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ABSTRACT Eucalyptus grandis wood was thermally treated at two different temperatures (150 °C and 200 °C) in a muffle 
furnace with steam. The surface color change was measured right after the treatment and in wood samples stored for two years 
inside a carton box without light exposure. Samples were analyzed by thermogravimetry to detect variation of thermal 
degradation behavior for different treatment temperatures. Thermally treated wood was darker when compared to control 
samples. The storage time influenced the wood surface color, with the surface becoming darker and redder. Thermogravimetric 
analysis revealed a peak of wood degradation between 300 °C and 400 °C for thermally treated samples. 
Keywords: thermal treatment, colorimetry, wood degradation, hardwood 
 
 
Introduction 

The genus Eucalyptus is a fast growing hardwood, 

extensively planted in South America and Sub-Saharan 

Africa. The use of Eucalyptus for lumber and plywood has 

intensified due its availability. It is well known that wood can 

suffer fungal and insect attack, damaging its mechanical 

properties and visual appearance. One of the techniques to 

improve resistance against decay is the application of thermal 

treatment. Based on temperature exposure between 180 ºC 

and 260 ºC, thermal treatment of wood is an eco-friendly 

preservation process (HILL, 2006; CADEMARTORI et al., 

2014). This method has been recognized also as useful to 

improve dimensional stability (CALONEGO et al., 2014). 

Several commercial processes have been introduced in 

Europe: The Thermowood process in Finland, the Plato 

process in Holland, the Bois Perdure and Retification 

processes in France, and Huber Holz in Austria (ESTEVES; 

PEREIRA, 2009). In 2015, the Thermowood process 

accounted for some 60% of Europe’s production of 300,000 

m3 of thermally treated wood (SANDBERG; KUTNAR, 2015; 

THERMOWOOD, 2016). 

This treatment is also an alternative to make light colored 

wood species darker and provide an optical appearance 

similar to several tropical species (SUNDQVIST; MORÉN, 

2006; ESTEVES; PEREIRA, 2009; MOURA; BRITO, 2011; 

MOURA et al., 2012a). The darkening degree is closely 

related to the temperature and time of heat exposure. Color 

changes take place due to modifications in the chemical 

structure of wood, related to thermal degradation of 

hemicellulose and lignin, as well as condensation and 

migration of extractives to the wood surface. This 

phenomenon has been also observed for wood submitted to 

hydrothermal treatment (SUNDQVIST; MORÉN, 2002; 

MORI et al., 2004; VARGA; ZEE, 2008; ZANUNCIO et al., 

2014). 

Progressive wood heating at temperature below 140 °C 

result in loss of water (free and bonded) and volatilization of 

extractives, while up to 180 °C several chemical 
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transformations take place, and carbonization occurs above 

250 °C, with formation of CO2 and other degradation 

products (ESTEVES; PEREIRA, 2009). According to Moura 

et al. (2012b), the extractives level changes during thermal 

treatment, with volatilization tending to diminish when 

temperature reaches 160 °C and then increase at higher 

temperatures. 

To investigate the degradation intensity of thermal 

modification, thermogravimetric analysis (TG) can be useful. 

This analysis is an effective tool to detect the mass loss related 

to the temperature increase during thermal degradation. The 

mass loss of cellulose, hemicelluloses and lignin can be 

analyzed under defined conditions in the kinetic regime. 

Cellulose degrades at temperature between 315 and 400 °C, 

hemicelluloses between 190 and 360 °C, and lignin between 

100 and 900°C (PEREIRA et al., 2013). 

The objective of this study was to evaluate color changes 

and decomposition of chemical components two years after 

thermal treatment, providing a dataset for application of 

stored heat-treated wood.  

 

Material and Methods 

Material 

Eucalyptus grandis logs were harvested in a ten-year-old 

commercial plantation, located in Tacuarembó State, 

Uruguay. After wood processing, the timber was transported 

by plane to Germany and stored in a conditioned room, 

without temperature fluctuations and humidity change, for 

six months. The initial moisture content (IMC) was measured 

by the oven-drying method. Samples were chamber 

acclimatized (20 °C, 65% relative humidity) to stabilize the 

equilibrium moisture content (EMC) at 12%. Initial and final 

density at 12% was determined by dividing the weight by 

volume at 12%. 

Thermal treatment 

The timber samples were divided into three groups. Two 

groups were thermally treated in a modified muffle furnace 

with saturated steam atmosphere. Treatment 1 (T1) was 

carried out until 150 °C (heating rate: 0.36 °C.min-1) and 

maintained for 4 hours. Treatment 2 (T2) involved heating to 

200 °C (heating rate: 0.75 °C.min-1), maintained for 3 hours. 

