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Abstract

Downstream processing of Active Pharmaceutical Ingredients (APIs) typically involves extraction, crystallization, filtration and drying. In addition to being the most energy intensive unit operation, drying is often a major manufacturing bottleneck due to its relatively long batch processing times. Furthermore, drying conditions must be carefully selected and maintained to avoid problems such as API degradation. As a result, prediction and optimization of drying dynamic are needed to ensure product quality and minimize operating time. In principle, drying dynamics can be accurately predicted by detailed models that capture the relevant physics. Traditional models used to understand drying of APIs are based on simple solvent diffusion and penetration mechanisms that fail to capture important heat and mass transport effects. More sophisticated transport models are invariably based on the assumption that all three phases (solid, liquid, vapor) are at the same temperature. We have found that these models can be parameterized to satisfactorily predict solvent concentration dynamics, but they lack the necessary detail to capture temperature dynamics within the drying cake.
[bookmark: _GoBack]	In this presentation, we discuss the theoretical development and experimental validation of a new multiphase model for API vacuum drying. Drying experiments were performed over a range of temperatures and pressures using glass beads of different sizes and acetone as the solvent. An on-line mass spectrometer was used to measure vapor composition in the head space and thermocouples were used to measure temperature at different locations in the drying cake. We developed a two-phase drying model with a separate liquid phase and a combined solid–vapor phase to capture the relevant heat and mass transport dynamics. We show that the multiphase model qualitatively captures the complex drying dynamics revealed from our experiments. By using the measured vapor phase composition and cake temperature profiles to estimate unknown transport parameters, we show that the multiphase model is capable of producing quantitatively accurate predictions over the examined range of bead sizes, temperatures and pressures.



