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INFLUENCE OF SOOT ON THE CLIMATE CHANGE

Source : IPCC special report, Aviation and the global atmosphere, 1999

•

 

Significant role of aircraft black carbon (BC) emission on contrail and cirrus formation 
leading to a positive radiative

 

forcing and climate changes

•

 

An increased concentration of aircraft-generated soot particles may initiate heterogeneous 
reactions influencing atmospheric chemical composition



•

 

However, current ability to predict climatic consequences is limited to qualitative estimates due to the paucity 
of data about the physicochemical properties of aircraft engine soot. 

•

 

Most of studies, based on laboratory-generated soot particles, show a large variation in their nucleation 
properties and reactivity.

•

 

There remains a need for research on the interactions of water and engine soot, especially related to the 
ability of soot to form cloud condensation nuclei (CCN)

THE SCIENTIFIC BACKGROUND

•

 

This work is devoted to a comprehensive characterization of the morphology, microstructure, chemical 
composition, and the surface nature of aircraft engine soot with

 

the aim to identify the mechanisms 
responsible for both its high hydrophilicity

 

and its ability to act as contrail nuclei in the aircraft plume
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Transmission Electron Microscope : JEOL JEM 2000 FX ; resolution: 2.8Å at 200 keV
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SOOT MORPHOLOGY AND STRUCTURE: TC1 SURROGATE SOOT
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SOOT MORPHOLOGY AND STRUCTURE: ENGINE SOOT

TEM: JEOL JEM 2000 FX
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•

 

Presence

 

of dark

 

and well-crystallised

 

impurities

•

 

Diffraction pattern analysis

 

 Iron

 

oxyde

•

 

Chemical

 

compostion:

X-Ray Energy

 

Dispersive Spectroscopy: chemical

 

composition

But, in some

 

areas of the engine

 

soot

 

sample:
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SOOT CHEMICAL COMPOSITION

 FTIR: surface functional

 

groups
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Engine soot

Engine soot has much

 

more

 

hydrophilic

 

surface functional groups than the surrogate soot 



•

 

surprisingly high level of water adsorption on engine soot at low RH and at T = 295 K

 initial adsorption on the strongest active sites (surface ionic

 

and organic sulfates). 

•

 

adsorption on engine soot >> TC1 surrogate soot. (TC1 isotherm shape corresponds to an hydrophobic mat.)

 The amorphous carbon main fraction of soot is not responsible of the hydrophilicity

 Only the fraction of

 

impurities (most hydrophilic) of engine soot can act

 

as Cloud Condensation Nuclei.

WATER ADSORPTION ISOTHERMS



CONCLUSION

•

 

Combustion conditions within

 

an

 

aircraft engine

 

have a

 

dramatic

 

influence on

 engine soot properties. 

•

 

According

 

to

 

its chemical

 

composition

 

and

 

structure,

 

engine soot is

 

a mixture of 
a relatively hydrophobic

 

main fraction

 

almost

 

free of

 

impurities and

 

a more 
hydrophilic

 

fraction

 

containing impurities. 

•

 

A significant amount

 

of

 

sulfur is accumulated within the aircraft engine

 

on

 

the 
soot

 

surface as

 

derivatives

 

of

 

sulfuric acid.

 

Together with water

 

soluble

 organics,

 

they

 

are responsible

 

for the highly hygroscopic

 

nature of

 

the engine 
soot and

 

for

 

its ability

 

to

 

act

 

as CCN for contrails. 
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