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Strength and Stiffness of Thermally Rectified Eucalyptus Wood Under Compression
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The aim of this work was the evaluation of the thermal-rectification process of reforestation wood 
Corymbia citriodora Hook by measuring of mechanical properties under compression parallel to the 
grain and also determining of chemical composition. The tested samples were thermally treated in a 
furnace with nitrogen-atmosphere at heating rate of 0.033 °C.min–1, at temperatures of 160, 180, 200, 
220 and 240 °C. The chemical components and mechanical properties were affected with the thermal 
rectification process. The contents ranged from 17.85 to 3.51% extractives, 30.44 to 53.86% lignin, 
69.56 to 46.14% holocellulose and 0.31 to 0.47% ashes. The samples strength decreased from 20% 
to 50% and the elasticity modulus increased about 47%. The characteristic values of strength under 
compression were determined and these changes were about 23% lower than Brazilian standard. The 
best mechanical properties of Corymbia citriodora were obtained at 180 °C.

Keywords: thermally treated wood, hardwoods, mechanical properties, compression strength, 
chemical composition

1. Introduction
Wood thermal treatment is an alternative to chemical 

treatment in wood preservation and has been used to improve 
timber quality1. Wood thermal rectification is defined as 
a result of controlled pyrolysis that finishes before the 
beginning of the exothermic reactions and carbonization 
process at about 280 °C2. Thermally rectified wood is 
obtained by the principle of thermal degradation of its 
constituents, mainly extractives and hemicelluloses, in an 
inert atmosphere, or under controlled oxygen atmosphere.

The thermal treatment can be accomplished between 
150 and 280 °C, and at temperatures higher than 220 °C, 
approximately, the changes in the wood are greater3.

Changes in wood properties during heat treatment 
depend on the method of thermal modifications, the wood 
species and its characteristic properties, the moisture content 
of the wood, the prevailing atmosphere, treatment duration 
and temperature. The temperature has more influence than 
time on many properties. Above 150 °C alterations on the 
physical and chemical properties of wood are permanent4-6. 
Besides, European heat treatment technologies of wood 
show that not only the different species of wood but also 
the same wood species of different geographical origin 
can behave differently when the same program of thermal 
treatment is used7.

The thermal-rectification process causes changes 
in cell wall constituents and extractives and also of the 
physical and mechanical properties of wood. Polyoses are 
much more susceptible to thermal degradation than other 

polymeric wood constituents, due to their low molecular 
weight, branched, amorphous structure with different and 
substituted monomeric units. Polyoses degrade at lower 
temperature (160-220 °C)5,8. The amount of cellulose 
cristallinity is increased due to degradation of amorphous 
cellulose, resulting in inaccessibility of hydroxyl groups to 
the water molecules contributing to a decrease of equilibrium 
moisture content in addition to the major effect caused by 
hemicellulose degradation. Cellulose degradation becomes 
important beyond 220 °C9. Lignin is classified as the most 
stable component during the wood thermal treatment, 
showing thermoplastic behaviour above 150 °C, and the 
temperature range in which lignin takes place is between 
220 and 250 °C6,10. Additionally, as the result of chemical 
modification, heat treatment induces darkness on original 
color of wood, reduces the moisture content, which explains 
the decrease in wood shrinkage and swelling. However, the 
strength properties start to weaken at the same time.

Thermal-rectification technique improves wood 
resistance against weathering, swelling properties, 
biological resistance to decay. Other improvements are: 
reduction in the moisture content of equilibrium, increase in 
the dimensional stability, attractive dark color and increase 
in wettability1,2,5,11-13.

The major disadvantage of thermal treatment is the 
changes in the wood mechanical properties. The strength 
of Spruce wood thermally treated under compression was 
studied by Yildiz; it was observed that at higher temperatures 
and longer periods of treatment, the strength to failure 
under compression was lower than untreated wood4. Similar 
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results about mechanical properties were found by other 
studies, in which reductions on the strength properties and 
elasticity modulus were obtained6,14-16. The decrease in some 
mechanical properties of thermally rectified wood limits 
its use in structural applications. Thus, thermal treatment 
in wood has mainly been done in softwoods, and for non-
structural purposes. However, there has been a recent interest 
in the use of modified wood for structural applications17.