After treatment, the samples were kept during 24 hours inside 

the muffle furnace without heat. This cooling time provided 

stress relief, avoiding micro cracks. The third sample group 

did not undergo heat treatment (control samples: CS). CS 

samples were pre-dried during 24 hours at 80 °C in the muffle 

furnace and conditioned (20 °C, 65%) for around three 

months. 

 

Color measurement 

The first color measurement (only at tangential/radial 

face) was carried out after the cooling with a Konica Minolta 

CR-310 spectrophotometer. After this procedure, samples 

were stored for two years inside a carton box, to avoid light 

exposure, as well as temperature and humidity fluctuations. 

The second measurement was carried out with a Konica 

Minolta CM-5 spectrophotometer. This second analysis 

evaluated the color parameters along the three axes of wood 

fiber directions: tangential, radial and transversal. 

Evaluation of color changes was performed according the 

Commission Internationale de L’Éclairage (CIE). This method 

involves three parameters: lightness (L*) from 0% (black) to 

100% (white); a* from green (-a) to red (+a); and b* from blue 

(-b) to yellow (+b). Chroma (C), hue angle (h*), and color 

change ΔE* were calculated according to Equations 1, 2 and 

3: 

C= (a*)2+(b*)² (1) 

h*=arctan
b*
a*

 (2) 
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∆E*= [(∆L*)2+(∆a*)2+(∆b*)2] (3) 

The chroma measures the color saturation (intensity) or 

the distance between color and the center of the chromatic 

plane. The hue angle is measured around the L* axis. An angle 

of 0° indicates the red hue and 90° indicates yellow hue. 

 

Thermogravimetric Analysis 

The sample groups were investigated with a Setaram 

Micro SETSYS S60/58798. To fit inside the testing machine 

balance, wood splinters of all samples were crushed in a 

laboratory grinder. Approximately 10 mg of each sample 

group was analyzed. The procedure adopted a heating rate of 

10 °C min-1 under argon flux (20 mL min-1). The analysis was 

performed from 25 °C to 600 °C. 

 

Statistical analysis 

Descriptive statistics were calculated and ANOVA and 

the Tukey test were performed to verify differences between 

treatments. The experimental design was completely 

randomized, with a 95% confidence level. 

 

Results and Discussion 

Color measurement 
The colorimetric parameters from thermally treated 

Eucalyptus grandis wood after 24 h and two years are in Table 

1. The main cause of color changes in wood are related to the 

dissolution, oxidation and degradation of chemical 

compounds and extractives (VARGA; ZEE, 2008). In general, 

wood turns darker because of volatilization of extractives and 

phenolic compounds (MOURA; BRITO, 2011). The main 

extractive compounds which are responsible for color change 

in hardwood are terpenes, phenol and tannin (ISHIGURI et 

al., 2003). 

The storage time moderately affected L* and the 

wood surface of T1 samples, with losses of around 4% in 

lightness after two years. CS presented the same behavior as 

T1, while T2 samples gained a small percentage of lightness. 

The wood in all groups showed higher a* value and lower b* 

value after 24 months. The color of T1, T2 and CS wood 

surfaces turned more positive on the red axis, and became 

positive on the blue axis. An increase in color intensity after 

two years of storage was noted for T1 and T2 due the 

calculation of the C value. However, the CS samples lost 

saturation during the period. This occurrence was observed 

also by Moura; Brito (2011), Cademartori et al. (2013), Garcia 

et al. (2014) and Zanuncio et al. (2014) for Eucalyptus grandis 

wood. Changes in the variable a* means the wood becomes 

more red/rose with time. Wood is affected by weather 

conditions, and color instability is also related to leaching 

caused by humidity and photo degradation (PASTORE et al., 

2008; ROSU et al., 2010), right after the thermal treatment (24 

h), the CS and T1 samples were classified as pink-grayish, but 

after two years they had turned light-pink. The color for T2 

group was olive and changed to dark brown after two years. 

Garcia et al. (2014) reported that the original color of 

Eucalyptus grandis wood is light-pink, turning to dark brown 

due to thermal treatments. The authors also found, in another 

study, colors characterized as light-pink-grayish for same tree 

species (GARCIA et al., 2013). 

The second measurement procedure was used after two 

years to analyze the wood surface color considering the 

tangential, radial and transversal axes (Table 2).  

