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ABSTRACT

The objective of this study was to evaluate the effects of steam treatment
of strands on the physical and mechanical properties of oriented strand
board (OSB) from gmelina wood (Gmelina arborea) bonded with two
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types of adhesive. Strands of gmelina wood were steamed at 126°C and
pressure of 0.14 MPa for 1 h. OSBs were prepared with a 0.6 g/cm® target
density using two types of adhesives, namely methylene diphenyl
diisocyanate (MDI) and phenol-formaldehyde (PF) resins. The resin
content used was 5% for MDI and 10% for PF. The physical and
mechanical properties of the OSB were evaluated referring to the JIS A
5908-2003 standard, and the values were compared with CSA 0437.0
(Grade O-1) standard. The results showed that the steam treatment
improved the dimensional stability of OSB, as shown from the decrease of
water absorption and thickness swelling. Steam treatment also increased
the mechanical properties of the OSB, such as modulus of elasticity,
modulus of rupture, internal bonding strength, and screw holding power.
The results revealed that gmelina wood OSB bonded with MDI adhesives
produced better OSB than bonded with PF resin.

1. Introduction

Recently, plantation forests have been the primary source of wood supplies for the timber
industry. Plantation forests supplied about 85% of logs of the total timber production in Indonesia.
The log production from plantation forests in 2016-2018 increased from 32.2 million m? to 40.9
million m* (MOEF 2021). Wood from plantation forests is generally fast-growing species such as
acacia (Acacia mangium), sengon (Paraserianthes falcataria), and gmelina (Gmelina arborea).
Gmelina is a species that is easy to cultivate and is prioritized in plantation forest development
(Riyanto et al. 2013). Statistics Indonesia (2020) informed that gmelina wood production in 2019
reached 65.6 million m?. Gmelina wood has a specific gravity of 0.37-0.44 with a strength class
IV (Prabawa 2017). In addition, Moya and Leandro (2010) reported that gmelina wood has a large

475



Aisyah et al. (2021) Jurnal Sylva Lestari 9(3): 475-487

percentage of juvenile wood. These characteristics indicate that gmelina wood tends to be inferior
for construction when it uses in solid form. Therefore, it is necessary to consider alternative uses
of gmelina wood.

Wood-based composite products are the alternative in the utilization of fast-growing wood
species. According to Iswanto et al. (2010), low to medium-density woods can be used as raw
materials for oriented strand board (OSB). OSB is a composite product for structural uses. OSB is
made from strands oriented perpendicular to each other between layers and held together using an
exterior type adhesive at elevated temperature and high pressure (APA 2017). The quality of OSB
is influenced by several factors such as wood species, strand geometry, layer ratio, board density,
density profile, extractive substances, pre-treatment, and adhesive type (Adrin et al. 2013; Davinsy
et al. 2019; Febrianto et al. 2017; Iswanto et al. 2010; Maulana et al. 2016, 2020, 2021). Pre-
treatment is intended to remove extractive substances that can inhibit the gluing process from
increasing the adhesive penetration into the strands. Gmelina wood has a relatively high extractive
content of 9.27% (Nurhasni et al. 2016). Therefore, pre-treatment on the gmelina strands before
the manufacture of OSB is necessary. Previous studies reported that strands steam treatment at the
temperature of 126°C under a pressure of 0.14 MPa for 1 h could improve dimensional stability
and some mechanical properties of the OSB (Febrianto et al. 2015; Maulana 2017). In addition,
steam treatment could reduce the extractive substances and starch in strands (Fatrawana et al.
2019).

The type of adhesive can also affect the quality of the OSB (Febrianto et al. 2017). Phenol-
formaldehyde (PF) and methylene diphenyl diisocyanate (MDI) resins are generally used to
manufacture OSB. According to Kang et al. (2017), PF resin is inexpensive and has good bond
strength. However, PF resin has the disadvantage of being dark in color and producing
formaldehyde emission (Sutrisno et al. 2015). On the other hand, MDI adhesive could produce
better OSB properties than OSB bonded with PF (Adrin et al. 2013; Febrianto et al. 2015).
However, MDI adhesive is expensive. The MDI adhesive forms urethane linkages from the
reaction between isocyanate (-NCO) groups of MDI with wood hydroxyl (-OH) groups (Lubis et
al. 2019), producing good adhesion and without formaldehyde emission (Langenberg et al. 2010).
The use of gmelina wood as a raw material for manufacturing OSB could increase its utilization
as a construction material. Based on the explanation above, it is essential to investigate the effect
of steam treatment and adhesive type on the physical and mechanical properties of OSB
manufactured using gmelina wood strands.

