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ABSTRACT 

 

High awareness on the importance of building green structures by utilizing waste materials has given intense ideas on converting wastes 

to the value-added board. Thus, this study aims to convert rattan furniture wastes into binderless particleboards (BPB) using the hot-

pressing process at different pressing temperatures of 170 °C, 180 °C, and 190 °C and pressing time of 4, 5, and 6 min. These self-

bonded particleboards underwent mechanical and dimensional stability tests according to the Japanese Industrial Standards (JIS 

A5908). Most of the BPB produced met the minimum strength requirements, although they did not meet the standard requirement for 

dimensional stability of boards; yet, these board products were still comparable with commercial particleboards in terms of strength. 

The mechanism of self-bonding that occurred during manufacturing process was the chemical bonding of rattan components and 

physical consolidation amongst rattan fibers. The disorderly orientation of rattan fibers and some of the ruptured fibers occurred in the 

BPB produced had affected the board strength. It can be concluded that rattan furniture waste worked well as an alternative material in 

producing particleboards for structural usage. 
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INTRODUCTION 

Particleboard is a panel material manufactured by pressing particles of wood or other lignocellulosic materials with or without the 

addition of adhesive under heat consolidation. Currently, 90% of particleboards are using urea-formaldehyde (UF), a synthetic resin that 

provides strong and durable bonds among fibers. However, the air pollution created from the toxic of formaldehyde emission has gained 

attention regarding health effects such as cancer (Seller, 2001; Boon et al., 2013; Saadaoui et al., 2013). Moreover, the shortage of 

quality wood from the natural forest in the world is nerve-racking (Mancera et al., 2008). Regulations and pressures from environmental 

policies on cutting down trees due to these problems have caused the increase in cost involved in manufacturing the particleboards 

(Hashim et al., 2011). Afterward, the search for alternative resources has been focused where non-wood or agricultural material has 

received noteworthy attention due to their renewability and accessibility.  

Rattan furniture has large market world-wide, through exporting this furniture type to countries such as Europe, America and Australia, 

that contribute more than RM3.3 million in 2016 (Malaysian Furniture Council, 2015). Moreover, this medium industry participates in 

developing the poverty reduction in certain Asia tropical region. It resulted from the good properties of rattan cane such as lightweight, 

strong, versatile, durable and diverse that can be used as potential alternative raw materials in replacing wood (Muniandy et al. 2012). 

However, the inefficiency on disposing of waste can lead to social and environmental problems (Charoenvai, 2013). Most of the furniture 

industries have same issue on the high amount of wastes produced during the furniture manufacturing process, including the rattan 

furniture industry. These wastes have become a burden to the environment through open burning and illegal dumping (Ariffin et al. 

2001). It was estimated that 30% of a single bar of rattan cane lost during the process of producing the furniture came from cutting, 

debarking, coring, and skinning process, which costs about 10% of an average price of rattan (Olorunnisola et al. 2005). Thus, the idea of 

producing BPB using rattan furniture waste seems possible as it not only eliminates the hazardous concept of using resin but also reduces 

the overall production costs.  
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The previous studies showed that some researchers manufactured BPB using a variety of raw materials (Okuda & Sato, 2004; Xu et al. 

2006; Hashim et al., 2011; Charoenvai, 2013; Nonaka et al., 2013; Fahmy & Mobarak, 2013; Hidayat et al., 2014). They were using the 

hot-pressing process, steam treatments, and extrusion. The easiest way of manufacturing BPBs is by the hot-pressing process, where it 

consolidates the fiber mat into particleboard at certain density and thickness. One of the important parameters of the hot-pressing process 

is pressing temperature (Boon et al., 2013; Zhang et al., 2015). Hence, the objective of this study was to develop BPB using rattan 

furniture waste by the hot-pressing manufacturing process via various hot-pressing conditions which are pressing temperature and time. 

The BPB produced were expected to meet the minimum requirements of board standard for real-life practical application. 

 
MATERIALS AND METHODS 

Rattan furniture wastes were collected from a furniture company located in Pusing, Perak. The wastes in the powder form were manually 

sieved to separate the unnecessary materials such as dust, rubbish, and sands. After that, these wastes were blended and electronically 

sieved into powder size of approximate 50µm, and were dried in the oven at 40 °C for 48 hours. 

