O X one oOr more o lgosaCC arides ,
15 derivatives thereof.
According to another preferred embodiment of the
first aspect of the present invention, in step (d), are
added by weight percentage of the total biodegradable
polymer:
20 - 0.1 to 20% polyvinyl alcohol; and
- 0.1 to 3% of polycarboxylic acid, or a
derivative thereof.
According to yet another preferred embodiment of
the first aspect of the present invention, the present
25 acidic mixture of step (a) has a pH of 1 to 4.5, preferably
3.5 to 4 such as a pH of 4.4, 4.3, 4.2, 4.1, 4, 3.9, 3.8,
3.7, 3.6, 3.5, 3.4, 3.3, 3.2, 3.1, 3, 2.9, 2.8, 2.7, 2.6,
2.5, 2.4, 2.3, 2.2, 2.1, 2, 1.9, 1.8, 1.7, 1.6, 1.5, 1.4,
1.3, 1.2, 1.1, or 1. The present inventors have surprisingly
30 found that by carefully controlling, or maintaining, a pH of
the indicated range, and especially a pH in the range of 3.5

to 4, optiocnally in combination with the above indicated

temperature ranges, optimal reaction, or crosslinking,



According to also a preferred enbodi ment of the first aspect of the present
i nvention, the present one or 5 nore polycarboxylic acid, such as two or
nore or twoeellawstmre, is a di- or tricarboxylic acid prerarampswhosen
fromthe group consisting of citric acid, isocitric acid, aconitic acid,
tricarballylic acid, succinic acid, nmaleic acid, citrofol al and citrofol
bl, preferably citric acid 10and/or ci trofal According to

bl .
this pref&%d Esoditre it P i€ or hoie PolyCAasRHariad Sadi Yy added,

by wei ght,ipey centage @f the fdotal; meight of the bi odegradabl e pol yner in an
anount of 0.1%to 2.5% preferably 0.2%to 2% nore preferably 0.3% 15to0

1% nost preferabl W@®B%ing to still afedhsol ywomfsoxydd erdgidd meat e

unsubsti tut ed .qr_.substi t ut any rest .alkyl,. alcenyl, alcynyl, acyl,
aryl of é:lr%/e %elrlrgstth.asﬂ?eCtdeor%id\}:g{el \?eés/eso lrlsct he 'po tylcoélr’b(;%g ipcreascel)é1 s can be
esters oracdmidesni@Burdeofod saleand )blccate ke b w2 HHURAC asitiageetdtyl and
tributyl citrate, respectivel é According to the present_ inventjon,

pol yvi nylti& &SRAL (BvAPt £1fa Rig dave anaal @B sep YD)t atid%e
mai nt ai ni ytar&%ytla_@%rcﬁtdj;a%dﬂ%ra JARGE Rfr fr0MBOC 19 130G Rt id {he

bi odegr adabl’e pol'yner is formed. According to a 25 preferred enbodi ment,

pol yvi nyl55&.cohol (PVA) is added, by wei ght percentage of the total weight

of the biodegradabl e pol yner, in nount of_ 0. 1% to,20% pref ly 0.5%
to 15% nore pref erp’acbclpoyr o0t 6501(?%%%§terprperfe§reéfbrle f‘%btoglgfﬁgltAco%:)% |eyng to

t he poesefitrdth\eifldan,o it ke epraseint3Q mritads: ,f emdreraldmg a kiiedegr adabl e
pol ymer as outlined above preferably conprise preparing an acidic m xture

conpri si My X6 o BTtE R eget A TafdiSor LanivifalIlGi 28 Taitdrt 619 4tfs Hé ect ed
from the gpoUp LRSSt NG 1Qf bri%%f’e%%%qja%]'e go% dve Pidse Garaway oil, soy

oil, walnut oil, hazelnut oil, peanut ol r peanut butter, coconut butter,
| enon oi Isodsiheep drat ,susdefadf dx.,058nd fli,si .did,. OAccorddi2ig tla 3,hils 3or,ef erred

enbodi nent,. the t hod f the present inventj C ri se e or. nore
veget abl &nd/ dr4%agrorr21’ |'%35’atbd/6greo_f' S e?r'ﬁ’ac?d&_g” &%e%ac%%gi & mrxt ur e,
by webghty pey,centigge .afs,t he 1t otial; sweight, of Ad)e bixndegrsadahl e pal ysgr, in

an anmount of 0.1%to 5% preferably 0.1%to 4% 10Preferably, the nethod
accordi nd t%0 thhe Jr dsént li-hentli-on cdorpri des/ /f drter laddi Ag G st-ép (d), by

wei ght per cent ,Of e.total i f A i I I gy, 0.5%to
20% rmno-el ';9ﬁ5d/ %g%oﬁ'saTtg%h rr%%gtgﬁ%%t%ﬁg %%‘%D%ce!ﬁ tfg%%g?elggg} or nore, such

as two orchmor éy tdarres udrl ynaroayt rH8 Ifiouy tore raproeintf iofe sardimor e,ontyy,dr ophobi ¢
silica and/aor silicate, preferably aerosil R972 and/or sodjumsilicates, in

an amount°R5f 9019 18" S HrEer b 16 02% P03 eI Ef erably 0. 05% t o

1% 20 temperature and pH ranges, optimal reaction, or
crosslinking, conditions are provided resulting in
biodegradable polymers with excellent characteristics.

