Using PAT to Characterize Scale-up of Mixing Elbows Injectors for Continuous Crystallization of APIs 
High shear mixing elbow injectors are used for crystallization processes to improve control of particle size (Polster 2013). Elbow injectors are similar to t-mixers and can be configured in a variety of ways to achieve mixing requirements. Poor mixing can lead to uncontrolled crystallizations with increased secondary nucleation. These mixing elbows can provide rapid controlled micromixing. Previous studies have been performed using the Fourth Bourne Reaction (Bourne 2003) to characterize mixing times (Singh, Spencer et al. 2005) in mixing elbow injectors.  This work aims to further characterize mixing times in mixing elbows using the Fourth Bourne Reaction focusing on scale up and the configuration of the mixing elbow.  This process was also used to further understand the role of different types of mixing within the elbow as the process is scaled up. A comprehensive lab scale study of a ¼” elbows was undertaken using the Fourth Bourne Reaction as well as Computational Fluid Dynamics. The possibility of using inline PAT, such as ATR-FTIR to monitor acetone concentration resulting from various conditions was investigated in order to increase the efficiency of the study as the scale of the process increases to 3/8” and ½” mixing elbow injectors.  Inline PAT such as FBRM and ATR- FTIR is also essential for monitoring the process during case studies of model crystallization systems. 
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