2. Materials and Methods
2.1. Raw Material Preparation and Pre-treatment

Eight-year-old gmelina wood from Bogor, West Java, Indonesia, was harvested and
converted into strands with a length of 7 cm, width of 2 cm, and thickness of 0.1-0.2 cm using a
disk flaker. The geometric characteristics of the gmelina strands are presented in Table 1. The
strands were then air-dried for 14 days. Strand was steamed in an autoclave at 126°C, under a
pressure of 0.14 MPa for 1 h (Maulana et al. 2017). After the steam treatment, strands were air-
dried and then oven-dried at 60°C until reach moisture content (MC) of less than 5%.
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Table 1. Geometric characteristics of the gmelina strands

Parameter Minimum Maximum Average
Steam Control Steam Control Steam Control
Length (cm) 5.53 6.00 7.47 7.00 6.40 6.55
Width (cm) 1.70 1.88 2.65 2.54 2.17 2.22
Thickness (cm) 0.05 0.05 0.16 0.20 0.09 0.09
Slenderness Ratio 38.38 31.50 128.8 128.0 73.76 76.6
Aspect Ratio 2.40 2.58 4.32 3.51 2.97 2.96

Note: Determined by measuring 100 strands selected randomly.

2.2. Oriented Strand Board Manufacturing

The boards were made with a dimension of 30 cm x 30 cm x 1 cm (length x width x
thickness) and a target density of 0.6 g/cm?. Two types of adhesive were used, namely MDI with
5% adhesive content and PF with 10% adhesive content (Adrin et al. 2013; Febrianto et al. 2009,
2012, 2015). The strands and adhesive were mixed using a spray gun in a rotary drum blender.
Approximately 1% of paraffin was added to the strand and adhesive mixture. Strands were
arranged into three layers with a face/core/back layer ratio of 1/2/1, perpendicular to each other.
The mats were hot-pressed with a specific pressure of 2.45 MPa at a temperature of 150°C for 10
min. The boards were conditioned for + 14 days to release residual stresses and reach equilibrium
MC. The board without steam treatment was made as a control. Fig. 1 shows the oriented strand
board made from gmelina strands.

Fig. 1. Oriented strand board made from gmelina strands.

2.3. Physical and Mechanical Properties Evaluation

The testing of physical and mechanical properties of OSB refers to standard JIS A 5908:2003
(JSA 2003). The physical properties tested included density, water absorption, and thickness
swelling after 24 h immersed in water. In contrast, the mechanical properties tested included
modulus of elasticity, modulus of rupture, internal bonding strength, and screw holding power.

Each value of physical and mechanical properties was then compared to commercial OSB standard
CSA 0437.0 (Grade O-1) (SBA 2005).

2.3.1. Density

The samples of 10 cm x 10 cm x 1 cm (length x width x thickness) were measured in an air-
dried state to obtain its volume (Va). The samples were then weighed to obtain air-dried weight
(Wa). The density (D) value of the sample was calculated using equation 1.
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Wa (1
Va

D (g/cm?) =

2.3.2. Water absorption

The samples of 5 cm x 5 cm x 1 ¢cm (length x width x thickness) were weighed (W) and
then immersed for 24 h. After immersing, the samples were drained and weighed again (#2). The
water absorption (WA) value of the sample was calculated as follows:

WA (%) = % x 100% (2)

2.3.3. Thickness swelling

The samples of 5 cm x 5 cm x 1 cm (length x width x thickness) were measured for their
average thickness (77) and then immersed for 24 h. After immersing, samples were drained, and
the average thickness was measured again (72). The thickness swelling (7S) value of the sample
was calculated using the following formula:

TS (%) = % x 100% 3)

2.3.4. Modulus of elasticity

The samples of 20 cm x 5 cm x 1 cm (length x width x thickness) in both parallel and
perpendicular to the grain directions were used. The test was carried out using Universal Testing
Machine (UTM, Instron, United States) with a load speed of 10 mm/min and a span length of 15
cm. The modulus of elasticity (MOE) value of the sample was calculated as follows:

APL?
4Aybh?
where AP is the load under proportion limit (N), L is span length (mm), Ay is deflection (mm), b
is sample width (mm), and /4 is sample thickness (mm).

