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Abstract: Sengon (Falcataria moluccana Miq.) is one of the fastest growing wood that is broadly planted
in Indonesia. Sengon wood has inferior wood properties, such as a low density and dimensional
stability. Therefore, sengon wood requires a method to improve its wood quality through wood
modification. One type of wood modification is wood impregnation. On the other hand, Betung
Bamboo leaves are considered as waste. Betung Bamboo leaves contain silica. Based on several
researches, nano-SiO2 could improve fast-growing wood qualities. According to its perfect solubility
in water, monoethylene glycol (MEG) is used in the study. The objectives are to evaluate the
impregnation treatment (MEG and nano-silica originated from betung bamboo leaves) in regard
to the dimensional stability and density of 5-year-old sengon wood and to characterize the treated
sengon wood. MEG, MNano-Silica 0.5%, MNano-Silica 0.75%, and MNano-Silica 1% were used as
impregnation solutions. The impregnation method was started with 0.5 bar of vacuum for 60 min,
followed by 2.5 bar of pressure for 120 min. The dimensional stability, density, and characterization of
the samples were studied through the use of scanning electron microscopy (SEM), energy dispersive
X-ray spectroscopy, X-ray diffraction (XRD), and Fourier transform infrared spectroscopy (FTIR).
The results show that the treatment had a significant effect on the dimensional stability and density
of sengon wood. Alterations in the morphology of treated sengon wood were observed through
the full coverage of the pits on the vessel walls (SEM analysis results) and the detection of ethylene
(FTIR analysis results) and silica (XRD and FTIR analysis results). Overall, the 0.75% MNano-Silica
treatment was the most optimal treatment for increasing the dimensional stability and density of
5-year-old sengon wood.
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1. Introduction

Degradation and deforestation decrease wood production from our natural forests.
Therefore, we need alternative wood resources to overcome the wood supply shortage
through the utilization of fast-growing species [1] or a wood biomass [2–4]. Sengon (Falcataria
moluccana Miq.) is a type of fast-growing tree that is widely planted in community forests and
community plantation forests in Indonesia. Sengon has a short harvest time. Owing to the
rapid growth of the tree, the wood has a low density, strength, and durability, as well as a
high portion of it being juvenile wood [5]. Based on the research results of [6], 5- to 7-year-old
jabon and sengon trees contain up to100% juvenile wood. The density and hardness of
sengon wood are 0.3–0.5 g/cm3 and 112–122 kg/cm2, respectively. Sengon wood is classified
into a durability class of IV–V and strength class of IV–V [7]. Nowadays, sengon wood in
Indonesia is used for pulpwood, light construction, furniture, and wood composite. Sengon
wood production in Indonesia in 2019 was 5.47 million m3 [8]. Therefore, the quality of
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fast-growing wood needs to be improved through technology. Wood modification technology
has been discussed in many journals in recent decades; however, only a few technologies
have led to industrial application. One of them is thermal modification. It is a potential
technology to be developed in industries. It improves the wood’s hygroscopicity, dimensional
stability, and durability without harming the environment [9–11]. However, heat treatment
degrades mechanical properties [12,13], decreases wood durability against termites [14–16],
and causes it to not be resistant to weathering [17]. In line with thermal modification, chemical
modification is a promising alternative for improving wood qualities. There are two chemical
modifications with the potential to be developed on an industrial scale: acetylation and
furfurylation [18]. The impregnation of molecular compounds into the wood structure is also
another option being able to increase the density and dimensional stability of wood. Research
on impregnation technology for fast-growing wood has been carried out in Indonesia and
other countries, using methyl methacrylate [19–21], formaldehyde-based chemical compounds
such as phenol formaldehyde [22,23], rosin [24], furfuryl alcohol [25], paraffin [26], and
aqueous solutions [27]. The utilization of chemical substances and formaldehyde material
for wood modification could have a hazardous consequence to our health and environment.
Therefore, we need to find other material alternatives that are more environmentally friendly.

