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 The raw materials of the timber industry, especially furniture, are increasingly 

difficult to obtain in the quantity and quality needed. The development efforts 
carried out were utilizing Nipah coir waste as a raw material for making 

particle boards. Particle boards are panel boards made of wood particles or 

materials containing lignocellulose. Nipah plants contain 27.3% lignin and 

36.5% cellulose which has the potential to be used as raw material for 
particleboard production. This study aims to reveal the physical and 

mechanical properties of particleboards made from Nipah fruit fibre with 

adhesive using tapioca flour. The making of particle board is done with a ratio 

of 90%: 10%, 80%: 20%, 70%: 30%, 60%: 40%, by giving a pressure of 100 
kg / cm2. Particle testing is carried out according to the JIS A 5908 standard 

(2003). From this study, the optimum results were obtained in variations of 

60%:40%. The particle physical properties which have an average density 

value of 1.15 gr / cm3 and an average moisture content of 5.8%. While the 
mechanical properties obtained by the value of Modulus of Elasticity an 

average of 21,188.93 kg / cm2. This shows the particle board variations of 

60%: 40% produced to meet the JIS A 5908 (2003) standard. Based on the 

analysis of the quality variations 60%: 40% of particle boards can be 
recommended as raw materials for interior furniture. 
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1. INTRODUCTION 

 

Current technological developments and advancements are so rapid, one of them is technology in the field 

of materials.   The main materials used in industrial products are metal and non-metallic materials. Particle 

board is a material that many people glance at and are referred to as non-metallic materials. Particle boards are 

widely used in a variety of products. Globally particle boards were developed as a substitute for metal materials 

that are widely used before particle board development. 

Some research on particle boards in developing particle boards from waste. Research on particle board 

models where the yield of the particle board density was 0.6 gr / cm2 at a variation of 40:60 using resin 

adhesives. While the board using adhesive starch glue obtained a density value of 0.44 gr / cm2 at a variation 

of 50:50 [1]. This shows that the particle board using tapioca adhesive produces a low density compared to 

particle board using resin adhesives. Other research, namely in variation 1: 6 particleboard made from coconut 

fibre raw material using kopal glue adhesive got the best results [2]. The mixture composition, application of 

adhesive, and raw material of mesh particles affects the particle board [3]. The development of particle board 

behaviour studies has been done by conditioning compaction pressure in the manufacturing process which can 

affect the increased fracture constancy behaviour [4]. 

Particle board is one type of wood product or wood panel made of wood particles or other lignocellulosic 

material which is bonded with adhesive then pressed [5]. Based on this, one of the plants containing 

lignocellulose is the Nipah plant which has the potential to be used as raw material for making particle boards. 

Wood powder or wood particles have the same chemical properties as wood: the content of lignin, cellulose, 

silica and ash content [6]. Nipah plants grow naturally, utilization by the community is still limited which 

lives around the beach for daily needs. For example midribs for firewood, leaves for the roof of the house and 

Nipah leaf bones for broomsticks. The part of the Nipah plant which is used as particle board material in the 

form of Nipah fruit fibre where the contents of the Nipah fruit have been taken for food, namely ko lang-
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Kaling. So that the Nipah fibre is a waste that can be reused after processing. Based on this, one of the efforts 

that can be done to increase the economic value of Nipah fruit fibre waste is the technology of utilizing Nipah 

fruit fibre waste as the raw material for making particle board. 

The process of utilizing the Nipah fruit fibre was carried out by developing a technological process so that 

there was a diversification of the use of agricultural waste into particle board engineering material. Particle 

engineering innovation due to its features, so it can reduce environmental disturbances. Before the particleboard 

made from Nipah fibre is produced further, it is necessary to evaluate the quality characteristics of the particle 

board according to the standard JIS A 5908-2003 [7]. As the development of raw materials for furniture or 

furniture with characteristics that are recommendations towards furniture manufacturers. The purpose of this 

study was to use Nipah fruit fibre waste into particle board and to know the characteristics of particleboards 

made from tapioca starch fibre. 

 

2. METHOD 

 

The research method used is a type of experimental research. The experimental research method is a 

research method that is used to find the effect of certain treatments on others in controlled conditions [8]. The 

object of the research studied was particleboard made from Nipah fruit fibre adhering to tapioca. The tools 

used are counter machines, jack presses, scales, ovens, moulds of 25 cm x 25 cm x 1.2 cm, aluminium foil, 

machetes, basins, while the materials used are Nipah fruit fibres, tapioca adhesive. 

