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Abstract

Polylactides (PLA), biodegradable aliphatic polgest produced solely from renewable resources miastisute
petrochemically based polymers in a broad ranggppfications in the near future, if we manage tpce
them at lower cost and higher efficiency as nowadBgssible applications include food packagingxfeat and
soft drinks, films for agro-industry and non-wovendygienic products. The authors developed, basea new
catalytic system, a reactive extrusion polymer@saprocess, which can be used to produce PLA oamtisly in
larger quantities and at lower costs than befohés &xtrusion polymerisation process has been dped and
tested with laboratory scale machines and the ppitissis to extend this polymerisation processdctide based
blockcopolymers have been investigated.

Keywords: Polylactide; Ring opening polymerisation; Blockcbpoers; Reactive extrusion; Twin screw
extruder

1. INTRODUCTION

Worldwide the problems associated with the productf large amounts of waste are one of the mosbitant
challenges to face in the following century. Therage American family, for example produces moaath
3000 kg of waste per year. In the case of plastistey we have to face the fact, that in the USeqld8 million
tons of consumer polymers have been produced i8.18% corresponding figures for Europe and Asta3ar
million tons and 25 million tons, respectively. Al this polymer has to be disposed of some dathdrcase of
plastic waste, the preferred solution up to novecgycling, though often conducted as downcycling or
incineration. Nevertheless degradable materialoff@n a substantial possibility to reduce thessteaisposal
problems.

Polylactide (PLA), a hydrolyzable aliphatic polyersknown and used for a long time for medical aggtions
(Schmitt and Polistina, 1967; Conn et al., 1974diBg, 1982; Heller, 1985) is one of the polymeiidety
accepted to play a major role as future packagiateral (Narayan, 1992; Sinclair, 1996; Hakola, 29T his is
mainly due to the good mechanical properties of PluAich are comparable to today's standard paclagin
polymer polystyrene, but also due to the fact BlaA is produced from lactic acid, which in turn daa
prepared by fermentation from nearly any renewaddeurce such as starch, molasses, whey and gdtgar.
use PLA polymers can be recycled, incinerated mdflded, though it is mainly intended for dispo$gl
composting and in-soil degradation. Thus PLA presid closed natural cycle, being produced fromtpland
crops, polymerised and processed into a packagodypt and degraded after use into soil and humbih is
the basic necessity for growth of new plants ag€i(Fig. 1).

Polylactide can be synthesized by two differenhpatys: either the step polycondensation of laatid,ar the
ring opening polymerisation (ROP) of the cyclicder lactide. In contrast to the more traditional
polycondensation, that usually requires high temjpees, long reaction times and a continuous refrafva
water, to finally recover quite low molecular weigiolymers with poor mechanical properties, laciR{eP
provides a direct and easy access to the corresgphijh molecular weight polylactide. The ring apwy
polymerisation of lactide is known to be promotgdewis acid type catalysts such as metals, metal
halogenides, oxides, aryls and carboxylates. Tha regresentative of this group of catalysts i§lkjhis(2-
ethylhexanoate). The ring opening polymerisatiomitsated by protic compounds such as water, atshhiols
and amines, which are either present as impuiitiése lactide dimer or can be added by demand.

As previously mentioned, the current objectivestarmake the manufacturing of PLA economically \&albn
this respect, the authors developed a continuoesstage process using reactive extrusion techndfery et
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al., 1996). However, this technique requires thattiulk polymerisation is close to completeneshiwia very
short time (5-7 min), which is predetermined by tesidence time of the extrusion system, and tieat t
polylactide stability is high enough at the pro@egsemperature. Even though Sn(Oct), can promoiie dast
Lactide (LA) polymerisation, it is also known toveaadverse effects on the PLA molecular weight and
properties, as a result of back-biting and integoolar transesterification reactions, not only dgithe LA
polymerisation, but also during any further metigessing (Gogolewski et al., 1993; Sédergard argirda,
1995). The authors therefore showed that the aaddf an equimolar amount of a Lewis base, padityl
triphenylphosphine onto 2-ethylhexanoic acid tingklt (Sn(Oct), significantly enhances the lactide
polymerisation rate in bulk (Degée et al., 1998ansitted). This kinetic effect has been accounted
coordination of the Lewis base onto the metal atbiime initiator, making the insertion of the moremmto the
metal alkoxide bond of the initiator easier (Degéal, 1998b, submitted). The Sn-OR bond is formesitu by
the reaction of the alcohol and the tin(ll)dicarplexe. Thus the ROP proceeds via the same cooiaimat
insertion mechanism involving the selective O-adghvage of the cyclic ester monomer, as alreadyvkn
from alkoxide initiators (Kricheldorf et al., 198B&fgren et al., 1995). The addition of one equéwdlof
triphenylphosphine onto Sn(Ogthallows for reaching an acceptable balance betwegpagation and
depolymerisation rates, so that the polymerisasdast enough to be performed through a continsge-
stage process in an extruder. Results obtainedebsetctive extrusion polymerisation using labasaszale
closely inter-meshing co-rotating extruders havenbachieved (Jacobsen et al., 1998, submitted)rend
influence of various processing parameters ondbalting polymeric properties has been determiHedvever
the technology developed originally for homopolyisation of polylactide can be transferred to laetidhsed
blockcopolymers. The technological background avwitypical examples are presented within this paper

