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Abstract
Heat treatment is often used for improve the dimensional stability of wood. In this study, the 
effect of heat treatment on physical and mechanical properties of Mahogany (Swietenia 
macrophylla King) and Acacia hybrid (Mangium x Auriculiformis) wood were examined. 
Samples were exposed to temperature levels of 110°C, 130°C and 150°C for time spans ranging 
from 3, 6 and 9 hours. Treated samples had higher mechanical properties compared to control 
samples. Based on the findings, dimensional stability of all types of wood samples improved with 
heat treatment. It seems that properties of these wood evaluated were more pronounced with 
increasing temperature and time durations.
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Introduction

Wood is the fifth most important product of the 
world trade (Christophe et ah 2001). Due to its 
poor dnnension stability and low durability 
under variable atmosphere circumstance, 
researches on stabilization treatment are 
carried out to limit the moisture absorption by 
destroying or, combining the hydroxyl groups 
of the wood (Yan-jun et ah 2002). When wood 
is heated, its chemical and physical properties 

undergo permanent changes and its structure is 
reformed. Solid wood is a versatile and 
renewable material that is widely used in 
different applications. However, due to the 
hygroscopic nature of wood it has some 
undesirable properties such as poor resistance 
against brological attack of fungi and insects, 
and swelling and shrinkage caused by water 
absorption and desorption. These limit the 
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outdoor applications of wood (Kocaefe et al. 
2007). Heat treatment of wood has attracted a 
lot of attention both in Europe and recently in 
North America as an environment-friendly 
wood protection method. The untreated wood 
is hydrophilic (high affinity for water). During 
the heat treatment, wood becomes more and 
more hydrophobic (low affinity for water) with 
increasing heat treatment temperature. As a 
result, it becomes dimensionally more stable 
compared to untreated wood. The high 
temperature thermal treatment of wood is an 
environment - friendly method for wood 
preservation (Korkut and Budakci 2010).

Heat treatment is an effective method to 
improve the dimensional stability of wood and 
resistance against bio-degradation. However, 
there is a noticeable reduction of mechanical 
properties after heat treatment, mainly due to the 
high temperatures involved (Esteves and Pereira 
2009; Beklita and Niemz 2003; Korkut 2008). 
Different methods for thermal modification of 
wood have been developed in France, Finland, 
Netherlands and Germany since the middle of 
the last century. In general, the effects of heat 
depend on the conditions of the heating process, 
and temperature is the most important factor to 
be taken into consideration. This reduction 
results in increased dimensional stability 
(Krause et al. 2004) smaller moisture-induced 
movement in seivice (Militz and Tjeerdsma 
2001). It is also held that the environmental 
credentials of thermally-modified wood (TMW) 
in terms of ecotoxicity are superior to that of 
untreated wood and may surpass those of 
several man-made materials (Van Eetvelde et al. 
1998). Exposing wood to high temperatures 
however decreases its strength under various 
forms of stress (Gonzalez-Pena and Hale 2007). 
Heat treatment is one of the processes used to 

modify the properties of wood. It selves to 
improve the natural quality properties of the 
wood, such as dimensional stability and 
resistance to bio-corrosion. It reduces certain 
mechanical properties, but the dimensional 
stability and the biological durability of wood 
increases through heat treatment. Also, heat 
treatment results in favorable changes in the 
physical properties of the wood, such as reduced 
shrinkage low equilibrium moisture content, 
enhanced weather resistance, a decorative dark 
color, and better decay resistance. Physical and 
mechanical properties of about 99 forest and 
homestead timber species were determined 
(Sattar et al. 1999). But till now no information 
is available on heat treatment of wood. Basic 
information on physical and mechanical 
properties is needed prior to using wood species 
for making furniture and other construction 
uses. Since the main goal of modification is to 
improve dimensional stability and disability, 
the reduced hygroscopicity of the wood after 
treatment is an important parameter. 
Temperature influences on rate of reaction. 
However, it is temperature is either too high or 
too low the rate decreases dramatically. So, 
150°C will be the ideal temperatures in which 
maximal rate of reactions are achieved. This is 
why, Mahogany (Swietenia inacrophylla King) 
and Acacia hybrid (Mangium x Auriculifornns) 
wood has been examined as one of the best 
options to make for better research. The aim of 
this study was to examine the effect of heat 
treatment on physical and mechanical properties 
of Mahogany and Acacia hybrid wood.