 Comparison of particle variations affects the strength of the particle board [9]. The steps for making 

particle board from (1) provide the main raw material for palm fruit fiber and tapioca adhesive, compare the 

variations of 90%: 10%, 80%: 20%, 70%: 30%, and 60%: 40%; (2) Insert the material into the aluminium foil 

coated printer measuring 25cm × 25cm × 1.2cm; (3) do cold pressing by pressing with a pressure of 100kg / 

cm ^ 2; (4) after that the heat is pressed at a temperature of 1000C - 1200C for 60 minutes; (5) The particle 

board sheet which has been hot pressed, removed from the printer and left for about 3 hours for hardening to 

occur; (6) then conducts drying conditioning for one week to achieve uniform water content distribution and 

release residual stresses on the board due to compression; (7) Further cutting the test sample in accordance 

with JIS A 5908-2003. 

 

 
Fig.1. Cutting Pattern Test Example 

Information: 

a. Examples of density tests 

b. Examples of flexural firmness (modulus of elasticity / MoE) and broken firmness (modulus of 

rupture / MOR). 

c. Examples of water absorption and thick development tests. 

d. Example of water content test. 

e. e. Screw holding strength test example. 
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Particle testing physical and mechanical properties based on JIS A 5908-2003. 

Density    : ρ =
𝑚

𝑉
      (1) 

Water content   : KA =
𝐵2−𝐵1

𝐵1
𝑋 100%    (2) 

Modulus of Elastisitas (MoE) : MoE =
P .L3

4 .y.b .  h3     (3) 

 

3. RESULT  

 

The research that has been done is obtained by physical and mechanical properties of particle board, 

Particle Test results of particle board physical properties in the form of density values. Density is the number 

of masses per unit volume. The higher the overall density of the particle board, the higher the strength and 

stiffness of the particle board, the detrimental effect on the physical properties of the particle board is influenced 

by dimensional stability [10]. In Figure 2 a graph shows the average value of the test results for particle board 

density. 

 

Fig. 2. Graph of Average Density Value 

 

Figure 2 shows that the average value of particle board density produced ranges from 0.43-1.15 gr / cm3. 

JIS A 5908-2003 which requires 0.40-0.90 gr / cm3. The results of this study indicate that the particle board 

density values vary by 90:10, 80:20, 70:30 according to JIS A 5908-2003. The physical structure and shape of 

particles of raw materials affect density [11]. From figure 2, the average maximum density value is 1.15 gr / 

cm3 at the variation of 60:40. The particle board density value tends to increase along with the increasing 

amount of adhesive used, this agrees with [12]. From the evaluation of the 60:40 particle board quality it is 

also appropriate to be used as raw material for interior furniture, because of the high density of the particle 

board, the high strength. 

Physical properties of particle board in the form of water content. Water content is the amount of water 

content contained in the particle board in a state of equilibrium with the surrounding environment. The high 

water content is caused by hygroscopic particle properties because it contains lignin and cellulose. The 

ingredients of lignin and cellulose are very easy to absorb and release water [13]. In figure 3, a graph of the 

particle board moisture content is shown. 
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Fig. 3. Water Content Graph 

 

Figure 3 shows that the average value of particle board water content ranges from 5.8-16.17%. Under 

certain conditions, particle board particles that have hygroscopic properties can absorb and release water 

content when conditions of high air humidity [14]. JIS A 5908-2003 which requires 5-13%. The results of this 

study indicate that the average value of particle board water content with variations of 60:40, 70:30, 80:20 

produced meets JIS A 5908-2003. In figure 3 the minimum average value of water content is 5.8% at the 

variation of 60:40, that the higher the level of adhesive the lower the value of the water content produced, 

because many adhesives are able to produce bonds or adhesions between particles to close the cavity or pore 

on the particle board. This occurs because of the treatment of heat presses carried out during the compression 

process [15]. From the results of the evaluation of the 60:40 particle board quality it is also appropriate to be 

used as raw material for interior furniture. 

While the Mechanical Properties of the Particle Board are in the form of Flexibility (Modulus of Elasticity 

/ MoE). Flexural constancy (Modulus of Elasticity / MoE) is a measure of particle board resistance in 

maintaining shape changes due to the load and directly related to the particle board. The higher the MoE value, 

the more elastic. Data from the particle board Modulus of Elasticity (MoE) test are presented in graphical form 

(Figure 4). 

