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Short title: Novel process for the preparation of
pol yl actic acid The present invention relates to a
w@odoylysroxycar boxyl i ¢ aci d havi ng bi nodal or PCT/NL2005/000699
mul ti nodal nolar mass distribution, a process for the
preparation thereof, the use of an aromatic diol
havi ng a single benzene ring for the preparation of
pol yhydroxycarboxylic acid, in particular
Shompoltihiedr oigredr boggess fegi Bhaaviargrathoualf gplylactic acid
nulalnodal nol ar mass distribution, as well as a
nmet hod of pre ar in ectlonnnlded oods or
fi PA® PBEyTRET $ \éﬁﬂgfslonjcaﬁﬁ%?f etfate PAVEY%-?OXYCEIWQOXY“C acid
hav Qﬁﬁﬁ@@&lb@ ral eimedsl Usilag &asd distribution, a process for

0X r box aci d p
H?H%ﬁé?&é % E@?ﬁé%%cﬁa éﬁ%h as n%%%P%cg:nggiJ%ghEg)a single
benzerar eriarpngpt henarostegpmanisnngfcapégoyyrafyqesbynersc acid, in

B~ es, e$.4e84 el Rgdal 1 dal
renewablely%gawggégﬁfe an%eblgégnggglé e%lpg ineﬁg multinods

mOl%Pérfila\F@d dq‘lrs@mﬂhqusw@ér BeXY| #¢ adieFhedcRTaB PRt Y injection-
mol @& dg@efcﬂs %ﬁ%ﬁv@peﬁﬂ&b' Q)o\MyﬁBer@@ﬂc@d’,d tﬁb&t@ﬂ%&&leng\aterlals or

equi drox car box sed
nan%%ﬁ@d&ﬁ&tSfm% % %gg e pgéy é% %¥car§pf¥ca |ons
e. golgméiy esdecatd ngﬁ;cozand hydeokydexbo@yeral lacidhi ghsuch as
[ ol dr ar a S
polg?$£$g% %Cﬂftggig Ové9¥u5%%é.s-ﬁﬁ¥y$é§t Bklni SidPStategory of
pOlW%ymﬁ@&yééP@oxﬁﬁﬂe@agé?d SGSPHTERS at BeELYes ofpeing renewable,

comPBL&flear Waihght r%&HE&ﬁpdﬂlbﬁ@QV negbﬁwméxﬁ prQﬂﬁﬁbbaS from
hat are not suitable for appl. cation

nyJEREFAHFIY AT i Ot et 88 &aFWy %&égﬁbsiff?.%r Seqagale with
stahayrduprbpeesim@ grapeehtes. Therefore, in the art
th%%ﬁy dro J%?bgggyé ngggdgoraggvehsed for . varlety of

pol*ynydf oxy OoXyl'ic acid conpositions contrlbutlng
appi beatieondi, veusht ysr egdiicel foRlicatiens, appdi catbois, coatings,

andUpA8 §9ﬂ¥enkhﬁﬁ%h19reﬂﬁ@ﬁ“ﬂdﬂéc@ﬁaﬁohaﬁwﬂﬂQXMQQQBQ%X§¢deoxyllc
aci d generally poly ydrox carboxylic acid | s

aclfiai$ fiPst W6AdRDdal S ot sr 2hats RiTPOrPFBut FHr°
aciBoliytly drapatdaeboxybi cna@icd dad alrave hghtbimazddlts in poor mechanical

properties that are not suitable for most applications. However, each

y%ydroxyégrboxyllc

application requires polyhydroxycarboxylic acid having specific
properties. Therefore, in the art there is a continuous need for
novel polyhydroxycarboxylic acid compositions contributing to the
diversity required for various applications.

Upon conventional preparation of polyhydroxycarboxylic acid
generally polyhydroxycarboxylic acid is obtained having a monomodal
molar mass distribution. Polyhydroxycarboxylic acids having bimodal
molar mass distribution are disclosed by Shyamroy et al. (Shyamroy
S., Garnaik B. and Sivaram S. J. Polymer Sci.: Part A: Polymer Chem.
2005, vol. 43:2164-2177). The mclar masses are restricted to low
molecular weight fractions, one fraction having an number-average

molecular weight of 3400 or 2600 respectively, and a second fraction

having a number-average molecular weight of 600 or 500, respectively.

The present inventors have now found that polyhydroxycarboxylic
acid having bimodal and/or multimodal molar mass distribution having

higher molecular weights can be obtained upon polycondensation of
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nol ar mass distribution are di scl osed by Shyanroy et

al. (Shyanmroy S., Garnaik B. and Sivaram$S . J .
w@loyoeTe7Sci .. Part A : Pol ymer 2€hem 2005, vOPCT/NL2005/000699

43:2164-2177) . The nolar nmasses are restricted to | ow

hydf@!y%%‘fb@ﬁyi"fd gkt d ract fipnsprong der agt i DNcdraniyizg /afomatic diol
nber - aver age nol ecul ar melght of 340Q or 2600

Y5 Yags RS VY , S8 AC EaBhABFF abPT Bn U PAGS gbonsene Ting. The
polW&%&y@&%@QﬂlﬁDbeﬁj@HﬁvM@ phio@dl GQ a@r m5ﬁ)£) distribution has

r.espec . The esent |nventor hav fou
@ htlﬁgt 5 Ieﬂ%%)f oyﬁ%lﬁ o%yfil Tdei ot a\%/jfjng %I gal P ofclecular
weightl timmoddabnnothe haissemiastsoi begtihoniand mgpd g?@ymerlsatlon in
the LB%%e%“eH' of\eérg@tlﬁggﬁg (qu.l%q_t Q"a@ﬁgruﬁpé?l an aromatic diol having

ycondensat i on droxycarboxylic acid in the
a skhrdseRepzeme &i@4t-al yst/aromatic di ol system when the

ar @Hﬁ!’;} C tdkOlprBasn®nlivansidtgl eebenzentor ngyhfﬂhﬁnycarboxylic
dr oxycarboxylic [ [ bi_nodal

act F’ Bt i &ﬁ‘oﬂﬁg é’rhlrﬁﬁfl 5 021%:‘15: g? ol ghtS T ngcf%%{r??tnlon’ said

polﬁ@ﬁﬁomgnatmwﬂm avl@culoapriveimght atr at¢dsn, at hgirst fraction
havir?th egnoﬁg?omé)% r].lg]. ftﬁgngarﬂ;% Q)fpﬁ?l yn@(gd Skfﬁa' gﬂd' A é@:ﬁ)nd fraction

sence of an a atic rat her than an aromatic
havm@ola m&aﬁgm@s%uqupé%%n%%é% nguc gl yhyReopy egadipylic acid

has | BYENbE B-d %e’ﬂrﬁ%ﬂt‘élﬁghyaﬁdr Xy ERId0XY | m&rdCldan@a%hﬁgon that
bi nrodal or mul ti nod ss di str.ibuti

nay hBEGR oXEHr b‘lﬁaﬂr%bmé?:’r%s cOpr PR T it a}pé’(aiétc & l?l Fst© in

respe@ct i 60 havoogssabiolay. masereavéte ramgeaof Embo@fent said

Da, and a d. f [ b
e e
obt i opegthaenl asiytak nedigd pebxh §X§Cﬁﬁfé‘}y1é§nﬁ§§ﬂt ifgn further

usetmraMcQEQyﬁge novel opport un| ties for speC| fic

appl i cations ..in respec roc
VoFeBVBIOTS, £ BHBBUTHGTE TE4A POTS - anpEat Voxsd EeTeraniy
detaﬁmﬁlebanbgsuhsaqyeﬂtl yehe datmehet ot i rkedns oogdstoayn (HEGH . GPC
mea%rlgr?erﬁm ar ng ghtgo ]}{decf %@ﬁ%#ﬁgo‘}gln agl dsystE m ba aeld on a

Sus&”i'n Hppl i cations
Phapnphara maEB-ER1T r Phue i GR48s ﬁ%ﬁ“@ﬁébl@ﬁo@é’ver‘iﬁf‘r@d B?d G1500HXL

colTBANS Qfy 9sh pekgEahisen ghr ovdiRgbaphymddFREsper&FC polystyrene
standards are preferably used for calibration. The concentration of
samples may preferably be 1.5-2 mg/ml in THF, which may also be used
as the mobile phase in the GPC system.

Preferably, the second fraction has a molar mass in the range
of 200 - 1500 kDa, as polymers having a higher molar mass are

extremely viscous and difficult to handle.

Preferably, the first fraction has a molar mass in the range of
1 - 100 kDa, more preferably 1- 50 kDa. Preferably, the second
fraction has a molar mass in the range of 250 - 1200 kDa, more

preferably of 300 - 100 kDa.

