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Abstract 

This deliverable describes the adoption of recycled plastics to the production 

processes in pilot scale of the project's manufacturing partners. 
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1. Publishable summary 
PlastiCircle aims to develop and implement a holistic process to increase the 

recycling rates of packaging waste in Europe. This will allow to reprocess plastic 

waste in the same value chain (i.e. Circular economy; closure of plastic loop). This 

process is based on four axes: collection (to increase quantity of packaging 

collected), transport (to reduce costs of recovered plastic), sorting (to increase 

quality of recovered plastic), and valorisation in value-added products (i.e. foam 

boards, automotive parts like engine covers/bumpers/dashboards, bituminous 

roofing membranes, garbage bags, asphalt sheets/roofing felts and urban furniture 

like fences/benches/protection walls).  

A previous report gave the detailed requirements of the manufacturers. 

Partner Product Polymer 

Armacell  Foam boards Polyethylene Terephthalate (PET) 

Centro Ricerche Fiat (CRF) Automotive parts Polypropylene (PP) 

PET 

Derbigum Bitumen roofing PP 

Hahn Plastics  Outdoor furniture 

and retention 

products 

Low Density Polyethylene (LDPE) 

High Density Polyethylene (HDPE) 

PP 

Interval  Refuse sacks bags LDPE 

 

The report sums up the work on technical and economical validation of the 

products developed at pilot-scale in PlastiCircle. 
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2. Introduction 
The PlastiCircle project aims to develop additional end markets for recycled 

polymers derived from post-consumer household packaging waste.  

Depending on their quality, recyclates can be used in various applications. A 

closed loop recycling system (e.g. bottle to bottle) is not always possible, 

particularly in high performance applications where the highest quality is 

needed to meet product specifications and regulatory requirements.  

Currently, recyclates are used mostly in building and construction, packaging 

and agriculture. With the help of innovative recycling and sorting 

technologies, the quality of recyclates will increase, and so will the range of 

applications in which they can be used (source: "The Circular Economy for 

Plastics: A European Overview). Moreover, the introductions of post-consumer 

household waste in these applications sector still present certain challenges 

that need to be addressed. The innovations and technical challenges address 

in PlastiCircle, will contribute to foster circularity, as well as contributing the 

objectives of the Circular Plastics Alliance, where more than 100 public and 

private partners from across the plastics value chain promotes voluntary 

actions in favour of the EU market in recycled plastics.  

 

Table 1 PlastiCircle partners and products investigated in study 

Partner Product Polymer 

Armacell  Foam boards Polyethylene Terephthalate (PET) 

Centro Ricerche Fiat (CRF) Automotive parts Polypropylene (PP) 

PET 

Derbigum Bitumen roofing PP 

Hahn Plastics  Outdoor furniture and 

retention products 

Low Density Polyethylene (LDPE) 

High Density Polyethylene (HDPE) 

PP 

Interval  Refuse sacks bags LDPE 

 

The report sums up the work on technical and economical validation of the 

products developed at pilot-scale in PlastiCircle and previously described in 

D5.2 and D5.3. 

Work has mostly focused on existing recyclate on the market, as the amounts 

of specific material fractions from the PlastiCircle pilots are too small for the 

purpose. The main point has been to work with post-consumer materials. 

After identifying the relevant recyclates and initial testing, further tests were in 

some cases carried out. They involved material blends, chemical 

modification, and the use of additives as fillers and glass fibres.  
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3. Foamed PET boards 
Armacell is a pioneer in PET foam boards for composite applications since 

2006. Currently Armacell PET foam boards are based on 100% of recycled 

post-consumer PET bottles. In 2019 Armacell celebrated recycling 1 billion 

bottles. The foam boards are widely used in wind turbine composite parts such 

as rotor blades (Fig. 3.1), nacelles or spinners. Over 100,000 wind turbine blades 

have already been installed, using around 55,000 bottles per 50m blade. 

 

Figure 3.1 

Within PlastiCircle it has been the target to develop a recipe and process to 

use PET from household waste collection (including bottle, tray and others) 

instead of pre-sorted PET bottles for PET foam boards while maintaining the 

required quality. The results presented in this report are a continuation of the 

lab scale testing which was already reported in previous deliverables. 

 

3.1 Product and process requirements  
Besides certain characteristics of the recycled PET itself such as intrinsic 

viscosity, level of polyethylene or polypropylene, PVC or other contaminants, 

the process parameters in extrusion influence significantly the foam 

morphology and therefore have an impact on the quality of the final product. 

Furthermore, the selection of additives (chain extender, nucleation agent) 

plays a decisive role for processing, the foaming behaviour, and the 

properties of the final product. 

Parameters that influence the foaming behaviour and thus the mechanical 

properties and the quality of the foamed PET board are: 

• Quality of the raw material (recycled PET) 

• Quantity of the chain extender used in the recipe 

• The type of chain extender used in the recipe 

• Processing parameters (e.g. extruder temperature, line throughput, 
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calibrator temperature, puller speed) 

Both, the type and quantity of chain extender used in the recipe as well as 

the process temperature have an impact on the pressure which is generated 

in the extruder and which directly influence the cell structure and the resulting 

mechanical properties of the foam.  

3.2 Equipment, machine settings and 

recipes 
Equipment and Process 

The process development for the PlastiCircle demonstrator foam boards on 

pilot scale was done using a twin-screw extruder with a screw diameter of 

75 mm. The solid raw material is dosed and melted in the first section of the 

extruder. The blowing agent is injected into the melt in a later section of the 

extruder. After melting and mixing, the melt is cooled and homogenised by 

means of static mixing elements. The material is discharged through a multi-

hole foaming die. The extruded foam is shaped using a water-cooled 

calibration section followed by passive cooling at ambient conditions. The 

haul-off speed of the line is adjusted by a double belt type puller at the end 

of the line. The foam boards are cut to the desired length after the puller. The 

surface of the boards is grinded to the desired final dimension. Depending on 

the requirements and final application, the individual boards can be further 

welded to blocks and cut again to specified thickness. 

Raw Materials 

Raw material processing at Multipet GmbH (Bernburg/Germany) 

100% rPET with up to 20% of tray material was used for all tests at pilot scale to 

investigate the processing and to develop the recipe. 

The rPET is produced from a 50/50 mixture of two different material fractions 

from yellow bin collection in Germany.  

• 328-1: MixPET 90/10 with min. 90% PET bottles and max. 10% tray 

• 328-2: MixPET 70/30 with min. 70% PET bottles and max. 30% tray. 

