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Effects of alkali washing were determined after steam treatment of Betung 
bamboo strands relative to the properties of the bamboo oriented strand 
boards (BOSBs). The strands were subjected to steam treatment at 126 
°C for 1 h under 0.14 MPa of pressure, followed by washing with sodium 
hydroxide solution at concentrations ranging from 1% to 5% for 30 s. 
Three-layer BOSBs were manufactured with a target density of 
approximately 0.7 g/cm3 using 8% phenol formaldehyde resin with the 
addition of 1% wax. The shelling ratio of the BOSBs was set to be 1:1:1. 
The physical and mechanical properties increased significantly with the 
alkali washing treatment at concentrations from 1% to 3%, and the 
greatest properties were obtained by washing at 3% alkali concentration. 
However, the washing treatment at concentrations of 4% and 5% reduced 
the physical and mechanical properties of the BOSBs. 
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INTRODUCTION 
 

Bamboo is a potential alternative raw material for biocomposites owing to its rapid 

growth, abundant availability, widespread occurrence, and high tensile strength (Liese 

1987). Because of its small diameter, tubular shape, and thin culm, the utilization of solid 

bamboo is limited, and it is more suitable as a raw material for the manufacture of 

composites. Recently, oriented strand boards (OSBs) from bamboo have been widely 

developed worldwide. In a previous study, the strength and quality of the OSBs from 

Betung bamboo satisfied the Grade O-2 criteria of the CSA 0437.0 (2011) standards (Adrin 

et al. 2013), and the properties tended to be better than those of the OSBs from wood 

(Iswanto et al. 2010; Febrianto et al. 2012, 2013, 2015). 

In general, bamboo is rich in starch and other extractives, which may be responsible 

for the low dimensional stability and poor mechanical properties of bamboo oriented strand 

boards (BOSBs) (Febrianto et al. 2015). To improve the properties of BOSBs, pre-

treatment of bamboo strands may be necessary to reduce the undesirable chemical 

components in the bamboo strands. Steam treatment is a potential pretreatment for 
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removing these components (Rowell 2004). For example, steam treatment of Betung 

bamboo strands effectively reduced the content of extractives and improved the physical 

and mechanical properties of BOSBs (Febrianto et al. 2015; Maulana et al. 2016, 2017); 

however, some of the extractive substances were deposited and accumulated on the 

surfaces of the bamboo strands after the steam treatment. This undesirable phenomenon 

can affect the bonding process by inhibiting the penetration of adhesives into the bamboo 

strands (Pizzi 1983). 

The quality of adhesion is a determining factor influencing the properties of OSBs. 

The removal of inhibiting substances from the surfaces of bamboo strands may facilitate a 

better bonding process to produce superior properties in BOSBs. Fatrawana et al. (2019) 

reported that the steam process followed by alkali washing with 1% NaOH reduced the 

content of extractives in Betung bamboo strands and improved the physical and mechanical 

properties of the BOSBs. The polymer structure of the cellulose is swollen by alkaline 

solutions even at room temperature conditions (Zhang et al. 2013). Hydroxyl ions from 

alkaline solutions are believed to cause cellulose to swell, disrupt the hydrogen bonds of 

cellulose with other polysaccharides, and hydrolyze the esters linked to the polysaccharide 

(Bergmans et al. 1996). Thus, the starch component of bamboo could be removed 

effectively in alkali treatment. Higher alkaline concentration results in a higher decrease in 

the amount of sugar (Chen et al. 2016). In addition, alkali washing treatment, even over a 

short period with 1% NaOH solution, increased the pH of the bamboo strands, which can 

improve the bonding quality of BOSBs with alkaline-curing adhesives such as phenol 

formaldehyde (Maulana et al. 2018; Murda et al. 2018). It is suggested that washing with 

an NaOH solution after steam treatment could be a promising solution to enhance the 

bonding properties of BOSBs. Therefore, this study was conducted to investigate the effect 

of alkali washing after steam treatment on the properties of BOSBs in relation to the 

changes in the chemical components in the steamed bamboo strands. 

