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OBJECTIVES

 Formulation of biodegradable thermoplastics with improved processability, thermal-
mechanical properties

* Optimisation of bioplastics nanocomposites prototype batches based on nanoclays or
nanofibers specifically adapted for injection moulding, blow extrusion moulding and film
production at laboratory level and pilot scale level
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METHODS

During the last decade, Poly lactic acid (PLA) as a
biodegradable and biocompatible polymer has been
considered an alternative for synthetic plastic materials
on the basis of its ability to be processed and relatively

As part of the EC Project DIBBIOPACK using a DOE
(Design of Experiments) approach, a mixture designed
to study the effects of different chemical components on
the time to reach 50% of crystallization of PLA (Table 1)

low cost; however, PLA applications are limited by its
low mechanical properties, poor thermal stability and
slow crystallization rate. In order to improve on these
limiting properties, additives such as plasticizers,
coupling agents, nucleating agents and fillers can be
used.

was used. Several components of the formulation have
been considered as mixture variables: a biodegradable
plasticizer, GLYPLAST OLAS8, a low MW modified
poly(lactic acid) produced from bio-renewable raw
materials by Condensia Quimica, Spain, and LAK301
and/or PDLA as a nucleating agent.

NUCLEATING AGENTS

Table 1. Effect of LAK and PDLA on crystallinity = PLA is NatureWorks LLC INGEO 2003D , while the plasticizer (Glyplast
properties of PLLA/OLAS blends. OLAS is a polyester of lactic acid with linear alcohols) and the PDLA are

"(OA/O'; Pg/';)A (; ;/é) Crys(t(;)')"”'ty provided by Condensia Quimica, Spain. LAK-301 (LAK), is an aromatic
julfonate. It is a Nucleating agent for PLA resin, produced by Takemoto, Table 2. Effect of LAK and PDLA on mechanical
0 0 >1800 : apan. :
5 0 61 4.2 Blgnds are prepared with PLA, plus 20% by weight of OLAS8 and a variable properties of PLLA/OLAS blends.
5 5 48 6.5 amount of LAK and PDLA. They are processed on a MiniLab Haake twin- LAK _ PDLA TS, E TS, e,
2 c 46 _— screw extruder, and after extrusion, transferred through a preheated cylinder (%) (%) (GPa)  (GPa)  (MPa) (%)
to a Haake MiniJet II mini injection molder for preparation of specimens for
0 2 151 4.3 . . . . . . . 0 0 27 1.5 19 293
differential scanning calorimetry (DSC) analysis, and tensile tests. Tensile
t'/2 = Time for half crystallization tests are carried out on an Instron 4302 universal testing machine. DSC 5 0 28 2.0 18 247
(Q200 TA instrument) first run from 25°C to 200 °C, isothermal for 2 min, 5 5 11 1.0 20 278
b4 fast cooling to 105°C isothermal conditions at 105 °C for 30 min. To compare ; : 1 )0 ’a -~
é‘“’? _ the relative effectiveness of PDLA and LAK301 (LAK) the crystallization half |
Zo08 time of PLA in the blends was measured, results are reported in Table 1. 0 2 33 11 28 640
= 0,6 / Tensile properties of the blends based on PLA, plasticizers (OLAS8), and
é 2‘2‘ | LLAK301 and/or PDLA as nucleating agents were reported on Table 2.
(R N S The formulations reported in Table 2 and in Table 3, are particularly
0 50 100 150 200 interesting since they merge a relatively low value of time of crystallization
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with mechanical properties matching the technical requirements for flexible
packaging films.

Figure 1. DSC first run .

PROCESSING ON PILOT SCALE

Mechanical CONCLUSION FOR PROCESSING
properties of DIBBIO
samples and of E s yield e yield s break e break ON PILOT SCALE
references materials (Mpa) (MPa) (%) (MPa) (%)
PLA2003D 15 206-3NL 1500 - » > 7 > Extensive screening of plasticizers, nucleating agents
1 Mg(OH)AO and nano additives allowed selecting promising
PLA2003D 15 206-3NL 500 o 5.0 ) 10 f 1 . f 1 d .
3 Mg(OH)AO 5 3 : 9 ormulation 1or scale up proauction
& PLA2003D 15 206-3NL
o & E . | Nanoclay 1400 21 1.7 30 200 . .
MiniLab IT Haake Rheomex CTW 5 conical PLA2003D 15 206-3NL »Polymeric matrix based on PLA 2003D and 5-15% by
twin-screw extruder, Haake MiniJet II mini 3 Nanoclay 1500 2 18 28 200 weight of plasticizer, and 1-3% of nano additves were
injection molder PLA2003D 15 206-3NL selected for scale up production
1 NANOFIBER 1400 22 2.2 29 175
PLA2003D 15 206-3NL
3 NANOFIBER 2200 23 2.6 31 206 » Mg(OH) difficult processing with PLA even if coated.
BO PLA films 3500-4500 25-30 80 . .
- 250-350 2r-30 S 100% Nano c}ays are suitable, Nano based fibres most
Jars standard 1000-2000 20-30 200 performlng.
Premium 3000 50 2
Bottle 2000 30-40 2-100
, : »Materials produced on industrial scale extruder, nano

additives feeding with industrial feeders, achieving good
dispersion in the polymeric matrix.

COMAC co-rotating
twin screw extruder
EBC 25HT

»Several batches of PLA based formulation were prepared
on pilot scale and delivered to the industrial partners for
processing tests and prototypes production.
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Nano additives: (Mg(OH), Nanoclays, Nano Fibers) in PLA
based polymeroc matrix
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