The mixed material was presorted by colour before processing. The input 

material for the further preparation processes like colour sorting, plastic sorting 

or washing contains 20% tray material. The percentage of tray in the final 

product cannot be determined but should be at least 10%. 

PET Flakes granulation at Armacell 

The rPET flakes received from Multipet GmbH were granulated at Armacell 

using a production scale single screw extruder with degassing section and 

underwater granulator. The flakes were pre-dried to < 50 ppm before melting. 

Recipe 

In addition to rPET, a nucleation agent, two kinds of chain extenders and 

blowing agent are used in the recipe. During the experiments, the proportion 

of the two chain extenders was varied to ensure a stable process and to 

influence the cell structure, while the proportion of the other components 

were kept at a constant level. Table 3.1 gives an overview of the investigated 



 
 

 

10 
 

formulations: 

Chain Extender 1 [%] Chain Extender 2 [%] Total percentage of 

chain extender 

0.40 0 0.40 

0.45 0 0.45 

0.50 0 0.50 

0.55 0 0.55 

0.40 0.05 0.45 

0.40 0.10 0.50 

0.40 0.15 0.55 

0.40 0.20 0.60 

0.45 0.05 0.50 

0.45 0.10 0.55 

0.35 0.10 0.45 

0.35 0.15 0.50 

0.35 0.20 0.55 

0.35 0.25 0.60 

0.35 0.40 0.75 

Table 3.1 Investigated formulations of chain extender 

Additionally, the influence of the temperature of the static mixer and the die 

on the process and the quality of the final product was investigated. The 

temperature was varied in a range of 260°C and 285°C. 

3.3 Analysis of process and recipe 
First the influence of the temperature on the process is evaluated. Starting with 

a standard operating temperature of 280°C, the temperature is first reduced 

to minimum 260°C and then increased to a maximum of 285°C. The 

temperature has a direct influence on the viscosity of the melt and thus 

influences the pressure in front of the die and further on the foaming 

behaviour, the density and cell structure.  

The correlation between temperature and pressure or density is shown in Fig. 

3.2 
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Figure 3.2 Die pressure and foam density in function of the melt temperature 

In general, the pressure should be in a range of 50bar to 80bar to obtain a 

homogenous foam morphology. Too low temperatures lead to high pressure 

and therefore to an unstable process, while elevated temperatures lead to 

low pressure, which makes the foaming insufficient. The best results and a 

stable process could be achieved with a temperature of 270°C. This 

temperature is used for the further test series. 

Several formulations have been tested to develop a recipe that generates 

the best quality of the extruded foam board. The proportion of the chain 

extenders has a significant impact on the generated pressure and the cell 

structure. 

The more chain extender is added, the higher the generated pressure. The 

increase of pressure is more pronounced with chain extender 1, Fig. 3.3, which 

is the standard product used for Armacell’s PET foaming processes. Within the 

tested formulations, no pressure drop was observed upon further increase of 

the chain extender loading. This indicates that the reaction by-products do 

not lead to material degradation with the selected settings. 

 

Figure 3.3 Resulting die pressure as a function of different chain extender 

loadings and formulation rations (CE-1:CE-2) 
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In the same way, the amount of chain extender affects the number of cells. 

The more chain extender is added, the higher the number of small cells. The 

cell size is the result of the higher pressure and thus pressure drop rate which 

promotes cell nucleation. The increase in elongational melt viscosity also leads 

to a better stabilization of the foam morphology. An exemplary analysis for 

selected settings is shown in Fig. 3.4 

 

Figure 3.4 Cell size analysis for 0.4 % of CE-1 and different loading of CE-2 

In general, a high number of small cells improves mechanical properties. 

Besides the analysis of the process itself and the cell structure, the mechanical 

properties such as compression strength and modulus, shear strength and 

modulus and tensile strength and modulus were studied. Table 3.2 shows the 

analysis results of the mechanical properties. 

 

Table 3.2 Results of mechanical foam properties testing 
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27 0,30 0,45 1,10 40,91 0,48 20,15 0,73 13,58 19,47 1,74 9,03 49,09

21 0,35 0,10 1,01 33,63 0,56 22,70 0,68 12,60 17,14 1,45 6,49 40,00

22 0,35 0,15 1,02 35,10 0,54 22,11 0,58 10,38 9,00 1,43 6,11 41,90

23 0,35 0,20 1,10 39,12 0,54 22,20 0,74 11,52 23,31 1,70 9,09 44,25

24 0,35 0,25 1,18 42,15 0,51 20,26 0,78 10,64 27,25 1,56 5,80 53,03

25 0,35 0,40 1,37 52,01 0,45 18,38 0,81 13,62 27,28 2,20 11,36 67,91

14 0,40 0,00 1,22 43,27 0,51 21,20 0,67 14,67 11,04 1,61 5,23 57,27

15 0,40 0,05 1,30 48,11 0,49 20,65 0,72 13,83 17,39 2,01 7,96 62,75

16 0,40 0,10 1,38 54,28 0,47 18,48 0,76 15,46 17,36 2,19 8,17 71,08

17 0,40 0,15 1,41 56,84 0,45 18,49 0,75 16,42 15,49 2,29 8,65 70,52

18 0,40 0,20 1,43 57,61 0,43 18,67 0,78 15,16 19,28 2,25 7,63 71,13

20 0,45 0,00 1,37 52,46 0,49 20,72 0,75 13,06 17,89 1,77 6,20 61,37

28 0,45 0,05 1,25 44,73 0,50 21,25 0,71 12,73 15,02 1,70 7,61 53,37

29 0,45 0,10 1,42 55,12 0,46 20,52 0,74 14,13 15,13 2,11 9,08 62,71
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If all aspects like process, cell structure and mechanical properties are 

considered, the best result in terms of quality could be achieved with 0.4% of 

CE-1 and an addition of 0.1% to 0.2% of CE-2. Due to the different reaction 

mechanisms of the chain extenders, the ratio of ~ 2:1 for CE-1:CE-2 leads to 

the best ratio of chain extension and chain crosslinking while not causing 

significant degradation. 

3.4 Focus for further development  
One of the challenges during the PlastiCircle project is the limited market 

availability of post-consumer tray material. 

However, finally an extruded demonstrator foam board could be produced 

on pilot scale by using rPET with up to 20% tray material. 

Armacell’s assumption for industrial scale production is that it will be possible 

to blend 30% of ‘tray rich’ material with current production recipes while 

maintaining the required quality of the final foam board. A foam production 

with up to 100% of ‘tray rich’ material requires the use of the newly developed 

chain extender formulations. 