 

 

EXPERIMENTAL 
 
Materials 

Four-year-old Betung bamboo (Dendrocalamus asper) culms were harvested from 

the Sukabumi district, West Java, Indonesia. Bamboo strands were prepared from the 

internode without the outer bamboo skin and node. Phenol formaldehyde as the adhesive 

and paraffin additive as a wax were used. 

 

Strand Treatment 
Steam treatment for the bamboo strands was applied in an autoclave at 126 °C for 

1 h under a pressure of 0.14 MPa, followed by the alkali washing treatment with NaOH 

solution at concentrations of 1%, 2%, 3%, 4%, and 5% for 30 s. Steam-treated samples 

without washing (0%) were also prepared as a control. The treated bamboo strands were 

allowed to air dried and then oven dried for 36 h to obtain a moisture content of less than 

5%. 

 

Preparation of BOSBs  
Bamboo oriented strand boards with dimensions of 30 cm (length) × 30 cm (width) 

× 1 cm (thickness) were manufactured with a target density of 0.7 g/cm3. Phenol 

formaldehyde resin with a solids content of 42% and a resin content of 8% was used as a 
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binder. An addition of 1% wax was performed to increase the dimensional stability of the 

boards. The mats, with a shelling ratio of 1:1:1, were hot-pressed under a specific pressure 

of 2.45 MPa at 135 °C for 10 min.  

 

Evaluation of Board Properties  
Evaluation of the physical and mechanical properties of the BOSBs was conducted 

in accordance with the JIS A 5908 (2003) standards. Board samples were conditioned at 

25 to 30 °C and 60% to 65% relative humidity for 2 weeks prior to the testing. The physical 

properties evaluated included density, moisture content, water absorption (WA), and 

thickness swelling (TS). The mechanical properties examined were modulus of elasticity 

(MOE), modulus of rupture (MOR), and internal bonding (IB). Each value was obtained 

from four replications. All parameters measured were compared to those of the CSA 0437.0 

(2011) (Grade O-2) standard for OSB panels (SBA 2005). 

 

Data Analysis 
The experiment was a completely randomized design with one factor: NaOH 

concentration of six levels. Analysis of variance (ANOVA) was used for the statistical 

analysis of the data obtained. Duncan’s multiple range test was performed to determine 

significant differences among variables. 

 

 

RESULTS AND DISCUSSION 
 
Strand Geometry 

Table 1 shows the geometric characteristics of the Betung bamboo strands used in 

this study. The strands were considered as having a good geometry for manufacturing 

OSBs based on the slenderness ratio and aspect ratio values. Oriented strand boards made 

from strands with slenderness ratio values ranging from 60 to 100 have good physical and 

mechanical properties (Febrianto et al. 2015). A high value for the slenderness ratio ensures 

good contact between the strands, producing a strong board (Maloney 1993). In this study, 

the aspect ratio value of the strands matched the value of 3 required for good strands 

(Kuklewski et al. 1985). 

 

Table 1. Geometric Characteristics of the Bamboo Strands 

Parameter Average 

Length (cm) 7.0 (0.1) 

Width (cm) 2.4 (0.2) 

Thickness (cm) 0.1 (0.0) 

Slenderness Ratio 105.8 (27.6) 

Aspect Ratio 3.0 (0.2) 

 Note: the values in parentheses show the standard deviation. 

 

Physical Properties 
Board density is influenced by the amount of pressure applied, the number of 

particles in the mat, the adhesive content, and additives (Kelly 1977). In this study, the 

densities of the BOSBs ranged from 0.71 to 0.74 g/cm3, depending on the treatment of the 

strands, which met the target density of 0.7 g/cm3. According to Maloney (1993), a board 

with a density ranging from 0.59 to 0.80 g/cm3 is categorized as a medium density board. 
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Analysis of variance showed that the steam and alkali washing treatments did not have 

significant effects on the board density.  