On this study the effects of the compression strength 
characteristic value for the eucalyptus wood was investigated. 
There are few publications about mechanical properties of 
thermally rectified hardwoods and the results can help in 
structural calculations of wood treated by heat.

2. Experimental
On this work, the studied species was Corymbia 

citriodora (Hook.) (C. citriodora), grown in Brazil, at 
eighteen years old. The wood moisture content was 12% 
(±2) with density of 1.000 kg.m–3. All the thermally rectified 
samples were analyzed and compared with untreated wood. 
The thermal treatment was performed in an electrical 
furnace, which had a metal box with lid inside. Seven wood 
pieces with dimensions of 56 cm length, 16 cm width and 6 
cm thickness were analyzed. These wood pieces were placed 
inside the box and two steel bars with one centimeter of 
diameter between the pieces. Ot was necessary to promote 
gas circulation around the wood. Thermal degradation of 
wood heated in the presence of oxygen is faster than heated 
wood in an oxygen-free atmosphere4. Thus, nitrogen gas was 
injected inside the metal box with constant flux along all 
thermal treatment to avoid the wood oxidation.

The temperature control was monitored using seven 
thermocouples of type K. One was installed inside the 
furnace, another one in the metal box and five on the wood 
piece. Three thermocouples were put on the first wood 
piece and two on the sixth wood piece, which were placed 
in order to measure the temperature in its geometrical 
center and ends. This strategy was adopted to ensure the 
homogenization of the temperature of all the heated material.

The thermal-rectification process was started at 
160 °C and carried out with difference of 20 °C between 
each treatment until the wood started the flashover. The 
thermal-rectification process was done with an increase in 
furnace temperature from room temperature until 100 °C; 
this phase had a short duration of 40 min. Afterwards, the 
wood heating rate was 0,033 °C.min–1 until the thermal 
rectification temperature was achieved with a standard 
deviation of ±5 °C. On the last step, the temperature was 
decreased to room temperature only with air circulation 
system connected.

After heat treatment, the wood pieces were cut, tests 
of compression in the direction to the grain to determine 
the strength (fc0) and elasticity modulus (Ec0) were carried 
out following the NBR 7190/97 Brazilian Standard18. They 
were determined from the maximum compression load 
(Fc0,max) applied in standard specimens with cross-sectional 
area of 5 × 15 cm. The slope of the secant line tension-
deformation curve was defined by points (σ10%; ε10%) and 
(σ50%; ε50%), corresponding respectively, 10% and 50% of 
the compression strength parallel to the grain. All these 

values were obtained for different levels of temperature 
according to Equations 1 and 2.

fc0 = Fco,max/A (1)

Ec0 = (σ50% - σ10%) / (ε50% - ε10% ) (2)

where Fco,max is the maximum compression load applied, 
in the samples during the test, in N; A is the cross-section 
area of samples, in m2; σ10% and σ50% are compression 
stress corresponding to 10% and 50% of strength (fc0) and 
ε10% and ε50% are the specific strains measured of samples, 
corresponding to tensions of σ10% and σ50%.

On addition, the characteristic values of strength by 
compression were also calculated, following the NBR 
7190/97 Brazilian Standard18, according to Equation 3.
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where n is the number of samples. The results should be in 
crescent order x1 ≤ x2 ≤ …xn, disregarding the highest value 
if the number of samples is odd and it can’t be admitted for 
the Xw,k values smaller than x1 and the 0,7 of the mean value.

The calculation of the mean characteristic value of 
compression strength was obtained according to Equation 4, 
following the NBR 7190/97 Brazilian Standard18,19.

X
w,k2

 = 0,7.X
m
 (4)

where X
m
 is mean value of strength.

