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Experimental investigation of the role of soot volatile
organic fraction in the regeneration of diesel � lters

G A Stratakis, G S Konstantas and A M Stamatelos*
Mechanical and Industrial Engineering Department, University of Thessaly, Volos, Greece

Abstract: This paper involves an experimental investigation of the role of the volatile organic fraction
(VOF) adsorbed on the diesel particulate, in the initiation of regeneration of a SiC diesel � lter
installed on a modern diesel engine, run on catalytic additive-doped fuel. VOF adsorption–desorption
and oxidation behaviour is mainly determined by performing a thermogravimetric analysis (TGA)
of samples collected directly from a SiC � lter installed on the engine running under low- and medium-
speed and low- and medium-load conditions, as more representative of city driving. Based on the
TGA analysis results, the percentage VOF content in soot was calculated and mapped as a function
of engine speed and load in the range of investigation. The e � ect of adsorbed hydrocarbons on the
regeneration behaviour was assessed by comparing regeneration experiments with the stepwise load
increase for a � lter loaded with soot at di � erent VOF concentration levels. The appearance of a
number of incidents of stochastic regeneration behaviour during loading at low exhaust temperatures
with a relative high VOF content was observed and discussed. An e � ort was made to correlate
regeneration rate with the VOF content in soot and the prevailing engine operation point during
loading. This work aims at better understanding of diesel � lter behaviour with modern diesel engines
and also aims to support improved modelling of fuel-additive assisted regeneration by use of fuel
additives at low temperatures (150–400 °C).

Keywords: diesel particulate emissions, diesel � lters, � lter regeneration, volatile organic fraction,
catalytic soot oxidation, thermogravimetric analysis

NOTATION

DI direct injection
DPF diesel particulate � lter
DPX9 commercial fuel additive, containing an

organometallic ceria compound
EGR exhaust gas recirculation
EN-590 European Standard for automotive diesel

fuel
HC hydrocarbon
HDI high-pressure direct injection
IDI indirect injection
JIS No2 Japanese Standard for automotive diesel

fuel
LTTE Laboratory of Thermodynamics and

Thermal Engines
Mfr exhaust gas mass � owrate
SAE-30 US Standard for engine lubrication oil
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T/C thermocouple � tted on experimental
layout

TF temperature of � lter
TGA thermogravimetric analysis
VOF volatile organic fraction

¢P pressure drop across � lter

1 INTRODUCTION

Reduction in diesel particulate emissions is a critical
matter in view of the strict US and European emission
legislation amendments planned for the near future [1 ].
The use of wall-� ow diesel � lters, attaining � ltration
e � ciencies over 90 per cent (for dry particulate) is a
viable after-treatment option in this direction. Typical
diesel particulates consist mainly of a carbonaceous core
(soot formed during combustion) but also contain
adsorbed compounds such as unburned and partially
oxygenated hydrocarbons, sulphates and metal oxides
[2 ]. The volatile organic fraction (VOF) of the par-
ticulates is determined by vacuum evaporation and it
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is usually employed in the determination of adsorbed
hydrocarbon (HC ) speciation. A trap oxidizer system
mechanically � lters and collects the particulate matter
from the exhaust gas, thus increasing the � lter back
pressure. A back-pressure increase is undesirable since
it increases fuel consumption and reduces the available
torque [3 ]. Thus, it is necessary to regenerate the trap
periodically by burning o � the collected particulate. A
complete regeneration requires � lter temperatures above
570 °C (scarcely attained in normal urban driving); how-
ever, regeneration can be attained at lower temperatures
by means of catalytic regeneration systems (catalytically
coated � lter or fuel doping) [4–6 ]. Systems based on
catalytic fuel additives are already in the marketplace
[7 ].