As shown in Fig. 1, the moisture content of the BOSBs after conditioning ranged 

from 10.1% to 16.9%. The moisture content of the BOSBs increased with increasing 

concentration of the NaOH solution. Based on the ANOVA results, the different alkali 

concentrations had a very significant effect (p < 0.01) on the moisture content of the 

BOSBs. This increase in moisture content might be attributed to the removal of lignin on 

the surfaces of the bamboo strands after alkali washing with greater concentrations of 

NaOH. Maryanti et al. (2011) and Maulana et al. (2020) reported that a high concentration 

of NaOH causes the removal of lignin from the surfaces of bamboo strands. 

 

 
Fig. 1. Effect of NaOH concentration in the alkali washing treatment after steam treatment on the 
moisture content of the BOSBs. Different letters show significant differences between treatments 
according to Duncan’s multiple range test at a confidence interval of 5%. Error bars show 
standard deviations. 

 

 
Fig. 2. Effect of NaOH concentration in the alkali washing treatment after steam treatment on the 
WA capacity of the BOSBs 
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The WA values of the BOSBs after immersion in water for 2 and 24 h were 8.6% 

to 17.0% and 25.4% to 35.7%, respectively, as shown in Fig. 2. The alkali washing with 

1% to 3% NaOH decreased the WA of the BOSBs, whereas the WA values after washing 

with 4% and 5% NaOH solutions were similar to those without alkali washing treatment. 

The results of the ANOVA (α = 0.05) showed that alkali washing at various NaOH 

concentrations had a significant effect on the WA value. 

The TS values of the BOSBs after immersion in water for 2 h and 24 h were 1.1% 

to 1.9% and 3.2% to 6.8%, respectively, as shown in Fig. 3. Smaller TS values indicate 

greater dimensional stability in the boards. All TS values of the BOSBs satisfied the 

requirement of the CSA 0437.0 (2011) standards (Grade O-2), which is a maximum of 15% 

TS (SBA 2005). The results of the ANOVA (α = 0.05) showed that the alkali washing 

treatment had a significant effect (p < 0.05) on the TS value of the BOSB. The positive 

effect of a decrease in the TS value of BOSBs was observed for the washing treatments 

with concentrations of 1% to 3% NaOH. However, the negative effect of increasing TS 

values was observed for the BOSBs washed with 4% and 5% NaOH solutions.  

 

 
Fig. 3. Effect of NaOH concentration in the alkali washing treatment after steam treatment on TS 
of the BOSBs 

 

The changes in WA and TS may be attributed to the chemical properties of the 

bamboo strands. Maulana et al. (2020) reported that bamboo strands treated with greater 

NaOH concentrations were lower in hemicellulose and lignin. The changes in the WA and 

TS values could be attributed to this factor (Fatrawana et al. 2019). Hemicellulose removal 

mainly caused the lower WA and TS up to 3% alkali concentration washing treatment. 

However, the greater WA and TS values of the BOSBs after alkali washing with NaOH at 

concentrations of 4% and 5% may be caused by the removal of hydrophobic components 

such as lignin (Cao et al. 2017). 

 

Mechanical Properties 
As shown in Fig. 4, the MOE values of the BOSBs with parallel- and perpendicular-

to-face orientations were 1696 to 8511 MPa and 367 to 1633 MPa, respectively. The MOE 

values of both the parallel and perpendicular orientations increased with increasing alkali 
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concentration but they decreased drastically when washed with the 4% NaOH solution. 

The results of the ANOVA (α = 0.05) showed a very significant effect (p < 0.01) on the 

MOE values for both the parallel- and perpendicular-to-face orientations. The minimum 

MOE values of parallel and perpendicular boards permitted by the CSA 0437.0 (2011) 

standard (Grade O-2) are 5500 and 1500 MPa, respectively (SBA 2005). Therefore, the 

BOSBs washed with up to 3% NaOH solution satisfied this standard.  

As shown in Fig. 5, the MOR values of the BOSBs with parallel- and perpendicular-

to-face orientations were 32.4 to 62.3 MPa and 11.4 to 41.0 MPa, respectively. The MOR 

values of all the BOSBs met the CSA 0437.0 (2011) standard for Grade O-2 (SBA 2005). 

