Carbon products without the emissions

Carbonaceous particles formation and structure
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What do carbon blacks and soot look like?
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Carbon materials powering our green technology

New and improved carbon materials are needed to drive our green transition

Graphite for Activated carbon for Carbon catalysts for Carbon black for Carbon coatings for
lithium ion batteries hydrogen storage and hydrogen fuel cells CO,-free hydrogen protecting steel from
supercapacitors and electrolysers from methane hydrogen embrittlement

The carbon atoms are The carbon sheets are Single metal (iron/nickel) Small sheets arranged Amorphous carbon with
arranged in layered hexagonal curved opening up pores catalysts embedded into concentrically form into tetrahedral arrangement of
sheets. It is between these to store hydrogen or ions the sheets can replace balls and then join carbon that are hard and

sheets that lithium is stored. for supercapacitors. costly platinium. together to form chains. impermeable.
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Started in carbon nanomaterials
exploring charcoal and fullerenes
formation using mass spec. and

Martin, J. W., Nyadong, L., Ducati, C., Manley-Harris, M., Marshall, A. G., &

Kraft, M. (2019) Environmental science & technolog

, 53(7), 3538-3546.
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Squishing soot to measure hardness
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aggregates
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Non-thermal helium plasma injection
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Reactive species — Dublin symp.

Andrea D’Anna Mario Commodo
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Gianluigi De Falco

Schulz, F., Commodo,
M., Kaiser, K., De
Falco, G., Minutolo, P.,
Meyer, G., ... & Gross,
L.

(2019). Proceedings
of the Combustion
Institute, 37(1), 885-
892.
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Martin, Jacob W., Maurin Salamanca, and Markus Kraft.
"Soot inception: Carbonaceous nanoparticle formation in flames."
Progress in Energy and Combustion Science 88 (2022): 100956.
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Kinetics of chemical mechanisms

Strong bonds but kinetics are slow

Aromatic
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precursors: implications of
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E|eCtr0nS pi n ned to the edge Selvakumar, Praveen K., et al. "Role of Tr-Radical

Localization on Thermally Stable Cross-Links Between
Polycyclic Aromatic Hydrocarbons." The Journal of
Localisation of n-radicals due to aromaticity  Physical Chemistry A 127.33 (2023): 6945-6952.
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Electrons pinned to the edge

Electron paramagnetic resonance
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r-Diradical Aromatic Soot Precursors in Flames

Jacob W. Martin,” Laura Pascazio,” Angiras Menon, Jethro Akroyd, Katharina Kai
Mario Commeodo, Andrea D'Anna, Leo Gross, and Markus Kraft*

Cite This: L Am. Chem. Soc. 2021, 143, 1221212219 I:I Read Online
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ABSTRACT: Soot emitted from Il ion of fuels to global wa:
disease. The mechanism by which soot nanoparticles form within hydrocarbon flames is still an unsolvec
science. Mechanisms proposed to date involving purely chemical growth are limited by slow reaction ra
relying on solely physical interactions between molecules are limited by weak intermolecular interactions |
temperatures. Here, we show evidence for a reactive x-diradical aromatic soot precursor imaged using 1

i 1 ion of m-electrons on non-hexagonal rings was found to allow for Kekulé aromatic so
triplet diradical ground state. Barrierless chain reactions are shown between these reactive sites, which
aromatic rim-linked hydrocarbons under flame conditions. Quantum molecular dynamics simulatio
condensation of aromatics that survive for tens of picoseconds. Bound internal rotors then enable the reacti
and become chemically cross-linked before dissociation. These species pravide a rapid, thermally stable cl
nanoparticle formation and could provide molecular targets for limiting the emission of these toxic coml

W INTRODUCTION are found in the atmospheres of pla
Titan”

No predictive model yet exists
particle formation, inhibiting our al
pollutants from combustion systems’
produce and tune new nanomater

Soot emitted into the atmosphere contributes ta global
wariming, and when deposited on ice, soot lowers ice’s albedo,
increasing melting' Recent estimates place the atmospheric
radiative forcing of black carbon at 0.5—1.0 W/m?, similar to

that of methane.” Additionally, soot and other <25 um
combustion products (PM, ) have been directly correlated
with increased morbidity and respiratory diseases.” Most
pressing is preliminary evidence that an increase of only 1 ym/
m?® of PM, in the urban environment is associated with an
119% increase in COVID-19 related deaths (in preliminary data

formation is inception (or nuclea
aromatic soot precursors cluster to
Figure 1). Three main requirements
transformation: (1) The species invol
reaction where reactivity or conds
through sub monomer add

from the USA).’ Recent lockdown measures also demon-

must be thermally stable with bond e

strated how quickly soot emissions can drop in the i
with a 12% reduction in PM,  emissions in $0 major citie:
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Polymerisation

Barrierless chain reactions
monomer dimer trimer tetramer

singlet—+—
EST = 25 kJ/mOl

— ftriplet

E, =230 kJ/mol

E, =-230 kJ/mol

Polymerisation of
aromatic rim-linked
hydrocarbons
(PARLH).

E, = 230 kJ/mol
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1S56 MM (GROMACS): OPLS intramolecular and
isoPAHAP intermolecular

CLASSIC MD QM (ORCA): meta hybrid GGA DFT BS-M06-
2X/def2-SVP

Tr-Diradical aromatic soot precursors in flames. Journal of the
0.00 PS American Chemical Society. 2021 Aug 2;143(31):12212-9. Laura Pascazio



Local ised '|'|'-d i rad ical mr-Diradical aromatic soot precursors

in flames. Journal of the American

. ) . . Chemical Society. 2021 Aug
Condensation followed by bond formation — Physical + Chemical  2;143(31):12212-9.

14 15 16

“We thus suggest that
the activation of internal
rotation creates
“collisional events”
between the edges of the
rotating PAH that offer
the opportunity for
reaction to take place.”
Frenklach and Mebel

2020

16

15

Physical condensation occurs first then internal rotors enable the
reactive sites to find each other and react (not found for o-diradicals).
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Methane pyrolysis for hydrogen production:
||ﬂ | carbon formation and nanostructure

u m m a ry m'/ﬁ*\ 2024 Previous titke: Character of m-radicals involved in carbon formation: A DFT study

Praveen K, Selvakumar,* Mauricia Di Lorenzo, Mark Paskevicius, Craig E. Buckley s
and Jacob W, Martin®, Physics and Astranomy, Curtin University, Perth, Australia, Carbon
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