The main potential benefit for Armacell to use tray material lies in gaining an 

additional source of raw material. In addition, the cost for tray material might 

be lower in future than for standard bottle material.  

The next step will be the analysis of 100% tray material from Picvisa and 

comparison with different material grades, like virgin PET, rPET bottle grade and 

the material used for pilot scale trials. 
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4. Automotive parts 
This section describes the CRF-Proplast contribution. 

 

4.1 PP-BASED MATERIAL AND COMPONENT 
Based on the results shown in D5.2 and to maximize the industrial impact, the 

formulation PP - (T15+GF15) has been selected as one of the formulations to be 

scaled up to the pilot level and manufacturing of the automotive demonstrator. 

Before the pilot scale production and the injection molding of the car 

demonstrator, a final fine tuning of the formulation has been performed by Proplast 

in order to maximize the mechanical properties and to make it suitable for high 

performance applications. 

Following the description of this pre-pilot study is reported, followed by the 

preparation of the pilot scale compound and injection molded component. 

  

4..1.1 STEP PRE-PILOT 

4.1.1.1 Materials and methods 
Based on the outcomes of the lab-scale trials, reported in D5.2, the selected 

additives are: 
- Talc: H4 IMIFABI 
- Glass fibers: Lanxess CS7952 
- IntuneD5545 
- Kraton G1657V 

As already mentioned in D5.2: INTUNE D5545 (Dow Chemicals) is a PP-based Olefin 

Block Copolymers (OBC) mix segments of PE and PP which is used to compatibilize 

PP and PE commonly present in the recycled PP; KRATON G1657V (from Kraton 

Polymers) G1657 V is a clear, linear triblock copolymer based on styrene and 

ethylene/butylene with a polystyrene content of 13% (impact resistance). 

The produced compounds are based on the benchmark formulation PP-

(T15+GF15), with the addition of the two additives that in the lab scale trial have 

shown the best effect on the mechanical properties on the final material. The list of 

recipes is: 
1. PP - (T15+GF15) 

2. PP - (T15+GF15) + 3% Intune D5545 

3. PP - (T15+GF15) + 3% Kraton G1657V 

4. PP - (T15+GF15) + 3% Kraton G1657V + 3% Intune D5545 

The same screw profile as in the lab scale trial has been used. 

The produced materials were injection molded to produce specimens for 

characterization. The injection molding was carried out with an injection molding 

press Arburg AllRounder 370S 500/170 (Clamping force: 500 kN – Max. swept volume 

58 cm³ – Max. Injection Pressure 2500 bar). 

As for the characterization of the materials, several tests have been performed, 

namely: 

Tensile tests. Tensile tests were performed according to ISO527 standard, using a 

Zwick Roell dynamometer Z010, with a 10 kN load cell (1 mm/min Elastic modulus 
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speed – 50 mm/min test speed). 

IZOD impact test. Izod impact tests were performed according to ISO 180/1A 

standard (notched) and ISO 180/1U standard (unnotched), using a ATS FAAR 

IMPACT-15 equipment with a 1 J pendulum impact energy. The A-type notch has 

been obtained according to ISO2818 using a 6816 Notchvis Instron-CEAST 

equipment. 

 
 

4.1.1.2 Results and discussion 
Tensile tests. The results of the tensile tests are reported in Table 4.1. As it is possible 

to observe, the use of both the selected additives, while reducing the stiffness of 

the material, strongly increases the mechanical strength (from 26.4 MPa to 34.5 

MPa) and the ductility. 

 
Table 4.1. Results of tensile tests. 

Material 

Elastic 
Modulus 

(MPa) 

Yield 
Stress 
(MPa) 

Strain at 
yield 

Stress 
(%) 

Stress at 
break  
(MPa) 

Strain at 
break  
(%)  

Medi
a 

Dev
St 

Me
dia 

Dev
St 

Me
dia 

Dev
St 

Me
dia 

Dev
St 

Me
dia 

Dev
St 

PP - (T15+GF15) 4320 (21) 
26.
4 

(0.1
) 

1.2 
(0.0

) 
11.2 

(9.0
) 

4.0 
(1.6

) 

PP - (T15+GF15) + 3% IntuneD5545 4220 (25) 
25.
8 

(0.1
) 

1.1 
(0.1

) 
10.
5 

(8.0
) 

3.2 
(0.8

) 

PP - (T15+GF15) + 3% Kraton G1657V 3850 (52) 
23.
4 

(0.3
) 

3.1 
(0.2

) 
2.3 

(0.1
) 

8.9 
(1.1

) 
PP - (T15+GF15) + 3% Kraton G1657V 
+ 3% IntuneD5545 

3530 (27) 
34.
5 

(0.1
) 

3.2 
(0.1

) 
29.
4 

(1.3
) 

3.8 
(0.2

) 

 
Impact properties. Tables 4.2 and 4.3 report the results of the Izod impact tests, both 

notched and un-notched. As is can be seen, the synergic use of both Kraton 

G1657V and IntuneD5545 leads to a significant increase of the impact strength.  

 
Table 4.2. Results of Izod impact tests (notched). 

Material 
Notch 
type 

IZOD 
Impact 
Strength, 

notched 

(23 °C)  
(KJ/m2) 

Type of 
Fracture 

Avg StDev 

PP - (T15+GF15) A 5.9 (1.4) C 

PP - (T15+GF15) + 3% IntuneD5545 A 5.2 (0.4) C 

PP - (T15+GF15) + 3% Kraton G1657V A 7.2 (1.5) C 

PP - (T15+GF15) + 3% Kraton G1657V + 3% IntuneD5545 A 8.7 (2.2) C 
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Table 4.3. Results of Izod impact tests (unnotched). 

Material 
Notch 
type 

IZOD Impact 
Strength, 

unnotched (23 °C)  
(KJ/m2) 

Type of 
Fracture 

Avg StDev 

PP - (T15+GF15) - 11.6 (0.9) C 

PP - (T15+GF15) + 3% IntuneD5545 - 11.6 (1.0) C 

PP - (T15+GF15) + 3% Kraton G1657V - 12.7 (0.5) C 

PP - (T15+GF15) + 3% Kraton G1657V + 3% IntuneD5545 - 19.5 (1.0) C 

 
 

4.1.2 PILOT STEP - PP 

4.1.2.1 Compounding 
For the pilot phase, compounds were produced in subcontracting by Maris. Maris 

is an extruder producer and has in its technological lab different extruders size for 

the industrial scale up. 