Catalytic regeneration by use of fuel additives is a
complex process, which is not yet completely under-
stood. The appearance of stochastic regeneration events
at temperatures down to 200 °C under speci� c engine
and � lter operating conditions that are usual in city driv-
ing is believed to be due to the presence of signi� cant
amounts of adsorbed hydrocarbons (VOF) in soot. The
VOF is mainly composed of HCs originating from
unburned fuel and lubricating oil. Because of the very
close contact with the catalyst metal oxides, VOF may
be oxidized at temperatures below 250 °C. Thus, a slow
regeneration procedure may start at speci� c points where
the local soot loading, composition and temperatures are
favourable. Under certain circumstances the heat release
from the oxidized VOF may lead to further carbon oxi-
dation by the additive oxides at temperatures higher than
350 °C. The resulting additional exothermic reactions
may further locally increase the temperature to above
500 °C, thus allowing fast oxidation of carbon by exhaust
gas oxygen. This leads to a more or less complete regen-
eration of the � lter. Such a behaviour is mapped in Fig. 1
as observed by Lepperho � et al. [8 ] on a diesel � lter
installed on a 1.9 l indirect injection (IDI ) diesel engine
run on cerium-additive-doped fuel. Furthermore, exper-
imental work [9 ] on two passenger cars and a light truck
clearly shows the erratic behaviour in the initiation tem-
perature of regeneration, which is probably due to the

Fig. 1 Stochastic regeneration behaviour at a diesel � lter � tted on a 1.9 l engine as measured by Lepperho�
et al. [8 ] in steady exhaust temperature conditions. Stochastic regenerations are also indicated by the
CO peaks
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VOF content. The VOF is completely gasi� ed and
desorbed, or oxidized, at higher temperatures and,
eventually, soot is composed exclusively of dry carbon
particulates, at temperatures above 400 °C.

In order to assist the design engineer in complex tasks,
mathematical modelling is increasingly employed today
in diesel � lter systems design [10]. Models range in com-
plexity from zero dimensional (where the � lter is mod-
elled as a membrane which corresponds to the sum of
the areas of all inlet channels) [11] and one dimensional
(model of a single inlet–outlet channel ) [12] to fully three
dimensional [13, 14], which are capable of predicting the
evolution of � lter regeneration with various degrees of
success, taking into account the � lter design, engine
operating conditions and catalytic dosimetry. Models of
this class are employed today in the form of commercial
software (e.g. CATWALL [15]), in � lter and exhaust
system design, as well as in catalytic dosimetry optimiz-
ation. They employ a simpli� ed reaction scheme with a
few reactions and Arrhenius-type kinetics expressions,
in order to avoid addressing the complex chemistry of
fuel-additive-assisted soot oxidation, which is not yet
well understood. Their main drawback is that they
consider only dry soot oxidation, without separately
addressing adsorbed HCs (VOF) which are able to be
oxidized at temperatures below 250 °C and desorb from
the particulates at higher temperatures. Therefore these
models fail to reproduce the erratic regeneration behav-
iour. In reference [16 ] a � rst approach based on the
modelling of VOF oxidation behaviour is presented.
Indicative results of this study are presented in Fig. 2.
In this � gure, a model with a reaction scheme consisting
of VOF oxidation by ceria, soot oxidation by ceria and
soot oxidation by exhaust gas oxygen is demonstrated
to be able to match, at least qualitatively, experimentally
determined regeneration ranges during the steady state
experiments presented in reference [8 ]. The successful
introduction of an e � ective but simpli� ed kinetic scheme
that addresses both dry soot oxidation and adsorbed
VOF oxidation must be based on a detailed experimental
study of the oxidation and sorption behaviour of diesel
soot. These data exist for the older type of IDI engines
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Fig. 2 Computational prediction of equilibrium regeneration ranges at steady state, based on a zero-
dimensional � lter model that takes into account VOF oxidation [16 ] compared with experimental
evidence from reference [8] that was based on experiments of the type in Fig. 1

[8 ]. However, additional experiments are required for
the soot produced by modern high-pressure direct injec-
tion (HDI ) engines, when run on catalyst-doped fuel
and collected in di � erent types of diesel � lter. This paper
is a contribution in this direction. It is an experimental
study of oxidation and adsorption–desorption mechan-
isms for soot collected directly from a SiC � lter loaded
with exhaust gas from a modern diesel engine run on
DPX9 additive-doped fuel. Thermogravimetric analysis
(TGA) is used for the determination of soot VOF con-
tent and investigation of the sorption behaviour of the
soot samples. Furthermore by comparing regenerations
with the stepwise load increase for a � lter loaded at vari-
ous engine operation points, an attempt is made to assess
the e � ect of soot VOF content on the regeneration
behaviour. Finally an attempt to understand better the
erratic regeneration behaviour for the speci� c engine–
� lter–fuel additive combination is presented.

