
Neutron imaging practicals

Anders Kaestner
Laboratory for Neutron Scattering and Imaging, Paul Scherrer Institut

September 24, 2017

1 Studying the wetting from in porous media

Porous media are often studied in the context of its behavior with water uptake. This
experiment will be performed at ICON. Basic experiments performed to understand
the sample behavior is involve observing the time constants for capillary rise when the
sample is placed in a basin of water. The position of the front follows the simplified
Washbourn equation:

L2 =
γ D t cosφ

4η
(1)

L Distance (measured)

γ Surface tension (Table values)

D Pore diameter

φ Wetting angle

t Time (measured)

η Dynamic viscosity (table values).

In this experiment we will use neutron imaging to observe and quantify the wetting front
position in a porous sample using water (H2O) and ethanol.

1.1 Experiment procedure

Acquire a time series of radiographs after the lower part (some mm) of sample is sub-
merged in a basin with the fluid. Some initial tests will be required to find the optimal
exposure time. This is a trade-off between signal to noise ratio in the acquired images
and the ability to capture the wetting process. We will work with several porous samples
and two fluids.
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http://www.viscopedia.com/viscosity-tables/substances/ethanol/


Advanced: Measure the wetting angle of the two fluids. In case there is time, perform
an experiment where single droplets are released on the surface. This is a relatively fast
process and requires team work and timing to succeed. Here, we will need higher frame
rates. So, this may need several tries to be tuned for best results.

1.2 Reduction and Analysis

1.2.1 Software

Data acquired during this experiment can be processed using either using the GUI
based image processing tool ImageJ or by using scripting languages like python (Jupyter
notebooks) or Matlab. GUI or scripting is a matter of preference each approach has its
benefits and disadvantages.

1.2.2 Reduction

A typical work flow to analyze time series data follows the following steps:

1. Spot cleaning to remove outliers in the images.

2. Normalization and dose correction.

Itransmission =
D0

D

I − IDC

I0 − IDC
= e−

∫
L

Σ(x)dx (2)

where D and D0 are scalars measuring the average open beam intensity in a small
region. This is used to correct for source intensity variations.

3. Possibly denoising to improve the signal to noise ratio.

4. Determine pixel size through measurements in the images.

this guarantees that the images have the same intensity distribution and also that outliers
don’t interfere with the edge detection.

1.2.3 Analysis

• Extract y-t images from the time series

• Edge detection using e.g. LoG filter

• Identify position and plot as function of time. Scaling by pixel size.

• Fit data to
L = mtk (3)

or
L = m

√
t (4)

Is k deviating much from 0.5?
Advanced: Can you estimate the pore size D once you measured the wetting angle.
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2 Bimodal imaging with neutrons and X-ray

The attenuation by neutron and X-ray is for some materials very different. This will be
explored in this experiment by using computed tomography. This experiment will be
done at NEUTRA.

2.1 Experiment procedure

A CT experiment includes the following steps. Here, we will also

• Tune field of view.

• Acquire reference images open beam and dark current.

• Determine pixel size through measurements in the images.

• Determine number of projections. Decision based on the sampling theorem.

• Start CT scan over 360 degrees.

2.2 Reduction and Analysis

2.2.1 Software

The projection data from a CT experiment must be reconstructed as a transformation
from acquisition space (radiographs) to observation space (volume images). This will be
done using the CT reconstruction software MuhRec which will be distributed during the
training session. An older version can also be downloaded from ImagingScience.ch but
we recommend using the newer version due to plenty bug fixes. A typical reconstruction
procedure is described in the user manual that can be found on the download page.

The inspection and analysis of the data can be done with several tools. E.g. ImageJ
for image browsing and basic image operations using a GUI. For numerical analysis of
the data we recommend to use the python scripting language which has great flexiblity
but is also more complex to learn for the first time user.

For 3D rendering and exploring volume data we recommend to work with TomViz.

2.2.2 Reduction

During the experiment you acquired (a least) two CT data sets. One using neutrons and
the other using X-rays. The reduction step includes normalization, artifact removal, and
reconstruction. These steps are all performed within the same software, but you need
to tune the correction and also to find the correct geometry for the reconstruction. The
geometry parameters are the center of rotation and the tilt of te acquisition axis.
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http://www.imagingscience.ch/downloads
http://www.tomviz.org


2.2.3 Analysis

CT experiments are often rendered as 3D volumes to explore the data and locate relevant
features in the samples. Further steps mostly depends on the purpose of the experiment.
Here, we will compare data from neutrons and X-ray first by visualization but also by
inspecting the bivariate histogram to identify different regions in the sample.

3 Reporting

Make a presentation to present your results on Saturday September 30th. The presen-
tation should explain the main idea of the experiment parts and the results. Make sure
to have pictures of the samples and experiment setup.
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