To each temperature of thermal treatment there were 
three blocks, with names of BLO, BLOO and BLOOO and so 
six samples were obtained by block.

For the chemical analysis, the pieces of wood were 
reduced in small particles to pass through a 42 mesh screen 
(0.355 mm pore size) and to be retained in a 60 mesh 
screen (0.250 mm). The moisture content of all samples 
was determined before each assay according to Tappi 
Standard, 199920. The chemistry analyses were done to a 
total extractive according to standard TAPPO 204 cm-9721 
and TAPPO 207 cm-9922. These samples were extracted in 
a soxhlet with a mix hexane/etanol (1:1 v/v) for 8 hours 
and boiling water for 3 hours, in order to remove non-
polar and polar extractive fraction. The extractive content 
was determined by mass difference, before and after the 
extraction. The resulting extractive-free wood was used 
to determine the Klason lignin content by the sum of the 
insoluble and soluble lignin fractions according to the 
TAPPO T222 om-9823 and TAPPO T250 198524 standards. 
The percentage of ashes was determined according to 
a standard procedure TAPPO T211 om-93, 198525. The 
holocellulose content was determined by difference between 
lignin content and extractive-free wood mass26. The samples 
were analyzed in duplicate to determine a standard deviation 
in the method.

Statistical analyses were conducted using the software 
Minitab 16. Strength and modulus of elasticity under 
compression parallel to the grain results were compared 
between the blocks for each temperature and also between 
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the temperatures using variance analysis (ANOVA) and the 
Tukey test at 95% confidence interval.

3. Results and Discussion
The thermal treatment was done with 20 °C of difference 

between treatments. The thermally rectified wood treatment 
was carried out at 160, 180, 200, 220 and 240 °C. The 
value at 240 °C was the highest temperature that could be 
used in the wood for the thermal treatment. This fact was 
due to the flashover of Corymbia citriodora that started at 
about 253 °C. As a result, it was impossible to control the 
temperature that reached up to 330 °C, inside of the piece 
of wood. For this reason, the wood was carbonized. After 
each thermal treatment temperature range was achieved, the 
temperature was maintained for 150 min at 160 and 180 °C, 
and 120 min at 200, 220 and 240 °C. Ot was necessary to 
wait for the temperature gradient to be homogeneous in all 
piece of wood, with a standard deviation of ± 5 °C. At lower 
temperatures the wait time was greater due to the low energy 
available in the system. Figure 1 shows the curve of thermal 
treatment at 200 °C. The final temperature in this process 
was achieved in 51.17 h, with wait time of 150 min. Thus, 
the total time to finish the thermal rectification process was 
53.17 h. After that, just the furnace air circulation system 
remained turned on.

An important factor that influenced heat-treated wood 
was the changes in its chemical composition. The wood 
of C. citriodora was subjected to a characterization of its 
main macromolecular components. The results are shown 
in Table 1. The chemical composition obtained for untreated 
C. citriodora are in accordance with results by Silva27, in 
which the authors reported similar chemical composition to 
Klason lignin and holocellulose.

As showed in Table 1, the content of extractives 
decreased about 80% when the temperature increased 
from room temperature to 240 °C (17.85% to 3.51%). The 
ashes composition was similar for almost all treatments. 
Only at 240 °C there was a little increase. These changes 
of the extractives content were probably caused by the 
volatilization of different extractives from the wood due 
to heat, while others were degraded. Almost all of the 
original extractives disappeared, and new compounds were 
formed including monosaccharides and others11,28. For the 
Eucalyptus globulus thermally treated at 190 and 200 °C, 
for different times, 2, 6 and 12 hours, the extractives content 
increased in the beginning of the treatment and decreased 
afterwards29. The extractives content from temperatures of 
120 to 180 °C decreased for Pinus caribea and increased 
for Eucalyptus saligna. The authors concluded that these 
different behaviors can be explained by differences in 
chemical constituents between softwoods and hardwoods30. 
Thus, the extractives contents can be changed in function of 

Figure 1. Thermal treatment at temperature of 200 °C.

