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A B S T R A C T

The combination of filtration and catalytic pollutant's removal within one aftertreatment component is investi-
gated in this work. A catalytic partial flow filter as a particulate oxidation catalyst (POC) has been chosen for this
study. The trapping and oxidation functions as well as its close-coupled position, which provides higher exhaust
temperature profiles, can promote passive regeneration as a mean to limit the build-up of soot in the filter. This
component is not intended as a replacement of the diesel particulate filter (DPF) in the exhaust system, but it can
help reducing the frequency and/or duration of the DPF active regeneration, thus limiting the impact on fuel
economy and CO2 emissions. The pollutant's oxidation activity, particulate filtration mechanisms and effect on
particulate matter characteristics of the POC have been comprehensively researched under a wide range of engine
operation conditions, varying by particle concentration, space velocity and temperature. The interactions between
the DPF and the POC have been studied from the filtration and backpressure point of view. Long term filtration
and catalytic performance as well as passive regeneration have been also studied. Results show that combining
oxidation and filtration functions within a single unit helps to achieve greater catalytic pollutant removal capa-
bility and a significant particulate matter filtration efficiency, reducing the pressure increase across the DPF.
Introduction

Global energy and mobility demands keep growing [1], still being
majorly supplied by internal combustion engines fuelled by fossil fuels
especially for mobile applications [2]. However, there are challenges
derived from their widespread utilisation such as impact on fuel security
and human health [3]. Therefore, concerns regarding energy security and
the adverse impact on climate change and air quality have motivated
regulatory bodies to impose increasingly strict emission limits.
Compression ignition engines have higher thermal efficiencies but higher
levels of particles and oxides of nitrogen (NOx) emissions compared to
their spark ignition engines counterpart. Simultaneous reductions of
particles and NOx emissions in the engine cylinder when applying con-
ventional combustion strategies (e.g. multiple injections, forced induc-
tion and exhaust gas recirculation (EGR)) have always being a challenge
due to the well-known NOx–particulates emissions trade-off [4]. This
trade-off motivates the research on advanced combustion strategies and
exhaust gas after-treatment technologies requiring the use of multiple
components for the simultaneous removal of gaseous and solid exhaust
pollutant emissions.
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Partial flow filters (PFFs) have been studied as a solution for PM
trapping and passive regeneration in light-duty [5], heavy-duty [6,7] and
off-road compression ignition (CI) engines [8]. PFFs have a much lower
overall filtration efficiency (20–50%) compared to the high filtration
efficiency of the wall flow filters (95–99%), thus PFFs can assist the diesel
particulate filter (DPF) in particulate removal, but not replaced them, by
reducing the active regenerative events and thus limiting their impact on
fuel economy and CO2 emissions. The requirements of passive regener-
ation and low backpressure have hampered substrates such as wall-flow
filter [9] and foam or fibre open flow filters [10–12]. Combining different
functions within a single aftertreatment unit ideally allows to maintain
the conventional diesel oxidation catalyst (DOC) pollutant removal
capability while achieving the required particulate matter filtration ef-
ficiency to meet legislation emission targets while limiting the effect on
the system overall backpressure through the use of passive regeneration
[13–15]. Consequently, catalysed pre-filters such as the coated particu-
late oxidation catalyst (POC) have been used for CI engine applications
[16] as well as a possible solution to fulfil gasoline direct injection en-
gines particulate emissions regulations [17–19]. The filtration in POC is
attained by a channel design which directs the exhaust flow towards a
1 November 2019
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porous filter membrane, that traps particulates [20,21]. Once the porous
substrate is soot loaded, the exhaust flow could bypass the filtering walls,
thus behaving as a flow-through substrate. This design leads to low
pressure increase compared to wall-flow filters, limiting the impact on
vehicle output power and fuel economy [16,21,22].

Research on PFFs mainly focuses on filtration and oxidation efficiency
reporting only the total particulate removal efficiency, without investi-
gating in depth the filtration patterns depending on particulate size. This
work comprehensively investigates the effect of the particulate matter
profile and the space velocity on the size-dependant particle filtration as
well as the catalytically removal of gaseous pollutants of the particle
oxidation catalyst. The long-term filtration and catalytic efficiencies and
passive regeneration with NO2 have also been assessed. Furthermore, the
impact of the POC on exhaust backpressure, catalytic oxidation of
gaseous pollutants, soot mass accumulation and particulate matter
characteristics have been studied in a system comprised of a POC fol-
lowed by a downstream DPF system.

