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BACKGROUND

This project focuses on the chemical bonding and interface forma-
tion of metal fission products with the coating materials used in
tri-isotropic (TRISO) fuel particles for gas-cooled reactors. By
combining surface- and bulk-sensitive spectroscopic and micro-
scopic methods, intermediate chemical phases at the interface,
intermixing/diffusion behavior, and the electronic interface struc-
ture for different coating materials and metals are examined.

In detail, the project studies the interface formation of Pd, Cs, and
Ag with SiC and pyrolytic carbon. Using SiC single crystals and
highly-ordered pyrolytic carbon (HOPG) as substrates, interfaces
are prepared under controlled conditions in an ultra-high vacuum
environment and are studied with a combination of experimental
methods, including Photoelectron Spectroscopy, Auger Electron
Spectroscopy, X-Ray Emission Spectroscopy, and X-Ray Absorp-

equipped with a state-of-the-art electron analyzer, an X-ray
source, an ultraviolet (UV) source, and an inverse photoemission
setup consisting of a low-energy high-flux electron gun and a UV
detector. The preparation chamber is used for cleaning samples
with an ion source and for the deposition of metal films with an
electron-beam evaporator (Pd, Ag) or a dispenser element evapo-
rator (Cs).

RESEARCH ACCOMPLISHMENTS

In the past year, emphasis was placed on a detailed analysis and
description of the Cs/SiC and Cs/HOPG interface formation proc-
esses. Here, some of the results for Cs/HOPG will be briefly de-
scribed.

A series with Cs films of different thickness on HOPG were pre-
pared. UV photoemission (UPS), x-ray photoemission (XPS), and
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as well as after stepwise deposition of Cs
and subsequent heating under inert condi-

600 °C. A series of stepwise Cs deposi-
tions was performed on a cleaved HOPG
surface at room temperature under ultra-
high vacuum conditions and monitored
with photoelectron spectroscopy. After 300
seconds of Cs deposition, the surface was
imaged by UHV-AFM. The AFM image
clearly shows Cs atoms forming clusters
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on the HOPG surface, which is corroborated by a detailed inten-
sity analysis of X-ray photoelectron spectroscopy (XPS) data.
Next, the sample was removed from UHV, annealed in a furnace
in air (600 °C) for 60 minutes, and reintroduced into UHV. The
center image (below figure) shows the AFM image after anneal-
ing. As again corroborated by the XPS data, most of the Cs atoms/
clusters are removed from the surface. Furthermore, a significant
formation of craters and voids were found that can act as diffusion
pathways for various metallic species (e.g., for fission products
diffusing through pyrolytic carbon layers in TRISO fuel). To ver-
ify whether the crater formation is induced by the presence of Cs
clusters on the surface, a second HOPG sample was prepared that
was cleaved, characterized, and annealed in the exact same fash-
ion as the first sample (but not exposed to Cs). The right image
(see figure below) shows a corresponding AFM image of the
HOPG surface after annealing. Similar cracks are observed as in
the Cs/HOPG samples, but no evidence of crater formation could
be found (in any of the AFM images). This supports the conclu-
sions (a) that Cs grows in a cluster-like fashion on HOPG (at room
temperature), and (b) that the presence of Cs clusters on the sur-
face of pyrolytic graphite can lead to the formation of crater- and
crack-like diffusion pathways during annealing at 600 °C, while
the annealing of pyrolytic graphite only leads to the formation of
cracks, but not craters.

FUTURE WORK

The experiments on Cs/SiC and Cs/HOPG will be completed, in
particular by varying the substrate temperature during deposition
(up to approximately 1200 °C). These experiments will allow the
study of both the temperature dependence as well as the influence
of air (in particular oxygen) on the high-temperature behavior and
the crater- and crack-formation results of the present study. In
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addition, the experiments will simulate the “natural” high tem-
perature environment present in the nuclear reactor. Furthermore,
it is planned to initiate first interface studies involving ZrC layers.

—

Left: AFM picture of a highly ordered pyrolytic graphite (HOPG) substrate after deposition of Cs for 300 seconds. Center: AFM pic-
ture Cs/HOPG substrate after annealing at 600 °C for 60 minutes in a furnace. Right: AFM picture of HOPG without cesium deposi-
tion, annealed at 600 °C for 60 minutes in a furnace. All image scales are 4 x 4 um?.
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