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Understanding the behaviour of nuclear fuel under severe accident conditions is critical to the
assessment of the safety of nuclear power plants during such events. On April 26 1986, an explosion
occurred at the 4™ unit of the Chernobyl nuclear power plant (NPP), located near the ctity of Pripyat in
the Ukraine. The reactor core was destroyed and large amounts of radionuclides were released to the
environment. As a result of the accident, solid-phase highly radioactive particles (so-called "hot"
particles) were ejected from the reactor core and were dispersed into the environment. Most "hot"
particles consist of UOx (i.e., dispersed fragments of fuel), but some of them contain various amounts of
Zr and represent different solid-solutions in the system UQO,-ZrO,. This leads to the conclusion that
high-temperature (> 2600 °C) interaction between fuel (UOx) and cladding (metallic Zr with 1 wt. %
Nb) took place in local parts of the reactor core before the explosion.

In this paper we present electron probe micro-analysis (EPMA) data on a very rare "hot" particle
separated from a soil sample collected 6 km west of the Chernobyl nuclear power plant (Fig. 1). In
contrast to the vast majority, this particle contains mainly metallic zirconium and locally metallic
uranium. The occurrence of metallic "hot" particles is unusual, which makes this a very rare specimen.
In order to study the local chemical composition of the "hot" particle we conducted EPMA point
analysis and quantitative X-ray mapping on the sample.

Fig. 1 shows secondary electron (SE) and backscatter electron (BSE) images of the "hot" particle. The
white rectangle in the SE image marks the location of the BSE image and the quantitative element maps
(Fig. 2). The particle is about 150 pm in diameter. The BSE image shows a mid-grey matrix, with some
areas of a darker BSE contrast. Some spots containing heavier elements are visible as a white BSE
contrast. Fig. 2 reveals that the matrix consists of metallic, slightly oxidised Zr. The areas with darker
BSE contrast correspond to areas that are slightly more oxidised. The Nb and U maps show that the
phase with a white BSE contrast consists of metallic U and Nb.

The EPMA analysis confirms that the "hot" particle consists indeed of a metallic Zr matrix that is,
however, slightly oxidised. The U and Nb in this sample form a metallic admixture within the matrix.
This proves that high-temperature interaction of nuclear fuel and cladding before the explosion lasted for
only a very short time (probably much less than 1 second) and no water (steam) was involved in the
process of core destruction, at least locally.

https://doi.org/10.1017/51431927613011033 Published online by Cambridge University Press


https://doi.org/10.1017/S1431927613011033

Microsc. Microanal. 19 (Suppl 2), 2013 1809

Figure 1. Secondary electron (SE) and backscatter electrn (SE) images of the "hot" particle. The
square in the SE image marks the location of the BSE image and the element maps shown in Fig. 2.
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Figure 2. Quantitative element distribution maps for Nb, Zr, U, and O. The maps show that U and Nb
accumulate in one phase (white contrast in Fig 1 BSE) within a Zr matrix. The areas of the matrix
having a darker BSE contrast (Fig. 1) correspond to areas with a higher O concentration.
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