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Natural zeolites exhibit favorable ion-exchange selectivity for certain cations such as cesium, strontium, and 
ammonium, and have been studied for potential use in the treatment of nuclear, municipal, and industrial 
wastewaters and acid mine drainage waters. Zeolites could also serve as reactive barriers for radionuclide 
migration from the proposed nuclear waste repository at Yucca Mountain, Nevada, which is underlain by 
diagenetically altered, zeolite-rich volcanic tuffs. Thermodynamic models are useful in predicting ion
exchange equilibria under conditions not previously studied in laboratory experiments. In this work, 
experimental data on binary ion exchange involving the zeolite mineral clinoptilolite and alkali/alkaline-earth 
cations are used to derive equilibrium constants for the ion-exchange reactions and the parameters for a 
zeolite solid solution model based on the Wilson equation. The Wilson equation does not require parameters 
beyond the binary terms, thus it can be applied to ternary or more complex mixtures typical of geochemical 
systems. The derived equilibrium constants and parameters are used successfully to predict ion-exchange 
isotherms as functions of aqueous composition and ionic strength.  
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