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Oxidation of soot and carbonaceous materials
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Soot Oxidation: Multtpopulation Model

Different populations of _

soot each with its own
oxidation rate
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Experimental Cerich sample

ACatalystPowder Milling
Mixed CeriaZirconia powder, ball milling &

C Ceriarich: 0, 6, 12, 40, 78rs
C Zirconiarich: 0, 6, 12, 4rs

40hrs mi |g |
ACatalystNanoparticle Synthesis
ABS-A ABS-B ABS-C ABS-D SOL-GEL
Cerium Oxide (Ce{Pfrom precursor solutions E F
C Aerosol based synthesis, (ABS)* ' ' ae

4 CeQ catalysts (A, B, C, D)

C Solgel synthesis2 CeQcatalysts (E, F) 50 nim

*K. Karadimitra, G. Macheridou, E. Papaioannou, A. G. Konstandop@dR$EC 2001

Lorentzou S., Kastrinaki G., Pagkoura C., KonstandopoulodlanGscience and Nanotechnology Lett&$5), pp.
697-704(8), 2011



. L]
Experimental H

APhysical and morphological characterization

Particle size

X-Ray Diffraction (XR[C3canning Electron
Microscopy $EM), Transmission Electron

Pore size/Porosity | Microscopy (TEM), Particle Size Distribution (PSD)
and BET analysis.

Surface area

Crystallite size

I*K. Karadimitra, G. Macheridou, E. Papaioannou, A. G. Konstandop@dRSEC 2001

Lorentzou S., Kastrinaki G., Pagkoura C., Konstandopoulodlan@science and Nanotechnology Lett&$5), pp.
697-704(8), 2011



Experimental

ACatalytic Soot Oxidation

A flamegenerated Carbon Black (N330) was employed to warrant absence of inorgani
ashes and false catalytic activity

C Aggregates are composed of nespherical primary particles (~26 nm) and
have a 74.2 r#lg surface area.

C Mixing with catalyst in a mortar at a catalysbot ratio 2:1

C Oxidation in arhermogravimetricdAnalyzer, under a stream of 20%i@N,
with atemperature increase rate of°€/min from 150 to 70€C.



Kinetic Parameters of Thermal Oxidation

Raman Spectrum: At least two populations

0.800
Jesi Carbon Black
. Raman lodl s
0.600 - ~ ° .
| Soot 4.5N0.15
| S || co 0.2N0.15
| ©
0.400 0.330 >
2
(D)
0.200 - )
0.020 Commercial Graphite (CG)
0.000 A e e ——
E (kJ/mol)240.00 180.00 120.00 600 800 1000 1200 1400 1600 1800 2000
Raman shift (crif)

. (1/sK 5.0E+08 1.0E+05 257
oi (175K Different Surface Oxygen Complexes

1, 2 or 3bonds need to brake for gasification of a SOC

Ordered and Disordered Domains _




ParticleSize Distribution

Zr-rich Cerich
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ParticleSizeDistributions

Probability Density Function
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Summary of Catalyst Structural Characteristics

Milling d;, (>m) | Surface areg Crystallite
duration (hrs) (m?/gr) size (nm)
3 0 0.77 70.58 59
c:cg 6 0.64 71.64 57
o 12 0.62 68.93 58
2 40 0.54 66.99 59
N
0 1.14 77.30 59
2 6 0.82 75.27 58
©
S 12 0.78 72.85 59
e
% 40 0.62 73.32 57
© 72 0.61 73.29 58




Soot oxidation rate Cerich
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Soot oxidation rate Zr-rich
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Correlation of Soot Oxidation to g,
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KineticsZr-rich
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Soot fractiong ; vsZr-rich milling time / d; ,
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Kinetics Ceich
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Soot fractiong ; vsCerich milling time / d;,
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Synthesized Catalyst Nanoparticles ®
CeQ

ABS-A ABS-B ABS-C ABS-D SOL-GEL
E F
50 nm
Property F E D A C B 4
Particlesize (nm) 28 32 90 121 161 222
surface area (m2/g 12 5 8 59 35 37
crystallite size (nm) 18 29 25 9 18 25
pore size (nm) - - 13.7 12.4 20.7 10.5
porosity - - 0.451 0.674 0.633 0.387

Emission Control Sci. & Tech1(3):2468, 2015



Soot oxidation rate
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Effect of Catalyst Nanostructure on Soot Oxidatior
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