[bookmark: _GoBack]Crystallization is one of the most important processes for the pharmaceutical industry, estimated to be over a one trillion dollar per year industry. One of the main issues associated with developing new products is the costs associated with finding out the best process parameters for operating the crystallization processes. Furthermore, it is noted that process modeling is an important area for crystallization systems research with such models allowing for novel designs and operating protocols to be developed systematically before they are tested experimentally [1].

The present work focuses on the modeling, simulation, and control of Ibuprofen crystal shape. Ibuprofen [2-(4-isobutyl-phenyl)-propionic acid) is commonly used as a nonsteroidal anti-inflammatory drug (NSAID) and belongs to the space group P21/c with a unit cell of four molecules (two dimers) [2].

In order to model this process, several considerations must be made. Overall, this process must account for the growth rate, solubility of the continuous phase, nucleation rate (primary and secondary), and nucleation metastable zones [3]. In particular, experimental growth rate data is limited which is why we use kinetic Monte Carlo (KMC) simulations for this non-equilibrium process. KMC simulations are used to model the growth rate data in an area where growth rate data exists, and then can be used to estimate the real growth rates in nearby regions where data does not currently exist. For the KMC simulations, model parameters are modified while maintaining them in a physically meaningful range until satisfactory agreement between the calculated and the experimental growth rates are found. Work by Cano et al. measures the growth rates of the three independent faces, {001}, {011}, and {100} [4], however the amount of experimental data is limited and generating a model using this data alone is not feasible. Recently, Nguyen et al. experimentally measured the growth rates on the {001} and {011} faces as a function of the supersaturation [5]. They focused on crystallization under diffusion-limited conditions with supersaturation values ranging from 0.54 to 1.31, and these data are used in our modeling work. In order to generate a more complete model for Ibuprofen, modeling should be performed on all three faces when experimental data becomes available. Furthermore, crystallization from ethanol will be considered due to the fact that ample data is available to model the crystallization process in this solvent [3-8].

Additionally, the control of crystal shape is very important for crystallization processes since shape influences many of the crystal properties, such as flow properties, dissolution rates, and the bio-availability of the drug. The KMC simulations developed to model crystal growth are used alongside other data in order to model the crystal growth process for Ibuprofen in different types of crystallizers in order to estimate the shape and size distributions. The KMC simulations and modeling of the batch crystallization process will be developed in a similar fashion to our previous work [9-10]. Extensive simulations demonstrate the usefulness of the proposed model.
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