Materials and Methods
Three representative trees of Mahogany were 
collected from Satkania in Chattogram and 
Acacia hybrid from Dhalupara in Bandarban. 
The age of trees was 30-35 years with 10-14 m 
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height and 80-100 cm girths. Three samples per 
bole were selected randomly from each tree 
consecutively 2.50 in bolts above the stump 
height. All the bolts were fairly straight and 
free from natural defects.

Measurement of properties
Small clear specimens were tested, in both 
green and air-dry states, for the following 
physical and mechanical properties using the 
procedure given in ASTM (Anon 1971).

L Physical properties

Three samples per bole were selected randomly 
from each of trees consecutive 2.50 ni bolts 
above the stump height of each tree. One disk 
was taken from each bolt for determination of 
moisture content (MC), specific gravity and 
shrinkage. The sample size for MC and 
Specific gravity was 2.54 cm x 2.54 cm x 5.08 
cm and for shrinkage was 5.08 cm x 5.08 cm 
x 15.24 cm.

Original weight - 
Oven-dry weight

Moislure content (%) = ---------------------x 100
Oven-dry weight

Oven-dry weight
Specific gravity =

Volume at green or air-dry or 
oven-dry condition

Green dimension - Air-dry 
dimension or Oven-dry 

dimension
Volumetric shrinkage (%) =---------- ;----- ;— x 100

Green dimension

2. Mechanical properties

For determination of mechanical properties the 
bolts were marked into 6.35cm2 according to 
the standard sawing diagram and were sawn to 
6.35 cm x6.35 cmx2.50 in sticks. The sticks 

for air-dry test were stacked using suitable 
stickers inside a drying shed and allowed to 
attain the equilibrium moisture content. Each 
treatments group was heated at a given 
temperature for a given period in a convection 
oven. The heating period at 110°C, 130°C and 
150°C temperature was 3, 6 and 9 hrs 
conditions. Following heat treatment, all 
specimens including untreated controls were 
stacked indoors until the moisture content was 
about 12-15%. Physical properties like 
moisture content, specific gravity and 
volumetric shrinkage. Mechanical properties 
including modulus of rupture, modulus of 
elasticity, maximum crushing strength, 
compressive strength, hardness and shearing 
strength of heat treated, samples were 
determined as per specification of American 
Society for Testmg Materials (ASTM) (Fig. 1).

A) Static bending
The size of specimens was 5.08 cm x 5.08 cm 
x 76 cm is tested on a 71.12 cm span with 
center loading. It furnishes data on bending 
strength and stiffness for such uses as beams, 
joists etc. The parameters of Static bending are 
as follows:

a) Stress at proportional limit (SPL)

Stress at proportional limit the mechanical 
value of 8PL can be obtained by the equation 1.

6PL = 3Pl/2bh2....... (1)

b) Modulus of rupture (MoR)
The modulus of rupture R (equation 2) can be 
found by substituting the maximum load, Pl 
for the load at the proportional limit.

MoR= 3P1Z/2W12.........(2)

c) Modulus of elasticity (MoE)
The modulus of elasticity (equation 3) can be 
determined and substitution
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MoE= PP/4ybh3....... (3)

Where,
P = Load at the limit of proportionality,

1 = Span of the test specimen,

b = Breadth of the test specimen,
h = Depth of the test specimen,

Pl= Total load and

Y= Deflection at the limit of proportionality

B) Compression parallel to grain

The size of specimens was 5.08 cm x 5.08 cm 
x 20 cm. It furnishes data on strength and 
resistance to deformation when loaded in 
Compression parallel to grain in a short post.
Maximum crushing strength C,

C = P/A
Where,
P is the greatest load
A is the area of cross section of the column.

