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ORIGINAL ARTICLE

Effect of pretreatment and compaction ratio on the properties of oriented strand
board from sengon (Paraserianthes falcataria L. Nielsen) wood
Muhammad Iqbal Maulana a, Fadilah Fitrianuma,b, Derisna Noviyantib, Refany Audyb, Denni Prasetiac,
Sena Maulana d, Muhammad Adly Rahandi Lubis a, Wahyu Hidayat e, Rita Kartika Sari b, Fauzi Febriantob and
Nam Hun Kimc

aResearch Center for Biomass and Bioproducts, National Research and Innovation Agency (BRIN), Cibinong, Indonesia; bDepartment of Forest
Products, Faculty of Forestry and Environment, IPB University, Bogor, Indonesia; cDepartment of Forest Biomaterials Engineering, College of Forest
and Environmental Science, Kangwon National University, Chuncheon, Republic of Korea; dForestry Engineering Studi Program, Institut Teknologi
Sumatera (ITERA), South Lampung, Indonesia; eDepartment of Forestry, Faculty of Agriculture, Lampung University, Bandar Lampung, Indonesia

ABSTRACT
Low-density wood produces composites with low dimensional stability, requiring a high compaction
ratio (CR) to produce an oriented strand board (OSB). This study evaluates the physical and
mechanical properties of the OSB prepared from low-density wood, i.e. sengon (Paraserianthes
falcataria L. Nielsen), under steam modification and various CRs. The wood strands were steamed at
126°C under 0.14 MPa pressure for an hour and then washed with 1% sodium hydroxide for 30 sec.
Three-layered OSBs with a shelling ratio (face-to-core layers ratio) of 1:2:1 were manufactured using
10% resin content of phenol formaldehyde. Panels with three different strand pretreatments and five
levels of CR were evaluated. The results show that there is an improvement in the bonding between
the strand and the resin with steam and the steam followed by washing with 1% NaOH
pretreatments. Both pretreatments of strands significantly improved the dimensional stability of
obtained OSB but did not affect the mechanical properties. The physical and mechanical properties of
OSB improved by the increased CR. The OSBs with a CR of 1.58 has the best physical and mechanical
properties.
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Introduction

Recently, timber production in Indonesia has been supplied
mainly by plantation forests. The timber is dominated by low-
density hardwood species such as sengon (Paraserianthes
falcataria (L.) Nielsen) wood. It is reported that sengon wood
production has increased by 112% from 2015 to 2019 (BPS
2016, 2020). Sengon is a fast-growing species with the
highest production in Java at 5.43 million m3 or 61.21% of
total wood production (BPS 2020). The use of sengon wood
as a raw material for wood products supports the goal of the
Indonesian government to become the world’s largest supplier
of low-density wood products, which has been planned since
2017 on “The Indonesian Lightwood Cooperation Forum” plat-
form. Therefore, information regarding suitable wood products
for using sengon wood is needed. To date, sengon wood is
mainly used as barecore and plywood (Susilawati et al. 2019,
Stewart et al. 2021, Susilawati and Kanowski 2021).

Sengon wood has recently been studied as a raw material
for oriented strand boards (OSB) (Baskara et al. 2022). OSB is
a panel made of rectangular wood strands glued together
with a water-resistant adhesive and hot pressed (APA 2017).
Similar to plywood, OSB is also a structural panel having
layers that are cross-oriented to one another. Hence, OSB is
often used as a substitute for plywood with advantages such
as overcoming knot defects in raw materials, uniformity, and

relatively high shear strength (Febrianto 2017). From the
market side, world consumption of OSB shows promising
opportunity with an increase from 31 million m3 in 2017 to
37 million m3 in 2021, while, OSB consumption in Indonesia
fluctuates, only recording 236 m3 in 2021 relying on imported
products (FAO 2023). Therefore, promoting sengon wood as
OSB raw material is considered a good prospect. For fast-
growing species, sengon wood has a low microfibril angle
(MFA) (Kojima et al. 2009). Ishiguri et al. (2012) reported that
the lower the MFA, the compression properties of sengon
wood tended to increase. Moreover, sengon wood has
diffuse-porous arranged vessels (Alia-Syahirah et al. 2019),
which means that changes in the growth rate will not remark-
ably affect the density of the wood. This is an advantage to
produce OSB with a slight variation of final density. In addition,
such vessels distribution usually has higher surface wettability
than ring-porous vessels (Laskowska and Kozakiewicz 2017).
Previous studies have shown that OSB from sengon wood
has good mechanical properties, but some still require
improvement (Baskara et al. 2022).

