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Much effort has been recently directed toward mathematical modeling of nucleation, growth, and agglomeration for both physical and chemical reaction processses. The methods of distribution kinetics allow systematic mathematical modeling that leads to the formulation and solution of governing equations for these processes. The objective is to demonstrate how distribution kinetics can be applied to develop population balance equations that describe nucleation, growth, and aggregation. The moment solutions to these equations for open (flow) and closed (batch) systems illustrate the general mathematical behavior. A goal is to identify key equations and parameters and to explore the major behavior of such systems. The theories will be verified by comparison to experimental data for precipitation, crystal growth, and Ostwald ripening.  A striking result of this work is the realization that a single consistent and coherent framework can characterize a wide range of particulate reactions.  

Recent progress in nucleation, growth, and aggregation for particulate systems will be reviewed, particularly how distribution kinetics and population balances have been applied to build this new framework for understanding natural and manufacturing phenomena. Nucleation is assumed to follow classical homogeneous theory or to be caused by heterogeneous nuclei added to the solution. Growth due to monomer addition from solution to clusters, and aggregation between clusters are both represented by integrals of the cluster distribution. When growth and aggregation rate coefficients are independent of or weakly dependent on cluster size, the population balance equations are readily solved by moment analysis. By incorporating solute (monomer) depletion, the results afford realistic behavior for the cluster number and mass concentration.  The monomer addition terms are shown to be consistent with (and a generalization of) conventional differential growth and growth dispersion expressions. The generalization to reversible growth and aggregation reveals differences compared with the irreversible differential approach that are rich in potential for explaining many particulate reactions. Developing these ideas is vital to bridging the gap between conventional chemical engineering and advanced materials science.

