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Abstract:
Toxic oxyanions are found in the groundwater at many DOE sites.  A potential remediation method is to reduce them to less mobile forms by reacting the water with zero-valent iron (ZVI). Most previous studies had been limited to the simulation of field work on a macroscopic scale, so that little was known about the basic surface chemical interactions.  The aim of this work is to develop the physical and chemical understanding necessary for the development of cleanup techniques and procedures.  We investigated the interactions of selenate, chromate and uranyl compounds with Fe filings and single- and poly-crystalline surfaces.  Bulk chemical studies showed that the reactions are first-order. The evolution of the Fe surface morphology was investigated with scanning tunneling microscopy (STM) performed under aqueous solution.  The chemical states of the surface products were measured with x-ray photoelectron spectroscopy (XPS).  Films of partially reduced Se and Cr are formed by the reaction, while U is deposited as U(VI).  In all cases, more contaminants are removed in the absence of dissolved gases.  For U, the effect is striking in that micron-thick films of uranium oxide can be deposited under certain conditions.  Measurements of the reduction of gaseous SeF6 by Fe surfaces in UHV found that the major reaction pathway involves complete dissociative adsorption along with the formation of thin Fe fluoride films.  Additional studies showed that the growth abruptly stops and a self-limiting thickness is attained, thus suggesting the use of molecular precursors to grow thin films via a self-limiting chemical process. 

