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Abstract - Due to the lack of nutrient content in rice husk, it cannot be optimally utilized. It is usually burnt and tend to be 
viewed as agricultural waste. This research aims to increase the value of rice husk waste by utilizing it as components of 
particle board which can be mass produced. Experiments were performed to produce particle board made from rice husks 
combined with bamboo fiber and citric acid as adhesive in various compositions. The particle boards are tested in some 
parameters based on the National Standardization Agency of Indonesia standard requirements. The one-way ANOVA 
method is used to determine whether there are any statistically significant differences among the compositions of rice husks 
with bamboo fiber and citric acid against test result. This research also explains the significant value increased of rice husk 
which originally was agricultural waste that is almost worthless to be a material that can provide economic benefits. 

 

Keywords - Rice Husk, Particle Board, Design Of Experiments, Citric Acid. 

 

I. INTRODUCTION 

 

Rice is one of the most important commodities in 

Indonesia. Moreover, Indonesia is known as an 

agricultural country. The name is pinned because 

most of the population of Indonesia has a cultivation 

livelihood. Because of this culture, Indonesia hasa 

vast agricultural area, especially rice field. This 
makes the reason why Indonesia also has a very big 

number of rice production. According to the 

Indonesian central agency on statistics or usually 

called BadanPusatStatistik (BPS), rice production 

reached 75,397,841 tons of dry milled grain in 2015. 

Based on the data from previous years, the increase of 

rice production could reach 3.4%. 

 

In the grinding process, rice husks will be separated 

from rice grains and are known to be the residual or 

waste material which always burned by the farmers 
after the milling process. From the total of dry milled 

grain, rice husks will be obtained by 20-30%.It can be 

concluded that rice husk waste can reach 15-23 

million tons per year. It is very unfortunate, if the big 

amount of the agriculture yield only becomes a waste 

which has no value at all. To overcome this issue, an 

alternative is needed to optimize rice husk waste into 

brand newgoods with higher value. 

 

The pile of rice husks waste are getting more by the 

days and it usually get burnt. The smoke produced 

could make a new potential problem to the 
environment.This habit continues to happen because 

the paradigm formed inside the farmers mind is rice 

husk is only a byproduct that cannot be utilized. 

Therefore, rice husk is expressed as waste which 

means there is no value at all. If rice husks keepleft as 

waste,it will only has low value and cause adverse  

 

 

effects, while there is potential to process rice husk 

into brand new products which hashigher value that  

could be mass produced. The old paradigm that rice 

husk is a waste has to be considered to be a new 

paradigm that rice husk as a basic material to create 

higher value products that can benefit both in terms 

of business and the environment. 

 
On the other hand, particle board is one of the 

products used in people's daily life and has high 

potential in the industrial market. Generally, the 

particle board is made of wood or other wood-based 

materials. Used wood powder will usually be glued 

with synthetic adhesive to increase the strength 

between the particles. Although the actual use of 

synthetic adhesives potentially provide emissions that 

can pollute the environment.In this research, rice 

husk is attempted to be the base material in the 

manufacture of particle board products and will try to 
utilize of natural materials as adhesive to be more 

environmentally friendly. 

 

II. LITERATURE REVIEW 

 

Rice husk is part of the grain (cereals) in the form of 

dry, scaly, and inedible sheets that protect the inside 

of the endosperm and embryo. Rice husk is composed 

of tissue of cellulosic fibers containing a lot of silica 

in the form of very hard fibers [1].Rice husk is one of 

the agricultural by-products during dry rice grain 

milling process. The dry grind itself consists of 
milled rice, husk, and bran. Fromthe initial weight of 

dry rice grain will be obtained milled rice about 50-

63.5%, husk about 20-30%, and bran about 8-12% 

weight [1].Milled rice will be used as food, and bran 

is usually used as animal feed. While rice husk 

usually be a problem for farmers because of its 

resistance to decomposition in the soil. In addition, 
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low nutritional content and difficult to digest make 

rice husk unfit to be animal feed. 
Because of its considerable availability, low density 

(about 0.9 to 1.5 g/cm3), toughness and resistance to 

weathering, various applications of rice husks have 

been carried out in earlier literatures.Some of the 

common uses of rice husk are as a burning material 

of red brick, compost, base in eggcage, and local 

need which have less high value [2].The content of 

lignin and hemicellulose from rice husk is lower than 

wood, while the cellulose content is similar. 