MOE (MPa) = 4)

2.3.5. Modulus of rupture

The modulus of rupture (MOR) testing was carried out together with the MOE testing. The
loading was continued until the sample reached the maximum load (P). The MOR value of the
sample was calculated the following formula:

3PL
2bi?

MOR (MPa) = (5)

2.3.6. Internal bonding strength

The samples of 5 cm x 5 cm x 1 cm (length x width x thickness) were glued to two wooden
blocks with epoxy adhesive and allowed to dry for 24 h. The two blocks are pulled perpendicular
to the surface of the sample at a load speed of 2 mm/min until the maximum load. The internal

bonding (IB) strength of the sample was calculated as follows:
IB (MPa) = b—l; (6)

where / is sample length (mm).
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2.3.7.Screw holding power

The screws of 2.7 mm in diameter and 16 mm long were inserted into 5 cm x 5 cm x 1 cm
(length x width x thickness) samples until 8 mm depth. The SHP value is expressed by the
maximum load achieved in kgf.

2.4. Data Analysis

The completely randomized factorial design with two factors, namely pre-treatment factor
(steam and control) and adhesive types factor (MDI and PF), was used to analyze data. The
analysis of variance (ANOVA) was tested at a 95% confidence interval. Duncan’s Multiple Range
Test (DMRT) was then carried out to find out the levels that were significantly different. All data
analyses were carried out using IBM SPSS Statistics 26 Software.

3. Results and Discussion
3.1. Density

The gmelina OSBs density ranged from 0.49-0.57 g/cm? (Fig. 2). Based on Maloney (1993),
the OSBs manufactured are classified as medium density boards (0.40-0.80 g/cm?). The analysis
of variance (ANOVA) showed that the interaction of steam treatment and adhesive types had no
significant effect on the OSB density value. These indicated that the density of gmelina OSBs is
homogeneous. Heterogeneous OSB density could produce varied mechanical strength and
dimensional stability of the board (Maulana et al. 2021).

0.80
0.70 a
0.60
0.50

0.40

0.30
0.20

Density (g/cm?)

0.10

0.00

MDI Control MDI Steam PF Control PF Steam
Treatment

Fig. 2. The density value of gmelina OSBs on various treatments and adhesive types (Notes: the
same letter showed no significant difference).

3.2. Water Absorption

The water absorption (WA) value of the OSBs ranged from 31.40-80.54% (Fig. 3). The
highest WA value of gmelina OSBs was found in OSB bonded with PF adhesive without steam
treatment, while the lowest was found in OSB bonded with MDI adhesive with steam treatment.
The results of ANOVA showed that the interaction of treatment and adhesive types significantly
affected the WA value of OSB. The Duncan’s Multiple Ranged Test (DMRT) results showed that
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the WA value of each gmelina OSBs was significantly different. The WA value of gmelina OSBs

bonded by MDI adhesive was lower than that bonded by PF resin. MDI adhesive has hydrophobic

properties so that it absorbs less water and results in better board quality (Adrin et al. 2013). The

WA value of steam-treated boards was lower than the control OSB for both adhesive types. Steam

treatment could reduce the extractive content in the strands. Extractive content reduction led to

lower water permeability of OSB, resulting in lower WA value of steam-treated OSB than control

board (Fatrawana et al. 2019; Febrianto et al. 2017; Maulana et al. 2017).
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MDI Control MDI Steam PF Control PF Steam
Treatment

Fig. 3. The WA value of gmelina OSBs on various treatments and adhesive types (Notes:
different letters showed a significant difference).

3.3. Thickness Swelling

The CSA 0437.0 (Grade O-1) standard required a thickness swelling (TS) value of OSB less
than 15%. The TS value of the resulting OSBs ranged from 10.48-22.85% (Fig. 4). The highest
TS value was found in PF-bonded gmelina OSBs without steam treatment, while the lowest was
found in MDI-bonded OSBs with steam treatment.
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10 A
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CSA 0437.0 (Grade O-1)

MDI Control MDI Steam PF Control PF Steam
Treatment

Fig. 4. The thickness swelling value of gmelina OSBs on various treatments and adhesive types
(Notes: different letters showed a significant difference).
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The ANOVA results showed that the interaction of steam treatment and the adhesive types
significantly affected the TS value of gmelina OSBs. The TS values OSBs bonded by MDI were
lower than those bonded by PF. The MDI adhesive is hydrophobic, absorbing less water and
lowering thickness swelling in wood-based composite products (Adrin et al. 2013). Steam
treatment also reduced the extractive content (Fatrawana et al. 2019); hence the adhesive is easier
to penetrate strands. Greater adhesive penetration improves the bonding quality compared to the
lower one, making water more difficult to enter the wood. Several studies also report that WA and
TS values decreased after steam treatment on strands applied (Fatrawana et al. 2019; Maulana et
al. 2016, 2017, 2019). The results showed that only gmelina OSBs bonded with MDI adhesive and
steam-treated met the minimum requirement of CSA 0437.0 (Grade O-1) standard.