Several studies have reported various methods to improve
the properties of OSB. Hornus et al. (2020) performed pretreat-
ment through a pressure-assisted hydrothermal process at
120–160 °C to remove hemicellulose from pine wood strands.
Hydrothermal pretreatment produces more dimensionally
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stable OSB by removing hemicelluloses such as xylan and
mannan (Carvalho et al. 2018). Rahimi et al. (2019) showed
that the media in the hydrothermal treatment, whether it is
steam or hot-compressed water, will affect the properties of
the treated wood. They reported that the highest increase in
mechanical properties of yellow-poplar was obtained by HCW
treatment at 100 °C while the higher dimensional stability
was shown by steam treatment at 140 °C. Steam pretreatment
is an easy and inexpensive treatment. Steam treatment of logs
results in fewer defects in its sawn timber by reducing longi-
tudinal surface growth strains (Moya et al. 2021), which are
present more frequently and stronger in fast-growing species
such as sengon wood (Kojima et al. 2009). Steam pretreatment
of wood and bamboo strands has been reported to increase the
OSBs dimensional stability and mechanical properties (Maulana
et al. 2017, 2021a, Aisyah et al. 2021). The physical and mechan-
ical properties of bamboo OSB improved after being treated
with steam followed by washing. According to Fatrawana
et al. (2019), the steam process causes extractive substances
to move to the strand surface and then be removed during
the washing process. In addition, steam treatment followed
by washing with 1% NaOH reduced the hemicellulose
content, dissolved impurities on the strand surface, and
increased the pH value of the strand (Maulana et al. 2021b).
However, the effect of steam treatment on sengon wood
strands on the resulting OSB has not been reported. Sengon
has a water absorption of about 37.8% (Anwar Uyup et al.
2021) with a hemicellulose content of about 21% (Kaida
et al. 2009), and a pH value of 4–5 (Kaida et al. 2009, Yusoh
et al. 2021). Steam pre-treatment and alkaline washing are
expected to reduce wood-water interactions to increase the
dimensional stability of sengon OSB. Increasing the pH value
is also expected so that the strand has a pH that is curing in
alkaline conditions such as phenol-formaldehyde (PF).

Another factor affecting OSB quality is the compaction
ratio (CR), i.e. the ratio between the panel density and the
raw material density. Van (2021) reported that the mechanical
properties of OSB made from kiri wood (density of about
238 kg m−3) increased with increasing panel density from
300 kg m−3 to 400 kg m−3, or increasing CR from 1.26 to
1.68. Chen et al. (2010) reported that the improvement in
OSB strength made from aspen (density of about 400 kg
m−3) was optimum at board densities of 660–690 kg m−3

(CR of about. 1.65–1.72), higher densities did not provide a
significant increase in strength. Meanwhile, Zhou (1990)
suggested that a density of 650 kg m−3 with a CR of about
1.63 would be ideal for OSB of poplar wood (density of
about 400 kg m−3). CR effect on OSB water-related properties
is relatively complex. Several studies have reported that a
more substantial spring-back effect from a higher OSB CR
results in a higher thickness swelling (Van 2021, Zhuang
et al. 2022). On the other hand, despite having a more signifi-
cant swelling potential, panels with a higher CR may have
high contact between strands, limiting the water penetration
rate and panel swelling (Jin 2009, Chen et al. 2010). The
results from previous reports were obtained from OSB with
different raw materials, and therefore, the difference in the
wood-water relationship for each species also affected the
resulting responses. The effect of CR on OSB made from

sengon wood has not been reported, and it will be interesting
because the low density of sengon wood causes a high CR to
be obtained at relatively low panel density.

As previously stated, sengon wood has the potential to be
used as a raw material for OSB, and there are methods for
improving OSB qualities, such as strand pretreatments and CR
adjustment. Strand pretreatments through steam and steam
followed by alkaline solution washing have been shown to
improve OSBs physical and mechanical properties. However,
the effect on OSB prepared from sengon wood has never
been reported. Furthermore, determining the optimal CR is
critical for panels made from low-density raw materials such
as sengon wood in order to achieve the preferable density
and characteristics. Meanwhile reports on the optimum CR
for OSB from low-density hardwoods are still limited. Therefore,
this study aims to investigate the effect of steam pretreatments
and CR on OSB made from sengon wood to provide valuable
information for the further development of OSB from this
species and low-density hardwoods in general.

Materials and methods

Materials

A 10-year-old sengon log (Paraserianthes falcataria L. Nielsen)
with a diameter at breast height of 28 cm was harvested
from a local plantation forest in Bogor, West Java, Indonesia.
Sengon logs with a specific gravity of 0.38 were converted
into strands using a disk flaker with a 70 × 25 × 0.5 mm target
size. The air-dried moisture content and oven-dried density of
sengon wood is 12.42% and 405 ± 42 kg m−3, respectively.
Strands were sorted according to size and then air-dried for
14 days. The sodium hydroxide used was the analytical grade.
Commercial PF adhesive with a solids content of 46.13%, a
specific gravity of 1.20, pH of 12.30, viscosity of 225 mPa.s
(25 °C), and gel time of 12.33 min (35 °C) was purchased from
PT Pamolite Adhesive Industry, Probolinggo, Indonesia, and
used as received.

