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» The environmental and climatic effects of black carbon depend

on its compositions and structure, which are significantly affected

\by atmospheric aging of soot.
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Background
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05" S product1 3 =2x1073,

HNO; ot NO, + product2 y = 0.028,

Soot + O3 —Soot- O+ 0z 3 =2x1073,
Soot + HNO; — Soot - OH + NO, 7 = 0.028,
Soot + NO; »Soot-O + NO y =5.7x1072,

Soot-O + 03 —»Soot +20, y=2x1073,
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» Fuel-rich soot was more active than the fuel-lean soot for O, reaction.
»Fuel-rich soot showed higher reactivity toward NO, under light.
» The reasons for reactivity differences are not clear.
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Experimental section

[ Soot production }

Combustion conditions: \
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Characterization

Organic carbon (OC)
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Characterization

Fuel-rich soot Fuel-lean sc}btf'

Microstructural Analysis
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Characterization

Distortion due to the defects increased
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NO, uptake on soot

Data from flow tube reactor
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NO, uptake on soot

The role of reduced OC
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O, uptake on soot

O, uptake on soot
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Fuel-rich soot shows higher reactivity toward O, than fuel-lean soot.
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»Unsaturated species in OC should be the main active sites for O, uptake. i



Photochemical aging of soot by O,

»Soot is not only able to react with strong oxidizing gas, Vvisible
light can excite aging of soot by molecular O.,.
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Preheated soot
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Photochemical aging of soot by O,

The soot residues extracted
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»QOrganic carbon is the main contributors to the photochemlcal
aging process of soot by O.,.
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Photochemical aging of soot by O,

Extracted OC Activity of OC with or without EC
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Photochemical aging of soot by O,

Kinetics

L-H mechanism
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O, dissociation on perfect graphene surface




O, dissociation on defective graphene surface

unit: kcal/mol

| >The spin-flipping excitation is surmountable at room temperature, and the
- dISSOCIatIOI’] and isomerization are barrier less processes.
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/v The aging of soot with oxidizing gas is mainly determined by™\
two factors: surface composition and microstructure of soot,
which are significantly influenced by combustion conditions.

v OC is active for NO, and O, uptake on soot, and the
photochemical aging process by O.,.

v' EC plays a catalytic role in photochemical aging of soot by
O,, and defective sites on graphite sheet might help for
O, activation.
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Experimental section
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Photochemical aging of soot by O,

GC-MS analysis of OC
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Photochemical aging of soot by O,

Surface oxidation state Organic carbon content

1.5 da

Rich soot AlS%/rich/ A3038/1'ich=0'36 - Fuel-rich flame soot
o Lean soot Asostean Ns03sean 110 99 | gl cmane ot
' 3038 1596 :
98
3 09 (Ar-H) g
= B
£ g
(@) i
206 Bo0r
< 8 F
=
95 F
0.3 i
o o
00 " " 1 L 1 II/V L 1 1 L 93 | L | L 1 | 1 1 L
3200 3000 2800 1800 1500 1200 900 50 100 150 200 250 300
Wavenumber/cm Temperature (°C)

———————————————————————————————————————————————————————————————————————————————————————

Han et al., Proc. Natl. Acad. Sci. U. S. A. 2012, 109, 21250-21255.




Photochemical aging of soot by O,

Kinetics
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Photochemical aging of soot by O,

kinetics
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Photochemical aging of soot by O,

Comparison of kinetics of soot aged by O, and O,
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