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Context and objectives 

Wood is a material commonly used in construction. The carbon dioxide absorbed during its life 

cycle is stored in the material as carbon. The thermal insulation industry has been using 

petroleum-based materials like polystyrene and polyurethane foams as efficient thermal 

insulants, but not eco-friendly. Wood as a bio-sourced material has a lower thermal conductivity 

than conventional building materials like concrete and metal. It can potentially undergo 

modifications through nanotechnology to further reduce its thermal conductivity. The objective 

of the work is to use wood as a bio-sourced alternative thermal insulation material.  

In this work, various French species of wood were delignified chemically with the methods 

cited in the literature, i.e. the alkaline kraft method and the hydrogen peroxide (H2O2) bleaching 

method. After delignification, nanopores are created in addition to the macropores initially 

available. The mesoporous structure increases the total porosity of the wood, which reduces its 

density as well as its thermal conductivity across the grain. Delignified wood presents great 

interest as future insulation material, with the benefit of superior mechanical strength when 

compared to traditional insulating materials. France is the top producer and exporter of poplar 

in Europe, so poplar exhibits the highest potential to be transformed into a thermal insulant by 

delignification because of its fast growth rate, low density and low thermal conductivity. 

Materials and methods 

Delignification of wood  

The wood specimens of solid woods and wood veneers were acquired from Institut Pascal and 

LaBoMaP research centers. The solid wood were sawn into dimensions of 100 mm x 100 mm 

with a thickness of 10mm, while the wood veneers of thickness range from 1 mm to 3 mm were 

cut into dimensions of 100 mm x 100 mm. The wood specimens include both hardwoods (oak, 

beech, poplar) and softwoods (silver fir, douglas fir). The alkaline kraft treatment was carried 

out with sodium hydroxide (NaOH) and sodium sulfite (Na2SO3) supplied by Sigma Aldrich. 

35% Hydrogen peroxide (H2O2) used in bleaching was also supplied by Sigma Aldrich.  

The woods were soaked in a mixture of 2.5M sodium hydroxide (NaOH) and 0.4M sodium 

sulfite (Na2SO3) at boiling temperature for 8 hours, followed by 8 hours of immersion in boiling 

hydrogen peroxide (H2O2) diluted to 7.5%. The woods were then washed with deionized water 

and air-dried for one day before freeze-drying or oven-drying at 70°C (Zhu et al., 2016).  
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Degree of delignification 

The delignification efficiency was measured through dry mass loss ratio and color evaluation.  

The wood specimens were weighed before and after treatment. Their water content was also 

determined with the oven-dry method. 

CIELAB color space measurement 

The values of color space L*a*b* were measured with a colorimeter PCE-XXM 30. To quantify 

the whitening effect of delignification, the values were compared with white color (L* = 100; 

a* = 0; b* = 0). The color difference ΔE is calculated using Eq.1. A smaller ΔE implies that the 

colors are close to white.  

 ∆E =  √(L∗ − 100)2 + (a∗ − 0)2 + (b∗ − 0)² (Eq.1) 

Dimensional variation of wood 

The dimensions of the wood were measured with a digital caliper before and after treatment to 

determine the variation of volume and density.  

Thermal conductivity measurement 

Thermal conductivity was determined using a FP2C conductivity meter hot wire device, based 

on the semi-infinite domain hypothesis and assumption of radial heat transfer. By placing the 

hot wire probe between two wood samples, constant heat flux is generated by the hot wire that 

locally heats the material. The temperature evolution is recorded by the thermocouple welded 

in the middle of the wire. The thermal conductivity k is then determined from the linear part of 

the time-temperature curve. This hot wire probe can measure thermal conductivities from 0.02 

to 5 W/m.K, with an accuracy of 5%. By orientating the hot wire across or along the fiber 

direction, longitudinal and transversal thermal conductivity can be obtained, as shown in Fig. 1 

and Fig. 2 (Jannot et al., 2011). Three measurements were taken for each case after conditioning 

in a climate chamber at 25°C and relative humidity of 20% for 24 hours.  

  

Fig. 1 : Probe orientation to measure the 

transversal thermal conductivity 

Fig. 2 : Probe orientation to measure the 

longitudinal thermal conductivity 

Results and discussion  

Delignification efficiency 

Alkaline kraft method using sodium hydroxide (NaOH) and sodium sulfite (Na2SO3) firstly 

swelled the fibers with its high pH, then dissolved the wood extractives and broke the 

intermolecular ester bonds crosslinking hemicellulose and lignin, causing the wood color to 

darken, due to the formation of new chromophore structures, as shown in Fig.3(b). The 

sulphonation enhanced the dissolution of lignin as well (Sun and Cheng, 2002; Li et al., 2012). 