Table 1. Chemical characterization of the thermally treated wood.

Temperature (°C) Extractives Ashes Klason Lignin Holocellulose

Untreated 17.85 ± 0.69 a 0.31 ± 0.02 a 30.44 ± 0.01 a 69.56 ± 0.02 a

160 14.76 ± 0.08 b 0.33 ± 0.01 a 37.47 ± 0.24 b 62.53 ± 0.38 b

180 10.22 ± 0.54 c 0.29 ± 0.01 a 33.49 ± 0.72 c 66.51 ± 1.08 c

200 9.59 ± 0.10 c 0.33 ± 0.02 a 44.04 ± 0.17 d 55.96 ± 0.3 d

220 6.35 ± 0.14 d 0.30 ± 0.01 a 51.71 ± 0.14 e 48.29 ± 0.29 e

240 3.51 ± 0.24 e 0.47 ± 0.03 b 53.86 ± 0.4 f 46.14 ± 0.86 f
Values are mean ± standard deviation (SD). Means followed by the same letter are not significant (Tukey = 5%).

2013; 16(5) 1079



Silva et al.

the wood species and treatment program utilized, in which 
the lowest extractive content was at 240 °C, with 3.51%.

On relation to lignin content there was an increase up to 
76% with thermal treatment (30.44 to 53.86%). The amount 
of Klason’s lignin increases with increasing temperature 
during thermal treatment4,5,9,26,31. Ot is mainly caused by 
degradation of the hemicelluloses (during hydrothermolysis) 
and cellulose (during curing). Condensation reactions of 
lignin, most probably also contribute to this high lignin 
content. Especially when the hydrothermolysis temperature 
is raised to 185 °C, more hemicelluloses cleavage products 
(depolymerisation) are available, which can contribute to 
polymerization reactions of lignin (e.g. condensation) during 
curing9,32. The results in the literature are in accordance 
with the results showed in this paper, in which the lignin 
content increased with increasing temperature and the 
highest content was at 240 °C with 53.86%. Exceptionally 
at 180 °C, the lignin content was 10% lower than at 160 °C. 
The average mass density with humidity 0% (+ 2%) was 
calculated for untreated wood and at temperature of 160, 
180, 200, 220 and 240 °C and the results obtained in this 
case were 0,97; 0,92; 0,86; 0,89; 0,81 and 0,82 g/cm3, 
respectively. The wood that was thermally treated at 
temperature of 180 °C had lower density than 160 °C due a 
natural variability of pieces in study. The change of density 
can be great because it is related to with juvenile and mature 
wood, difference between heartwood and sapwood and 
place of origin33. Thus, the exothermic reactions started 
between 180 and 200 °C due to the presence of secondary 
reactions favored by the slow increase of temperature and by 
confinement of the pyrolysis gases. This reaction is stronger 
in thicker pieces of wood and due to the difficulty of gases 
in leaving the porous matrix34. So, the lower density of 
wood treated at 180 °C favored a decreased in occurrence 
of secondary reactions, and as a consequence, there was 
an increase in the holocellulose content while the lignin 
content decreased at temperature of 180 °C, in relation at 
temperature of 160 °C.

Ot was also possible to observe that there was an 
inverse correlation between lignin (30.44 to 53.86%) 
and holocellulose content (69.56 to 46.14%) for all 
temperatures. Thus, the holocellulose content was opposite 
to lignin content, in which there was a decrease along 
the treatment and the highest reduction was 46.14% at 
240 °C. The holocellulose content decreases during the 
treatment caused by depolymerization of the hemicelluloses 
during the hydrothermolysis and some degradation of the 
cellulose during curing9. Very little cellulose is degraded 
at temperatures below 200 °C, in which degradation 
becomes important beyond 220 °C9. The cellulose has a 
highly ordered crystalline structure and the crystallinity of 
cellulose increases due to degradation of the amorphous 
cellulose, which provides a great stability to the cellulose 
chains and protects them against acid attack during 
hydrolysis. The accessibility of the glucosidic bonds is very 
limited when compared to those of hemicellulose. The low 
thermal stability of hemicelluloses compared to cellulose 
is usually explained by the lack of crystallinity, in which 
chemical modification starts by deacetylation followed by 
depolymerization catalyzed by the released acetic acid. On 

