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Continuum theory of sintering in SPS

1. Problem description
2. Conduction of electric current
3. Heat transfer by conduction
4. Constitutive relationship
5. Densification
6. Grain growth

1. Simplified model
2. Preprocessing
3. Processing
4. Postprocessing

Model coding in Comsol® Multiphysics



Spark Plasma Sintering Device at PTL - SDSU
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Schematic of SPS (1)
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 Electric current

 Joule heating

 Mechanical pressure

 Densification

 Grain growth

Schematic of SPS (2)
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Conservation of electric current

Conduction of electric current (1)
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Conservation of electric current

 Current density

 Intensity of electric field

 Electrical conductivity

 Electrostatic potential

Conduction of electric current (2)
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Heat transfer by conduction

Conduction of electric current (1)

Retrieved from:  http://www.engr.arizona.edu/news/story.php?id=158



Co
ns

tit
ut
iv
e 
m
od

el

Heat transfer by conduction

 Density

 Heat capacity

 Thermal conductivity

 Electrostatic potential

 Temperature

 Electrical conductivity

Conduction of electric current (2)



Constitutive relationship [1]

[1] Olevsky, E.A. (1998). “Theory of sintering: from discrete to continuum”. Materials Science and Engineering, R23(2) 41‐100.
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Continuum theory of sintering (1)
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Constitutive relationship

 Stress tensor

 Deformation rate tensor

 Volume change rate

 Sintering stress

 Shear modulus

 Bulk modulus

 Equivalent strain rate

 Equivalent stress

Continuum theory of sintering (2)
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Continuum theory of sintering (3)

[1] Shorohod, V.V., Olesvsky, E.A., and Shtern, M.B. (1993). “Continuum theory of sintering. I. Phenomenological model. Analysis 
of the effect of external forces on the kinetics of sintering”. Powder Metallurgy and Metal Ceramics, 32(1): 21‐26.

 Normalized shear viscosity [1]

 Normalized bulk viscosity [1]

Constitutive relationship 

 Surface energy

 Average grain size

 Sintering stress [1]
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Constitutive relationship [1]

Continuum theory of sintering (4)

[1] Olevsky, E.A. (1998). “Theory of sintering: from discrete to continuum”. Materials Science and Engineering, R23(2) 41‐100.
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Porosity kinetics 

 Porosity

 Velocity

Mass conservation
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Grain growth

 Grain size

 Pre‐exponential factor

 Activation energy

 Critical porosity

 Porosity

 Gas constant

 Temperature

Grain growth



Visualizing temperature distribution (2)
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