The hydrogen peroxide (H2O2) was used to bleach the wood through lignin-degrading oxidation 

and to remove unreacted chemicals. The degradation of lignin, hemicellulose and extractives 

was represented by the mass loss ratio at anhydrous condition. For the same duration of 

delignification treatment, the thinner wood veneers showed a higher mass loss ratio than the 

thicker solid woods, due to the more efficient chemical reaction.  
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After drying, shrinkage in the transverse direction of wood fibers was observed in all cases, 

especially wood veneers, as shown in Fig. 3(d), while the longitudinal lengths of wood fibers 

remained unchanged. During the evaporation of the liquid present in the pores, capillary 

pressure was generated and caused lumen collapse, due to the drying tension, as shown in Fig. 

3(f). The lumen closures increase the density and limit the reduction of thermal conductivity.  

 
Fig. 3: Color and dimensional variations of woods at different stages of delignification. Wood species from 

1st column to 5th  column: beech, poplar, douglas fir, oak, fir. 1st and 3rd row: solid woods. 2nd and 4th row: 

wood veneers. a) Before treatment. b) After 8h bath in a boiling mixture of NaOH and Na2SO3. c) After 8h 

bleaching in H2O2. d) After one-day air drying e) Side view of solid woods before delignification. f) Side 

view of deformed delignified solid woods due to collapse when drying. 

Factors affecting the thermal conductivity 

After delignification, both transversal and longitudinal thermal conductivities decrease, except 

for silver fir, which is believed to gain lignin or extractives from other wood species. The 

samples of silver fir were not only darkened due to contamination but also exhibited the lowest 

dry mass loss ratio. The wood species with a higher dry mass loss ratio, indicating more efficient 

removal of lignin, hemicellulose and extractives, showed a higher reduction of thermal 

conductivity in both directions (Fig. 4). Among the samples, poplar is the wood species with 

the lowest density and also the lowest thermal conductivity both before and after delignification. 

Poplar is commonly known as a fast-growing species with low-density wood cells, compared 

to other species.   

Wood exhibits brownish color due to the phenolic character and the chromophore groups of 

lignin with strong light-absorbing capability (Shi et al., 2018). Lignin is dark brown, while 

cellulose is white, so the color indicates the amount of lignin present in the wood (Wachter et 

al., 2019). The removal of lignin was confirmed by the mass loss ratio, but the whitening effect 

of wood did not turn out as expected. After delignification, all wood species became darker in 

color due to the creation of new chromophore groups after the chemical reaction and/or 

contamination by the extracted matrix. Nevertheless, the wood species with a whiter surface, 

i.e. poplar, has lower thermal conductivity in all cases (Fig.5). It is believed that the thermal 

conductivity can be further reduced if the wood becomes completely white when a total 

delignification is achieved.  

Conclusion and perspectives 

The removal of lignin from wood reduces its mass but the collapse associated to drying 

shrinkage may increase its density. Thus, the porosity may not be entirely conserved. The 

reduction of thermal conductivity is observed despite the presence of collapse and darkening in 

the color of delignified wood. It is believed that the thermal conductivity can be further reduced 

if the collapse does not occur and the treatment exhibits a higher delignification efficiency. 

More samples and trials are required to determine the lowest thermal conductivity that a 

delignified wood can achieve. To prevent collapse, there are solutions such as the replacement 

of water with liquid of low surface tension, or drying below the collapse threshold temperature. 

Reconditioning of deformed delignified wood by steaming or rewetting is possible only if the 
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lignin is not strongly depleted (Segmehl, 2017). To reach a higher delignification degree, a 

more intensive whitening effect can be achieved by using a higher concentration of H2O2 or by 

replacing the darken H2O2 bleaching solution throughout the treatment. Fabrication of 

delignified wood to be used as a bio-sourced thermal insulant requires a thermal conductivity 

below 0.042 W/m.K. Among the locally available wood species, poplar can potentially achieve 

the lowest transversal thermal conductivity after effective delignification.   

  

Fig. 4 : Reduction of transversal thermal 

conductivity in various wood species 

Fig. 5 : Transversal thermal conductivity in 

various wood species  
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