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Colour Responses of Two Fast-growing Hardwoods to Two-step Steam-heat Treatments
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Colour changes by thermal treatments are a good alternative to increase wood quality, especially 
for non-structural uses. In this study, rose gum (Eucalyptus grandis) and Sydney blue gum (Eucalyptus 
saligna) woods from Southern Brazil were thermally treated under different conditions (steam pre-
treatment in an autoclave at 127 °C for 1 hour and heat treatment in an oven at 180, 200, 200 and 
240 °C for 4 hours) and colour changes were investigated using CIEL*a*b* technique. The main 
findings show that thermal treatments resulted in darkening of the wood, which was more intense at 
high temperatures. Colour difference after two-step steam-heat treatments was higher than 45 for both 
species. In general, the influence of the steam pre-treatment was more visible in lower temperatures. 
Lightness (L*) was the parameter that best described the colorimetric behaviour of rose gum and 
Sydney blue gum woods. In conclusion, thermal treatments are a great method to improve the market 
value of wood, especially for aesthetic uses, but it requires a control of process conditions.
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1. Introduction
Thermal treatment is an eco-friendly wood treatment 

process that aims to expose wood at temperatures higher than 
180 °C. This process mainly entails increasing the durability 
and dimensional stability of wood pieces and has become 
an important niche in the wood market of some European 
and North American countries1,2. Nevertheless, the thermal 
treatment causes weight loss and, consequently, a decrease 
in mechanical strength3, which limits the structural use of 
thermally treated wood. All the changes on wood properties 
depend to the process conditions, in which can be performed 
mainly only heating2, only steam4 or a combination of steam 
and heating5.

Wood colour modification by thermal treatment is 
possible and can be worthwhile primarily when the material 
is chosen based on aesthetic and non-structural factors. 
According to Todorovic et al.6, thermal treatment enables 
many uses and increases the market value of less-valued 
species.

Colorimetric changes by thermal treatment are 
characterised by a homogeneous darkening of the 
wood surface7 and occur due to the modifications in the 
chemical structure of wood, mainly related to a decrease 
in hemicelluloses content, condensation and migration 
of extractives to the wood surface. Therefore, chemical 
changes are widely related to the process conditions such 
as temperature, time of exposure and atmosphere.

Measurement of colorimetric changes is essentially 
performed through an efficient technique regularised by 

CIE (Commission International de L’Éclairage), in which 
some parameters are measured: lightness (L*), chromaticity 
coordinates (a* and b*), chroma (C*) and hue angle (h)6. As 
such, the influence of thermal treatment in the wood colour 
could be determined just as reported in other studies8-11.

Wood colour vary according to its origin and is an 
important factor when the material is in service. Amongst 
the eucalypt species, rose gum wood is considered one of 
the most valued cabinet timbers (e.g. production of veneered 
panels, joinery, plywood and furniture), while Sydney blue 
gum wood has been used in the Australian market for the 
production of flooring, shipbuilding and general building 
and construction work12.

In many aforementioned cases, colorimetric changes 
are a good alternative to increase wood quality. Therefore, 
the control of wood colour is an important parameter for 
identification, utilisation and determination of its market 
value considering aesthetic factors13.

In this context, this study aimed to characterise the 
colorimetric changes in rose gum and Sydney blue gum 
woods thermally treated under different process conditions.

2. Material and Methods

2.1. Raw materials

Six rose gum and Sydney blue gum trees were randomly 
selected from a fast-growing population located on the north *e-mail: pedrocademartori@gmail.com
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coast of Rio Grande Sul state, Southern Brazil (30° 14’ 
09.73’’ S, 50° 19’ 55.07” W).

Two hundred and seventy samples (15 samples per 
treatment) measuring 16 × 16 × 250 mm (radial × tangential 
× longitudinal) were prepared from the first log (3.15 m 
length) of each tree. The samples were prepared only with 
straight grain, heartwood and absence of flaws. The samples 
were conditioned in a climatic chamber (20 °C and 65% 
of relative humidity) in order to stabilise the equilibrium 
moisture content (~12%), which was the initial point of the 
thermal treatments.

2.2. Two-step steam-heat treatments

Eight two-step steam-heat treatments were performed 
in rose gum and Sydney blue gum woods (Table 1). The 
untreated samples (control treatment) were kept in a climatic 
chamber (20 °C and 65% of relative humidity) the entire 
time.

