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Introduction 

n  Regeneration in Diesel 
particle filters (DPFs)  
n  Oxidation of accumulated soot 

n  Uncatalysed oxidation 

n  Efficiency of regeneration 
n  reaction conditions 
n  nature of the soot 
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Structure of soot-like carbons 

n  Crystallinity and 
concentration of active 
sites 

n  Impurities 

n  oxidative reactivity 
n  kinetics 

graphite 

structural order; 
high purity 

structural disorder; 
impurities 

carbon 
black 

soot 
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Scope 

n  Semi-global mechanism 
n  soot + O2 

n  Determine mechanistic parameters for a range 
of carbon materials 
n  Experiments 
n  Extract kinetic data 
n  How do the kinetics depend on the nature of the 
material?   
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Reactor experiments 

n  Fixed bed of particles 
n  diesel soot 
n  graphite 

n  Conditions:  
n  100% Ar, 10 °C/min to Tdes 
n  10% O2 + 90% Ar at Tdes 

n  250 ml/min at STP 

n  Experiments from the 
literature: coke, char, 
ethylene soot, carbon 
black, graphite 

ca. 2 mm 

Ar + O2 Ar + O2 + CO + CO2 
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Reactor model 
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n  Fixed bed of particles 
n  described as a series of 
CSTRs 

n  Pe = u L/Dax → RTD  
    → 1 CSTR required 

n  Flow through porous 
bed: 
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Reaction mechanism 
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n  Reaction rates 
 

1. 
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3. 



8 

Diffusion limitations 
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n  Thermal limitations 
n  no noticeable exothermicity during 
experiments 

n  External diffusion 
n  insignificant at low T 
n  fraction of external resistance < 2.5 ·10-3 

n  Internal diffusion 

n  Ф << 0.3 
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Strategy of calibration 
n  Equations solved with the IFPExhaust 

library (AmeSim) 

n  Data used for calibration 
n  TPO or IOs (2 different temperatures)  

§  global mass consumption 
§  reaction products 
§  surface intermediates 

§  no measurements available 
§  > 10% of Γ  (Campbell&Mitchell, 2008) 

n  Assumptions: 
n  CO and CO2 formation rate limiting 
n  O2 adsorption fast 
n  Γ ≈ 2·10-5 mol/m2 

10% of Γ 

C(O) 
C* 

n  Sa determined from mass 
balance 
n  Random pore model 



Oxidation of diesel soot (ψ = 5) 

588°C 

541°C 503°C 

541°C 

Oxidation of graphite (ψ = 0) 
813°C 773°C 
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Oxidation of ethylene soot 

600°C 
545°C 

480°C 600°C 

545°C 
480°C 

• ψ = 0 

• experimental data: Du et al., 1991, Energy 
& Fuels, 5 

 

CO/CO2 mnorm 
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Oxidation of char 

600°C 

550°C 

450°C 

600°C 

500°C 

450°C 

450°C 

550°C 

600°C 

• ψ = 2 (fit by Campbell and Mitchell, 
2008 

• experimental data: Campbell and 
Mitchell, 2008 

CO2 CO 

mnorm 
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Temperature-programmed  
oxidation of coke  

10°C/min 5°C/min 

5°C/min 
10°C/min 

CO2 

CO 

CO2 

CO 

surface 
evolution during 
TPO 

experimental data: 
Kanervo et al., 2001 

(ψ = 0) 
CO 

CO2 

CO2 

CO 



14 

Kinetics of different soot-like carbons 
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surface physics 
 

surface chemistry 
• f(%C) 
• microkinetics 
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Conclusions... 

n  Important trends of oxidation reproduced: Global 
reactivity and CO/CO2 selectivity of different carbon 
materials 

n  Kinetic parameters used to distinguish between 
different types of soot-like carbon 

n  Confirm values 
n  More  experimental quantities (surface species...) 

n  Microkinetics 
n  confirm link with %C 
n  model using distributions of activation energies 

                        ... and future developments 
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Thank you for your attention 

kirsten.leistner@ifpen.fr 
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Supplementary slide (1) 

Generation of the diesel soot used in experiments 

n  Common rail diesel 
engine (DW10, PSA) 

n  ECE urban driving cycle 
(1500 rev/min, 5 bar) 

n  Soot collected on a 
DPNR at 340 °C 
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Supplementary slide (2) 

Bhatia-Perlmutter random pore model : evolution of 
surface area 
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