 
Fig. 4. Modulus of Elasticity (MoE) Graph 

 

Figure 4 shows that the average value of Modulus of Elasticity (MoE) particle board ranges from 

15854.96-21188.93 kg / cm2. JIS A 5908-2003 which requires a minimum MoE particle board MoE value of 

20400 kg / cm². The results of this study indicate that the average value of particle board MoE variation is 

70:30, 60:40 meets the JIS A 5908-2003 standard. In figure 4 the highest average value of MoE is obtained 
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21188.93 kg / cm2 at variation 60:40, from figure 4 it can be stated that the more adhesive is used, the greater 

the particle board flexural (MoE) value. Particleboard with high density, the MoE or Flexural Resistance value 

tends to be high [16]. From the evaluation of the quality of particle board variation 60:40 it is very appropriate 

to be used as raw material for interior furniture. So that particleboards made from Nipah fruit fibre use tapioca 

adhesive can be recommended to be used as raw material for interior furniture fabrication. 

 

4. DISCUSSION 

Based on the results of particle board testing made from tapioca fibre, it was seen that the average value 

of the physical and mechanical properties of the particle board was density, moisture content and flexural 

constancy (modulus of elasticity). In figure 2 shows that the average value of the particle board density of 

various variations is produced. The average yield of density values obtained is a maximum value of 1.15 gr / 

cm3 at variation 60:40, compared to other variations, from the results of this test it is stated that density 

characteristics are influenced by variations in the amount of adhesive used in making particle boards. Increased 

physical properties of density have a linear relationship with flexural constancy or modulus of elasticity [17]. 

Based on the particle board density value produced is called high-density particleboard, which is particle board 

with a density value above 0.8 gr / cm2 [18]. This shows that there is a fairly good bond between the main raw 

material of Nipah fruit fibre and tapioca adhesive and is also influenced by the pressing process given in the 

process of making the particle board. JIS A 5908-2003 requires a density value of 0.4 - 0.9 gr / cm2. Likewise 

with the characteristics of the modulus of elasticity (MoE) or flexural constancy in the variation of 60:40 

tapioca adhesive obtained the maximum value of 21188.93 kg / cm2. The strength of the particle board 

influences the ratio of the volume fraction contained in the particle board [19]. While the average value of 

water content obtained a minimum value of 5.8%, at a variation of 60:40. 

From Figure 3 it is shown that the more adhesive used the smaller the average value of the particle board 

water content. So that the ability of particleboards made using tapioca adhesives is influenced by variations in 

the adhesive used. When viewed from the results obtained in variation 60:40 it has fulfilled JIS A 5908-2003. 

From the evaluation of the quality of particle board variations of 60:40 can be used as furniture materials 

(furniture interior), namely, furniture that is not exposed to water or is in a humid place. So that particleboards 

made from Nipah fibre using tapioca adhesive can be recommended as furniture raw materials (interior 

furniture). 

 

5. CONCLUSION 

 

Based on the testing and research carried out on particleboards made from tapioca fibre with tapioca 

adhesive obtained optimum results, it can be concluded that they can utilize Nipah fruit fibres as raw material 

for making particle boards with tapioca adhesive. The making of particleboard made from Nipah fruit fibre is 

done by manual compression, then doing physical and mechanical testing and obtaining a density value of 1.15 

gr / cm2, moisture content of 5.8%, and modulus of elasticity (MoE) 21188.93 kg / cm2. From the manufacture 

and testing of particle boards, it can be stated that the factors that affect the strength of the particle board include 

variations in the mixture, raw material particles, adhesives, and forging processes. From the results of the data 

obtained by particle board of Nipah fibre with tapioca adhesive and compared with quality standards, the raw 

material for Nipah fruit fibre with tapioca adhesive can be recommended as a raw material for making particle 

board. 
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NOMENCLATURE 

ρ = Density  (gr/cm3)   m = heavy air dry test sample (gr) 

V = volume of air dry test sample (cm3) KA = Water conten (%) 

B = Initial mass (gr)   B2 = Final Mass (gr) 

MoE = flexural constancy (kg/cm²)  L = Disclaimer (cm) 

P  = Maximum load (kg)   y = Bending on Load (cm) 

h = Test sample thickness (cm)  b = Test sample width (cm) 
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