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Report:

The objective of the project is to determine FissProducts (FP) behavior in conditions
representative of a Severe Accident (SA) of a rarctgessurized water reactor. This will help
improving the actual understanding of their releasechanisms and confirming or not the
assumptions on which some codes for SA scenaridigiiens are based. Within this frame,
several XAS (X-ray Absorption Spectroscopy) expemts have been performed on SIMFUEL
samples composed of a Y@natrix doped with 12 oxides as FP surrogafesble 1) after
thermal treatments [1-4]. However, post-test amalydo not allow the observation of potential
intermediate compounds formed at high temperatunéchwis of particular importance to
understand volatile FP speciation.

The goal of this experiment was to demonstrate fdesibility of anin situ XAS
experiment at high temperature under controllecbaphere on SIMFUEL samples at the ESRF
(Figure 1). The sample (with an activity of 14 Bq) was maineéd on a W-Re5 wire with two
crimped nuts as shown iRigure 2. It was heated by Joule effect up to 700°C [5dfe
atmosphere was set inside the furnace by pumpiraglding oxygen to a gas mixture composed
of He or He+4%H. The temperature of the sample was monitored th&mk thermocouple and
a pyrometer. This experiment was set up and peddrim collaboration with FAME-UHD
beamline and the ESRF SAFETY group.



Ba speciation was studied at two different oxygestential conditions at room
temperature in the sample as fabricateg),(#00°C and 700°C. Thermodynamic calculations
indicate that Ba would be present in the sample8a&&0; in reducing conditions whereas
BaMoO, predominates above -300 kJ.@0l[1,8]. To avoid interferences with the signal of
other elements present in the sample, High EnegpoRtion Fluorescence Detection (HERFD)
XANES have been performed at Ba L3 edge (5.247 ké&Wg Crystal Analyzer Spectrometer
(CAS) consisted in two Ge(400) crystals with a Bramgle of 79° and the fluorescence signal
was recorded with a VORTEX Si detector. In ordelirtot absorption of photons by the air, the
glovebox used to ensure the second containmerngebafrthe sample was filled in with He and a
He bag was placed between the glovebox, the csyatal the detector.

The XANES spectra obtained for the sample innissal state at room temperature and in
the two probed atmospheres are plottedFayure 3. Edge energy &of each spectrum are
similar confirming that Ba is in oxidation statel #k expected for an alkaline earth element. At
first glance, no evolution of Ba speciation is bisibetween both samples. The shape of the T
spectrum is very close to BaZs@Qpectrum as already observed in [4]. The speetarded at
700°C are broadened and flattened if comparedéolgidue to thermal agitation effects) but
still look similar to BaZrQ spectrum. However, further analysis of the obtispectra is still
under way.

In conclusion, the feasibility of an in-temper&XAS experiment on SIMFUEL samples
on FAME-UHD beamline has been demonstrated. Sortimizations of the sample holder still
have to be done particularly to be able to reaghdr temperatures. A second experiment will be
needed in the first semester of 2018 at Cs L3 ébl@d 2 keV).

[1]
2]
[3]
[4]
[5]
[6]
[7]
[8]

. Geiger, Paris-Saclay, CEA Cadarache, 2016.

. Geigeret al., J. Nucl. Mater., vol. 471, pp. 25-33, Apr. 2016.

. Geigeret al., J. Phys. Conf. Ser., vol. 712, no. 1, p. 012098, 2016.

. Le Gallet al., FAME beamline, ESRF, Experimental report 30-03;125/07 2016.
. Richetet al., J Appl Phys, vol. 54, pp. 5451-5456, 1993.

. R. Neuvilleet al., Rev. Mineral. Geochem., vol. 78, no. 1, pp. 779-800, 2014.

. Le Gallet al., Proceedings of the 8th ERMSAR, Warsaw, Poland, 2017.

. Kleykamp,J. Nucl. Mater., vol. 131, no. 2-3, pp. 221-246, 1985.

TOOUTOMmMMmMM

Table 1: SIMFUEL composition (concentration in wt%)

Samples Composition (wWt%) representative of a 76 GWj/tU irradiated fuel

Ba Ce La Mo Nd Pd Rh Ru Sr Y

0.30 0.52 0.30 0.64 1.12 0.40 0.06 0.69 0.13 0.07 0.61
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Figure 1: Picture of the in-temperature XAS experinental set-up
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Figure 2: In-temperature XAS apparatus (left) and he sample holder (right) [5,7]
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Figure 3: HERFD XANES spectra collected at Ba L3 egle on sample P9C2 at room temperature and as fabeted (Ty), at 400°C
and 700°C under different atmospheres, along witheveral reference samples



