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Abstract: This study aims to examine the effect of thermal impregnation using liquid smoke on the physical, mechanical, and 
biological properties of Simalambuo wood (Lophopetalum spp.). The wood samples were impregnated with liquid smoke at a 
pressure of 2.5 bar and subsequently subjected to thermal treatment at temperatures of 130, 150, 170, and 190 °C. The observed 
physical properties included color, specific gravity, and water absorption, while the mechanical properties tested included the 
modulus of elasticity (MoE) and modulus of rupture (MoR). A termite resistance test was conducted to evaluate the effectiveness 
of the treatment. The results showed that thermal impregnation with liquid smoke caused the wood color to become darker, 
increased specific gravity at lower treatment temperatures, decreased water absorption, and enhanced resistance to termite 
attacks. However, an increase in treatment temperature led to a decrease in the mechanical properties of the wood, namely 
the MoE and MoR values. Overall, thermal impregnation using liquid smoke improved the dimensional stability and biological 
resistance of Simalambuo wood, despite being accompanied by a partial reduction in its mechanical strength. These findings 
indicate that this eco-friendly method has the potential to enhance wood performance for structural and other applications. 
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Introduction 

Wood is one of the most widely used materials due to its 
workability, high mechanical strength-to-density ratio, and 
status as a renewable natural resource [1]. In addition, its 
natural texture provides high aesthetic value, making wood 
a popular material in construction and even considered a 
symbol of luxury in various countries [2]. However, excessive 
forest exploitation has led to deforestation, which remains a 
serious global issue to date [3]. 
The growing population and the increasing demand for 
construction materials have driven higher wood 
consumption, while the availability of wood from natural 
forests is no longer able to meet these demands. This 
situation has led to a shift in wood utilization towards fast-
growing tree species. However, wood from fast-growing 
trees generally possesses several drawbacks, such as high 
water absorption and susceptibility to decay [4], low density, 
and inadequate mechanical strength [5]. Consequently, this 

type of wood is more prone to physical damage, such as 
cracking, fracturing, and warping induced by changes in 
environmental moisture content [6]. 
One effort to overcome these weaknesses is through wood 
modification techniques, particularly impregnation, which is 
considered more eco-friendly compared to other treatment 
methods [7]. Previous research demonstrated that 
Simalambuo wood (Lophopetalum spp.) modified through 
thermal treatment using coconut oil experienced a decrease 
in water absorption from 162% to 16% and an improvement 
in dimensional stability from 8.4% to 4.2%. The process was 
carried out by immersing the wood in coconut oil at 
temperatures of 130–210 °C for six hours, with an oil 
absorption rate reaching 174%. The results of this study 
indicated that impregnation using coconut oil is effective in 
enhancing the wood's resistance to water and deformation 
[8]. 
In general, wood modification aims to improve dimensional 
stability, durability, and weathering resistance [9][10]. The 
impregnation technique itself is performed by filling the 
wood pores with specific substances to improve its physical 
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properties and enhance its durability [11][12]. In this study, 
liquid smoke was selected as the impregnating agent. Liquid 
smoke is a byproduct of the pyrolysis of organic materials, 
such as wood and coconut shells, which contains various 
active compounds, including phenols, organic acids, and 
carbonyls. These compounds are known to act as natural 
preservatives that can enhance wood resistance against 
microorganisms and termites, reduce hygroscopicity, and 
improve the dimensional stability of the wood [13]. 
Therefore, the application of thermal impregnation using 
liquid smoke is expected to improve the quality of 
Simalambuo wood (Lophopetalum spp.), making it more 
resistant to water and termite attacks. This quality 
enhancement has the potential to make Simalambuo wood a 
more optimal alternative material for structural components 
as well as various other applications. 

