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1. INTRODUCTION 

Powders are key ingredients for manufacturing in pharmaceutical, petroleum, food, and other 

chemical industries. As much as sixty percent (60%) of all products are either sold or processed as a 

powder at some point during their manufacturing [1].  In the food and pharmaceutical industry, handling 

and mixing of powders plays a significant role in final product quality [3]. Despite the widespread use and 

production of powders in industrial processes, methods for characterizing the behavior of particulate 

systems are less advanced compared to those available for fluid systems [4, 5]. The lack in advancement 

has been attributed to the difficulty of characterizing powders in a class of materials (i.e., solids, liquids, 

or gases) because of their changing behavior and the complexity of mathematical modeling of particulate 

systems. A challenge faced by scientists and engineers is the characterization of bulk powder properties, 

which are subject to change throughout a process [6-8]. It is known that inter-particulate forces play a 

significant role in the behavior and flowability of particulate systems [9]. However, there is still lack of 

understanding of how inter-particulate forces affect particulate system behavior and whether or not such 

behavior can be predictively modeled with respect to inter-particulate forces. In the case of mixing 

processes, a fundamental understanding of the role of inter-particulate forces play in affecting mixing 

performance could lead to breakthrough in the predictive modeling of those processes.  

Mixing is a critical unit operation in a variety of industries where product homogeneity is 

required [13]. In the food industry, product characteristics such as taste, quality, flavor, and texture can be 

impacted by mixture homogeneity [14]. In the heavily regulated pharmaceutical industry, small deviation 
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