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Projet ANR : Unveiling Nucleation mechanism in aiRcraft Engine
exhAust and its Link with fuel composition
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» Filters for particulate matter
* Proton Transfer Reaction Mass Spectrometer (PTR-MS)
* Aerosol Mass Spectrometer (HR-AMS)

- £ * Aerosol Chemical Speciation Monitor (ACSM)

S
= “/ -> objective : study and compare chemically, at a molecular level, gaseous and
a particulate phases of primary and secondary emissions from various aircraft fuels
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Particles and Gas

gas phase phase Rt

Black carbon

Quartz fiber
filter

Front Filter Back Filter

(Ngo and al., 2020 - AMT 951-967)

Experimental sampling device

Sampling Method

Quartz filters
Flow=2.5L/min

Injection time CESAM: 1min-8min

Sampling time CESAM: 1h \

Sampling time PAM: 25min Quartz filter with black carbon

Sampling time CAST: 30sec for particle phase on the left
and filter for gas phase on the

right before sampling

Particle phase after CAST for different
combustion conditions
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Mass Spectrometry techniques : Laser Two-Step Mass Spectrometry
(L2MS)
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Mass Spectrometry techniques : Secondary lons Mass Spectrometry
(SIMS)

* 4-5 areas per sample
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UNREAL campaign - Fuel Matrix

Jet Al reference

Jet Al High aromatic compounds
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;%%gzphmm Mass Spectrometry L2MS: CAST sample

ONERA Fuel : [23% aromatics compounds + 3000ppm sulfur] «  Carbon cluster and hydrocarbons
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Mass Spectrometry L2MS: Fuel composition CAST comparison

CAST - Particle phase — positive ions : Carbon Clusters/PAHs
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Mass Spectrometry L2MS: Fuel composition CAST comparison

CAST - Particle phase — negative ions : Carbon Clusters/ Sulfur compounds
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Size (nm)

- New patrticle formation event representing the evolution of volatile particles in the CESAM chamber with time
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CESAM first observations
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Normalized Signal
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Preliminary Results with PTR-MS : only gas injection CESAM
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Preliminary Results with HR-AMS : only gas injection CESAM

23% aromatics + 3000 ppm sulfur (19-Nov-2020) AtJ (24-Nov-2020)

7 T T T T T T T T T T T 35 T T T T T T

S—CHY — NG
S04 S04
NO3 NO3
NH4 NH4
6 g 3k |
51 25 B
& o
§4— - £ L i
(=) b=y 2
= =
14} .
= g
o Q
@ o
a3r = $ f- |
© @15
= =
2r 1 il 8
i 05 |
1 L Il L & | 1 1 T T
0 0 1 i - b il . 1 i 1 L IE L ke Vs
09:00 09:30 10:00 10:30 11:00 11:30 12:00 12:30 13:00 13:30 14:00 14:30 15:00 15:30 16:00 16:30 17:00
08:45 09:00 09:15 09:30 09:45 10:00 10:15 10:30 10:45 11:00 11:15 11:30 11:45 12:00 12:15 12:30 12:45
Date (LT)
Date (LT)

—> Particle chemical composition is dominated by Organics/Sulfates for fuels with Sulfur and
by Organics for fuels without Sulfur. Py
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Intensity (a.i)

Preliminary Results SIMS : only gas injection CESAI\/I
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Preliminary results SIMS : only gas injection CESAM - sulfur compounds

300

250

200

150

00

SO, - 63.96m/z

Particle Phase

@ 700

SO, - 79.95m/z

23% Aromatics+3000ppm Sulfur CESAM * 23% Aromatics+3000ppm Sulfur CESAM  *
AtJ CESAM # AtJ CESAM *
Blank 0 Blank
/N JARRN
’,’/ “\ 00 ’,/ \
[ [
Jj \ 300 K’ \\\
/ \ \
/ \ 00 / \‘
/ \ / "\
/ J / \‘
,«" 1m0 / ‘\j
/ \.
- S
S o \—L\\"\———\R : P eSS
63.96m/z 79.95m/z
R SURLIQUE ONERA ‘%?PhLAM . . . L
— e * s Yo Impact of fuel composition on primary and secondary aeronautic emissions 14

FRANCAISE ‘e Phusique de:
Libersé /'—'—'_"—__'—'"‘—'—-._,__ 9 Atomes et M
et THE FRENCH AEROSPACE LAB X J
Fratermité »




150

120

Preliminary results SIMS : only gas injection CESAM - sulfur compounds
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INERIS Preliminary Results ACSM: only gas injection PAM
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Conclusion and Perspectives

 We observed particle formation with all fuels

« Particle chemical composition is dominated by Organics

« Oxygenated compounds present in the gas phase

« Complete data analysis: extended chemical characterization using mass spectrometry

« Comparison of primary and aged emission chemical fingerprints as well as the ones
obtained from smog chamber (CESAM) and PAM-OFR experiments

 New experimental campaign focused on nucleation clusters (API-ToF + PSM)
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Preliminary Results AMS: only gas injection PAM
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SIMS mass defect plot : only gas injection CESAM
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SIMS mass defect plot : only gas injection CESAM

Mass defect (Am), u
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Mass Defect Plot SIMS : only gas injection PAM

Mass defect (Am), u
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