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WP3 - Objectives
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WP3 general objective: development of RECYCLING processes for the separated 
fractions and monomers obtained in WP2, improving their recovery, processability
and properties

• ‘Repolymerization’ of the WP2 depolymerized & purified monomers into PET
• Verifying melt-state polymerization & properties in the lab
• Melt- & solid state polymerization for WP4
• Verifying properties of the final polymer & benchmark vs other experience

• Development of formulations for the use of the WP2 delaminated PET 
and polyolefin (PO) fractions in flexible and rigid applications
• Improving the molar mass of the delaminated PET using chain extenders
• Grafting of MA on delaminated PO’s, for rigid and flexible application 
• Prepare materials for WP4 based on the best recipes



WP3.1 - Results
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• Polymerization of BHET (from multilayer tray depolymerized in WP2)

Pre-trials Merlin BHET Commercial BHET Typical PET

RM shape Balls Balls Powder Powder (PTA) 
+ Liquid (MEG)

MSP Batches 2 1 4 -

MSP time (min) 143 - 162 151 138 - 169 140

L* 52.1-53,0 51.7 46.1 – 47.6 63.7

a* -1.4 - -1,4 -1.5 -0.7 - -1.4 -1.5

b* 0.3 - -0,4 0.88 2.0 - 3.24 5.9

IV (dL/g) 0.60 – 0.64 0.59 0.62 - 0.63 0.64

Output (kg) - 53 180 -

SSP batches - 3 8 -

IV (dL/g) - 0.81 ± 0.01 0.83 ± 0.03 0.82

Output (kg) - 53 159 -

MSP PET (Merlin vs Commercial)

SSP PET (Merlin vs Commercial)

• Lab trials found that the Merlin BHET could be polymerized without change in conditions.
• This was reconfirmed in pilot melt-state polymerization (MSP) despite the different shape 

of pilot plant BHET (balls) vs commercial BHET (powder)
• Material could be prepared for WP4 with IV targets reached in typical polymerization times 

and color close to vPET.



WP3.2 & 3.3 - Results
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• Based on internal testing, Joncryl ADR 4400 was found to be the best chain extender, and was 
used for sample preparation of the simulated PET (FYCH) and ‘real’ PET (UNIBO/ITENE)

Sample
ɳintrin 

(dL/g)
Mv

PET Indorama (reference) 0.57 11744

rPET simulated flakes 0.65 13466

3kg/h of rPET, 100 rpm, no chain extender 0.61 12709

4kg/h of rPET, 100 rpm, no chain extender
0.62 12865

0.62 12813

3kg/h of rPET, 100 rpm, 1.06 wt% ADR4400
0.74 15602

0.76 15976

3kg/h of rPET, 100 rpm, 1.38 wt% ADR4400
0.90 19292

1.08 23473

4kg/h of rPET, 100 rpm, 1.03 wt% ADR4400
0.86 18288

0.88 18902

4kg/h of rPET, 100 rpm, 1.21 wt% ADR4400
0.95 20321

1.00 21588

Joncryl ADR 4400

Twin-screw extrusion

Simulated PET (FYCH)
• Chain extension was effective (molecular weight increased`)
• Some improvement in mechanical properties could be observed 

in the ‘real PET’, despite it having ~25% PE contamination.



WP3.2 & 3.3 - Results
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• LDPE grafting (simulated LDPE)

Name of the sample
m (g) 
LLDPE

n (mol) 
DCP

n (mol) 
Grafting 
molecule

Gel 
Content 
(wt %)

Oxygen 
concentra
tion (wt

%)

Grafting 
efficiency 

(%)

Physical 
appearance of 

the grafted 
polymer

LLDPE DCP

50

7 x 10-4 - 45.8 0.872 /

LLDPE DCP MAH 7x10-4 2 x 10-2 31.2 1.44 30

LLDPE 0,75 DCP 
2 Fumaric acid

5.25 x 10-4 4 x 10-2 20.2 n.d. n.d.

LLDPE 0,75 DCP 
3 Fumaric acid

5.25 x 10-4 6 x 10-2 20.7 1.63 16

LLDPE DCP 
Dimethyl Fumarate

7 x 10-4 2 x 10-2 40.2 2.19 54

LLDPE DCP
Diethyl Fumarate

7 x 10-4 2 x 10-2 43.3 2.24 56

LLDPE 0,5 DCP 
Diethyl Fumarate

3.5 x 10-4 2 x 10-2 1.8 n.d. n.d.

LLDPE 0,25DCP 
Diethyl Fumarate

1.75 x 10-4 2 x 10-2 0.3 n.d. n.d.

LLDPE 0,25DCP 
2 Diethyl Fumarate

1.75 x 10-4 4 x 10-2 0 2.34 28

LLDPE 0,25DCP 
3 Diethyl Fumarate

1.75 x 10-4 6 x 10-2 0 1.96 20

• Grafting was found to work under various conditions 
with new grafting agents with the same efficiency as 
traditional MAH

• Fumaric acid was selected for use for rigid 
applications (potentially bio-based)

• Diethyl fumarate (DEF) was selected for flexible 
applications as it provided better surface properties 
(better adhesion)

Sample γsp

(mJ/m²)
γsd

(mJ/m²)
γs 

(mJ/m²)

Simulated LDPE (FYCH type 1) 0 31 31

Simulated LDPE (FYCH type 2) 1 34 35

FA-grafted LDPE (FYCH type 1) 0 33 33

DEF-grafted LDPE (FYCH type 2) 7 46 53

Simulated LDPE (FYCH type 1 and 2)



WP3 – Conclusion & Outlook
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• rPET from BHET from multilayer trays could be produced similarly to other BHET sources, and with good 
properties not far from vPET.
→ The core of the recycling process is the depolymerization & purification of BHET (in this project, WP2)

Starting material Grafting agent QTY WP4 target

Simulated PET Joncryl 50kg ITENE

Real PET Joncryl 5kg ITENE

Simulated LDPE 
(FYCH, type 1)

DEF 50kg ITENE (Flexible)

Simulated LDPE 
(FYCH, type 2)

FA 25kg ITC (Rigid)

Real LDPE (UNIBO + 
ITENE) 5kg
+25kg virgin LDPE

DEF 5kg ITENE (Flexible)

FA 25kg ITC (Rigid)

• Optimal chain extenders could be found 
for PET, with some mechanical properties 
improvement.

• Optimal grafting agents were found for 
LDPE, with some adhesion improvement 
for the flexible formulation.

• For the ‘Real’ (UNIBO+ITENE) delaminated 
stream, Some LDPE contamination was 
found in PET and some PET contamination 
in LDPE. Since also limited material was 
available of this stream, it was decided to 
blend it with virgin LDPE for WP4.
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