 
BOARDS MANUFACTURING 

BPB was manufactured by the hot-pressing process with targeted densities of 1.0 g/cm3 through pressing temperature settings of 170°C, 

180°C, and 190°C and pressing time durations of 4, 5, and 6 min, respectively. The rattan furniture waste fibers of 50µm with the 

moisture content of 10% were manually hand-formed into the homogeneous single-layer mat using a rectangular forming box with the 

size of 11cm x 11cm. The mat was put between aluminum plates in a single opening hydraulic hot-pressing machine and pressed at the 

pressing pressure of 150kPa, where the hot-pressing process illustrates as in Figure 1. The boards were then cut into test samples 

according to JIS, which were conditioned at relative humidity 65±5% and temperature of 20±2 °C. 

  
Figure 1: BPB manufactured using rectangular forming box and hot-pressing machine. 

 
 
BPBs were tested for strength and dimensional stability properties, according to boards’ standard JIS A5908, Type-13 (JIS A5908, 

2003). The tests for strength in terms of modulus of rupture (MOR) and internal bonding (IB) were done using Shimadzu precision 

universal testing machine autograph. Three test samples for each condition with the size of 11cm x 5cm were prepared for static 3-point 

bending test at loading speed of 10 mm/min, and the MOR values of test samples were calculated using equation as below. 

 
Modulus of Rupture,  MOR (MPa) = 3PL / 2bt2      (1) 

Where: P = maximum load (N), L = length of span (mm), b = width of test sample (mm), t = thickness of test sample (mm) 

 
At the same time, three test samples of 5cm x 5cm were used for the IB strength test under a tension loading speed of 2mm/min. The 

maximum load obtained were recorded, and the the IB values of test samples were calculated using equation as follow.  

 

Internal bonding, IB (MPa) = P’/ 2bL       (2) 

Where:  P’ = maximum load (N) at the time of failing force, b = width of test sample (mm), L = length of test sample (mm) 

 
As for dimensional stability tests in terms of thickness swelling (TS), the 5cm x 5cm test samples were measured (t1) before immersed 

horizontally in water at room temperature about 3 cm below the water surface for 24 hours. After that, the samples were taken out of the 

water and left on tissue paper to remove excess water on the surface of test samples for approximately 10 minutes. Then, the test samples 

were measured (t2) again to calculate TS of the BPB, using equation below. 

 

Thickness swelling, TS (%) = (t2 – t1) / t1      (3)   

Where: t1 = thickness before immersion in water (mm), t2 = thickness after immersion in water (mm) 

 

The morphological analysis also has been done to the BPB using the scanning electron microscope operating at 70kV, where the samples 

were sputter-coated with Au and mounted on Al holders using double-sided electrically conductive carbon adhesion tape to prevent 

electrical charging during SEM examination. These testing results are significant to ensure the BPB produced meets boards’ standard 

requirements that are relevant to be used in furniture industry.  
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RESULTS AND DISCUSSIONS 

EVALUATION ON PHYSICAL PROPERTIES OF BOARDS 

BPB produced are slightly dark brown in color and generated a peculiar smell, which indicates the modification of chemical components 

inside the fibers during the hot-pressing process (Fahmy & Mobarak, 2013; Hidayat et al., 2014; Carmen et al., 2015). BPB has smooth 

surfaces with glossy sections resulted from the fineness of fiber particles used and strong bonding generated between fibers (Hashim et 

al., 2010; Panyakaew & Fotios, 2011; Marashdeh, 2011). The densities of BPB were in the range of 0.75-0.95 g/cm3, as shown in Table 1 

below. 

 

Table 1: Thickness and densities of BPB after hot-pressing processes 

Pressing Parameters 

[Temperature (oC), time (min)] 

Thickness 

(cm) 
Densities (g/cm3) 

170, 4 3.97 ± 0.02 0.75 ± 0.01 

170, 5 4.00 ± 0.02 0.77 ± 0.01 

170, 6 3.99 ± 0.02 0.80 ± 0.01 

180, 4 3.98 ± 0.02 0.90 ± 0.01 

180, 5 3.99 ± 0.02 0.93 ± 0.01 

180, 6 4.01 ± 0.02 0.95± 0.01 

190, 4 4.00 ± 0.02 0.88 ± 0.01 

190, 5 4.02 ± 0.02 0.90 ± 0.01 

190, 6 3.99 ± 0.02 0.91 ± 0.01 

 

EVALUATION ON STRENGTH PROPERTIES OF BOARDS 

 

Figure 2 represents MOR values for BPB manufactured with pressing temperatures of 170 °C, 180 °C, and 190°C and pressing time of 4, 