In this particular trial, a co-rotating twin-screw extruder TM-HF30 was used, having 

the following characteristics: max screw speed 1300 rpm; total torque 485 Nm; 

barrels 4 l/d; main motor power 66 kW; diameters ratio 1.55 D/d. 

Proplast formulation used for prototype injection moulding trials based on post-

consumer PP is the PP - (T15+GF15) + 3% Kraton G1657V + 3% Intune D5545. 

The base polymer and the two polymeric additives (Intune D5545 and Kraton 

G1657V) were inserted in the main hopper of the extruder; talc was inserted in the 

first side feeder, glass fiber in the second one. A melt pump was used with the aim 

of avoiding bubbles in the final compound.  

Screw configuration and temperature condition were selected according the 

parameter used in Proplast for the pre-pilot step – tables 4.4 and 4.5. 
 

Table 4.4- Temperature condition for rPP compound 

 
 
  

HZ 1 HZ 2 HZ 3 HZ 4 HZ 5 HZ 6 HZ 7 HZ 8 HZ 9 HZ 10 HZ 11 DIE

SET 140 220 220 220 200 200 200 200 195 195 195 220

ACTUAL 140 218 219 220 200 200 200 200 195 195 195 220

Barrel temperatures in °C  (Nominal value/Actual value)

PP/15%talk/15%GF 

(+compatibilizer+rubber)

M
a

te
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a
l 

c
o

m
p

o
s
it
io

n
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Table 4.5 Extruder parameters for rPP compound 

 
 

4.1.2.2 Injection molding of the car demonstrator 
Details of equipment used for pilot scale 

   
 
Formulations used in pilot scale products 

The formulation properties for current production are listed in the table below 

 
Properties of the products made (if more than one formulation used provide the 

details of all the products): 

The component passed all tests performed for the design validation phase as listed 
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in the picture below. 

 
 
The final recipe and machine settings used to produce a product with post-

consumer household packaging recycled content 

 

 

Test Conditions Evaluation criteria

Heat Ageing 168 hours @ 90 °C ± 2 °C No deformations, 

breaks, aesthetic

changes

No joints

disconnections

No rust migration

from metallic parts

No deformations of 
cup holder

Humidity

Ageing

8 hours @ 40 °C ± 2 °C, 90-95% 

RH

Thermal 

cycles

4 cycles

8 hours @ 90 °C ± 2 °C

8 hours @ 40 °C ± 2 °C, 90-95% 

RH

8 hours @ -30 °C ± 2 °C

Gap & Flush

analysis

Manual and/or laser scanning 

analysis

Load box

opening

Afetr 3 thermal cycles

Cold Impact Conditionning 40 ± 2 °C, 4 hours

3,9 J impact dart 0,5 kg

No breaks

No whitening
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4.2 PET-BASED MATERIAL AND COMPONENT 
Based on the results shown in D5.2, the formulation PET+GF20 has been selected as 

one of the formulations to be scaled up to the pilot level and manufacturing of the 

automotive demonstrator. Before the pilot scale production and the injection 

molding of the car demonstrator, a final fine tuning of the formulation has been 

performed by Proplast in order to maximize the impact properties and to make it 

suitable for high performance applications. The selection of the additives has 

already been reported in D5.2. 

Following, the description of this pre-pilot study is reported, followed by the 

preparation of the pilot scale compound and injection molded component. 

 

4.2.1 PRE-PILOT STEP  

4.2.1.1 Materials and methods 
Based on the outcomes of the lab-scale trials, reported in D5.2, the selected 

additives are: 

• Bruggolen P130 (processing aid) - Brüggemann 

• Bruggolen P252 (nucleating agent) - Brüggemann 

• Glass fibers - Lanxess CS 7967 (26/1493) D 

• Elvaloy AC12024S S (is a copolymer of ethylene and methyl acrylate- 24% acrylate) 

• Lotryl 29MA03 (a random copolymer of Ethylene and Methyl Acrylate-27-31% acrylate) 

• LOTADER AX8900 (a random terpolymer of ethylene, acrylic ester and glycidyl methacrylate-

24% acrylate) 

• Surlyn 8940 (an advanced ethylene/methacrylic acid (E/MAA) copolymer, in which the MAA acid 

groups have been partially neutralized with sodium ions) 

The following table reports detailed information about the selected impact 

additives. 
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Trade name chemical nature additional information 

Elvaloy AC12024S copolymer of ethylene and methyl acrylate 
24%Weight Methyl Acrylate 
comonomer 

LOTRYL 29MA03 
random copolymer of Ethylene and Methyl 
Acrylate 

27-31%  Methyl Acrylate 
content 

LOTADER AX8900 
random terpolymer of ethylene, acrylic 
ester and glycidyl methacrylate, 

24%Weight Methyl Acrylate 
comonomer 

Surlyn 8940 
ethylene/methacrylic acid (E/MAA) 
copolymer 

Partially neutralized with 
Na+ 

 
The produced compounds are based on the benchmark formulation PET-GF20, with 

the addition of 5% of the impact additives. PET with 15% and 25% glass fibers has 

been also produced. The list of the recipes is: 
1. PET + 1%P130 + 0.5%P252 + 15% FV 

2. PET + 1%P130 + 0.5%P252 + 20% FV 

3. PET + 1%P130 + 0.5%P252 + 25% FV 

4. PET + 1%P130 + 0.5%P252 + 20% FV + 5%Elvaloy 

5. PET + 1%P130 + 0.5%P252 + 20% FV + 5%LOTRYL 

6. PET + 1%P130 + 0.5%P252 + 20% FV + 5%LOTADER 

7. PET + 1%P130 + 0.5%P252 + 20% FV + 5%Surlyn 

The same screw profile as in the lab scale trial has been used. 

The produced materials were injection molded for the production of the specimens 

for the characterization. The injection molding was carried out with an injection 

molding press Arburg AllRounder 370S 500/170 (Clamping force: 500 kN – Max. 

swept volume 58 cm³ – Max. Injection Pressure 2500 bar). In the injection molding 

process, mold temperature was kept at 150°C and cycle time was modulated with 

the aim to compare thermal properties at about the same cooling time (especially 

for the composition containing glass fibers). Such high mold temperature was 

selected, inside the window of crystallization ability typical for PET (120-180°C) with 

the aim to increase crystallization rate. 

As for the characterization of the materials, several tests have been performed, 

namely: 

Tensile tests. Tensile tests waere performed according to ISO527 standard, using a 

Zwick Roell dynamometer Z010, with a 10 kN load cell (1 mm/min Elastic modulus 

speed – 50 mm/min test speed). 

