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What do carbon blacks and soot look like?
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Carbon for products not fuels

Carbon Materials Science
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Carbon materials powering our green technology

Carbon materials need to go into our new green technology



Pyrolysis for products

Challenges and opportunities

● How can we produce carbon 
materials without CO2?

● How can we produce more 
valuable carbon products?

● How can we increase the 
efficiency of carbon production?

● How can we stop carbon forming 
where we don’t want it?

1. Identify key reactive species
2. Control carbon nanostructures 

produced in pyrolysis

Source: Monolith Commercial 

scale and Carbon-free: Carbon 

black and hydrogen
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Squishing soot to measure hardness

Soot is hard like 

charcoal but has 

a softer centre



First hypothesis – curved PAH + chemiions
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Non-thermal helium plasma injection

He non-thermal plasma CH* and OH* not 

significantly changed

Soot emissions reduced

Tan, Yong Ren, et al. "Investigation on the effect of Charge injection 

from non-thermal plasma on soot formation in Laminar coflow

diffusion flame." Combustion Science and Technology (2023): 1-22.

Charge impacts 

inception but cannot 

be the primary driver.
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Reactive species – Dublin symp.
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Commodo et al. 2019
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Kinetics of chemical mechanisms

Strong bonds but kinetics are slow

Martin, Jacob W., et al. 

"Reactivity of polycyclic 
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Localised π-radicals provide 

thermally stable bonds and 

stacking provides stability

Chemical mechanisms are

strong but kinetically slow

Delocalised π-radicals weak bonds

Diradicaloids weak bonds

Gaussian 16

M06-2X/cc-pVTZ//B3LYP/6-311G(d,p)
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Electrons pinned to the edge

Localisation of π-radicals due to aromaticity

Selvakumar, Praveen K., et al. "Role of π-Radical 

Localization on Thermally Stable Cross-Links Between 

Polycyclic Aromatic Hydrocarbons." The Journal of 

Physical Chemistry A 127.33 (2023): 6945-6952.
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Electrons pinned to the edge

Electron paramagnetic resonance
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Electrons pinned to the edge

STM - pi-electrons
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Polymerisation

Barrierless chain reactions

Polymerisation of 

aromatic rim-linked  

hydrocarbons 

(PARLH).
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Martin et al. 2019

MM (GROMACS): OPLS intramolecular and 

isoPAHAP intermolecular

QM (ORCA): meta hybrid GGA DFT BS-M06-

2X/def2-SVP

π-Diradical aromatic soot precursors in flames. Journal of the 

American Chemical Society. 2021 Aug 2;143(31):12212-9. Laura Pascazio



Localised π-diradical

Condensation followed by bond formation – Physical + Chemical

Physical condensation occurs first then internal rotors enable the 

reactive sites to find each other and react (not found for σ-diradicals). 

26

π-Diradical aromatic soot precursors 

in flames. Journal of the American 

Chemical Society. 2021 Aug 

2;143(31):12212-9.

“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





Summary

1. Identify key reactive 
species

2. Control carbon 
nanostructures produced 
in pyrolysis
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Ozone injection



Ozone injection

Basta, Luca, Alessia Pignatelli, Fabio Sasso, Francesca Picca, Mario Commodo, Patrizia

Minutolo, Jacob W. Martin, and Andrea D’Anna. "The effect of ozone on soot formation in 

partially premixed laminar methane/air flames." Fuel 373 (2024): 132342.

Luca Basta

Poster


	Slide 1: Carbon products without the emissions
	Slide 2: What do carbon blacks and soot look like?
	Slide 3
	Slide 4: Why Perth?
	Slide 5: Why Perth?
	Slide 6
	Slide 7: Structure-disorder
	Slide 8: Carbon materials powering our green technology
	Slide 9: Pyrolysis for products Challenges and opportunities
	Slide 10
	Slide 11: Squishing soot to measure hardness
	Slide 12: First hypothesis – curved PAH + chemiions
	Slide 13: Non-thermal helium plasma injection
	Slide 14: Reactive species – Dublin symp.
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19: Kinetics of chemical mechanisms
	Slide 20: Electrons pinned to the edge
	Slide 21: Electrons pinned to the edge
	Slide 22: Electrons pinned to the edge
	Slide 23
	Slide 24: Polymerisation
	Slide 25
	Slide 26: Localised π-diradical
	Slide 27
	Slide 28: Summary
	Slide 29: Ozone injection
	Slide 30: New from carbon materials science
	Slide 31: Electrons pinned to the edge
	Slide 32
	Slide 33
	Slide 34
	Slide 35: What’s next
	Slide 36
	Slide 37: What is the nanostructure of soot/carbon black?