the other hand, the dehydratation induces formation of the 
furfural and hydroxymethylfurfural4,28,29. The reduction 
in the holocellulose content was high with the increase in 
temperature of thermal treatment, in which the hemicellulose 
was the first component to be affected, followed by cellulose, 
causing changes in the properties of C. citriodora.

The statistical analyses ANOVA and Tukey test, to 
the extractives, Klason lignin and holocellulose content 
showed significant differences at 5% significance level. 
Only thermal treatment at 180 and 200 °C were statistically 
similar in relation to extractive contents. On relation to 
ashes, only results of the thermal treatment at 240 °C were 
statistically different. Ot was probably due the degradation 
of polysaccharides and volatile compounds which reduced 
the organic component of wood. No group thermally treated 
was statistically similar the untreated wood for the Klason 
lignin and holocellulose content.

With the changes in the chemical composition, the 
mechanical properties were affected. Table 2 shows mean 
results of six samples to each block (fc0, Ec0) and mean 
results of eighteen samples to each temperature (fc0, Ec0)** 
by compressive strength parallel to the grain for untreated 
and thermally rectified wood. According to the results 
obtained on the compression strength to thermally treated 
wood, it was possible to calculate the characteristic values 
of compression strength (fc0k) according to NBR 7190/97 
Brazilian Standard18,19. To each temperature, there were 
six samples by block. Therefore, the calculations on the 
characteristic values were made with eighteen samples 
because the treatments were made with three blocks and 
the results are shown in Table 2. The moisture content of 
the wood affects their mechanical properties. For the values 
of moisture content below the fiber saturation point (FSP), 
about 25% the mechanical properties of wood increase with 
the reduction of moisture content19. Thus, it was necessary 
to control the moisture content of untreated wood in 0% 
(+2) to ensure that the mechanical properties were similar 
to thermally rectified wood, which after the treatment were 
without moisture content (dry wood).

The strength and stiffness properties were influenced 
by the increase of temperature. On the first temperature of 
treatment, changes were found, in which the average loss 
was about 40% for the strength properties (fc0). At high 
temperatures the changes were a little higher and the lowest 
results were obtained for the treatment at 220 °C, with 
average loss of 51%. The best temperature observed for the 
treatment of wood was at 180 °C, in which the average loss 
was only 25%. One of causes of high loss of the compression 
strength in the first temperature (160 °C) was the presence 
of sapwood in the samples, in which Silva35 reported that 
compression strength (fc0) in the sapwood is about 10% less 
than heartwood.

A study of compression parallel to grain in spruce wood 
(P. orientalis) was performed4. The samples were heated 
to 130, 150, 180 and 200 °C and the results found for the 
compression strength generally deteriorated with increase in 
temperature. The reductions in the strength properties were 
related to the rate of thermal degradation and to the losses 
of substance after heat treatments. The decrease in strength 
of wood is mainly due to depolymerization reactions of 
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wood polymers. The first reason for the strength loss is 
the degradation of hemicelluloses, which are less stable 
to the heat than cellulose and lignin. Changes or losses of 
hemicellulose play key roles for the strength properties 
of wood heated in high temperatures. The hemicelluloses 
degrades first, mainly regarding the arabinose and xylose29. 
The degradation of cellulose becomes important around 
220 °C. Thus, the changes of content holocellulose were due 
mainly to hemicellulose degradation in low temperature. As 
a result, the increase of the holocellulose content at 180 °C 
was probably by the increase of hemicellulose content and 
for this reason the results of strength compression were 
higher than strength at 160 °C.