IZOD impact test. Izod impact tests were performed according to ISO 180/1A 

standard (notched) and ISO 180/1U standard (unnotched), using a ATS FAAR 

IMPACT-15 equipment with a 1 J pendulum impact energy. The A-type notch has 

been obtained according to ISO2818 using a 6816 Notchvis Instron-CEAST 

equipment. 

Heat Deflection Temperature (HDT). The HDT test has been performed by ISO75 with 

a load of 1.8MPa. 

 

4.2.1.2 Results and discussion 
Heat Deflection Temperature (HDT). The results of the heat deflection temperature 

test of the injected formulation are reported in table 4.6. As expected, the use of 

the impact modifiers shows a decrease in thermal resistance. 
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Table 4.6 

Material 
HDT (°C) 1,8 Mpa 

Media DevSt 

PET + 1%P130 + 0.5%P252 + 15%GF 159.8 (1.7) 

PET + 1%P130 + 0.5%P252 + 20%GF 191.9 (3.1) 

PET + 1%P130 + 0.5%P252 + 25%GF 201.4 (1.7) 

PET + 1%P130 + 0.5%P252 + 20%GF + 5% Elvaloy AC12024S 186.9 (0.8) 

PET + 1%P130 + 0.5%P252 + 20%GF + 5% Lotryl 29MA03 176.9 (1.1) 

PET + 1%P130 + 0.5%P252 + 20%GF + 5% Lotader AX8900 174.1 (0.9) 

PET + 1%P130 + 0.5%P252 + 20%GF + 5% Surlyn 8940 171.5 (2.1) 

 
Tensile test. In table 4.7 the results are reported and can be summarized as follow: 

• The use of glass fiber (GF) shows an increase in stiffness as function of GF amount  

• The use of impact modification decreases the elastic modulus and stress at yield, while slightly 

increasing the strain at break 

Table 4.7 

Material 

Elastic 
Modulus 

(MPa) 

Yield Stress 
(MPa) 

Strain at yield 
Stress (%) 

Stress at 
break  
(MPa) 

Strain at break  
(%)  

Media DevSt Media DevSt Media DevSt Media DevSt Media DevSt 

PET + 1%P130 + 0.5%P252 + 15%GF 6426 (55) 107 (2) 2.1 (0.1) 106 (3) 2.1 (0.1) 

PET + 1%P130 + 0.5%P252 + 20%GF 7870 (60) 120 (2) 2.0 (0.1) 119 (1) 2.0 (0.1) 

PET + 1%P130 + 0.5%P252 + 25%GF 9182 (75) 134 (2) 1.9 (0.1) 132 (1) 1.9 (0.1) 

PET + 1%P130 + 0.5%P252 + 20%GF 
+ 5% Elvaloy AC12024S  

7174 (37) 107 (0) 2.1 (0.0) 104 (3) 2.3 (0.1) 

PET + 1%P130 + 0.5%P252 + 20%GF 
+ 5% Lotryl 29MA03 

7144 (97) 104 (1) 2.2 (0.0) 99 (2) 2.6 (0.1) 

PET + 1%P130 + 0.5%P252 + 20%GF 
+ 5% Lotader AX8900 

6896 (98) 102 (0) 2.2 (0.0) 100 (2) 2.5 (0.1) 

PET + 1%P130 + 0.5%P252 + 20%GF 
+ 5% Surlyn 8940 

7124 (59) 106 (0) 2.2 (0.0) 106 (1) 2.2 (0.0) 

 
Impact properties. The obtained results are reported in table 4.8 and 4.9, which 

report the unnotched and notched values, respectively. As it is possible to observe, 

the use of LOTADER AX8900 seems to have the strongest effect. 
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Table 4.8 

Material 
Notch 
type 

IZOD Impact Strength, 
unnotched (23 °C)  

(KJ/m2) 
Type of 
Fracture 

Avg StDev 

PET + 1%P130 + 0.5%P252 + 15%GF - 21.7 3.2 C 

PET + 1%P130 + 0.5%P252 + 20%GF  26.4 1.8 C 

PET + 1%P130 + 0.5%P252 + 25%GF - 31.8 2.1 C 

PET + 1%P130 + 0.5%P252 + 20%GF + 5% Elvaloy AC12024S  - 29.6 1.8 C 

PET + 1%P130 + 0.5%P252 + 20%GF + 5% Lotryl 29MA03 - 32.5 3.2 C 

PET + 1%P130 + 0.5%P252 + 20%GF + 5% Lotader AX8900 - 40.3 4.2 C 

PET + 1%P130 + 0.5%P252 + 20%GF + 5% Surlyn 8940 - 28.8 2.0 C 

Radilon A RV300 (conditioned) - 89.5 3.4 C 

Crastin HR5330HF - 52.1 1.9 C 

 

Table 4.9 

Material 
Notch 
type 

IZOD Impact Strength, 
notched (23 °C)  

(KJ/m2) 
Type of 
Fracture 

Avg StDev 

PET + 1%P130 + 0.5%P252 + 15%GF A 4.5 0.7 C 

PET + 1%P130 + 0.5%P252 + 20%GF A 5.2 1.4 C 

PET + 1%P130 + 0.5%P252 + 25%GF A 7.5 0.9 C 

PET + 1%P130 + 0.5%P252 + 20%GF + 5% Elvaloy AC12024S  A 8.1 0.8 C 

PET + 1%P130 + 0.5%P252 + 20%GF + 5% Lotryl 29MA03 A 8.1 1.1 C 

PET + 1%P130 + 0.5%P252 + 20%GF + 5% Lotader AX8900 A 8.4 0.7 C 

PET + 1%P130 + 0.5%P252 + 20%GF + 5% Surlyn 8940 A 5.6 1.3 C 

Radilon A RV300_Cond A 19.9 0.7 C 

Crastin HR5330HF BK503_PBT A 17.2 2.0 C 

 

 

4.2.2 PILOT STEP - PET 
As a result of the pre-pilot step, the selected formulation for the pilot step and the 

manufacturing of the demonstrator has been: PET + 1%P130 + 0.5%P252 + 20%GF + 

5% Lotader AX8900. 

 

4.2.2.1 Compounding 
The final compounding selected formula was produced by the subcontract Maris 

using co-rotating screw extruder, whose characteristics are listed in paragraph 

4.1.2.1. 

A proper screw profile was designed to reduce PET degradation during processing. 