C) Compression perpendicular to grain

The size of specimens was 5.08 cm x 5.08 cm 
x 15 cm. It furnishes data necessary in 
computing the bearing area required at the ends 
of beams, joists or loads applied over limited 
area.
Compressive strength,

8PL= P/A

Where, P is the proportional limit load

A is the area under the bearing plate.

D) Hardness

The size of specimens was 5.08 cm x 5.08 cm 
x 15 cm. It furnishes measure of resistance to 
indentation and wears which is useful in 
selecting species for flooring, trim, etc.

Figure 1. Different steps of the determination for 
physical and mechanical properties of Mahogany and 
Acacia hybrid wood.

Statistical analysis

The co-efficient of variation is the ratio of the 
standard deviation to the mean. The 
co-efficient of variation puts the expression of 
viability on a relative basis.
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Results

Physical properties

The average values of physical properties such 
as moisture content, specific gravity and 
volumetric slirmkage of Mahogany and Acacia 
hybrid wood were evaluated and presented in 
Table 1. The average values of physical 
properties including standard deviation in both 

control, during heat treatment at 3 different 
temperatures (110°C,130°C and 150°C) and 
durations (3, 6 and 9 hrs) were observed. 
According to the average values of maximinn 
parameters increased with increasing 
temperature. In some cases, these values were 
decreased with increasing temperature in 
treated samples than in control samples.

Table 1. Specific gravity and volumetric shrinkage of Mahogany and Acacia hybrid (14% M.C).

Species Temp, 
(c) **

Time 
(hi')*

Specific 
gravity

Volumetric 
shrinkage (%)

Mahogany

Control 0 0.57*** ± 
0 0-j****

5.8*** ± 
0 26****

nor
3 0.60 ±0.06 5.4± 0.23
6 0.56 ± 0.065 6.9±0.83
9 0. 61 ± 0.049 5.63± 0.79

130°C
3 0.60 ± 0.040 3.19± 0.65
6 0.57 ± 0.040 3.05± 0.58

9 0.59± 0.035 3.29±0.34

150°C
3 0.56 ± 0.029 3.65± 0.23
6 0.55 ± 0.048 4.94± 0.52
9 0.58 ± 0.045 4.19± 0.57

Acacia hybrid

Control 0 0.60± 0.057 11.5± 1.63

nor
3 0.60 ± 0.042 2.75± 0.46
6 0.61 ±0.048 5.84± 0.93

9 0. 57± 0.017 2.47± 0.60

i3or
3 0.59 ± 0.038 2.74± 0.65
6 0.60± 0.055 2.38± 0.39
9 0.61± 0.061 4.53±0 71

isor
3 0.59 ± 0.078 2.25± 0.36
6 0.62 ±0.044 6 05± 0 97
9 0.60± 0.068 3.8U0.62

Note: *=hour (hr), **= Temperature. ***= Average, ****= SD (Standard deviation). 
The mean difference is significant at the 0.05 level.
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Mechanical properties

The average values of mechanical properties 
such as Static bending in Modulus of Rupture 
and Modulus of Elasticity, Compression 
parallel to grain in Maximum crushing 
strength. Compression perpendicular to gram 
in compressive strength, Hardness values of 
surface Side and End and shearing strength of 
radial and tangential values of Mahogany and 
Acacia hybrid wood were evaluated and 
displayed in Table 2 and Table 3. The average 

values of strength properties including standard 
deviation in both Control, during heat 
treatment at 3 different temperatures (110°C, 
130°C and 150°C) and duration (3, 6 and 9 his) 
were supplemented. According to the average 
values of maximum parameters increased with 
increasing temperature. In some cases, the 
results showed that these values were 
decreased with increasing temperature in 
treated samples than in control samples.