Experimental setup and methodology

Experimental setup

A single cylinder, direct injection, naturally aspirated experimental CI
engine has been used for this study (Table 1). The engine is loaded and
motored by an air-cooled thyristor-controlled Thrige Titan DC motor-
generator machine dynamometer coupled to a load cell. In order to
vary the exhaust conditions – temperature, flow rate and composition,
the engine is used as an exhaust generator and therefore operated at
different conditions in terms of speed, load and EGR rate. Ultra Low
Sulphur Diesel supplied by Shell Global Solutions UK has been used for
this study.

To accommodate full size aftertreatment components, a bespoke
exhaust system is used. Temperatures and pressures are monitored up-
stream and downstream the aftertreatment units. The POC is composed
of corrugated fine metallic mesh screen layers welded together to form
tortuous channels. To assist in gaseous pollutant removal, the POC is
coated with a catalytic washcoat. The exhaust flow can follow two paths
in the POC i) flow straight through the substrate walls, trapping partic-
ulates or ii) travel along the tortuous channels (privileged path when the
filter becomes loaded with soot). Therefore, the particle filtration can
originate either from the oxidation of the PM volatile fraction (condensed
and adsorbed hydrocarbons) or the physical trapping of particulates
[23]. The main specifications of the POC properties are shown in Table 2.

A Fourier Transform Infrared Spectrometry MKS (Andover, Massa-
chusetts, USA) MultiGas 2030 FTIR analyser was used to measure
gaseous exhaust emissions such as: nitrogen oxides (NO and NO2), car-
bon monoxide (CO), individual light hydrocarbons species including
methane (CH4), ethane (C2H6), propane (C3H8), ethylene (C2H4),
Table 1
Engine characteristics.

Cylinders 1
Displacement Volume 773 cm3

Bore 98.4 mm
Stroke 101.6 mm
Compression Ratio 15.5:1
Peak Power 8.6 kW @ 2500 rpm
Peak Torque 39.2 Nm @ 1800 rpm

Table 2
Characteristics of the POC.

Cell density/
wall thickness
(cpsi/mil)

Material Length x
Diameter
(mm)

PGM loading
(g/ft3) Pt:Pd
ratio

Volume
(L)

POC 330/4.3 Metallic 150 � 118 21/1:0 1.64

2

propylene (C3H6), acetylene (C2H2) and other measured heavier hydro-
carbon species which have been grouped as heavy HC. Total hydrocar-
bons (THC) are calculated from the measurement of light and heavy
hydrocarbons.

The measurement of total PM concentration and size distribution was
made using a TSI (Shoreview, Minnesota, USA) SMPS (scanning mobility
particle sizer) composed of an electrostatic classifier series 3080, a 3081
DMA (differential mobility analyser) and a 3775 TSI CPC (condensation
particle counter). A portion of the exhaust gas was sampled and diluted
with air using a TSI 379020A rotating disk thermodiluter to control the
dilution ratio (1 part of exhaust to 36 parts of air) and temperature (150
�C). PM agglomerates upstream and downstream of the partial flow filter
were collected in 3 mm copper grids. A high resolution transmission
electron microscopy (HR-TEM) with a FEI/Philips (Hillsboro, Oregon,
USA) CM-200 microscope was used to obtain micrographs from the ag-
glomerates and calculate morphological and nanostructural parameters
of the agglomerates using a custom-made software (digital image anal-
ysis software). PM was also collected on a 47 mm Whatman (Maidstone,
UK) glass microfiber filters and a PerkinElmer (Waltham, Massachusetts,
USA) Pyris-1 thermogravimetric analyser (TGA) was used to obtain the
soot oxidation patterns following the methodology described in [24].

Methodology

The catalytic activity and particle removal efficiency of the POC were
investigated for a wide range of operation conditions defined by exhaust
composition, flow rate and temperature (Table 3). The effects of particle
concentration level, residence time and exhaust temperature on the POC
filtration mechanisms and size-dependent particle removal efficiency
were studied for the selected operating conditions. The particle removal
efficiency of the POC was also studied at engine idle condition. The study
of this condition allowed a better understanding of the effects of PM
nature and small size particulates, more harmful on the environment and
human health, on the particle removal mechanisms in the POC.

