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Uranium hydriding is a corrosion process that causes significant material degradation and poses a serious
concern for long-term storage and disposal. Hydrogen can locally attack the uranium to form uranium

hydride (UH3) when uranium is exposed to a hydrogen-rich, or water-based environment interacts with
insoluble hydrogen present in the matrix through impurities in the fabrication process. Hydrogen has been
shown to increase brittleness of the uranium and to produce unfavorable properties of tensile strength,
hardness, and elongation [1].

Because the UH3 density (10.92 g/cm3) [2] is lower than that of the parent uranium metal (19.05 g/cm3)

[2], the transformation of uranium into UH3 will cause considerable local expansion (volumetric increase
of = 60 %). If this transformation occurs in a location constrained by the uranium substrate (i.e., at an
inclusion-uranium interface), local deformation and potentially fracture may occur due to volumetric

strain if the UH3 precipitate grows above a critical size. Corrosion of uranium by hydrogen has typically
been characterized by an initiation time followed by pitting corrosion; however, variability in the UH3
initiation time and thickness of the coherent uranium oxide (UO2) film have made understanding of early-

stage UH3 growth quite difficult. Previous studies to understand UO2 or UH3 growth kinetics and
mechanisms have employed characterization tools such as a microbalance [3], X-ray diffraction [4],
spectroscopic ellipsometry [5], Fourier-transform infrared spectroscopy [6], and hot-stage optical
microscopy [7]. These techniques provide quality data but provide unsatisfactory data in early-stage
growth studies because their detection limits are not sufficiently sensitive to the initial thin layers or with
the necessary time-resolution. Drawbacks of these techniques include weak signal due to material
absorption, indirect measurements requiring modelling of data that can lead to error during interpretation,
long sampling times, and spatial resolution that does not adequately capture early-stage growth data. We
will introduce a novel characterization tool that can rapidly collect time-dependent in-situ spatial data
using while-light interferometry that can quantify early-stage hydride growth.

White-light interferometry is a non-destructive and non-contact optical surface profiling technique for
materials characterization that offers excellent lateral and vertical resolution. This optical profiling
technique is based on interpreting a time-series of interferograms, a pattern of dark and bright lines,
resulting from constructive and destructive interference caused by the optical path length difference
between a beam interacting with a reference material and the sample of interest. The interferograms are
individually processed using a frequency-domain analysis algorithm, which converts the vertical
measurements interferometrically for each pixel in field of view creating a three-dimensional image of the
sample surface. Figure 1 shows a schematic of a white-light interferometer.

The white-light interferometer is equipped with a computer-controlled x-y stage that carries a custom-
designed environmental sample cell permitting exposure to hydrogen gas pressures (dynamic or static)
and heating for the in-situ experiments. Recent automation improvements for data collection have

P N

@ CrossMark
https://doi.org/10.1017/51431927621010667 Published online by Cambridge University Press


http://crossmark.crossref.org/dialog?doi=https://doi.org/10.1017/S1431927621010667&domain=pdf
https://doi.org/10.1017/S1431927621010667

Microsc. Microanal. 27 (Suppl 1), 2021 3081

significantly increased the total field of view, which allows the ability to collect statistically representative
data of the UH3 early-stage growth kinetics, In conventional microscopy, growth of the UH3 is typically

characterized once the surface layer has erupted due to localized strain caused by the UH3. In contrast,
white-light interferometry data can be collected related to the blistering of the surface layer caused by a

sub-surface UH3 particle growth prior to surface eruption, which is important to accurate modeling and
understanding the growth mechanisms. Figure 2 shows an example of UH3 growth of a single particle as

a function of time where the black pixels indicate the non-reflective UH3. Black pixels on a white-light
interferometry map indicate areas of “no data”, which can be the result of be the result of the surface not
having enough surface reflectivity or a surface protrusion with an angle that is too steep for sufficient
surface reflection. In figure 2, the black pixels are attributed to the non-reflective hydride formation. The
“no data” signal confirms that the black pixels are indeed from the hydride formation because of the
collected height data from the preliminary blister prior to eruption. Results of experiments at different

temperatures will be presented describing of the UH3 growth kinetics and morphology for both sub-surface
blistering and post-surface eruption. Additionally, the data collection, depending on the material, can
produce multiple sets of interferograms from multiple additional film layers present (i.e., potentially, an
additional interferogram caused by an oxide layer can be present). Even though our experiments did not
experience any issues with multiple sets of interferograms, strategies to address and resolve this
phenomenon in order to attain the highest quality results will be discussed.
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Figure 1. Figure 1: Schematic of a white-light interferometer

Figure 2. Figure 2: Growth of a single UH3 particle (black central spot) can be observed as a function of
time.
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