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Raw material sources

- C&D waste plastics
- Waste water treatment plant sludge
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Footer



TYPICAL WWTP



Case study 1. 

New products from CDW



Scheme for plastic recycling 
and composite manufacturing 
in study 



Recycled
plastic blends

Footer

Sample PE, wt%* Tensile strength, MPa Tensile modulus, GPa Elongation at break, %H
Yield Ultimate

HDPE 100.5 (1.9) 28.1 (0.83) 28.1 (0.83) 1.21 (0.09) 550 (160)

70PE/30PP 70.7 (1.7) 30.4 (0.39) 30.4 (0.39) 1.45 (0.06) 25 (10)

50PE/30PP 49.1 (1.8) 34.2 (0.47) 34.1 (0.69) 1.66 (0.06) 19 (13)

30PE/70PP 29 (0.5) 39.9 (0.42) 35.6 (0.9) 1.77 (0.04) 4.6 (0.57)

PP 0.94 (0.3) 36.5 (1.16) 36.5 (1.16) 1.77 (0.06) 16 (4.2)

PB1 54 (3) 19.3 (0.59) 19.9 (1.12) 0.77 (0.07) 240 (160)

PB2 69 (2.6) 16.2 (-)*** 18 (1.42) 0.46 (0.06) 390 (43)

PB3 72 (3) 19 (0.59) 21.2 (1.04) 0.74 (0.09) 360 (24)

PB4 69 (4) 19.2 (0.57) 19.9 (0.68 0.77 (0.06) 190 (55)

PB5 57 (5) 17.9 (0.38) 17.9 (0.38) 0.79 (0.04) 13 (3)

PB6 77 (11) no yield 17.6 (1.0) 0.39 (0.04) 190 (55)

PB7 64 (6)** 17.5 (0.28) 18.5 (0.78) 0.62 (0.05) 310 (30)

PB8 62 (2)** no yield 20.8 (1.03) 0.57 (0.09) 360 (34)

PB9 52 (2) 25.3 (0.65) 24.9 (1.16) 1.28 (0.07) 5.2 (1)

PB10 - 17.3 (0.96) 16.8 (1.34) 1.05 (0.1) 3.9 (3)



Contents and mechanical 
properties of composites

Sample PE, wt% Flexural properties Tensile properties Impact
strength,
kJ/m2

Hardness,
N/mm2

Eb,
%Strength,

MPa
Modulus, GPa Strength,

MPa
Modulus,
GPa

Reference

LDPE/WF

100 19.0(0.87) 1.6(0.1) 15.5(0.58) 2.08(0.08) 8.53(0.9) 4.06(0.28) 1.7(0.2)

PB_C1 54(3) 14.5(0.9) 2.64(0.23) 11.34(0.62) 3.18(0.28) 3.79(0.45) 5.05(0.48) 0.5(0.08)

PB_C2 69(3) 15.02(0.49) 2.55(0.08) 11.18(0.66) 3.02(0.1) 4.32(0.38) 4.47(0.44) 0.6(0.06)

PB_C3 72(3) 15.98(1.04) 2.94(0.16) 12.51(0.48) 3.41(0.1) 3.63(0.3) 4(0.97) 0.5(0.04)

PB_C4 69(4) 14.81(0.98) 3.0(0.25) 11.58(0.77) 3.44(0.16) 3.39(0.24) 3.73(0.52) 0.44(0.06)

PB_C5 64(6) 14.97(0.49) 2.23(0.14) 11.02(0.56) 2.57(0.15) 4.56(0.46) 4.7(0.74) 0.74(0.1)

PB_C6 62(2) 15.27(0.44) 2.7(0.19) 11.85(0.69) 2.9(0.13) 4.82(0.35) 4.4(0.44) 0.72(0.1)

PB_C7 32(2) 14.09(0.73) 3.55(0.19) 10.75(0.78) 3.9(0.19) 3.09(0.25) 4.98(1.1) 0.28(0.04)

PB_C8 52(2) 13.83(1.14) 2.75(0.29) 10.64(0.81) 3.34(0.24) 3.49(0.15) 4.64(0.58) 0.4(0.04)

PB_C9 83(8) 12.61(0.45) 1.95(0.1) 9.89(0.23) 2.42(0.12) 6.18(0.69) 3.05(0.49) 0.96(0.18)

PB_C10 - 10.45(0.56) 2.83(0.23) 5.85(2.6) 2.32(0.83) 2.94(0.26) 4.27(0.44) 0.3(0.06)



Contents of recycled polymer blends,
SEM-EDS

Sample/
element

C Mg Si Ca Ti Al Cl O Fe Ba K Br Na S

PP 99.8 0.28

HDPE 92.0 0.16 0.19 0.01 0.1 0.01

PB1 97.9 0.13 0.13 0.8 0.48 0.52

PB2 97.9 0.02 0.15 0.37 1.15 0.3 0.01 0.01

PB3 97.9 0.9 0.68 0.5

PB4 98.5 0.12 0.44 0.51 0.45

PB5 99.3 0.1 0.18 0.12 0.53

PB6 98.1 0.11 0.61 0.39 0.2 0.52

PB7 96.9 0.21 0.35 0.67 0.01 0.99 0.79 0.02

PB8 97.5 0.26 0.55 0.32 1.29

PB9 98.5 0.07 0.34 0.27 0.66 0.12 0.06

PB10 84.2 0.15 0.36 0.33 0.44 1.6 12.0 1.0 0.1



Case study 2.

Industrial waste streams as 
raw materials for composites



• 2 primary sludges from different processes
• Separation with Milston Hero sludge separator

o Rannan teollisuuskone Oy
o Sludge separators for agriculture, biogas

production, food and process industry
o UPM A: 0,5% -> n. 25-31%
o UPM B: 1,6% -> n. 15-17%

Sludge separation



LUT Pilot



 
 
Composite 

Tensile properties 
    Strength       Modulus 
      (MPa)            (GPa) 

       Flexural properties 
 Strength         Modulus 
   (MPa)               (GPa) 

 
Hardness 

(MPa) 

Impact 
Strength 
(kJ/m2) 

Reference 21.51  
 0.91 

3.63  
 0.33 

20.53  
 0.69 

2.29  
 0.12 

    5.06 
    1.13 

   4.25 
    0.51 

Primary sludge 
- HDPE 

21.60  
 0.85 

3.78  
 0.77 

22.27  
 1.66 

1.82  
 0.15 

   7.11 
    0.49 

    6.37 
    0.66 

 

Results



Conclusions

Composite applications



Usability of the separated plastics 1/2



Usability of separated CDW and 
sludge in composites 2/2





Questions?

Email: timo.karki@lut.fi


