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Molecular spring as the driving force of cellulose and wood swelling
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CNRS-CERMAV (France) Yoshiharu Nishiyama

Dry cellulose and wood undergo exothermal swelling by water, which is problematic for
conventional material but also confers potential for actuating material. In the early 20th century,
colloid chemists established the potential work of such swelling, which attains the order of kilo
Joules per kg dry material, experimentally and theoretically. The origin of this swelling is not due to
sorption sites or strong interaction between water and cellulose. Instead, semi-rigid polymers such
as cellulose store internal energy as conformational energy during the drying as they reduce the
surface energy. Sorption would reduce the surface energy, allowing the release of some of this
stored internal energy to exert the swelling pressure. The conversion between surface energy and
internal stress depends on the spatial arrangement of molecules, which is crucial in controlling the
swelling behavior of cellulosic materials.
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Fig. 1. Water and Nitrogen sorption isotherm of air-dried microcrystalline cellulose (MCC) and
Cladophora cellulose. Data taken from ref 8.
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Fig. 2. A: Equilibrium moisture content as function of relative humidity for different temperatures
from ref 13). B: Same as A but inverting abscissa and ordinate. C: Swelling pressure calculated
according to equation (1), D: External work potential by integrating the swelling pressure with

water content considering the water content to be equivalent to cubic centimeter expansion per 100
g of dry material.
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