2 FACTORS AFFECTING VOF CONTENT IN
DIESEL PARTICULATES

It is well known that the percentage of VOF in the par-
ticulates emitted by a diesel engine signi� cantly depends
on the following engine design factors:

(a) combustion chamber design [direct injection (DI ),
IDI and turbocharged ];
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(b) fuel injection system characteristics (injection press-
ure and timing, and nozzles characteristics);

(c) the presence and rate of exhaust gas recirculation
(EGR).

It also obviously depends on the engine operation
point [17, 18]. Another important factor is diesel fuel
composition. High-boiling-point components contained
in fuel such as higher-boiling-point para � ns or aro-
matics adsorbed from particulates emitted by the engine
tend to increase the VOF content [19]. Figure 3 com-
pares distillation curves for typical diesel fuels and distil-
lates, with di � erent compositions and boiling points of
the constituents. Most diesel fuel components evaporate
in the range between 200 and 380 °C (when their own
vapours are present).

As a � rst approximation, it could be assumed that the
particulate VOF evaporation and adsorption equilib-
rium follows the distillation curve of the diesel fuel from
which it originates. Now, VOF adsorption and desorp-
tion are dynamic processes continuously happening
during the � lter operation. In fact, the percentage of
VOF that will exist adsorbed on the soot layer at any
speci� c time depends at least on, � rstly, the � lter tem-
perature and, secondly, the � lter operation history
between complete regenerations.

Whenever the � lter temperature exceeds 380–420 °C,
most of the VOF is expected to oxidize or vaporize, thus
leaving mainly dry soot accumulated on the � lter wall
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Fig. 3 Distillation curves of various commercially available
diesel fuels (JIS No. 2, Japanese Standard for auto-
motive diesel fuel )

above 420 °C. On the other hand, it could be expected
that prolonged operation of a highly loaded � lter under
low-load low-speed (i.e. high-VOF-content) conditions
would lead to the adsorption of heavy HCs from the
exhaust gas to the particulate layer, thus increasing its
VOF content. Although the adsorbate consists of multi-
component HCs [17, 20], it could be assumed that the
sorption behaviour of diesel exhaust HCs could be
approximately represented by that of a single typical HC
component.

In the literature, experimental studies of HC adsorp-
tion are limited to experiments with diluted exhaust gas
� ltration on Te� on-coated glass � bre � lters (according
to the legislated diesel particulate mass measurement
procedure). Catalytic oxidation of adsorbed HCs and
the apparent kinetics determined from such experiments
with � lter soot samples have been studied in reference
[18]. The TGA performed in that work indicates that
the VOF is oxidized by ceria in the temperature range
from 300–420 °C.

Modelling of VOF oxidation and sorption behaviour
requires the determination of adsorption–desorption
kinetics. As a � rst step in this process, Arrhenius-type
expressions could be considered. This is supported by
the fact that desorption of adsorbed liquids in micro-
porous solids is an activated process [21]. A hint to such
a behaviour may also be deduced by the shape of the
distillation curves of several diesel fuels that are given
in Fig. 3, which indicate an exponential dependence on
temperature.

