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Outline

• Materials: polypropylene (PP) 

car bumpers

– PP + 0.2 wt.% Organic Pigment 

– PP + 2.5 wt.% MWCNT

• PP particle emissions during

– Cutting

– Shredding

– Sanding

• Exposure modelings

Sanding roller 

Down-scaled industrial shredder

Jigsaw
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PP materials and life-cycle

• Masterbach = filler mixed and homogenized in low-density polyethylene 

• Extrusion with twin screw extruder into the final PP concentration, 

cooled, cut to granulates

Masterbach: 

• 10 wt.% OP 

• 20 wt.% CNTs

Boonruksa et al.,

(2015)

PP granulates:

• 0.2 wt.% OP

• 2.5 wt.% CNTs

Boonruksa et al.,

(2015)

Car bumper 

injection molding

(Koivisto et al.,

2016)

Use phase: 

• Cutting

• Sanding

• Weathering & 

aging

• Thermal

• …

End-of-use:

• Shredding

Down-use

• Grinding 

(Boonruksa et 

al., 2015)

Landfill

Incineration

Sotiriou et al. 

(2016)

Material Matrix Nanomaterial

PP0
Polypropylene (KSR4525, 

Borealis AG, Vienna, Austria)

-

PPCNT 2.5 wt.% MWCNT (Nanocyl, NC7000)

PPOP 0.2 wt.% Organic Pigment (BASF)
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Cutting and shredding studies

λ = 0.5 ± 0.05 h-1

T = 23 ± 0.5 °C 

RH = 50 ± 3 %, 
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Cutting PPOP and PPCNT bumpers

Cutting PPOP (1-3) and PPCNT (4) bumpers with jigsaw (include cutting machine emissions)
Concentrations measured ca. 1.5 m from cutting site a) total particle number 
concentrations and b) particle size distributions.

log10
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Shredding PPOP bumpers

Shredding 33.39 kg of PPOP bumpers. Shredder feed inlet a) total particle number 

concentrations and b) particle size distributions.

log10
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Shredding PPCNT bumpers

Shredding 17.49 kg of PPCNT bumpers. Shredder feed inlet a) total particle 

number concentrations and b) particle size distributions

log10
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PP+CNT shredding
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A single compartment model

𝑑𝐶(𝑡)

𝑑𝑡
= 𝜆𝑃𝐶0(𝑡) +

𝑆𝐶(𝑡)

𝑉
− 𝜆 + 𝛾 + 𝜔 𝐶(𝑡)

Terms and parameters:

C(t) m-3 Indoor aerosol concentration

Co(t) m-3 Outdoor aerosol concentration

λ s-1 Ventilation rate

P - Particle filtration efficiency

S(t) # s-1 Indoor particle source

V m3 Compartment volume

γ s-1 Particle deposition rate

ω s-1 Particle coagulation rate

Q m3 s-1 Ventilation flow

Background 

particles from 

ventilation air

Particle removal

by ventilation, deposition, 

and coagulation

If Co = 0, and γ « λ and ω « λ:

𝑑𝐶(𝑡)

𝑑𝑡
=
𝑆𝐶(𝑡)

𝑉
− 𝜆𝐶 𝑡

Emission 

source

Room 

concentration Concentrations fully mixed 

In steady-state:
𝑑𝐶(𝑡)

𝑑𝑡
= 0

= 0

 𝑆𝐶(𝑡) = 𝜆𝑉𝐶(𝑡)
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Concentrations and emission 

rates

Material Process Amount, [kg] Time, tp [mm:ss] N, ×103 [cm-3] GMD, [nm] GSD mPM4, [µg m-3] Emission of 

respirable mass

PPOP , PPCNT
Cutting N/A 39:58 228 19.4 1.83 < 1.34 < 0.22 µg min-1

PPOP
Shredding 33.39 43:40 19.2 17 2.34 4.3 0.41 µg kg-1

PPCNT
Shredding 17.49 16:49 21 16 2.13 < 1.34 < 0.26 µg kg-1

Table 1. Aerosol properties in cutting and shredding experiments.

Symbols: tp = process time, N = particle number concentration, GMD = Geometric mean diameter, GSD = Geometric standard deviation, 
mPM4 = respirable mass concentration

Example of modeled exposure in:

Cutting

Parameterization:

V =100 × 100 × 20 m3 (industrial hall)

λ = 5 h-1

Shredding rate: 1000 kg h-1

 SPM4 = 410 µg h-1

Insignificant

Exposure

levels

Parameterization:

V = 20 m3

λ = 0.5 h-1

SPM4 = < 0.22 µg min-1

Shredding

𝜔=0
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Sanding experiments in 80 L box

Particle counter D50, [nm]

PSM Airmodus 1

UFCPC TSI 3776 3

CPC TSI 3007 10

Here Nin ~ 0 cm-3, and γ « λ and ω « λ:


𝑑𝑁(𝑡)

𝑑𝑡
=

𝑆(𝑡)

𝑉
− 𝜆𝑁(𝑡)

𝑁 𝑡 = 𝑁0𝑒
−𝜆𝑡

 λ = 12.7 min-1

𝑆𝐶(𝑡) = 𝜆𝑉𝑁(𝑡)

Bosch PRR 250 ES Sanding roller 

𝜔=0
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Concentrations and emission 

rates during sanding

Number concentrations N, ×103 [cm-3] Particle emission rates S, ×1010 [min-1]

Material PSM, nCPC, CPC Total 1-3 nm 3-10 nm >10 nm

PP0 37.8 29.2 1.4 3.9 0.75 3.01 0.14

PPCNT 105 42.6 3.0 10.9 6.15 4.43 0.32

PPOP 119 60.7 4.4 12.4 5.62 6.32 0.46

Table 2. Average particle concentrations, particle emission rates, and fractions of 

particles over 3 and 10 nm in diameter.

Parameterization:

V = 20 m3

λ = 0.5 h-1

Modeling example:

Sanding emissions of particles > 6 nm has been shown to vary from 

1×109 to 2×1012 min-1 (Koivisto et al. submitted)

𝜔=0

Note: e.g. 𝛾 𝐷𝑝 ≈ 3 𝑛𝑚 = 10 to 100 h-1
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Conclusions

Material Cutting, 

[µg min-1]

Shredding, 

[µg kg-1]

Sanding, 

×1010 [min-1]

PP - - 3.9

PPOP < 0.22 0.41 10.9

PPCNT < 0.22 < 0.26 12.4

• Exposure modelings requires

quantitative emissions 

 experimental concentrations

are NOT enough!

• Emission rates were low in mass

during cutting and shredding

• In sanding, from 30 to 60 % of 

emitted particles were < 3 nm in 

diameter

• Emissions are tool tip and material

spesific

• Size resolved emission rates (see

e.g. Hussein et al. 2006)
PP + 2.5 wt.% CNTs

Thank

you!
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