One hundred and twenty samples were modified 
using combined steam pre-treatment in an autoclave and 
heat treatment in an oven. To achieve this, a steam pre-
treatment in the autoclave at 127 °C and 1.5 kgf/cm2 for 1 
hour was performed. Pre-treated samples were conditioned 
in a climatic chamber for stabilisation of the equilibrium 
moisture content. Thus, these samples were treated in an 
oven (heating rating 2 °C/min) without force air circulation 
at 180, 200, 220 and 240 °C for 4 hours after reaching the 
temperature of treatment.

Another one hundred and twenty samples were treated 
only in an oven (heating rating 2 °C/min) without force air 
circulation at 180, 200, 220 and 240 °C for 4 hours after 
reaching the temperature of treatment. All the samples 
were kept in a climatic chamber (20 °C and 65% of relative 
humidity) in order to stabilise the equilibrium moisture 
content for the colorimetric evaluation.

2.3. Colorimetric evaluation

The colorimetric evaluation was performed using a 
colorimeter (Konica Minolta CR-400), which was set for 
D65 light source and 10° of observation angle as described 
by Commission Internationale de L’éclairage (CIE-L*a*b* 
standard).

Three measurements were performed in both radial and 
tangential directions for each sample (six measurements per 
sample). Thus, the colorimetric parameters L* (lightness), 

a* (green-red chromatic coordinate) and b* (blue-yellow 
chromatic coordinate) were obtained. The parameters ΔE 
(colour difference), C*, (chroma) and h (hue angle) and 
ΔE (colour difference) were measured using Equations 1, 
2 and 3, respectively.

( )1/2*2 *2 *2   E L a bΔ = Δ + Δ + Δ  (1)

( )1/2* *2 *2  C a b= +  (2)

*
1

*  bh tang
a

−  
=  

 
 (3)

ΔE = colour difference; ΔL*, Δa* e Δb* = variation of 
lightness, green-red chromatic coordinate and blue-yellow 
chromatic coordinate for untreated and thermally treated 
samples; C* = chroma; h = hue angle; a* = green-
red chromatic coordinate; b* = blue-yellow chromatic 
coordinate.

2.4. Statistical analysis

The collected data was analysed using descriptive 
statistic and factorial analysis of variance (p < 0.05) with 
a factorial scheme 2 × 4 + 1, i.e, use or not of steam pre-
treatment in autoclave and four temperatures in oven 
with an additional treatment (control), respectively. The 
average values were compared with Tukey Test at a level of 
significance of 5%. Moreover, the data was analysed through 
L* x C* diagrams as described by Konica Minolta14 and 
Mattos et al.15 in order to better elucidate the colorimetric 
changes after the application of the thermal treatments.

3. Results and Discussion
The darkening of treated samples for both species in 

radial and tangential directions was observed through visual 
analysis (Figure 1). The darkening of samples was gradual 
and occurred as a function of the temperature of treatment. 
The highest darkening for both species was observed in the 
most drastic treatments (8 and 9). Quantity and properties of 
extractives composition and major chemicals components 
in wood are modified due to the application of steam-
heat treatments16. Formation of aldehydes and phenols 
are observed if wood is exposed at high temperatures. 

Table 1. Two-step steam-heat treatments performed in rose gum and Sydney blue gum woods.

Treatment Steam pre-treatment in autoclave (°C) Pre-treatment time (h) Heating Temperature (°C) Heating Time (h)

1 (Control) - - - -

2 - - 180 4

3 127 1 180 4

4 - - 200 4

5 127 1 200 4

6 - - 220 4

7 127 1 220 4

8 - - 240 4

9 127 1 240 4
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Consequently, coloured compounds are formed after 
chemical reactions17.

As can be seen in Table 2, steam pre-treatment in 
the autoclave, the temperature of heat treatment and its 
interactions significantly influenced the parameters L*, a* 
and b* of rose gum and Sydney blue gum wood in both radial 
and tangential directions. The contrast of thermal treatments 
(factorial) vs. control treatment (untreated samples) was 
significant for all colorimetric parameters for both species 
and anatomical directions, except for a* in tangential 
direction of Sydney blue gum wood.

In general, the average values of L*, a* and b* presented 
an inverse behaviour in relation to the temperature of 
exposure (Figure 2), which was also observed by other 
studies18,19,20.