Therefore, rice husk could be processed at higher 

temperatures than wood [3]. This suggests that rice 

husk has a greater potential than merely waste. Rice 
husk has a big amount of silica content, which has 

the advantage of increasing the mechanical 

properties of composites. Previous research has 

made rice husk as a composite in polymers such as 

polypropylene [4], polyethylene [5], polyester [6], 

resins [7], polyurethane, vinyl ester [8], etc.In other 

studies rice husk can also be used as filler in heat 

insulators [9]. It also can be the material of cement 

or building materials in the form of brick or red brick 

[10]. Otherresearch uses rice husk as biomass in 

power plant [11], and in chemicalindustry used to 
make silica gel or activated carbon [3]. 

Otherchemical industries utilize husk into xylitol, 

furfural, ethanol, and acetic acid [12].However, 

further processing of materials is still fairly untapped 

optimally and tend to be in small quantities. 

A. Bamboo Fiber 

Bamboo is a fast-growingand  resource-rich species, 

and one of the most important vegetative 

lignocellulose resources in addition to timber 

plantations, especially in tropical countries 

[13].Based on the result of [13] research, the use of 

bamboo produce good properties of particle board. 
In this research, bamboo fiber is used as auxiliary 

materials beside rice husk. The addition of bamboo 

fiber aims to increase bond between particles.The 

bamboo fiber used is sieved to obtain a homogenous 

size of 14-40 mesh. 

B. Citric Acid 

Citric acid is an organic polycarboxylic acid with a 

chemical formula C6H8O7, containing three carboxyl 

groups, produced by fermentation of glucose-

containing material with sucrose [13]. Citric acid is a 

compound derived from nature, its use in industrial 
activities tends to be more environmentally 

friendly.In previous research, citric acid has been 

done as a natural adhesive to attach acacia powder 

[14], paper [15], and bamboo fiber [13].The common 

adhesives used in the manufacture of particle boards 

are synthetic adhesives such as urea formaldehyde 

(UF) and phenol formaldehyde (PF). Those synthetic 

adhesives tend to have adverse emission and impacts 

for the environment. 

C. Particle Board 

Particleboard is a panel made fromlignocellulosic 

material, primarily in the form of pieces or particles, 

distinguished from fibers, combined with synthetic 

resins or other binders, which are bonded together in 
heat and pressure in a forging process which 

increasing bonds between particles [16].Particle 

board tends to be stable and not easily deformable, 

making them easy to cut or drill with standard 

equipment. It is usually used as furniture. In general, 

particle board is made of wood powder, but some 

previous research has been experimenting to make 

particle board with other materials which has the 

same characteristics of wood. 

D. Design of Experiments 

Design of Experiments (DoE) refers to the process of 

planning a statistical experiment so that the 
appropriate data will be collected and analyzed by 

statistical methods, resulting in valid and objective 

conclusions [17].In analyzing, statistical methods are 

the only objective approach if a case involves data 

that has errors in the experiment. 

One of the methods which used in this research is 

one-way ANOVA. One-way ANOVA is the 

statistical methods used to analyze the mean 

differences between groups.It is used to test the 

relationship between one dependent variable with 

one independent variable. 

E. Design for Material Value Conservation 

Material Value Conservation is the implementation 

of some approaches, design principles, processes or 

treatment of materials and other endeavors in order 

to minimize the degradation of values and maximize 

residual value, and improves the life cycle and the 

total value of the goods [18].One of the methods 

derived from Material Value Conservation is Design 

for Other Usage (DFOU). DFOU is a conversion 

from uneconomic materials to be recycled which still 

has the potential to be converted into other products 

or can be added with some supporting material so 
that it becomes a more economical product and has 

the more benefit. 

 

III. METHODOLOGY 

 

In this research, a literature study is conducted to 

explore the problems and the potential of rice husk 

utilization alternatives. Based on Material Value 

Conservation theory, rice husk is proposed to 

optimize its utilization to increase its value. The 

method used is to use rice husks as the base material 
to produce other products that have more benefits and 

it makes the value of rice husk to be lifted up, could 

be said as DFOU method. Rice husk has the same 

cellulose content as wood. It shows that rice husk can 

be processed into wood based products.In addition, 

rice husk also tends to be resistant to weathering. 

