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Bound water transport by diffusion in wood
revealed by Nuclear Magnetic Resonance
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Wood’s unique combination of low density, high strength and stiffness, low thermal and electrical conductivity
makes it versatile across diverse fields such as construction, furnituremaking, woodcarving, tooling, sculpture,
boat building, along with production of cellulose fibers and paper. However, as a hygroscopic material, the
water content and transport within wood strongly affect the structural performance of wood across diverse
contexts. Therefore, understanding the physical mechanisms underlying water transfer processes in wood is
crucial for optimizing its applications. This appears challenging considering that wood is a porous medium
containing water in a range of pores of size from about 100 microns to less than a nanometer, i.e., the bound
water, which plays a fundamental role in water transport in wood [1-2]. Here we present a unique set of
results concerning imbibition and drying of wood which allow to fully quantify the bound water transport
properties.
Water imbibition within the microstructure of cubic samples was examined using nuclear magnetic resonance
(NMR). Dynamic NMR relaxometry enables to differentiate the water in fibers, vessels, or as bound water in
cell walls, enabling quantification of these water fractions over time. It was observed that water initially
penetrates as bound water, followed by slower infiltration into fibers and subsequently into vessels, which
exhibit the slowest rate of invasion. Given that bound water penetrates prior to free water, a global diffusion
coefficient of bound water can be estimated based on measurements across different directions [3]. To further
investigate the potential coupling between the invasion of various pore types, we isolated the diffusion of
bound water by saturating the sample vessels with oil. Remarkably, our measurements show that the diffusion
coefficient of bound water alone is independent of the water content, independent of the direction through the
wood, almost independent of the wood species, and varies exponentially with the inverse of the temperature,
suggesting that bound water diffusion behaves as an activated process.
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