According to yet a further preferred embodiment of

the first aspect of the present invention, the present

25 acidic mixture of step (a) comprises by weight percentage of
the total weight of the biodegradable polymer 2% to 25%,
preferably 2% to 20%, of one or more oligosaccharides, or
derivatives thereof. The present oligosaccharides can
comprises 2, 3, 4, 5, 6, 7, 8, 9 or 10 saccharide units.

30 Preferred oligosaccharides according to this
embodiment of the present invention are di- and/or
trisaccharides, preferably selected from the group

consisting of sucrose, maltose, lactose, nigerotriose,



Hydr ophobic silica is silica that has hydrophobic 20 groups chemcally
bonded to the surface. Hydrophobic silica can be nade both from fumed and
preci pi t avedosid9srza. The hydrophobi ¢ groups are nornal | yCalHPg010051663

pol ydi net hyl si | oxane chai ns. Sodium sild cates can be, for exanple, Na25i G3,
Na45i O4, Na Si 207 25According to yet another preferred enbodi nent of the
nmet hods according to the present invention, present step (a) and/or step
(d) furt B CEHPricSE adti ivd - 3P SreiSgie @r]t?&]i’t&&e FPHE Yot al  wei ght of
the bi odegradablie pgliviney,, % 03%d0 3%q preferably 0.1%to 4% nore
preferably O. 2%to 30 3% either in total amounts or separate anounts, of
one or m)re addi t i VessorThegrtes ents corse rore freoree ca cditddiens rdr eDfprtélfeer ably
sel ect ed the r.ou nS|st|n gl.ycer ol I onlc aC| , acetal

sodi um su prh &5 & le%og’% eff%t v vort l{% (%

pr opane- ho%eB-gduy@a,rm@ngwmm agicth arse tpal )OQI snoﬂ‘aeydzrroe;aarﬁmywrw th nore
t han one al cohol (- OH) organic group. The respective fornulae are
C3H5( OH) 3'%41d CEHE2O~ GthérE IpaIysry Indy 2411$b e IsFiardm €L ossioditdds

accor di ng 0 gtﬁ&%porc%%%'ltsﬂﬁ\@e@ﬂ Qn rarie. chen calsLamaunds. jcapabl e of

killing I'iving organisms, usually in a sel'ective way. Biocides are conmonly
used i n redircitne;, aa:grd,cmrtmeerbafldxyé-sicryacam iswdaidust racivhemes ltshey prevent

the foulin f ter nd 0|I %ome 10 co oundsC used as, bi oci des

are al so agﬁﬂo’o dd 8 andit §r§g€ lor FhiSiTrectant's Uhd&© 6t her

condibi onssd/or citrofol thcor d| ng to the present invention, suitable
additional additives are anti caki ng agents, anti OXI di zi ng a ents,

anti f oani ng agent s ACSOTEBINGUN D 1S REEdrdingg! o as i@ssdai 4l ¥efost r ed

enbodi ne f t r t n, ent
met hods Sr%hgﬁggép%@éyggggfagﬁq{ d)aq(;%o%poﬁ%gnédyg\r{f%qtg‘#g tpheerl%%i o&%r adabl e

pol ymer ctbtealthJ nwesitogyr (o) tine aalpr@msiadﬁ@smﬁmm tilme agr o uwansi sti ng
of extru3| 0.th formng, inje l.di n bl ow nol di.ng, .coati ng,
api i ng.07 Ol ng.® Conpod BN T o 2 i randiat medargeLy %

Extrusi ond sl/da @{d%&;é%ﬁ:el{'iﬁ%ﬂl@{ greate objects of a fixed cr oss sect i onal
profile. A material is pushed or drawn 25 through a die of the desired

cross-section. The POlYC’FFf@pﬁWflélcmaﬂgdi §ag ﬂ?@n@ﬂ@@b@ﬁllﬁglt@do@éss where a

| ast t g f
Cpect 110 Shapd T o 1 & a1 G L 6 CredS B GAHE i oader Tine

sheet, orof" fariymle&dm I afrer rdeng vtaa 13@ o kimnére galiges rdndk yderd aiaidwat eri al
types, is heated in an oven to a hi.gh-enough tenperature that it can be

stret che®d™i 66t %4 SHdsnd %@t ¢'a Fihihéd SSHaa™ P

20 IUPAC as triethyl and tributyl citrate, respectively.
According to the present invention, polyvinyl
alcohol (PVA) is added to the mixture of step (b) while
maintaining the temperature in a range of from 80°C to 130°C
until the biodegradable polymer is formed. According to a
25 preferred embodiment, polyvinyl alcohol (PVA) is added, by
weight percentage of the total weight of the biodegradable
polymer, in an amount of 0.1% to 20%, preferably 0.5% to
15%, more preferably 1% to 10%, most preferably 1% to 5%.
According to the present invention, the present
30 methods for preparing a biodegradable polymer as outlined
above preferably comprise preparing an acidic mixture
comprising one or more vegetable and/or animal oils and/or

fats selected from the group consisting of rapeseed o0il,



Injection nmolding is a manufacturing process for producing parts from both
t hernopl astic and thernosetting plastic materials. Material is fed into a
heat ed bawoebii/aeseed, and forced into a nold cavity whePeTiHP2@00586aNd 5
hardens to the configuration of the mold cavity. Injection nolding is