On the other hand, almost all results of the elasticity 
modulus (Ec0) of thermally rectified wood showed 
improvement indicating that the stiffness after treatment 
was increased. Only in the treatment at 220 °C the stiffness 
was less in only 2% when compared to untreated wood and 
the greatest increase was to the treatment at 180 °C. At high 
temperatures, 220 and 240 °C, the stiffness decreased in 
relation to treatments at 160, 180 and 200 °C. Nevertheless, 
the elasticity modulus to the high temperatures was similar 
to the untreated wood. Modulus of elasticity in bending 
for thermally treated wood was reported in fir (Abies spp.), 
aspen (Populus spp.), and birch (Betula spp.) and the 
results showed an increase of 25, 15 and 30%, respectively, 
compared with their untreated control36. Similar results were 
found in other papers to aspen by Kocaefe and the increase 
in this case was approximately 40%16. Eucalyptus globulus 
was evaluated and the modulus of elasticity in bending 
of heat treated samples was higher than those of natural 
wood, despite a reduction in transverse tensile strength of 
the samples37. Modulus of elasticity in bending was less 
affected, presenting lower degradation of cellulose and 
lignin compared to the hemicellulose29. The degradation 

of amorphous cellulose was due to their less ordered 
molecules and increase in relative crystallinity of cellulose, 
improving the dimensional stability and stiffness in the 
same degree4,6,16. This could explain the change in modulus 
of elasticity, in which for lower temperatures the increase 
of crystallinity of cellulose and lignin content provided an 
increase in the modulus of elasticity. With the increase of 
temperature, the holocellulose degradation was due mainly 
to decrease of cellulose content and as consequence the 
modulus of elasticity at high temperature decreased.

The relative changes of the mechanical properties in 
compression and the holocellulose content in function of the 
temperature are shown in Figure 2. The room temperature 
was defined at 30 °C and the average of the results in 
percentage to the three blocks thermally treated at each 
temperature showed an increase until the temperature of 
180 °C followed by reduction in elasticity modulus. Similar 
behavior was found for holocellulose content. On general, 
the results on the compression strength decreased.

However, the temperature that provided the best result 
for the strength and stiffness properties to thermally rectified 
C. citriodora was at 180 °C with 63 MPa and 25 GPa.

Statistical analyses were done between the blocks O, 
OO and OOO to each temperature, and the results showed that 
blocks with statistically similar strength properties were 
found for the untreated wood and for the treatment at 200 °C. 
For the modulus of elasticity the statistically similar result 
was to the treatment at 200 °C. The statistical difference 
between the blocks in a same temperature can’t be assigned 
only by heat. The changes of the density can be great in 
trees the same lot because it is related with juvenile and 
mature wood, difference between heartwood and sapwood 
and place of origin. Thus, this variability can cause changes 
in mechanical properties of wood as compression, bending, 
tension and shear33.

Table 2. Strength and stiffness properties, and characteristic values of the compression.

Temperature (°C) Treatments fc0 (MPa) fc0 (MPa)** Ec0 (GPa) Ec0 (GPa)** fc0k (MPa)