Pretreatment and characterization of strands

Strands were divided into three groups, i.e. untreated, steam
treated, and steam treated followed by washing with 1%
NaOH solution. The steam process was carried out using an
autoclave at a temperature of 126 °C under 0.14 MPa pressure
for 1 h. The strands were washed with 1% NaOH for 30 s after
the steam process (Maulana et al. 2021b). All strands were
then air-dried for 5 days and oven dried at 60 °C for 14
days until the moisture content (MC) was below 5%. The illus-
tration of strand pretreatment is presented in Figure 1(a).
Gradual drying is carried out to prevent the strands from
curling. Strands geometry (length, width, thickness, slender-
ness ratio (SR), and aspect ratio (AR)) for each treatment
was measured using 100 oven-dried strand samples according
to Maloney (1993). Determination of solubility in cold, hot
water, and 1% NaOH solution were referred to TAPPI T-207
cm-99 (TAPPI 1999) and TAPPI T-212 om-02 (TAPPI 2002).
The pH value of the strand was determined referred to SNI
06-6989.11-2004 (BSN 2004).
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FTIR Spectroscopy and FE-SEM EDX analyses

The functional groups of strands, OSBs, and cured PF resin
were analyzed using FTIR spectroscopy (SpectrumTwo, Perki-
nElmer, Waltham, MA, USA) and the Universal Attenuated
Total Reflectance (UATR) technique at 25 ± 2°C. The analysis
was conducted at wavenumber 4000–400 cm−1 with a resol-
ution of 4 cm−1.

Morphology and chemical element of raw strand and
strand from OSB was observed by scanning a strand surface
using FE-SEM (Quattro S, Thermo Fisher Scientific, USA)
coupled with an EDX (Ultim Max, Oxford UK) at 2500 times
magnification using 3.0 kV power with a Kα1 X-ray source.

Manufacturing of OSBs

Oriented strand boards with dimensions of 30 × 30 × 0.9 cm
were manufactured with five target densities, i.e. 400, 450,
500, 550, and 600 kg m−3. The CR of the OSBs is shown in
Table 1. The average bulk density of the oven-dried strands
used is 387 ± 73 kg m−3. Sengon strands were blended with
phenol formaldehyde at 10% resin content (Van et al. 2022).
About 1% wax was added based on the weight of the
strands. The strand mats were then formed with a shelling
ratio (face to core layers ratio) of 1:2:1 (Maulana et al. 2019).
The mats for all pretreatment and CR were hot-pressed at
135 °C under a specific pressure of 2.45 MPa for 9 min. The
pressing temperature is set based on the manufacturer’s tech-
nical specifications. The final thickness was adjusted to 9 mm
using two stop-bars in the hot press. The panels were then

conditioned at 25–30 °C and 60–65% relative humidity for
±14 days until they reached equilibrium moisture content
(EMC). OSB manufacturing is illustrated in the Figure 1(b).

Evaluation of OSBs properties

The physical and mechanical properties of the OSB were eval-
uated according to JIS A 5908 standards (JSA 2003), including
density, MC, water absorption (WA), thickness swelling (TS),
modulus of elasticity (MOE), modulus of rupture (MOR), and
internal bonding (IB). The obtained values were then compared
to the CSA 0437.0 standard (Grade O-1) for commercial OSB
panels (CSA 2011).

Statistical analysis

The experiment was carried out in two research designs, i.e. (1)
the effect of pretreatment and (2) the effect of the CR (Table 2).
The research on the effect of pretreatment was conducted in a
completely randomized design with one factor of three levels
of strand pretreatment at CR 1.45 (i.e. untreated, steam
treated, and steam treated followed by washing with 1%
NaOH solution). The effect of CR was statistically evaluated at
five levels CR for steam treated OSB (i.e. 1.05, 1.18, 1.32, 1.45,
and 1.58). Analysis of variance (ANOVA) was used, and
Duncan’s multiple range test was performed to determine sig-
nificant differences among variables.

Figure 1. Graphical illustration of strand pretreatment (a) and OSB manufacturing (b).

Table 1. Compaction ratios of prepared sengon OSB.

Specific
gravity

Strand bulk density
(kg m−3)

Target mat density
(kg m−3)

Compaction
ratio

3.8 387 ± 73 400 1.05
450 1.18
500 1.32
550 1.45
600 1.58

Table 2. Research design of the experiment.

Research design Level
Pretreatment of

strand
Compaction ratio of

OSB

1. Effect of strand
pretreatment

1 Untreated 1.58
2 Steam
3 Steam + 1% NaOH

2. Effect of compaction
ratio

1 Steam 1.05
2 1.18
3 1.32
4 1.45
5 1.58
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Results and discussion

Strands geometry

Strand geometry is one of the factors that affect the properties
of OSB. Table 3 shows the strand geometry of sengon strands at
various pretreatments. Generally, the length, width, and thick-
ness of strand for the three treatments have the same distri-
bution range with averages of 7.01–7.08, 2.46–2.50, and 0.06,
respectively. The average AR and SR values of strands were
ranged from 2.82 to 2.91 and from 120.73 to 124.63, respect-
ively. There are no significant differences on the strand size
and geometry (AR and SR) values for each treatment. In this
study, the strand geometry in each pretreatment was measured
to confirm that the strands have the same geometric distri-
bution so that the influence of differences in strand geometry
which can cause bias can be avoided. The strand geometry in
this study is sufficient to produce OSB with good properties
(Beck 2009, Febrianto et al. 2012). According to Kuklewski
et al. (1985), an aspect ratio of 2 is sufficient to produce good
OSB properties. AR value with more than 1 facilitates orien-
tation during the mat formation process (Maloney 1993). The
SR value of the strand is the ratio of length and thickness,
which related to the mechanical properties of OSB. Higher SR
values increase the contact area between the strands and
adhesive which eventually improve the mechanical properties
of the board (Maloney 1993, Iswanto et al. 2010).