Hitherto, two main methods for preparing polyhydroxycarboxylic
acids are known: polycondensation or ring-opening polymerisation of
the ring-formed cyclic (di)ester of a hydroxycarboxylic acid. The
latter is known to result in a polymer having a higher molecular
weight, but is also more laborious and costly than simple

polycondensation of the hydroxycarboxylic acid.
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measurenents can e.g. be conducted using a system

based on a Pharnaci a LKB-HPLC Punp 2248, TSK-ge
wW@3@0037622500 and GL500HXL col udrs and an LKB PABRLERI05/000699

Det ect or. Monodi sperse pol ystyrene standards are

pr@Eﬁééﬂ%éd?ﬁ?@go§9£afﬁﬂﬂy@5@thEEH ﬁ@%%n@oﬁcﬁﬂﬁﬁa&dIH&uQEr weight
preferably be 1. in TH

is Wﬁ %YSBS%% ﬁg%dlﬁgu?WEQWhﬂﬁﬂgglﬁﬁ $8°% n F?ﬁf?}*f a continuous
nee§YSh€nHﬂﬁ¥eEQkabEMr tbﬁmﬂﬁcom@thbaﬁtleﬂ f@mepannmhan of such

n t e of 150
pOlWﬁ%yﬁaﬁFifh@l’l rm?aﬁ dr e ex rerarg? ch'e)sgggéi ln%lrease the
mol@lmflfarcu#etlgmcb Havad| esanPrief ea%tbllquedt henfe r05& fudctieihods is to
rang f k e
perp A% erggl I?H%%lsgtggﬁ issl %h@ ﬂreséﬂgé Q@ 8B€ or diacid

era 'y, the second fraction
comprane smo e CaStEM e %Sangealélf ez@@ndeﬁoosm PHgFgrisation

the@rfﬁﬁgﬁﬁLKnoﬁhgoﬁbrméHﬂanrgﬁ %ftéimyMﬁgs h%@lﬂ@JEWO hydroxyl or
nmet hods for preparing po ydr oxy i c.aci ds

ok ROy GbidenSatT GROBI® 1 FHg- Bpari Ny 1 yNErP st | e 970
and Oforteh ecatgefldcmetticly cknd (giio)lpest'lé"re oprgpolymer obtained may

sub9g§ﬁégg&&arggxytf&ééuﬂ %ﬁ gheugfﬁ4 .éﬁl%ggmnﬁ$ﬁbéﬁﬁ@éltsuch as

mer having a her ecul ar wei ght S
1soaywtmreqrab@rlue@9§19m E@stplytwan Bi npt e molecular weight

a/]_%;p ggg@iy%rb Qfkitihe hgd;‘oxycar boxyl i c acid. Since
oxycar bo ci vi ng. a hi | ar
me.%ﬁ¥U?%nrﬁi§%|S§p§§%@ Por APRGus P LRI it 5(5? gvol. 67:1011~

10l6hedEsdlsa cbntum@oms1ﬂ&e@omh1n$mnqntoﬁ(mlfienpme catalysts and .

dioTEtPOds Of ﬁgﬁﬂ% B%t%§e09f1§8§h:QQLXP%QEQéy%§%5§¥9H € that are

O increase th ecu
furmleqalgmubﬂhafftedaho be M@Ge@ea%%fl%@éﬁeﬁetﬁo@%tar@ t""opf’lymer

hav@ﬁ&f‘ﬂlghthﬁbﬂgydiggr'ﬁﬁﬂﬁhQn | ithecPEesanas Ogr(“a@bmﬁ%lc diols
di aci d conpbnomers, whi ch often act as chain ex ders

havisyg h 2poPY mBPFE atiBiF P Aerf MESul Y5 ntERe"] oPffat 1 and  with
aroﬁﬁﬁﬂ@|wﬂ6l§ ﬁﬁmymgctmm byddowwkh.oa mwmlmwmbawwkage molecular

d,. end aroups,yathe e | end group
Welgﬁ% oneb€§?b25y¢ 2d% g %?%hﬁg¥$%%é%repolyner
obtThiened maesent 1nventors have now found that

polyhydroxycarboxyolic acid having a bimodal or multimodal molar mass
can be obtained when hydroxycarboxylic acid 1is subjected to
polycondensation in the presence of a catalyst/aromatic diol system,
wherein the aromatic diol has a single benzene ring. Such bimodal or
multimodal molar mass distribution is not obtained when an aromatic
diol having 2 or more benzene rings is used, nor when aliphatic diols
are used.

Thus, the present invention relates to a process for preparing
a' polyhydroxycarboxylic acid, saild process comprising the step of
subjecting a hydroxycarboxylic acid and/or a cyclic (di)ester of a
hydroxycarboxylic acid to polymerisation in the presence of a
catalyst and an aromatic diol, characterised in that the aromatic
diol has a single benzene ring.

It was found that polycondensation of lactic acid in the
presence of a suitable metallic catalyst such as tin octoate as a
catalyst and an aromatic diol as discussed abové had a surprising
effect on the molar mass distribution of the polymer obtained. The

molar mass distribution showed bimodal peaks. In contrast, the GPC
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subsequent|ly be cross-1|inked using chem cal conpounds

such as isocyanates or di epoxies t-o obtain a high
worelogosieay wei ght pol yhydr oxycardsoxylic aci d. PET/NURZ®H000699

and Seppala (J. Appl. Polynmer Sci. 1998, vol. 67:1011-

cur&ngk Q'%ﬁh9§§cgbg Héfdogbﬁgﬁhéaﬂﬁyr@%lfﬂbd@én@h%i@ﬁesf lactic

catagsts and faor the preparation of lactic
acigcig ]é%eﬁr?freé‘p?ﬁl ;ﬂ)f”er*smt RAEoRFS #3r ¥ h6? L3k te AREY 3o 3t iphatic
dloilﬂﬂdéﬂ igagtiicad tonditiemst ghohtai 8 almgmanpyakhamungacked the

l.ecul ar wei ght hatl S Qr_.ar
addﬁ%%‘?réarﬁl? gﬁ’g I‘flgFu%%FeWBé%lg lnaé%l\%/eraé:l? egf?rgé{:lon that was
adddtiﬂﬁalhﬂndoundhupwmnnnhmmedu@aslqnﬂqn abei praséncaniath the single
beng@ﬁ% ?ﬁbfpgaggglﬁlggw %%ul ar wei ght of about 25,000 g/ nol

t al ned present inventors have now
f ot ﬁapeme}rﬁydp@%%%%w% rgrgehaRFFuge 1t was noted

tha@'ﬁ@ﬁﬁja(ﬁinﬁﬂ|EhB@ﬁ@'oﬂnﬂﬁérhﬁ&@éxﬁiﬂbﬂwﬁp@blﬂlﬂﬁﬁ aheiatic diol

reaﬁgdroxy a%E§?¥%%é%€$ %égﬁPégg%%%tegyé;oxycarboxyllc acid and/or

polga¢énl ysidharbaat e dbdsesyst e thhermimatihedapbnditd ot seem to
._dLo i ngl ring, $yc [

rinfh o 55,805 00 B LSRR U, SICBLD T, Shcypavec. o,

it whens drhadr omayi Eodi BPLIReA w@azn@rawcéleﬁeﬁfeﬁéer%m&atlc diol.
as 18 UsRBeqOhcahenoalhphdddyeadbeks1 & € aused. nakiing, ﬁi&hly both

present invention relates to a process fo ar|n
hYdﬁav%m%WwM. 2K %.%ﬂd %OdlpﬁrB'E%sgb{:%ﬁ‘b‘?cP sm& dnly few
havth@ steperofl eubj gedimg Thusydioxyoat txmty ltoc addpblatind/dirols that

a C¥C|%C édlgnf¥i£% g?cﬁaﬂydr %&Qoxxhlctﬁgldp aration of
i

poFyrrerl satio i3 presence a catal yst an
polahmmxwaetﬂogxylmaua&étiéu $be | FraTRaLCt HE.OdFonaegarddngl to the

preB@sta sivgkeohenzena i Bgsisteagnboundetdiat of the catalyst,

pol ycondensation of lactic acid in the, presenc
resGLF{ bl &1 it HIFEORHP AT dhc AoA b G Dop B L olar mass

dis¢atiehysdn.amdianperpngiroaydatboad idi aciis sedts abopeibad & a high
mol%%ﬂ gf}saggght fraction in addition to the fraction found upon
polymerisation in the presence of an aliphatic diol.

The term “hydroxycarboxylic acid” is well known in the art.

