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Phase transformations, dislocation plasticity & microstructure evolution
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where, @ f (⇢,⌘i)
@⇢ = µ is the chemical potential, and D is the di↵usion/mobility coe�cient that depends

on the microstructure [31, 32]. Therefore, D is assumed to be a function of ⇢{~r, t} and ⌘i{~r, t} and

expressed as [32]

D = Dsur f⇢(1 � ⇢) + DGB
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Eq.4 incorporates contributions to the “net” D from surface (Dsur f ), grain boundary (DGB), volu-

metric (Dvol) and vapor (Dvap) phase di↵usion by using the interpolation function �(⇢) = ⇢3(10 �

15⇢ + 6⇢2). Finally, time evolution of the non-conserved order parameter ⌘i was computed using

the Allen-Cahn equation
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where, L is the grain boundary mobility.

Surface (�S ) and grain boundary (�GB) interfacial energies are known well to drive mass trans-

port during sintering, and consequent determines the evolution of microstructural features [1].

Such features include neck formation, densification and coarsening (i.e. merging of the smaller

with larger grains)[31–34, 42]. Ahmed et.al. have shown that �S and �GB are related to phase-field
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2. Methodology

2.1. Phase-field model

Phase-field model for the sintering process was constructed using conserved (⇢{~r, t}) and non-

conserved (⌘i{~r, t}) variables (or order parameters). ⇢{~r, t} is the solid density that acquires a value

of 1 inside the solid phase and 0 with in pore regions. The non-conserved order parameter ⌘i{~r, t}

(i=1,2,...,N) represents ensemble of “N” grains or particles, where ⌘i is 1 inside the ith grain and 0

outside. Both ⇢{~r, t} and ⌘i{~r, t} is related to the total free energy functional as

F =
Z

V
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where, f (⇢, ⌘i) is the bulk free energy, while the second and third gradient terms indicate excess

energies due to the formation of interfaces, i.e. free surfaces and grain boundaries (GBs). In

case of sintering, the gradient coe�cients ⇢ and ⌘i has been shown to depend on surface and

GB energies (discussed later) [31, 34, 61]. In eq.1, f (⇢, ⌘i) was described using a Landau-type

polynomial of the form [32–34, 42, 61, 62]
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where, ↵ and � are constants. The first term in eq.2 is a double-well potential, while the second

term couples the conserved and non-conserved order parameters, and, taken together, both terms

ensure that f (⇢, ⌘i) energy landscape acquires minima within solid phase/grains and pores.

Cahn-Hilliard equation was used to describe the time evolution of the conserved order param-
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