Effect of pretreatment on strand properties

Figure 2 shows the appearance of untreated, steam treated,
and steam followed by washing with 1% NaOH treated
sengon strands. After the steam pretreatment the strand
color became slightly darker and after the steam pretreatment
followed by washing with 1% NaOH the strand color became

slightly yellowish. However, no visible difference in color was
observed in the dry strands as there was no noticeable differ-
ence in odor in the final strands. Table 4 shows some properties
of sengon strand with and without pretreatments. Steam fol-
lowed by washing with 1% NaOH showed higher weight loss
than steam pretreatment although it was not significant. This
indicates that a few components of the strand dissolve in the
alkaline washing process. Strand pH value decreased after
steam treatment but significantly increased after steam treat-
ment followed by alkaline washing. The lower pH value after
steam treatment can be caused by the degradation process
of hemicellulose which produces acidic compounds.The
hydrolysis of hemicellulose begins with the deacetylation of
the esterified hydroxyl groups (Timar 2016). While, sodium
hydroxide residue after washing increases the pH value
(Maulana et al. 2021b). Changes in solubility in hot water,
cold water, and 1% NaOH solution after steam treatment
were found to be insignificant, but the solubility of strands pre-
treated with steam followed by washing with alkaline solution
was found to increase significantly. Higher extractive content
indicates a change in chemical components, especially the
degradation of low molecular weight compounds.

FTIR and morphological analyses

Figure 3(a) shows the FTIR spectra of sengon strand at various
pretreatments. After the steam pretreatment, there was a
decrease in absorption at wavenumber 1634 cm−1 which was
related to the HOH bending vibrations of the water in the
sample (Cheng et al. 2006). Such changes may occur due to
some degradation of hemicellulose followed by removal of
water-soluble impurities. The degradation of hemicellulose
resulted in a strand surface that was rich in lignin and less
hydrophilic as indicated by a slight increase in 1593 cm−1.
The peaks 1593 cm−1 come from and the aromatic skeletal
vibrations of syringyl lignin (Báder 2020). Similar results were
also reported in the heat treatment process on lightly
steamed beech (Timar 2016). In the strand treated with steam
followed by washing with 1% NaOH, the decrease at
1634 cm−1 and the increase at 1593 cm−1 was more pro-
nounced and a decrease for unconjugated C=O acetyl groups
in hemicelluloses at 1736 cm−1 (Huang et al. 2020) was also
found. This was due to the dissolution of some of the hemicel-
lulose during the alkaline washing treatment (Saiful Islam et al.
2012). In addition, a decrease was also found at 1231 cm−1,
related to C–O stretch in lignin and xylan syringyl ring
(Maulana et al. 2021b), and a peak at 1264 cm−1, related to
guaiacyl ring breathing with C–O stretching (Hidayat et al.
2017). This indicates a change in lignin after alkaline washing
treatment. Due to syringyl lignin reactivity is higher than guaia-
cyl (Tsutsumi 1995), under alkaline conditions, syringyl units are
more easily affected than guaiacyl units (Nawawi 2017).

FTIR spectra of cured PF resin and sengon OSB at various
strand pretreatment are shown in Figure 3(b). The absorption
peak associated with the hydroxyl group on OSB shifted to a
lower wavenumber at 3271–3300 cm−1 compared to the
strand spectra. This indicates a hydrogen bond type interaction
between the strand and the PF resin (Riedl and He 2004). In
both untreated and steam treated OSB, there was no peak at

Table 3. Geometry of pretreated and untreated sengon strands.

Parameter Untreated Steam Steam + 1% NaOH

Length (cm) 7.01 ± 0.12 7.03 ± 0.10 7.07 ± 0.08
Width (cm) 2.50 ± 0.18 2.46 ± 0.17 2.46 ± 0.17
Thickness (cm) 0.06 ± 0.01 0.06 ± 0.01 0.06 ± 0.01
Slenderness Ratio 124.63a± 13.94 120.73a ± 11.27 120.89a ± 10.64
Aspect Ratio 2.82a ± 0.22 2.91a ± 0.20 2.89a ± 0.20

Number in the same row followed by same letter are not significantly different at
5% significant level.

Figure 2. Appearance of sengon strands at various pretreatments.
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1732–1736 cm−1 which was previously found in the strand
spectra. The change is caused by the reaction between the phe-
nolic groups of PF and the acetyl groups of hemicellulose.
However, at the same wavenumber it can also indicate a reac-
tion between the cellulose monomer units and formaldehyde
of PF resin but is indicated by the peak intensity (Wang et al.
2016). This explains how the peak at 1737 cm−1 was found in
OSB pretreated by steam followed by washing with 1% NaOH
in which the hemicellulose in the strand had been reduced.
Peaks at 1603 and 1470 cm−1 in resin spectra, caused by C=C
stretching vibrations on the phenol aromatic ring (Wang et al.
2016), decreased after curing in OSB. This is due to the addition
of wood which has fewer C=C bands. In steam pretreated OSB,
relatively broader bands between 1150 and 1000 cm−1 associ-
ated with asymmetric stretching vibrations of C-O-C aliphatic
ether were found and more intensive in steam followed by
washing pretreated OSB. The appearance of these bands indi-
cates the cross-linking reaction of the -OH group of the cell
wall and phenol formaldehyde resin in the OSB (Huang et al.
2020). Removal of impurities during steam and washing pro-
cesses increases cell wall exposure. The increase in pH by alka-
line solutions could also be associated with bands between
1150 and 1000 cm−1 and the peak at 1736 cm−1. This demon-
strates how pretreatments improves the bonding reaction
with the adhesive.