Suitable examples of the hydroxycarboxylic acid to be used as

_starting material in the preparation of the polyhydroxycarboxylic

acid according to the present invention are lactic acid, glycolic
acid, hydroxybutyric acid, hydroxyvaleric acid, and hydroxycaproic
acid. When the hydroxycarboxylic "acid is a chiral compound, it may
have any of the D-, L- or DL-configuration.

The term “cyclic (di)ester of a hydroxycarboxylic acid” as used
herein is also well known in the art. The term includes <cyclic
diesters of a hydroxycarboxylic acid, such as lactide, glycolide, and
mandelide, as well as cyclic esters of a hydroxycarboxylic acid, such
as g-caprolactone, butyrolactone -and valerolactone.

The term “polymerisation” is well known in the art. Non-
limiting examples of polymerisation methods include polycondensation,
i.e. the formation of a polymer by means of a chemical reaction in
which two or more molecules combine with the subseQuent release of
water or some other simple substance, and also ring-opening

polymerisation of the cyclic (di)ester of a hydroxycarboxylic acid.
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effect on the nolar mass distribution of the polyner

obt ai ned. The nolar mass distribution showed bi nodal
wW@e@kR®376rh contrast, the GPCcurvwe of a pol yl acPCT/NaZI08000699

obt ai ned by pol ycondensation of lactic acid in the

Pr £seNcsivRhitt bRa PRk o aSp @ Fdhndkyshe At dr al i phatic
di ol” under_jidentical conditions showed _a singl

hydegiy Qa4EREML 1 e Addi PROMA Uiicgh AdPedn &ﬁqﬁé‘iﬂgﬁiﬁelfconﬁensatlon,
me 1 PQPollyaehbien et ibrf backbDid-tdtatenasl pattidenenal by. fmhend

upon, pol ynerisation i e _presence of h l,¢
pOl%‘g%E‘ aﬁ%@ Hr gﬁﬁ?leggbdfl%lca%ﬁr 5th eXper tr?e% %%gngamtngd
highihdeémteedicednipriegg bneadingrad  hbe e:deatcrtatonomfuytlaremm@h the
ben DU ﬂgviﬁfzﬂ%%&@%Xie@HQHﬂéwhm &P%ﬂ%&@nﬁghﬁdéﬂﬁﬂlayers,

reacted wt car box roups of

Whl@i}/d%@)@?éaﬁ H@owma@SaeM 6Faﬁéf%éfflth§% hthhatse Ré

solyg@sence of the. ar OITB.tI c diol d| d not seem t olimt

thelenth ofth  ch

R e o TROC T SBERRS. §hav Oy (P o Sorgnef o
hydedatdasbakt atd ext itdo cahebarpﬁm?tommedlm sAsitaon or in bulk. Bulk
polgﬁ{&ﬁfs%%ggﬁe OAQ/%QEEM cﬁw@ﬂhéf dlo% havi Ag MBI ¥ int of

roug and car ic acid roups are
the b (DWE 1 30 Fhp e HehicngoanphehdibeeRANgRT)p. or above

the THIS:1nigN p6 PR I &S ttheOpal fihat iteedl 8t Se ﬁ@thaatlﬁﬁndgﬂl§' used as’
|n|t|ators/ch$|n stgggers in the aration 1
a2 1369S MFdr6%y cd AR LT Ras Pty @Va%?% e, for
msaama:r dixtgutiers he«:rmaelseslt $ ekt morener elupeassastas t lkec.
- guldi
#h%;]%p c}’mflc%gr %giL(&#LI c é:gIEL h%\%/lﬂn%flgggb%daalrrled OuFralsns the
preaersqer iuei gﬁnvarmn@ngél ety c EPRBRYHiadc Fatalgsts for the

pol GREPId 386106 £ an U Ak VoL BELY 1Bilc @@hghérérﬁﬁﬂm QAowA in the art.
addition to the fracti on found upon rlsatlonln
SulF?’ﬂ%lepreé@élﬁ&%S of PSR I]'Bﬂ]dllcil% arﬂlgls erﬁ %gﬁ
orgahymbtaxycar boxydireisacbdtaisi elell ekaown di girhepari-VIIIA and/or
grofs | APLA (fXafPLEs AL bhe. wdnaxyeap baxuliLc aakd 10 6,
Used as s i Ag mat erra the preparation o
octpatyhyhlorpeanbohaAiicc aaédd %ltl@@luaﬂﬁga%ﬁrt kétprégent .
aceb PYEMI LR Rl €ah@CdtiGofG ! dhrordl ¥6aQkI Co@Cith, and germanium with

hydr oxybutyri ¢ aci d, hydroxyvalerlc acid, and
varpous osdERSPoi ¢

The aromatic diol is characterised in that it has a single

‘benzene ring. It was found that such aromatic diols aid the formation

. of a polyhydroxycarboxylic acid having bimodal or multimodal molar

mass distribution, and preliminary evidence indicates that they may
improve reaction rate.

Typical amounts of the catalyst and aromatic diol are in the
range of 0.01 - 0.5 mol% and most commonly about 0.1 mol%.

Preferably, the polyhydroxycarboxylic acid has bimodal or
multimodal molar mass distribution, and more preferably comprises at
least a first and a second fraction, the fractions having a molar
mass in the range of 1 - 1500 kDa. Most preferably, the
polyhydroxycarboxylic acid comprises at least a first fraction having
a molar mass in the range of 1- 200 kDa and a second fraction having
a molar mass of above 200 kDa, for reasons indicated above.

Preferably, the second fraction has a molar mass in the range

of 200 - 1500 kDa, for reasons discussed above.
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aci d. When the hydroxycarboxylic acid is a chiral

conpound, it nmay have any of the D, L- or
w®reocosiferyur ati on. The term "cyd-ic (di) esterPOGI/NB2005/000699

hydr oxycar boxyl i c acid* as used herein is also well

anﬁnoh@ Eﬁ%béﬂﬂenfThQh%ebﬁlyﬁgﬂﬂ§$@§OQYQE|§oﬂ*&5ﬁd@ﬂ%a@ﬁon. The

hydroxycarboxyllc acid, such_as lactid olid
res%&ﬁfqgand%¥94ﬁg ashaEmg asb%gﬂﬂﬁ c % or BU ?1@%3§i solar mass

dishyirupiypaacbopylies acilthglsueileasler capigtacdaned fraction that
but yr ol act nd val erol act on

is ¥ ﬁé?légn%oﬁ is%%ell kﬁog gon&éq1;€i g] ﬁFFﬁ???hg su?h

polﬁmiqﬁxe'sa@lbowmra@aildrcayretlh@dsfun’éllletme linked to obtain

pol§%§&@3§9g§955§§fyb alci8- wi%ﬁa'f9%@aﬁi§ﬁbfﬁndie@@hyf“ﬂéﬂﬁﬁt

a chemcal reaction’in which two or nore

Pécu1e§uéBW%Fn@m®P9hm@Hé stiBgedirdnterapalasd of CRatRr in two
ste®$, SGHE Qicher kseim@l ep@maeﬁeatmrd ahso ohiengstapenbéithg ring-

Opelﬁvz#n’er é@?%}og& ion. aggas, lynCO VIS ?sgagrydorox ar]?oxyllc acid is
submmmm&condémssaﬂw melsleocacp@samytbbyst and an
aroﬂ§ (¥1é%%orﬁgH?dtBok%&o?gé%Eﬁg'fﬂbenngh to obt%%n a first

ycon ensatlon of soli at e pol ycondensati on
polwwcoﬁmmbﬁénstgppréf eYably Hreseronf fnhydesic@mpoxylic
ac1@an£§]Bt ﬁﬂgﬁﬁytén@ﬁﬁ%ﬁ!@t”b%liﬂ&ﬂqh%@dkﬁgsOﬁaffﬁé subjected to
reacti,on n1éﬁure with the begeflt of b ng.a boxyvli Ld
inGr Rt HAWERar S Phate Bocthrg PASEP LS fkcarbonylic act
havamh&nmaghbot$wemag§ mndaheaﬁﬁiransfer mnthout t he use
1 (]
e R R R e R
sol ution or |n bul k. Bulk polﬁgfrlsatlon can be
carried out either bel ow the ting point of the
pol ynmer (but above the lgelting point of the nononer) ,

or above the nelting oAt of the polyner. The latter
method is nostly used| as
reactor systens is avaits

| arge variety of suitable
bl e, for instance extruders,
kneaders, static m xers, Uub;-xeantors, etc. The
pol ynmeri sation reaction is preferably carried out in
’ whB€ein R; and R, are aliphatic substituents. It is expected that

with such aromatic diol bimodal or multimodal molar mass distribution
will be obtained.