The results of the ANOVA (α = 0.05) showed a very significant effect (p < 0.01) on the 

MOR for both the parallel- and perpendicular-to-face orientations of the BOSBs. 

  
Fig. 4. Effect of NaOH concentration in alkali washing after steam treatment on the modulus of 
elasticity (MOE) values of (a) parallel- and (b) perpendicular-to-face orientations of the BOSBs 

  
Fig. 5. Effect of NaOH concentration in alkali washing after steam treatment on the modulus of 
rupture (MOR) values of (a) parallel- and (b) perpendicular-to-face orientations of the BOSBs  

 

The IB values of the BOSBs ranged from 0.03 to 0.49 MPa, as shown in Fig. 6. 

According to the CSA 0437.0 (2011) standard, the minimum IB value of OSBs for Grade 

O-2 is 0.345 MPa (SBA 2005). The IB values of the BOSBs increased with increasing 

alkali concentration until treatment with the 3% NaOH solution and surpassed the standard. 
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However, the IB values after alkali washing with NaOH solutions at concentrations of 4% 

or greater were very small. The ANOVA results showed that the alkali washing with 0% 

to 5% NaOH solutions had a significant effect (p < 0.05) on the IB values of the BOSBs. 

 

 
Fig. 6. Effect of NaOH concentration in the alkali washing treatment after steam treatment on the 
IB values of the BOSBs  

 
In this study, the washing treatment with NaOH solutions of 1% to 3% increased 

the MOE, MOR, and IB values of the BOSBs. As reported previously (Maulana et al. 

2020), washing treatments with higher NaOH solutions increase the pH value of the 

bamboo strands. The increased pH value of wood could increase pH value of phenol 

formaldehyde/wood curing system and lead to a decrease of the activation energy of phenol 

formaldehyde cure (He and Riedl 2004). Higher amounts of alkali also can decrease the 

gel time of phenol formaldehyde resin (Gardner and Eldner 1998). The removal of 

extractable substances and an appropriate pH condition for resin curing might be supported 

by the good bonding quality in OSB manufacturing. Pizzi and Stephanou (1993) reported 

that the phenol formaldehyde adhesive curing process at a pH greater than 9 was effective 

for these materials. A good curing process could lead to better IB and bending properties. 

In addition, the increased crystallinity of bamboo strands owing to alkaline treatment may 

contribute to the increase in board strength, including the MOE and MOR. The relative 

crystallinity and crystalline width in the Betung bamboo strands increased slightly with the 

treatment of steam and alkali washing with NaOH solutions of 1% to 3%, whereas washing 

with NaOH solutions of 4% and 5% tended to decrease the crystalline properties (Maulana 

et al. 2020). Higher crystallinity in the bamboo strands could improve the MOE and MOR 

values of the BOSBs. Furthermore, alkali washing at high concentrations may lead to the 

degradation of lignin and hemicellulose (Maulana et al. 2020). Such degradation can be a 

cause of the decreased OSB strength at high alkali concentrations. Moreover, the IB value 

is influenced by the surface conditions of the strands. The degraded products after stream 

treatment on the strand surfaces were reduced by the alkali washing treatment, resulting in 

smooth and clean surfaces (Maulana et al. 2020). 
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CONCLUSIONS 
 

1. Alkali washing of the steam-treated bamboo strands significantly improved the 

physical and mechanical properties of the bamboo oriented strand boards (BOSBs), 

and the optimal concentration of NaOH solution was 3%.  

2. The water absorption (WA) and thickness swelling (TS) values of the BOSBs 

decreased, and the modulus of elasticity (MOE), modulus of rupture (MOR), and 

internal bond (IB) values increased after alkali washing with NaOH solutions at 

concentrations of 1% to 3%.  

3. The BOSBs manufactured from the bamboo strands treated with 3% NaOH solution 

surpassed the CSA 0437.0 (2011) (Grade O-2) standard for OSB panels.  

4. An excessive use of NaOH could produce lower dimensional stability and poor 

mechanical properties. 
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