Fig. 1. Natural cycle for the production of polylactide.
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2. MATERIALSAND METHODS
2.1. Materials

(L-L)-Lactide was purchased from Boehringer Ingelhemuh ased as received, having a water content < g0 p
and a remaining free acidity < 1 mequ'kd\dditional ,L)-lactide was provided by 2B, Brussels, having a
wafer content of<40 ppm and containing 0.2% remmgifiioluene. The remaining free acidity was deteeahito
be 6.5 mequ kg
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Hydroxy terminated Polyethylenglycol (PEG 1500)hndét molecular weight of 1500 was purchased at Henke
and used as received. Hydroxy terminated Otigaprolactone (M= 4000,0 = 1.5) has been prepared in the
laboratory.

2-Ethylhexanoic acid tin(ll) salt Sn(Ogtyas purchased from Th. Goldschmidt and used withaorification.
Triphenylphosphine P(gyvas purchased from Janssen and dried by thre¢ragiodistillations of toluene. A
0.15 M solution of the equimolar Sn(Oct)P(a) has been prepared by dilution in freshly drieddok. Toluene
was dried by refluxing over CaHUIltranox 626 was provided by GE Specialty Chenu ased without further
purification.

2.2. Polymerisation

For reactive extrusion polymerisation the lactisl@sed as received without further purificatiortofal of 2 kg
lactide, previously mixed with 0.5 wt% of ULTRANO&R26 stabilizer, is rapidly filled into previousliame
dried and nitrogen purged 51 glass bulbs, equipptda stopcock capped with a rubber septum. Tiedyet
solution is added using a syringe with stainlesslstapillary. Toluene was distilled off under redd pressure
for 60 min.

The mixture prepared as such is transferred ionatant nitrogen purged gravimetric feeding umftich
constantly provides the test specific throughpuhtotwin screw extruder used as polymerisationagev

The lactide is fed into a closely intermeshing otating twin-screw extruder of BERSTORFF (ZE 25ying a
screw diameter of 25 mm and @-ratio of 48. The machine is divided into 12 semsiowhich can be
temperature controlled by means of electric headienjces and water cooling. The polymerisation e&during
the extrusion process at a temperature of aboutl880C. Finally, at the tip of the screw the maehim
equipped with a static mixer, kindly provided byISAER, to homogenise the material and especially to
improve distribution of the stabilising system lretPLA polymer. The polymer is extruded throughrarsl die,
cooled under a constant air-flow on a take-off amnidl pelletised.

2.3. Analysis

The monomer conversion was determined by FTIR encksidues were extracted by washing successikiely
organic layer once with an aqueous HC1 solutioh K0) and twice with deionised water. Part of thotusion
was evaporated to dryness and the solid residuadmer + polymer) analysed by size exclusion
chromatography (SEC). The second part was pretaplita cold methanol and the polymer was filter&dcaad
dried under vacuum to a constant weight.