Silica is a chemical that has wide applications in various fields, including being used
as a polymer in wood impregnation. Silica can be obtained from the commercial markets
or extracted from natural materials, such as bamboo leaf ash, as shown in research [28].
Bamboo leaves are considered waste [29]. Researchers analyzed bamboo leaf ash and
found a silica content of 79.93%, which was the second largest content after rice husk
ash (93.2%) [30]. Based on the findings of [31], nano-SiO2 could effectively improve the
dimensional stability and density of jabon wood. Similar outcomes were reported by [32]
using sengon wood and nano-SiO2 and [33] using poplar wood (Populus spp.) treated
with furfuryl alcohol and nano-SiO2. Therefore, in this study, we produced nano-silica
created from betung bamboo leaves.

Monoethylene Glycol (MEG) is perfectly soluble in water, colorless, liquid, odorless,
has a low volatility and has a 62.07 g/mol molecule weight [34,35]. According to these
characteristics, MEG was used. In the current study, we aim to evaluate the impregnation
treatment (MEG and nano-silica derived from betung bamboo leaves) with regards to
the weight percent gain (WPG), anti-swelling efficiency (ASE), bulking effect (BE), water
uptake (WU), and density of 5-year-old sengon wood, and to characterize the treated
sengon wood.

2. Materials and Methods

This research was divided into several stages, namely, the preparation of wood sam-
ples; preparation of impregnation solutions; the impregnation process; the calculations
of the dimension stability and density. In this study, the materials used were bamboo
betung leaves; 5-year-old sengon wood from community forests in Sukabumi, West Java,
Indonesia; monoethylene glycol (MEG); demineralized water. The analytical techniques in-
cluded scanning electron microscopy (SEM), energy dispersive X-ray spectroscopy (EDX),
X-ray diffraction (XRD), and Fourier transform infrared spectroscopy (FTIR). Bamboo
betung leaves used in the form of nano-silica in this study [28] had a particle size of
about 234.49–851.36 nm, where the average size was 472.67 nm with a PDI value (Particle
Dispersion Index) of 0.0670.

2.1. Preparation of Wood Samples

The sample size of the sengon wood for testing was 2 cm × 2 cm × 2 cm [36]. Testing
encompassed WPG, ASE, WU, BE, and oven-dried density. Each treatment had a total of
5 replicated samples.
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2.2. Preparation of Impregnation Solutions

Impregnation solutions were prepared by mixing MEG and nano-silica by using an
ultrasonic processor (amplitude of 40% for 60 min). In Table 1, it can be seen that there were
several treatments for the composition of the MEG and MEG solutions and nano-silica
(MNano-Silica).

Table 1. The volume of MEG and nano-silica as impregnation solutions.

Treatment MEG 50% (mL) Nano-Silica (g)

MEG 1000 0
MNano-Silica 0.5% 1000 5

MNano-Silica 0.75% 1000 7.5
MNano-Silica 1% 1000 10

2.3. The Impregnation Process

The impregnation process with MEG and the MNano-Silica solutions was carried out
by adapting a previously reported method [32], in which sengon wood was impregnated
using MEG and nano-SiO2. Dimensional measurements and weighing were carried out to
test the WPG, BE, and WU [37], ASE [38], and the oven-dried density.

2.4. Calculation of Dimensional Stability and Oven-Dried Density

Calculations for WPG, ASE, BE, WU, and oven-dried density were conducted using
the following formulas:

WPG (%) = [(W1 − W0)/W0] × 100 ASE (%) = [(Su − St)/Su] × 100

WU (%) = [(W2 − W1)/W1] × 100 BE (%) = (V1 − V0)/V0 × 100

ρ
(

g/cm3
)
=

B
V

× 100

where:

W0 = the oven-dried weight of sample before treatment;
W1 = the oven-dried sample weight after treatment;
W2 = the weight of the sample after immersion in water for 24 h;
V0 = the oven-dried volume of sample before treatment;
V1 = the oven-dried sample volume after treatment;
Su = the volume shrinkage of untreated wood;
St = the volume shrinkage of treated wood;
B = the weight of the sample before or after treatment;
V = the volume of the sample before or after treatment.