The color measured for CS between tangential and radial axes 

was not statistically different. Treatment T1 presented no 

meaningful changes when compared with CS, except for the 

variable b* on the transversal axis. For T2, the parameter 

which changed most was lightness. As also noticed by 

Cademartori et al. (2014) and Garcia et al. (2014), statistical  
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Table 1. Average values and (standard deviation) of colorimetric parameters from thermally treated Eucalyptus grandis wood 
after 24 h and 2 years. 
Tabela 1. Valores médios e (desvio padrão) dos parâmetros colorimétricos da madeira de Eucalyptus grandis tratada 
termicamente após 24h e 2 anos. 

Time Treatment 
(color)1 

L* a* b* C h* 

24
h 

CS 
(rose-grayish) 

68.68 A 
(5.1) 

10.24 B 
(1.6) 

21.58 A 
(1.9) 

23.87 ABC 
(2.2) 

64.98 A 
(3.0) 

T1 
(rose-grayish) 

59.39 B 
(6.9) 

9.67 B 
(1.0) 

20.08 B 
(1.3) 

22.30 BD 
(1.3) 

64.39 A 
(2.8) 

T2 
(olive green) 

40.88 C 
(6.5) 

8.62 C 
(0.7) 

17.01 C 
(3.8) 

19.01 E 
(3.6) 

62.35 B 
(4.1) 

2 
ye

ar
s 

CS 
(light pink) 

63.24 A 
(5.3) 

12.39 A 
(2.1) 

20.04 AB 
(2.1) 

23.63 A 
2.5) 

58.41 C 
(4.0) 

T1 
(light pink) 

57.04 B 
(5.1) 

12.07 A 
(1.4) 

19.76 AB 
(1.3) 

23.18 AB 
(1.7) 

58.67 C 
(2.4) 

T2 
(dark brown) 

41.24 C 
(4.9) 

10.27 B 
(1.2) 

16.63 C 
(3.0) 

19.57 E 
(3.1) 

57.70 C 
(2.2) 

 1 The color definitions are based on Camargos; Gonçalez (2001). CS = Control Samples; T1 = Treatment 1 (150 ºC/ 
4); T2 = Treatment 2 (200 ºC/ 3 h). Different letters in the same column indicate statistical differences based on the 
Tukey test at 5% probability. 
 
Table 2. Average values and (standard deviation) of colorimetric parameters from thermally treated Eucalyptus grandis wood 
in different surfaces, after 2 years.  
Tabela 2. Valores médios e (desvio padrão) dos parâmetros colorimétricos da madeira de Eucalyptus grandis tratada 
termicamente em diferentes superfícies, após 2 anos. 

Axis 
Treatment 

L* a* b* C h* 
(color1) 

Ta
ng

en
tia

l 

CS 65.88 
(3.0) 

A 
13.43 
(2.3) 

A 
21.68 
(0.9) 

A 
24.56 
(1.8) 

A 
58.47 
(3.9) 

A 
(light pink) 

T1 58.02 
(5.3) B 

13.01 
(1.5) AB 

20.46 
(0.8) AB 

24.27 
(1.2) AB 

57.69 
(2.7) A 

(light pink) 
T2 39.12 

(3.7) C 
9.63 
(1.3) D 

15.02 
(2.9) D 

17.87 
(3.1) E 

57.01 
(2.4) A 

(dark brown) 

R
ad

ia
l 

CS 66.26 
(4.1) 

A 
12.45 
(2.1) 

AB 
21.01 
(1.2) 

A 
24.49 
(1.6) 

A 
59.50 
(4.5) 

A 
(light pink) 

T1 59.35 
(4.8) 

B 
12.22 
(1.1) 

ABC 
10.36 
(0.9) 

AB 
23.78 
(1.1) 

ABC 
59.07 
(2.3) 

A 
(light pink) 

T2 43.20 
(5.5) 

C 
11.00 
(0.9) 

BCD 
18.39 
(2.7) 

BC 
21.44 
(2.8) 

CD 
58.92 
(1.8) 

A 
(dark brown) 

Tr
an

sv
er

sa
l 

CS 57.62 
(3.5) 

B 
11.3 
(1.5) 

BCD 
17.44 
(0.8) 

CD 
20.84 
(1.1) 

D 
57.26 
(3.8) 

A 
(light pink) 

