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Figure: Experimental set-up (tribometer reproduced from Lyu Y Z
et al, 2020 without permission).

Clean air

Experimental conditions

» Two different materials: Low-Metallic Cu-free (FM1)
and Non-Asbestos Organic (FM4)

» Contact pressure: 0.6 MPa to 1.1 MPa
» Velocity: Im-s~!to4m-s!
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» Chemical ionization by H3O™

» Proton transfer but also few charge transfer
(quantified ca 5%) A bit of

background
» Spectra recorded up to m/z = 770u
» Detection sensitivity at the ppt (for common VOC)

» Resolution ca 8000

- For instance, it is possible to distinguish in mass between
C6H5H+ (77.039) and C3H802H+ (77.060)

but not between CgHsH™ and CoHgOSiH (77.042).

- Isotopic ratio sometimes helpful (but not always).



A typical mass spectrum
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A typical mass spectrum
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A typical mass spectrum
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Acetaldehyde

m/z = 45.033 amu
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Acetaldehyde
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Kinetic Trace
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FM1 vs FM4 - Cp = 0.9 MPa

tests 9.1,92,9.3,9.4 tests 121,122,123

nalibackground (normed)

nalibackground (normed)

sig
sig

2 hours experiment - FM4: Cp =0.6 MPa, v=4m-s

» We can see a “threeshold”

» Reaches a maximum and then saturates
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https://olivier.durif.fr/uploads/presentations/FM1_Cp09.webm
https://olivier.durif.fr/uploads/presentations/FM4_Cp09.webm

Overall signal over time

FMI - Cp = 0.9 MPa
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Overall signal over time (normalized)

Signal (normed)
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Signal over time (start at m/z=35)

FM1 - Cp = 0.9 MPa
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Background
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FM1 vs FM4

4o FMI1 - Cp=1.1MPa, v=4m/s (test 10.2)
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FM1 vs FM4 (absolute spectra)

Signal (cps)

Signal (cps)

10°

5

107 ¢
107 ¢

S

1

[5v]

107 |

10!

10°

FM1 - Cp—1.1MPa, v—4m/s

=

II.“\‘JMM o

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300

=
OG'\

= e e
QDU =

=
L

=
OO

B

[\

m/z
FM4 - Cp=1.1MPa, v=4m/s

I

atallt "l . .MU.. . .
0 20 40 60 80100120140160180200220240260280300
m/z

Tribology
Campaign
Results of Brake
Emission
Monitored by
Proton-Transfer-
Reaction Mass
Spectrometry

FM1 vs FM4



Tribology
FM1 vs FM4 (absolute spectra) Campargn
FM1 - Cp=1.1MPa, v=4m/s Res‘:_:'ts'of Brake
1.0x 100 Monitored by
Proton-Transfer-
_ &0)(104 P Reaction Mass
U‘d' Spectrometry
Z 6.0x10' |
E joxiot
A
7 g0x10t ‘ N

0 30 60 90 120 150 180 210 240 270 300
m/z

FM4 - Cp=1.1MPa, v=4m/s
FM1 vs FM4

1.0x10°
8.0x10% |
6.0x10" |
4.0x10% |
2.0x10*

Signal (cps)

o | ) \ ' . .
0 30 60 90 120 150 180 210 240 270 300

m/z




FM1 vs FM4

4o FMI1 - Cp=1.1MPa, v=4m/s (test 10.2)
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Groupl (35.5-130 amu) vs group2 (210-320 amu) ~ Cimpaien
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Groupl (35.5-130 amu) vs group2 (210-320 amu)

Signal (normed)
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Gas emitted

» Hydrocarbon: C3Hy, C3H4, C4Hg, C4Hg, CsHg, CsHs,
CeHe, CeH1o, C7Hs, C7Hs, C7H12, CgHio

» Hydrocarbon derivatives: CH,0,CoH>0, CoH40,
CoH40,, CoHgO, C30, C3Hy0,, C3H40, C3HgO,
C3HgO,, C4HgO, C4HgO,, C4HgO, C5H405, CsHgO,

» Nitrile: CoH3N, CgHqs5N

Likely to be some CH4SH

» Siloxane (D3) (SiO(CH3)2)3 (and another contribution
yet to be identified)

v

And many other...
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Left to be done

» Emission vs temperature

» Can we discriminate between different layers of
materials?

> Investigate a bit more the reproducibility (background
or FUSION effect)

» Absolute concentration estimation when possible (ppb
vs ppt) and compute an emission rate

» Should the engine be accounted for?

» Look a bit closer to the charge transfer
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Conclusion

» Several VOC emitted and identified
» Gas emission increase with Cp and v
» Siloxane are NAO fingerprint

» Regime change (according to temperature or layer ?)
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Conclusion

vvyyy

Several VOC emitted and identified
Gas emission increase with Cp and v
Siloxane are NAO fingerprint

Regime change (according to temperature or layer ?)

vy

What about the correlation to the particles ?

Your welcome to ask for datas, plots, and check the
analysis

| will put a first draft on Overleaf
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