ASE values were determined by cycled water soaking method [38]. It was repeated
3 times, while oven-dried density after treatment was evaluated by taking into account
WPG and BE values and untreated oven-dried density as a baseline.

2.5. Data Analysis Procedure

The simple, completely randomized design with 1 factor was used in this study, the
factor being, namely, the treatment variation factor at 4 levels, namely, MEG, MNano-Silica
0.5%, MNano-Silica 0.75%, and MNano-Silica 1%. Statistical analyses were carried out
by using IBM SPSS Statistics software (version 25.0), and the Duncan test at α = 1% was
conducted if there was a significant difference.

3. Results

Dimensional stability testing on sengon wood included the calculation of the WPG,
ASE, WU, BE, and oven-dried density. The results of the dimensional stability tests for
sengon wood can be seen in Table 2.
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Table 2. Testing the dimensional stability of sengon wood.

Treatment WPG (%) ASE (%) WU (%) BE (%) Oven-dried
Density (g/cm3)

MEG 27.18 a (±3.42) 53.28 a (±6.73) 101.68 d (±1.91) 2.89 a (±0.84) 0.38 a (±0.02)

MNano-Silica 0.5% 44.61 b (±2.29) 72.98 b (±3.88) 76.16 c (±3.30) 4.85 b (±0.63) 0.42 a (±0.15)

MNano-Silica 0.75% 50.20 c (±1.43) 83.36 c (±4.19) 67.99 b (±2.81) 9.78 c (±0.94) 0.42 a (±0.03)

MNano-Silica 1% 58.03 d (±2.39) 87.69 c (±6.15) 56.34 a (±3.88) 10.85 c (±1.37) 0.46 b (±0.01)

Note: Values in parentheses indicate the standard deviations. a–c Values followed by the different letters show real difference according to
the Duncan test.

The WPG value for sengon wood increased along with the nano-silica concentration,
presumably because the MEG and nano-silica entered the sengon wood structure. The
ASE value of sengon wood also increased with each treatment. These results show that
the MEG and nano-silica solutions increased in concentration in each treatment. The WU
value decreased as treatments used a greater concentration of nano-silica. This result was
correlated with the high WPG and ASE value. The BE value of sengon wood also increased
with each treatment using a high nano-silica concentration, indicating that the added MEG
and nano-silica functioned as bulking agents. The oven-dried density value of sengon wood
increased with each treatment using a higher level of nano-silica. The percentage of increased
oven-dried density after being treated was 26% (MEG), 40% (MNano-Silica 0.5% and 0.75%),
and 53% (MNano-Silica 1%). Overall, the analysis of variance showed that each MEG and
nano-silica impregnation treatment had a significant effect on sengon wood. Results were
influenced by the various concentrations (0.5%, 0.75%, and 1%) of nano-silica used.

3.1. Characteristics of Impregnated Sengon Wood
3.1.1. SEM-EDX Analysis

Figure 1a shows pits in the vessel wall of sengon wood that were not closed. In
Figure 1b, through the addition of 0.5% MNano-Silica, the sengon wood underwent mor-
phological changes. Figure 2a shows that, with the addition of 0.75% MNano-Silica,
nano-silica could enter the pits in the sengon wood, adhere to the vessel walls, and almost
entirely cover all of them. A similar result was found with the addition of MNano-Silica 1%
(Figure 2b), with nano-silica covering the entire surface. Additional information obtained
from the analysis by SEM included EDX data, which are described in Table 3.

Figure 1. Morphology of wood (a) sengon MEG and (b) sengon MNano-Silica 0.5%.
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Figure 2. Morphology of wood (a) sengon MNano-Silica 0.75% and (b) sengon MNano-Silica 1%.
Magnification 1000×.

Table 3. Chemical content of treated sengon wood.

