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Wide range of molecular weights and sizes 

Differentiate by: 

 Size and morphology 
 Chemical composition 
 Optical and spectroscopy properties 
 H/C ratio (organic carbon vs. black carbon) 
 Physical status 

H. Bockhorn, Soot Formation in Combustion. (1994) 
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SOOT FORMATION IN FUEL-RICH FLAME CONDITIONS 



MOLECULES NOC SOOT 

Introduction and motivations 

A. D’Anna, in Combustion Generated Fine Carbonaceous Particles (2009) 
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MOLECULES NOC SOOT 

A. D’Anna, in Combustion Generated Fine Carbonaceous Particles (2009) 

Diagnostic methods 

QUANTITATIVE INFORMATION 
(Particle concentration) 

QUALITATIVE INFORMATION 
(Particle nature and composition) 

SOOT FORMATION IN FUEL-RICH FLAME CONDITIONS 



OBJECTIVE OF THIS WORK 

To develop and apply a diagnostic method able to 

measure in-situ in combustion systems: 
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• Thermal emissivity of 

carbon nanoparticles 

(QUALITY) 

• Particle volume 

fraction  

 (QUANTITY) 
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Thermocouple Particle Densitometry (TPD) 

C.S. McEnally et al. Combust. Flame 109 (1997) 

RAPID INSERTION 
PROCEDURE 

A.D. Eisner and D.E. Rosner Combust. Flame 61 (1985) 

TPD-Based Thermophoretic-Thermocouple Method 

BURNER

Thermocouple junction
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GAS TEMPERATURE DETERMINATION 
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Variable-emissivity regime 
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Soot-containing flame region 

Variable-diameter regime 

Energy balance  
+ 

Mass balance 
(Thermophoretic flux) 

C.S. McEnally et al. Combust. Flame 109 (1997) A.D. Eisner and D.E. Rosner Combust. Flame 61 (1985) 

PARTICLE fV DETERMINATION 
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Soot-containing flame region 

Variable-diameter regime 

C.S. McEnally et al. Combust. Flame 109 (1997) A.D. Eisner and D.E. Rosner Combust. Flame 61 (1985) 

PARTICLE fV DETERMINATION 



Laminar Premixed Flame: Method Validation 
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• McKenna Burner 
• vcg=9.8 cm/s, Ф=2.01 

M. Commodo et al. Combust. Flame 162 (2015) 

Type-R thermocouple, bead diameter = 235 μm 
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Laminar Diffusion Flame 
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THE EFFECT OF OXIDATION 

MASS BALANCE AT THE THERMOCOUPLE JUNCTION 

(Thermophoretic flux) 
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THE EFFECT OF OXIDATION 

(Thermophoretic flux) (Soot burnout rate by OH) 
H. Ghiassi et al. Energy Fuel 30 (2016) 

MASS BALANCE AT THE THERMOCOUPLE JUNCTION 
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THE EFFECT OF OXIDATION 

a C.S. McEnally and L.D. Pfefferle Combust. Flame 121 (2000) 



Laminar Diffusion Flame 

20th ETH Conference on Combustion Generated Nanoparticles –  Zurich –  June 13-16, 2016 

THE EFFECT OF OXIDATION 

a C.S. McEnally and L.D. Pfefferle Combust. Flame 121 (2000) 



Laminar Diffusion Flame 

20th ETH Conference on Combustion Generated Nanoparticles –  Zurich –  June 13-16, 2016 

THE EVOLUTION OF PARTICLE NATURE/COMPOSITION 

Raman Spectroscopy 

Carbonsp

ceFluorescen

GI

m
2)(



C. Casiraghi et al. Diam. Relat. Mater. 14 (2005) 



Laminar Diffusion Flame 

20th ETH Conference on Combustion Generated Nanoparticles –  Zurich –  June 13-16, 2016 

THE EVOLUTION OF PARTICLE NATURE/COMPOSITION 

Raman Spectroscopy 

Carbonsp

ceFluorescen

GI

m
2)(



C. Casiraghi et al. Diam. Relat. Mater. 14 (2005) 



Final Remarks /1 
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   A Thermophoretic-Thermocouple method based on TPD 
has been developed for the investigation of particle evolution 
in flame; 

   The method here reported has the capability to measure 
simultaneously particle volume fraction and emissivity, being 
at the same time very simple, fast and cheap to operate; 

   The method has been first successfully validated on a 
laminar premixed flame, and then applied for studying a 
laminar diffusion flame. 



Final Remarks /2 
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   Precursor particles formed in the center of the flame have 
an emissivity ~0.4-0.6 and can emit fluorescence; 

   Emissivity of particles increases following a carbonation 
pathway up to ~0.95, their capability to emit fluorescence 
strongly decreases and TPD-fv coincides with that measured 
by LII; 

   In a moderately oxidative flame region, the inclusion of 
OH oxidation in the mass balance equation for TPD allows 
evaluating properly particle volume fraction.  
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