Table 2. Static bending, Crushing strength and Compressive strength of Mahogany and Acacia 
hybrid

Species Temp, 
(c) **

Time 
(hr) *

Static bending 
(kg/cm2)

Max. crushing 
Strength 
(kg/cm2)

Compressive 
strength 
(kg/cm2)MoR MoE

Control 0 ***630±
****19.30

***100±
****20.20

***381±
**** 26.50

****132±
****5.56

Mahogany

no°c
3 646 ± 4.94 111 ±6.88 384 ± 18.60 151 ±22.18

6 769 ± 6.30 104 ±7.71 410 ± 13.03 168 ± 23.11

9 744 ± 6.30 103 ± 4.23 457 ± 17.59 191 ± 12.18

130°C

3 747 ± 7.72 91 ±6.02 380 ± 19.80 177 ± 13.90

6 845 ± 12.90 89 ± 7.22 441 ± 16.70 177 ± 14.02

9 846 ± 6.77 94 ±3.03 424 ±7.32 195 ± 13.08

150°C

3 712 ± 12.90 90 ±5.12 486 ± 10.60 179 ±6.90

6 545 ±13.80 89 ± 15.05 443 ± 8.78 167 ± 16.90

9 670 ± 15.50 100 ± 12.70 510 ± 11.80 199 ± 17.06

Acacia hybrid Control 0 742 ± 11.76 90 ±5.01 320 ± 13.53 97 ± 6.03

110’C

3 792 ± 10.89 102 ± 6.42 261 ± 13.90 107 ±6.87

6 853 ± 14.07 103 ± 4.98 311 ± 14.23 104 ±9.73

9 973 ± 9.44 94 ±15.50 343 ± 4.44 110 ± 5.59
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Note: ♦= Hour (hr), ** = Temperature, ***= Average, ****= SD. 
The mean difference is significant at the 0.05 level.

Species Temp, 
(c) **

Time 
(hr) *

Static bending 
(kg/cm2)

Max. crushing 
Strength 
(kg/cm2)

Compressive 
strength 
(kg/cm2)MoR MoE

130°C
3 827 ± 16.47 101 ±4.98 387 ±9.39 110 ±10.30
6 905 ± 12.15 98 ± 11.95 348 ±8.85 135 ±16.40

9 1098 ±10.18 95 ± 10.64 373 ±7.83 249 ± 13.60

150°C

3 917 ±6.65 107 ±7.78 366 ± 11.26 116 ± 12.12

6 1128 ±18.74 111 ±17.8 454 ± 6.29 166 ±8.54

9 1120± 6.96 101± 4.98 488± 10.50 127± 8.76

Table 3. Shearing Strength and Hardness of Mahogany and Acacia hybrid

Species Temp, 
(c) **

Time 
* (lir)

Shearing Strength (kg/ cm2) Hardness (Kg)

