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ABSTRACT

Research and /or Engineering Questions/Objective: Particles emitted from vehicle brakes account for a major
part of non-exhaust particle emissions in urban environment. Particle size is an important property and many
investigations have been conducted on number size distributions of wear particles measured by mobility and
optical sizers. However, due to the complex shape and porous of brake wear particles, it is still unclear how well
these instruments can characterize brake wear particles. In this study, particle sizes measured by differential
mobility sizer and optical sizer were compared with the real physical sizes and shapes measured from TEM
observations of brake wear particles collected on filters.

Methodology: Braking tests were conducted at room temperature and humidity using a pin-on-disc test-rig with
a horizontal rotating disc and a deadweight loaded brake pad sample (pin). SM, LM and NAO brake pads were
used and experiments were operated at 1.6, 2.8 and 4.9 m/s under a contact pressure of 0.8 MPa. Test-rig was
placed in a sealed chamber. Compressed air, with a flow rate of 47 L/min, was introduced inside the chamber to
transport particles to the outlet to measure properties of particles and collect samples. A high efficiency
particulate absorber was used to ensure the cleanness of in-let air. Air coming out of chamber was analyzed by a
scanning mobility particle sizer (SMPS) and a Grimm aerosol spectrometer (Grimm) to measure mobility and
optic sizes. Particles were collected on a Teflon filters to investigate physical sizes that were measured by using
a high resolution transmission electron microscopy.

Results: For mobility size, particle number size distribution curves have a single peak around 100-200 nm for all
brake pads. Geometric mean diameters are in the range of 100-190 nm. For optical size, the number of particles
ranging from 0.3-0.5 μm takes up more than 90% of the total particle number concentration. In addition, by
merging mobility size with optic size, a total size distribution and new mobility diameter ranging from 170-250
nm were obtained for all brake pads. Number size distributions measured by TEM have similar shapes with that
measured by SMPS. But average physical diameters are much larger than new mobility diameters for all brake
pad materials at each sliding velocity. Variation trends of physical diameter and mobility diameter with sliding
velocity are identical. But there seems no universal method to convert from mobility size to physical size.

Limitations of this study: Experiments were conducted on a simplified test rig which cannot totally reflect the
actual brake conditions in vehicles. In present study, brake wear particles are mainly generated from the
disruption of friction layers. The degradation of resin contributes little to the particle emissions due to the low
contact temperature (less than 150 ℃) in this study.

What does the paper offer that is new in the field in comparison to other works of the author: Present study fill
the knowledge gap in the differences of particle size between commercial particle sizers and TEM. In addition,
abilities of mobility sizer and optical sizer to measure particle size are also evaluated.

Conclusion: Diameters of airborne wear particles obtained from TEM images were compared with those
measured by mobility sizer and optical sizer to evaluate their abilities to measure particle sizes. The shape of
number size distributions obtained from TEM and mobility sizer are similar. Particle sizes measured by TEM are
much larger than those measured by mobility sizer and these two sizes have the same variation trends with the
sliding velocity. In present study, there seems no universal method to convert from mobility size to physical size.
In future, more investigations should be conducted in high contact temperature with considering the influence of
resin degradation.