2.4. M easur ements

L-LA conversion was calculated from FTIR spectrufcast film on NaCl. A calibration plot of PL-LA tb-LA
molar ratio versug\sgsto Agss ratio was established, whehgsgzandAgss are the absorptions of the bands at
1383 and 935 cih respectively. The absorption band at 1383 corresponds to a vibration mode shared by
the polymer and the monomer, while the absorptamdbat 935 cihis characteristic of the monomer.
Practically, monomer conversion (c) was calculaetthe following equationc= 100/([L-LA]J/[PL-LA] + 1)
where

[PL-LAJ/L-LA]
= —12.27 4 31.56(A1 335/ Aoss)
— 26.76(A 1355/ Aozs)® + 10.43 (A1 295/ Aoss)?
— 1.81(Ay 395/ Agzs)* + 0.12(A 305/ Aoss)

Ocassionally conversion was also calculatedHbNMR from the relative intensity of the methineogp of the
monomer and the polymesQHp. .o = 5.16 ppmpCH_. o = 5.02 ppm)*HNMR spectra were recorded in
CDC1; with a Brucker AM400 apparatus at 25°C. Solutionaentration was 5 wt/v%.

SEC was carried out in CHCAt 35°C using a WATERS 610 liquid chromatographigoed with a WATERS
410 refractometer index detector and two STYRAGEIlmns (HR1, HR5E). Molecular weight and molecular
weight distribution of polylactides were calculaiadeference to a polystyrene calibration andextad to an

absolute basis using an universal calibration ¢ (Kps =1.67 x 107, aps =0.692, Kp; o =1.05 x
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1073, apra =0.563 in the [#] =K x M* Mark-Houwing relationship).

3. RING OPENING POLYMERISATION OF LACTIDE USING REACTIVE EXTRUSION

The technology of reactive extrusion polymerisati@hich has been used for a broad range of chemical
reactions (llling, 1969; Goyert et al. 1985; Snell985; Stuber and Tirrell, 1985; Anderlik, 1994)conducted
in a closely intermeshing co-rotating twin screvreder with the processing and screw concept shiavaig. 2.
The previously prepared monomer-catalyst-stabilisiture is transferred into a gravimetric feedaygtem.
This feeding system is constantly purged with drigcbgen and provides the entrance section oéxteider,
which is also constantly flushed with dried nitroge avoid unnecessary contact of the lactide tighmoist air
of the surroundings, with a constant throughpie.réhe used twin screw extruder has a screw diaroéb
mm and an.:D-ratio of 48, being one of the longer extruderaditionally used in reactive processing. The
extruder contains a modular screw and consistevaral barrel parts. The first two barrel sectiaresnot
heated, so that the solid dimer is pushed relatifasdt into the extruder. This is done using scedaments with
a large helix angle. Within the third barrel seatioombined with screw elements and with smalléix leagles,
an increased temperature is used to melt the diméto disperse the catalyst and stabilising agéhin the
low viscous material. Within these first three-lghgections, no significant polymerisation occasthe
temperature is not high enough for a fast polyratios. Starting with the 4th barrel section, theolehtwin
screw extruder until the screw tips is heated tienaperature of 180°C. The maténside the
extruder will not have this temperature, but widlMie a temperature spectrum, which is in a rangeliver
acceptable polymerisation conditions. Within thiéofming screw part, the oligomerisation or prepognmsation
occurs. In that purpose, three combinations oframgand kneading elements are included. Eacheseth
combinations includes a large kneading elementchlivehhances the thermal polymerisation conditigns b
energy dissipation, followed by elements workingitr to counter-rotating scissor blades.

Fig. 2. Processing and screw concept for the productiopobflactide using reactive extension technology
within a closely intermeshing co-rotating twin serextruder.

Catalytic system,

dissolved in toluene Lactide
process control

system
oluene

| -

pressure and tem-
perature transducers,
possible additional
loss weight FTIR- or rheometric
feeder in-line measurement i
static

—5 | G

stabilizer

mixer

twin screw extruder ZE 25, 48D

Polylactide

These elements will cut the material flow in evemrsingle flows creating new neighbourhoods withie melt.
These shearing and mixing combinations are bloekgdhst the flow direction. The further the advameat of
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the polymerisation, the more powerful the restictelement is chosen. In the first combinationpanter
conveying kneading element; in the second comlminati counter conveying standard screw elememtded
and finally, a blister is chosen as flow restrint@lement. These blocking elements are used teaserthe
degree of fill and the residence time of the mateniside the mixing and kneading elements, whicturn will
lead to a better mixing. With increasing conversitwe viscosity of the melt will increase, and #fere the
mixing of the melt becomes more relevant for thiymerisation advancement, as the potential reagiaréners
become more rare. Therefore, it was decided tosshetvonger flow restriction elements with incragsi
conversion.