The surface morphology of the raw material strand and the
prepared OSB at various pretreatments was analyzed using
FE-SEM (Figure 4). Strand with pretreatment showed a
smoother surface than without pretreatment. On the strand

with steam pretreatment, small spherical-like droplets are
found on the surface. Previous studies on thermally modified
wood also reported a similar phenomenon(Donohoe et al.
2008, Sannigrahi, 2011). The droplet could be caused by
migration of lignin to the wood surface during thermal treat-
ment(Selig et al. 2007). This is also related to the increase in
the peak of the FTIR spectra at 1593 cm-1 as previously men-
tioned. On the strand with steam treatment followed by
washing with 1% NaOH, no impurities were found on the
surface of the strand. During the alkaline washing process,
some lignin, hemicellulose and other impurities may be dis-
solved (Maulana et al. 2021b). On the surface of the strand
taken from the inside of the prepared OSB specimen, the
fiber from the strand appeared to be covered by resin more
evenly in the steam pretreatment than the others. Meanwhile,
some damage was observed on OSB prepared from steam fol-
lowed by alkaline washing pretreated strand. This may indicate
that the strand is more brittle.

EDX analysis revealed that there was no significant change
in chemical elements between the untreated and steam
treated strands (Figure 5(a)). In the steam treatment followed
by washing with 1% NaOH, there was a slight decrease in
carbon in the presence of 0.7% sodium. The sodium present
in the strand can be understood as a result of the alkaline
washing treatment. Sodium was also found on EDX analysis
in all OSB (Figure 5(b)). The PF resin production process
which involves NaOH can contribute to the presence of this
Sodium. Sodium content in OSB ranges from 4.3 to 6.9%. In
addition, the presence of resin also increases the carbon
content and decreases the oxygen content compared to the
results of the analysis on the strands.

Effect of strands pretreatment on physical and
mechanical properties of OSBs

Figure 6 shows the density (a) and MC (b) of sengon OSB on
various pretreatments. The target mat density is 550 kg m−3,
while the average actual mat density is 558–578 kg m−3. Analy-
sis of variance showed that the pretreatment of the strands had

Table 4. Properties of sengon strand at various pretreatments.

Properties

Pretreatments

Untreated Steam Steam + NaOH 1%

Weight loss (%) – 0.74 ± 0.27 1.67 ± 0.57
pH value 5.54b ± 0.14 5.21a ± 0.06 7.11c ± 0.09
Solubility in
Hot water (%) 1.98a ± 0.08 1.97a ± 0.02 5.41b ± 0.03
Cold water (%) 0.85a ± 0.09 0.92a ± 0.36 4.12b ± 0.06
1% NaOH (%) 7.93a ± 0.47 8.91a ± 0.49 10.79b ± 0.47

Figure 3. FTIR spectra of sengon (a) strand and (b) OSB at various pretreatments.
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no significant effect on the density of sengon OSB, indicating
that the resulting sengon OSB has a homogeneous density at
various pretreatments. The MC values of sengon OSB were
11.47–11.57%. This value meets the JIS A 5908 standard,
which requires MC of OSB between 5 and 13% (JSA 2003).
Analysis of variance also showed that the pretreatment on the
strands had no significant effect on MC values. Homogeneous
MC values can be achieved because the panels are conditioned
at the same temperature and time. In addition, the small MC
variation might be due to using a single tree to produce all
strands in this experiment. The hygroscopic nature of wood
which can absorb and release water causes the moisture
content of the resulting board to change according to humidity
and environmental conditions (Bowyer et al. 2007).

The WA and TS values of sengon OSB were 52.56–103.35%
and 8.31–11.55% respectively (Figure 7). The highest WA and

TS values were found in OSB without pretreatment, while the
lowest values were found in OSB with steam followed by
washing with 1% NaOH treatment. Analysis of variance
showed that the pretreatment of sengon wood strands signifi-
cantly affected the resulting WA and TS values. Duncan’s mul-
tiple range test showed that the WA and TS OSB of sengon
wood at each pretreatment were significantly different.
Reduced WA and TS values suggested that steam treatment
and steam followed by washing with 1% NaOH on the strands
improved the dimensional stability of OSB. Similar results
were reported from several studies regarding the effect of
steam on OSB characteristics (Maulana et al. 2017, 2021a,
Aisyah et al. 2021). This could be because the hemicellulose
content in the treated strands has degraded as shown from
the FTIR analysis. Steam and steam followed by washing with
1% NaOH treatments can reduce hemicellulose and extractives

Figure 4. Micrograph of untreated strand (a), steam treated (b), steam followed by washing with 1% NaOH (c), OSB without pretreatment (d), OSB with steam pre-
treatment of strand (e), and OSB with steam followed by washing with 1% NaOH pretreatment of strand (f) at 2500× magnification.