wi dely used for manufacturing a variety of parts, fromthe snall est
conponent to entire body panels of cars. Blaow nol ding, also known as bl ow
formng, V& Meruf &g PrioceSy BV lahi"CH R 199vh pIPEAS @ Yrart's rar e 10
formed. Idedrsit@ JAMOGRSHisRE tRaduce hellow hjeast s Sfpmdiher nopl asti c.
First, a preform (or parison) of hot plastic resin in a sonmewhat tubular
shape i s stresadt ddit ,Séecmid, fad preess driistedigas, usually air, is used to expand

the hot preform an%cproersds it t%g%lthnlsst par rEDIrgjr CcfiVeiH{[kX)' .'!'nheentprec%seure is 15 held
until the plastic ¢001%s, S action‘identifies another conmon feature of
bl ow ol ded hardd elfeshParrte sdintensivenali detcainlpdissbetrieerorcanineol | ed on the
outside than on the inside, where nmaterial wall thickness can alter the

i nt er nal SWEFELIGhCEYRE FIrdStiilc HedS cosl/éd it sharde @ shé mdh¢ 20 opens

up and the pard :Stgi&ct ?ﬁif weight percen®dYY €3SiQR wt%!lngqé_i%kﬁ; gt hod of
nol ding in which the nolding material, generally preheated, 1s first placed
in an opéme heatdednaolad lcawalymerhe impladh iagnacindsed Wt & &% .f orce or pl ug
menber, pressure.is applied o 25 force the material into contact with all
mol d ar ed¥ S WHide theat: and pressure are maintained until the mol di ng

materpal has curedpreferably, thE arRsfeyd mldingdes o precesswhere the
anount of nolding material is neasured and inserted before the nolding 30
t akes pl dé¥ CTTREMSIHRNTY St SidnNgSs asYehdatied S&fd | GRdedPYi ftcs- A tchamber
known as t. er J:s. qt e fOrC terd f t he pot
t hr ough gleg%r%%sagkésg\%%gga é:dg;drlugo%gr?gﬁr S)rﬁ\grhesfgﬁgr%@%rﬁ%@#e@r% yrg%?évi ties.
The nol d 0.52 rtenwilrts nolrgse dhray drhel immtaarhizalides iangerdredrand i sncopened to
rel ease the part fromthe sprue ﬁd runner. The nold walls are heated to a

t enper at (HETABGVE e el FiTg Bt Sof- "thé mdld Srat™eri®a 0 M%<l | ows a

fastep flowofomatard, alfithr oo, heyeawdi®s.c silica and/dxccording to
still another preferred enbodi nent of the first aspect of the present

i nvent i ors1 ltilse tsr e Serntf sicddegrradasiid pol \vmem defrorse Sitdp Sid)icatsesm xed with
anot her nol YITRT.y RI&f €] %13, Riodadr adabls. palyipry,oThics Aspept-of 10 the
present invention all ows for app?l yiig 't he present method in'a recycling
process. preferably 0.7 hicodegr adabl e pol yners obtai ned by the present

i nvention provide excellent properties besides bi odegradability, such as,

anongst ot hers, t héMEICPIR AR SR oS sttaicd g OFdARiGY, /r hi gh

mechapi calrJgs hance AN SYLREHN to the surfacACHRILiRId he present
invention relates to, according to a second aspect, biodegradabl e polyners
obt ai nablcarbya e drettedds faomftuniatedrgbevecipitated silica. The

hydrophobic groups are normally alkyl or
polydimethylsiloxane chains. Sodium silicates can be, for
example, Na;S103, NasSiO,, NagSiz07.

25 According to yet another preferred embodiment of
the methods according to the present invention, present step
(a) and/or step (d) further comprise adding, by weight
percentage of the total weight of the biodegradable polymer,
0.05% to 5%, preferably 0.1% to 4%, more preferably 0.2% to

30 3%, either in total amounts or separate amounts, of one or
more additives. The present one or more additives are
preferably selected form the group consisting glycerol,

gluconic acid, di-acetal, sodium sulphate, and biocide.



20The present bi odegradabl e pol yners can suitably be used for a nunber of
appl i cations. Accordingly, the present invention relates to,
accor di ngvoaoa/mgized aspect, the use of the present bi oegmrEeda@blosicpd| yer s
wherein the use is selected fromthe 2p,group consisting of for coating
surfaces, as a protective layer, for thermal insulation, for anti-oxidation
i nsul ation, for the _manufacture of packagi ng6 materials, the manufacture of

food containers, andY%dreE ManFadtaFe o5 f sod pridtcdet iVE FHY1130The

present ifventd.en giilldothe fyther ould ned rand detaided Jan dhefal | awi ng
exanpl es of preferred enbodinments of the present invention. These exanpl es
are not piHovicdedntic Iqunaue .t Hédes ape it itvite frmawdmte ianceft:Ho O amd way

si nce 011/0 22PCT/ EP2010/ 051663 13 the,s e of the present

Cventi o e By P Red by Fha npEads (&I GTRe. I n the exanpl es,
reference i s made tBIddigiEesaderdding th Kigure cHeepr asenirs itdie ak@A of three
bi odegr adabl e pal yner batches Figure 2represents the DSC of three

bi odegr adabie G501 VIREE BAIh S & B3dHdvis Bacteritgl StAidies'Swi th a

bi odegr adahl-g 110RQ) YRl 1% SURPOrL, PAMLES Bampl@rholny useq in Five
sanpl es of the present biodegradabl e polyners were prepared. The

