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Introduction

Applied Pressure

Disc Brake System:

1- Braking Disc (BD)

2- Caliper

3- Braking Pads

4- Friction Material (FM)
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5- Friction Couple (FC)

6- Tribological Interface

7- Non-Exhaust Emissions (PMs)
8- Non-Exhaust Emissions (Debris)
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» 10% of PM, s and PM,, emissions are

due to road transport sector (up to 70%
if EU urban environment is considered)

Nowadays Exhaust and Non-Exhaust
emissions from road transport are
estimed to contribute at the same level

Inside Non-Exhaust category, PM10 and
PM2.5 generated from brakes are

estimed to contribute respectively by
55% and 21%
Substantial lacking of information on

the Ultra-Fine Particle fraction (UFP: d <
100 nm)
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Experimental: Materials & Sampling

M1a, M1b: ECE R90 Low Steel/Low Met, Cu-free
M2a, M2b: ECE R90 Low Steel/Low Met, Cu-content
M3: NAO, Cu-free
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Nanoparticle Emissions
< From The Transport Sector

Dyno-bench

Labeling d50/ pm
micrometric (PM2.5) 2.10-2.20
sub-micrometric S3 0.80-0.90
sub-micrometric S2 0.40-0.45
ultrafine (UFP) S1 0.13-0.15

- Back-up -

DGI

» Dyno-bench compliant to UN GTR n°24

» Several repetitions of WLTP-Brake cycle, until
sufficient material is collected (min. 0.3 mg) for UFPs
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Nanoparticle Emissions
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Experimental: Sample Preparation & Analytical Probes

Redeposition

Solvent
extraction
d50/ pm
2.10-2.20
S3 0.80-0.90 —
S2 0.40-0.45 T
s1 0.13-0.15 2] —

[ Back-up - w

Organic Compounds | s SEM/EDXS XANES
Determination _ J Particle size & Semi- (Speciation of d-block
quantitative composition Metals)
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Nanoparticle Emissions
< From The Transport Sector

Results: UFPs’ Concentration

35
Friction UFP Flux  Duration [UFP]  [PM10]* 30 ¢ ¥
i 3 -1 3 3
Pair [mg] [m3 h1] [h] [mgm3] [mgm3] o 25| -
M1a =
o 20 |
M1b 3 .
0.15-0.30 — “ |
M2a 0.79 5.76 93.0 0.0015 o’ o
M2b 0.31 5.88 97.6 | 0.0005 2 10} (T
M3 1.00 5.76 67.1 0.0026 | 0.01-0.10 os | |
* averaged over corresponding emission tests on similar friction 0.0
couples in identical experimental conditions M1a M1b M2a M2b M3

» Emission concentrations for UFPs in the order of ug m-3

» M2b emits the lowest amount of UFPs (0.5 ug m-3), M3 generates the highest concentration of UFPs
(2.6 ug m*)

» Lower PM10 emission of NAOs does not appear to be confirmed when assessing UFPs, reasonably
explained by friction material compositional characteristics
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Results: Morphology & Size Distribution
Back-up Filter
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[Fe]/wt%

[0]/wt%

Results: Elemental Composition - M1b
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» Decreasing [Fe] and increasing [C] going towards finer fractions
» Decreasing Fe/O ratio going towards finer fractions (higher metal oxidation)
» Overall stable concentration of other elements (secondary & trace elements)
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Secondary Elements

0S4 OSs3 1152 Osl

Sn Zn Al Mg

Element / Symbol
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Results: Elemental Composition

Fe
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e »  General {trends} reproducible in all the
st five investigated particulates
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A « Decreasing [Fe] and increasing [C] going towards finer
fractions
— * Decreasing Fe/O ratio going towards finer fractions (higher ~ —
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Results: Phase Composition, d-block Metals

Normalized Absorption

Energy / eV
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» Magnetite (a-Fe;O,), Maghemite (y-Fe;O,) and
Hematite (a-Fe,O3) as dominant Fe bearing
compounds

» Increasing oxidation of Fe moving towards finer
dimensional fractions

» Chromium always found to exhibit +3 oxidation
state: Chromite FeCr,0O, - as bearing compound

Confidential. This presentation in its entirety is the property of Brembo and subject to copyright.
It cannot be copied, edited, reproduced, or shared without prior, written permission from Brembo.

10 | 13



Results: Phase Composition, d-block Metals
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» Cu always oxidized, both Cuprite (Cu,0O) and
Tenorite (CuQ) as bearing compounds (ratio 1:2)

» Zn shows similar level of oxidation in both
micrometric and nanometric particulates

» Several Zn bearing compounds: ZnS, ZnO and Zn-
phosphates
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Results: Organic Compounds

PAHs OPAHs
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» 24 PAHs and 9 OPAHs congeners found and measured, including lower molecular weight PAHs
(LMW, containing 2/3-ring PAHs), middle molecular weight PAHs (MMW, containing 4-ring PAHs) and
higher molecular weight PAHs (HMW, containing 5/7-ring PAHSs)

> LMW and MMW -PAHs/-OPAHs contribute fore more than 80% of the total

» Comparatively, lower PAHs and OPAHSs values are measured in particulates from coarser fractions,
both sub-micrometric and micrometric.
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Conclusions: Take-Home Messages
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