Figure 5. EDX of (a) strand and (b) OSB at various pretreatment.
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(Fatrawana et al. 2019). Reduced hemicellulose promotes strand
crystallinity and reduces hydroxyl group bonding with water
(Maulana et al. 2021b). In addition, Donohoe et al. (2008)
reported that the steam process can loosen cell walls and
soften lignin which causes strand porosity to increase due to
heat and pressure during steam. High porosity can
increase the penetration of the adhesive so that water cannot
fill the cell walls and cause dimensional stabilization. The WA
and TS values in this study were also lower than previous
studies (Baskara et al. 2022) and met the CSA 0437.0 standard
(Grade O-1) which required the maximum TS value of 15%
(CSA 2011).

Figure 8 shows the parallel (a) and perpendicular (b) MOE
values of sengon OSB. MOE (||) and MOE (⊥) values of sengon
OSB were 3035–3226 MPa and 1324–1629 MPa, respectively.
Strand pretreatment tends to increase MOE, with the highest
value being steam treatment for MOE (||) and steam followed

by washing with 1% NaOH treatment for MOE (⊥). Nonetheless,
the analysis of variance showed that there was no significant
effect of pretreatment on the MOE values of sengon OSB. The
MOR (||) values of sengon OSB ranged from 21.5 to 23.3 MPa
(Figure 9(a)). The highest MOR (||) value was sengon OSB
treated by steam and washing with 1% NaOH pretreatment,
while the lowest value was in steam treated OSB. The MOR
(⊥) of sengon OSB ranged from 14.9 to 16.2 MPa (Figure 9
(b)). The highest MOR (⊥) value was untreated OSB, while the
lowest was OSB treated by steam and washing with 1%
NaOH pretreatment. Analysis of variance showed that strand
pretreatment had no significant effect on MOR values of
sengon OSB. All sengon OSBs have MOE (||) and MOR (||)
below the values required by CSA 0437.0 standard (Grade
O-1), i.e. 4500 and 23.4 MPa, respectively, but have MOE (⊥)
and MOR (⊥) above the required values, i.e. 1300 and 9.6 MPa
respectively (CSA 2011).

Figure 6. Sengon OSB with CR 1.45 at various pretreatments: (a) density and (b) moisture content. The same letters show no significant differences between treatments
according to Duncan’s multiple range test at a significant level of 5%. Error bars show standard deviations.

Figure 7. Sengon OSB with CR 1.45 at various pretreatments: (a) water absorption and (b) thickness swelling . The different letters show significant differences between
treatments according to Duncan’s multiple range test at a significant level of 5%. Error bars show standard deviations.

212 M. I. MAULANA ET AL.



Previous studies reported that the MOE of bamboo OSB
increased by steam and washing with 1% NaOH treatments
on the strands (Febrianto et al. 2015, Maulana et al. 2017,
2021a). In bamboo strands, the steam process can dissolve
some extractive substances (Fatrawana et al. 2019). Washing
with 1% NaOH solution was effective for washing the remaining
impurities on the strand surface (Maulana et al. 2021b). With
the loss of impurities, the gluing process will be more
optimal to produce stronger inter-strand bonds and improve
the mechanical properties of OSB. However, other studies
have shown a trend similar to the results in this study.
Iswanto et al. (2010) reported that there was no significant
increase in dry MOE and MOR in sentang wood OSB with
steam pretreatment. MOE (⊥) and MOR (||) of gmelina wood
OSB bonded with PF adhesive also did not increase significantly
with steam treatment (Aisyah et al. 2021). This indicates the
possibility that different mechanisms may occur in the wood

and bamboo strands during the steam process. From the prop-
erties of the strand and FE-SEM observations, it appears that
the degradation of sengon wood strands occurs excessively.
This results in an insignificant increase in mechanical
properties.

Figure 10 shows internal bonding values (a) and failures on
internal bonding specimen (b) of sengon OSB at various pre-
treatment. The internal bonding (IB) value of sengon OSB
obtained was 0.23–0.28 MPa. The highest IB value was OSB
with steam followed by washing with 1% NaOH treatment,
while the lowest was untreated OSB. However, the analysis of
variance showed that the pretreatment of the strands did not
significantly affect the IB value. All IB values obtained do not
meet the CSA 0437.0 standard (Grade O-1) which requires a
minimum IB value of 0.345 MPa.

The IB value of sengon OSB tended to increase slightly after
being treated with steam and steam followed by washing with

Figure 8. Sengon OSB with CR 1.45 at various pretreatments: (a) MOE // and (b) MOE ⊥ . The same letters show no significant differences between treatments accord-
ing to Duncan’s multiple range test at a significant level of 5%. Error bars show standard deviations.

