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Global production capacities of bioplastics 2024

Biobased, non-biodegradable
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APC Aliphatic Polycarbonates PBS Polybutylene Succinate
CP Casein Polymers and Copolymers
CR Cellulose Regenerates PE Polyethylene

PA Polyamides

PEF Polyethylene Furanoate

PBAT Poly(Butylene Adipate-co-Terephthalate) PET Polyethylene Terephthalate

Biobased, biodegradable
56.3 %

7% SCPC

4.6% PBAT

4.1% PHA

3.3% CR

1.3% PBS

0.2% CP

PHA Polyhydroxyalkanoates
PLA Polylactic Acid
PP Polypropylene

PTT  Polytrimethylene Terephthalate * PEF available at commerc
Source: European Bioplastics, nova-Institute (2024)

SCPC Starch Containing Polymer Compounds

PLA : forecast at 42% in 2029

ial scale as of 2024

Global production capacities of bioplastics expected at 5,73 million tonnes
in 2029

PLLA is:

©
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- Biobased
- Biocompatible
- Compostable under industrial conditions

- Low glass transition temperature (T, = 60°C)
L= Loses its shape under heat

- Low elongation at break (g; = 4-6%)

= Brittleness?

- Reinforcement of PLLA by producing
composite materials?

- Copolymerization of L-lactide (L-LA) with ¢-
caprolactone (e-CL): impact resistance and
shape recovery

- Thermoplastic Resin Transfer Molding
(TP-RTM) Process: one step process via in
situ polymerization of the matrix, good
wettability = matrix/reinforcement,  high
reinforcement ratios, control of the
thickness of the produced part

matrix
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Locks:

Produce recyclable all-thermoplastic composites
PLLA-based

thermoplastic

reinforcement
(plain weave)

= Quantitative conversion of monomers
= High molar masses (M, > 100,000 g/mol)

for high mechanical properties

= Good fiber/matrix cohesion

= Working under inert atmosphere

= Avoid reinforcement-catalyst interaction,
shrinkage and movement of the
reinforcement

= Minimizing porosity in composites

Single tank TP-RTM apparatus used in this study *
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In the injection part :
Low conversion and low viscosity

(under stirring)

Heated tank containing
monomers and catalyst

Anhydrous and
inert
atmosphere

Catch pot

Following previous works conducted at UMET>/%:

first prototypes of all-thermoplastic composites produced by TP-RTM
both PLLA homopolymer and PLLA-based copolymer matrices used

first production by in situ polymerization of fully thermoplastic composites
guasi quantitative conversion of L-lactide
conversion of e-caprolactone to improve (temperature and heating time)
study of the recycling of PLLA/thermoplastic fabric composites in progress

Poly(L-lactide) (PLLA) and poly(L-lactide-co-e-caprolactone) (PLCL)/thermoplastic fabric composites

by TP-RTM 2
Mold Polymerization Convebr5|ons M. © M C Td | T
Run | temperature time 0 W b B .
ok h %) | (g/mol) | (g/mol (°C) | (°C)

L-LA | e-CL
1 160 3 95 - 122,200 | 163,100 | 1.33 | 57 | 175
2 185 2 97 - 99,300 | 144,200 | 1.45 | 55 | 175
3 160 5 97 79 | 20,900 | 40,600 | 194 | 21 | 138
4 160 7 96 87 | 50,700 | 108,800 | 2.14 | 22 | 139
185 5 94 92 | 23,900 | 47,200 | 1.98 | 20 -

2 Experimental conditions: PLLA = poly(L-lactide), PLCL = poly(L-lactide-co-g-caprolactone), L-LA = L-lactide, €-CL =

g-caprolactone, catalyst = Sn(Oct),, ([L-LA] +[e-CL])/[Sn]

= 2000. ® Determined by *H NMR in CDCl,. ¢ Determined by SEC

in CHCI, at 1 mL/min and 25°C for runs 1 and 2, in THF at 1 mL/min and 35°C for runs 3, 4 and 5. Correction coefficient
for M_and M,, : 0.68 for runs 1 and 2, [0.58 x wt % LA + 0.56 x wt % CL] for runs 3, 4 and 5. @ Determined by DSC with a
rate of 10 °C/min.
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Run 1

PLLA/thermoplastic fabric composite

produced at 160°C

PLCL/thermoplastic fabric
composite produced at 160°C
L-LA conversions superior to 94% for PLLA and PLCL matrices composites no matter the processing
temperature. €-CL conversions up to 92% could be reached with a processing temperature of 185°C,
160°C is not enough in these conditions to get an acceptable e-CL conversion. M, as high as 163,000
g/mol have been reached for the PLLA matrix composites versus 108,800 g/mol for the PLCL matrix
ones. No mesovoids could be observed in these composites.

5mm

PLA/theprastic fabric composite
produced at 185°C

5mm

PLt_h‘é”rpIastic fabric
composite produced at 185°C
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