Changes in L* for both species showed a high and 
significant decrease after treatment 2 in radial and tangential 
directions, whilst a stabilisation from treatment 6 was 
observed (Figure 2). Moreover, considering the same 
temperature, L* of steam pre-treated rose gum wood higher 
decreased than L* of wood treated only in the oven. That 
occurred mainly in the treatment at 180 °C because the 
application of higher temperatures reduced the influence 
of steam pre-treatment on wood colour, for which a 
stabilisation of L* between treatments with the same level 
of temperature in the oven was observed. Bekhta and Niemz8 
reported that levels of L* of Norway spruce wood decreased 
significantly only after thermal treatment at 200 °C. 

Decrease in lightness is related to the extractives content and 
low molecular weight compounds21, and to the degradation 
of hemicelluloses, mainly pentose22. Moreover, increase 
of lignin content due to the exposure at high temperatures 
contributes for darkening of wood23.

The highest reductions in L* were observed for 
treatments 8 and 9, in which the highest variations occurred 
in Sydney blue gum wood: 61.26% in radial direction and 
61.66% in tangential direction. Therefore, according to the 
results verified for L*, level of lightness intensity is widely 
related to the processing of wood at high temperatures. 
Likewise, Wiberg24 stated that L* was the most affected 
colorimetric parameter by the time and the temperature of 
drying when compared to other parameters.

Polyphenols content shows a high positive correlation 
with the wood colour. The red tones increase with an 
increase of polyphenols content and, consequently, the wood 
samples are darker25.

Parameter a* of rose gum and Sydney blue gum 
wood showed similar behaviour as a function of the 
heating temperature of exposure. As observed in Figure 1, 
a* increased after thermal treatments 2 and 3 and then 
decreased until the highest heating temperature applied. 
According to Chen et al.26, increase of a* is related to 
the condensation, degradation and oxidation of many 
wood elements. The authors affirmed that substances 
such as lignin, proanthocyanidins and other extractives 
could condense and form by-products and, consequently, 
contribute to the increase of red tone intensity on the wood 
sample.

Sydney blue gum wood showed values of a* slightly 
lower than rose gum wood, which confirms its less natural 
intensity of red tones. The highest decrease of a* in relation 
to the treatment 1 (control) was verified for Sydney blue 
gum wood, which was 29.26% in the radial direction and 
32.41% in the tangential direction. Varga and Van der Zee27 

observed that colour changes by steaming highly depend to 
the wood species used.

Schnabel et al.28 observed the same behaviour of a* 
for European ash and European beech wood, in which that 
parameter increased after treatment with low intensity and 
decreased when treated at high temperatures. Likewise, 
Bekhta and Niemz9 reported an increase of a* of Norway 

Figure 1. Visual evaluation of untreated and thermally treated 
wood samples.

Table 2. Summary of factorial analysis of variance with additional treatment for the parameters L*, a* and b* in radial and tangential 
direction of rose gum and Sydney blue gum woods.

F-value

Radial Tangential

L* a* b* L* a* b*

Rose gum Pre-treatment (A) 27.67* 534.94* 142.34* 144.69* 138.66* 177.51*

Temperature (B) 1283.05* 15.07* 267.19* 1080.63* 78.97* 165.67*

A vs. B 295.63* 512.42* 40.31* 280.28* 205.38* 42.50*

Fact. vs. Control 4963.27* 317.10* 241.18* 3909.79* 127.10* 176.94*

S. blue gum Pre-treatment (A) 250.54* 1735.49* 645.21* 45.49* 52.77* 174.32*

Temperature (B) 1890.30* 50.66* 406.10* 850.43* 467.66* 583.08*

A vs. B 327.50* 528.38* 124.75* 80.60* 108.88* 96.45*

Fact. vs. Control 8332.32* 225.84* 661.52* 6970.37* 1.25ns 696.80*
* Significant at 1% of probability of error; ns = not significant; Fact= Factorial; Control= Control treatment (untreated samples).
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spruce wood by 4.4 times after treatment at 200 °C when 
compared to the treatment at 150 °C.

The application of treatment 2 (180 °C) was sufficient 
to significantly reduce the yellow tone of wood samples in 
both directions and species. However, changes in b* were 
less intense than changes in lightness (L*).

These observations show a high tendency of reduction of 
yellow tone, which is naturally presented in untreated wood 
samples. According to Mori et al.25, b* in eucalypt wood is 
significantly influenced by the soluble lignin, polyphenols 
content and fibre length.

