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Abstract 

Rice husk particles were used as a major material in making of particleboard. The experimental research used a factorial 
randomized block design with two factors. The first factor was the relative humidity (RH) that consisted of indoors RH 
of 83-85% and outdoors RH of 87-91%; the second factor was the exposure time (1-6 week(s)). The physical and 
mechanical properties changes of rice husk-particleboard during 6 weeks of indoor and outdoor exposures were 
measured. The internal bond (IB), modulus of rupture (MOR), modulus of elasticity (MOE) of rice husk-particleboard 
decreased and the thickness of swelling as well as density of rice husk-particleboard increased during exposing to 
indoors and outdoors open-air. 
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1. Introduction

Paddy is the important crop in Indonesia due to it is the staple for most of Indonesians. Rough rice is the fruit of paddy 
that should go through some processes to produce milled rice. Rice husk is the by-product during milling of rough rice 
into milled rice. A rough rice grain consists of 20% hull and 80% brown rice [1]. Local farmer in Indonesia used to burn 
rice husk as solid fuel or dumped as a solid waste. The improper handling of agricultural waste product could harm the 
environment. Alternative solution is to recycle agricultural waste into other product for human needs. 

Rice husk has unique properties such as toughness, resistance to weathering, high in silica and cellulose, low water, and 
moisture permeability [2][3]; therefore, rice husk is a potential material for briquette [4] and particleboard [5] [6] [7] 
[8]. Furthermore, Johnson and Nordin [9]stated that rice husk was potential for various types of boards such as 
particleboards, insulation boards and ceiling boards. Among those, particleboard is the most produced by manufacturer 
due to its many uses for housing and industries. 

Owing to declining forest potential, alternative raw material from organic wastes were used for particleboard [10]. Rice 
husk which is as agricultural waste is continuously available at a relative low price and is potential as major material 
for particle boards. Particleboard used to be manufactured using wood particles and binder; however, recently 
particleboard is produced in a composite material consisting of wood particle with other materials such as agricultural 
waste. Previous works on particleboard were carried out by Melo et al. [6] by mixing wood particle with bamboo and 
rice husk; Das [11] produced particleboard from leaf fiber residues of sugar beet, Aisien [12], [13] made particleboard 
from cassava stalks; Vancai [13], Amenaghawon et al. [14] and Kalaycioglu et al. [15] used bamboo waste, cobs, cassava 
stalks and paulownia as raw materials for particleboard. Different raw materials in particleboard will result in different 
physical and mechanical properties of the particleboards. In addition, the different types of binder in the particleboard 
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might have an effect on different properties of the product. Other material might be added in the manufacturing of 
particleboard to produce a particleboard with particular properties, for example polyethylene was added in 
particleboard to increase the water resistance [16]. 

Rice husk has been long recognized as raw material for particleboard. Some studies have been performed on the 
particleboard made of rice husk [3] [7] [8] [5] [17]. Most of those studies investigated the physical and mechanical 
properties of particleboards. As stated earlier, particleboards are used for furniture that might be placed outdoors or 
indoors. There have not many studies on the property changes of particleboard during outdoors and indoors. One of the 
problems encountered with the tropical countries was the high humidity. This is unfavorable condition for maintain the 
quality of particleboard. Therefore, the objective of this study was to analyze the properties changes of rice husk-
particleboard during outdoors and indoors. 

2. Materials and Methods 

2.1. Materials used 

Rice husks were collected from a local rice processing mill in Palembang city, province of south Sumatera, Indonesia. 
They were dried under the sun up to 5% of moisture content and crushed in a blender to obtain particle size of 1.18 mm 
in diameter. The adhesive of polyvinyl acetate (PVA) was used as particleboard binder. The PVA (200 g) was diluted by 
adding distilled water as amount of 10% of the total weight of PVA. Paraffin liquid (KGaA 64271 Darmstadt Germany). 

2.2. Particleboard manufacturing 

Rice husk particles as amount of 300 g was placed in a stainless container. The diluted PVA and paraffin (4% w/w of 
rice husk) were gradually added into the rice husk particles and homogenously mixed. Afterwards, the mass of particles 
was taken to a wooden mold with the size of 25 cm x 20 cm x 1 cm and manually pressed. Then, the definitive pressing 
was performed in a hydraulic press at the pressure of 15 kg cm-2 for 10 minutes, followed by a hot press for 15 minutes 
at the temperature of 110 0C and 15 kg cm-2 of pressure. The particleboard was then dried under sun for three days. 

