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Swelling of oak wood in water-ethanol mixtures :
impact of the liquid composition on the material

deformation.
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Aging is a key milestone of spirits production during which mass exchanges occur between brandies and the
external environment. The barrel is a complex porous media made of oak wood and acting as a container [1].
During aging, the liquid present in a barrel partially impregnates the wood and migrates as liquid state. In the
outer, non-impregnated part of the stave, vapour concentration gradients trigger diffusion. Thesemechanisms
are responsible for a volume loss from 1% to 3% per year, depending mainly on environmental conditions [2].
In addition, wood is not an inert interface since the presence of water and ethanol modifies its physical prop-
erties.
The hygroscopic nature of wood is responsible for adsorption as bound phase when in contact with aqueous
solutions or liquid ethanol. Such adsorption causes swelling of the wood due to its sub parietal macromolec-
ular structure. In the case of barrels, the mechanical assembly of the staves hinders the free swelling of the
wood and thus creates mechanical constraints that improve the sealing between staves. However, the cou-
pled effects of water, ethanol and time on the cell wall are not fully understood. Because of the diversity of
alcohol content of the brandies, it appears relevant to study the effect of the liquid composition on the wood
swelling. Previous studies highlighted dimensional changes in pure ethanol to be lower than in pure water
[3][4]. This work focuses on oak wood dynamics and equilibria when soaked in pure water, pure ethanol or
binary mixtures. A custom device has been developed to determine the evolution of swelling in both transver-
sal directions as a function of the liquid composition, through image processing. Eight ethanol concentration
values have been tested from 0% to 100% (vol/vol). As shown in the attached figure (a), a synergic effect is
evidenced for a wide range of concentration from 20% to 80% of ethanol (vol/vol). This is in accordance with
previous studies that have reported a higher swelling than with pure solvents [3][5]. This suggests a collabo-
rative action of sorption sites when both solvents are in sufficient quantity. To complete these experiments,
we studied sequential scenarii namely pure water followed by pure ethanol and vice versa (b). Results show
that wood slightly shrinks when put in ethanol after having swelled in water. Thus, it seems that only a part
of the previously bound water remains adsorbed onto wood while another part is desorbed due to its affinity
with ethanol. On the contrary, when the chronology of pure liquids is inverted, the previously mentioned syn-
ergic effect is observed leading to the same swelling values as for mixtures between 20% and 80% of ethanol
(vol/vol). Such results emphasize the influence of the history between wood and liquids.
To complete the study, a Dynamic Vapour Sorption device will be used to obtain sorption isotherms of oak
wood for both water and ethanol in gas phase. This equipment allows also to study the reversibility of inter-
actions between wood and vapours.
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