More preferably, the aromatic diol has the following structure:

(CH, OH

(CH,) OH

, wherein n is an integer chosen from 0 or 1, and m is an integer
chosen from 0, 1 or 2. It was found that with such aromatic diol
bimodal or multimodal molar mass distribution was obtained.

It was found that with the following specific compounds the
best results were obtained with regard to reaction rate and molecular
weight.

The substituents could be located on the following positions of

the molecule:



presence of a conventional catalyst. Conventiona
catal ysts for the polynerisation of hydroxycarboxylic
wa@edod/ozrees - wel | known in the art7- Suitabl e exap@l/as2005/000699
t hereof include acids, or netallic or organonetallic
compoungs, T PBé&Eﬂoﬂgo§'€M§'§éédﬁH L den ¥l - TTA
and/or groups IB-VIINin the Periodic Table of
El ementq, sutfPHSIDLRYI IRty 1eP8| eI phoni £ acl d,
sulphuriQ)acbghholn tani um acetyl acetonate, and|2
anti nony,—ifkon zinc osmum pom-w-E-h
vari ous gdﬁﬁ?l The aromatic diol is charactpfise
in that ra Sl ngle "benzene ring. It was faund
that sud aomt i e r~||r\|c g|d tho fAarrmmt i An ~f &K

pol yhydr C%Y%E&yllc aci d havi ng bi nodal or | °
mul t i nodg

NI ey nass dlstrlbutlon and prellw hary
evi dencs |. es—that Lllcy ey i fprove—t+eact PN
rate. Ty a* amounts of the catalyst and aronptic
di ol arsg @rmhqange of 0.01 - 0.5 nol % and npst
conmmonl P ot Preferabty, the 1
pol yhydrloxycarboxylic acid has binndal or milt] modal
nol ar ngss pPa%&i bution, and nmore preferably cphprises
at | east—a fiTSt and a second fraction, the fractions

having a nolar nass in the range of 1- - 1500 Most
pr@FéPBb?? °§I§ECBO?59ﬂﬁﬁl§x9&8$ KA %?taéPﬂthﬁ%i%|Ses
at least a first fraction having a nolar mass in the
range of 1- 200 kDa and a. second fraction having a

nol ar mass of above 200 kDa, for reasons indicated
above. Preferably, the second fraction has a nol ar
mass in the range of 200 - 1500 kDa, for reasons

di scussed above. |l n one enbodi nent, the pol ynerisation
i s polycondensation. The resulting product having

bi nodal or multinodal nolar mass distribution
conprises a high nol ecul ar wei ght second fraction that
i's unprecedented for polycondensation nethods. Such
pol yhydr oxycar boxylic acid nmay be further |inked to.
obt ai n

sy

O o-F 5
l—ﬁb!_o.-.g.xo? al
< D

<L T3S0 D




pol yhydr oxycarboxylic acid with a yet higher nol ecul ar
weight. In a further enbodi nent, the polynerisation
w@e@ans7erh two steps, one step-Bing pol ycondePGENL2I05/000699
and one step being ringopeni ng pol ynmerisation. Thus,
in one step a hydroxycarboxylic acid is subjected to
pol ycondensation in the presence of a catal yst and“

aromatic diol according to the present invention to[

obtain a first polymer. In another step, a cyclig
estrH of a hydroxycarboxydtic acid may be added ta

p dr oxycar boxyl i ¢ ag avi ng a hi gher average
notas Preferably, XQolat: éﬁ di ol has the
follow ng structure: , wherein Rl d R2 are ali@hHatic

substituents . It is expected that with such aromatic
di ol binodal or nultinodal nolar nass distribution  9H

will be obtained. Mire preferably, the aromatic di ol
haspjhe foll owi ng structur H wherein n is an integ
S

cho-en fromO or 1, and an integer chosen fro
: OHt was found t ith such aromatic diol
8 )

mul ti nodal nol ) di stribution was
obt g 'ed It was found that™w t h\t he fol |l ow ng
speci fic conpounds the best resuF¥§ were obtained wth
regard to reaction rate and nol ecul ar weight. Th H
substituents coul d be Iocated on the follow ng
ROsi tions of the nol ecul e, BEnpl es of such aronptic
di o are set forth below]In a preferred enbodh t, n
is Oland mis 1 , said cerpound being

) pgnet hyl al co It was f ound t hat
omatic diol a po [OH a bi nodal nol hs mass
prbut i on was obtai ned” Preferably, the
hydr oxycar boxylic acid is chosen fromone or noréhdf
the group, consisting of glycolic acid, butyric acid,
val eric

OH OH

H.C

NO

In a preferred embodiment, n is 0 and m is 1, said compound
being 2-hydroxyphenethyl alcohol. It was found that with such
aromatic diol a polymer with a bimodal molas mass distribution was
obtained.

Preferably, the hydroxycarboxylic acid 1is chosen from one or
more of the group, consisting of glycolic acid, butyric acid, valeric

acid, caproic acid and lactic acid.
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acid, caproic acid and lactic acid.The cyclic (di)
ester of the hydroxycarboxylic acid is preferably

W@ bewsesrefs om one or nore of theogroup, consi stPOONDBL05/000699
gl ycol i de, caprol actone, and |actide. In an

em%ﬂg/ gfcnt:ﬁl&he HW&@&@&‘?W@PW&H& f‘lgyecgrdx%ca§ﬁgk§l%' dacid is

5 an e cyclic (di) ester of
Preﬁ%ﬁ%&yca%%ﬁzyl feomcipae| £1 ABeTUe O THESr S WIn ofORdbFting of
glyH@Pﬂﬂé’l' cabrpl &pQId, esni M £as@e0f a | ow nol ecul ar

ne S _par obV|ou for lyl actic,_. .
aC| €%£A§3£ 4$%Sthu§Ethlg?8§§ﬁ?r9 Fl&ﬁp 18%agic acia
andpmwtﬂhﬂﬂd&bﬂycrQMQWQMErfOf PleAhyHnogaserpfkylic acid is lactide.

Thepg %%?%@golyggbgnm (HE%EE aﬁgéﬁ%ieerﬁﬁeggséngfrgifﬁ% molecular

ondensati on ad ageously conprises t
welgh@ggﬂomwr }sFﬂqyﬁgcplaﬁbyygﬁﬁ@gﬁ359¢(gplxlﬁytlc acid (PLA), and

thugetllﬂe Rﬁgﬁ%ﬁﬂ?ﬁ%ﬁe@kﬁ@ﬁ @Q%a{ﬂﬂl)cu@tsz%mhﬁ%@wnt f%r PLA

ol ycondensati on . e r car boxy

acid ?%S%xﬂ¥v@P%éﬁoﬁqﬁqfanaﬁn%ﬁ%9nﬂlBP %% éﬁélpresen Idvention,
the ped MWrysthidexy e at droxyivee tageclis llyn colher step thieestepowal 1) pre-
mel%—%ol&cow%t &L awHS,'onn,Otll [héiQ?ﬁol&%‘én&é’ﬁmo&e'ﬂE' J\./lei)y éoq\ﬂyd state

réea
Ewlvem@d@mﬁéﬂnnnlng step in step i ) is the chemi cal

reagtLog, 4 echetﬂ§d &»&Qegﬁﬁfﬁé iQndr eactd @b @ld into low
h droxycarbox i ¢ aci i,s significantl

m°l§$$%§ﬁ(ﬂflﬁpttPﬁ#&ﬂﬁﬂgpﬁgFa{Rﬂﬁyllgoa%H% In the gtep the removal
of Qéfbfﬁﬂd-n@®|yﬁiﬂﬂhﬂﬂsathfb(ﬂhehydﬂaxy@émjuxcwlWﬁsémsxiyobf the

ecu TAsS Xy C b
reaﬁ% Fop | mle“ ébgarieebé %%??MEEQ ? %n aﬁgééagora
chehi kel a:a‘aazlthpng :hel -mtéeaperutandenFhei¢msreagftion of

h d?agy@a&xmry@%yééfd a%@;cﬁi% 0 SREE 8k BN [GRBLBE by the

overcone by having a reflux condensor, 'a dem ster
catphvklagessr a rectification 25 colum. Step i ) can

a|S@ebﬁrééﬁgﬂﬂ%@on&omdbﬁta%ﬁbﬁr&iﬂHyaaekgbar$mﬂyﬂﬂ@ anid of step
itator that enerates od, radi al . and .axi aI m Xi

Bt ot T S en e et o OO R AR BT s gAY [y examote
be bgrriediced outanrevwpsystem hlakieng éak%wnqnﬁlﬂQSﬁw@@Qmator The
losg'gf ﬂgéﬁdeggiﬁégyﬁﬂy %gi&|&B% Q%h@MEPéqﬁméd% can be overcome by

having a reflux condensor, a demister package or a rectification
column. Step i) can also be carried out in a stirred reactor, having
an agitator that generates good radial and axial mixing. Preferably,
the pre-melt-polycondensation of step i) is carried out in a system
having a narrow residence time distribution (plug flow behaviour) in
order to obtain a prepolymer of the hydroxycarboxylic acid having a
narrow molecular weight distribution (small dispersion).