Treatment Silicon (wt. %)

MEG 0

MNano-Silica 0.5% 0.35

MNano-Silica 0.75% 0.59

MNano-Silica 1% 0.62

3.1.2. XRD Analysis

In sengon wood (Figure 3), MEG treatment was detected as high-intensity cellulose
peaks with an angle of 2θ = 22.47◦. The silica peaks were detected with a high-intensity
treatment of MNano-Silica 0.5%, MNano-Silica 0.75%, and MNano-Silica 1% at angles
of 2θ = 20.59◦, 20.51◦, and 21.06◦, respectively, which were close to the silica peak in the
JCPDS 44-1394 database, namely, angles of 2θ = 20.54◦ and 21.13◦. In the MNano-Silica
0.5%, MNano-Silica 0.75%, and MNano-Silica 1% treatments, cellulose peaks were detected
at angles of 2θ = 22.61◦, 22.67◦, and 22.19◦, respectively, which corresponded to the cellulose
peaks in the JCPDS 03-0226 database, namely an angle of 2θ = 22.26◦. Furthermore, cellulose
peaks were also detected in the MEG treatment for an angle of 2θ = 17.04◦. This result
was close to the peak of cellulose in the JCPDS 03-0226 database, namely, an angle of
2θ = 17.13◦.

--MEG - MNano-Silica0.5% - MNano-Silica0.75% MNano-Silica 1 % 

1002 
Io12 

,,..0, -�.,--�·i!W·�-·�
5 10 15 20 25 30 35 40 

29 

Figure 3. XRD spectra of sengon wood after impregnation treatment.

In the MNano-Silica 0.5% treatment of sengon wood, a silica peak of 2θ = 18.61◦ was
detected, which was in accordance with the JCPDS 44-1394 database, namely, an angle of
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2θ = 18.54◦. Furthermore, in the MEG treatment of sengon wood, cellulose peaks were
detected for an angle of 2θ = 17.04◦. These result were close to the peak of cellulose to
the JCPDS 03-0226 database, namely, an angle of 2θ = 17.13◦. This peak disappeared with
the addition of nano-silica used in the treatment. Additional information obtained during
XRD testing included data on the degree of crystallinity, which can be seen in Table 4. The
results showed that the crystallinity degree of the sengon wood, augmented with the MEG
treatment compared to the MNano-Silica 0.75% treatment, indicated that the addition of
nano-silica could increase crystallinity.

Table 4. Crystallinity degree of treated sengon wood.

Treatment Crystallinity Degree (%)

MEG 24.00

MNano-Silica 0.5% 27.94

MNano-Silica 0.75% 30.79

MNano-Silica 1% 29.22

The crystallinity degree in sengon wood decreased with the addition of 1% (29.22%)
nano-silica, presumably because the resulting silica had an amorphous structure and
the resulting nano-silica had a semi-crystalline structure. The nano-silica produced was
semi-crystalline, which was likely influenced by the sonication treatment used.

3.1.3. FTIR Analysis

Figure 4 shows the FTIR spectrum of five sengon wood samples with a wavenumber
ranging from 500 to 4000 cm−1. The peak of the Si–O–Si vibrational silica was detected at
the wavenumber 1060.45 cm−1 with the addition of MNano-Silica 0.5% and strengthened
by the appearance of wave numbers 1056.39 cm−1 and 1112.19 cm−1 with the addition of
MNano-Silica 0.75%. Very similar results were also shown for the addition of MNano-Silica
1%, with wavenumbers 1058.11 cm−1 and 1113.15 cm−1 (Figure 4).

Figure 4. FTIR analysis of sengon wood after impregnation treatment.

4. Discussion

The impregnation using a polymer caused it to penetrate the wood, which could be
followed by bonding with the constituent components of cell walls as described in [37].
Due to the increased ASE value, the wood’s ability to adsorb water was reduced to vapor
from the surroundings [28]. This finding indicated that the wood’s ability to absorb water
became lower with each treatment. The higher the BE value, the more polymer filling the
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cell walls in the wood, which could increase the dimensional stability of the wood. This
outcome was in line with the increase in the WPG value from one treatment to the next.
The increase in the WPG value of sengon wood was directly comparable to the BE value.
The higher the WPG values, the higher the oven-dried density of sengon wood.

