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ABSTRACT

This paper will discuss a number of different matters
relating to the regeneration of catalyst coated diesel
particulate filters such as: impact of the catalyst on the
soot ignition temperature, soot combustion rate and NO2

generation.
If catalytic coatings prove to be sufficient compared to
certain fuel additives they could be used in second
generation diesel particulate aftertreatment systems.
Examples will be shown on how catalytic diesel
particulate filters (“DPF”) can  operate on a common rail
passenger car diesel engine. Furthermore, an outlook is
given on the future combination of particulate - and NOx -
emission control for diesel passenger cars.

INTRODUCTION

The mandated EURO IV and LEV II legislation in
2005/2007 for diesel passenger cars and the increasing
concern about health effects of diesel exhaust emissions
leads to numerous efforts to solve the issue of NOx and
particulates of diesel vehicles. As shown in a previous
SAE paper, a first car manufacturer has started to tackle
the particulates issue for passenger cars by using a
diesel particulate filter system requiring a fuel additive[1].
This development is only the first step into the direction
of ultra clean diesel vehicles. Since the mid 1980´s, a lot
of efforts were made to solve the particulate emission
problem on diesel engines [2].

However, none of these measures were sufficient to
solve the problem completely. Figure 1 gives an
overview of the possibilities to reduce particulates by
means of engine measures or by emission control
technologies.

Figure 1: Possibilities for diesel particulate
emission control

Diesel particulates can be filtered with a very high rate of
efficiency. The major obstacle is the regeneration of the
particulate filter [4]. Numerous papers were published
that presented different soot ignition coatings [5]. Only a
few technologies are in the market today whose main
use is for heavy-duty applications. One of them applies a
pre-catalyst to oxidize NO to NO2 and to combust the
collected soot with NO2 [6]. It is well known that NO2

oxidizes soot at temperatures in the range between
300°C and 400°C [7]. Notably, the broad application in
passenger cars is limited due to its unfavorable
temperature window for the particulate oxidation. In
practice there is only one light duty vehicle currently
available with a factory equipped DPF system using an
additive to decrease the soot ignition temperature and to
support the soot combustion process [1].

This paper demonstrates the capabilities of catalytic
diesel particulate filter coatings for oxidative removal of
diesel particulates. Catalytic coatings were categorized
according to their potential to reduce soot ignition
temperatures. Furthermore, the paper describes the
impact of O2 and NO2 on passive regeneration of
passenger car diesel particulate filters.  Finally, the NO2

impact on active regeneration is discussed and an
alternative for a filter regeneration strategy is given.
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SOOT IGNITION COATINGS

Beginning in the mid 1980´s many attempts have been
made to develop materials which are able to lower the
soot ignition temperature. None of the materials proved
to be sufficient to lower the soot combustion temperature
significantly except the so-called molten salts, such as
the ones based on vanadia-containing compounds [8].
This class of compounds seemed to show promise, but
recent investigations have shown some problems
associated with these materials [9].

TGA AND DSC EXPERIMENTS – Most investigations
into soot ignition temperatures start with
thermogravimetric analysis (TGA) or differential
scanning calorimetric (DSC) experiments. Usually a well-
defined artificial soot like Printex U (Degussa-Hüls AG)
is used. The advantage in using artificial soot relates to
the fact that this type of material does not contain any
soluble organic fraction thus providing a well-defined
starting point for all the tests. Soot collected from
engines does not always have a defined SOF content.
The concentration depends greatly on the sampling
procedures. Figure 2 gives an example for TGA tests
with Printex U. Tests were performed in a mixture of
10% oxygen diluted in nitrogen in a temperature range
between 25°C and 1000°C . The gas flow rate was
adjusted to 50 ml/min with the temperature ramp
20°C/min.

Figure 2. Soot combustion of Printex U and diesel
soot in TGA experiments.

The soot combustion with Printex U starts at about
520°C and finishes at around 720°C. The curves are
very reproducible. The soot ignition temperature is
defined as the temperature at 50% soot combustion. The
ignition temperature of diesel soot without any catalyst is
usually 100°C lower than Printex U.