For this reason, two vacuum pumps were used in the line, assuring a high degassing 

power. 

RPET flakes were pre dried in a Piovan dryer at 160°C for 8 hours. 

 Polymer and all the organic additives were dosed in the main hopper, Glass fibers 

inserted in the second side feeder to avoid fiber breakage. 

In the following tables are reported all the processing conditions. 
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Table 4.10  Temperature condition for rPET compound 

 
 

Table 4.11 Extruder parameters for rPET compound 

 
 
The produced blend was crystallized to be ready for the injection-molding step. 

 

4.2.2.2 Injection molding of the car demonstrator 
  
The used injection molding press is an Engel Victory 500/120 (Clamping force: 1200 

kN – Max. swept volume 251 cm³ – Max. Injection Pressure 2023 bar), reported in 

the next figure.  

 

 
 

The figure below shows the injection molded component. This activity has been 

carried out by Proplast. 

 

HZ 1 HZ 2 HZ 3 HZ 4 HZ 5 HZ 6 HZ 7 HZ 8 HZ 9 HZ 10 HZ 11 DIE

SET 200 260 260 270 270 270 275 275 275 280 280 280

ACTUAL 200 260 260 270 270 270 274 275 275 279 280 280

rPET ( 1%P130& 0.5%P252) 

20%GF/5% Lotader AX8900.
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4.2.3 TRIAL WITH PET FROM POST-CONSUMER TRAYS 
Based on the suggestion of the project officer, a first trial with PET from post-

consumer trays has been performed, to validate this material as a matrix of high-

performance compounds, as a replacement of post-consumer PET bottles. This is 

particularly important since PET bottles are increasingly more expensive, due to 

their increasing use in closed-loop, food contact recycling applications (bottle-to-

bottle and bottle-to-tray). 

The reported activity has consisted in the production of the PET+20%GF formulation 

with PET from tray and the comparison of its performance with the one obtained 

with the bottle grade material (results already reported in Section 4.2.1). Since the 

IV of the tray-PET is typically lower than the bottle-PET, a slight amount of a chain 

extender (Joncryl ADR4468, 0.4wt%) has been added. 

The following tables report the results of tensile, impact, heat deflection 

temperature and intrinsic viscosity. As it is possible to observe, the performance 

obtained with the PET from trays is only slightly lower than the one obtained with 

the bottle grade PET, making these results very promising for an industrial 

application, being this material more suitable for a injection molding industrial use. 

Once this material will be available in higher quantity, it will be used to produce 

the car demonstrator, in order to make the comparison with the bottle-PET also at 

the pilot scale. 

 
Table 4.12. Results of tensile tests. 

Material 

Elastic 
Modulus 

(MPa) 

Yield Stress 
(MPa) 

Strain at 
yield Stress 

(%) 

Stress at 
break  
(MPa) 

Strain at 
break  
(%)  

Media DevSt Media DevSt Media DevSt Media DevSt Media DevSt 

Bottle-PET + 20% GF  7870 (60) 120 (2) 2.0 (0.1) 119 (1) 2.0 (0.1) 

Tray-PET + 20% GF 7640 (26) 117 (2) 1.9 (0.1) 116 (3) 1.9 (0.1) 
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Table 4.13. Results of Izod impact tests (unnotched). 

Material 
Notch 
type 

IZOD Impact Strength, 
unnotched (23 °C)  

(KJ/m2) 
Type of 
Fracture 

Avg StDev 

Bottle-PET + 20% GF  - 27.2 (4.0) C 

Tray-PET + 20% GF - 19.0 (1.5) C 

 
Table 4.14. Results of HDT tests. 

Material 

HDT (°C) (1.8 
MPa) 

Avg StDev 

Bottle-PET + 20% GF  189.1 (8.4) 

Tray-PET + 20% GF 200.5 (2.5) 

 
Table 4.15 Intrinsic viscosity (IV). 

Material 

IV 
(dl/gr) 

 

Bottle-PET + 20% GF  0.610 

Tray-PET + 20% GF 0.579 

 

4.3 Conclusion  
Both the PP and PET recipes were successfully upscaled to pilot level. 
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5. Bitumen roofing membrane 
Derbigum produces polymer modified bitumen roofing membranes and aims to replace virgin polymers 
with recycled ones in this product.  

 

5.1 Summary  
Derbigum has been producing waterproofing membranes based on virgin iPP. In PlastiCircle, the 
replacement of virgin iPP by recycled iPP has been tested in pilot scale. The product is currently usable 
for base sheets formulations and the bituminous blend and the finished product have properties in their 
range. 
   

5.2 Introduction 
Derbigum produces polymer modified bitumen roofing membranes. The polymer used to modify the 
bitumen is Polypropylene (PP). The polymer prevents the bitumen from becoming too soft in high 
temperatures or too brittle in low temperatures. 
Fig. 5.1 shows the layer structure of the membrane with the bituminous part. 
 

 

Figure 5.1   Layer structure of the finished membrane product 
 
Derbigum use a mixture of amorphous (or atactic) PP (aPP) and crystalline (or Isotactic) PP (iPP). The 
amount of polymer used in the bitumen blend is approximately 20%. aPP is the predominant 
component in the blend. 
 
Derbigum has analysed PP and PE samples from the market, so that more recycled content can be 

incorporated into the product. Already some material is suitable to directly replace the iPP portion of 

the product. Investigating how to transform crystalline PP into amorphous PP has also been a key for 

their process, but present results on this task are not yet ready for up-scaling. 

 

5.3 Technical 
A blender with a heated jacketl was used for the compounding working with batches of about 600 g, 
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Fig. 5.2. 

 

Figure 5.2   The heated blender user for mixing at pilot scale 
 

No modifications on processing conditions were done compared to normal production, the same screw 

speed and temperature, and the same preparation process of the blend. This corresponded to a 

processing temperature of 180°C and the blende turning at 1200 rpm to 2000 rpm. 

The composition of the blends tested is given in the following table. 
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Table 5.1  Composition of blend of recycled materials 

Origin of recycled 
content 

iPP: post-industrial 
iPP Densificato: Italy – Post-consumer from packaging 
aPP: post-industrial 

% recycled 
content 

iPP 
72% of our iPP is post-industrial – so 10% of the total amount of 
polymers 
28% of our iPP is post-consumer – so 4% of the total amount of polymers 

➔ 100% of iPP used = recycled 
aPP 
350T of our aPP is recycled – so 7% of the total amount of polymers. 