3 EXPERIMENTAL DETAILS

3.1 Steady state loading experiments

The � rst objective was to map the VOF content as a
function of the engine operation point. Steady state load-
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Table 1 Diesel engine speci� cations

Manufacturer PSA
Engine type HDI turbocharged engine (DW 10 ATED)
Cylinders 4, in line
Displacement 1997 cm3
Rated power; speed 80 kW; 4000 r/min
Rated torque; speed 250 N m; 2000 r/min

ing experiments were performed on the Laboratory of
Thermodynamics and Thermal Engines (LTTE) diesel
engine test bench for this purpose. A SiC � lter was � tted
on a 2.0 l displacement HDI turbocharged passenger car
engine running with 25 ppm Ce DPX9-doped fuel
(engine speci� cations in Table 1). The collection of the
particulate samples was performed directly from the inlet
of the � lter channels. Figure 4 presents the experimental
layout of the � lter loading experiments. The character-
istics of the SiC � lter are shown in Table 2.

3.2 Filter loading test protocol

The following strategy is applied in the determination of
the exact protocol for � lter loading tests; a mapping
process is performed to assess the engine exhaust mass
� owrate, the exhaust temperatures and HC emissions
characteristics in the low- and medium-load operating
range, as more representative of city driving conditions.
In this work, temperatures were measured simul-
taneously at the exhaust pipe 50 mm after the turbine
exit, at the inlet of the � lter and inside the � lter, at four
points along a � lter diameter, 15 mm from the � lter exit
(Fig. 4). The results are presented in Figs 5 and 6.
Comparison of � lter wall temperatures closer to the
centre and periphery shows that the periphery is system-
atically colder than the centre by 25 °C ( low exhaust gas
� owrate and low engine speed) to about 10 °C (high
exhaust gas � owrate and high engine speed). HC emis-
sions before the � lter were also measured, as additional
evidence for the study of VOF sorption behaviour.
Figure 7 shows a map of HC emissions near the � lter
inlet. A lowering of HC emissions as the engine load
increases is observed. Because of this behaviour, VOF
adsorption is expected to be less signi� cant at higher
engine loads. The � nal design of the test protocol based
on the results of the engine mapping is presented in
Table 3. It may be observed that the selected engine
speed and engine load operation points cover a range of
� lter wall temperatures from 200 to 415 °C. This range
was expected to result in a wide range of VOF contents.

3.3 TGA tests on soot samples taken directly from
the � lter

TGA tests were performed on a Rheometric-Scienti� c
STA 1500H model thermogravimetric analyser, to
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Fig. 4 Experimental layout. Thermocouple placement (T/C 8 to T/C 11) is described in an enlarged section
of the � lter exit. Owing to the speci� c � lter design, thermocouplesare placed in the centres of modules,
closer to the centre or the periphery of the � lter

Table 2 Diesel particulate � lter speci� cations

Manufacturer Ibiden
Type SiC 14/200
Diameter 143.8 mm
Length 150 mm
Cell concentration 31 cells/cm2 (200 cells/in2)
Cell pitch 1.89 mm
Wall thickness 0.4 mm

Fig. 5 Map of engine exhaust gas temperature (°C) measured
in the exhaust pipe 50 mm after the turbine exit
(medium to low speed and the load part of the engine
operation map)
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Fig. 6 Map of the channel wall temperatures (°C) measured
simultaneously at points closer to the centre-line
(T/C 9) and the periphery (T/C 8) of the � lter as pre-
sented in Fig. 4, at a distance of 15 mm from the end
of the respective channels (medium to low speed and
the load part of the engine operation map)

calculate the soot VOF content after each loading experi-
ment. Samples of masses ranging from 3.5 to 5.5 mg
were collected each time from the centre and the periph-
ery of the � lter. The temperature di � erence between the
centre and periphery during loading was measured to be
about 25 °C at the speci� c exhaust gas temperature levels
and operation points. Thus, the VOF content is expected
to be higher at the periphery. Each sample was packed
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Fig. 7 Medium to low speed and the load part of the engine
map: HC emissions measured at the upstream � lter as
C1 (ppm)

in a platinum receptacle immediately after the end of the
� lter loading at the respective operation point. The pack-
ing procedure was performed very carefully to achieve
uniform distribution of the sample mass inside the recep-
tacle. The non-isothermal oxidation mode with a heating
rate of 10 °C/min was selected in order to predict the
acceleration temperature of soot oxidation [22] and to
oxidize fully the soot VOF according to the experimental
prediction of temperature ranges for catalytic hydro-
carbon oxidation. It was assumed that the VOF is oxid-
ized in the temperature range 150–380 °C and the mass
reduction observed on the TGA curve in this range is
considered as the VOF content of the soot collected.
According to Zinbo et al. [23] in this temperature range
the TGA method yields a comparable measure of volatile
components with those obtained by solvent extraction.
This is supported by previous TGA experiments at
LTTE, University of Thessaly, where a � rst peak value