After a last pressure reduction, the melt entgraréially filled zone using screw elements witlaeger screw
volume. Within this part, a devolatilisation of raiming monomer or low molecular weight componensnf

the polymer would be possible, which has proventode necessary in this case. Within the lasthaumel
sections, screw elements with a smaller helix apgbeide a pressure build up to push the polymeuh the
static mixer in front of the screw tips and throulyé die. In this section, the final polymerisatpmoceeds under
increased pressure of 30-40 bars. In the optimwsa,¢he polymerisation is continued, until the thedynamic
equilibrium is reached. It has to be noted thatstiage of equilibrium, due to the enhanced predswet and the
thermo-mechanical energy input, does not necegsaile to be the same as in similar polymerisation
experiments conducted in glass ampoules undemathe starting polymerisation conditions.

Within the static mixer the stabilizer system ULTRAX 626 (bis(2,3-di-butylphenyl) pentaerythritol
diphosphite used as antioxidant) is finally dispdravithin the polymer. Unfortunately, it was notpible to
distribute the stabilizer inside the polymer witllie screw length, as it dissolves readily andsspagferably in
the monomer phase before moving into the polymdy; after a certain monomer conversion is reached.
The extruded high viscous polymer is cooled dowmibwir-cooled conveying belt and pelletised afteds.

In Table 1, polyt-lactides produced in glass ampoules using buléhablymerisation technology and in
single-stage continuous reactive extrusion polysation are compared on the basis of molecular peteam
The comparison of two polymers polymerised undehsiifferent conditions is very difficult, althoughe
same starting polymerisation conditions were ugéeé. resulting conversions of 98.5 and 99% show thdtoth
cases, the polymerisation reaction has been fidisheugh for the bulk batch polymerisation in asgl
ampoule, the time required to reach this convers@pproximately 40 min, compared with only 7-&nim the
reactive extrusion process. This difference caexmained by the fact that as soon as a high mtaeaeight,
i.e. a high melt viscosity is reached, the speeiti@feaction is limited not by the reactivity bétchemicals, but
by the diffusion of the dimers or low molecular glei compounds inside the high viscous melt to éiméactive
partner. This physical movement is limited to threwnian movement in the glass ampoule, but is sipdan
the twin-screw extruder by the mixing elements bydhe shearing of the polymer inside the interimes
zone.

The low molecular weight distribution (MWD) valussaller than 2 in both cases show that intermogecul
transesterification reactions have been very lithitehich is due to the use of triphenylphosphina as-
catalyst, as well as due to the use of ULTRANOX &286tabilising agent.

The difference in molecular weight can be explaibgdhe fact that the lactide for the polymerisatio the
glass ampoule has been recrystallised, while ibleas used as received for the reactive extrusion
polymerisation, and by the fact that contact ofltatide with humid air can not be totally avoid#ating the
transfer of the lactide from the gravimetric feettethe twin-screw extruder.

4. INFLUENCE OF PROCESS PARAMETERSON THE FINAL POLYMER PROPERTIES-MASS
FLOW RATE

As a typical example for the influence of differ@mbcessing parameters on the properties of thiezh
polymer, the influence of the mass flow rate thiotige extruder on the resulting polymer parametassbeen
determined. More detailed information on the pretegparameters is published elsewhere (Jacobsdn et
1998, submitted). Using the above specified prasgsand screw concept for the continuous polymédeaof
poly-L-lactide, the mass flow rate has been changed @@ to 1 kg H and further to 1.25 kg For these
experiments, a lactide supplied from Brussel Bibteas been used, all other processing parameteeshiezn
kept constant and especially the screw speed, alveagaining at 50 rpm. In Fig. 3, the results of #et of
experiments are shown. The conversion decreasesd886 at a mass flow rate of 0.75 k§dver 97 to only
94% at the highest flow rate of 1.25 k§ his fact can be explained by the effective resigeime of the
material inside the extruder. The residence timkebegireduced with increasing throughput, whichutessin a
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polymerisation, which has not reached the equilibbrstate at the end of the die. A further increagbhe
throughput would result in a dramatic decreasenaf/ersion, as the viscosity of the resulting matesiould be
too low to provide a successful pressure buildtupedie, which in turn would result in an evewés
residence time and thus even lower conversion eaudl o a complete break down of the reaction. Tolkecnlar
weight increases by 4000 and the molecular weiggtilution decreases slightly, while increasing thass
flow rate from 0.75 to 1 kg'h which can be explained by already starting degfiad reactions at the
experiment with 0.75 kghmass flow rate, reducing the chain length agdter aeaching the maximum
conversion. If the throughput is further increased.25 kg H, as already described, the state of equilibrium
cannot be reached anymore, resulting not onlydnced conversion, but also, in a dramatically reduc
molecular weight and in a broader molecular wedisiribution, due to the appearance of shorterrshavhich
are still in the chain growing phase.