 
Method 
Simalambuo wood (Lophopetalum spp.) samples were 
prepared in dimensions of 30 × 2 × 2 cm and 2 × 2 × 2 cm 
in accordance with the British Standard BS 373:1957, as 
well as 2.5 × 2.5 × 0.5 cm in accordance with SNI 01-
7207-2006. The samples were then oven-dried to a 
constant weight and cooled in a desiccator for 2 hours. 
Subsequently, the samples were weighed using a digital 
balance, and their volumes were measured using a 
digital caliper to obtain the initial data. 
The liquid smoke used in this study was derived from the 
pyrolysis of coconut shells with a concentration of 100% 
(v/v) as the impregnation medium. The characteristics of 
the liquid smoke, which is rich in phenolic compounds, 
organic acids, and carbonyls, are expected to improve 
the physical, mechanical, and biological resistance 
properties of the wood. 
The impregnation process was carried out by immersing 
30 replicate samples into the liquid smoke solution 
within an impregnation chamber. A constant pressure of 
2.5 bar was applied for 2 hours to allow the liquid smoke 
to optimally penetrate the wood structure. After the 
impregnation process was completed, the samples were 
oven-dried again until a constant weight was reached. In 
the polymerization stage, the samples were wrapped in 
aluminum foil and heated at temperatures of 130 °C, 150 
°C, 170 °C, and 190 °C for 4 hours. 
The characterization of physical properties was 
conducted through color, specific gravity, and water 
absorption tests. Mechanical properties were evaluated 
through the testing of the modulus of elasticity (MOE) 
and modulus of rupture (MOR). Additionally, a termite 
resistance test was performed to assess the 

effectiveness of the applied treatments. The research 
data were statistically analyzed by comparing the 
physical and mechanical properties of the wood before 
and after treatment, as well as evaluating the effect of 
temperature variations on dimensional stability, 
structural strength, and wood resistance against termite 
attacks. 

Results And Discussion 

Color Change Analysis of Simalambuo Wood Following 
Thermal Impregnation with Liquid Smoke 

The thermal impregnation treatment using liquid smoke 
had a significant effect on the color changes of 
Simalambuo wood. In Figure 1, the wood color exhibited 
a darkening trend from the control sample (A) up to the 

treatment at a temperature of 190 °C (E). 

Figure 1. Color changes of Simalambuo wood from the control (A) to 

treatments at 130 °C (B), 150 °C (C), 170 °C (D), and 190 °C (E). 

Quantitative color measurements (Table 1) showed that 
the lightness value (L*) decreased from 41.54 in the 
control to 30.36 at 190 °C. The decrease in the L* value 
indicates that the wood color became darker with 
increasing treatment temperatures. The a* value 
increased at 130 °C (14.30), then decreased to 4.08 at 
190 °C. Meanwhile, the b* value decreased from 19.88 
in the control to 2.48 at 190 °C, indicating a reduction in 
the yellow color intensity of the wood. 
The total color difference (ΔE*) value, calculated based 
on the differences in the L*, a*, and b* parameters 
relative to the control sample, showed an increasing 
trend along with the rise in treatment temperature. The 
ΔE* values were 9.61, 11.98, 14.29, and 21.43 for the 
130, 150, 170, and 190 °C treatments, respectively. The 
highest ΔE* value was obtained at 190 °C, indicating that 
this treatment produced the greatest color change 
compared to the control wood. Based on the color 
difference classification, all treatments had a ΔE* > 6, 
which indicates that the color changes are classified as 
high to very contrasting and can be clearly observed 
visually. 
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Table 1. Color measurement results of the control Simalambuo wood 
and after liquid smoke impregnation at various treatment 
temperatures. 

Color Parameter Control 
Temperature (°C) 

130 150 170 190 

L* 41,54 39,56 37,04 34,48 30,36 

a* 9,88 14,3 11,86 9,06 4,08 

b* 19,88 10,94 9,48 5,84 2,48 

∆E* 0,00 10,17 12,95 15,32 21,48 

The research results indicated that thermal treatment 
using liquid smoke caused a significant color change in 
Simalambuo wood. The decrease in the L*, a*, and b* 
values, as well as the increase in the ΔE* value, 
corresponds to the formation of a darker color resulting 
from hemicellulose degradation, oxidation reactions, 
and changes in the lignin structure during the heating 
process. Furthermore, the phenolic compounds 
contained in the liquid smoke can undergo condensation 
and form chromophores, which contribute to the 
darkening of the wood color. These findings are 
consistent with previous research reporting that heat 
treatment can cause wood to become darker due to 
internal chemical modifications within the wood 
structure [14]. 

Specific Gravity Evaluation of Simalambuo Wood 
Following Thermal Impregnation with Liquid Smoke 

The specific gravity test was conducted to determine the 
density level of Simalambuo wood after the thermal 
impregnation treatment using liquid smoke. Specific 
gravity serves as one of the key indicators of wood 
quality, as a higher specific gravity value indicates that 
the wood structure tends to be denser, stronger, and 
more stable. 

Table 2. Specific gravity of the control Simalambuo wood and after 
liquid smoke impregnation at various treatment temperatures. 

