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During the nuclear fission process, fuel rods in reactors become contaminated with fission products and after a period of about 3 years are no longer efficient energy producers. The rods are therefore removed from the reactor and are sometimes taken away for reprocessing so that the remaining uranium oxide can be recovered and converted into new fuel rods. The byproduct of this activity is a liquor consisting of highly radioactive isotopes in a solution of concentrated nitric acid. In order to immobilise these isotopes, the liquor is calcined (dried to form powder), mixed with an alkali borosilicate glass frit and subsequently melted to form a durable glass which is cast into steel canisters. These canisters are then placed into a secure above ground store for a period of at least 30 years prior to final disposal in a deep repository. 

The amount of a reprocessed nuclear waste stream that can be vitrified in a glass is limited by several factors, of which the main one is the solubility of the waste components in the glass frit. Molybdenum has a low solubility in borosilicate glasses; in high concentrations molybdenum tends to combine with other elements from the waste stream to form undesirable crystalline compounds. The compounds it forms are generally termed “yellow phase” and are detrimental to both the vitrification process and the final wasteform. 

In order to increase the efficiency of the vitrification process it would be desirable to increase the HLW loading of the glasses, whilst avoiding the formation of detrimental crystalline compounds. Experiments were performed to determine the composition and structure of the molybdate compounds that can form in simulated high level waste (HLW) glass melts with high waste loadings under a range of possible process conditions. This work was performed in conjunction with BNFL PLC. and the results have been presented at a number of international conferences.