5, and 6 min, respectively. It clearly shows that the MOR values increased with the increasing of pressing temperature. BPB pressed at 

180 °C and 5 min had the highest MOR value of 28.5 MPa. Conversely, all BPB pressed at 190 °C decreased MOR approximately 14% 

lower compared to BPB pressed at 180 °C and 5 min. This is due to the burned fibers inside the board resulted from high temperature 

(190 °C) and it is noted that the MOR values depend on fiber strength and geometry, not the bonding strength among fibers (Carmen et 

al., 2015). Previous studies found that the melting point of rattan furniture waste was 177.8 °C, (Maisarah et al., 2015), thus the BPB 

pressed at 170 °C had the lowest MOR values as not enough heat was supplied to allow the lignin flow to the fiber surface. Sufficient 

heat is required for fiber plasticizing and degradation of chemical components which helped bonds the fibers together as sufficient heat is 

supplied (Widyorini et al., 2005; Okuda et al., 2006; Xie & Liu, 2012), yet high temperature can burn and destroy the fiber properties 

(Nonaka et al. 2013). On the other hand, the variation in pressing time showed no significant in MOR values of the BPB produced (Boon 

et al., 2013; Hidayat et al., 2014; Pesenti et al., 2017). 

 

Figure 2: Modulus of Rupture (MOR) for BPBs produced at different hot-pressing temperature and pressing time 
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Figure 3 illustrates the IB strength values of BPB, which increased with the increasing in pressing temperature from 170 °C to 180 °C 

and slightly reduced when the pressing temperature was 190 °C. The longer pressing time from 4 min to 5 min improved the IB strength 

values (Panyakaew & Fotios, 2011; Xie & Liu, 2012), and gave enough time for heat transfer from surface to core layer of BPB which 

allowed lignin to fully plasticized and flow wells (Okuda et al., 2006; Mancera et al., 2008). Previous studies (Hashim et al., 2011; 

Pintiaux et al., 2015) stated that longer pressing time was not adequate and still difficult to create a strong bond between fibers compared 

to boards produced using synthetic adhesive. The IB strengths were lightly reduced at pressing time of 6 min due to excessive drying and 

burned fibers.  

 

The minimum requirements of MOR and IB strength values according to JIS A5908, Type-13 (JIS A5908, 2003) are 13.0MPa and 

0.2MPa, respectively. All BPB met the minimum requirements of MOR values as stated by JIS standard. These MOR values were much 

higher compared to BPB made from oil palm trunk (Hashim et al. 2011), kenaf (Xu et al. 2006) and coconut husk (van Dam et al., 2004), 

which were 5.73MPa, 10.4MPa, and 14.4MPa, respectively. Only BPB pressed at 180 °C and 190 °C at 5 min meet the minimum 

requirement of IB strength values according to the JIS standard. However, these IB strength values were relatively high considering as no 

binder was used for manufacturing the BPB. The kenaf particleboard using 4% paraformaldehyde had IB strength values of 0.11MPa 

(Sellers et al., 1993). 

 

Figure 3: Internal bond strength (IB) for BPBs produced at different hot-pressing temperature and time 
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EVALUATION ON DIMENSIONAL STABILITY OF BOARDS 

 

In Figure 4, BPB from the different pressing temperatures at the various pressing times show the values of thickness swelling (TS) after 

24 hr of immersion in water at room temperature. The TS of BPB decreased with the increase of pressing temperature in the range of 

5.0% to 80%. TS was reduced by 38.3% by increasing the pressing temperature from 170 °C to 180 °C. None of the BPB managed to 

meet TS requirement based on JIS standard except for BPB produced at 190 °C/5 min and 190 °C/6 min, which were 10.63% and 6.99%, 

respectively. These two values were low, which indicated the reduction of hygroscopicity due to degradation of hemicellulose at high 

pressing temperature. Similar studies have been conducted previously (Okuda & Sato, 2004; Boon et al., 2013; Fahmy & Mobarak, 

2013). The high values of TS of boards made from natural fibers were reported by other scholars due to the hydrophilic nature of these 

natural fibers and their internal structure (Sulaiman et al., 2009; Quintana et al, 2009; Pesenti et al., 2017).  