Step ii) is the melt polycondensation in which the water
becomes more difficult to remove. In order to give preference to the
polycondensation reaction over the also occurring trans-
esterification reactions, the water formed in the reaction mixture

should be removed. The rate-determining step in step ii) is the mass

.transfer of water. In order to enhance both mass and heat transfer,

the melt polycondensation reaction is preferably conducted in an
apparatus havinglvery efficient renewal of phase boundary layers. The
apparatus preferably has very intensive mixing and kneading in order

to homogenise the reaction mixture. Carrying out the reaction under



10

15

20

25

30

35

40

order to obtain a prepolyner of the hydroxycarboxylic
acid having a 30 narrow nol ecul ar wei ght distribution

W@ 30valoB76ds spersion) . Step ii)-1i&the nelt PCT/NL2005/000699
pol ycondensation in which the water beconmes nore

vacﬁ%ﬁfdo Wit 50s fﬂ“@ﬁeinéﬂtQi&kyéphgrg'é@%.E&%Eﬁé@n&@hédée the
Condensat| on reacti on over he al so occurri ng

rem@vadn%sweisﬁ §%om itHA VJe%%q%ﬁ@lY%ﬁ%tWataé%df%?%d i n
th?hégﬁghi@Bl?b%ﬁ&%ﬁ%éﬁio§h9§|@kdﬂ%r@ﬁﬂpvéﬁkriEWEOut in a system
[at e-determ ni p.1n mass. t ransf

hav RS \Ger TeTh BRUGESE ot EHSAREe Bt H TR e iR AR

of thansfkenret hBeamiste pbl yicondenrsating meacuilen ws&ght of
I e V
hYdf’#)?cha.r%%W%%%e e R 0 o Ao pDde P handling high
iseqpidrarass pkefiresbl §uﬁlasarvwa|rﬁt@ﬁs¢%dnios%u ﬁ‘@taa’fﬂdlg disc type

of KeeadiAg n@fmrngélg §OoHUMGRRESLehdi I @ACHE@Er to enhance
m xt ure. rry t the re tl n unger vacuum

the CBiRfl (FBRSIPH TR RGPt - AN @t ARPEHHEn OE S TerabLy
alsbfﬁhﬂ'&@ﬁyabo@d heattett rbnofeit he meeDLED;hmv¢lachwmpgana@us

The Ql ygan tion ef r
confBER o JE s PO XGOSR oL BE At ket
mechaleres] \heam &¢mrgadaﬂ@ekh@ammgoﬁnﬂhbn¢ﬁ@étnar ef Halseh)

%neadlng

v1s9éu§'E%l&ﬂ?ﬁ?@§%é§ib%§b§§8léﬁld“%hgbld06e controlled

hydr oxycar bo ic acid, preferably a $ s pab £ of
haﬁHﬁWge‘ﬁ‘}eéﬁ PP SRR SARIen | & :}ﬁ‘
polaphpadaatsdsicoudbtl dapr at atmag ke @@rtgrmedﬁlnraagtsmfxable manner

€. me

: knog}ﬁ nlenr acthl ng%gh oord esxlc‘;lurmf ? e§; egh%%&?% tgg%%éutéﬁe GPM]&%n

mass er ove wat er
mlxaﬁﬂanakMSambEémwaﬂhmeahs@r@a3>GQOycgandmmeamedugmﬁhanllz1ng a

PreFﬁ%F?eéiﬁ%gﬂh Ve aygpnngggg afﬁ$%gge£§eyggdpE8%£$§%#'%ater has

Espe e nechani ca
evapportnet agdethe rﬁaqUngnamdxtungnmaﬁgr@$0h¢ﬂat@ﬁlghyulred

tem% &ﬁ%ﬁ% ggh¥?%f@§§@@%aﬁg Xﬂé'fbﬁ@%kg §HOL%6% Q%ample, 20 minutes

re-mel ol condensatlon of step i

intgpye ther sl Fh%of%ﬂéfﬂ‘t’déﬁs% Pt SOOSTRPEiT) Oﬁagﬁbaﬂé 6do moar -
SOODﬁbiﬂrlﬁﬂdolﬁb@ﬂyjfﬂﬂotﬂbhﬁ MBI bk POWN2 2 (N nicae ar170 furar - 120 -
exanp % tsgthgjt o heat the reaction .m xture .from

t'r

mb . . P
#4nDi to 190 OC sinmul taneously utilizing
a As the condensation reaction proceeds the amount of reaction

water will further decrease and the pressure reduction may even
further be lowered in order to enhance the evaporation of- the freed
reaction water, for example in 30 minutes intervals with the
following pressure reduction steps: 20 mbar - 10 mbar - 5 mbar.

To even further remove the small amounts of reaction water
formed, the pressure can be lowered to the lowest obtainable pressure
level. Optionally, a purge of inert gas (e.g. nitrogen or argon) may
be used to assist the removal of formed reaction water.

In step 1ii), the product of step ii) is subjected to solid-
state-polycondensation, i.e. crystallisation. When applying
crystallisation of polyhydroxycarboxylic acid, the polycondensation
reaction proceeds in the amorphous phase. The rate-determining step
in step iiif is mass transport by molecular diffusion. In order to
enhance both mass and heat transport, the solid-state-
polycondensation reaction should be conducted in an apparatus having

very efficient renewal of phase boundary layers, as discussed above
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pressure of 1000 nbar. \Wen enough of the- free and
reacti on water has evaporated and the reaction m xture

whaw7iemehed the required tenpetature, the preBGIINE209BH00699
be lowered in, for exanple, 20 mnutes intervals with

fortgﬁefﬂéi{nﬁ %c%h@@ﬁsaéﬂy% qga%tep7qq ”b@ﬁe a £Eéﬂﬁy'preferably
nbar - 320 nbar - nbar -

prOEq@ﬁqdﬁﬁry %EF?nﬁBXF mlgen%b%?d k@&ﬁqﬁﬁ%-quﬁqﬁﬁg to homogenlse
the CORGlENS AN ORikE@ed | Ortaprgergdsotithe t&i@uﬁbaﬁflcﬁreaatndéﬁt vacuum

wi,l | further dﬁecre se and t%’é‘r ressure re%
con%[\lr%/loé\?eﬁnf Gt ﬁ%?r%e 3aeiﬁarbr thes eRhANe réfloval of
watevaporation of- the freed reaction water, for exarrpl e

regﬁg Jul S%ﬁlShE%§§¢ﬁ?fﬁd@k%bnér%%ﬂﬁ%&%@%&@g?fressure

uct | To even ‘
polvlmycimwraéha%lﬂtqw@c&ﬁaw dRANSEE 0P Rt ithA WaRerof PHA, its

molfa@tﬁi@ﬁ,wetleﬁtpéﬁ:ssﬂﬂses@éﬁe@&ldnﬁ\&ﬁﬂegti&ﬂlﬁ% | gvESH the

bt bl t
crygﬁ%iﬁfgéigg?zress ﬁ%lageEeQRéiéaﬁgg?Lﬂ%prﬁ§%§;gant e identified:

a cg§§tasnllmheph&$mmid ah foonmdbusr @aeseorwhmiees ohly strepphase -
theI H.%ual&;) Ssgr Odll’ECtde ec‘!?g?paﬂdv)e Itﬁesy sel%ttllel.q.staelon/solldlfylng

ycondensation, 1.e stallisa
tempext wspl 9nn*gh@r83mr@hpu§apmaﬁ¢ (’}'ﬂlepéﬁ%“%ﬂd’reo?}iéag%%@ﬁ i (@rydroxy

and@€h thod 18 cPRLYE QUdRRSAt hea édﬁ@@h&@ﬂt@ﬁOQ@ﬁQScbﬂcéﬁﬁ%atlon of
anor phous phase. The rate-determnin in step

endj pryuRss Cn?&s%“??%“r?sﬁ&et TBYC it ECu 5P ‘ﬁ °8n. In
or dee solenaace bolycdmisisantiomestept Lahs poay et performed

ol id-stat ndensat
cor$05L ST ERPLYPIIGNSRL LR EASELLORFOMILL RS acia, at o
tempen@we belphases dndasyroyters, ths e ktwsgegycarboxylic

2ci@POYELOT, & %Srng}tg %' ygpndensat i on of Stepkidory M8tic
>81 ng

appa ar at us prefe provi des very intensive
acidgd lktrnélamlng pm&md@r atsolh‘@)rﬁﬁgmopﬁ%bme grsdetrpbhy below 5

mba®l X§ f%naQQQrMi@@ P rbhecf eardiogaUngdery Vagwuhyen or argon)
conditions in an inert at rms<§here can further enhance

to taﬁél?"en]ﬁ\/éﬁleo%fe%‘faéf OfTherEeY iRt eRt YdYFSol i di fyi ng
t enprr akdI Bd-Oftate-polycondensation of step iii) as well the

transition phase between the melt and the solid-state-
polycondensation can be carried out in +the same apparatus as
described for the melt polycondensation of step ii). Preferably the
melt or solid-state-polycondensation is carried ‘out. in a system
having a narrow residence time distribution (plug flow behaviour) in
order to obtain a polymer of hydroxycarboxylic acid having a narrow
molecular weight distribution (small dispersion).

