
TABLE OF CONTENTS 

 
1. INTRODUCTION……………………………………………………………….1 

1.1. BACKGROUND. SCOPE OF THE STUDY…..……..…………………...………….1 
1.2. PLASTICS RECOVERY IN EUROPE……………………….…………………..…2 

1.2.1. Analysis of plastic consumption and recovery in Europe………………..…..2 
1.2.2. Mechanical recycling. Bottlenecks associated with the industrial activity…......5 

1.3. QUALITY ASSESSMENT OF RECYCLED PLASTICS………………………….….....7 
1.4. DEGRADATION OF HIGH-IMPACT POLYSTYRENE AND  

OTHER RUBBER-MODIFIED STYRENIC POLYMERS…………...…………..16 
1.5. RECYCLING OF STYRENIC PLASTICS FROM WASTE ELECTRICAL AND 

ELECTRONIC EQUIPMENT (WEEE). DETERMINATION OF BROMINATED FLAME 
RETARDANTS (BFRS)…………………………………………….……….….20 
1.5.1. The problematic of BFRs in recycled plastics from WEEE…….…………..20 
1.5.2. Analytical procedures for the determination of BFRs……………………....23 

 

2. AIM OF THE STUDY. METHODOLOGY…………………………………..26 

 

3. EXPERIMENTAL………………………………………………………...……28 

3.1. MATERIALS AND SAMPLE PREPARATION………………………………….......28 
3.1.1. Simulation of the life cycle of recycled HIPS through  
 multiple processing and thermo-oxidation…………………….……...…….28 
3.1.2. Material sampling in a large-scale mechanical recycling facility………...…....29 
3.1.3. Reference HIPS samples containing brominated flame retardants 

.………....30 
3.2. CHARACTERISATION TECHNIQUES……………………………………….......31 

3.2.1. Melt mass-flow rate (MFR)…………………....……………………………31 
3.2.2. Tensile 

testing……………………………………....………………………31 
3.2.3. Differential scanning 

calorimetry………………………....………………....32 
3.2.4. Thermogravimetric analysis (TGA)…………………………....……………33 
3.2.5. Fourier Transform Infrared Spectroscopy (FTIR)………………....………..33 
3.2.6. Raman spectroscopy…………………………………………………...…...33 
3.2.7. Dynamic mechanical thermal analysis (DMTA)…………………………….33 
3.2.8. Scanning electron microscopy (SEM)………………………………………34 
3.2.9. Analysis of low molecular weight 

compounds……………………….............34 
3.2.10. Extraction of brominated flame retardants from HIPS……………………..35 
3.2.11. Analysis of brominated flame retardants…………………………………....36 

 

4. RESULTS AND DISCUSSION………………………………………………..39 

4.1. DEGRADATION OF RECYCLED HIPS DURING LIFE CYCLE.  
  SIMULATION BY MULTIPLE PROCESSING AND THERMO-OXIDATION..…..39 

4.1.1. Rheological and tensile properties………………………………………….39  
4.1.2. Oxidative stability……………………………………………………...…...42 
4.1.3. Changes in chemical functional groups………………………………...........43 
4.1.4. Viscoelastic behaviour and morphology…………………………...……......47 
4.1.5. Occurrence of low molecular weight compounds…………………………..54 



 
 

4.2. QUALITY ANALYSIS OF RECYCLED HIPS DURING  
THE LARGE-SCALE MECHANICAL RECYCLING PROCESS………………....63 

4.2.1. Presence of polymeric 
impurities……………………………....…………....63 

4.2.2. Thermal properties and oxidative stability...………………………...……....64 
4.2.3. Chemical changes in HIPS structure…………………………………...…...66 
4.2.4. Presence of low molecular weight compounds………………………...........68 

4.3. ANALYSIS OF BROMINATED FLAME RETARDANTS IN STYRENIC POLYMERIC  
SAMPLES FROM WEEE…………………..……………………………..71 

4.3.1. Development of the chromatographic methods for analysis of BFRs….........71 
4.3.2. Comparison of extraction methods of BFRs from reference HIPS..…..…....75 
4.3.3. Determination of BFRs from standard samples from WEEE……….....…...81 

 

5. CONCLUSIONS………………………………………………………………..83 

 

6. ACKNOWLEDGEMENTS…………………………………………………….87 

 

7. REFERENCES………………………………………………………………….89 

 
 