3.4. Modulus of Elasticity

The CSA 0437.0 (Grade O-1) standard requires a minimum value of MOE parallel to the
grain direction of OSB of around 4,413 MPa. The value of MOE parallel to the grain direction of
the OSBs ranged from 5,833-6,424 MPa (Fig. 5). The highest MOE parallel to the grain direction
was found in MDI-bonded OSBs with steam treatment, while the lowest was in MDI-bonded OSBs
without steam. The ANOVA results showed that only steam treatment significantly affected the
MOE parallel to the grain direction.

8,000

7,000 - b a b
6,000 T - T —=
T I T

o

CSA 0437.0 (Grade O-1)

MDI Control MDI Steam PF Control PF Steam

Treatment

Fig. 5. The MOE parallel to the grain direction of gmelina OSBs on various treatments and
adhesive types (Notes: different letters showed a significant difference).

The value of MOE perpendicular to the grain direction obtained ranged from 1,510-1,694
MPa (Fig. 6), showing higher values than the CSA 0437.0 (Grade O-1) standard of 1,275 MPa.
The highest MOE perpendicular to the grain direction was found in MDI-bonded gmelina OSBs
with steam treatment, while the lowest was found in MDI-bonded gmelina OSBs without steam.
The results of ANOVA showed that the interaction of steam treatment and adhesive types affected
the MOE perpendicular to the grain direction.

Gmelina OSBs with steam treatment had higher MOE parallel and perpendicular to the grain
directions than gmelina OSBs control. The results of this study were similar to previous research
that steam treatment could increase the MOE values of OSB (Fatrawana et al. 2019; Maulana et
al. 2016, 2017, 2019). Steam treatment reduced the extractive content, resulting in better bonding
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quality and OSB strength (Fatrawana et al. 2019). The adhesive types also affected the MOE of
the OSBs. The OSB bonded with MDI adhesive showed higher MOE than that bonded with PF
resin. The results were similar to previous studies (Febrianto et al. 2009, 2015), showing excellent
mechanical properties of OSB bonded with MDI adhesive. The MDI adhesive has greater adhesion
strength than the PF resin, resulting in a better MOE value. All MOE parallel and perpendicular to
the grain directions of gmelina OSBs in this study have met the minimum requirement of CSA
0437.0 (Grade O-1) standard.
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Fig. 6. The MOE perpendicular to the grain direction of gmelina OSBs on various treatments and
adhesive types (Notes: different letters showed a significant difference).

3.5. Modulus of Rupture

The value of MOR parallel to the grain direction of the OSBs ranged from 35-52 MPa (Fig.

7), higher than the minimum requirement of the CSA 0437.0 (Grade O-1) standard of 22.95 MPa.
60

b 1
I =
E 50 - i o
a ab =
% 40 - T ab T @
= [ I S
g 30 - g
= >
% 20 O
o
= 10 -
0
MDI Control MDI Steam PF Control PF Steam

Treatment

Fig. 7. The MOR parallel to the grain direction of gmelina OSBs on various treatments and
adhesive types (Notes: different letters showed a significant difference).
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The CSA 0437.0 (Grade O-1) standard requires a minimum value of MOR perpendicular to
the grain direction of OSB is 9.41 MPa. The MOR perpendicular to the grain direction of the OSBs
ranged from 14-20 MPa (Fig. 8). The highest MOR perpendicular to the grain direction was found
in PF-bonded gmelina OSBs with steam treatment, while the lowest was found in PF-bonded
gmelina OSBs without steam.
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Fig. 8. The MOR perpendicular to the grain direction of gmelina OSBs on various treatments
and adhesive types (Notes: different letters showed a significant difference).