The long-term activity of the POC was investigated as well, to assess
the effects of particulate matter accumulation within the filter on the
filtration and conversion efficiency. The POC was exposed to exhaust gas
with high particle concentration over a period of 8.5 hours (1500 rpm, 4
bar IMEP, 15% EGR). Particle filtration and gaseous pollutant oxidation
efficiency were continuously recorded. The soot mass accumulated in the
POC was estimated considering the engine output particulate concen-
tration, the average particulate mass removal efficiency and the duration
of the exposure. It was assumed that the low temperature during this
experiment combined with low engine NO2 concentration output would
hinder any soot passive regeneration over the POC.

The passive regeneration capability of the POC was then investigated
by placing a DOC upstream of the POC to increase the NO2 concentration
entering the POC and enhance soot regeneration by NO2. The upstream
DOC also oxidised engine output CO, allowing the assumption that any
measured CO downstream of the POC was produced by soot passive
regeneration within the POC.
Table 3
POC inlet gas temperature and space velocity at the chosen engine conditions.

Engine operating conditions (rpm/bar IMEP)
– exhaust temperature (�C)

EGR
(%)

GHSV (Gas hourly space
velocity)/h

Idle – 90 0 10,000
1200/3–170 0 18,000
1200/4–210 0 20,000
1500/3–200 0 & 15 25,000
1500/4–250 0, 15 &

30
28,000

1500/5–320 0, 15 &
30

31,000

1900/4–320 0, 15 &
30

40,000

1900/5–390 0 & 15 44,000



Fig. 1. CO and heavy hydrocarbons POC conversion efficiency (top) and NO2 engine output and POC outlet concentration (bottom).
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The POC was studied with a downstream DPF to understand its
assisting role when combined with a DPF. The POC effects on PM char-
acteristics (including particulate size distribution, particulate
morphology, particulate nanostructure and soot reactivity) and their
interactions with the downstream DPF (filtration efficiency, soot loading
and pressure drop) were studied while the system was exposed during 7
hours to exhaust gas from a steady state engine operation condition.

3. Results and discussion

3.1. CO, HC and NO oxidation efficiency

The POC catalytic activity to oxidise CO, unburnt hydrocarbons and
NO has been investigated for the engine conditions showed in Table 3.
CO oxidation started earlier than heavy HC oxidation, approximately at
170 �C (Fig. 1). The competition between CO and HC species to be
adsorbed onto the available active sites delayed hydrocarbon oxidation
activity to higher temperatures compared to CO oxidation. The filter
membrane impedes pollutant emissions accessibility to the active sites
and the low catalytic loading of the POC hinder CO and HC conversion
efficiency at lower temperatures. Furthermore, the low rate of CO
oxidation at low temperature resulted in a low heat release and local
catalytic sites temperature (from the exothermic reaction) limiting the
promotion of HC oxidation [25]. Once the oxidation started, CO and THC
3

conversion efficiency rapidly increased with temperature, reaching
above 50% conversion efficiency at 250 �C and close to 100% conversion
efficiency around 300 �C.

NOx depletion started about 250 �C via the NO2/hydrocarbons reac-
tion. Above 250 �C, the oxidation of hydrocarbon species started using
the molecular oxygen available in the exhaust became dominant, thus
NOx removal efficiency decreased. The POC was also able to oxidise NO
to NO2 at temperature above 300 �C. This NO2 could be used by a
downstream DPF and/or reduced through an SCR component.

3.2. PM removal efficiency

Effect of PM size distribution and GHSV
Particle removal efficiency for most particle sizes was reduced when

the particle concentration level was increased at low space velocity. The
saturation of the filter membrane for larger particulate size and con-
centration conditions (Fig. 2) promotes the diversion of the exhaust gas
from the filter membrane, thus reducing particle filtration. The effect of
PM concentration level on particulate removal efficiency was diminished
as space velocity was increased. It is thought, that at high space velocities
a greater portion of exhaust gas is forced towards the filter membrane
overcoming the saturation of the membrane by particulates. Overall,
there was a reduction in total mass and number PM removal efficiency
(considering all particle sizes) with an increase in the PM concentration
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Fig. 2. POC inlet particulate size distributions (left) and POC filtration efficiency (right) at 28,000/h (top) and 40,000/h space velocity (bottom).
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for low space velocity, while it remained unchanged for high space
velocity.

