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Introduction: Thermodynamics of the Platinoid Fisson Products in Nuclear Reactors

Platinoid (Pd-Rh-Ru) and chalcogen(Se-Te) fissionproducts are formed under irradiation of nuclear fuels. Under operating conditions, the mainformed Platinum
Group Metal (PGM) is ruthenium. It accumulates in the fuel in the form of metallic precipitates in higher concentration than the other PGMs: palladium and
rhodium. In the fuel, under low oxygenpotential, ruthenium can be partly oxidized into RuO,. This oxide is relatively stable at hightemperature (about 1800 K) but
In case of accidental hightemperatures, it may partly decompose into metallic RiHCP and radiotoxic volatile gaseous species (Rufd,, RuO,). On the contrary,

2d and Rh tend to form intermetallic phases or solidsolutions by reactionwith the very volatile Se andTe fissionproducts.

During the nuclear fuel irradiation, Palladium, Rhodium and Ruthenium FPs are producedin higher guantities than the metalloids Tellurium and Selenium
However, Tellurium is of the utmost importance because it is involvedn the Fuel Cladding Interaction, mainly due to the formation of numerous intermetallic

compounds andto possible lowtemperature eutectic reactions. Telluriumand Seleniumare also very volatile: under thermal gradient, they tendto condensate In

lower temperature regions.

The Pd-Rh-Ru platinoids often interact with the low melting point elements Tellurium and Selenium Because the resulting PeRh-Ru-Te-Se alloys or liquid phases
may affect the properties of the nuclear materials (fuel, cladding, @ss), a thermodynamic modeling of this systens required.

Method: Development of a Thermodynamic Database deted to Platinoid Fission Products

Several studies are being undertakemt CEA to investigate the chemical interactions betweethe platinoid and chalcogenelements inorder to predict the phases to
be formed in the fuel under irradiation or in the glass during the vitrification process of highlevel nuclear wastes. The aimof this study Is to developa
platinoidphases that formduring the different steps of the fuel cycle (Irradiated Fuel, Fuel Cladding Interaction in

itions, Vitrification process).

thermodynamic database whichdescribes the
Genlll and GenlV Reactors, Accidental conc

This thermodynamic database enables to ca

culate bothhase o

lagrams andall thermodynamic properties of the platinoid basedphases formed It constitutes a

flexible tool to predict the thermodynamic behavior of platinoid (Pd,Rh,Ru) and chalcogen(Te,Se) FPs.

These calculations are performedising the CALPHAD method.

Results Modeling of the PdRh-Ru-Te-Se(O) Quinary System
BINARY SYSTEMS: CalculatedPhase Diagrams of the R&h*, Pd-Ru, PdTe, PdSe, RRRu, RhTe, RuTe Systems
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Conclusions

A databasas beingdevelopedo predict thethermodynamicdataand phaseequilibria of the platinoid phases inthe irradiated fuel and in the
glass of highlevel nuclear wastes. Theurrent databasedescribes bothmetallic and oxide fission products of thePd-Rh-Ru-SeTe-(O)
systems. This tool makes it possidie predict therelative stablility of the metallic and oxide phases infunction of both temperatureand
oxygenpotential fixedin the fuel or in the glass melt.
Shortly, other FPs elements (Mo) antliel materials will beintroducedsoas toextendits applicationfield.
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