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Thermal modification is an efficient way to improve some wood properties, like equilibrium 
moisture content (EMC), dimensional stability and durability (Esteves and Pereira 2009), to produce 
a wood modified material. According to the literature (Candelier et al. 2016), it has been observed 
that the thermal degradation of wood has a high dependence on the initial wood characteristics 
(wood specie, density) and process parameters, such as drying stage, heating medium, and 
treatment intensity (heating rate, temperature and duration). The  of this study is to 
predict the treatment duration in order to reach a particular level of wood modification under 
industrial conditions. For that, the mass loss dynamics during the treatment are recorded and 
modelled. The flow chart of research methodology is shown in Fig. 1.  

 
Figure 1:  The flow chart of thermal modification of poplar and fir 
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The obtained results are encouraging for a future development of a numerical tool able to conduct 
performing the heat treatment of wood in industry. The experiments were carried out on wood 
boards (30 x 22 x 2.5 cm3) in a pilot scale system, under conditions close to the industrial ones (heat 
transfer by conduction with 0.2°C min-1 heating rate under vacuum). Two different wood species, a 
hardwood: the poplar (Populus nigra) and a softwood: the fir (Picea abies), were used. The heat 
treatment was conducted at 230 °C for 14 hours under low air pressure (200 hPa) with less than 5% 
oxygen content. 14 hours duration is examined to obtain kinetic profiles required for the modelling, 
while usual treatment duration in the industry is close to 1 to 5 hours. Results of the present work 
are shown in Fig. 2. They indicate that the mass loss of poplar (14.21 wt%) is higher than fir (10.45 
wt%). The difference of thermal sensitivity between poplar and fir is due to the hemicelluloses 
composition of hardwood and softwood (Chaouch et al. 2010). Moreover, if the target of the wood 
modification is to reach 10 wt% of mass loss, the duration for the poplar is closed to 750 min and 
1200 min for the fir. This first observation allowed selecting the hardwood specie in priority to limit 
the heating energy consumption and carbon footprint, as well as optimize the economical balance.  

A two-step kinetic model (Di Blasi and Lanzetta 1997) is adopted to predict the mass loss dynamics 
of poplar and fir. The kinetic parameters are calculated from experimental data by curve-fitting. A 
good agreement between modelled and experimental data is achieved for both two species. This 
model can be integrated in the development of a numerical tool able to give recommendations to 
the industry by the prediction of the treatment time to modify wood specie for reach required 
properties. 

 
Figure 2:  Modelled (lines) curves for poplar (green) and fir (blue) during heat treatment. 
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