Figure 9. Sengon OSB with CR 1.45 at various pretreatments: (a) MOR // and (b) MOR ⊥ . The same letters show no significant differences between treatments accord-
ing to Duncan’s multiple range test at a significant level of 5%. Error bars show standard deviations.
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1% NaOH. The increase in the IB value is due to the better bond
quality between the strands and the resin. As shown by pre-
vious FTIR analysis, OSB prepared from strands pretreated
with steam and steam followed by washing with 1% NaOH
showed cross-linking between the cell wall and the resin
(Figure 3(b)). Better strand surface as shown by FE-SEM analysis
also contributes to the increase in IB (Figure 4). However,
despite having a higher pH value, a slight decrease in the pre-
treatment followed by alkaline washing could be due to excess
degradation of the chemical components.

Effect of compaction ratio on physical and mechanical
properties of OSBs

In the previous section, steam and steam followed by washing
with 1% NaOH pretreatments showed the same rating against
standard criteria. Therefore, considering the simpler process

and the cost implications, steam pretreatment was selected
for this section. Sengon OSB with five different CRs, i.e.1.05;
1.18; 1.32; 1.45; and 1.58 was produced in this experiment
using steam treated strands (Table 2). Figure 11 shows the
density and MC values of sengon OSB. The MC value of
sengon OSB at various CRs ranged from 11.48% to 11.87%.
Analysis of variance shows that the CR has no significant
effect on MC of OSB. The actual density value of each panel
has met the desired density target. Analysis of variance
shows that the CR has a very significant effect on OSB
density. Based on Duncan’s multiple range test, each CR has
a significant difference in density. Thus, the resulting OSB prop-
erties can reflect the effect of differences in CRs.

The WA and TS values of sengon OSB decreased with
increasing the panel CR (Figure 12). All TS values meet the
CSA 0437.0 standard (Grade O-1) (CSA 2011). Analysis of var-
iance showed that the CR significantly affected the WA and

Figure 10. Sengon OSB with CR 1.45 at various pretreatments: (a) Internal bonding values and (b) failures on internal bonding specimen. The same letters show no
significant differences between treatments according to Duncan’s multiple range test at a significant level of 5%. Error bars show standard deviations.

Figure 11. Steam pretreated sengon OSB at various compaction ratios (a) density and (b) moisture content . The different letters show significant differences between
treatments according to Duncan’s multiple range test at a significant level of 5%. Error bars show standard deviations.
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TS of sengon OSB. Duncan’s multiple range test shows that
each CR has a significantly different WA and TS. These results
are similar to previous studies (Vital et al. 1974, Jin 2009,
Chen et al. 2010). Vital et al. (1974) reported that WA and TS
of particleboard with a CR of 1.2 were higher than that of 1.6.
Chen et al. (2010) also reported that the WA and TS OSB of
aspen wood decreased with an increased CR. The low-density
board has many voids in its structure, making it very porous
(Dai et al. 2005). The porous structure facilitates the penetration
and absorption of water and thereby swells. In addition, the
lower contact between strand surfaces in low CR panels
results in poor OSB bonding and facilitates water penetration
during immersion (Jin 2009). However, several studies report
different results. Maulana et al. (2021c) reported that the WA
and TS of dual-species of bamboo OSB decreased with increas-
ing CR. Meanwhile, Van et al. (2021, 2022) reported that kiri
wood OSB with a higher CR had a lower WA but a higher TS.

They stated that a higher TS could involve strand swelling, a
spring-back effect, and the breaking of adhesive bonds by
internal pressure developing voids between the strands. In
this study, a slight spring-back effect may occur as indicated
by a little increase in panel thickness after conditioning.
However, there is no significant difference in panel thickness
for each CRs.

Figure 13 shows the MOE (||) and (⊥) of sengon OSB at
various CRs. MOE (||) and (⊥) increase with increasing CR.
MOE (||) values range from 1527 MPa to 3976 MPa, so neither
meets CSA 0437.0 standards (Grade O-1). Meanwhile, MOE (⊥)
values range from 655 MPa to 1453 MPa, and only sengon
OSB with CRs 1.32, 1.45, and 1.48 has values above the require-
ments of the CSA 0437.0 standard (Grade O-1). Analysis of var-
iance shows that the CR significantly affects the MOE (||) and
(⊥)values. Duncan’s multiple range test shows that MOE (||)
differs significantly at every CR except between 1.32 and 1.45

Figure 12. Steam pretreated sengon OSB at various compaction ratios (a) water absorptionand (b) thickness swelling. The different letters show significant differences
between treatments according to Duncan’s multiple range test at a significant level of 5%. Error bars show standard deviations.

Figure 13. Steam pretreated sengon OSB at various compaction ratios (a) MOE // and (b) MOE ⊥. The different letters show significant differences between treatments
according to Duncan’s multiple range test at a significant level of 5%. Error bars show standard deviations.
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CRs. While the MOE (⊥) of sengon OSB at a CR of 1.58, 1.45, and
1.32 significantly different with CRs 1.05 and 1.18.

MOR (||) and (⊥) of sengon OSB at various CRs also showed
the similar trend as MOE (Figure 14). MOR (||) increases with
increasing CR with values ranging from 9.5 MPa to 27 MPa.
However, only panels with a CR of 1.58 have a value above
the requirements of the CSA 0437.0 standard (Grade O-1).
Meanwhile, the MOR (⊥) were ranged from 7 MPa to
16.5 MPa. Sengon OSB with CRs of 1.32, 1.45, and 1.58 has a
MOR (⊥) values that meets CSA 0437.0 standard (Grade O-1).
Analysis of variance shows that the CR has a significant effect
on MOR (||) and (⊥). Duncan’s multiple range test shows that
OSB with CRs of 1.32, 1.45, and 1.58 has significantly different
MOR (||) and (⊥) values than other CRs.