T1 53.74 
(3.4) B 

10.98 
(0.9) BCD 

18.44 
(1.0) BC 

21.48 
(1.1) BCD 

59.26 
(2.15) A 

(light pink) 
T2 40.79 

(4.5) C 
10.19 
(0.8) CD 

16.47 
(2.6) CD 

19.39 
(2.7) DE 

57.98 
(2.3) A 

(dark brown) 
1The color definitions are based on Camargos; Gonçalez (2001). CS = Control Samples; T1 = Treatment 1 (150 ºC/ 4 h); T2 = 
Treatment 2 (200 ºC/ 3 h). Different letters in the same column indicate statistical differences based on the Tukey test at 5% 
probability. 
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analysis showed no distinction between color in different 

wood axes of Eucalyptus grandis. The radial axis had a shiny 

surface, due to the wood rays’ horizontal bands (BURGER; 

RICHTER, 1991). Although statistical differences were not 

observed, a tendency to higher L* value in all thermally 

treated wood samples was noticed for the radial axis. 

Color measurement on the transversal axis showed a 

darker wood surface. Gonçalez et al. (2001) reported that the 

presence of annual growth rings in transversal sections 

increases the gray level, decreasing the luminosity, a* and b* 

values, providing a darker aspect for wood in this anatomic 

axis. Following the color table of Camargos; Gonçalez (2001), 

the three anatomical axes were considered pink for CS. For all 

wood axes of T2 treatment, a darker brown color was reached. 

This fact reinforces the possibility of improving the visual 

appeal of light wood by heat treatment. 

Total color variation (∆E) of wood in each analysis and 

between them are reported in Table 3. 

The biggest color change was observed between control 

samples and Treatment 2. Variations between treatments on 

each date remained in the same classification after 24 h and 2 

years. When we compared each treatment with different 

storage time, control samples presented the highest variation, 

as expected in function of natural degradation and oxidation 

of chemical compounds in wood. Thermally treated wood 

also presented some color changes, which indicate that 

chemical transformations are continuous, but at a slow rate. 

 

Thermogravimetric Analysis  

The Figure 1 presents the thermal degradation behavior 

of CS, T1 and T2 groups after two years of storage. During 

this time, the samples did not undergo fungal or insect attack, 

so there were not significant mass losses. The small variation 

during the two years may be related to the hygroscopic 

characteristic of wood and change in the amounts of volatile 

organic compounds (VOCs). Mayes; Oksanen (2002) 

reported that VOC emissions from thermally treated wood 

were 90% lower than for air dried wood. This means that 

during the thermal treatment a large percent of VOCs already 

evaporated, so their quantity was not strongly affected by the 

storage time. Since thermogravimetric analyses aim to 

measure the mass loss due to temperature increase, and the 

mass did not drastically change, a single thermogravimetric 

analysis may be enough to understand the thermal 

decomposition of wood.  

Thermal degradation of wood can be divided into three 

temperature regions. The first region (100 – 200 °C) refers to 

water loss and evaporation of extractives, the second region 

(200 – 400 °C) involves the decomposition of major wood 

chemical constituents and the third region (> 400 °C) is 

attributed to complete wood decomposition (AYDEMIR et  

 
Table 3. Total color variation of thermally treated Eucalyptus grandis wood after 24 h and 2 years. 
Tabela 3. Variação total da cor da madeira de Eucalyptus grandis tratada termicamente após 24h e 2 anos. 

Time Treatment ∆E Classification1 

24h 
CS x T1 9.42 Very appreciable 
CS x T2 28.23 Very appreciable 

2 years 
CS x T1 6.22 Very appreciable 
CS x T2 22.36 Very appreciable 

24h x 2 years 
CS x CS 6.08 Very appreciable 
T1 x T1 3.41 Appreciable 
T2 x T2 1.74 Notable 

1Classification based on Hikita et al. (2001). CS = Control Samples; T1 = Treatment 1 (150 ºC/ 4 h); T2 = Treatment 2 (200 ºC/ 
3 h). 
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Figure 1. Thermal degradation and mass loss of Eucalyptus grandis wood in different treatments: CS = Control Samples; T1 = 
Treatment 1 (150 ºC/ 4 h); T2 = Treatment 2 (200 ºC/ 3 h). The black curve (TG) indicates mass loss (in %) and red curve (dTG) 
corresponds to the first derivate of the TG curve and presents the rate of degradation (in %) according to the temperature 
increase.  
Figura 1. Degradação térmica e perda de massa da madeira de Eucalyptus grandis nos diferentes tratamentos: CS = Amostras 
controle; T1 = Tratamento 1 (150ºC/ 4 h); T2 = Tratamento 2 (200ºC/ 3 h). A curva preta (TG) indica perda de massa (em %) 
e a curva vermelha (dTG) corresponde à derivada do TG e apresenta a taxa de degradação (em %) de acordo com o aumento 
da temperatura.  
 
al., 2011). All samples presented higher thermal degradation 

(mass loss) at temperatures between 358 °C and 360 °C. This 

temperature range is similar to that reported by Pereira et al. 

