
HAL Id: cea-02509073
https://cea.hal.science/cea-02509073

Submitted on 16 Mar 2020

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Alpha radiolysis induced by plutonium dioxide
L. Venault, P. Moisy, A. Dannoux-Papin, A. Poulesquen, F. Audubert

To cite this version:
L. Venault, P. Moisy, A. Dannoux-Papin, A. Poulesquen, F. Audubert. Alpha radiolysis induced by
plutonium dioxide. Global 2015, Sep 2015, Paris, France. �cea-02509073�

https://cea.hal.science/cea-02509073
https://hal.archives-ouvertes.fr


Alpha radiolysis induced by plutonium dioxide 

L. Venault[1]*, Ph. Moisy[1], A. Dannoux-Papin[2], A. Poulesquen[2], F. Audubert[3] 

[1] CEA Marcoule, DEN/DRCP, BP 17171, 30207 Bagnols-sur-Cèze Cedex, France 

[2] CEA Marcoule, DEN/DTCD, BP 17171, 30207 Bagnols-sur-Cèze Cedex, France 

[3] CEA Cadarache, DEN/DTEC, 13108 Saint-Paul-Lez-Durance, France 

* Corresponding author: laurent.venault@cea.fr 

 

 

Up to now, plutonium dioxide is the major end product of nuclear fuel reprocessing. Due to the 
radioactive properties of plutonium, handling and management both of plutonium dioxide and of 
contaminated wastes involve to take into account the radiolysis phenomena plutonium can induce. 
For instance, plutonium is known to be a highly hygroscopic compound. Kept under a humid 
atmosphere, up to 3% wt. water can be sorbed on the surface of plutonium dioxide. The sorbed 
water then is going to undergo a radiolytic decomposition and this latter will lead to hydrogen 
evolution. It has been shown through our studies and other reported results that hydrogen 
formation kinetic depends on the specific surface area of plutonium dioxide, the isotopic 
composition of plutonium and the relative humidity in the atmosphere. Unfortunately no clear 
dependences between the rate of hydrogen formation and these parameters can be established. 
However, it has been shown that in many cases hydrogen amount in the atmosphere reaches a 
steady-state. Such behaviour is probably linked to surface evolution of plutonium dioxide in presence 
of moist air and under radiolytic decomposition of water. Studies are still in progress to identify 
surface changes due to these phenomena. Hydrogen can be produced under radiolysis of some 
plastic waste contaminated by plutonium dioxide too. Whereas γ-radiolysis of plastic materials is 
quite well described, α-radiolysis of such compounds, especially the ones in close contact with 
actinides, is very poorly known. It can be demonstrated that only a small part of the whole energy 
emitted by plutonium dioxide is going to be deposited in the material and leads to a radiolytic 
decomposition with hydrogen and others hazardous gaseous products (CH4 for instance) formation. 
Taking into account the amount of energy transferred to the plastic material, α-radiolytic yield of 
hydrogen can be calculated and then used for waste repository scale-up. It should be noticed that 
plutonium dioxide can exhibit specific behaviour towards some radiolytic products. For instance, it 
has been shown that chlorine arising from PVC radiolytic decomposition is going to be retained 
mainly on plutonium dioxide surface, whereas without plutonium dioxide chlorine is evolved as 
gaseous HCl. In the same way, α-radiolysis induced by plutonium dioxide on several other materials 
is now studied, such as hydrogen, carbon oxides and short-length alkane production from some 
lubricating compounds used in fuel pellet manufacturing or from specific waste embedding materials 
(bitumen, mineral polymers…). As the present trend is still to increase fuel burn-up in one hand, and, 
in the other hand to manufacture new fuel with increasing amount of plutonium, it appears 
necessary to look closer at the radiolytic phenomena induced by actinide oxide and especially 
plutonium dioxide to actualize the safety analysis for handling and management of future nuclear 
fuels and wastes. 