Table 3 Experimental protocol

Mass Exhaust gas Temperature, Filter Filter
Speed Torque � owrate temperature � lter inlet temperature, T/C 9 temperature, T/C 8
(r/min) (N m) (g/s) (°C) (°C) (°C) (°C)

1250 30 18 225 198 193 178
60 21 300 270 261 240
80 25 355 317 310 285

100 28 419 385 380 364
1800 30 30 254 236 234 216

60 35 340 317 314 291
80 38 400 370 370 344

100 42 433 400 400 372
2200 30 34 276 257 255 238

60 38 360 340 340 315
80 43 415 388 388 365

100 50 423 392 392 371
3000 30 69 305 300 297 287

60 74 373 364 364 342
80 79 395 384 384 377

100 83 427 415 415 407
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of oxidation rate was shown in this temperature range
[18]. Those experiments were carried out in a synthetic
air environment with a gas � ow of the order of
10 ml/min.

3.4 Adsorption–desorption experiments

In order to investigate the VOF adsorption–desorption
behaviour, a new set of loading experiments was per-
formed. In this series of experiments the � lter was loaded
at a steady state operation point with known VOF con-
tent until the � lter back pressure reached a speci� c value.
Then the operation point was shifted to e � ect an exhaust
temperature step of the order of 100 °C (increase in the
case of desorption, and decrease in the case of adsorp-
tion). In order to exclude any secondary e � ects from
engine operation point variation, the exhaust mass
� owrate was kept broadly unchanged. The engine was
held at this operation point until steady state conditions
were reached. Because of the variation in exhaust gas
and � lter wall temperatures the soot VOF content was
expected to be higher or lower depending on the new
operation point. After the end of each experiment,
samples were collected from the central channels of the
� lter and analysed by TGA. By comparing the soot VOF
content before and after the change in the engine oper-
ation point, the VOF adsorption–desorption behaviour
could be assessed.

3.5 Regenerations with stepwise load increase

In another series of experiments, the � lter was loaded at
operation points with various VOF contents. A regener-
ation process was initiated after the loading at each
respective operation point, by a step increase in engine
load. At speci� c temperature levels, soot oxidation was
observed to start, presumably on the VOF content of
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the collected soot. By comparing the resultant curves of
pressure drop and � lter wall temperature, the � lter
regeneration quality could be indirectly assessed.

3.6 Stochastic regenerations

Loading experiments at low exhaust temperatures ( lower
than 300 °C) with a relatively high VOF content were
performed in order to investigate the onset of stochastic
regeneration. A number of stochastic regeneration
events were recorded. The conditions in which they
appeared could be related to real city driving conditions
[9 ]. A correlation of these events with the VOF content
of accumulated soot was attempted.

4 RESULTS AND DISCUSSION

As already mentioned, engine fuel and lubrication oil
behaviour was assessed by TGA, to be employed as a
reference point regarding the particulate behaviour. The
results are presented in Fig. 8. EN-590 (European
Standard) diesel fuel was found to evaporate by 50 per
cent at 240 °C, and by 95 per cent at 350 °C. SAE-30
(US Standard) engine oil was found to evaporate by 50
per cent at 370 °C and by 95 per cent at 430 °C).

