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 DESCRIPTION SCIENTIFIQUE DU PROJET DE THÈSE 

 

Description du sujet : contexte, objectifs, méthodologie (1 page maximum) 
Thesis subject: Manufacturing and characterization of high-intensity Gd targets for the production of terbium 

radionuclides for nuclear medicine.  

 

Electrodeposition is the basis of electrochemistry, which consists of reducing a cation to obtain a solid layer of 

metal, metal oxide, or metal salts. It is used in the vast majority of cases in an aqueous solution. Electrodeposition 

makes it possible to obtain layers of dense material with strong adhesion to the cooling support, making it the 

technique of choice for producing radionuclides by irradiation with particle accelerators. At GIP ARRONAX, 4 

types of targets are manufactured by electrodeposition in an aqueous medium: Ni, Zn, Tl, and Ga3Ni2 allowing the 

production of Cu-64, Cu-67, Pb-203, and Ge-68 respectively. In all these cases, the involved metals have standard 

potentials that allow the reduction while remaining in the water stability domain, i.e. between -2 V/ENH and 2 

V/ENH.  

 

When attempting to apply this technique to other chemical elements, it becomes apparent that working in an 

aqueous medium is often not feasible due to the limitations imposed by standard potential values. Figure 1 shows 

that very few chemical elements can be reduced to metallic elements such as Fe [1], Co [2], Ni [3], Cu [4], Ga [5], 

Ag [4], Au  [6], Tl [7] and Pb [8]. 

 

 
Figure 1. Choice of possible chemical elements to be reduced to a metallic element by electrodeposition in an aqueous medium. The green 

boxes mean that they can be easily electrodeposited and are commonly used on an industrial scale.. The uncolored boxes represent elements 

that are difficult or impossible to electrodeposit . The red box is the element that interests us, Gd, which is not possible to obtain as a metallic 

element in an aqueous medium. 

If one wishes to use this technique to manufacture targets by electrodeposition for the elements that are not in 

green in figure 1, it is essential to explore other electrodeposition techniques. One approach is to modify the 

solvent, such as DMSO, DMF, ethanol, etc., which can facilitate electrodeposition at very negative potentials. 

Many authors have already studied electrodeposition in these organic media [11]. Several targets of elements that 

were not adapted to work in an aqueous medium were obtained in an organic medium. Some studies obtained a 

metal target of Gd [11] [12]. Another approach is to use molten salts, where metallic salts, such as GdCl3 in our 

case, are reduced and electrolyzed. This technique has also been studied by several authors [14] and has the 

advantage of not taking into account the decomposition of the solvent during electrolysis but requires a particular 

installation such as working in an inert medium and heating the salts at high temperature. A publication on 

obtaining Gd from GdCl3 was published [14] and it showed that it is possible to reduce Gd3+ to Gd. The thickness 

obtained by this technique is variable and depends on the physical property of the metal. 
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Palletizing is a technique that consists of pressing the powders in a mold at an appropriate pressure (high pressure) 

to obtain a compact pellet. The raw materials can be in the form of metal powder, oxide or salts, it is an interesting 

technique because the physical forms of the pellet are versatile. However, this technique is not suitable for 

manufacturing thin targets. The thickness of the pellet is generally greater than 200 µm for a diameter greater than 

1 cm to prevent it from being too fragile.  

 

As part of this thesis, we will study the electrodeposition of natural Gd in organic medium and molten salts to 

obtain a thin and thick metallic layer respectively. When all the parameters are known to obtain a compact and 

homogeneous deposit, enriched Gd will be used for the measurements of the production cross sections of the 

different Tb isotopes. At the same time, we will continue our studies on pelleting and on molten salts to prepare 

the mass production of these same isotopes. 
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[12] P. Liu, Q. Yang, Y. Tong, and Y. Yang, “Electrodeposition of Gd–Co film in organic bath,” 
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Compétences scientifiques et techniques requises pour le candidat : 
L’étudiant en thèse étudiera 3 méthodes de la fabrication des cibles, l’électrodéposition en milieu organique, 

l’électrodéposition en sels fondus et le pastillage. Son étude sur électrodéposition sera basée sur la 

détermination des solvants adaptés pour notre étude et sur l’étude des analyses électrochimiques pour 

comprendre les réactions électrochimiques mises en jeu. Cette étude servira par la suite à déterminer les 

paramètres adaptés pour réduire les cations Gd3+ en Gd métallique. Les techniques électrochimiques 

permettront de préparer des cibles pour la mesure de sections efficaces de production de Tb en utilisant des 

cibles enrichies. Ce travail de mesure sera réalisé par une personne en thèse. La dernière technique permettra 

de préparer les cibles épaisses indispensables à une production de masse.  

Une fois maitrisée, ces techniques, nous permettrons d’ouvrir de nouveaux champs potentiels d’obtention de 

cibles tels que 226Ra pour la production de 225Ac et 96Mo pour la production de 97Ru. 

 

 ENCADREMENT DE LA THÈSE1 

 

Nom de l’unité d’accueil : Subatech 

 

Nom de l’équipe d’accueil : PRISMA 

 

Nom du directeur de l’unité : Gines Martinez 

 

Nom du responsable de l’équipe : Vincent 
Métivier 

 

Coordonnées du directeur de l’unité : 

martinez@subatech.in2p3.fr 

Coordonnées du responsable de l’équipe : 
métivier@subatech.in2p3.fr 

 

Directeur de thèse 

Nom, prénom : Haddad Ferid 

Fonction : Professeur de l’UN 

Date d’obtention de l’HDR : 30/11/2010 

Employeur :  
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1 Dans l’ED 3MG, si 1 scientifique dans la direction de la thèse = 100% d’encadrement doctoral ; si 
2/3 personnes impliquées dans l’encadrement de la thèse, un taux de 40% minimum est exigé pour 
l’HDR directeur et 30% pour les autres encadrants. 
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 FINANCEMENT DE LA THÈSE 
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