N

N

High temperature heat capacity of (U,Am)O2+x Oxides
E. Epifano, O. Benes, Os. Valu, J. Zappey, F. Lebreton, P. Martin, C. Gueneau, R.

Konings

» To cite this version:

E. Epifano, O. Benes, Os. Valu, ]J. Zappey, F. Lebreton, et al.. High temperature heat capacity of (U,Am)O2+x
Oxides. NuFuel 2017, Sep 2017, Lecco, Italy. 2017. <hal-02433871)

HAL Id: hal-02433871
https://hal.science/hal-02433871v1

Submitted on 23 Mar 2020

HAL is a multi-disciplinary open access archive L’archive ouverte pluridisciplinaire HAL, est des-
for the deposit and dissemination of scientific re- tinée au dépoét et a la diffusion de documents scien-
search documents, whether they are published or not. tifiques de niveau recherche, publiés ou non, émanant
The documents may come from teaching and research  des établissements d’enseignement et de recherche
institutions in France or abroad, or from public or pri- francais ou étrangers, des laboratoires publics ou
vate research centers. privés.

Auto':izition
HAL Authorization


https://hal.science/hal-02433871v1
https://about.hal.science/hal-authorisation-v1/
https://about.hal.science/hal-authorisation-v1/
https://hal.archives-ouvertes.fr

High-Temperature Heat Capacity of (U,Am)0O,,, Oxides
E. Epifano!, O. Benes§?, O. S. Valu?, J. Zappey?, F. Lebretoni, P. M. Martinl, C. Guéneau?, R. J. M. Konings?

L CEA, Nuclear Energy Division, Research Department on Mining and Fuel Recycling Process, SFMA/LCC, Bagnols-sur-Ceze, France

2 European Commission, Joint Research Centre, P.O. Box 2340, D-76125 Karlsruhe, Germany
3 DEN, Service de la Corrosion et du Comportement des Matériaux dans leur Environnement , CEA, Université Paris-Saclay, F-91191 Gif-sur-Yvette, France

Context and Objectives

In the frame of minor actinide recycling in sodium cooled fast reactors, (U,Am)0, are promising transmutation targets. Data on their thermal properties are mandatory to predict the behavior of
these compounds in reactor under both normal and accidental conditions. For instance, the heat capacity (C)) plays a crucial role by determining the quantity of heat that can be accumulated in
the material. Several studies have been reported on the enthalpy increments and the heat capacity of UO, from room temperature (RT) up to its melting, but very few experimental data exist for
Am binary oxides and U-Am mixed oxides. Measurements of the enthalpy increments from room temperature of AmO, were performed by Nishi et al. [1], but these were limited to 1080 K. For
mixed uranium-americium dioxide, only one set of high temperature enthalpy increments has been reported in the literature, by Valu et al. [2]. In this work, we extended the investigation of the
(U;,Am, )O,,, system to higher americium contents: five compositions with Am/(Am+U) ratio equal to 0.3, 0.4, 0.5, 0.6 and 0.7 were investigated.

Experimental set-up & procedure

The enthalpy increment measurements were performed at the JRC-Karlsruhe facility, using a nuclearized (= in glove box) Setaram Multi Detector High Temperature
Calorimeter (MDHTC 96 type) operating in drop mode (scheme in Fig. 1). The samples were introduced on the top of the experimental chamber. The furnace was < 52’;’%""
programmed to reach and keep the target temperature of measurement T,, at which the heat flow signal was stabilized during 7 hours. After this period, a “cold” sample l

was dropped into the detector, causing a small thermal shock. The additional heat provided to the system in order to re-stabilize T, is proportional to the enthalpy
increment of the sample. Before and after each sample, small ingots of high purity Pt (99.99%) were dropped to be used as reference materials. These allowed

determining the sensitivity S of the calorimeter. The enthalpy increment was hence calculated as: V/jf@
f d f//,//,/: :/’ ¢ Furnace
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T, "Im — ) ! a
S m

Where Q, is the heat generated by the sample itself from the a-decay of 4!Am.
The experiments were performed under purified Argon (oxygen content ~1 ppm) atmosphere for the samples with Am/(Am+U)<0.5 and under air for the highest Am Fig. 1: Schematic representation
contents, in order to try to keep the O/M ratio close to the stoichiometric value of 2.0. of the Drop calorimeter

Experimental Results
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The results are shown in Fig. 2 25000
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Fig. 2: Enthalpy data Fig. 3: Cp derived from the enthalpy fits.

Discussion and comparison to thermodynamic CALPHAD model
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Conclusions and perspectives

Drop calorimetry measurements were performed in the 470 < T < 1750 K range and H increments data for U, (eAm;3,0,.,, Uy c1AMG 390,54, Ug 1AMy 4905, Uga,AMy <50, and Uy 5,Am, (60,,, were
reported for the first time. The experimental data were fitted in order to derive the Cp functions. The obtained enthalpy data are higher than those of UO, and AmO, for T21100 K and
Am/(Am+U)20.39. However, the available experimental data for AmO, are limited to 1080 K and the enthalpy function was extrapolated above this temperature. This extrapolation is not
appropriate because it does not keep into account the effect of the oxygen vacancy formation, that occurs in AmO,_ for T>1100 K even under pure O,. This leads to an increase of the enthalpy
values, as confirmed by the thermodynamic computations presented in this work, which were in very good agreement with the experimental trend. Therefore, the oxygen vacancy formation is
responsible for the high enthalpy values measured for the compositions with high Am content [4]. In fact, a reduction similar to that of AmO, can be supposed at high temperature. For further
improvement of the interpretation of the results, the effect of O vacancies on the heat capacity needs to be further quantified.
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