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ABSTRACT

Full Name : Muhammad Lugman

Thesis Title : Multi-Physics Modeling Of The Spark Plasma Sintering (SPS)
. Process

Major Field : Mechanical Engineering

Date of Degree : March, 2014

Spark plasma sintering (SPS) is defined as a processing technique, which sinters
materials using electric current in conjunction with uniaxial pressure. It offers several
advantages over conventional techniques like achievement of near-theoretical density
and nanocrystalline morphology in extremely shorter sintering durations, avoidance of
abnormal grain growth, and clean sample surfaces due to interaction with gaseous
plasma. However, the major drawbacks of SPS which are not observed in conventional
sintering techniques include difficulty in sintering complex-shaped or large-sized
samples, relatively large degree of inhomogeneity in mechanical properties, and
charge accumulation especially in insulating powders. Hence in order to achieve the
best processing results, it is obligatory to grasp a firm understanding of the kinetics of
SPS process. Since experimental methods do not facilitate the in-situ measurement of
sintering temperature, pressure, and relative density, one has to rely on computational
techniques in order to get a better understanding of the process kinetics. These
computational techniques are utilized in predicting the structure-property relationship
of the material being sintered, and optimization of the process parameters in order to

achieve the best mechanical properties without presence of inhomogeneity. The main
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objective of the computational work done in this study is to develop a coupled
electrical-thermal-mechanical Finite Element Model of the SPS process. This model
has been used to study two different classes of materials — aluminum (an electrical
conductor), and alumina (an electrical insulator), where a range of aspect ratios has
been considered for each disk-shaped sample. In order to validate the results obtained
via computational analysis, a small-scale experimental study is also conducted to
determine the relationship between SPS process-parameters and the mechanical
properties of sintered sample. Comparison of the results obtained from the
computational model with those achieved from the experimental study, indicate that
almost all the process parameters as well as mechanical properties are characterized by

inhomogeneity within the sintered samples.
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