Additives and 
recipe 

Only for base-sheets formulations: 
4% of iPP post-consumer 
7% of aPP 
10% bitumen 
42% recycled bitumen 
37% fillers 

 

The appearance of the membrane does not change with or without recycled polymer.  

The top sheet finished product, Fig. 5.3, is composed of: 
- Bituminous blend: Bitumen + polymers (virgin and recycled. Currently no post-consumer) + fillers. 
- 2 reinforcements: a glass fibre mat and a non-woven polyester core. 
Remark: On the upper side picture, one can see some lines which are the glass fibre mat (which is 
impregnated with bituminous blend). 
The glass fibre (on upper side) is impregnated with bituminous blend, then put together with the non-

woven polyester core (so one cannot see it in pictures, it’s in the product) and we and finally add 

bituminous blend to adjust thickness. 

The following figures show the structure of the membrane surfaces. 

 

Figure 5.3 Top sheet. Currently with iPP post-industrial  

 

The top sheet in Fig. 5.3 has higher requirements for quality, while the base sheet, Fig. 5.4, with lower 

quality requirements is currently made with post-consumer PP. 
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The base sheet finish product is composed of: 
- Bituminous blend: Bitumen + polymers (virgin and recycled) + fillers. 
- 1 reinforcement: a glass fibre mat or a non-woven polyester core. 
Remark: we never see the reinforcement because there is bituminous blend on the 2 sides. 
The reinforcement is impregnated with bituminous blend on the 2 sides and we adjust thickness with 
this blend. 
 

 
Figure 5.4 Base sheet. Currently with post-consumer iPP 

At the lower side of each sheet, there is a bituminous blend to which talc is added to avoid any sticky 
effect when the product is rolled. 
 

In Table 5.2 below we give the properties obtained for the bituminous blend and the final product. 

 

Table 5.2  Material and product properties 

Physical 
properties – on 

bituminous 
blend 

Viscosity 10.800 cPs 

Cold flexibility  -10 °C 

Penetrability 70 dmm 

Physical 
properties – on 
finish product 

Cold flexibility -10°C 

 

 

5.4 Conclusion 
The product based on post-consumer iPP is currently usable for base sheets formulations. The 
bituminous blend and the finish product have properties in the required range. 
Concerning the top sheets, we need to work with the formulation because the recycled polymer 
increases significantly the viscosity and prevents us to reach the range of the required cold flexibility. 
We can already say that we will not be able to put as much recycled polymer in the formulation of top 
sheets as in the formulation of base sheets. 
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6. Refuse sacks 
 

6.1 Summary   
Interval is working to demonstrate the use of recycled material from domestic 
packaging in the formulation of their products. 

 

6.2 Background 
Interval is one of the industrial partners in PlastiCircle. It is a company with an 
experience of more than 30 years in the production of garbage bags made with 
recycled material, the main goal of Interval in the project is to work with other 
materials with different origin than they usually work with. The quality of the 
material that Interval is using today is plastic from supermarkets, agricultural and 
industrial. 

 

6.3 Introduction 
One of the objectives of this task was to work the material collect during the pilot 

test made in Valencia, this material was sorted by Picvisa and sent to Previero-

Sorema to wash it. Once washed, it was to be send to Interval for extrusion and 

manufacture a product, here the problems comes when the pandemic came to 

Europe and unfortunately start in the area where Previero are situated, which gives 

us a delay of all the phases of the test. Nowadays the material is in Italy waiting to 

be washed. With this situation, Axion and Interval decided to search a material with 

the same characteristics that the material we will be going to obtain from Previero. 

So Axion got in contact with several companies around Europe since Interval 

wasn´t able to find any company in Spain with this kind of material.  Axion get in 

contact with Attero who offer the quality of material that we are searching, a PE 

for blowing 100 % origin from domestic waste and with a very low contamination of 

PP or other impurities. Integra Recycling suggested by the commission, will not work 

in this phase because we prefer to work with a material more likely at the Valencia 

pilot, anyway Integra material is very interesting because the purity of the pellet 

that can be obtained is extraordinary and gives a lot of opportunities to work with. 
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6.4 Technical data.  
Interval has seven different machines in the blowing extrusion section. They are 

machines with Spanish technology produced by Ibañez Extrusoras, that it is one of 

the most important extruder manufactures. Ibañez Extrusoras has developed 

several machines customized for recycled production material for Interval. We 

have selected our machine number 4 by these reasons: 

- One of the most modern machines of the factory 

- It has a gravimetric system by Doteco that help the mix of the materials with 

a big precision. 

- The size of the bag that this machine produces is one of the most useful in 

the market, so it is easier to do a comparation with other products. 

 

Interval has no laboratory, so it was no possibility to do lab test. The decision 

was to test the material to start with a low percentage of Attero material 

with a high thickness and try to increase the percentage of Attero material 

each 15 minutes. If we can keep the stability of the machine, we will try to 

go so ahead as possible trying to obtain a film 100% of Attero material and 

with good properties. If this was correct, then trying to get lower thickness of 

the film. Nowadays, as Interval uses materials from agriculture or 

supermarkets, one is not able to work with thickness under 22 microns in the 

big sizes used in the test (105 cm width).  

 

 

 

 

 

 

 

                         Interval workers 
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6.5  Phases of the test 
The test start with 100 % of Interval material and using 4% of additives that was 90% 
black masterbatch and 10% desiccant material to avoid humidity problems.  
 

Test no. thickness % Attero % Interval 

1 50 my 5 95 

2 50 my 20 80 

3 50 my 50 50 

4 50 my 80 20 

5 50 my without MB 100 0 

6 35 my without MB 100 0 

7 35 my without MB 50 50 

8 35 50 50 

9 25 50 50 

10 20 50 50 

11 20 5 95 

 

Pictures of the samples: 
 

  
 TEST 1        TEST 5      FILM 
20 my 
 

 

 

6.6 Conclusion and outlook  
 

The material of Attero allows to work with 100 % of material with high thickness but 
the resistance of the material is low, with a mix of 50 % of Attero material and 50 % 
of Interval material with 4% of additives, the quality is acceptable and allows to 
decrease the thickness to 20 microns. As the Attero material is harder (density 0.95) 
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the machine output increase more of 20 %.  
 
 
 
 
 
 
 
 
 
 
 

 
 
The next step is to test the manufacture product of these different qualities in 
Proplast's laboratory to know the resistance of the final product. 
In this case the material from Attero is grey and it doesn´t allow give high value to 
the material. We think if we work with a high quality material like Integra Recycling 
it will give us the opportunities to work in a wide range of products. All these 
materials are EuCertPlast, so it gives the opportunity to work with an Ecolabel 
product like Blue Angel according to which Interval is certificated. 
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7. Outdoor furniture 
 

7.1 Summary 
Hahn manufactures the Hanpave grid for ground reinforcement. This product has 
historically made from 100% recycled PP from industrial sources.     
 