const i t uertcs aofnet hesr ipol yiverss  droe-getesertned dim ITabise rv. wheerebitddegr adabl e
pol ymers can suitably used in _any applicati.ons wher.e usu et rol eum 20
T s 6 i todl dett y ‘o FHetiic

based polRierar e _ _ _ i€ For"manuf acture of
pl astdc telmuddy weat iarg Kfodkial ld:e dedLesisiusR as apparatiss 1mde of
stainless steel, titanium alumnum as well as in packaging industry, such

as prot eS¢ X Qe i THiESd A6rS Moo SFadieagiing.c®s WO
2011/098122PCT/EPZQ&Q&Q%%ﬁQ?tO the present invention, suitable

additional additives are anticaking agents, antioxidizing
agents, antifoaming agents, or colouring.

15 According to an especially preferred embodiment of
the first aspect of the present invention, the present
methods further comprising step (d) comprising shaping the
biodegradable polymer obtained in step (c) by a process
chosen from the group consisting of extrusion,

20 thermoforming, injection molding, blow molding, coating,
spinning, rolling, compression molding, and transfer
molding.

Extrusion is a process used to create objects of a
fixed cross-sectional profile. A material is pushed or drawn

25 through a die of the desired cross-section.

Thermoforming is a manufacturing process where a
plastic sheet is heated to a pliable forming temperature,
formed to a specific shape in a mold, and trimmed to create
a usable product. The sheet, or "film" when referring to

30 thinner gauges and certain material types, is heated in an
oven to a high-enocugh temperature that it can be stretched

into or onto a mold and cooled to a finished shape.
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Injection molding is a manufacturing process for
producing parts from both thermoplastic and thermosetting
plastic materials. Material is fed into a heated barrel,
mixed, and forced into a mold cavity where it cools and
hardens to the configuration of the mold cavity. Injection
molding is widely used for manufacturing a variety of parts,
from the smallest component to entire body panels of cars.

Blow molding, also known as blow forming, is a
manufacturing process by which hollow plastic parts are
formed. It is a process used to produce hollow objects from
thermoplastic. First, a preform (or parison) of hot plastic
resin in a somewhat tubular shape is created. Second, a
pressurized gas, usually air, is used to expand the hot
preform and press it against a mold cavity. The pressure is
held until the plastic cools. This action identifies another
common feature of blow molded articles. Part dimensional
detail is better controlled on the outside than on the
inside, where material wall thickness can alter the internal
shape. Once the plastic has cooled and hardened the mold
opens up and the part is ejected.

Compression molding is a method of molding in
which the molding material, generally preheated, is first
placed in an open, heated mold cavity. The mold is closed
with a top force or plug member, pressure is applied to
force the material into contact with all mold areas, while
heat and pressure are maintained until the molding material
has cured.

Transfer molding is a process where the amount of
molding material is measured and inserted before the molding
takes place. The molding material is preheated and loaded
into a chamber known as the pot. A plunger is then used to
force the material from the pot through channels known as a

sprue and runner system into the mold cavities. The mold



0.70 1.55 1.46 dycerol 0.50 0.70 3.0 0.98 Mannitol 0.78 Sucrose 20.00
9.50 7.00 3.90 4.87 Citrofol bl 0.50
WO 2011/098122 PCT/EP2010/051663
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remains closed as the material is inserted and is opened to

release the part from the sprue and runner. The mold walls

are heated to a temperature above the melting point of the

mold material; this allows a faster flow of material through
5 the cavities.

According to still another preferred embodiment of
the first aspect of the present invention, the present
biodegradable polymer before step (d), 1s mixed with another
polymer, preferably a biodegradable polymer. This aspect of

10 the present invention allows for applying the present method
in a recycling process.

The biodegradable polymers obtained by the present
invention provide excellent properties besides
biodegradability, such as, amongst others, thermal

15 stability, resistance to oxidation, and/or high mechanical
resistance or strength.

Accordingly, the present invention relates to,
according to a second aspect, biodegradable polymers
obtainable by the methods as outlined above.

20 The present biodegradable polymers can suitably be
used for a number of applications.

Accordingly, the present invention relates to,
according to a third aspect, the use of the present
biodegradable polymers wherein the use i1s selected from the

25 group consisting of for coating surfaces, as a protective
layer, for thermal insulation, for anti-oxidation
insulation, for the manufacture of packaging materials, the
manufacture of food containers, and the manufacture of food
protective films.

30 The present invention will be further outlined and
detailed in the following examples of preferred embodiments
of the present invention. These examples are not provided to

limit the scope of the present invention in any way since
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the scope of the present invention is only determined by the
appended claims. In the examples, reference is made to

figures wherein:

Figure 1 represents the TGA of three biodegradable polymer
batches

Figure 2 represents the DSC of three biodegradable polymer
batches

Figure 3 shows bacterial studies with a biodegradable

polymer as support

EXAMPLES

Example 1

Five samples of the present biodegradable polymers
were prepared. The constituents of these polymers are
presented in Table 1. The biodegradable polymers can
suitably used in any applications where usual petroleum
based polymer are used, from food industry to medicine, for
manufacture of plastic tools, for coating of metallic
devices such as apparatus made of stainless steel, titanium,
aluminum, as well as in packaging industry, such as

protective films or food (or non-food) packaging.