As observed in Table 3, steam pre-treatment in the 
autoclave did not significantly influence the parameter 
chroma (C*) in both species, except in radial direction 
of Sydney blue gum wood. On the other hand, hue angle 
(h) of rose gum and Sydney blue gum wood in radial and 
tangential directions was significantly influenced for both 
factors (steam pre-treatment and heating temperature) and 

its interaction, except in the tangential direction of Sydney 
blue gum wood.

The intensity of treatment necessary to significantly 
decrease chroma (C*) was distinct for rose gum and Sydney 
blue gum woods (Figure 3). In the radial direction, C* of rose 
gum wood showed significant decrease only after treatment 
5, while C* of Sydney blue gum wood showed significant 
decrease after treatment 4. In the tangential direction, rose 
gum wood maintained the same behaviour observed in the 
radial direction, but Sydney blue gum wood presented a 
significant decrease after treatment 2.

Rose gum and Sydney blue gum wood showed similar 
reductions for hue angle (h), which was approximately 14 
and 18%, respectively. Reduction of h due to the thermal 
treatment represents a substitution of yellow tones to red 
tones. Tolvaj and Németh29 affirmed that hue angle varies 
between 0 and 90°, in which 0° is related to red colour and 
90° is related to yellow colour.

Figure 2. Average values of parameters L*, a* and b* in radial and tangential direction of rose gum and Sydney blue gum untreated and 
thermally treated woods.
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Table 3. Summary of factorial analysis of variance with additional treatment for the parameters C* and h in radial and tangential direction 
of rose gum and Sydney blue gum wood.

F-value

Radial Tangential

C* h C* h

Rose gum Pre-treatment (A) 58.17* 11195.42* 150.43* 4996.73*

Temperature (B) 9.43* 1030.36* 17.03* 431.43*

A vs. B 42.76* 38.45* 11.53* 42.03*

Fact. vs. Control 14.93* 5397.64* 144.74* 2624.01*

S. blue gum Pre-treatment (A) 327.71* 25408.79* 41.85* 7682.10*

Temperature (B) 39.40* 2185.79* 1.15ns 575.57*

A vs. B 47.84* 52.16* 1.07 ns 164.80*

Fact. vs. Control 17.30* 15299.24* 239.24* 4701.23*

*Significant at 1% of probability of error; ns = not significant; Fact= Factorial; Control= Control treatment (untreated samples).

Figure 3. Average values of parameters C*, h and ΔE in radial and tangential direction of rose gum and Sydney blue gum untreated and 
thermally treated wood.
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As expected, colour difference (ΔE) increased as a 
function of the heating temperature of treatment (Figure 3), 
which was previously identified in the visual analysis 
with darkened wood samples. The highest colorimetric 
differences between thermally treated samples and untreated 
samples were observed in treatments 8 and 9. That colour 
difference is commonly found in other studies6,8,11,18, 
confirming that wood exposure at high temperatures causes 
desirable or undesirable significant colorimetric changes

As observed in Figure 4, L* vs. C* diagram for both 
species proves the aforementioned observations. Untreated 
wood of both species showed pale and very pale tones. 
Application of two-step steam-heat treatments caused a 
continuous migration of colour to dark and very dark tones 
and a greying of wood samples. Consequently, colour 
vivacity of wood samples decreased, which was clearly 
observed for the most drastic treatments (8 and 9).

4. Conclusions
Two-step steam-heat treatments were responsible for 

the gradual darkening of wood, in which the most drastic 
treatments presented the highest colorimetric changes.

In general, steam pre-treatment in the autoclave 
influenced the colorimetric parameters, especially lightness 

(L*) of rose gum wood thermally treated with lower 
temperatures, which favoured the visualisation of the effect 
of the autoclave as a steam pre-treatment.

Sydney blue gum wood was more susceptible to 
colorimetric modifications than rose gum wood, mainly in 
relation to the loss of lightness, which was the parameter 
that best described colour behaviour during thermal 
treatments.

Rose gum and Sydney blue gum presented a similar 
behaviour in all colorimetric parameters, which proves the 
efficiency of the CIEL*a*b* technique.

Thermal treatment is interesting when the aim is 
aesthetic use due to the different tones obtained through 
the exposure of wood to high temperatures, which confirms 
the possibility of controlling the desired colour by applying 
process parameters.
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