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Summary of Collaborative Research Activities

Crosslinking in polymer materials has been extensively studied in order to modify mechanical and
chemical properties. Although abundant studies concerning the mechanical behavior of crosslinked
polymers have been reported, there seems relatively little research on the effect of crosslinking on
thermal transport properties. Therefore, in the present study, we are devoted to elucidating how a
crosslink formation affects the thermal transport at the molecular level.

In order to gain a quantitative understanding of the relationship between crosslinking and thermal
conduction, MD simulations on model amorphous polymers including polyethylene (PE) and
atactic polystyrene (PS) were performed. Two types of PE models with different hydrocarbon chain
lengths comprised of 50 and 250 carbons in a single chain (referred to as C50 and C250 hereafter)
were adopted. A snapshot of an equilibrated configuration for the polystyrene system is shown in
Fig. 1. In the nonequilibrium MD (NEMD) simulations, the constant heat flux was imposed (see
also Fig. 1) and thermal conductivity can be monitored by picking up a temperature gradient in the
MD system. When configuring crosslinked

polymers, the crosslink bonds were formed only
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in both the PE and PS systems. The number of
crosslink bonds introduced into the system was
determined using a degree of crosslinking (DC).

As a result, thermal conductivity increases more

or less linearly with crosslink concentration in the .
Fig. 1 : A snapshot of the polystyrene

amorphous PE systems as shown in Fig. 2. On the e
system. Each molecule (chain) is differently

other hand, in the PS case, the variation in .
colored for clarity.

thermal conductivity is insignificant for all the
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crosslink concentrations studied. This striking
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In order to elucidate the underlying mechanism bC 4]

for the effect of crosslinking, we decomposed Fig. 2 : Thermal conductivities in the C50

macroscopic heat flow into microscopic “building  pg (blue marked line), C250 PE (green

blocks”, i.e., energy transfer modes associated |2 ed line), PS (red marked line) as a

with various bonded and nonbonded interactions.  finction of a degree of crosslinking.
From the result in the PE case, it is evidently

observed that the change in the contribution of nonbonded interactions is more or less insignificant.
On the other hand, the contribution of bonded interactions increases with increasing crosslink
concentration. This indicates that introducing crosslink bonds opens new heat paths and directly

contributes to the increase in thermal conductivity of crosslinked PE.
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