R972



Rapeseed oil 2.80 Sunfl ower oil 0. 20 Sheep fat 0.70 Soy oil

0.90

10
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Table 1: Biodegradable polymer of five samples

% in weight of total polymer

A B C D E
PVA 2.40 1.20 4.86 1.00 1.32
PAA 7.48 6.25 35 39.06 | 48.73
Sodium ions 0.10 0.75 0.70 1.55 1.46
Glycerol 0.50 - 0.70 3.0 0.98
Mannitol - - - 0.78 -
Sucrose 20.00 9.50 7.00 3.90 4.87
Citrofol Dbl 0.50 - - - -
Citric acid - 0.50 0.50 0.50 0.50
Sodium silicate 0.06 - 0.70 - -
Aerosil R972 - 0.50 - 0.10
Ethanol 0.50 - - -
Rapeseed oil 2.80 - - - -
Sunflower oil - - 0.20 -
Sheep fat - - 0.70 - -
Soy oil - - - 0.90 -
Almond oil - - - - 3.87
Emulsifier 0.20 0.50 0.75 1.00
Example 2

The stability of the above biodegradable polymers
A to E has been studied through the thermal behavior with
respect to degradation and melting point. Representative
thermogravimetric analyses (TGA) and differential scanning
calorimetry (DSC) curves are presented in Figures 1 and 2
showing a general trend for the biodegradable polymers of
the present invention.

Figure 1 presents the thermogravimetric analysis

of three different biodegradable polymers (A, B and C). The



Al nond oi | 3.87 Emulsifier 0.20 0.50 0.75 1.00 Exanple 2 5

The stability of the above bi odegradabl e polynmers A to E has been studied
t hrough twe 20twmsrek behavi or with respect to degradati orCam®20mlosiony poi nt.
Representative thernogravinetric analyses (TGA) and differential scanning
10 calorinetry (DSC) curves are presented in Figures 1 and 2 showi ng a
general trend for the bi odegradabl e polyners of the present invention.

Fi gure 1 reseét SGHeT REtbgradamtidss aialysits &f RS A Fernt
bi odegr adal@ Pelaymis idnBa0¢ Cpscihrq b Saml esdeested shawdo

degradation up to a tenperature of 388C. Degradations were observed between
388C and A89@.rcHea tp aseietg teiceddgr adabime o layree tdeared cigereésflor & calilee t o be

heated and. ynder.go, i g temeral Ures WAh no. degradal ion.. SElgure 2
presents e calori metri neasur enent s cand shows an en hermc melting
process. The nelti Figerper atrr=ents MPEES WA ratnek30.3nE.a dxamalre s3 10

and shows an endothermic melting process. The melting

temperature is measured at 130.35°C.

Example 3
10
Oxidative induction time (OIT) was performed in a
DSC and allowed to measure the level of stabilization of the
material. OIT was carried out on the biodegradable polymers
according to the invention. All biodegradable polymers
15 tested (A to E) showed an improved stability to heat up to

150°C in increased oxygen atmosphere.
Example 4

20 Figure 3 shows a representative picture of a
biodegradable polymer according to the present invention,
i.e., A, used for bacterial growth. The biodegradable
polymer had no anti-bacterial additives. Biodegradation by
the bacteria can be readily observed. Similar results were

25 obtained for polymers B to E.

The biodegradable polymers according to the
invention can accordingly be used for bacterial growth or
micro-organism culture. However, the presence of anti-
bacterial additives can be desirable for the manufacture of

30 sterile materials or for medical purposes.



Oxi dative induction time (OT) was perfornmed in a DSC and all owed to
nmeasure the |level of stabilization of the material. OT was carried out on
t he bi odewoadualsei2pol ynmers according to the invention. ACh/Hr2adegréasiabl e
polymers 15 tested (A to E) showed an jpgproved stability to heat up to 150C
in increased oxygen atnosphere. Exanple 4 20Figure 3 shows a representative
picture Qf a liifeglc'j_)egr adabl e pol yner according to the present invention,
i.e., A ORI bacterial growth. The bi odegradabl e pol ymer had no
anti-bacterial additives. Biodegradation by the bacteria can be readily
observed. Simlar results were 25 obtained for polynmers B to E.
The bi odegr adabl e pdiley reeress tace rdinsy e st kend mesritstemasan cadosrediangl y be
used for bact orlal Arouth ory mor ¢-Qrogniamouliune. Joueyer , fhe br esence
of antibacterial additives Can Be desi rable F6i the ranufact ire oF 30
steribe mater,i a 3 0E,f ehmedjicalerpuiposesst s MO0 YHRL8 12RCT/sER2GHY 051663
16 Exanple 5 The el astic properties and resistance to breakage
have beerFedfetSriGred I dOT e Hi ddéy F PP Patres 2B Liee 15 A to
E, throughtensidie test - The o¥qung smduldis, & and 1nesislanga d o forces of
t he bi odegradabl e pol ynmer sanples is conparable to, or better than,
commer ci agldlymevai.l abl e pol yners. 10 Table 2: Tensile tests with 2kN | oad
cell and speed of 5 mMmimn Sanple Wdth (mm Thickness (nm E- Mdul us MPa
Stain Fmax %

10 Table 2: Tensile tests with 2kN load cell and speed of 5

mm/min
Sample | Width | Thickness E- Stain Stress Strain
(mm) (mm) Modulus Fmax % N/ mm? break %
MPa