(2013) in a study involving thermogravimetric analysis of six 

different Eucalyptus spp. clones. 

The Table 4 presents the mass loss for all sample groups 

during the thermogravimetric analysis, as well as the residual 

mass. 

During the initial heating, from ambient temperature to 

100 °C, the highest mass loss was observed for CS samples. 

The mass loss for T1 and T2 samples in the same temperature 

region was lower, respectively 2.85% and 0.39%. Aydemir et 

al. (2011) investigated changes in the chemical constituents of 

heat-treated wood and observed lower mass loss in the first 

degradation region for thermally treated samples compared 

to control specimens. The evaporation of bonded water of CS 

samples (present inside the cell wall) can explain this fact. 

Mass loss between 100 and 200 °C was minimal for all 

treatments. Pereira et al (2013) also noted a small mass loss in 

this temperature region when investigating Eucalyptus spp 

wood by thermogravimetry. On the other hand, Poletto et al. 

(2012a) observed higher mass loss at temperatures around 

180-190 ºC for Eucalyptus grandis and other species. 

From 200 °C to 300 °C, high mass loss was observed.  
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Table 4. Mass loss and the residual mass of thermally treated Eucalyptus grandis wood.  
Tabela 4. Perda de massa e massa residual da madeira de Eucalyptus grandis tratada termicamente. 

Treatment Mass loss (%) at different temperature ranges (ºC) Residual mass 
(%) 

 25-100 100-200 200-300 300-350 350-400 400-500 500-600  
CS 8.43 0.49 14.89 28.80 37.61 6.80 2.85 0.13 
T1 2.85 0.07 15.56 29.26 40.35 7.27 3.15 0.17 
T2 0.39 0.24 12.33 33.30 42.92 8.48 3.46 0.15 

CS = Control Samples; T1 = Treatment 1 (150 ºC/ 4 hours); T2 = Treatment 2 (200 ºC/ 3 hours). 
 
Wang et al. (2007) reported a high cellulose decomposition in 

the temperature range of 277-397 °C. The lower mass loss for 

T2 compared to the other sample groups can be attributed to 

the fact that previous degradation of hemicelluloses and 

cellulose occurred during the thermal treatment. Poletto et al. 

(2012a) observed degradation of hemicelluloses at around 

300 ºC in Eucalyptus grandis and three other species, and 

related it to the amorphous structure, which can be easily 

hydrolyzed. 

The highest thermal degradation occurred between 300 

°C and 400 °C. According to Chaouch et al. (2012), the peak 

mass loss for cellulose happens after the hemicellulose 

degradation. They stated that higher energy is needed for the 

depolymerization of cellulose chains, causing monomers to 

crack. This fact can explain the thermally treated wood’s 

behavior when compared to CS. T1 and T2 lost more mass 

than the CS group, since the cellulose depolymerization 

already occurred during the thermal treatment. 

Poletto et al. (2012b) concluded that composition and 

crystallinity of wood can influence thermal degradation. They 

observed that higher extractive content along greater 

reactivity of hemicelluloses and lignin can accelerate the 

degradation process. On the other hand, organized cellulose 

regions may prevent wood degradation as result of well-

packed cellulose chains, which interfere in the heat diffusion, 

promoting slower degradation. 

A lower degradation rate was verified above 400 °C. At 

this point, almost all residual hemicelluloses and cellulose 

content was already degraded. As cited by many authors, it is 

difficult to determine a specific degradation temperature for 

lignin, since it occurs in a wide temperature range until 900 

°C (WANG et al., 2007; PEREIRA et al., 2013). All the samples 

presented a residual mass around 0.15%. This mass is related 

to the extractives and ashes (thermal degradation products). 

 

Conclusions 

The thermal treatment changed the color of wood 

samples, confirmed by colorimetric measurement. Although 

the storage time affected the surface darkness of wood 

samples, turning it darker red, this change was not visible to 

the naked eye. The second measurement procedure showed 

no difference between tangential, radial and transversal wood 

surface. 

The investigation by thermogravimetric analysis 

presented distinct behaviors for each sample group. The 

thermal treatment caused higher mass loss in the temperature 

range between 200 °C and 400 °C, because of the previous 

cellulose depolymerization. 
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