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X-ray computed tomography (X-ray CT) has become an indispensable tool in the understanding of
material morphology. X-ray CT can provide a full 3D, nondestructive image of a material to understand
the internal structure (e.g., voids, cracks, phase distribution, or even particle size and shape) which can
then be measured. Since the technique is nondestructive, it is possible to collect images of materials
before, and after other ancillary experiments are completed. These experiments may include: loading
(compressive or tensile), thermal[1] (heating or cooling), electrical (cyclical testing), biological (growth
rates), or chemical [2] (corrosion changes). Nowhere is this technique more powerful than when the
experiment is conducted in situ. For example, imaging the bending, buckling, breaking, and fracture
propagation of a foam, in real time, while a load is placed on the material and the X-ray CT images are
collected simultaneously. However, in situ X-ray CT has many challenges in order to make the
experiment meaningful.

Several types of in situ experiments may be completed. These include: pre- and post- experiment,
interval in situ, interrupted in situ [3, 4], and finally dynamic in situ [5, 6]. Each of these types of
experiments has their own challenges and advantages. X-ray CT begins as a series of X-ray radiographs
that are collected as the material is rotated 180°. These radiographs are then reconstructed and rendered.
The speed at which the radiographs need to be, or can be collected, may determine the type of
experiment. Additionally, upon collecting the radiographs, post processing the data to obtain the
material science information needed, may be a long and complicated series of steps, Figure 1. Each of
these steps may be completed using a different software packages from the previous step, and on several
terrabytes of data. Automation is critical.

This presentation will outline the challenges in obtaining in situ X-ray CT data and the processing steps
(Figure 2) to take the reconstructed image to a rendered and quantifiable data set. This is followed by a
multitude of post processing opportunities such as correlating the images to the in situ information (e.g.
temperature, load, etc.), modeling the data, using other advanced processing techniques such as digital
volume correlation data and relating it all to the in situ images (Figure 3). Finally, advanced statistical
processing techniques such as relating the morphological measures (e.g. equivalent diameter, sphericity,
percent void volume) of objects within the image to their changes during the experiment are required to
relate how those measures connect the structure-property relationships.
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- Load
- Temperature
-pH
- Concentration
- Filtered back - Full Volume - Identify all - Correlations to
projection - Surface phases, voids, synthesis
- Fourier- - Region of cracks - Correlations to
Domain Interest - Filter Objects processing
- Iteralive - Slices - Defect Analysis
-Fan-beam - Animate - Failure Analysis
-
Measures
- Size
- Shape
- Percentage
- Advanced Analysis
-PCA
- Machine Leamning
-DVC
Figure 1. Outline of the multitude of steps required to process the data of an in situ X-ray CT

experiment. Each step may require a different software package and automation is required when

processing several terrabytes of data.
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Figure 2. Steps required to process a
reconstructed image, a single sub-region
of a single image of the sample is
shown. The image must be smoothed,
segmented, rendered for metrics, and
meshed; each experiment may have 10-
20 full 3D images that must be
processed.

Figure 3.
techniques used to understand material properties. As the foam
is compressed, the stress-strain curve can be compared to the
void collapse, the Poisson ratio can be measured in situ, and the
3D image can be compared to the FE to understand model
robustness.

Modeling of the material is only one of the
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