A concept has been proposed that by mixing certain
materials with soot lead to either a change in the onset
of the combustion or in an increase of the soot
combustion rate [10]. A significant decrease of soot
ignition temperature is only observable with a certain
class of compounds, which improves the contact

between soot and active catalyst material. Figure 3
shows an example of TGA with K4V2O7.

Figure 3: Impact of K4V2O7 as catalytic material on
soot ignition temperatures of Printex U

 K4V2O7 belongs to the class of molten salts which begin
to liquefy before soot combustion starts. There are other
materials with similar properties but they do not exhibit
the same behavior. Table 1 lists these materials.

Table 1: Decrease soot ignition temperature (50%
conversion) for different catalyst materials.

Material Printex U
[°C]

Diesel Soot
[°C]

K4V2O7 - 190 - 100
V2O5 - 100 - 10 ~ 20

Ce-Mn-Ag mixed
oxide/Pt

- 60 - 20

Ag2V2O6 - 10 ~ 20 none
CeO2/Pt - 10 none
MnO2/Pt none none

As the list in Table 1 exemplifies, the most active
compounds contain vanadium. V2O5 formation of vanadia
salts at elevated temperatures up to 600°C during soot
combustion was found. Oxygen storage material like
ceria just increases soot combustion rate, but reduction
of the soot ignition temperature is not observable.

A major disadvantage of TGA and DSC experiments
was the test set-up does not represent the situation of
wall flow particulate filters. The experiments are usually
performed in small crucibles. In reality, the catalyst
material is coated as a layer on the inner surface of the
wall flow filter and a soot layer builds up on the top of
catalyst. The exhaust gas passed these layers while
flowing through the surface filter. In TGA and DSC
experiments the gas does not flow through the sample
mixture. Powder reactor experiments were designed to
better represent actual conditions in wall flow filters but
these tests also do not correlate completely to engine
bench measurements with wall flow filters.
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POWDER REACTOR TESTS – The powder reactor
tests were performed with a mixture of Printex U and the
catalyst material at a mass-ratio of 2:3. The model gas
flows over the mixture deposited on a quartz filter. The
tests reported here were also performed in a mixture of
10 vol.-% oxygen in nitrogen. The gas flow rate was set
to 50 ml/min at standard condititions. The temperature
ramp was 10°C/min, the temperature range was
between 25°C and 800°C.

During these experiments, the soot combustion progress
was monitored by mass spectrometry. The start of the
soot combustion was determined when the oxygen
signal (mass 32) started to drop. The soot ignition
temperature was defined as the maximum of the CO2

formation curve (mass 44). Figure 4 shows the soot
combustion curves for different materials evaluated
during the powder reactor experiments.

Figure 4. Soot ignition temperature when using
catalyst components with Printex U in
powder reactor tests

The soot combustion temperature for both types of soot
decreases significantly and approaches the level of
diesel soot in engine tests. The lowest soot combustion
temperature was again observed with potassium
vanadate while ceria and mixtures of Pt and ceria had
almost no impact on soot combustion temperatures [9].

The results of these powder reactor tests are
summarized in Table 2.

Table 2: Soot ignition temperatures determined by
Powder Reactor tests

Material Printex U
[°C]

Diesel Soot
[°C]

w/o catalyst 536 478
K4V2O7 398 372
V2O5 476 433

Ag2V2O6 512 458
CeO2 505 453

CeO2/Pt 525 450

As shown in Table 2, only the molten salt decreases the
soot ignition temperature significantly. This confirms the
TGA and DSC results. The observed soot ignition
temperatures come closer to values observed for diesel
soot in engine experiments. One important observation
presents a drawback for materials based on molten salts
such as K4V2O7. As mentioned above, under reducing
conditions such as the one occuring locally during soot
combustion, vanadia formation was observed in the
crucibles of the TGA and DSC experiments. Notably,
Ag2V2O6 decomposes into vanadia and metallic silver at
temperatures below 600°C as shown in Figure 5.
Decomposition of vanadia salts may pose limitations to
their use in soot ignition catalysts. During filter
regeneration temperatures up to 1000°C inside the trap
were observed in engine test experiments.

Figure 5: Vanadia and metallic silver formation during
TGA and DSC tests.
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