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Diesel engines generally require diesel particulate filter (DPF) systems to meet increasingly
stringent emissions regulations. The development of optimum methodologies for DPF

regeneration requires detailed information on the oxidation characteristics of diesel PM Lab | S o Differential scanning calorimeter (DSC)
accumulated on the DPF in realistic engine conditions. We report herein an experimental sastefr?ac?onnected ef’o o Samples: o _
investigation on the oxidation of behavior of diesel PM collected from a DPF test system, y v' SOF-containing diesel PM
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which was connected to the exhaust stream of a 1.9-L, 4-cylinder light-duty diesel engine. The
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experimental investigation is firstly concerned with measuring the instantaneous rate of heat
generation as well as the total amount of heat released during the oxidation of diesel PM
containing different concentrations of soluble organic fraction (SOF). The experimental
approach was to measure directly, by means of a differential scanning calorimeter (DSC), the
amount of heat release during the thermal reactions of diesel PM with air and to elucidate
differences in the heat release characteristics of diesel PM and surrogate soot. And a
thermogravimetric analyzer (TGA) was also used to measure the instantaneous sample mass
and the rate of mass loss during its oxidation for a wide range of conditions, which include
initial sample mass, amount of volatie components of SOF in the sample, oxygen
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concentration, and various heat treatment schemes in both the inert and oxidizing Compresson v SOF-containing diesel PM
environments. The DSC experiments revealed that the amounts of heat released from the uttiole vDry diesel soot
oxidation of SOF-containing diesel PM sample, dry diesel soot, and surrogate soot were Conditon  Steady state v Thermal aging diesel PM

approximately 14.67 kJ/g, 17.3 kJ/g, and 14.02 kJ/g, respectively, indicating that the largest
heat release was obtained from the dry diesel soot sample. Furthermore, the specific heat
release from the oxidation of SOFs was found to be 5.47 kJ/g. Results also indicated
significant differences in the temporal rates of heat release in the oxidation of SOF-containing

v’ Surrogate soot

DPF Flow

Main exhaust pipe

diesel PM, dry diesel soot, and surrogate soot. In particular, experiments on the heat release Membrane| | reactor Investigation for developing optimum
during the oxidation of SOF-containing diesel PM and dry diesel soot (with no SOF) revealed Diesel PM DPF regeneration strategies

two peaks in heat release rate profiles for the diesel PM, and only one peak for the dry diesel Jg‘; I

soot. For the diesel PM, the first peak corresponds to exothermic reactions associated with the S

oxidation of SOFs at temperatures below 400°C, followed by the second peak corresponding [1-9"::;‘_:;":;‘:”}

to exothermic reactions for soot oxidation at higher temperatures. In the TGA experiment, The diesel engine o Measurement of the instantaneous rate of
global kinetic parameters, i.e., the reaction orders of soot and oxygen, activation energy, and SoriE e heat generation as well as the total amount
pre-exponential factor, were determined for the diesel PM and surrogate soot samples. . of heat released during the oxidation of

surrogate soot and diesel PM containing
different concentrations of SOF
o Determination of the (global kinetic
parameters, i.e., the reaction orders of soot
and oxygen, activation energy, and pre-
exponential factor, for surrogate soot and
diesel PM
o Investigation on the effects of SOFs and
thermal aging on the oxidation behavior of
surrogate soot and diesel PM

Significant differences are observed in the oxidation behavior of surrogate soot and diesel PM.
The oxidation rate of surrogate soot decreases continuously as the soot is oxidized, while that
of diesel soot is nearly constant until about 80% of the sample mass is oxidized, and then
decreases as the sample is completely oxidized. In addition, the oxidation of surrogate soot is
essentially independent of the various heat treatment schemes used, while that of diesel soot
IS strongly influenced by them. These differences may be attributable to changes in soot
morphology during heating/oxidation and the presence of surface functional groups and
heavier SOF components in the diesel PM. The effects of SOFs and thermal aging on diesel
PM oxidation have also been characterized. Results indicate that the PM oxidation is only
weakly influenced by the presence of volatile components of SOFs, whereas it is noticeably
affected by thermal aging.
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550°C for an hour. The volatile components of SOFs adsorbed in the PM sample were
completely removed during this time. The reduction of PM mass or the mass of SOFs

evaporated from the sample was found to be 19.94% of the initial mass.
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then decreases as the sample is oxidized. The oxidation of diesel soot also exhibits an initial 5 i % . e
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o Using different heat treatment schemes allowed us to vary the amount of volatile components

of SOF evaporated from PM samples. The first one involved heating the PM sample in helium Zone 1 0.95 0.95 0.96 0.96
at a rate of 100° C/min to 550° C, and then subjecting to oxidation at the indicated Moz
temperature. For the second scheme, the heating rate was reduced to 10° C/min, while for Zone 2 0.97 0.96 0.97 0.97
the third case, the sample was heated in helium at a rate of 10° C/min to 550° C and then Zone 1 139.1 136.8 139.6 153.1
maintained at that temperature for 1 hour, prior to oxidation. (kj/Ea |
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o Approximate 7%, 16%, and 20% of initial sample mass was lost during these processes.
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550° C at a rate of 10° C/min and maintaining this temperature in helium for 1 hour and 5
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o The diesel soot reactivity or the oxidation rate is significantly reduced due to thermal aging,
which is expected to make the soot structure more graphitic.

o The oxidation behavior of surrogate soot is essentially independent of the various heat
treatments and other conditions, while that of diesel soot is strongly influenced by them

Kinetic analysis on the effects of volatile components and o The variation in n. and ng, with respect to the heat treatment scheme are small. Similarly, the
thermal aging on the oxidation of surrogate soot and diesel PM activation energy exhibits a relatively small variation with respect to the amount of volatile
components in diesel PM. The pre-exponential factors, however, exhibit more noticeable
Surrogate soot variation, with values ranging from 0.21 X 107 to 0.68 X 107 (1/s) in zone 1, and from 0.05 X 107 to
" : 0.18 X 107 (1/s) in zone 2, depending upon the heat treatment scheme.
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