Radial Tangential Side End

Control 0 ***112±
****16.08

***170±
♦***13.49

***497 ±
****3.86

***597 ±
****Q

Mahogany

110’C

3 124 ± 14.17 137 ±21.07 495 ± 9.94 584 ± 10.11

6 115 ± 14.17 166 ± 12.07 528 ± 11.95 657± 5.29

9 130 ± 10.80 148 ± 13.23 518 ±15.93 518 ± 15.93

130°C

3 129 ± 16.04 122 ±6.69 501 ±8.18 528 ± 13.23

6 166 ±5.23 163 ±8.35 537 ±9.23 578 ± 10.28

9 160± 11.08 166 ± 12.05 521 ± 11.49 540 ± 10.21

150°C

3 133 ± 13.08 138 ± 16.40 559 ±9.53 638 ± 20.80

6 144 ±9.13 129 ±20.79 654 ±21.30 704 ± 18.30

9 11 ±19.52 141 ±21.42 481 ±8.28 556 ±8.39

Control 0 131 ± 10.13 140 ± 20.80 432 ± 8.52 420 ± 10.40

110’C

3 124 ± 14.90 128 ± 19.30 373 ± 12.62 420 ± 13.42

6 117 ±26.80 135 ± 13.80 380 ± 9.65 390 ±6.83

9 117 ± 12.20 143 ± 13.50 398 ± 12.32 392 ±13.50
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Note: *=hour (hi), ** = Temperature, ***= Average,** **=SD.
The mean difference is significant at the 0.05 level.

Species Temp, 
(c) **

Time 
* (In )

Shearing Strength (kg/ cm2) Hardness (Kg)

Radial Tangential Side End

Acacia hybrid 130°C

3 97 ± 18.50 105 ± 19.50 456 ± 14.20 472 ± 9.36

6 90 ± 20.45 129± 12.38 476 ± 16.32 490 ± 18.60

9 110 ± 14.30 127± 18.50 445 ±13.70 463 ±11.30

150°C 3 92 ± 24.50 92± 23.40 406 ± 17.60 415 ± 10.30

6 80 ±23.40 115± 20.50 412 ± 10.30 424 ± 14.50

9 126 ±22.60 130± 23.50 428 ± 15.30 476 ± 18.40

Ill the case of Mahogany, the results showed 
that, the specific gravity of mahogany at 110°C 
temperature was higher at 3 and 9 Ins than 6 
hrs. The highest decreases were 0.55 at 150°C 
for 6 Ins and increases were 0.61 at 110°C for 9 
hrs. According to the results obtained, the 
lowest and highest decreased in volumetric 
shrinkage occurred for heatments at 130°C and 
150°C for 31irs. The volumetric shrinkage 
values were decreased with increasing 
temperature and heat treatment time. Results in 
Table 2 which displayed the mechanical 
properties of the specimens exposed to heat 
treatment. The average values of modulus of 
rupture at 130°C temperature was higher 6 and 
9 hrs than both at 110°C and 150°C temperature. 
The modulus of rupture at 130°C the bending 
strength at maximum heat-treatment 
temperature is in wood heated at 130°C for 6 
and 9 his are 845 kg/cm2; 846kg/ cm2. Modulus 
of elasticity at 110°C temperature was higher 
than both 130°C and 150°C temperature. The 
highest value of modulus of elasticity 111 kg/ 
cm2 at temperature 110°C for 3 hrs whereas the 
lowest value of 89 kg/ cm2 at temperature 
150°C for 6his. The higher value of 

