Model-Free Control of Fractional Crystallization
The Department of Energy must extract, vitrify, and encase the hazardous constituents contained in 56 million gallons of nuclear waste currently stored at the Hanford site in the state of Washington. Separating non-radioactive components from the waste can reduce costs and expedite cleanup efforts (Herting, 1996; Nassif et al., 2008). In particular, sodium salts—which are non-radioactive and innocuous by themselves—make up a significant portion of the unprocessed waste and potentially can be removed with a crystallization-separation operation and treated as low-activity waste. However, as nuclear waste solutions contain many solutes that can crystallize, methods for reliably monitoring and controlling multi-solute crystallizations are needed. The operation in such a circumstance is referred to as fractional crystallization.
[bookmark: _GoBack]	In this work we explore the use of process analytical measurement techniques to implement model-free methods for controlling fractional crystallizations of a model two-solute system (sodium nitrate and sodium sulfate in water) with the objective of improving the crystal size distribution to facilitate separation. Model-free control strategies—such as supersaturation or concentration control (Fujiwara et al., 2005)—have been successfully applied to control single-solute crystallization (Nagy and Braatz, 2012), but have not been extended to multicomponent crystallizations. The presence of multiple solutes affects solution behavior and can convolute measurement signals. This introduces complications in the supersaturation control strategy, which relies on solubility information and concentration measurement feedback (via infrared or other spectroscopic techniques). In considering these complications for the model two-solute solution we developed methodologies for quickly gathering the solubility of a multicomponent solution and also extracting the concentration of multiple components from the complex solution infrared absorbance spectra. Applying these techniques we are able to apply supersaturation control during fractional crystallization.
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