Increasing the CR above 1.32 does not significantly
increase MOE and MOR, especially MOE (⊥) and MOR (⊥). A
similar trend, MOE & MOR gradually slow down as density
continues to increase, was also reported by previous studies

(Chen et al. 2010, Maulana et al. 2021c). According to Dai
et al. (2002) wood cell wall damage may occur in excessive
compaction. The increase in MOE and MOR generally aligns
with the existing literature. Sumardi et al. (2007) reported
that moso bamboo (Phyllostachys pubescens) OSB with a
higher density had higher MOE and MOR values. OSB with
a higher CR has more strands bearing the load and better
contact between strand surfaces, resulting in higher MOE
values (Febrianto 2017). Hiziroglu (2009) reported that the
MOR of eastern redcedar (Juniperus virginiana) strandboard
with a density of 780 kg m−3 was higher than strandboard
with a density of 650 kg m−3. The difference in CR has
affected the density profile of OSB. A decrease in the CR is
accompanied by a decrease in panel density, resulting in a
density profile with a steeper graph (Febrianto et al. 2010).
The steeper gradient in the density profile can cause shear
failure of the board, so that the MOR value decreases as
the board density decreases (Kawai et al. 1986).

Figure 14. Steam pretreated sengon OSB at various compaction ratios (a) MOR // and MOR ⊥. The different letters show significant differences between treatments
according to Duncan’s multiple range test at a significant level of 5%. Error bars show standard deviations.

Figure 15. Steam pretreated sengon OSB at various compaction ratios (a) Internal bonding values and (b) failures on internal bonding specimen. The different letters
show significant differences between treatments according to Duncan’s multiple range test at a significant level of 5%. Error bars show standard deviations.
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Figure 15 shows internal bonding values (a) and failures on
internal bonding specimen (b) of sengon OSB at various CR. The
IB values of sengon OSB were 0.15 MPa–0.27 MPa (Figure 15).
None of the panels complies with CSA 0437.0 standard
(Grade O-1). The highest value was obtained at a CR of 1.32,
while the lowest was at a CR of 1.18. Analysis of variance
shows that the CR has a significant effect on the IB values.
The IB value of sengon OSB increased significantly by increas-
ing the CR to 1.32. Greater strand contact when the mat with
a higher CR was pressed allows the formation of more
effective bond lines resulting in higher IB strength (Chen
et al. 2010). The trend of non-linear IB values with increasing
CR may be caused by failure during specimen testing. Panels
with a low CR are made with a low target density, and this
causes the IB specimens of low CR panels to tend to fail in
the core layer. While, lower IB value at high CRs might be
caused by strand damage. Although previous studies reported
the trend of non-linear changes in IB with increasing density
(Jin 2009, Chen et al. 2010), IB will generally increase with
increasing panel density. A linear increase in IB with an increase
in density was also reported by previous studies (Sumardi et al.
2007, Van 2021, Maulana et al. 2021c).

In this study, the IB value of OSB with CR 1.58 was lower than
OSB with CR 1.45 and 1.32. Although insignificant, the low IB
values can be caused by interstrand contact development
during the hot-pressing, where the lower mat densities are
more rapid than at higher mat density (Dai et al. 2007). In
addition, the lower IB value at CR 1.58 could also be caused
by the longer mat-forming time, whereas in this study, mat-
forming for making laboratory scale panels was carried out
manually. Longer mat-forming times may allow the pre-cured
adhesive to occur, thereby reducing adhesive penetration
during pressing.

Conclusions

Steam and steam pre-treatment followed by washing with 1%
NaOH increased the extractive content of sengon in sengon
wood. FTIR analysis showed bond improvement between
strand and resin by both pretreatments. Morphological obser-
vations showed an improvement in the strand surface after
pretreatments. Steam and steam followed by washing with
1% NaOH pretreatments increase the dimensional stability
of sengon OSB. Steam followed by washing with 1% NaOH
pretreatment produced sengon OSB with highest dimensional
stability. The pretreatment did not significantly affect the
mechanical properties of sengon OSB. Both steam treated
and steam followed by washing with 1% NaOH treated OSB
have met the CSA 0437.0 standard (Grade O-1) for thickness
swelling, MOE (⊥), and MOR (⊥) but did not have meet
MOE (||), MOR (||), and IB. Therefore, even though steam fol-
lowed by washing with 1% NaOH has better stability, for
economic reasons only steam treatment is sufficient to be rec-
ommended for further development. Sengon OSB at various
compaction ratios was successfully made and was meet the
target mat density. OSB at high CR has better dimensional
stability, MOE, and MOR than a lower CR. The board with a
CR of 1.58 has the most optimal physical and mechanical
properties and meets the CSA 0437.0 standard (Grade O-1)

on thickness swelling, MOE perpendicular, and MOR parallel
and perpendicular.
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