Preferably, in this case the catalyst is an (organo)metallic
catalyst, as such catalyst can efficiently catalyse both the solid-
state-polycondensation as well as the melt polycondensation. These
catalyst can be different metals, metal oxides or organometallic
compounds containing one or more transition metals like Sn, Ti or Zn.

It is highly preferred that preceding polycondensation the
hydroxycarboxylic acid is treated as to remove free water.
Hydroxycarboxylic acid, e.g. lactic acid obtained as a by-product in
dairy industry, may contain besides lactic acid also water, so-called
free water. Due to the equilibrium of this lactic acid and water a

low amount of oligomers of lactic acid (linear dimer, linear trimer
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pol yhydr oxycar boxylic acid is dependant on both the
type of PHA its nolecular weight and its

wgar@reashen cal structure. Bel ed2the PCT/NL2005/000699
crystallisation/solidifying tenperature two phases can

etcpecérgeeﬁtx‘eald?dbe af&!nbé%lt aﬂu i afdeqh%ecaweﬁn 13RRE Bty to
phase, whereas only one phase - the |iquid hase - is

Polyde @ckedaBoiEr tthe §§%%.|Warf§art e/ E%H?%.Wioﬁa
AlttenPerailyr ere1£1titxféa.yaﬂbﬁ@é'tmlﬁat[éhlaﬁﬁdfd?@wa&a)@kyllﬁc edtdd may be

d b | i d
ssef R PR et 1P BRoeh T 5 BV oPTernty dPalbEdan
. enltarcevaperatdoe of - thﬁﬂﬁyeendetﬁxulqmthEHQ stid @) st ag@uires a
sysegﬂny&m]%gng@&a e %gahgf%r M6 D aREE AU eql Ot O Rmmon1y

cryst zation e po roxgcarboxy Ic acid, at
knoant%vmratteﬁér bblﬂmfpﬁeeﬁ@m apoing Bflm gyaporators. A flash

eva?@l:élibiycq{ @sylca[b@wsamec cagk o f HHeh ragot 91 &Xampl €ree water

40- 160 0C in the case of ly (lactic acid) ,
confent i L} RyI5PELs %iilFoﬁfgg possi bl e, preférably

belpewiBesbathe opteimomal | yofM tWata@rpufgen ofthenertaghson mixture,

pol&g?%%ﬂplgéqgena9£aaEQQn4ﬁé9i§§skéfm&ﬁ égear§ﬂnﬁﬂbd&%t willl be

react I on wat . . .
remgwpd d- sttat dspobpébetkthsdtiasn §Preelrn i iOf adagkiqe t fpannot  be

combli @Ps1 § | O 1RR_SES Qﬁﬁmﬁﬁnofﬁékrﬂﬂtsdyﬁiekgethe lactide formation
solid-statep olgcondensatlon ca é%arrled out

B s ORPBeYt § FePet ycondenggtléguieactlon
of [elcycondensat tha abhcsidp ren)ovedPrcleuﬂdahdey teh@rmetit back to the

'reaC%!Ll?IngH‘}:]laXtt%r80| y&°:¥%%§_gg_l ogOl{éen%%r ri ?Qeﬂq}x I %oﬁdenser or a

aving a narrow residence tine distribution
rec(tplfuga’ffllmm pehann | edacydi rpror dep t@f olsh&i nteadiopneyessel  the

pol?@oﬁ&éﬁé&@ﬂ%ﬁr?Qé&%ld& agi dabavidg, @ narr X%JEHéﬁ%E'@ﬁe recycling
i stribution (snall dlsper3|on) referably,

of ﬂﬁcghﬁ%15h§@etﬁ%a%5¥§39§5 ¥&°%an (organo) netallic
catzai ys$k, #ASscSuphe batraldysthe@an tekf igdlenteryseatal yde at least

par 1 ?lthe S%LgdSt unde‘%oI quge %ﬁtqgngs f%”dasa%oﬁgg that such
F %ch yCO ensatl on. ese ca
condutiem%ntemﬁnnﬂs;mQﬁﬁtaﬁféxpdegeorr@quﬂknnﬂﬁﬂIW&?er from the

pol?@gggéﬁgg%faﬁnE@bBtfﬁh(”%%ﬂéh RRyELE N 8ded QR o0Bt &8 the Ffurther
progress g% éﬂe ggaggion

In a further embodiment, the polymerisatioﬁ is at least
partially carried out in a kneader, extruder, static mixer, tube
reactor .or heated vessel, i.e. a system having good mass and heat
transfer and intensive mixing and kneading of the mixture, for
reasons given above.

It is highly preferred that the polymerisation is at least
partially carried out in an inert atmosphere. It was found that such

conditions 1limit unwanted side reactions. By flushing inert gas

through the reactor the most effective removal of water from the

polycondensation reaction i1s reached, which may be advantageous for

the further progress of the reaction.
The present invention also relates to a polyhydroxycarboxylic
acid obtainable by any of the methods according to the present

invention.
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It is highly preferred that precedi ng pol ycondensati on
t he hydroxycarboxylic acid is treated as to renove

WO e@e/08mver . Hydr oxycar boxyl i ¢ B84 d, e.g. | actPCT/AT2ms/000699
obtai ned as a by-product in dairy industry, may

CoﬁhabnéggﬁhQFS?%§HUH Ct@%'grégéﬁt“@ﬁ@gntfﬂﬁ 9@hbggsff@ethe use

e equilibriumof th | actic acid
of ImtarTRHLEWANbURY S 6 SyBEE? U PECEIBT AP H 19 rPéf&Paratlon

of §BE?ﬁydfbkp@@wbdgylFerfgga cag ?Iready be fornmed. In
er _to actic agi cacid. fir
ChE PPt or s T 08 FLAbVEAT Tt o pLL U g oricture:

relatively concentrated hydroxycarboxylic aC|d nay be
used such that thig evapomati on step nmay not .be

required. . The e apératlon of the free water,

optional step a requi res a system havi ng good heat
transfer, and c4d carried out in comonly known
evaporators, |iK gr exanple falling film

evaporators. A fl3 evaporatlon can al so take care of

the renoval of the ffee: waP&r content in

hydr oxycar boxylic acid. . Besides the renoval of water

fromthe reaction mxture, polylactic acid, also the
» whertirdéuf andrekk aseaatgpﬁﬂﬁaéuéﬂbaﬁiRUQﬂ?SneﬁﬁVeﬁeaﬁqnﬁ get forth
abopglleved that formation of |actide cannot be

conpl etely excluded, but in order to suppress,t

| adtti e f VARt TSR CarkF T 6 TTRET daeed t hS f |a1r§inabja%s df/PéI qas  the
folDéwidte speliyeansglensati on reaction of lactic acid, the

| acti de renoved coul d be returned back to the reaction

mxture. A partial congen®ef (reflux condenser) or a

rectification colum p aced on top of the reaction

vessel the pol ycondérsation reaction is carried out

in, may ensure the| recycling of lactide to the

reaction m xture. al so preferred that the

pol ynerisation is at partially carried out under

vacuum conditions . It Was~found that such conditions

ensure nost effective renoval of water fromthe

pol ycondensati on reaction, which nay be advant ageous

W%%Ee&genfygtgﬁrinteger chosen from 0 or 1, and m is an integer

chosen from 0, 1 or 2, as discussed above.

Preferably, the polyhydroxycarboxylic .acid obtained has a
bimodal or multimodal molar mass distribution. Preferably, the the
polyhydroxycarboxylic acid comprises at least a first fraction having
a molar mass in the range of 1 — 200 kDa and a second fraction having
a molar mass of above 200 kDa. More preferably the second fraction
has a molar mass in the range of 200 - 1500 kDa.