This result corresponded with research reported by [32], who showed that the replen-
ishment of nano-silica in the impregnation of sengon wood had a significant effect on each
treatment. For sengon wood treated by nano-silica derived from the leaves of bamboo
betung, the 0.75% MNano-Silica treatment was optimal for increasing the dimensional
stability and the oven-dried density of fast-growing sengon wood.

4.1. Characteristics of Impregnated Sengon Wood
4.1.1. SEM-EDX Analysis

MNano-Silica was deposited into vessel walls and covered the cell wall of sengon
wood. The image generated from the SEM-EDX test showed that the MNano-Silica 0.5%
had a significant effect on the morphology of sengon wood. The MNano-Silica 0.75%
resulted in better morphological changes compared with a concentration of 0.5%. Overall,
these results indicate that the replenishment of nano-silica at various concentrations could
affect the morphology of sengon wood.

The SEM analysis above explains the cause of this treated sengon wood that underlies
the decrease in the WU value and the increase in the value of the dimensional stability
parameters and oven-dried density. The nano-silica addition could improve the distribution
of the MNano-Silica solution. Based on the above results, the MNano-Silica 0.75% treatment
showed optimal results compared with other treatments.

4.1.2. XRD Analysis

Similar results were shown by [32], who reported that the degree of crystallinity of
sengon wood as a result of MEG and nano-SiO2 impregnation increased from the MEG
treatment up to MEGSiO2 1%. The XRD analysis results showed the effect of adding nano-
silica to values for dimensional stability parameters and the resulting oven-dried density.
This effect was assisted by the appearance of silica peaks detected in the diffraction plane
based on the JCPDS database, and it was concluded that the added nano-silica increased
the crystallinity degree.

4.1.3. FTIR Analysis

In the wood sample, the functional group detected at wave number 3400 cm−1 was a
functional group -OH stretching; at wave number 1730 cm−1, it was a functional group C=O
stretching from the acetyl group; then, at wave number 1261 cm−1, it was a functional group
CO of guaiasil ring stretching [39]. In sengon wood, a C–H stretching peak of the -CH2
group was detected, which appeared at wave number 2905.34 cm−1, which corresponded
to the ethylene glycol peak [40]. The presence of the Si–O–Si functional group indicated
the presence of silica in jabon and sengon wood. This was in line with [41], who found that
the range of wavenumbers was 1050–1115 cm−1. This range of wavenumbers is called the
Si–O–Si vibration.

5. Conclusions

The impregnation of an MEG and nano-silica mixture had a significant effect on
the resulting WPG, WU, ASE, BE, and oven-dried density of sengon wood. Changes in
the morphology of the treated sengon wood were indicated by the closure of the pits
on the vessel walls (SEM analysis results) and the detection of ethylene glycol (FTIR
analysis results) and silica (XRD and FTIR analysis results) in the wood samples. Overall,
the MNano-Silica 0.75% treatment was the optimal method to increase the dimensional
stability of 5-year-old sengon wood.
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wne źródło surowca drzewnego w Polsce. Drewno 2013, 190, 85–113. [CrossRef]

3. Bredemeier, M.; Busch, G.; Hartmann, L.; Jansen, M.; Richter, F.; Lamersdorf, N.P. Fast growing plantations for wood production—
Integration of ecological effects and economic perspectives. Front. Bioeng. Biotechnol. 2015, 3, 1–14. [CrossRef] [PubMed]

4. Gałazka, A.; Szadkowski, J. Enzymatic hydrolysis of fast-growing poplar wood after pretreatment by steam explosion. Cellul.
Chem. Technol. 2021, 55, 637–647. [CrossRef]

