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Outline

 Plastics  recycling

 Recycling of FR polymers

 Recycling of end-of-life vehicles

 Conclus ions
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Plastics recycling

Linear economy  circular economy

Plastic goods
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 defined composition of material flow

 sufficient material flow

 only small amount of impurities

 suitable size of the sorting good

 presence of sorting and separation systems

 relatively low logistical effort

 polymers and additives must be easily recyclable

Plastics Recycling
-When does mechanical recycling makes sense?

 Conditions for mechanical recycling are:
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Plastics Recycling
Differences between virgin materials/aged materials

 Chemical modifications

 Molecular weight of the
polymer

 Polymer structure

 Metall traces

 Contact media

 Inorganic impurities (sand,…)

 Organic impurities (printing inks, 
adhesives,....)

 Different 
additives/pigments/ 
fillers

 Different degree of
damage of starting
materials

Recycled
material

Effect of
foreign

materials

Damage due  
to processing

and use

Effect of
mixture



© Fraunhofer LBF 

6

FR Plastics Recycling 
Challenge of flame retarded materials in circular economy

Time

Production
process

Added
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Product

Basic materials
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After sorting current
procedure for flame
retarded materials

Target: Enable longer lifetime for
flame retarded materials

Material 
recovery

Life Cycle
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FR Plastics Recycling
Solving the problem

 Chemical recycling of brominated flame retarded
plastics (e.g. CreaSolv process )

 REWARD, a 3 year project in the Eco-Innovation 
program. Title: “Recovery of Electronic Waste 
through Advanced Recycling And Demonstration”

 Fraunhofer LBF project: recycling of HFFR plastics
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HFFR Plastics  Recycling Project
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Applications Plastics Flame Retardants

E & E
PP

PC/ABS

Piperazine pyrophosphate

Phosphate ester 

Films PP Alkoxyamine

E & E
PP

PA-6 

APP based system

Melamine cyanurate

E & E
PA-6 / GF30

PA-66 / GF30
DEPAL + P-Synergist

Wire & Cable PE/EVA, LLDPE Aluminium hydroxide

HFFR Plastics Recycling Project
Overview of selected HFFR model systems

Project scope: systematic investigation of 10 HFFR model
systems
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HFFR Plastics Recycling Project
Chemical structures of the used flame retardants

Piperazine pyrophosphate

Alkoxyamine

DEPAL

MC

ATH

Phosphate esterAPP
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HFFR Plastics Recycling Project 
Systematic Procedure I

3rd

Extrusion

4th

Extrusion

5th

Extrusion

2nd

Extrusion

1st

Extrusion

Multiple extrusion

Injection 

moulding
Granules

Characterisation & Testing

Simulation of mechanical exposure by 

multiple processing

11
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HFFR Plastics Recycling Project 
Systematic Procedure II

3rd

Extrusion

4th

Extrusion

5th

Extrusion

2nd

Extrusion

1st

Extrusion

Mehrfachextrus ion

Characterisation & Testing

Aging of 

granules

Injection 

moulding

Injection 

moulding

Aging of    

test bars

Accelerated oven-aging

Granules

Simulation of aging due later use
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 Best possible fire classification

 E+E: UL94 V-0 (1.6 mm and 0.8 mm)

 cable: UL94 (HB) (1.6 mm and 3.2 mm)

 films: 4102-1 (B2) (150 µm) 

HFFR Plastics Recycling Project
Starting values
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CZ Polymer type / HFFR
T (Extr.)

/ °C

Burning

behaviour

Mechanical properties

Young’s

modulus

Tensile

strength

Elongation at 

break

1 PP / APP based system 230 V-0

2 PP / piperazine pyrophosphate 200 V-0

3 PP / 0,5 % alkoxyamine 210 B2

4 PP / 1,0 % alkoxyamine 210 B2

5 PE / ATH (I) 150 – 160 HB

6 PE / ATH (II) 150 - 160 HB

7 PA66 / GF30/ DEPAL HFFR 290 V-0

8 PA6 / GF30/ DEPAL HFFR 270 V-0

9 PA 6 / MC 270 V-0

10 PC/ABS / phosphate ester 260 V-2

HFFR Plastics Recycling Project
Material properties after multiple extrusion

% relative change

normalised to the 

respective initial value

unchanged

< 25 %

< 50 %

> 50 %
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CZ Polymer type / HFFR
T (oven)

/ °C

Storage time

in days

Burning

behaviour

Mechanical properties

Young’s 

modulus

Tensile

strength

Elongation at 

break

1 PP / APP based system 135 10, 20, 30, 40
2x V-0

3x V2

4 PP / 1.0 %  alkoxyamine 120 20, 40, 60, 80 B2

5 PE / ATH (I) 100 5, 10, 15, 20 HB

7 PA66 / GF30/ DEPAL 120 10, 20, 30, 40 V-0

8* PA6 / GF30/ DEPAL 120 10, 20, 30, 40 V-0

9* PA6 / MC 120 20, 40 V-2

10 PC/ABS / phosphate ester 100 10, 20, 30,40 V-0

HFFR Plastics Recycling Project
Material properties after accelerated oven-aging

Oven-aging of test specimens
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CZ Polymer type / HFFR
T (oven)

/ °C

Storage time

in days

Burning

behaviour

Mechanical properties

Young’s 

modulus

Tensile

strength

Elongation at 

break

1 PP / APP based system 135 20, 40 V-0/V2

4 PP / 1.0 % alkoxyamine 120 20, 40 B2

5 PE / ATH (I) 100 10, 20 HB

7 PA66 / GF30/ DEPAL 120 10, 20 V-0

10 PC/ABS / phosphate ester 100 20, 40 V-0

HFFR Plastics Recycling Project
Material properties after accelerated oven-aging

Oven-aging of granules with subsequent injection moulding
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Conclusions after multiple extrusion and accelerated 
aging

 Multiple extrusion 

 After 5 extrusion steps, flame retardancy was maintained for nine 

out of ten formulations

 Accelerated aging

 For selected formulations flame retardancy was mainly 

maintained.
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HFFR Plastics Recycling Project
SEM of PA66/GF tensile test bars

1s t 3rd 5th

Extrusion

50 µm 50 µm
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HFFR Plastics Recycling Project
Average glass fibre length

 Manufacturer specifications (CS 7928, Lanxess)

 Fibre diameter (nom.) 11 μm

 Average fibre length (nom.) 4.5 mm
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HFFR Plastics Recycling Project

The project creates essential data sets for 

recyclability of HFFR plastics.
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