Treatment Specific Gravity (g/cm³) ± SD 

Control 0,6609 ± 0,0057 
130 °C 0,7235 ± 0,0039 
150 °C 0,7459 ± 0,0108 
170 °C 0,6937 ± 0,0057 
190 °C 0,6801 ± 0,0110 

 

Table 2 shows that the control wood had a specific 
gravity of 0.6609 g/cm³. After the thermal impregnation 
treatment, this value increased to 0.7235 g/cm³ at 130 
°C and reached its highest value at 150 °C, which was 
0.7459 g/cm³. However, at higher temperatures (170 °C 

and 190 °C), the specific gravity decreased to 0.6937 
g/cm³ and 0.6801 g/cm³, respectively. 
The increase in specific gravity at temperatures of 130–
150 °C indicates that the compounds contained in the 
liquid smoke successfully penetrated and filled the wood 
cell cavities, thereby increasing the mass and density of 
the wood. This phenomenon demonstrates the 
effectiveness of the impregnation process in improving 
the internal structure of the wood. 
Conversely, the decrease in specific gravity at 170 °C and 
190 °C is attributed to the thermal degradation of the 
wood's structural components, particularly 
hemicellulose, which has lower thermal stability 
compared to cellulose and lignin. This degradation leads 
to mass loss due to the release of volatile compounds, 
thereby reducing the specific gravity of the wood. These 
results are consistent with various studies on the 
thermal modification of wood, which show that an 
increase in treatment temperature can cause mass loss 
due to the decomposition of the wood's organic 
constituents [15]. 

Water Absorption Evaluation of Simalambuo Wood 
Following Thermal Impregnation with Liquid Smoke 

The water absorption test results (Figure 2) clearly 
demonstrate the difference between the control wood 
and the wood treated with thermal impregnation using 
liquid smoke. The control wood exhibited very high 
water absorption, exceeding 140% after 196 hours of 
immersion, which indicates the hygroscopic nature of 
the wood's natural pores. 

Figure 2. The effect of thermal impregnation using liquid smoke on the 
water absorption of Simalambuo wood at various treatment 
temperatures of 130, 150, 170, and 190 °C compared to the control 
(measurement interval: 6–196 hours). 
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Conversely, the samples treated at temperatures of 
130–190 °C showed a significant decrease in water 
absorption, with values remaining below 20%, even 
after prolonged immersion. As the treatment 
temperature increased, water absorption tended to 
decrease, indicating that the impregnation process and 
thermal transformation enhanced the wood's resistance 
to water. 
This phenomenon is consistent with literature stating 
that heat treatment causes a reduction in hydroxyl 
groups (-OH) through the degradation of hemicellulose 
and the formation of cross-links between lignin and 
extractive compounds, thereby reducing the wood's 
ability to absorb water [16]. Furthermore, previous 
studies noted that the thermal modification of wood 
causes changes in its chemical structure and reduces its 
hygroscopic properties, including water absorption, 
within a suitable temperature range for the modification 
process [17]. 
Thus, the results of this study support that the thermal 
impregnation method using liquid smoke is effective in 
reducing the water absorption of the wood, thereby 
improving the dimensional stability and potential 
durability of Simalambuo wood. 

Modulus of Elasticity (MoE) Evaluation of Simalambuo 
Wood Following Thermal Impregnation with Liquid 
Smoke 

The Modulus of Elasticity (MoE) test results of 
Simalambuo wood are shown in Figure 3. The control 
wood exhibited the highest MoE value, which was 
approximately 1.6 GPa, whereas the wood subjected to 
thermal treatment showed a decrease in elasticity. At 
130 °C, the MoE value decreased to approximately 1.3 
GPa and continued to decline to around 1.1 GPa at 150 
°C. However, at 170 °C, the MoE value slightly increased 
to approximately 1.4 GPa, before decreasing again to 
around 1.2 GPa at 190 °C. 

The decrease in the MoE value indicates that the 
thermal treatment affected the stiffness of the wood, 
although fluctuations occurred at specific temperatures. 
This finding is consistent with previous research reports 
stating that thermal treatment causes a reduction in 
MoE and MOR values due to the thermal degradation of 
cell wall components, particularly hemicellulose [18]. 
However, under certain moderate treatment conditions, 
an increase or stabilization of the MoE value may occur 
as a result of internal restructuring within the wood [19]. 

Figure 3. Static bending strength (MoE) values of the control 
Simalambuo wood and Simalambuo wood after thermal impregnation 
using liquid smoke at various treatment temperatures of 130, 150, 170, 
and 190 °C. 