5. Kojima, M.; Yamamoto, H.; Okumura, K.; Ojio, Y.; Yoshida, M.; Okuyama, T.; Ona, T.; Matsune, K.; Nakamura, K.; Ide, Y.; et al.
Effect of the lateral growth rate on wood properties in fast-growing hardwood species. J. Wood Sci. 2009, 55, 417–424. [CrossRef]

6. Rahayu, I.; Darmawan, W.; Nugroho, N.; Nandika, D.; Marchal, R. Demarcation point between juvenile and mature wood in
sengon (Falcataria moluccana) and jabon (Antocephalus cadamba). J. Trop. For. Sci. 2014, 26, 331–339.

7. Martawijaya, A.; Kartasujana, I.; Kadir, K.; Prawira Among, S. Indonesian Wood Atlas Volume 1; Forest Research and Development
Agency, Ministry of Forestry Republik of Indonesia: Jakarta, Indonesia, 2005; pp. 1–171.

8. [BPS] Central Bureau of Statistics. Statistic of Forestry Production 2019; Central Bureau of Statistics: Jakarta, Indonesia, 2019.
9. Popper, R.; Niemz, P.; Eberle, G. Investigations on the sorption and swelling properties of thermally treated wood. Holz. Roh. Wer.

2005, 63, 135–148. [CrossRef]
10. Kocaefe, D.; Younsi, R.; Chaudry, B.; Kocaefe, Y. Modeling of heat and mass transfer during high temperature treatment of aspen.

Wood Sci. Technol. 2006, 40, 371–391. [CrossRef]
11. Pratiwi, L.A.; Darmawan, W.; Priadi, T.; George, B.; Merlin, A.; Gérardin, C.; Dumarçay, S.; Gérardin, P. Characterization of

thermally modified short and long rotation teaks and the effects on coatings performance. Maderas Cienc. Y Tecnol. 2019, 21,
209–222. [CrossRef]

12. Bekhta, P.; Niemz, P. Effect of high temperature on the change in color, dimensional stability and mechanical properties of spruce
wood. Holzforschung 2003, 57, 539–546. [CrossRef]

13. Gökhan, G.; Deniz, A. The influence of mass loss on the mechanical properties of heat-treated black pine wood. Wood Res. Slovak.
2007, 54, 33–42.

14. Shi, J.L.; Kocaefe, D.; Amburgey, T.; Zhang, J. A comparative study on brown-rot fungus decay and subterranean termite
resistance of thermally-modified and ACQ-C-treated wood. Holz. Als. Rohund Werkst. 2007, 65, 353–358. [CrossRef]

15. Sivrikaya, H.; Can, A.; de Troya, T.; Conde, M. Comparative biological resistance of differently thermal modified wood species
against decay fungi, Reticulitermes grassei and Hylotrupes bajulus. Maderas Cienc. Y Tecnol. 2015, 17, 559–570. [CrossRef]

16. Salman, S.; Thévenon, M.F.; Pétrissans, A.; Dumarçay, S.; Candelier, K.; Gérardin, P. Improvement of the durability of heat-treated
wood against termites. Maderas Cienc. Y Tecnol. 2017, 19, 317–328. [CrossRef]

17. Yildiz, S.; Tomak, E.D.; Yildiz, U.C.; Ustaomer, D. Effect of artificial weathering on the properties of heat treated wood. Polym.
Degrad. Stab. 2013, 98, 1419–1427. [CrossRef]

18. Gérardin, P. New alternatives for wood preservation based on thermal and chemical modification of wood—A review. Ann. For.
Sci. 2016, 73, 559–570. [CrossRef]

19. Wardani, L.; Risnasari, I.; Yasni, H.Y.S. Resistance of jabon timber modified with styrene and methyl methacrylate against
drywood termites and subterranean termites. In Proceedings of the 9th Pacific Rim Termite Research Group Conference, Hanoi,
Vietnam, 27–28 February 2012; Science and Technics Publishing House: Hanoi, Vietnam, 2012; pp. 73–78.