There were 42 rice husk-particleboards for the analysis of the property’s changes during indoors (83%-85%) and 
outdoors (87-91%) for 6 weeks. The experiments were run in triplicates. 

2.3. Particleboard testing 

2.3.1. Thickness of swelling 

The particleboard was periodically measured for its thickness. The thickness of swelling was calculated according to 
Standard National Indonesia 03-2105-2006 as follows: 

𝑇ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠𝑜𝑓𝑠𝑤𝑒𝑙𝑙𝑖𝑛𝑔 =
𝑇2 − 𝑇1
𝑇1

× 100% 

Where T2 is the thickness (mm) after the exposure time and T1 is the initial thickness of particleboard. 

2.3.2. Density 

Density of the particleboard was measured according to Standard National Indonesia 03-2105-2006. It was defined as 
weight (g) divided by volume (cm3). 

2.3.3. Modulus of Rupture (MOR) and Modulus of Elasticity (MOE) 

Specimens for analysis of MOR and MOE were in the size of 5 cm  20 cm  1 cm. The bending of MOR and MOE were 
calculated from load deflection curves according to Standard National Indonesia 03-2105-2006, as follows: 

𝑀𝑂𝑅(𝑁𝑚𝑚−2) =
3𝐵𝑆

2𝐿 ⥂ 𝑇2
 

𝑀𝑂𝐸(𝑁𝑚𝑚−2) =
𝛥𝐵𝑆3

4𝛥𝐷𝐿 ⥂ 𝑇3
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Where B is the maximum load (N), B is the load at the proportional limit (N), S is the span (mm), L is the width of the 
specimen (mm), T is the thickness of specimen (mm) and D is the deflection corresponding to B (mm). 

2.3.4. Internal Bond Strength (IB) 

The specimen for IB was in the size of 5 cm  5 cm. The rupture load (B) was determined and the IB was calculated 
according to Standard National Indonesia 03-2105-2006 as follows: 

𝐼𝐵(𝑁𝑚𝑚−2) =
𝐵

2𝑃𝐿
 

Where B is the maximum load (N), P is the length of specimen (mm); L is the width of the specimen (mm). 

2.4. Experimental design 

Factorial randomized block design was used with two treatment factors and three repetitions. The treatment factors 
were environmental conditions and exposure time. The first factor consisted of two levels, indoors (relative humidity 
of 83%-85%) and outdoors (relative humidity of 87%-91%), whereas the second factor consisted of 7 levels, 0, 1, 2, 3,4, 
5 and 6 week(s). The data obtained were evaluated using analysis of variance (ANOVA) and honestly significant 
difference test at the 5% level. 

3. Results and Discussion 

3.1. Physical properties (Density and thickness of swelling) 

Statistical analysis showed that the factor A (environmental conditions) and factor B (exposure time) had significant 
effect on the density as well as the thickness of swelling of rice husk-particleboard, whereas the interaction between 
factor A and B had significant effect on the thickness of swelling. The mean values of density and thickness of swelling 
during 6 weeks of exposure time in both outdoor and indoor are presented in Table 1. Density of rice husk-particleboard 
increased during exposure to open-air both in indoor and outdoor (Figure 1). Similar trend was also found in the 
thickness of swelling of the rice husk-particleboard during exposure to open-air (Figure 2). The thickness of swelling 
increased more than twice as much as thickness of swelling of rice husk-particleboard in indoor exposure. 

