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Sugar alcohols (SA) and their eutectic mixtures are promising seasonal 
heat storage media. These materials are environmentally friendly, low cost, and 
high in storage capacity. In this way excess heat from summer can be stored 
and used for winter heating in domestic applications. Recent discoveries show 
that the eutectic mixtures across species of SA can have even better thermal 
performances in terms of super cooling effect and latent heat storage capacity. 
Furthermore, by using encapsulation techniques and carbon foam structures 
the thermal conductivity can be dramatically improved. However, the nucleation 
and crystal growth is usually sluggish in such systems, introducing difficulties in 
large-scale commercial applications. These phase change kinetics as well as 
the interaction between the eutectic mixtures and the carbon foam structures 
remain mostly unknown to us and a best way to look into the details is through 
molecular modeling and simulations.

We have successfully modeled the three most promising SA candidates 
(xylitol, erythritol, and D-mannitol) and validated their thermodynamic properties 
using experimental data. A “wall cleaving” numerical method which manipulates 
the system’s configurational space by introducing external potentials was 
developed to calculate the free energy of the solid-melt interface. The large 
anisotropy found in these free energies may account for the dramatic dendritic 
growth behaviors observed in the experiments. The vibrational density of state 
throughout the melting process was studied to unveil the dynamic detail when 
solid-liquid phase change occurs. SA-Carbon systems were modeled using 
proven force fields. Open-ended single-wall carbon nanotubes are found to be 
filled up with sugar alcohols molecules under experimental conditions.
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(Left) The three most promising SAs as seasonal heat storage material and (Right) a simulation of xylitol solid liquid interface. 
Only bonds between C and O atoms are shown here.
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(Above) A snapshot of carbon nanotube (14,14) filled 
up with xylitol molecules. (Right) Histogram of averaged 
molecular density in the radial direction of the nanotube 
from the center. Two layers of xylitol molecules are 
present in the tube.