Modulus of Rupture (MoR) Discussion of Simalambuo 
Wood Following Thermal Impregnation 

The Modulus of Rupture (MoR) values of Simalambuo 
wood, both for the control and after thermal 
impregnation at temperatures of 130 °C, 150 °C, 170 °C, 
and 190 °C, are presented in the Figure 4. The control 
wood exhibited an MoR value of approximately 650 
MPa. A slight increase in the MoR value to around 690 
MPa was observed at 130 °C, indicating that mild 
thermal treatment can enhance wood strength. This 
increase is likely due to the partial polymerization of 
extractive compounds and the improvement of bonds 
within the wood cell wall matrix. 

Figure 4. Modulus of Rupture (MoR) values of the control Simalambuo 
wood and Simalambuo wood after thermal impregnation at 
temperatures of 130, 150, 170, and 190 °C. 
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However, at higher temperatures of 150 °C and 170 °C, 
the MoR value decreased to approximately 460–450 
MPa, and continued to decline to about 330 MPa at 190 
°C. This trend indicates that thermal treatment at high 
temperatures tends to reduce the bending strength of 
Simalambuo wood. The decrease in the MoR value at 
high temperatures is consistent with previous research 
findings, which indicate that thermal treatment can 
cause the degradation of hemicellulose and amorphous 
cellulose, as well as changes in the lignin structure, 
ultimately leading to a reduction in the mechanical 
strength of the wood [14]. 
These results suggest that thermal impregnation at a 
moderate temperature (130 °C) can slightly increase 
wood strength. However, excessive thermal exposure 
can compromise the structural integrity of Simalambuo 
wood. Therefore, the optimization of treatment 
temperature is required to achieve a balance between 
dimensional stability, durability, and the mechanical 
performance of the wood. 

Dry-Wood Termite Resistance Evaluation of 
Simalambuo Wood 

Figure 5 shows the results of the dry-wood termite 
resistance test on Simalambuo wood based on the 
weight loss percentage after liquid smoke impregnation 
at temperatures of 130 °C, 150 °C, 170 °C, and 190 °C. 
The control sample experienced the highest weight loss, 
which was 7.72%, indicating a relatively high level of 
damage due to termite attacks. In contrast, the treated 
wood samples exhibited lower weight losses, specifically 
3.6% at 130 °C, 3.9% at 150 °C, 4.1% at 170 °C, and the 
lowest value of 2.3% at 190 °C. 
These results indicate that liquid smoke impregnation 
effectively increases the resistance of Simalambuo wood 
to termite attacks, with the highest effectiveness 
observed at the treatment temperature of 190 °C. 
Previous research demonstrated that smoke treatment 
on fast-growing tropical wood significantly increased 
resistance to Coptotermes curvignathus attacks due to 
the presence of phenolic compounds and organic acids 
that are toxic to termites [20]. 
In addition, previous studies found that liquid smoke 
derived from Bintangur wood at a concentration of 6–
8% could cause up to 100% termite mortality, indicating 
that the chemical components in liquid smoke are 
effectively used as a natural bio-preservative [21]. 

Figure 5. Dry-wood termite resistance test on control Simalambuo 
wood and Simalambuo wood after liquid smoke treatment at 
temperatures of 130, 150, 170, and 190 °C. 

Thus, liquid smoke impregnation on Simalambuo wood 
can be considered an eco-friendly method to enhance 
wood durability against termite attacks while reducing 
reliance on synthetic chemical preservatives. 
Based on the dry-wood termite resistance classification, 
the samples treated at 130, 150, and 170 °C, with weight 
losses ranging from 4.4–8.2%, are categorized into 
resistance class III (moderate). Meanwhile, the sample 
treated at 190 °C, with a weight loss of 2.3%, is 
categorized into resistance class II (resistant), which 
corresponds to the weight loss range of 2.0–4.4%. 

Conclusions 

The liquid smoke impregnation combined with thermal 
treatment on Simalambuo wood induced several 
alterations in the wood's properties, including color 
darkening, increased specific gravity at lower 
temperatures, decreased water absorption, and 
enhanced termite resistance. However, treatments at 
elevated temperatures tended to reduce the mechanical 
properties of the wood, affecting both the Modulus of 
Elasticity (MoE) and the Modulus of Rupture (MoR). 
Overall, the thermal treatment using liquid smoke 
effectively improved the dimensional stability and 
biological durability of the wood, albeit with a 
compromise in its mechanical strength. 
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