The effect of GHSV was investigated for comparable levels of par-
ticulate emissions (Fig. 3). Low-medium GHSV conditions show a sig-
nificant PM removal efficiency of small and medium size particulates, but
a reduced efficiency for larger particulates. The effect for larger particles
was especially noticeable at high space velocity, similarly to results re-
ported for fibre filters [26]. An increase in the exhaust flow rate led to a
greater portion of particulates with low inertia (small-medium size)
pushed through the membrane, enhancing the PM filtration. Further-
more, higher GHSV corresponds with higher exhaust gas temperature,
which enhances the oxidation of the volatile fraction of particulates,
especially for small and medium PM. On the other hand, the increase in
GHSV reduced the porosity of the filter membrane and thus the removal
of the large size particulates. As the space velocity further increased, the
gain in filtration efficiency was limited by the lower exhaust residence
time within the POC.

PM removal efficiency at engine idle condition
The engine output PM profile was shifted towards smaller particulate

sizes and lower total particulate concentration for engine idle operation
with respect to the operation conditions previously studied. The low
number of large particles could be due to the reduction in the formation
of carbonaceous (soot) particles in the combustion chamber. Further-
more, the increase in unburnt hydrocarbon emission level, as well as the
reduction in the combustion/exhaust temperature and low soot con-
centration favoured the formation of small size nuclei-type particles
present in the exhaust at idle condition. The high unburnt HC concen-
tration cannot easily be adsorbed or condensed onto solid particulates
and therefore formed small liquid droplets. These changes in PM
4

distribution makes idle a relevant condition to study PM removal
efficiency.

Under idle condition, the POC still showed high filtration efficiency in
terms of number and mass, even though the low exhaust flow rate and
temperature associated to idle (Fig. 4). The hydrocarbon and - to a certain
extend - particle oxidation within the POC coated membrane as well as
the physical trapping of PM are the responsible mechanisms for this
significant PM removal efficiency over the POC, especially for small size
particulates at low GHSV. Results show that the POC was able to oxidise
some of the hydrocarbon which composes the organic fraction of par-
ticulate matter as well as trapping some solid particulates from the
exhaust, this later effect being majorly responsible for the total PM mass
removed from the exhaust. The low GHSV shows a limited reduced the
large size PM removal efficiency, while the long residence time associ-
ated to low GHSV enhanced small size PM removal.

POC long-term emissions removal efficiency

The POC was exposed to low exhaust temperature and high particle
concentration for a significant period of time to understand the effect of
the accumulation of particulates in the catalyst channels or/and catalytic
sites on PM removal efficiency. The low exhaust temperature and NO2
concentration exposure prevented the removal of the accumulated mat-
ter through oxidation, purposely limiting passive regeneration. The
engine-out exhaust gas concentration (Fig. 5) and temperature remained
comparable during the whole duration of the tests, which allowed fair
comparison of the catalytic and filtration activity. The POC CO, HC and
NO oxidation capabilities decreased during the long-term study (Fig. 5).
The accumulation of soot over the catalytic active sites decreased the
surface available for oxidation reactions.
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Fig. 3. POC inlet particulate size distributions (left) and POC PM removal efficiency (right) at low (top) and high particulate emission level (bottom).
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The POC particle filtration efficiency was less affected than the cat-
alytic activity after the extensive operating period (Fig. 6). The small-
medium size particulate removal efficiency increased, while it was
decreased for larger particles. Consequently, there was a more significant
drop in PM removal efficiency in terms of mass in relation to total
number of particulates. The soot accumulation over the filter blocked the
POC membrane, favouring a larger exhaust fraction to bypass the filtra-
tion pathway. The full saturation of the membrane with particulates
eventually results the POC acting as a flow-through catalyst, hindering
the PM removal efficiency for large particles (high inertia). In the scope
of this study, as the POC filter is located before DPF, the POC could
Fig. 4. POC inlet particulate size distribution (l

5

benefit from DPF active regenerations (if required by DPF) significantly
reducing POC loading. Alternatively, the POC could rely on passive
regeneration to limit the effects of soot accumulation on the filtration and
oxidation efficiency, without the negative effect on fuel consumption and
added complexity penalties associated to active regeneration. Therefore,
the passive regeneration capability of the POC was also investigated.

POC passive regeneration

After the durability tests presented in the previous section, the passive
regeneration was studied for the soot loaded POC. A DOC was placed
eft) and filtration efficiency (right) at idle.



