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Visualization of soot and ash distributions
In diesel particulate filters using neutron imaging

Although diesel particulate filters have already been in utilization for a fairly long time, only little
possibilities of non destructive experimental analysis of the detailed distribution of soot inside these
filters are given. With conventional means (e.g. gravimetrically) only the total amount of soot within the
filter can be determined. X-ray techniques as non destructive testing methods only provide information
about the ash distribution whereas the soot amount and soot distribution can not be detected.

In the presented project, we introduce the neutron imaging technique as a new approach to
nondestructively determine the soot distribution inside particle filters. Neutron imaging allows for
gualitative (spatial and temporal visualization) and quantitative determination of the soot distribution.
Neutron tomography (NT) is currently a unique option for getting three-dimensional information of both
the soot distribution as well as the ash distribution inside the sample. The determination of the soot
distribution inside diesel particulate filters using NT is possible due to the very high sensitivity of
neutrons for the element hydrogen. Even the relatively low remaining hydrogen content of the soot
provides sufficient contrast in the neutron image. The presented measurements were performed at the
neutron imaging beamlines at PSI.

We present results of NT investigations of a canned diesel particulate filter from a van. The examined
filter had been loaded and regenerated for several times. As the steel casing is almost transparent for
neutrons, the NT investigations permit the three-dimensional information of the load of the monolith,
i.e. the soot and ash distribution in the filter as well as the visualization of metallic particles as shown in
Fig. 1. The global overview (macro-tomography) of the whole filter with a resolution of 200 um provides
spatially resolved information of the soot and ash distribution within the whole filter volume. Hence, this
measurement allows for conclusions of the local load rate and mass distribution of soot. By using this
overview tomography relevant areas could be identified, which could subsequently be investigated in
more detail using a micro-tomography setup with a nominal pixel size of 13.5 um. This higher spatial
resolution allows for the detailed visualization of the soot and ash distribution within the single filter



Macro-tomography

Figure 1. Neutron tomography data of a canned diesgarticulate filter. (left) Macro-tomography data. (right) Micro-
tomography data of a selected area. The soot andhadistribution as well as metallic particles arevisualized. Soot ca
only be detected by neutrons and this due to the difh sensitivity of neutrons for the remaining smallcontent of
hydrogen.

channels of the monolith. The obtained volume data set yields quantitative information on the amount
of soot and ash as well as the soot layer thicknesses along filter channels.

To further enhance the soot’s contrast and thus increase the detection accuracy a special diesel fuel
containing a neutron tracer was developed. The tracer consists of a chemically dissolved Gadolinium
(Gd) compound. Gd is an element with one of the highest attenuation coefficients for neutrons. Hence,
only a small Gd-concentration (in the ppm range) in the fuel is sufficient to increase the contrast of the
soot layer considerably as shown in Fig. 2. The contrast of the soot marked with the tracer element is
increased by the factor four in comparison to the normal soot. The NT data show that a more efficient
and precise visualization of the soot distribution in the filter is possible. Even the visualization of the
soot load inside the filter walls is now possible.

The obtained data from the NT experiments were verified by complementary methods like scanning
electron microscopy, energy dispersive X-ray spectroscopy and chemical analysis of soot and ash.
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Soot from a load with standard fuel Soot from a load with Gd-traced fuel

Figure 2: Horizontal slices from micro-tomography nmeasurements showing the soot distribution within th monolith.

(a) Soot from a load with standard (untraced) diede The contrast of the soot is lower than the onerdm the filter

material. (b) Soot from a load with Gd traced diesk(0.01 g pure Gd per 1 litre diesel). The contrastnhancement is
clearly visible even for a thinner soot layer thickess.
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Neutron Imaging beamlines
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Production of neutrons at PSI
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X-rays vs. neutrons
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X-rays vs. neutrons
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X-rays vs. neutrons
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Object dimensions vs. resolution

CCD camera based systemes
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Soot particle filter, Maxi-setup

Tomoqgraphy

Projections: 675 over 360°
Exposure time per projection: 20 s

Pixel resolution: 150 pm
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Soot particle filter, Maxi-setup
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Soot particle filter, Maxi-setup
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Soot particle filter, Maxi-setup
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Soot particle filter, Midi-setup
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Soot particle filter, Midi-setup

Tomoqraphy

Projections: 675 over 360°
Exposure time per projection: 60 s
Pixel resolution: 40 um
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Soot particle filter, Midi-setup
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Soot particle filter, Micro-setup
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Soot particle filter, Micro-setup
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Neutron microtomography
Diesel particulate filter (DPF)

Sample size T0mm X 13mm X 18mm Voxel size 13.5um?




Soot particle filter, Micro-setup

Tomography

Projections: 675 over 360°
Exposure time per projection: 90 s
Pixel resolution: 13.5 um
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Loading with Gd-traced fuel
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Loading with Gd-traced fuel

Standard fuel Gd traced fuel
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Loading with Gd-traced fuel
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