4.1 Steady state loading experiments: TGA tests results

The steady state � lter soot loading experiments were
performed with the engine operating on 25 ppm
DPX9-doped fuel at the previously described operation
points (see Table 3). After the loading procedure, par-
ticulate samples were collected from a central and a peri-
pheral channel of the � lter and analysed by TGA. The
VOF contents at these operation points were calculated

Fig. 8 Diesel fuel EN-590 (European Standard for auto-
motive diesel fuel ) and SAE-30 (US Standard) lubri-
cation oil mass reduction curves as measured by TGA
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from the TGA curves as the percentage of mass
reduction in the range from 150 °C (water free) to 380 °C.
Figure 9 presents a comparison of the TGA curves
obtained for samples collected from the central channels
of the � lter for various � lter wall temperatures at
2000 r/min. A decrease in the VOF content as the � lter
wall temperature increases is apparent. A more detailed
study of the TGA curves shows that there are two
characteristic regions of catalytic soot oxidation:

(a) the � rst region, in the range 300–420 °C, in which
it is assumed that the evaporation and catalytic
oxidation of unburned HCs take place;

(b) the second steeper part of the curve, in the range
420–500 °C, in which the dry soot oxidation takes
place with an ignition temperature of the order of
490 °C irrespective of VOF content.

Another observation is related to the percentage
residual that is left at high temperatures, which can be
observed on the right-hand side of Fig. 10. This residual
is considered to consist mainly of ceria (fuel additive
ash), but also of heavy metallic compounds originating
from fuel and lubricating oil. Now, it is observed that
the percentage of this residue increases with increasing
exhaust temperature levels prevailing during � lter load-
ing (i.e. increases with increasing engine load during
� lter loading). This observation is in line with the fact
that this engine is characterized by decreasing particulate
emissions per kilogram of fuel consumed, in the range
of part load conditions with which this study is con-
cerned. The results for the calculated VOF content
values are summarized in Table 4 and presented in the
form of a map as a function of engine operation point
for the central and side channels of the � lter in Fig. 10.
The results indicate a variation in the VOF content of

Fig. 9 TGA (mass reduction) curves for soot collected from
the central channels of the � lter after moderate particu-
late loading at various � lter channel wall temperatures.
All soot samples are taken from a � lter loaded with
the engine running at 2000 r/min with 25 ppm
Ce-doped diesel fuel
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Fig. 10 VOF map produced by processing of TGA (mass
reduction curves) for soot samples collected from the
central and side channels of the � lter, for a matrix of
engine operation points corresponding to di� erent
levels of � lter wall temperatures during loading. All
soot samples taken from a � lter loaded with the
engine running on 25 ppm Ce (medium to low speed
and the load part of the engine operation map)

Table 4 VOF content of soot collected from central and
peripheral � lter channels (various operation points)

Operation point VOF content (%)

Speed (r/min) Torque (N m) Centre Side

1250 30 11.10 11.69
60 6.32 7.43
80 4.27 4.71

100 2.78 3.43
1800 30 9.70 10.22

60 4.88 5.31
80 3.98 4.49

100 2.67 3.23
2200 30 6.36 7.11

60 4.51 4.86
80 3.76 4.50

100 3.18 3.30
3000 30 9.03 9.86

60 7.74 8.28
80 5.10 6.71

100 2.43 3.15

between 2 and 11 per cent. The role of the wall tem-
perature di � erence during loading in the distribution
of VOFs along the � lter diameter is apparent in all
these results. The decrease in the � lter wall temperature
from the � lter centre to periphery seems to lead to the
readsorption of heavy HCs emitted in the particulate
layer, thus increasing its VOF content.

4.2 Desorption experiments

To obtain a � rst impression of desorption events inside
the � lter, a series of loading experiments with a step
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Fig. 11 VOF desorption scenario. Result of a step increase in
inlet temperature, produced by changing the engine
operation point from a speed of 3000 r/min and a
torque of 40 N m to a speed of 2450 r/min and a
torque of 100 N m. The e� ects on the � lter wall tem-
peratures are measured by thermocoupleT/C 9, which
is closer to the centre, and thermocouple T/C 8
(periphery)