Tablel: Comparison between Poly(L-Lactides) as producedaiditional batch processing and in reactive
extrusion polymerisation in corotating closely imbe@shing twin screw extruders, both using an eqlamo
Sn(Oct) - P(g) complex with a [L-LAJ[Sn] ratio of 5000, at 180°C polymerisation temateire

Entry Process Conversion [%]  Time[min] for conversion M x103 Mw/M,,
1 Batch 98.5 40 246.0 1.9
2 Reactive extrusion 99.0 =7 91.1 1.8

Fig. 3. Resulting molecular parameters of poly-L-lactide@seived by reactive extrusion polymerisation-
average molecular weight, conversion and polydisipeias a function of mass flow rate through theeuster.
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5. TRANSFER OF THE DEVELOPED PROCESSTO OTHER POLYMERS, COPOLYMERSAND
ESPECIALLY BLOCKCOPOLYMERS

The above mentioned process to enhance the répaifithe slowly proceeding ring opening polymetisa of
lactide within a twin screw extruder, lead it te tieactions equilibrium within the extrusion systand thus,
continuously produce polymer, can be transferratbugertain circumstances to similar polymers and
copolymers with comparable monomers or comononferaimber of such monomers are presented in Fig. 4.
They include not only lactones sucheasaprolactone, but also dilactones as glycolidesiBaecessities to
transfer the developed process to other monomers ar

« Sufficient fast reaction kinetics, which can bettier enhanced within the extrusion system usifigsion
controlled polymerisations, such as the ROP ofdact
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* The equilibrium of reaction is close to completenomer conversion, to ensure the production df hig
molecular weight and high viscosity polymers.

« Side- and degradation reactions can be suppréssénd use of suitable stabilizer systems or dwnt of
reaction.

Due to these boundary conditions the number ofiplespolymers to be produced in this way is greadiguced,
though in most cases a modification of the readtiortics by choosing a suitable catalytic systemlausible,
so that it might be possible to generate thesenpailyg by reactive extrusion. If one wants to adddity
generate copolymers from different monomers, tievidng additional boundary conditions have to be
disregarded:

* The reaction kinetics of both monomers is simélad can be enhanced using the same catalytiosyste
» Both monomers are consumed completely or neantyptetely during the copolymerization reaction.

These additional boundary conditions restrict thmber of possible copolymers further, especiallthas
reaction kinetics of both monomers is differentriast cases due to steric hinderance, so that ysrad|
monomer homopolymerises readily, while the secamdains nearly unaffected by the polymerisationtieac

An alternative to the described copolymerisatiotwaf or more monomers is the possibility to incagie pre-
oligomerised, hydroxy-terminated blocks as starielecules to a second type of monomer. Thus the
homopolymerisation of this second monomer willtséaboth ends of the oligomers and incorporatenthe
blocks of predefined size into the polymer (Figlsjng this technique, one can generate a blockgom of
defined composition and with defined blocklengthhef second monomer. This technology has beenidedcr
by Stevels et al. (1996) using large amounts gb@kemers and Sn(Ogtps catalyst. Here, similar experiments
using small amounts of prepolymer have been coeduct determine the influence of the prepolymerthen
course of reaction using Sn(Oct)P (@) as catalytic system. First positive results haaenbmade with the
homopolymerisation of polylactide using prepolyreed oligomers of polg-caprolactone and
polyethylenglycol.

