UNDERSTANDING AND QUANTIFYING POWDER MANUFACTURING
MAE LEADERSHIP PROCESSES VIA PARTICLE MECHANICS

SEM IN AR ABSTRACT

Modeling powder beds using Particle Mechanics simulations provides a valuable

microscopic insight into the physical mechanisms responsible for the observed behavior
SERIES at the macroscopic level. Accurately quantifying the visible response of these powder
beds is essential to design, optimize and efficiently manufacture powder-based products
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attending to variations in the materials properties and process variables.

SPEAKER Powder beds during manufacturing can experience broad mechanical and thermal loading
regimes, which require the development and utilization of proper models to capture the

underlying mechanics. This talk describes two cases of powder manufacturing: powder
compaction, where a non-local contact mechanics formulation is presented, and
calcination, where design and scale-up rules for rotary calciners are advanced.
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Powder compaction is a widely utilized manufacturing operation in many industries,
NOVE MBER 18 including the pharmaceutical one, where it is used to produce medicines in the form of
tablets. During compaction, the particles deform significantly and usually develop bonding
. at contact surfaces. The amount of deformation of each particle and the bond strength
400 PM created between contacting particles depends on the properties of the particles and the
applied compaction pressure. Thus, the evolution of the microstructure during the
KN OX 04 powder compaction process imparts the critical response of the compacted solid. We
have developed a particle mechanics formulation to investigate such a response, which
incorporates non-local contact, attendant to particle physical and material properties,

including plasticity, elasticity, and inter-particle bonding.

Calcination is also a typical process in powder-based manufacturing, where powder beds
are heat-up in rotary calciners. Accurate prediction of the time required to heat these
materials to a target temperature is crucial to achieving final products with the desired
properties. However, we do not have quantitative models to predict the average
temperature or the temperature distribution of the particles. Here, we computationally
investigate the scaling of heat transfer in granular flows in rotating drums. Based on our
simulations, which include a wide range of system and material properties, we identify

\ the appropriate characteristic time used to derive equations that predict the average
temperatures and the temperature distribution.
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