Untreated 0% BLO 79 ± 7 A 84 ± 6 a 17 ± 2 A 19 ± 3 a 77

BLOO 85 ± 6 A 20 ± 3 AB

BLOOO 86 ± 6 A 21 ± 2 A

160 BLO 33 ± 6 A 48 ± 13 bd 12 ± 2 A 20 ± 6 ab 33

BLOO 57 ± 12 A 24 ± 4 B

BLOOO 53 ± 7 B 25 ± 3 B

180 BLO 69 ± 7 A 63 ± 12 c 27 ± 2 A 25 ± 3 c 43

BLOO 71 ± 7 A 24 ± 2 AB

BLOOO 50 ± 11 B 23 ± 3 B

200 BLO 59 ± 12 A 53 ± 11bc 23 ± 5 A 24 ± 4 bc 38

BLOO 51 ± 11 A 25 ± 4 A

BLOOO 51 ± 11 A 24 ± 5 A

220 BLO 44 ± 7 A 41 ± 6 d 19 ± 3 A 17 ± 2 a 33

BLOO 35 ± 3 B 16 ± 2 AB

BLOOO 44 ± 9 A 15 ± 1 B

240 BLO 38 ± 6 A 47 ± 9 bd 17 ± 3 A 19 ± 3 a 35

BLOO 46 ± 8 A 18 ± 3 AB

BLOOO 56 ± 6 B 22 ± 4 B

Values are mean ± standard deviation (SD). Statistical results are shown to capital letters by blocks (BLO, BLOO and BLOOO) and small letters by different 
temperatures. Means followed by the same letter are not significant (Tukey = 5%). ** mean results.
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On relation to different temperature, there were changes 
along the temperature and there weren’t statistically similar 
blocks for the untreated wood on strength properties. 
Thermally treated wood at the temperature at 160, 200 and 
240 °C; 180 and 200 °C; and 160, 220 and 240 °C were 
statically similar. Untreated wood with treated wood at 160, 
220 and 240°C; and 160 and 200 °C and finally 180 and 
200 °C presented statistically similar modulus of elasticity.

As a result, the thermal rectification process of wood 
caused alterations in the mechanical properties by changing 
chemical composition, with loss of the compression 
strength and gain of stiffness properties. For this reason, 
it was necessary to calculate the characteristic values 
of compression strength of the wood used in structural 
calculations.

The results obtained for characteristic values of 
compression strength of thermally treated wood were smaller 
than untreated wood. Regarding to strength properties, the 
best characteristic value was found the treatment at 180 °C 
with 43 MPa. The mean value of compression strength 
reported by NBR 7190/97 Brazilian Standard18 standard is 
62 MPa. With this result it was possible to determine mean 
characteristic values of compression strength, in which 
the mean result obtained was 43 MPa. The characteristic 
value of compression strength in the thermal treatment 
at 180 °C in relation to mean characteristic value of 
compression strength reported by NBR 7190/97 Brazilian 
Standard18 was practically stable and in the other thermal 
treatments the maximum loss of strength was 23%. Thus, 
it is recommended the use of thermal treatment of wood 
eucalyptus C. citriodora at 180 °C.

A third order polynomial model can help to assess 
the behavior of the wood structural of element during a 
thermal treatment of wood process was used according to 
Equation 5.

fc0,k(T) = -1.7593T3 + 21.508T2 – 83.161T + 137.33 (5)

with a R2 of 83.4%.
Where, T is the temperature value of thermal treatment 

of wood; fc0,k(T) is the characteristic value in the compression 
strength as a function of the temperature of thermal treatment 
of wood.

4. Conclusions
Thermo-rectification process for the C. citriodora 

in different temperatures had a significant influence on 
chemical composition and mechanical properties. The total 
extractives content suffers high reduction with increase of 
treatment temperature. The ashes content was practically the 
same and the lignin content increased with temperature. The 
mechanical properties were affected by the heat from the 
thermal treatment and with the increase of the temperature, 
the changes will be larger. The decrease of compression 
strength was due to the holocellulose content degradation, 
in which the first constituent affected was probably the 
hemicelulose. The elasticity modulus increased along the 
thermal treatment up to 180 °C most probably due the 
increase of the crystallinity of the cellulose and lignin 
content. At high temperatures holocellulose degradation was 
caused mainly by the decrease of the cellulose content and 
consequently the elasticity modulus decreased.

The characteristic values of compression strength also 
decreased for high temperatures and the results obtained 
for the treatment at 180 °C were in accordance with mean 
characteristic value of compression strength reported to 
ABNT NBR standard. As a result, the best temperatures for 
thermally treated wood of C. citriodora were at 180 and 200 
°C to structural calculations, with characteristic values of 
compression strength of 43 and 38 MPa.

The mathematic model can be used to estimate the 
compression strength characteristic values as a function 
of wood thermal temperature considering specimens with 
standard dimensions according to NBR 7190/97 Brazilian 
Standard18.
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Figure 2. Mechanical properties and holocellulose content in function of temperature.
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