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Investigation of the swelling and dissolution mechanism of cellulose with
differect crystal structures using molecular dynamics simulation
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Cellulose is a renewable resource that has a potential to be used as an
energy source. However, the availability is limited because of the high stability of the cellulose
crystal structures. In this study, we performed molecular dynamics simulation with four typical
crystal polymorphs of cellulose ( I , Il, 111l and IVl ) and obtained the fundamental information
for the control of the cellulose swelling and hydrolysis. The order of the stability of the four
crystals under high temperature and pressure conditions was different and the dissociation
mechanisms of them were analyzed based on the interactions between chains in the crystal.
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Fig. 1 Dissociation behaviors of the various
types of cellulose nano-crystals observed using
molecular dynamics simulation.
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Fig. 2 Time course of the interaction energy
calculated for various types of cellulose
nano-crystals.
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Fig. 3 Time course of the number of hydrogen
bond calculated for various types of cellulose
nano-crystals.
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Figure 4. The crystal structure of cellulose
[11, after optimization.

Figure 5. The positions of the interactions
existing in the crystal structure of cellulose I11;.
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Figure 6. Temperature dependence of the
distance between the interacting atom pairs in
the cellulose III; crystal. ~ The numerals
indicate the position of the interaction sites,
which are defined in Figure 4.
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