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INTRODUCTION

  Mixing is of great importance in crystallization but there is still a lack of detailed knowledge about the interplay between the kinetics of crystallization and the fluid dynamics.1) Computational fluid dynamics(CFD) can be combined with population balance modeling to explore this interplay. Recrystallization of 3-Nitro-1,2,4-triazol-5-one(NTO) has been studied in a batch stirred reactor with PBT impeller, both experimentally and with CFD modeling. Desired performance could be accurately controlled by designing crystal shape and size distribution through recrystallization. 

The kinetic of crystal growth and nucleation of NTO were measured. The kinetic data was employed along with moments equations to calculate the mean crystal size obtained from a batch cooling crystallization. The CFD model was able to predict the influence of the agitation rate on the area mean particle size and the coefficient of variations of the crystal size distribution(CSD).

PRECIPITATION KINETICS

  The most readily available method used for determining the nucleation is the measurement of the metastable zone width at different cooling rate2).

                                 J = kn (Cn                                                   (1)

where kn is the constant related to nucleation rate, n is the nucleation order and (C is supersaturation.

The linear crystal growth rate is defined as the change of the crystal size with time 

                            G = L / tb = kg (Cg                                             (2)

where L is crystal size, tb batch time, kg rate constant of crystal growth and g is the growth order.     

CFD MODELING

  We here describe the process of crystallization in batch stirred reactor. The complete set of Reynolds equations coupled with the standard k-( model were solved in the 3D domain of a stirred reactor. To describe the solids(crystal) phase in the fluid field, the modified moment transformations of the population balance3) have to be integrated with the assumption that the particles follow the streamlines without any segregation or sedimentation. When crystallization is added to the modeling the experimental data are used to calculate the nucleation rate and the crystal growth rate. When the nucleation and growth rate are calculated, the moments equations can be solved, after time- averaging.4)
The area mean particle size and the coefficient of variation of the CSD can be calculated from the moments of the distribution:
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EXPERIMENT

1. Recrystallization

  In order to make clear the influence of mixing conditions on the features of the crystal, simple crystallization experiments were carried out in a 1-liter batch type stirred vessel. For these experiments, NTO was used as a model system. Ultrasound energy with 48kHz has been applied during crystallization at 5wt% aqueous NTO solution. When applied to a supersaturated solution, ultrasound has the effect of producing smaller and more uniform crystals than would be formed under conventional conditions.2)
A standard PBT with four blades at a 45( blade angle was studied in this work. The vessel is taken to be filled with fluid to a depth equal to the diameter(H=T=0.1m) and the impeller is located at the 1/3 height of the reactor(H/3). Agitation speed is 300, 500,700rpm and the impeller diameter is assumed to be 1/2 the reactor diameter(D=T/2=0.05m). Four vertical baffles, displaced with respect to each other by 90(, are fitted in the reactor, each of width T/10. Thermostatic fluid was circulated from a thermostat, with accuracy of 0.05K through the jacket. The cooling rate is 0.5(C/min 

After the crystallization was finished, the solutions were filtered. The crystal was then dried, the analysis of PSD, shape and mean crystal size were carried out by image analysis system with optical and electron microscopes.

2. CFD Simulation

The simulation were carried out two steps, first only the flow variables were calculated, and then the moments were calculated while the flow field was kept constant. The commercial CFD package Fluent 5.0 version was employed.
RESULTS
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  The nucleation and growth kinetics should be obtained from experiments. Prediction of CSD for NTO recrystallization by using a CFD model in a batch reactor showed that the experimental kinetics can correctly explaine the influence of the mixing on the mean particle size and PSD. The experimental results were in good agreement with the simulations. A result of the flow simulation and the calculated area mean size distribution of NTO are shown in Figure 1. The simulations predicted the influence of the agitation rate on the area mean size and the coefficient of variation of the CSD very well(Figure 2.) and the crystal mean size falls when impeller speed increases. Thus the CFD modeling is a clear asset for modeling crystallization. In Figure 3. a SEM photo is shown of the crystal. In this cooling method, cubic shaped NTO crystal were obtained.
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Figure 1. The result of the simulation is presented by the velocity vectors(left) and the area mean size(m) distribution of NTO. 
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Figure 2. Particle Size Distribution         Figure 3. SEM photo of the NTO

by Simulation and Experiment             Crystal

CONCLUSION

  Results presented here show that CFD simulations can help to understand the relation between mixing and crystallization. From the performed crystallization experiments and simulations it can be concluded that the CFD modeling is a useful tool to study the influence of the mixing geometry of vessel(i.e. baffle, draft tube) on the product quality in crystallization. The simulations predicted the influence of the agitation rate on the area mean particle size and the coefficient of variation of the CSD very well. The model can be applied to the design and optimization of crystallizers, since it can easily be adapted to different crystallizer geometries.
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