 
Figure 4 clearly shows that increase in pressing time that was inversely proportional to the TS and values. This was agreed by the 

research conducted by Okamoto and friends (1994), who stated that dimensional stability of MDF improved with the increasingly 

pressing time and pressure. The TS was reduced by 29.9% by increasing the pressing time from 4 min to 5 min for BPB pressed at 170 

°C. These dimensional stability values can be improved by applying pretreatment to the raw materials before the hot-pressing process 

(Zhang et al., 2015; Pintiaux et al., 2015). 
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Figure 4: Percentage of thickness swelling (TS) of BPB produced with different pressing temperature and pressing time 
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EVALUATION ON THE MORPHOLOGY OF BOARDS 

 

Morphological analysis was carried out in order to study the microstructure of the BPB after hot-pressing process at pressing temperature 

of 170°C, 180°C and 190°C with fixed pressing time of 5 minutes and particle size of 50µm. The micrographs obtained are illustrated in 

Figures 5(a), (b), and (c) under magnification of 250x. Most of the parenchyma cell walls were found to be fully compressed and 

degraded. Strong physical consiladation amongst compressed cell wall fibers occasioned in good mechanical properties of board 

produced. There were few parts of rattan that can be detected from the micrographs such as rattan skin, ruptured rattan fibers, and the 

pullout of rattan fibers as the wastes were a mixture of all parts of rattan used for manufacturing furniture. It caused disorderly orientation 

of rattan fibers, which these parts distorted and disturbed interaction of fibers that led to hollow space and created less adhesion among 

particles, apparently reduced the board properties (Nonaka et al., 2013; Pesenti et al., 2017). The chemical interaction and interlocking 

between fibers were significantly important for BPB as no adhesive was used in producing these boards.  

 

The BPB pressed at 170 °C in Figure 5(a) had more voids compared to the other two types of BPB resulted from the low temperature that 

was not sufficient enough applied to hydrolyze lignin and other chemical components inside rattan furniture waste particles (Xie & Liu, 

2012; Zhang et al., 2015). It was believed that the occurrence of voids contributed to lower mechanical and physical properties obtained 

by BPB. In Figure 5(b), there were few voids arose with most of the fully compressed fibers. The micrograph also illustrates good 

interlocking between fibers, similarly shown by previous researchers (Hashim et al., 2011; Boon et al., 2013). By applying enough heat 

and pressure, the hydrogen bonding system and water molecules inside particles broke down and provided pseudo-plastic flow behavior 

which contributed to good mechanical properties of BPB (Widyorini et al. 2005; Okuda et al., 2006; Mancera et al., 2008; Pintiaux et al., 

2015).  

 

The figures also proved that the mechanisms of self-bonding inside rattan fibers during the hot-pressing process resulted from chemical 

bonding through heat and physical consolidation from pressure applied onto the BPB (Okuda et al., 2006; Fahmy & Mobarak, 2013; 

Zhang et al., 2015; Hashim et al., 2016). The micrograph in Figure 5(c) shows that the degraded parenchyma with many voids occurred 

amongst fibers. The temperature used for these BPB was high that caused the microstructure of BPB produced distorted and led to 

hollow space and created less adhesion among particles (Hashim et al., 2011). Besides, there were tiny bubbles known as blisters with 

small crack occurred on BPB surfaces, resulted from high moisture trapped inside the rattan waste particles. All these contributed to low 

mechanical properties. 
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Figure 5: The micrograph of BPB pressed at (a) 170°C, (b) 180°C and (c) 190°C 

 
 
CONCLUSION 

The study discovered that rattan furniture waste suits the criteria as an alternative material for producing binderless particleboards (BPB). 

The use of these wastes reduces the production cost as well as solves the waste management issues. Testing revealed that pressing 

temperature played important roles in manufacturing BPB, which by increasing the pressing temperature gave high strengths and good 

dimensional stability of BPB produced. However, not all BPB produced met the standard requirement of JIS A-5908, Type-13. Results 

showed that optimum parameters for BPB manufacturing are pressing temperature of 180 °C and pressing time of 5 min, giving the 

properties of MOR 28.5 MPa, IB 0.26 MPa and TS 6.99%, respectively. The microstructure taken from SEM proved that BPB pressed at 

these parameters had good bonding and interlocking between fibers.  

 

Further tests should be conducted in a larger scale to improve the properties and qualities of BPB for practical application; for instance, 

interior parts of buildings or furniture.  In addition to that, it should be focused on the improvement of dimensional stability of BPB by 

reducing the moisture absorption of fiber to the surrounding environment. The understanding on mechanism of self-bonded boards can be 

applied on other natural fibers, either woody or non-woody materials; where this helped to lessen the waste volume produced in furniture 

industry, as we moving towards greener world. 
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