increase in the � lter wall temperature of the order of
100 °C was performed. The scenario is presented in
Fig. 11 (step variation in engine operation point from a
speed of 3000 r/min and a torque of 40 N m to a speed
of 2450 r/min and a torque of 100 N m, which results in
a near-centre � lter wall temperature increase from 290
to 390 °C). It must be mentioned that the new operation
point is characterized by reduced particulate emissions
that result in reduced soot accumulation rate inside the
� lter. Furthermore, it can be assumed that the e � ect of
soot collected after the variation in the engine operation
point is negligible. A further observation is related to
the HC emissions that are monitored after the � lter.
Although the new operation point is characterized by
lower HC emissions, there is an observable minor delay
to the initiation of decrease. This could be attributed to
the evaporation and desorption of VOF accumulated in
the dry soot and the porous ceramic � lter due to the
higher wall temperatures. In order to con� rm this obser-
vation, samples were collected from the central channels
of the � lter and analysed by TGA. The TGA curves in
Fig. 12 indicate a decrease in soot VOF content from
7.7 per cent (soot collected from the � lter loaded at a
speed of 3000 r/min and a torque of 40 N m) to 4.4 per
cent (soot collected after desorption).

4.3 Adsorption experiments

The adsorption behaviour was investigated too. In this
series of experiments, after prolonged � lter loading at
high temperatures and low engine HC emissions, the
engine operation point was suddenly varied, resulting in
a step decrease in the � lter inlet temperature, which
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Fig. 12 TGA curves for soot collected from the central chan-
nels of the � lter before and after desorption

caused a � nal decrease in the � lter wall temperature of
the order of 100 °C and a signi� cant increase in the
engine HC emissions. As presented in Fig. 13, the engine
operation point was varied from 2000 r/min and 90 N m
to 2500 r/min and 40 N m, resulting in a decrease in the
� lter wall temperature (measured near the centre) from
385 to 290 °C. In this case, the shifted engine operation
point is characterized by increased particulate emissions,
which result in an increase in the � lter loading rate.
Based on the decrease in the slope of the pressure drop
increase curve after the engine operation point shift
(t=4000 s), it could be deduced that the collected mass
of soot with the engine running at the new operation
point is negligible compared with the soot mass collected
before the change of operation point. Furthermore the

Fig. 13 VOF adsorpion scenario. Result of a step increase in
inlet temperature, produced by changing the engine
operation point from a speed of 2000 r/min and a
torque of 90 N m to a speed of 2500 r/min and a
torque of 40 N m. The e � ects on the � lter wall tem-
peratures are measured by thermocouple T/C 9, which
is closer to the centre, and thermocouple T/C 8
(periphery)
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Fig. 14 TGA curves for soot collected from the central chan-
nels of the � lter before and after adsorption

faster increase to the � lter back pressure could be attri-
buted to the e � ect of the VOF present in the thick par-
ticulate layer, which condenses and readsorbs due to the
decrease in the � lter wall temperature, thus di � eren-
tiating the soot permeability characteristics. In order to
con� rm the readsorption of HCs on the soot, particulate
samples were collected from the central channels of the
� lter and analysed by TGA. The TGA curves in Fig. 14
indicate an increase in the VOF content from 2.5 per
cent (soot collected from the � lter loaded at a speed of
1800 r/min and a torque of 90 N m) to 4.1 per cent (soot
collected after adsorption).

