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where 𝑉𝑉 is the volume of the considered
body; 𝑓𝑓𝑙𝑙𝑙𝑙𝑙𝑙 is the local free energy density;
and 𝜅𝜅 is the gradient energy coefficient.
In Eq. 2, the local free energy density
𝑓𝑓𝑙𝑙𝑙𝑙𝑙𝑙 for PMB can be approximated on the
basis of the Flory-Huggins free energy of
mixing. By comparing the numerical
simulations with the experimental results,
the model parameters can be estimated and
the phase separation in PMB can be well
reproduced, as shown in Fig. 2.
Figure 1. Fluorescence microscopy images
of the PMBs after isothermal annealing
conditioning at 180 °C for 60 min.
PHASE-FIELD MODELLING
Phase-field modelling is a powerful
method for the simulation of microstructure
evolution in various materials. For
modelling the phase separation in PMB, the
phase-field variable is the local volume
fraction of the polymer modifier, which is a
typical conserved phase-field variable4. Its
evolution is governed by the Cahn-Hilliard
equation, i.e.
𝜕𝜕∅
𝜕𝜕𝜕𝜕

𝛿𝛿𝛿𝛿

= 𝜵𝜵 ∙ 𝑀𝑀(∅)𝜵𝜵 𝛿𝛿∅

(1)

where ∅ is the local volume fraction of the
polymer in PMB; 𝑡𝑡 is the time; 𝑀𝑀(∅) is the
mobility coefficient; and 𝐹𝐹 is the free energy
of the PMB.
The expression of the free energy 𝐹𝐹 in
Eq. 1 for PMB has to be based on the fact
that bitumen is a complex mixture of
various molecules. The specific context of
the modelling in this study is a PMB at the
storage temperature (180 °C). In this regard,
the free energy of PMB consists of local free
energy and gradient energy, such that
1

𝐹𝐹 = ∫𝑉𝑉(𝑓𝑓𝑙𝑙𝑙𝑙𝑙𝑙 + 2 𝜅𝜅|𝜵𝜵∅|2 ) 𝑑𝑑𝑉𝑉

(2)
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Figure 2. Numerical simulation results of
the PMBs after 60 min at 180 °C (upper left
for PMB1; upper right for PMB2; lower-left
for PMB3; and lower-right for PMB4).
CONCLUSIONS AND PERSPECTIVES
Based on the above described
observations and modelling, it can be
summarized that the parameters in the
phase-field model affect the PMB phase
separation behaviour and thus the PMB
morphology. They include the mobility,
gradient energy coefficients and the
parameters related to the local free energy.
The mobility coefficient might depend
on the diffusivity of the materials and
essentially controlled by mobility of the
atoms composing the materials. The
gradient energy coefficient is related to the
interfacial properties of the PMB. The
controlling parameters for the local free
energy characterize the interaction between
the polymer modifier and bitumen. More
research still needs to be done on these
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