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EXTENDED ABSTRACT.

Background: Open filters (with low pressure drop) have potential for energy efficient reduction
of particulate matter (PM) from internal combustion engines. For some applications, open
substrates may suffice. Furthermore, the use of a flow-through filter (e.g. an oxidation catalyst)
upstream a wall-through filter (i.e. diesel particulate filter, DPF) will decrease the pressure drop
build-up, since smaller particles will be captured in the upstream open filter and a narrower
particle size distribution (PSD) with a shift towards larger sizes will enter the DPF. Furthermore,
the PM from internal combustion engines is prone to changes (via changes in gas composition
and temperature) and it is therefore extremely challenging to characterize.

Experimental: In the work reported here, the capture efficiency of PM in open substrates (bare
cordierite and alumina-coated cordierite monoliths) has been investigated using PM from a real
engine under various flow conditions (varying residence times and temperatures) and sampling
settings (dilution ratios) using a DMS500 from Cambustion. However, the capture efficiency was
affected by removal of volatiles (hydrocarbons) influencing both size and numbers. In order to
quantify these effects, a conceptual model has been implemented that can be used as an in-situ
analyzer of the PM properties. This model includes loss of pure volatile particles and shrinkage
of semi-volatile particles. Although physically sound, the model is empirical and the parameters
needs fitting to experiments.

Results: The observed capture efficiency (CE) confirmed the expected trends that increased
residence time and increased temperature gave higher CE. However, the volatile content
(assumed to be hydrocarbons, HC) can increase the apparent CE due to rapid evaporation and/or
shrinkage of the PM. The results show how exhaust treatment (heating and/or dilution) changes
the characteristics of the PM. These properties affect capture efficiency and can be used for
subsequent catalyst optimization. In addition, the method developed here was used to analyze
nucleation mode PM from a special fuel injection strategy. The results revealed that these
particles were mainly non-volatiles, demonstrating the usefulness of this characterization



methodology. Furthermore, an equation for diffusion losses in the rotary dilutor for the DMS500
is presented.
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Figure 1. Left: The particle size distribution and the corresponding volatile contribution using a sigmoidal function
describing the size-dependent fractions. Right: The experimental and fitted capture efficiencies.

The conceptual model developed here relies upon the assumption that the experimental setup is
reliable and that the theory (provided by diffusion equations and/or correlations) hold for inert
particles. In order to verify these assumptions a set of experiments was performed using inert
NaCl particles generated by an atomizer (Topas ATM230). It could be confirmed that the
experimental CE corresponded to the theoretical CE. Thus the experimental setup and
methodology was validated.

Conclusions: Although the evaporation model offers a plausible explanation to the phenomena
observed, conclusive validation still remains. However, assuming that this model is applicable, a
number of important conclusions could be drawn

1. The monolith channel serves as an effective HC trap and thus increases any HC
evaporation. The resulting change in PSD should be taken into account when simulating
the catalyst reduction in open filters.

2. By analysis of the fitted HC contribution, interferences of the PM characteristics can be
made in-situ (in terms of volatile content). This information would be very hard to obtain
by other means.

3. The use of partial injection strategy could be a useful way to produce small PM that is
suitable for kinetic studies and for the bridging between lab-scale soot (e.g. Printex U)
and real diesel PM emissions.

Reference:
This work has recently been published online in Industrial & Engineering Chemical
Research, DOI: 10.1021/ie4004333.
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Development of a Conceptual Model
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