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BACKGROUND: NON-
EXHAUST EMISSIONS

UK emissions of 

PM10 (top) and 

PM2.5 (bottom) from 

road transport.

Lewis, A., Moller, S. J., & Carslaw, D. (2019). Non-exhaust emissions from road traffic.
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Background

Light-duty: Worldwide Harmonized Light Vehicles Test Procedure (WLTP)

WLTP-Brake Test
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- PM Count

- Size and shape

- Chemical 

composition
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Vasiljević, S., Glišović, J., Stojanovic, B., Stojanovic, N., & Grujic, I. (2021). Analysis of influencing factors on brake wear and 

non-exhaust emission with reference to applied materials in brake pads. Mobility and Vehicle Mechanics (MVM).

Analysis of influencing factors on brake wear and non-exhaust emission with reference to 

applied materials in brake pads

Background
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How to do that…

Collection and 

characterisation

of PM10 & PM2.5

Scratch the 

surface after 

dyno test

Pad surface

characterisation

through chemical

analysis

Analysis on powders

Analysis on PM 
WLTP-brake dynamometric test + PM collection

EEPS

Engine 

Exhaust Particle

Measurement 

System

APS

Aerodynamic 

Particle Sizer
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Scanning electron 

microscope 

SEM-EDS



Brake Pads Samples
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NAO

Non-Asbestos Organic

LS

Low Steel

LOC

LS with low organic content

Prototype

→ Metal free



PM Emission (mg/km)
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PM Emission: PM2.5 / PM10
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WLTP Results: PM Emissions Fine Particles

#EuroBrake
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WLTP Results: PM Emissions Fine Particles

Lower PN count for NAO and LOC

NAO                                                LS                                                       LOC
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20 µm20 µm20 µm

Morphological Characterisation

Glass fibre filter  (Borosilicate glass microfibers reinforced with woven glass cloth and bonded with PTFE)

20 µm20 µm20 µm

NAO LS LOC

PM10

PM2.5
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Morphological Characterisation

3 µm3 µm

Aggregates

Glass fibre filter 

(Borosilicate glass microfibers reinforced with woven glass cloth and bonded with PTFE) 13



Chemical Characterisation

MAIN ELEMENTS

• Fe and Fe-oxides

• Ba →BaSO4

OTHER ELEMENTS

• Si

• K

• Ca

• Zn

Particle

aggregates
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Chemical Characterisation
WHAT’S NEW…

NAO formula (metal free) against Coated (WC)

WC
WC

WC

WC
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Chemical Characterisation - NAO

PM on filter                                                     Powders from pad surface
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Conclusions & Future Perspective

- Chemical correspondence between PM and pad surfaces → 

                                                                          Aggregates and particles

- PM2.5 as a percentage of total (PM10) → 

                                                             Change related to material

- Size distribution → 

                      LOC distribution curve intermediate between LS and NAO

- Iron from disc → 

                   Disc wear contribution on emissions

                   Further studies using coated discs

Future 

research
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THANK YOU

Cecilia Gomiero            cecilia.gomiero@unito.it

Enrico Casamassa    ecasamassa@raicam.com 
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“Appendix_ Experimental Set-up” at the following slide



Appendix_ Experimental Set-up

Surface Method

Chemical analysis on dust scratched 

from the  surface after WLTP test

Scratched procedure:

Russo, C., di Confiengo, G. G., Magnacca, G., Faga, M. G., & Apicella, B. (2023). Insights on non-exhaust emissions: An approach 

for the chemical characterization of debris generated during braking. Heliyon, 9(10).

Analysis on 

brake pads

surface

powders
TGA

SEM-EDS

XRD

PM Characterisation

Chemical analysis on PM10 & PM2.5

Analysis on 

non-exhaust

emission filters
SEM-EDS

FLUOR.

Filters as

received

Extraction

procedure 

with NMP 

solvent

UV

SEC

Work in 

Progress
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