http://doi.org/10.1016/j.proenv.2014.03.040
http://doi.org/10.12841/wood.1644-3985.037.07
http://doi.org/10.3389/fbioe.2015.00072
http://www.ncbi.nlm.nih.gov/pubmed/26106595
http://doi.org/10.35812/CelluloseChemTechnol.2021.55.52
http://doi.org/10.1007/s10086-009-1057-x
http://doi.org/10.1007/s00107-004-0554-2
http://doi.org/10.1007/s00226-006-0069-6
http://doi.org/10.4067/S0718-221X2019005000208
http://doi.org/10.1515/HF.2003.080
http://doi.org/10.1007/s00107-007-0178-4
http://doi.org/10.4067/S0718-221X2015005000050
http://doi.org/10.4067/S0718-221X2017005000027
http://doi.org/10.1016/j.polymdegradstab.2013.05.004
http://doi.org/10.1007/s13595-015-0531-4


Forests 2021, 12, 1581 9 of 9

20. Hadi, Y.S.; Rahayu, I.S.; Danu, S. Physical and mechanical properties of methyl methacrylate impregnated jabon wood. J. Indian
Acad. Wood Sci. 2013, 10, 77–80. [CrossRef]

21. Hadi, Y.S.; Rahayu, I.S.; Danu, S. Termite resistance of jabon wood impregnated with methyl methacrylate. J. Trop. For. Sci. 2015,
27, 25–29.

22. Gabrielli, C.P.; Kamke, F.A. Phenol-formaldehyde impregnation of densified wood for improved dimensional stability. Wood Sci.
Technol. 2010, 44, 95–104. [CrossRef]

23. Fukuta, S.; Watanabe, A.; Akahori, Y.; Makita, A.; Imamura, Y.; Sasaki, Y. Bending properties of compressed wood impregnated
with phenolic resin through drilled holes. Eur. J. Wood Wood Prod. 2011, 69, 633–639. [CrossRef]

24. Dong, Y.; Yan, Y.; Wang, K.; Li, J.; Zhang, S.; Xia, C.; Shi, S.Q.; Cai, L. Improvement of water resistance, dimensional stability, and
mechanical properties of poplar wood by rosin impregnation. Eur. J. Wood Wood Prod. 2016, 74, 177–184. [CrossRef]

25. Pfriem, A.; Dietrich, T.; Buchelt, B. Furfuryl alcohol impregnation for improved plasticization and fixation during the densification
of wood. Holzforschung 2012, 66, 215–218. [CrossRef]

26. Esteves, B.; Nunes, L.; Domingos, I.; Pereira, H. Improvement of termite resistance, dimensional stability and mechanical
properties of pine wood by paraffin impregnation. Eur. J. Wood Wood Prod. 2014, 72, 609–615. [CrossRef]

27. Tsioptsias, C.; Panayiotou, C. Thermal stability and hydrophobicity enhancement of wood through impregnation with aqueous
solutions and supercritical carbon dioxide. J. Mater. Sci. 2011, 46, 5406–5411. [CrossRef]

28. Dirna, F.C.; Rahayu, I.; Maddu, A.; Darmawan, W.; Nandika, D.; Prihatini, E. Nanosilica synthesis from betung bamboo sticks
and leaves by ultrasonication. Nanotechnol. Sci. Appl. 2020, 13, 131–136. [CrossRef] [PubMed]

29. Priyanto, A. Synthesis and Application of Silica Derived from Leaves ash of Betung Bamboo (Dendrocalamus Asper (Schult F.) Backer
Ex Heyne) to Reduce Ammonium and Nitrat Content on Liquid Tofu Waste [Undergraduate].; Walisongo Islamic State University:
Semarang, Indonesia, 2015.