A 5 0.2 749.68 225.63 27.80 229.58

B 5 0.32 425.89 255.25 23.86 259.71

C 5 0.37 330.56 255.33 18.63 271.62

D 5 0.36 370.87 298.45 21.78 305.40

E 5 0.5 281.46 284.79 21.01 293.00




Stress Nmm®2 Strain break % A 5 0.2 749.68 225.63 27.80 229.58 B 5 0. 32
425.89 255.25 23.86 259.71 C5 0.37 330.56 255.33 18.63 271.62
WO 2011/098122 PCT/EP2010/051663
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CLAIMS

1. Method for preparing a biodegradable polymer
comprising:

5 a) preparing an acidic mixture of
polyacrylic and/or polyaspartic acid,
sodium ions, one or more
oligosaccharides, or derivatives
thereof, and water, wherein the

10 resulting mixture has a pH equal to or
lower than 5;

b) maintaining the temperature of said
acidic mixture in a range of from 80°C
to 130°C until an homogeneous suspension

15 is obtained; and

c) adding polyvinyl alcohol (PVA) and one
or more polycarboxylic acids, or
derivatives thereof, to the mixture of
step (b) while maintaining the

20 temperature in a range of from 80°C to
130°C until the biodegradable polymer is

formed.

2. Method for preparing a biodegradable polymer
25 according to claim 1, wherein the acidic mixture of step (a)
comprises by weight percentage of the total weight of the
biodegradable polymer:
- 5% to 60% polyacrylic acid and/or
polyaspartic acid;
30 - 3%, or less, sodium ions; and
- 2% to 30% one or more oligosaccharides, or

derivatives thereof.
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CLAI V5 1. Method for preparing a biodegradabl e pol yner

conpri si Nyo 28E)09pr2epari ng an aci di ¢ m xture of pol yacryPCt/ERoabh051663

pol yaspartic acid, sodiumions, one or re oligosaccharides, or
derivatives thereof, and water, wherein the 10resulting m xture has a pH
equal to or lower than 5; I{ﬁt{)%émai ntai ning the tenperature of said acidic

mxture in a range 30f Mot € ETEBOELLM A LA REFEGERe6uS s yEFénsi on 15i s
obt ai ned;; and-GhAdd Rg POl Wvidwlo akgeheli ( PYA) ard, org 0r DRIded

pol ycarboxylic acids, or derivatives thereof, to the m xture of step (b)
whi | e maibn aiedighg tdeecentage of the total weight of the

biodegradable polymer:
5 - 0.1 to 20% polyvinyl alcohol; and
- 0.1 to 3% of polycarboxylic acid, or a

derivative thereof.

4, Method for preparing a biodegradable polymer
10 according to any one of claims 1 to 3, wherein the mixture
of step (a) has a pH in the range of 1 to 4.5, more

preferably 3.5 to 4.

5. Method for preparing a biodegradable polymer
15 according to any one of claims 1 to 4, wherein the acidic
mixture of step (a) comprises by weight percentage of the
total weight of the biodegradable polymer: 5% to 60%
polyacrylic acid and/or polyaspartic acid, preferably 5 to

55%.
20
6. Method for preparing a biodegradable polymer
according to any one of claims 1 to 5, wherein the sodium
ions are provided by adding sodium hydroxide to the acidic
mixture of step (a).
25

7. Method for preparing a biodegradable polymer
according to any one of claims 1 to 6, wherein the acidic
mixture of step (a) comprises by weight percentage of the
total weight of the biodegradable polymer 0.05% to 2% sodium

30 ions.

8. Method for preparing a biodegradable polymer

according to any one of claims 1 to 7, wherein the acidic



20t enperature in a range of from380C to 130C until the bi odegradable
polymer is fornmed. 2. Method for preparing a biodegradabl e pol yner 25
accor di ngvoaocl/@srzel, wherein the acidic m xture of stepcifapP@onprosses by
wei ght percentage of the total weight t he bi odegradabl e polyner: 5%to
60% pol yacrylic acid and/or polyaspartitc acid; 303% or |ess, sodiumions;
and 2% to 30% one or m)re al i gosacchari des, or derivatives ther eof. 18

3. Met hodiFH st Sfarithd o i 6E8EFAda S RECGFRTRER & clEim 1 or 2,

wherein, ddi St R il A e rRddadyy MR-l RLNGRLAGS of, Ui total weight of
t he bi odegr adabl e polynmer: 50.1 to 20% pol yvi nyl al cohol ; and 0.1 to 3% of
pol ycar baxyfieraddivd 2 %ort ca 2déri s e titrrceofLigosaccharides,4.0mvet hod f or

preparin a b| (%flev%raqf%bl eoqjol ynmer 10 according to any one of clainms 1 to 3,

wher ei n t ure o step(a) has a pHin the range of 1 to 4.5, nore
prefepably 3 5 to 4. 5. Method for pr eparing a bi odegradabl e
pol ymer 15 according to any one of clains 1 to 4, wherein the acidic

m xture of step (af- c&%ﬂoéieéoﬁy%P&ﬁtl“ﬁe@c@ﬁpgﬁéréﬁapﬁ€ POLIMSRei ght of

the bi odegradaplg rRoJ W n%%otfo &%{%%OHY%QJXJ i %k%cﬁ'eqrﬁ%q{eor Rolyaspartic
acid, preferably 5 to 5 /0 hod for preparing a