  
The grid is manufactured on a Negri Bossi V370-2000-370 tonne injection moulder.  
 

 
 
This grid is current manufactured from 100 % recycled post-industrial scrap and we 
plan to trial making it from post-consumer waste. 
 

7.2 Background  
The aim is to manufacture the Hanpave ground reinforcement grid from a large 
proportion of consumer PP film waste. This is largely a landfilled material at the 
moment and it would replace a recycled material that is in high demand.  
 

7.3 Introduction 
The trial was to manufacture with differing amounts of post-consumer material. The 
following mixes were selected: 
-50 % post-consumer, 50 % post-industrial  
-70 % post-consumer, 30 % post-industrial  
-80 % post-consumer, 20 % post-industrial  
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-100 % post-consumer 
 
42 moulding would be made of each mix in 3 groups of 14 where machine parameters 
could be changed for each of the 3 groups in a mix.  
 
 

7.4 Technical  
The key points from conducted tests are as presented in the following section. 
 
In the tables presenting the results, the excess back pressure refers to the backward 
motion of the screw before injection. 180 mm dictates the shot required size but 
with gassing the screw will be pushed further back as presented in the tables. 
 

• 50 % post-consumer, 50 % post-industrial  
 

 

50 /50 mix 
Mouldings 1-14 

50 /50 mix 
Mouldings 15-28 

50 /50 mix 
Mouldings 28-42 

Cycle Time  58.6 57.7 56.8 

Excess back 
pressure - 
Gassing over 180 98 100 100 

Moulding 
Pressure 90 90 90 

Rejects  0 0 0 

Odour (1-5) 2 2 2 

Cooling time  47 46 45 

 
Comments: 
The injection moulder ran relatively smoothly.  
There was some evidence of additional gas in the product. 
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The ejection pins were indenting into the product more. 
 

 
 
 Generally, good results though. 
 
 
• 70 % post-consumer, 30 % post-industrial  

 

70/30 mix 
Mouldings 1-14 

70/30 mix 
Mouldings 15-28 

70/30 mix 
Mouldings 28-42 

Cycle Time  59.2 58.2 61.2 

Excess back 
pressure - 
Gassing over 180 115 120 100 

Moulding 
Pressure 90 90 90 

Rejects  3 4 0 

Odour (1-5) 2 2 2 

Cooling time  47 46 49 
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Comments: 
Increased fill time. 
Sometimes sprues were left on  the moulding. 

 
 
Gas escaping from the mould tool. 
Ejection pins sticking further into the mould.  

  
Some rework required to the products.  
More effective when cycle time was increased. 
Some rusting appearing on the mouldings as seen in figure below. 
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80 % post-consumer, 20 % post-industrial  
 

 

80/20 mix 
Mouldings 1-14 

80/20 mix 
Mouldings 15-28 

80/20 mix 
Mouldings 28-42 

Cycle Time  58.9 57.9 60.9 

Excess back 
pressure - 
Gassing over 180 105 130+ 112 

Moulding 
Pressure 90 90 90 

Rejects  6 14 2 

Odour (1-5) 4 4 4 

Cooling time  47 46 49 

 
Comments: 
Higher levels of gassing in both barrel and 
mould.  
Very big sprues. 

 
 
Ejection pins going deeper into the mould 
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Some downtime, feed funnel blocking.  

All moulds requiring rework. 
Excessive gassing not good for the life of the 
mould. 
Slower cycles worked better. 
Some gassing showing incomplete corners . 
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• 100 % post-consumer 

 

100 Post 
Consumer 
Mouldings 1-14 

100 Post 
Consumer 
Mouldings 15-28 

100 Post 
Consumer 
Mouldings 28-42 

Cycle Time  60.1+60 59.5+60  * 

Excess back 
pressure - 
Gassing over 180 130+ 130+ 130+ 

Moulding 
Pressure 90 90 90 

Rejects  8 14 14 

Odour (1-5) 4 4 4 

Cooling time  45 
Manual intervention required to 

remove from mould 

* No automatic ejection. Machine stopped and part removed manually 

 

Comments: 

Grids very hard to eject from mould 
Manual intervention required on all 
grids 
Ejection pins sticking into the mould  

 
Gas became uncontrolable. 

Only 6 of 42 mouldings complete. 

7 moulding failed to eject.  
 
 
 

7.5 Further Testing  
We must now establish the performance properties. We plan to test the following for 
each mix: 
 
1. Compressive Strength 
2. Deflection at 40 kN 
3. Strength of connections 
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4. Impact resistance at 0 °C and 3 meter drop height  
 
Dependent on the tests above we may look further into changing the characteristics 
of the material before use, although this will clearly impact on the economics.  

 

7.6 Conclusion  
Whilst there is clearly a great deal of work to still be done there is a strong indication 
that it will be possible to incorporate a good percentage of post-consumer films into 
the injection moulding process.  
However, the performance testing of the product will be critical to determine if it’s 
fit for purpose. 
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8. Conclusions 
 
Armacell 
Armacell processes foam board with the target to use tray-PET to replace bottles. 
This material must then be modified with chain extenders. Estimated amount tray 
material that can be used in foam board recipes is 20-30 %. 
 
CRF 
CRF manufactures automotive parts with r-PP and r-PET with Proplast assisting on 
material development. rPP has been modified with talc and glass fibers. 
PET is used with 20 % glass fibers and elastomers. Also, tray-PET is tested in 
combination with chain extenders. 
 
Derbigum 
The replacement of virgin iPP by recycled iPP has been tested in pilot scale of 
membrane production. The product is currently usable for base sheets formulations 
and the bituminous blend and the finished product have properties 
 
Interval 
Interval tests use of recycled material from domestic packaging in the formulation 
of their products. Testing washed recyclates and 4 % additives. They succeed with 
manufacturing PE black film with Attero 100% post-consumer PE material. 
Determines limits on recycled content in blend allowing production of thin film with 
acceptable quality. 
Comparison with film material from PlastiPilot (washed in Sorema-Previero) will be 
done next. 
 
Hahn 
A strong indication that it will be possible to incorporate a good percentage of post-
consumer films into the injection moulding process. Production using PP post-
consumer film from 50 % to 80 % mix with post-industrial material has been verified. 
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