In an embodiment, the polyhydroxycarboxylic acid is polylactic
acid, for reasons already stated above.

As already mentioned Dbefore, a high molecular weight

polyhydroxycarboxylic acid is- obtained Dby linking of the

polyhydroxycarboxylic acid having a bimodal molar mass distribution.
The polyhydroxycarboxylic acid comprises a high molecular weight

fraction unprecedented that can advantageously be used to easily

_obtain a high molecular weight polyhydroxycarboxylic acid wusing

linking reactions.
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progress of the reaction. In a further enbodi nent, the
polynerisation is at |least partially carried out in a
whp@aeaTe73 ext ruder, static m xet4-tube react orPCDNL2005/000699
heat ed vessel, i.e. a system having good mass and heat
trapsfer,and nn%en%veqénaz@tnao@ngoistﬁm rﬂlgv@flgtaerboxyllc acid
i s

m xture, for reasons gl ven above
andb?%f%ﬁ¢¥ﬂ¥ﬂ4hé¥“%iﬂ§°§8?yﬁéP|?Stﬁéﬁk?g B?g?Qﬁﬁﬁ Chain extension

canp@r 4l. aldey Sarfidraddouty Ia’p;ﬂl’ylh@erdom@bﬁﬁﬁ@hﬁ.*é8cti\te Wasth either
found t hat su h conditi

hydg i Hhe PRy ?I%Sh?]i%ycf &ef" galssocﬁ?oﬁ%%gt he rgggFoxyllc acid
grothe (ost. efdfexdteve peapvidinesd . wathethdr omayt hef linking involves
radPQZyCQQQEEQQtleB %@ﬁ% 'és r%§0hgg aﬂﬁg C%e?@¥1§5§ or other

advant ageous for t urther progress of the reacti on.
lnlt{‘-k%t%ﬁesent invention also relates to a

polpyh Eogyeaf@@wlas@eae; dribt @i bhe 1b.yeﬁlﬂ:yor0faﬁsh3€ relates to
nmet h%é, %CCOI‘dI ng fo the prgsent i.nvention. £1i1
2 Path pe L SPERE Dr eSWRE T A EMtics rgP?x?%s ?16 fHewn  tilm,

chavsetafisan anonhbicadbolyhgnaxycarboxglie berizersecoirdgng to the

preggﬁgmﬁmeer ation of e yg}@g&e Qﬁm%ykaﬁo&gi &y multimodal

erab the aromatic
molgy r UREUY edlStV\#i@r@%l RragndPeR2 Paréianl gHat i eultable for such
appStbstidnuents, for reasons set forth above .ot s
even nore preferred that the aromati ¢ di has e :
f o PoVih PG UEETF e he \RPdwBY AT PRY @TRR %Y f‘égéflghéggﬂrdlng to
thefpmé'htonnﬂzentmd irsr |usee &or ipttepget ng hosiemefer bireflds, komposite

mater+§% %Snghgg t%b8¥€é E%%Ierably the

yhy roxycar AC acrd ai ned has a bi nodal or
nuIItt| ncedahfeﬁemﬁd rtﬁ@fr dhst ppburydnexyPpebexwbid aqide is used in

combb@atpfarthmxxe%r boXY hbee G €QPE | S@R108En! eaShn athe group,
first fractign_having a nolar nass |nthe ransgce of -

congtRSkIh Ghd 4 48EDNd U LALTT Ry FPITS BIasticlaes, impact

modifiers, stabilisers, colouring agents, flame retardants, anti-bloc
agents, and initiators, or other commonly used additives for the
applications disclosed above.

- The invention will now be described further by means of the
following examples and figures, which are in no way meant to be
construed as limiting the scope of the present invention.

Figure 1 shows a GPC chromatogram of polylactic acid having
bimodal molar mass distribution (bottom line) which is prepared by
the method according to the present invention in the presence of an
aromatic diol versus polylactic acid prepared in the presence of an

aliphatic diol (top line).
EXAMPLES

Example 1. Effect of the aromatic diol on molecular mass

An amount of 800 g L-lactic acid was dried at 100 °C at 50 mbar
overnight. Next, the polycondensation reaction was started, first by
adjusting the pressure to ~ 800 mbar, followed by a temperature
increase of 10 °C / 15 min. At the start of the reaction 1 g tin-

octoate and 0.5 g of 2-hydroxyphenethyl alcohol were added. The final



a nol ar mass of above 200 kDa. More preferably the
second fraction has a nolar nmass in the range of .200

WO 2030876kDa. | n an enbodi nent ,- 1he PCT/NL2005/000699
pol yhydr oxycarboxylic acid is polylactic acid, for
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consisting of fillers, reinforcenent agents,
pl asticisers, inpact nodifiers, stabilisers, colouring
w@o®@nsie73 | ane retardants, antiibtoc agents, apdI/NL2005/000699
initiators, or other comonly used additives for the
appl i cations disclosed apoyey 1Thegi nvention will now
be descri bed further by means of the foll ow ng
exanpl es and figures, which are in no way neant to b e
. poenghydietyaarbdoxgitiicngcldehSeiape bahodidle g eseRtimodal molar mass .
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presence of an aromatic diol versus polylactic acid
prepared in the presence of an aliphatic diol (top
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t he pol ycondensati on reaction was started flrst by
ngofh €ob Py fQl | gued by.aq
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continued for 16 hours. Another polynerisation was
al so nade at the sane conditions and according to the .

. Bapeedfet perPrur ite tHeipr dsendersfinahgl ingsRatyerefytarboxylic
tbug angdigghyhyafdRErbBRyI £aCLERN MESi P NIRIRd td¥e multimodal
reaction m xtures were cooled down to roomtenperature

BALPEINAEF JeFFBW HdIY actic acid was col | ected and
characterlsed by Gel Perneation Chronatography (GPO) .
onmat_oqr aphy
) con %e {?ﬂ%ﬂ% ﬁgkéqgfg‘e%?bggégPon a h éyy%pg§f%§?§%boxyllc
HpL@;Fqgm@rggas arSKlepdt a first and a second fraction, the

fractions having a molar mass in the range of 1 - 1500 kDa.

g%égrising at least

. Process according to claim 3, wherein the polyhydroxycarboxylic
acid comprises at least a first fraction having a molar mass in
the range of 1 - 200 kDa and a second fraction having a molar mass
of above 200 kDa.

. Process according to claim 6, wherein the second fraction has a

molar mass in the range of 200 - 1500 kDa.

. Process according to any of claims 3-7, wherein the polymerisation

is polycondensation.

. Process according to any of claims 3-7, wherein the polymerisation
occurs in two steps, one step being polycondensation and one step

being ring-opening polymerisation.



&3000, &2500 and GL500HXL colums and an LKB 2142 R
Det ect or. Mbnodi sperse pol ystyrene standards were used

wo evo7o3derhr at i on. The concentr-ati-on of the sanpCBNL2®S/000699
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11.

12.

13.

14.

about 1.5-2 ng/m in THF, which was al so used as the

pRbide RRasS8aidy the ERCosY sl &MMs e, CREspEE 1 HHOWREic diol
an addi tional, peak eak b in Figure 1 ) for the

. (p

Bt yihsr £9AE PO D SEAUE " epared i n presence of the
aromatic diol in conmparison to the product prepared in
the presence of the aliphatic diol corresponding to a
nmol ecul ar weight (Mw) of 2 000 - 20 000 g/ nol (peak a
in Figure 1 ) . The additional peak is of significant
size and indicates a nol ecul ar wei ght of severa
hundred thousands g/nol (Da) for the fraction.CL Al
MS 1 . PolyhydroxydarpoxybHc acid havi ng bi nodal or
mul ti nodal nol ar mags distribution, said
pol yhydr oxycar boxykftsaci'd conprising at |least a first
fraction having a "mass in the range of 1 - 200
kDa and a second act| on having a nolar nmass of -
above 200 kDa. 2 . 'olﬁhyd[péﬁcarboxylic acid
according to claiml1 , wreerein the second fraction has
a .nolar mass in the range of 200 - 1500 kDa. 3 .
Progess of @ HEepardng pebibyds axyeanboxyts c acid, said
process conprising the step of subjecting
hydr oxycar boxylic acid and/or cyclic (di).ester of a
hyclramesy earboxing coaehd ¢H @aliyweBi @t ivdreriednt hee aromatic diol

C . cat al d an aromatic diol,
@%gﬁgg?g??gg%u%ﬁfﬁﬁégk%ﬁg'aronatic diol has a single
benzene ring. 4 . Pracgss ggeording to claim3 ,
wherei n the pol yhydrgxy&arboxylic acid is

polyhydroxycarboxyliizuﬂd havi ng bi nodal or

mul ti nodal nol ar g dj stribution. 5 . Process
according to claim erein the

pol yhydr oxycar boxyl ne~aci d conprises at |east a first
and a second fraction, Ge)frQcti ons having a nol ar
mass in the range of 1 - 1500 kDa

, wherein n is an integer chosen from 0 or 1, and m is an integer

chosen from 0, 1 or 2.

