
METHODS

 The results show that soot must contain crosslinks between its constituent PAH molecules to have a comparable hardness value found

experimentally.

 The results also give information on the possible degree of crosslinking in soot particles. Ethylene soot and diesel soot are expected to have

crosslinked densities between 2.25–2.75 and ∼3, respectively.

Soot particles are formed during incomplete hydrocarbon combustion and have adverse effects on human health and the environment.

 Electron microscopy has revealed soot particles are constituted of aromatic layers, interpreted as the stacking of large polycyclic aromatic hydrocarbons

(PAHs).

 MD studies have shown that the binding energy between medium-sized PAHs are not strong enough to stabilize the dimer or trimer from evaporation at

high temperatures.

 Nanoindentation experiments show that the hardness of mature soot and carbon black are similar to a hard crosslinked carbon such as charcoal.

These considerations suggest that mature soot and carbon blacks are carbonised and crosslinked and aliphatic chains and bridge formation between

aromatic parts play an important role in soot maturation.
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INTRODUCTION

A reactive molecular 
dynamics (MD) study 

of mechanical 
properties of 

crosslinked PAHs has 
been made to 

estimate the degree of 
crosslinking in 

combustion carbons

Laura Pascazio
a
, Jacob W. Martin

a
, Mariano Sirignano

b
, Andrea D’Anna

b
 and Markus Kraft

a

a 
Department of Chemical Engineering and Biotechnology, University of Cambridge

b 
Dipartimento di Ingegneria Chimica, dei Materiali e della Produzione Industriale, Universita degli Studi di Napoli Federico II

Contact lp521@cam.ac.uk, mk306@cam.ac.uk

This poster presents work from the CAPRICORN work packages.

C4T
Cambridge
Centre for
Carbon Reduction in
Chemical Technology

CAM.CREATE
Acknowledgements This project is partly funded by the National Research Foundation (NRF), Prime Minister’s Office, Singapore under its 

Campus for Research Excellence and Technological Enterprise (CREATE) programme.

CONCLUSIONS

 Material  σf (GPa) 
MD results 
(this work) 

H (GPa) 
nanoindentation 

experiments 

Ref. K  

 HOPG  1.5 2.4  [5] 1.6  

 Diamond  83 100 [5] 1.2  

 

UNIAXIAL TENSILE TEST

yield stress (σf) and hardness (H):

H = K σf

K =
KHOPG + Kdiamond

2
= 1.4

𝐂𝐋 ≠ 𝟎
𝐂𝐋𝐞𝐭𝐡𝐲𝐥𝐞𝐧𝐞 𝐬𝐨𝐨𝐭 = 𝟐. 𝟐𝟓 − 𝟐. 𝟕𝟓

𝐂𝐋𝐝𝐢𝐞𝐬𝐞𝐥 𝐬𝐨𝐨𝐭 ~ 𝟑

Stress-strain uniaxial tensile 
curves for pyrene, coronene and 

ovalene at varying degree of 
crosslinking (CL). Red circles 

represent the yield point in each 
system.

H values vs CL using K=1.4
(with error bars showing K=1.2-1.6). 

H values taken from Ref. [3] for diesel and 
ethylene soot are also shown for comparison.

 The crosslinking conversion enhances the 
mechanical properties of the material tested.

 There is a weak dependence on the extension 
of the aromatic molecule used as monomer.

RESULTS

CROSSLINKING PROCEDURE

The degree of crosslinking is defined as:

CL =
2 ∙ number of crosslinks

number of molecules

COMPARISON WITH EXPERIMENTAL VALUES

Hethylene soot = 3 − 5 GPa [3]

Hdiesel soot = 6 − 7 GPa 3
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The MD simulations were carried out using LAMMPS [1].

STARTING MONOMERS

FORCE FIELD: an updated version of the adaptive intermolecular
reactive empirical bond order, know as AIREBO-M [2].
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