Fig. 5. Long-term activity, POC inlet exhaust gas concentration (left) and catalyst outlet exhaust gas concentration (right).
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upstream the POC to increase NO2 concentration to promote passive
regeneration. The POC inlet NO2 concentration was increased up to 400
ppm while the CO and THC concentration were reduced to 10 and 20
ppm respectively, similarly to the configuration used in [27]. This
configuration allows to assume that the NO2 consumed within the POC
(from 400 ppm to 150 ppm) was employed to oxidise particulates as most
of CO and HC had been already removed by the upstream DOC. NO to
NO2 conversion also occurs in the POC catalytic active sites, which has
not been isolated in this study. Results shown an overall consumption of
250 ppm of NO2 within the POC as an indication of passive filter
regeneration.

The gain in mass and number filtration efficiency after the regener-
ation process supports some regeneration process took place in the POC
(Fig. 7). The major improvement in PM removal efficiency occurred for
larger particles, with a recovery of the filtration after the loss caused by
the filtering membrane saturation. Results also show that PM removal
efficiency increased an hour after regeneration as an indication that a
soot layer was accumulated on the membrane, reducing porosity.
0
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Working principles of the combined system

Particulate matter characteristics downstream the POC
Previous sections demonstrated a higher particulate removal effi-

ciency in terms of number compared to mass due to the enhancement in
the removal of small size particles (oxidation and filtration) as well as the
limitations in the filtration mechanisms for the removal of the largest
particulates. Particulates trapped by the POC influence the soot accu-
mulation over the downstream DPF by reducing the formation rate of the
soot cake over the walls of the filter and at the same time, the pressure
build-up. The higher filtration efficiency of small particles and particu-
late collisions within the POC resulted in the formation of larger partic-
ulates downstream compared to upstream of the POC. The increase in
particulate size resulted in particulates less dangerous for the environ-
ment and human health. In addition, resulting larger size particulates
would be trapped more efficiently by the downstream DPF.

The modification of particle composition before and after the POC
was previously studied [28], however results of particle morphology,
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Fig. 8. PM nanostructural characteristics upstream and downstream the POC (left) and PM oxidation profile (right).

Fig. 9. Average PM number and mass removal efficiency for DPF, POC and POC þ DPF configurations.
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nanostructure and reactivity have not been yet reported, to the knowl-
edge of the authors. Therefore, PM agglomerates were collected up-
stream and downstream of the POC. The results obtained from the
micrographs confirmed the increase of the average particulate size across
the POC measured with the SMPS. As previously stated, this is a conse-
quence of the higher particle removal rate for small size particles and the
collisions between agglomerates within the POC. Fractal dimension was
calculated to quantify the shape of the agglomerates. There were no
statistical significant differences in the fractal dimension of the ag-
glomerates upstream and downstream of the POC, thus the POC would
not affect the shape-dependent particulate filtration characteristics for
the downstream DPF. The average interlayer spacing (d002) and average
thickness of the graphene layers, which composed soot primary partic-
ulates, was calculated to quantify particulate nanostructure. The results
of these parameters showed that there were not statistical significant
differences as well between particulate nanostructure upstream and
downstream of the POC (Fig. 8). It is thought that the residence time
between the particulates and the catalytic active sites was not enough to
internally modified/oxidised the soot agglomerates.

Particulate oxidation reactivity was studied through thermogravi-
metric analysis (TGA) following the method previously published in
[24]. PM oxidation reactivity gives an indication of the temperatures
required for soot oxidation under air/oxygen atmosphere, which affects
the DPF regeneration strategies. The comparison of the soot reactivity,
using the soot weight derivative (Fig. 8), showed no significant differ-
ences between particulates sampled upstream and downstream of the
POC, despite the PSD moved to higher particle size reducing the soot
specific surface, which could have decreased the soot oxidation rate, as
discussed in [29]. The absence of effect in soot reactivity correlates well
with the previous findings that the particulate morphology and nano-
structure were unaffected by the POC.

Filtration efficiency and pressure drop
As shown in Fig. 9, the DPF average filtration efficiency remained

above 99% during the entire experiment for the studied configurations
7

(DPF alone and POC þ DPF). The POC particulate removal efficiency
both in number and mass increased during the experiment (results not
shown). Thus, as mentioned in the POC passive regeneration section, a
certain period of time is required to accumulate particles in the filtering
membrane to maximise the POC filtration efficiency. The particulate
removal efficiency of the DPF within the POC þ DPF configuration was
slightly lower than the standalone DPF. Therefore, particulates removed
by the upstream POC could slow down the soot cake formation within the
DPF causing this small reduction in filtration. The POC increases the
average size of PSD leading to a higher characteristic diameter of the soot
into the DPF. It means an increase in the characteristic Peclet number,
and hence in the soot penetration into the porous wall, reducing the
filtration efficiency of the DPF [30] until its saturation, compared to the
standalone DPF.