30. Dwivedi, V.N.; Singh, N.P.; Das, S.S.; Singh, N.B. A new pozzolanic material for cement industry: Bamboo leaf ash. Int. J. Phys.
Sci. 2006, 1, 106–111. [CrossRef]

31. Dirna, F.C.; Rahayu, I.; Zaini, L.H.; Darmawan, W.; Prihatini, E. Improvement of fast-growing wood species characteristics by
MEG and nano SiO2 impregnation. J. Korean Wood Sci. Technol. 2020, 48, 41–49. [CrossRef]

32. Rahayu, I.; Darmawan, W.; Zaini, L.H.; Prihatini, E. Characteristics of fast-growing wood impregnated with nanoparticles. J. For.
Res. 2020, 31, 677–685. [CrossRef]

33. Dong, Y.; Yan, Y.; Zhang, S.; Li, J. Wood/polymer nanocomposites prepared by impregnation with furfuryl alcohol and Nano-SiO2.
BioResources 2014, 9, 6028–6040. [CrossRef]

34. Eisenreich, S.J.; Looney, B.B.; Thornton, J.D. Airborne organic contaminants in the Great Lakes ecosystem. Environ. Sci. Technol.
1981, 15, 30–38. [CrossRef]

35. [ATSDR] Agency for Toxic Substances and Disease. Agency Toxicological Profile for Ethylene Glycol and Propylene Glycol; [ATSDR]
Agency for Toxic Substances and Disease: Atlanta, GA, USA, 1997; p. 249.

36. [BS] British Standard. Methods of Testing Small Clear Specimen of Timber. BS 373:1957. In Annual Book of BS Standard; British
Standard Institution: London, UK, 1957.

37. Hill, C.A.S. Wood Modification: Chemical, Thermal and Other Processes; Wiley Series in Renewable Resources; Wiley: Chichester, UK,
2006; ISBN 9780470021729.

38. Rowell, R.M.; Ellis, W.D. Determination of dimensional stabilization of wood using the water-soak method. Wood Fiber 1978, 10,
104–111.

39. Pandey, K.K. A Study of Chemical Structure of Soft and Hardwood and Wood Polymers by FTIR Spectroscopy. J. Appl. Polym. Sci.
1999, 71, 1969–1975. [CrossRef]

40. Sukirno, E.; Shofiyani, A. Nurlina. Fabrication of si/pva/peg composit membrane derived from silica of singkup stone for
reducing solution phosphat ion contentration. J. Equatoria.l Chem. 2017, 6, 1–9.

41. Patil, R.C.; Dongre, R.; Meshram, J. Preparation of silica powder from rice husk. Agric. Eng. Int. CIGR J. 2017, 19, 158–161.

http://doi.org/10.1007/s13196-013-0098-3
http://doi.org/10.1007/s00226-009-0253-6
http://doi.org/10.1007/s00107-010-0506-y
http://doi.org/10.1007/s00107-015-0998-6
http://doi.org/10.1515/HF.2011.134
http://doi.org/10.1007/s00107-014-0823-7
http://doi.org/10.1007/s10853-011-5480-1
http://doi.org/10.2147/NSA.S282357
http://www.ncbi.nlm.nih.gov/pubmed/33376312
http://doi.org/10.5897/IJPS.9000022
http://doi.org/10.5658/WOOD.2020.48.1.41
http://doi.org/10.1007/s11676-019-00902-3
http://doi.org/10.15376/biores.9.4.6028-6040
http://doi.org/10.1021/es00083a002
http://doi.org/10.1002/(SICI)1097-4628(19990321)71:12&lt;1969::AID-APP6&gt;3.0.CO;2-D

	Introduction 
	Materials and Methods 
	Preparation of Wood Samples 
	Preparation of Impregnation Solutions 
	The Impregnation Process 
	Calculation of Dimensional Stability and Oven-Dried Density 
	Data Analysis Procedure 

	Results 
	Characteristics of Impregnated Sengon Wood 
	SEM-EDX Analysis 
	XRD Analysis 
	FTIR Analysis 


	Discussion 
	Characteristics of Impregnated Sengon Wood 
	SEM-EDX Analysis 
	XRD Analysis 
	FTIR Analysis 


	Conclusions 
	References