Process according to any of claims 3-11, wherein  the
hydroxycarboxylic acid is chosen from .one or more of the group,
consisting of lactic acid, glycolic acid, hydroxybutyric acid,

hydroxyvaleric acid, and hydroxycaproic acid.

Process according to any of claims 3-12, wherein the cyclic
(di)ester of the hydroxycarboxylic acid is chosen from one or more
of the group, consisting of lactide, glycolide, mandelide, &-

caprolactone, butyrolactone and valerolactone.

Process according to any of claims 3-13, wherein  the
hydroxycarboxylic acid is lactic acid and/or the cyclic (di)ester

of the hydroxycarboxylic acid is lactide.



6 . Process according to claim3 , wherein the
pol yhydr oxycar boxylic acid conprises at |least a first

wo e@cs®m havi ng a nol ar nmass 4 h8the range of BCF/NROWD5/000699
kDa and a second fraction having a nolar mass of above

15. gp&cé‘s[ga chofdl%%esst@ccgﬁyl ng)ft 0 &gy 6 g-wher eMﬁ‘ereln the
the second fraction has a nolar mass in the ran

pobycongengakbRl 8 COMBIISESs aEE%rdlﬁEFR§) aﬁVfof%SIalﬁﬁe melt-
Pollycomnhekbiéme po) Yﬂ@It—gﬁﬂly@Bndénspﬁ:llmOMﬂnslaIﬂ )Oorsol9d-state
f oce S a cordlng to any of clainms 3-7, wherein the
BTy egg? of*occurs in two steps, one step being
pol ycondensati on and one step being ring-opening
' Broggss cQf t y di
Lo e PP o im0l has The Foll ow'ng | Breoeti
BeFyranseasatiomertdien Wcﬂroaﬂ’&aRQO’aYJel%l F‘ﬁh%t ils Treated as to
substd tyent gatedl. Process according to any of clains
3-10, wherein the aromatic diol has the foll ow ng
structure: , wherein n is an integer chosen fromO or
17. mromamﬂ nactsrdmg nteger achoserf f romits, 13016,2 . wid@rein  the
E S%.(& 8Bd|l%g 5’9 gQXS'Pf gk‘@_jl.{lflr}; C’I!;'Irlwrglh@ EHS?I‘ vacuum
oxycar oxyllc acid 1s chosen om .one or nore o
Ph@d{ﬁkﬂﬂ§ consisting of lactic acid, glycolic acid,
hydroxybutyric acid, hydroxyvaleric acid, and
hydr oxycaproi c_acid. 13. Process accordlng to any of
18. BF%?%%¥3 $5CO% % nt? he 28¥cl i (dF)2 Bt er 3o ’theWhereln the
bydﬁﬁmm&ambonyhscamulbasi alrosenliyoneoniedr onor énofk kneader,
gr‘gcﬁour)stgggélﬁ?fi %Ebé %’;{cdc%’r ?!:y}cfé)iﬂeqf’v ssel.
e- capro actone,” butyrolactone an
val erol actone. 14. Process according to any of clains

19. %rgéesé”heégbgrcﬁlhﬁj hygé Oxléﬁ?r bl igiagid i $-1@Cti Gherein the
acid /or the cyclic %§t ester of the

ﬁya%wmafeymsc Y3Ei dePeti #eEiael s, CArBiElsOUt in an inert
acroesshdyg.t o any of clainms 8-14, wherein the

20.Use of an aromatic diol having a single benzene ring for the

preparation of polyhydroxycarboxylic acid.

21.Use according to claim 20, wherein the aromatic diol has the

following structure:

, wherein R; and R, are aliphatic substituents.

22.Use according to claim 21, wherein the aromatic diol has the

following structure:



pol ycondensati on conprises the steps of i )
pre-nel t pol ycondensation, ii) nelt-polycondensation

wa@pa7iosicy3 sol i d- st at e pol ycondehn8ation . 16. PPOCL/EE05/000699

according to any of clains 8-15, wherein preceding

pol ycondensati on the hydroxycarboxylic acid is treated
as to renove free water. dy4.) Pilagess according to any
of clains 3-16, wherein the polynerlsatlon is at |east
partially carried out undgr vacuum conditions . 18.
Process according to a clainms 3-17, wherein the
polynerisation is at | e partially carried out in a
kneader, extruder, stati I xer, tube reactor or
heated vessel. 19. Process @&dtprdPig to any of clains
3-18, wherein the polynerisation is at |east partlally

r WEGFPIRANOLE PR ARCTIRE (ChOSRBsREFel. ©201, USBJOR d4f an integer
chogé®metdnC odi ol ohawvi ng a single benzene ring for the

23.

24.

25.

26.

27

28.

29.

preparation of polyhydroxycarboxylic acid. 21. Use
according to claim 20, wherein the aromatic diol has
vhe fddawidiggst ruct ureexy , wiier eclriRbs and@0R22ar e wherein  the

%i§%¥§fd%y%gg éi§f§y“§%ld ggs gbﬁﬁ qr%|n u&glﬁ%&aﬂnmolar mass

erern t e aromatic di ol has e fol [ owm ng
di e on -wherein n is an i nteger chosen fromoO0 or 1
, and ra is an integer chosen fromO , 1 or 2 . 23.

Use accordlng to an clains 2 mh rein the,
SF RO ESFB AL 2 | tH 0 CBE oy P Figtegla? molaz
mkardxﬁs&b@t&bnl butwomet RhstUse facesor dragtian daaiimg a molar

égssrfﬁ |on %ﬁ% cﬂpqal %%On%b% ggga% gEL@ﬁd tion having a

I st ws at | east I rst raction having a
mpplay mass of above 200 kDa.

Use according to any of claims 20-24, wherein the

polyhydroxycarboxylic aclid is polylactic acid.

Use according to any of claims 20-25, wherein a high molecular

weight polyhydroxycarboxylic acid is obtained by cross-linking of

the polyhydroxycarboxylic acid having a bimodal molar mass

distribution.

.Method for preparing injection-molded goods or Dblown £film,

characterised in that the polyhydroxycarboxylic acid as defined in
any of claims 1 or 2 or a polyhydroxycarboxylic acid prepared by

the process as defined in claims 3-19 is used.

Method for preparing polymer blends, composite materials oz
nanocomposite materials, characterised in that the
polyvhydroxycarboxylic acid as defined in any of claims 1 or 2 or a
polyhydroxycarboxylic acid prepared by the process as defined in

claims 3-19 is used.

Method according to any of claims 27 or 28, characterised in that
the polyhydroxycarboxylic acid is used in combination with one or

more additives, chosen from the group, consisting of fillers,



mass in the range of 1 - 200 kDa and a second fraction
havi ng a nol ar nmass of above 200 kDa. 25. Use

wa@ewangtionyy t o any of cl ainms 20-2d; wherei n t hePCT/NL2005/000699
po] _yhydroxycarboxylic acid is polylactic acid. 26.

L@Pn%%%h@h@ga%&&ny p@bs€l @i 4852014 acﬂ‘h&feﬁ.‘fﬂe@s highpbilisers,
nol ecul ar wei hydroxycarboxy i c aci

BDt A e byag@.n&és | FARPRg oF ?ﬁ%amryhfd}tdﬁéai:boﬁg?%s' and
agieh Awisng a bi nodal nol ar nmass distribution. 27.

Met hod for preparing injection-nolded goods or bl own
film characterised in that the pol yhydroxycarboxylic
acid as defined in any of clains 1 or 2 or a

pol yhydr oxycar boxylic acid prepared by the process as
defined in clainms 3-19 is used. 28. Method for
preparing pol ynmer blends, conposite nmaterials or
nanoconposite materials, characterised in that the

pol yhydr oxycar boxylic acid as defined in any of clains
1 or 2 or a polyhydroxycarboxylic acid prepared by the
process as defined in clains 3-19 is used. 29 . Method
according to any of clainms 27 or 28, characterised in
that the pol yhydroxycarboxylic acid is used in

conbi nation with one or nore additives, chosen from
the group, consisting of fillers,reinforcenent agents,
pl asticisers, inpact nodifiers, stabilisers, colouring
agents, flane retardants, anti-bloc agents, and
initiators .