bi odegr adahiee Cﬁolwccai{@o:omsn@rteo cany aamﬂe/ooi tailaaams:h:aru@@ wherein the
sodiumions are provided by addi ng sodi um hydroxide to the acidic mxture
of step (a). 25 7. Method for preparing a biodegradabl e

pol ymer accordi ng to.amegtorel GhbrCloaief® rl nlyo a6 bivkekelaahe aeilgie rm xt ure
of step (a) conprises by weight percentage of the total weight of the
bi odegr addlsld Pol%y iér 005 @ 2% Sodium 301 ohs wherein the onegonvet hod for

preparin oa}:eb'o g%rsaa%a%l%gn%rr AEGARAING d0 By e ofrLlamkbdo 7,

wher ei n t e aci
from the group consisting of sucrose, maltose, lactose,

nigerotriose, maltrotriose, melezitose, sugar alcohols,

15 mannitol, sorbitol, xylitol, maltitol and lactitol.

11. Method for preparing a biodegradable polymer
according to any one of claims 1 to 10, wherein the
polycarboxylic acid is a di- or tricarboxylic acid chosen

20 from the group consisting of citric acid, isocitric acid,
aconitic acid, tricarballylic acid, succinic acid, maleic
acid, citrofol al and citrofol bl, preferably citric acid

and/or citrofol bl.

25 12. Method for preparing a biodegradable polymer
according to any one of claims 1 to 11, wherein, in step
(d), are added by weight percentage of the total weight of
the biodegradable polymer 0.1% to 2.5%, preferably 0.2% to
%, more preferably 0.3% to 1%, most preferably 0.5%

30 polycarboxylic acid, or a derivative thereof.

13. Method for preparing a biodegradable polymer

according to any one of claims 1 to 13, wherein, in step



19 m xture of step (a) conprises by weight percentage of the total weight
of the bi odegradabl e polyner 2% to 25% preferably 2% to 20% one or nore
ol i gosacowenrnde®si2or derivatives thereof. 5 PET/HrR41008166Dr
preparing a bi odegradabl e polymer accoggling to any one of clainms 1 to 9,
wherein the one or nore oligosaccharides are di- and/or trisaccharides.
1010. Methaod for preparing a biodegradabl e polyner according to any one of

clains 1 Y6 93%h ¢ He S Sr %rc@r]&laiq&osofc&% it SFEIEEYS vt i ves
thereof , e 5elReledfy1RMING @ OouR 100Rs S$igng e [SUGASLE o MRl tese,

| actose, nigerotriose, nmaltrotriose, nelezitose, sugar alcohols, 15

manni t ol ,155or Bidnsl pnefanadlly nel thia dl0anddsgactineglerably 1% to 5%11. Met hod
for prepari;ng .a _hi adegradabl e pol yner according to any one of clainms 1 to
10, wher éjlorllyg]ﬁélygolaaccg}r%gx'yl ic acid is a di- or tricarboxylic acid chosen
20 fremthe group consisting of citric acid, isocitric acid, aconitic acid,
tricarballylic acid, succinic acid, maleic acid, citrofol al and citrofol

bl, preferably citrifc FEtHosndrsr PEEPRSHED Bl LIPS EI T 2PHEd PRIY Srepar i ng a

bi odegr adabl g Nolywey AGCY A N 19 Ak ang Of €l gl f epkl, wherein, in
step (d), are added by wei ght percentage of the total weight of the

bi odegr adabice ypalwnrero 0.sE%t o1, 5% npriefterialsidy 10, 29%ntaq o2%0 dr>e Prtef er abl y
0.3%to 1%. npst preferabl . 5% 30. pol rboxylic aci or_-a rivative
t her eof . 1 O@(&) ,rearpere?c)?&éé) y SS\)/(\)/e%g%to écel%cte&ﬁt é“é)es ofprt%eerta&lgl q\i}el t of

t he bpodegr adabte pol ynmer 0.1%to 20% preferably 0.5%to 15% nore
preferably 1% to 10% nost preferably 1% to 5% pol yvi nyl al cohol. 5

14. Method for preparing a bi odegradabl e pol ynmer according to any one of

claims 1 to 13, wherei glhet enperature of, step () 1§ mintaned.in a
range of 85C to 120C, m?re pr ef er;?bl ;&lgagécgto 11508 lgngsta pree ergﬁl y 100C
10t o 110G@ccording to anyl®ndvietthad #fiars pr éparlidng wnchicadedgrhadabl e pol yner

according to any one q lains 1 to 14, wherejn the tenper re of step (c)
s i nt TG A S Y AigS 6T B8C (6 TEE0E TRt ¢ prererah y 90C Lo F150
nost 1 pr efierell )y fHQRC 4@ fE 3G 1y 90°C to 115°46. nMeithed-drrprigpardorg a
bi odegr adabl e pol ynmer according to any one of clains 1 to 15, wherein the
m xture Z® ildUsfep (a) further conprises one or nore vegetabl e and/ or
animal oils and/or fats selected fromthe group consisting of rapeseed oil,
olive oil, caraway oil, soy oil, wal nut

16. Method for preparing a biodegradable polymer

according to any one of claims 1 to 15, wherein the mixture
20 in step (a) further comprises one or more vegetable and/or
animal oils and/or fats selected from the group consisting
of rapeseed o0il, olive o0il, caraway oil, soy o0il, walnut
0oil, hazelnut oil, peanut oil or peanut butter, coconut
butter, lemon oil, sheep fat, beef fat, and fish oil.
25
17. Method for preparing a biodegradable polymer
according to claim 16, wherein the acidic mixture of step
(a) comprises by weight percentage of the total weight of
the biodegradable polymer 0.1% to 5%, preferably 0.1% to 4%

30 of one or more vegetable oils and/or fats.