Table 1 Density and thickness of swelling of rice husk particleboard in indoor and outdoor 

Exposure Time (week(s)) Density (kg m-3) Thickness of swelling (%) 

 indoor outdoor indoor outdoor 

0 557.98 557.98 0.00 0.00 

1 560.52 566.43 0.40 0.90 

2 564.05 568.55 0.46 1.06 

3 568.26 571.88 0.53 1.22 

4 570.27 572.87 0.63 2.06 

5 570.76 575.89 0.67 2.08 

6 570.77 576.00 0.71 2.10 
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Figure 1 Density changes of rice husk-particleboard during indoor and outdoor 

 

 

Figure 2 Thickness of swelling changes of rice husk-particleboard during indoor and outdoor 

3.2. Mechanical Properties (IB, MOR and MOE) 

 

Figure 3 IB changes of rice husk-particleboard during indoor and outdoor 

Statistical analysis showed that factor A (environmental condition) and factor B (exposure time) had significant effect 
on the IB, MOR and MOE. The mean values of IB, MOR and MOE were presented in Fig. 3 to 5. The IB, MOR and MOE 
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decreased concomitantly during exposure to open-air indoor and outdoor. The decreases of IB, MOR and MOE were 
higher during exposure to outdoor than that of exposure to indoor.  

 

Figure 4 MOR changes of rice husk-particleboard during indoor and outdoor 

 

 

Figure 5 MOE changes of rice husk-particleboard during indoor and outdoor 

Both density and thickness of swelling increased along with the longer of exposure time. It was due to more moisture 
was absorbed by rice husk-particleboard. The increase of density and thickness of swelling were larger in the outdoor. 
Rice husk contained cellulose, silica, and lignin 15 which are hygroscopic. Previous studies reported that the cellulose 
content in the ranges between 25 to 35% [18], [19]. Water vapor absorption by cellulose occurred during exposure of 
rice husk-particleboard to open-air. The hydroxyl group in the chain of cellulose is the reason for the moisture vapor 
absorption. It resulted in increase of moisture in particleboard; therefore, it affected the density and thickness of 
swelling. The most abundant chemical composition in rice husk is silicon dioxide which might be in the ranges of 14.8% 
to 17.9% [2] [3]. It is known as desiccant and widely used in food industries to keep the crispness of the product during 
storage. 

The water vapor absorption of rice husk-particle board increased higher during outdoor rather than indoor. The 
outdoors temperature could reach 45oC at the afternoon which might have an impact on the particleboard to swell, 
therefore the thickness of swelling in outdoor is larger than in indoor. 

The outdoors relative humidity was higher than the indoors humidity; in addition, the fluctuated temperature outdoor 
had an impact to rice husk-particleboard. With respect to moisture absorption, it was speculated that desorption and 
absorption of water vapor might frequently occur during exposure to outdoor. Moisture in the particleboard might 
hydrolyze the binder and soften the particleboard; therefore, the IB, MOR and MOE declined. It agreed with [7] who 
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stated that the amount of purified water should be controlled in particleboard to produce a strong bond among the rice 
husk particles. The initial moisture content of the rice husk-particleboard was 9.27%. It was increased to 15.97% and 
18.01% during six weeks of exposure time to indoor and outdoor, respectively.  

The changes of MOR and MOE properties as shown in Fig. 1 and 2 almost have the similar pattern. Unlike MOR and MOE, 
the IB sharply decreased during the first week of exposure time and gradually declined during exposure to indoor and 
outdoor. Within the properties analyzed in the present work, internal bonding played an important role in determining 
other particleboard’s properties. The initial IB of the rice husk-particleboard met the minimum values required by 
Standard National Indonesia 03-2105-2006. However, the IB values decreased during exposure to indoor and outdoor; 
it reached 0.14 and 0.12 N mm2 after 5 weeks of exposure time to indoor and outdoor, respectively. Unfortunately, after 
six weeks of exposure time, the particleboard did no fulfill the minimum requirements established by Standard National 
Indonesia 03-2105-2006. It might need some modifications in rice husk-particleboard manufacturing to increase the 
water resistivity during exposure the panels to indoor and outdoor. The physical and mechanical properties of particle 
board according to Standard National Indonesia 03-2105-2006 were presented in Table 2. The surface appearance of 
particleboard as presented in Figure 6. 

 

Figure 6 The rice husk particleboard 

4. Conclusions 

The initial density of rice husk-particleboard was 557.98 kg mm-3 increased to 570.77 and 576 kg mm-3; thickness of 
swelling increased to 0.71 and 2.10% after 6 weeks of exposure time to indoor and outdoor, respectively. On the other 
hand, IB, MOR and MOE decreased during the exposure times. The moisture absorption into the particleboard was 
suspected to be the factor of the physical changes during exposing to open-air. 
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