compressive strength 199 kg/cm2 at 
temperature 150°C for 91ns whereas the lower 
value of compressive strength 132 kg/ cm2 in 
control. The lower value of Maximum crushing 
strength was 380 kg/cm2 at temperature 130°C 
for 3 Iris whereas the higher value was 510 kg/ 
cm2 at temperature 150°C for 9 Ins. Shearing 
strength at temperature 130°C for 6 and 9 hrs 
almost were same. The lower value of shearing 
strength (radial) was 115 kg/cm2 at temperature 
110°C for 6 Ins whereas the higher value of 
shearing strength (radial) was 166 kg/cm2 at 
temperature 130°C for 6 hrs. The higher value 
of hardness (Side) was 654 kg and End 704 kg 
at temperature 150°C for 6 Ins whereas the 
lower value of hardness (Side) was 481 kg and 
End 518 kg at temperature 150°C for 9 Ins and 
110°C for 9 his. On the other hand, in the case 
of Acacia Hybrid (Mangium * Auriculiforniis) 
the results showed that, the average specific 
gravity and volumetric shrinkage values of 
control samples were determined to be 0.60 
and 11.5(%). The smallest decrease was 
observed in the treatments at 150°C for 6 hrs. 
The highest decreases were 0.57 at 110°C for 9 
hrs and increases were 0.62 at 150°C for 6 hrs.
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The average values of modulus of rupture at 
150°C temperature was higher 6 and 9 Ins than 
both at 110°C and 130°C temperature. The 
highest value of modulus of nipture 1128 
kg/cm2, 1120 kg/cm2 at temperature 150°C for 6 
and 9 hrs whereas the lowest value of 742 
kg/cm2 in control. Modulus of elasticity at 
150°C temperature was higher than both 130°C 
and 110°C temperature. The highest value of 
modulus of elasticity 111 kg/cm2 at 
temperature 150°C for 6 Ins whereas the lowest 
value of 90 kg/cm2 in control. The higher value 
of maximum crushing strength was 488 kg/cm2 
at temperature 150°C for 9 hrs whereas the 
lower value was 261 kg/cm2 at temperature 
110°C for 3 hrs. The higher value of 
compressive strength 249 kg/cm2 at 
temperahue 130°C for 9hrs whereas the lower 
value of compressive strength 97 kg/cm2 in 
control. The lower value of shearing strength 
(radial) 90 kg/cm2 at temperature 130°C for 6 
hrs whereas the higher value of shearing 
strength, (radial) 131 kg/cm2. The higher value 
of hardness (Side) was 476 kg; and End 490 kg 
at temperahire 130°C for 6 hrs whereas the 
lower value of hardness (Side) 373kg and End 
390 kg at temperature 110°C for 3 and 6 hrs. 
Maximum strength values were increased with 
increasing in temperahire and heat treatment 
time except shearing strength.

Discussion
In previous research, Ghalehno and Nazerian 
(2011) reported and determined that, for the 
heat treatment of Iranian Hornbeam Wood 
(Carpinus betulus) at 130°C, 160°C and 190°C 
for 3, 6 and 9 his, 130°C for 9 his bending 
strength (MOR) value of 933 kg/ cm2 is higher 
than Swi etenia machrophylla. After heat 
modification, the hornbeam wood acquires a 
color that simulate some tropical species the 

main targets for industrial heat treatment are 
improved dimensional stability, increased 
biological durability, enhanced weather 
resistance and decreased shrinking. Kaygin et 
al. (2009) reported that, physical properties of 
Paulownia elongate wood improved with 
increasing treatment temperatures and 
durations, the specific gravity of lowest values 
obtained was 0.278 at the treatment of 200°C 
for 71irs whereas highest values was also 
obtained 0.32 for samples treated at 160°C for 
3hrs. Gunduz et al. (2008) reported that, when 
wood has been heated at high temperatures and 
long durations, it is recommended that such 
wood not be used structurally for load-bearing 
purposes. Farahani et al. (2001) reported that 
heat treatment is improved resistance to fungal 
decay for above ground applications. Poncsak 
et al. (2006) reported that heat treated birch and 
showed a reduction of bending strength (MoR) 
with increasing heat treatment temperahire 
especially above 200°C. Moreover, modified 
wood is much cheaper and does not require 
additional surface finishing and impregnation 
with protective substances and can be used for 
floor covering, garden furniture and decor, the 
arrangement of terraces, playground etc.

Conclusion

Treated wood has its own properties which are 
not comparable to that one of untreated wood. 
In this research, strength values of the samples 
of Mahogany and Acacia hybrid wood 
increased with increasing time and temperahire 
treatments. The smallest decrease was 
determined at the thermal treatment of 110°C 
for 3 hrs. The maximum increased of all 
properties was observed when samples were 
treated with a temperature of 150°C for 9 hrs, 
the increase in strength values when evaluating 
the effectiveness of using this treatment, hi 
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some cases, it is shown that the strength 
properties decrease with increasing 
temperature and time duration. This article 
focuses on the performance changes of 
modified wood by heat treatment and its 
mechanism of action. Finally the research and 
application of heat treatment technology are 
summarized and prospected.
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