Fig. 4. Cyclic monomers or dimers to be used for ring opgmolymerisation using reactive extrusion
technology.
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We were able to show that small amounts (1 and?2)wf pre-oligomerised Poly-caprolactone blocks (M=
4000 g mof, § = 1.5; Table 2, entries 2 and 3) have no signifidafluence on the propagation of the
polymerisation reaction of polylactide during reéaetextrusion. The reactive extrusion has been ccted
using a barrel temperature of 180°C, a throughgiet of 1 kg Hand a screw speed of 100 rpm. As catalytic
system the already proposed Sn(@c# (@) has been used with a molar monomer-tin(ll)-rafi6@00. After
exiting the extruder, all materials have reachedetuilibrium of reaction. The monomer conversibavged no
significant indication of a negative influence bétoligomers on the reaction kinetics. The averagkecular
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weight decreases with increasing content of captofe blocks, which can be explained by the inaéas
amount of potential starter molecules for the payisation reaction.

Similar results have been obtained using prepoligadrydroxyterminated polyethyleneglycol (PEG)KIEa
3). Some 2 and 5 wt% of polyethyleneglycol wereeatlth the L-lactide feed. The reactive extrusios iheen
conducted using a barrel temperature of 185°Crautfhput rate of 1 kg and a screw speed of 50 rpm. As
catalytic system the already proposed Sn{Od®(@} has been used with a molar monomer-tin(ll)-rafis@0o0.
Again, there is no negative influence of the oligmson the course of polymerisation detectable.

The conversion within the residence time insideekiusion equipment is close to completeness faad t
average molecular weight decreases from 93 00®uwuitholyethyleneglycol to 70 000 with 5 wt% of adde
PEG with increasing oligomer content, while, at shene time, the molecular weight distribution beesm
smaller.

Fig. 5. Reaction scheme for blockcopolymerisation usingghigomerised blocks of one monomer (here
caprolactone) and a second monomer (here lactide).

CHs
o]
H—fO—(CHg)s—C—]—OH + m o
g o
o]
CHg
CHy O CH; O
—_— H—{O—CIH—HHO—(CHQ)5—CHO——C|H—Q1~
K u . m

Table 2: Influence of the presence of hydroxy terminategioalicaprolactone (OCL, M= 4000 g mof, 6 =
1.5) on the polymerisation of L-lactide using réaetextrusion technology with a reaction temperataf 180°C

Entry Content OCL Conversion [%]  Time[min] for conversion M,x 10° Mu/M,,
1 0 94.0 =7 87.0 1.7
2 1 97.0 =7 66.6 1.3
3 2 95.0 =7 43.8 1.4

Table 3: Influence of the presence of hydroxy terminategaiblyleneglycol (PEG, M= 1500 g mof) on the
polymerisation of L-lactide using reactive extrustechnology with a reaction temperature of 180°C

Entry Content OCL Conversion Time[min] for conversion M xI03 My/Mn
1 0 97.0 ~6 93.3 1.9
2 2 99.0 ~6 83.3 1.6

3 5 99.0 ~6 70.6 1.4
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6. CONCLUSION

In conclusion a new process has been developatidgroduction of polylactide using reactive eximas
polymerisation based on a new catalytic system¢kvhbt only enhances the ring opening polymerigatio
kinetics ofL-lactide but also suppresses side and degradaamions such as intermolecular transesterification
reactions. Thanks to this catalytic complex of Letvase and Lewis acid, it was possible to desgitable
processing and screw concept using closely inteérimgso-rotating twin screw extruders. The lactiihg
opening polymerisation reaction reaches the sfadguilibrium within the residence time of the réee
material inside the extrusion system and can tleussied for further melt processing using any potyme
processing device. Indeed it was possible to retheeamount of catalyst so far, that the catalsyistem can
remain inside the polymer without having negatiffects on the melt stability of the resulting pokmduring
further melt processing. An additional stabilisghjch does not influence the course of the polysation
reaction, enhances the melt stability of the r@sglpolymer further. Thus a polymer is achievedichtcan be
used as received and does not have to be reciystily means of expensive solvent recrystallisatio

The influence of different process parameters erptioperties of the resulting polymers has beeerdeted
and thus it now is possible to design a suitabdegssing and screw concept not only for any typeobflactide
needed but also to adopt the developed polymesisatiocess to similar ring opening polymerisatiosing
other monomers or even to copolymerisation reastigvithin this paper, some typical examples for the
production of blockcopolymers made of hydroxyterated pre-oligomerised blocks of one monomer antitliac
as second monomer have been presented. By adtpimength of the pre-oligomerised blocks as weliree
total amount of blocks added, a multitude of pdssitbockcopolymers can be generated with the same
processing concept and equipment to receive polymiith different mechanical, physical, thermal and
biodegradable properties for different applications
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