4.4 Regenerations with a stepwise load increase

In order to investigate the e � ect of the VOF content on
the quality of regeneration, another set of experiments
was performed with the � lter loaded at two operation
points: 1250 r/min and 30 N m (VOF, 10 per cent);
1250 r/min and 60 N m (VOF, 6 per cent). The � lter was
subsequently regenerated at 2000 r/min with a stepwise
torque increase from 20 to 190 N m, resulting in a tem-
perature increase of the order of 300 °C. A comparison
of two typical recordings is shown in Fig. 15. It can been
seen that, for speci� c levels of � lter back pressure and
temperature, regeneration is initiated in both cases and
the shape of the � lter pressure drop directly correlates
with the VOF content of each case. The � lter loaded
with the higher VOF content seems to have a more rapid
pressure drop decrease during regeneration, in compari-
son with the � lter loaded with a lower VOF content. In
addition, a higher heat release rate was recorded in the
� rst case, apparently due to the higher exothermic nature
of HC oxidation which resulted from the higher quantity
of HCs adsorbed on the � lter’s soot. This results in a
higher wall temperature and enhances regeneration
rates. This e � ect is pronounced at the end of this pro-
cedure, when a decrease in load is applied in order to
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Fig. 15 Comparison of two regenerations for a SiC 14/200
� lter. In the � rst, the � lter was loaded (1250 r/min
and 30 N m) at a point with a high VOF content (10
per cent). In the second, the � lter was loaded
(1250 r/min and 60 N m) at an operation point with
a low VOF (6 per cent). The temperature inside the
� lter was measured by thermocouple T/C 9 (closer to
the � lter centre)

stop the regeneration. At this moment, the � lter back
pressure drops and it is clear that the � lter loaded with
a higher VOF content was more e � ciently regenerated.

Pressure drop recordings of this type could, in prin-
ciple, be employed in extracting apparent kinetics par-
ameters for modelling. This would require better
knowledge of the pressure drop as a function of soot
permeability and collected soot mass in the � lter, and
also VOF content [7 ]. Assuming a good knowledge of
the above dependences [24], the oxidation rates of the
VOF content (which is represented qualitatively by the
pressure drop) could be correlated with the results of
simpli� ed Arrhenius-type curves, and thus apparent acti-
vation energies and frequency factors for VOF oxidation
could be determined [18].

4.5 Stochastic regenerations

Stochastic regenerations are frequently observed in city
driving conditions. In the above series of engine bench
experiments, during a � lter loading at 3000 r/min and
40 N m (VOF, 6.8 per cent) a rapid pressure drop was
observed, with the appearance of stochastic regener-
ation. As can been seen in Fig. 16, an abrupt decrease
in back pressure occurs, accompanied by a peak in the
wall temperature of a peripheral group of � lter channels.
This fact hints at the initiation of the regeneration pro-
cess at the periphery, in this case. The heat release seems
to be high enough to propagate regeneration in a trans-
verse direction, thus burning some of the rest of the soot
accumulated in the other groups of channels, with a
characteristic phase shift in the events. This event could
be attributed to a higher VOF content at the periphery
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Fig. 16 Stochastic regeneration behaviour for a SiC 14/200
� lter during loading at 3000 r/min and 40 N m (VOF,
6.8 per cent)

than in the centre of the � lter. It must be observed that
the regeneration in the � lter centre is responsible for the
rapid pressure drop. While oxidation seems to stop in
the centre, the � lter temperature is high enough to assist
regeneration of soot accumulated at the periphery, which
is shown by the high-temperature peaks of thermo-
couples 8 and 11. This stochastic behaviour of regener-
ation is quite useful in city driving conditions where low
exhaust temperatures prevail.

5 CONCLUSIONS

1. This paper is concerned with the experimental investi-
gation of the role of the VOF of diesel particulates
collected on a SiC � lter installed on a modern DI
diesel engine run on DPX9 additive-doped fuel.

2. Starting from a mapping of exhaust gas, � lter centre
and peripheral temperatures as functions of engine
speed and load, a mapping of the VOF content of
particulates accumulated on the � lter is derived.

3. In addition to the steady state experiments that were
necessary for the above mapping processes, a number
of transient experiments were carried out to investi-
gate the readsorption or desorption of VOF from the
soot deposit.

4. The results of the above-mentioned steady state and
transient tests facilitate also the design and under-
standing of additional experiments with stochastic
� lter regeneration behaviour.

5. In addition to improving understanding of diesel soot
VOF adsorption–desorption behaviour, the experi-
ments presented in this paper set the scene for the
determination of apparent kinetic parameters for HC
adsorption–desorption, and VOF and soot oxidation
from ceria. This is quite useful in the direction of
further improving mathematical models of diesel
particulate � lter loading and regeneration.
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