Size dependent particulate removal efficiency shows that the POC
especially promoted the filtration efficiency of small particulates (below
20 nm) (Fig. 10). The POC was able to remove efficiently those small size
particles due to the oxidation of the volatile material.

The limited particulate removal efficiency within the DPF (when part
of the POC þ DPF system) for small size particulates confirms that those
particulates had already been removed by the upstream POC and sup-
ports the proposal of a slower build-up of particulate cake accumulation
in the DPF (in the POC þ DPF system), in comparison to the standalone
DPF. The combination POC þ DPF showed similar filtration efficiencies
compared to the standalone DPF (Fig. 10), with a slight enhancement in
the removal of the smallest PM. It is expected that at other engine con-
ditions (e.g. idle) the gain in small PM filtration could be more evident
due to the higher presence of nuclei type particles and low GHSV.

In terms of pressure drop, note that most probably the DPF is un-
dergoing a stabilization process at the beginning of the test in terms of
mass flow and substrate temperature. Hence the similar initial profile in
pressure drop, i.e. very similar transient process w/and w/o POC. Once
this process has been finished, the pressure drop in the DPF with the
upstream POC remains lower than the pressure drop in the stand alone
DPF due to lack of porous wall saturation, increasing very slowly till the
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transition phase from deep bed to cake filtration regime (second 10000),
Fig. 10. These differences in the pressure drop are also reflected in the
rate and total particulate mass accumulation across the DPF with the
upstream POC. The DPF in the POC þ DPF system accumulated 0.22 g of
particulates, while the standalone DPF accumulated 0.31 g of particulates
after the 7 hours duration of the experiment. The steadier pressure rise
across the DPF within the POC þ DPF configuration compared to the
standalone DPF would diminish any potential engine power loss created
by a more severe increase and higher backpressure.

The critical point is to appropriately choose the POC dimensions and
the DPF regeneration strategy, to limit the creation of additional pressure
in the partial flow filter that limits the advantage of using a POC þ DPF
system. The lower DPF pressure drop showed the effectiveness of the
POC þ DPF combination to lower the requirements for active re-
generations, either through longer DPF loading time (fewer active re-
generations required) or shorter regenerative events (due to a reduced
mass of particulates to oxidise). This would translate into a reduction in
fuel penalty and hydrocarbon emissions caused by the use of active
regenerations.

Conclusions

The function mechanisms and effects on PM removal efficiency of a
POC that combines filtration and oxidation functions have been
comprehensively investigated in this work. The wide range of operating
8

conditions investigated, comprised of various residence time, exhaust
temperatures, emission levels and PM nature, allowed the understanding
of the emissions removal and PM filtration mechanisms within a POC.

The POC showed high particulate removal efficiency for small size
particles (especially below 30 nm) which are becoming a greater concern
in future emissions legislation due to their more harmful effects. The
combination of oxidation and filtration capabilities are the main
responsible factors for such a performance due to the oxidation of volatile
fraction of PM as well as the oxidation of unburnt hydrocarbon species
which could form small size particles through the nucleation process. The
POC did not affect the nanostructural and oxidation reactivity charac-
teristics of particulates. Thus, it is not expected to cause a major detri-
mental effect on the downstream DPF filtering capabilities (if present).
By combining a POC with a DPF, results showed a 30% reduction in the
total mass of soot accumulated in the DPF, which could be translated into
a reduction in the needs for active regenerations. Further parameters still
need to be investigated, such as the behaviour of the POC during cold
start, transient operations and during active regeneration events. In
addition, the use of a POC in the exhaust system will require some engine
calibration optimisation, especially in terms of active regeneration stra-
tegies, to make the most use out of this additional oxidation and filtration
function present in the exhaust.

Several strategies were proposed in this work, which could be used to
wider the catalyst operating temperature window. The gains in gaseous
and particulate removal efficiency as well as the frequency and intensity
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of active regenerations that could be derived could also be used as a
matter of catalytic material reduction and thus component cost savings.
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