18. Method for preparing a biodegradable polymer

according to any one of claims 1 to 17, wherein, in step



oil, hazelnut oil, peanut oil or peanut butter, coconut butter, |enon oil,
sheep fat, beef fat, and fish oil. 25 17. Method for preparing
a bi odegrwdabligprkynmer according to claim16, wherein trhe/EReéidiosions xt ur e
of step (a) conprises by weight percentage of the total weight of the

bi odegradabl e polyner 0.1%to 5% preferably 0.1%to 4% 30 of one or nore
vegetable oils and/or fats. 21 (d), are further added by wei ght

per cent agéof e HTHTACTWSGR &FY e B0 FEFEIINE v Yt *0H% to 20%
nmono- and/Aryrd sACGhar iidesie flXadvR! Qﬂﬁffn@r Ry epariNg & biedegradah.e

pol ymer according to any one of clains to 18, wherein, in step (d), are
furt her abideddpprisieght percentage of the total weight of the bi odegradable
polymer 0.01%to 5% preferably 0.02%to 3% nore preferably 0.05%to 1% of

one or nmore 10 hydrophobic silica and/or silicate. 20. Met hod
for ppeparing a bi adegradablde fpel yrepaadeer di by cde gtladiaml 9 poulyerei n t he
one or nore hydrophobic silica is aerosil R972. 15 21. Met hod

for prepaiGg @i ddegradablce PolGmersadcdiitfy 8% m 16 SMiét ei n one or
mor e hydr(ngf)Ol%!r(‘e S Gales RIR) $RANDS LAl st 202%r Welhad,far preparing
a bi odegradabl e polynmer according to any one of clains 1 to 21, wherein
step (a) vand/hdr st ey @i ddgarelrldendlsesr By, Odé gt ¥er certfageldfy t he
total weight,.of the bi odegradabl e pol yner,, addi.ng 0. 05%to 5% preferably
0156 t 0 4% Hor prer AP0 SUE o2 e S abre Fadl s,
pr ef epablny seleciad fanmdhe@/eup scansisstd .ng of glycerol, gluconic acid,
di -acetal, sodium sul phate, and biocide. 23. Method for preparing a
bi odegr adabl e pol yner 30 according to any one of clains 1 to 22, further
conprising step (d) copprisiing shaping . the bi edegr | R0 r..Qbt ai ned
in step (c) by a process choser? f%or%?)t he group cor? is{alang o#%g?t reusi on,
t her nof oramiavg,diingj ect icd imol1di, ngrher22 rbltdw mlediong mac@athynig;o i ng,
rol ling, c.(irrpres.si on m)lqi ng, and transfer nol ding.

s1 1S5 aerosi 72

ica
15
21. Method for preparing a biodegradable polymer
according to claim 19, wherein one or more hydrophobic
silicates are sodium silicates.
20 22. Method for preparing a biodegradable polymer

according to any one of claims 1 to 21, wherein step (a)
and/or step (d) further comprises, by weight percentage of
the total weight of the biodegradable polymer, adding 0.05%
to 5%, preferably 0.1% to 4%, more preferably 0.2% to 3% of
25 one or more additives, preferably selected form the group
consisting of glycerol, gluconic acid, di-acetal, sodium

sulphate, and biocide.

23. Method for preparing a biodegradable polymer
30 according to any one of claims 1 to 22, further comprising
step (d) comprising shaping the biocdegradable polymer
obtained in step (c) by a process chosen from the group

consisting of extrusion, thermoforming, injection molding,



24. Method for preparing a biodegradabl e polyner 5 according to claim 23,
wherei n the bi odegradabl e pol yner, before step (d), is mxed w th anot her

pol yrmer, woebawm@ki2g a bi odegradabl e pol yner. PCT/EP2010851663
Bi odegr adabl e pol yner obtai nabl e by a %@t hod 10 according to any of the
claims 1 to 24. 26. Use of a bi odegradabl e pol yner accordi ng

to claim 25 V\/nereln the use is selected fromthe groug consi sting of for

coating SHFadedHag a GHStedti v@IaA&d 19l Y TSSvswtati on, for

anti - oxi (}i@)tllcgl’hgl nsAtd Qs A rdeimrnuf acture of packaging naterials, the
manuf acture of food containers, and the manufacture of food protective

films.
24, Method for preparing a biodegradable polymer

5 according to claim 23, wherein the biodegradable polymer,
before step (d), is mixed with another polymer, preferably a

biodegradable polymer.

25. Biodegradable polymer obtainable by a method

10 according to any of the claims 1 to 24.

26. Use of a biodegradable polymer according to
claim 25 wherein the use is selected from the group
consisting of for coating surfaces, as a protective layer,

15 for thermal insulation, for anti-oxidation insulation, for
the manufacture of packaging materials, the manufacture of
food containers, and the manufacture of food protective

films.



