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Motivation

Coarse-grained model of crystallinity morphology on the meso-scale
A semi-crystalline phase does not represent a singular spherulite but rather a
collection of spherulites, quantified by the degree of crystallinity.

(a) θ = 205 ◦C (b) θ = 188 ◦C (c) θ = 173 ◦C

Polarized light microscopy images of a sample cooling down at 50 K/min.

Governing Equations
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ψα = ψα
χ(χα, θ) + ψα

θ (θ)

ψα
χ = ∆h100

f ,α
θ − θon,α

θon,α
χα, ψα

θ =
∫ θ

θon

cp,α(χα, θ̃)dθ̃ − θ
∫ θ

θon

cp,α(χα, θ̃)

θ̃
dθ̃

Multiphase-field model
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Polymer Crystallization Model
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Heat conduction equation
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Comparison of different formulations for Kα

Cauchy-Lorentzian formulations offers a better fit for this sample
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Cauchy-Lorentzian 0.6 °C/min
Cauchy-Lorentzian 5 °C/min
Cauchy-Lorentzian 20 °C/min
Cauchy-Lorentzian 50 °C/min
Ziabicki (Gaussian) 0.6 °C/min
Ziabicki (Gaussian) 5 °C/min
Ziabicki (Gaussian) 20 °C/min
Ziabicki (Gaussian) 50 °C/min
DSC 0.6°C/min
DSC 5°C/min
DSC 20°C/min
DSC 50°C/min

Simulation of crystallinity evolution in a small domain

Initial and Boundary conditions
2D domain grid of 500 × 500 cells with ∆x = ∆y = 1 µm
100 randomly dispersed grains within an amorphous matrix, radii: 4–10 µm
Initial crystallinity: randomly assigned between 0.6 % and 7 %
Dirichlet boundaries with cooling rates R ∈ {1, 5, 20, 50} ◦C/min

(a) 1 ◦C/min (b) 5 ◦C/min

(c) 20 ◦C/min (d) 50 ◦C/min

Final morphology of the microstructure showing the degree of crystallinity.

Effect of temperature and cooling rate gradients

Initial and boundary conditions
2D domain grid of 500 × 500 cells with ∆x = ∆y = 1 µm
Grains are initialized on the left half of the domain
Left boundary: 50 °C/min, Right boundary: 5 °C/min

(a) Initial Microstructure (b) 40 s (c) 60 s

(d) 80 s (e) 120 s (f) 300 s
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