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In-situ penetration of ionic liquids into surface-densified Scots
pine
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Surface densification of solid wood leads to an increase in hardness and wear resistance,
proportional to the increase in density of the surface. This may lead to an increase in value of
low-density wood species, such as Scots pine, which are abundant in boreal and temperate
forests. To exploit the positive effects of surface densification commercially, a fast and cost-
efficient surface densification process is required. To achieve this, several problems need to be
solved. Hitherto, research into surface densification was focused on the lab-scale, and methods
to reduce the moisture-induced set-recovery of the densified wood either take a long time in an
open system or require a closed system. This prevents the large-scale commercialization of
surface-densified wood products. A previous study has shown that a fast pre-treatment with
ionic liquids can reduce the set-recovery from 90% to 10-50%, depending on the process
parameters. There was also an increase in Brinell hardness in comparison to the untreated
surface-densified wood. A pre-treatment with ionic liquids does not require a closed system
and takes less than 10 minutes. In order to implement the combined pre-treatment and surface
densification process as an industrial process, it is necessary to understand how the chemical
treatment interacts with the wood material, resulting in reduced set-recovery. We studied the
penetration depth of the chemical treatment and cellular level chemical changes by FT-IR
spectroscopy and confocal Raman microscopy. We found that the penetration of chemical
agents into the wood was limited to only a few cell layers. This low penetration cannot explain
the achieved reduction in set-recovery and the increase in Brinell hardness, as the surface-
densified layer has a thickness of several millimeters. Based on these findings, we hypothesize
that the high temperature of the press platen during the densification process (>200°C)
vaporizes the ionic liquid, which then diffuses deeper into the wood surface, where it is
activated by the heat. The activated ionic liquid cleaves hydrogen bonds between cellulose
chains, which allows plastic deformation of the wood cells. Further exposure to temperatures
over 200°C decomposes the ionic liquid, allowing the formation of a new hydrogen bond
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network between the cellulose chains for a permanent reduction of the set-recovery. To test
our hypothesis, we will conduct GC-MS and TGA-FT-IR analysis of the decomposition products
to be found in the pre-treated wood after surface densification. The knowledge obtained from
this study will enable us to implement an improved version of the treatment process, especially
with regard to the development of a large-scale surface densification process.

Keywords: compressed wood, wood modification, chemical treatment, green chemistry,
confocal Raman microscopy
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