Brookhaven National Laboratory 

Physics Department
Nuclear Waste Remediation Using Superhydration.

Thomas Vogt 

Recently the threat of nuclear contamination using “dirty nuclear weapons” has become a vital issue for counter-terrorism. The liquid radioactive waste produced or used in such an act or the contamination of groundwater as a result calls for an adaptable cleanup strategy. 

Recent work on superhydration, the adsorption of excess water under pressure into an already fully hydrated zeolite1 offers the potential to enhance filtration and immobilization techniques. The exploratory search for microporous systems where the pressure required for this to happen is within the capability of laboratory reactors is demanding but the technological opportunities make it worthwhile. Currently, the tailoring of microporous materials for waste storage under pressure lacks a clear understanding of the mechanisms involved. We envisage a combined approach of x-ray powder diffraction and infra-red spectroscopy under pressure to illuminate the complex interplay of framework, charge-balancing cations and fluids in nanoporous materials.  Some preliminary results done on zeolites are very encouraging: by varying the framework composition we successfully stabilized a superhydrated zeolite at ambient conditions 2 and furthermore, by varying the composition of the charge-balancing cations we managed to lower the necessary pressure at which superhydration takes place considerably 3. Superhydrated nanoporous materials can retain their excess water after pressure release permitting the selective adsorption and storage of e.g. tritiated water and other small molecules. Furthermore, superhydration allows the immobilization of commonly occurring radioisotopes such as 90Sr, 137Cs and 60Co via a “trap-door mechanism”: when exchanging ions in water at pressures of a few hundred bars for a few minutes, the pores of the zeolites expand due to the excess water entering the zeolite cages. Subsequently larger cations can enter the nanopores. After releasing the pressure these pores contract again thereby trapping the exchanged cations, which is beneficial for retarding the release of radionuclides into the biosphere. The rich, complex and largely unexplored chemistry of microporous materials under pressure has the capability to provide customized solutions for waste remediation and immobilization of a large variety of chemical and biological materials.
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