The ANOVA results showed that the interaction of steam treatment and adhesive types had
a significant effect on the MOR value of OSB. Previous studies reported that steam treatment could
increase the MOR value of the OSB (Fatrawana et al. 2019; Maulana et al. 2016, 2017, 2019).
Fatrawana et al. (2019) stated that steam treatment could reduce extractive content and some
starch. The reduction of extractive content caused better gluing, resulting in better mechanical
properties of OSB. The use of different adhesives also affected the mechanical properties of the
board. OSBs bonded with MDI adhesive have a higher MOR value than bonded with PF adhesive.
This result was supported by Adrin et al. (2013), stating that OSB bonded with MDI adhesive have
a higher MOR value than bonded with PF adhesive. Langenberg et al. (2010) stated that MDI
adhesives chemically bond to wood via urethane linkages and produce high adhesion compared to
PF adhesives which form weak mechanical interlocking and hydrogen bonds. All MOR values of
the resulting OSBs parallel and perpendicular to the grain directions have met the minimum
requirement of CSA 0437.0 (Grade O-1) standard.

3.6. Internal Bonding Strength

The CSA 0437.0 (Grade O-1) standard requires a minimum value of internal bonding (IB)
strength of OSB of around 0.34 MPa. The IB value of the resulting OSBs ranged from 0.36—0.40
MPa (Fig. 9). The highest IB value was found in MDI-bonded OSBs with steam treatment, while
the lowest was in PF-bonded OSBs without steam. Based on the results of ANOVA, all factors did
not have a significant effect on the IB value of gmelina OSBs. However, the IB value of gmelina
OSBs with steam treatment tended to be higher than the control. This is because steam treatment
could dissolve some extractive substances to improve the gluing process. In addition, steam
treatment of wood fibers converts free sugars in wood into furan intermediates and then converted
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into furan resins, contributing to a better bonding process (Rowel et al. 2002). As a result, it
increases the value of dimensional stability, flexural strength, and IB of OSB (Iswanto et al. 2010).
Previous researches also showed that the IB value of OSB increased after steam treatment
(Fatrawana et al. 2019; Maulana et al. 2016, 2017, 2019;). The adhesive types also affect the IB
value of the OSBs. The OSB bonded with MDI adhesive has a higher IB value than that bonded
with PF resin. The MDI adhesives chemically bond to wood via urethane linkages and produce
high adhesion compared to PF adhesives which form weak mechanical interlocking and hydrogen
bonds (Langenberg et al. 2010). This result was supported by Adrin et al. (2013), stating that OSB
bonded with MDI adhesive has higher IB than bonded with PF adhesive. All IB values of gmelina
OSBs obtained in this research have met the minimum requirement of the CSA 0437.0 (Grade O-
1) standard.

0.90 |
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= 070 A a0 a0 2
S 060 - al e
S 0' 0 T 1 g
= 0.50 - a N
?n al l al -
S 040 - I t o
o
2 030 - 3
= 5
0.20 A Q
0.10 ‘
0.00
MDI Control MDI Steam PF Control PF Steam

Treatment

Fig. 9. The IB strength value of gmelina OSBs on various treatments and adhesive types (Notes:
same letters showed no significant difference; 0: adhesive type, 1: pre-treatment).

3.7. Screw Holding Power

The value of screw holding power (SHP) of the resulting OSBs ranged from 82.71-89.61
kgf (Fig. 10). The highest SHP value was found in MDI-bonded OSBs with steam treatment, while
the lowest was found in PF-bonded OSBs without steam. The ANOVA results showed that the
steam treatment had a significant effect on the SHP value of OSB. The DMRT results showed that
the steam treated OSB had a significantly different SHP value than the OSB control. Steam
treatment can increase the adhesive bond with the strand. However, the use of different adhesives
did not show significantly different results. The screw holding power is affected by moisture
content, fiber orientation, specific gravity, method of screwing, dimensions, surface properties,
and wood species used (Celebi and Kilic 2007). In addition, the IB value also affects the SHP
value; the higher the IB value, the SHP value also increases (Wulandari et al. 2020).
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Fig. 10. The screw holding power of gmelina OSBs on various treatments and adhesive types
(Notes: different letters showed a significant difference).

4. Conclusions

Steam treatment improved the quality of the physical and mechanical properties of gmelina
OSBs by reducing the WA and TS and increasing the MOE, MOR, IB, and SHP. Both PF and
MDI adhesives could be used to produce good-quality OSBs. The OSBs prepared with steam
treatment and bonded with PF resin had mechanical properties that meet the standard CSA 0437.0
(Grade O-1), except for TS. The use of MDI adhesive resulted in better OSB than that bonded with
PF resin. The OSBs prepared with steam treatment and bonded by MDI adhesive had physical and
mechanical properties that meet CSA 0437.0 (Grade O-1) standard.
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