With these properties, one of the wood products 

suitable for mass production and has high marketing 

potential is particle board. As an adhesive, citric acid 

which is a natural adhesive is used to reduce 

emissions for the environment.From interviews with 

experts, observations and literature studies in 
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previous research, it was determined that the 

composition and treatment of each sample to be 
studied were as follows. 

a. Rice husk with citric acid adhesive, weight 

ratio 10: 2 

b. Rice husk with citric acid adhesive, weight 

ratio 10: 2.5 

c. Rice husk with citric acid adhesive, weight 

ratio 10: 3 

d. Rice husk + bamboo (1: 1), with citric acid 

adhesive, weight ratio 10: 2. 

e. Rice husk + bamboo (1: 1), with citric acid 

adhesive, weight ratio 10: 2.5 

f. Rice husk + bamboo (1: 1), with citric acid 
adhesive, weight ratio 10:3 

For the next will be written as treatment A, B, C, D, 

E, and F. The research was done by experimenting on 

the forging of rice husk into particle board with citric 

acid as the adhesive in various compositions. The 

citric acid crystals will be dissolved up to 50% 

concentration and sprayed into the mixture. 

Afterwards, the mixture dried at 60oC to reduce water 

content. The dried mixture fed into mat former and 

pressed up to 2.5 MPa and the temperature kept at 

200oC until the thickness reaches 0.9 cm. The forging 
process is left for 15 minutes.The finished sample 

then subjected to conditioning by leaving it at 

ambient temperature for about 1 week to make sure 

the samplecondition was stable already so that it is 

ready for testing. Furthermore, each treatment will be 

tested according to the standard set by national 

standardization agency of Indonesia or usually called 

SNI.Each test will be replicated 5 times.The test 

performed on the particle board are density, moisture 

content, water absorption, thickness swelling, 

modulus of elasticity (MOE), modulus of rupture 

(MOR), internal bound, and screw holding strength 
(SHS) tests. The standard values established by SNI 

on each test type can be seen in the table below. 
TABLE I: STANDARD VALUES BY SNI 

Standard Values 
Type 8 Type 

13 

Type 

18 

Density (g/cm
3

) 0.40 – 0.90 

Moisture Content 

(%) 
≤ 14 

Water Absorption 

(%) 
n/a 

Thickness Swelling 

(%) 

- ≥ 66 ≥ 92 

SHS (Kgf) ≥ 31 ≥ 41 ≥ 51 

Internal Bound 

(Kgf/cm
2

) 

≥ 1.5 ≥ 2 ≥ 3.1 

MOR (Kgf/cm
2

) ≥ 82 ≥ 133 ≥ 184 

MOE (Kgf/cm
2

) ≥ 20,400 ≥ 25,500 ≥ 30,600 

Later will be selected which composition is the best 

and the most feasible. After all of the data are 
obtained, the data validity tested by usingone-way 

ANOVA method.In this one-way ANOVA test, N is 

the total number of samples, i.e. 30 samples. While a 

is the amount of treatment, which is 6 treatments. To 

compare the value of Fcount with Ftable, we use α value 

of 0.05, so the Ftable value can be searched on F-

distribution table with α = 0.05; a-1 = 5; and N-a = 

24. The Ftable value obtained is 2.62. This value will 

be compared with the value of Fcount. The last step is 

calculating the increased value of the rice husk that 

has become a brand new product particle board.The 

calculation of the financial benefits is calculated by 
comparing the initial price of rice husk, which was 

originally not used as anything, with the final price of 

rice husk if it is in the form of a particle board 

product.The final price of rice husks can be obtained 

by considering the price of particle board in 

accordance with the price of particle board in the 

market with similar type, which is Rp75.000 per 

standard market size (122 cm x 244 cm x 0.9 cm).The 

value then reduced by the price of citric acid and 

bamboo fiber that assumed to be constant. The value 

difference will show an increase of the value of the 
rice husk.Furthermore, there will be feasibility 

calculation provided if it mass produces in industrial 

scale. 

 

IV. RESULTS 

 

All sample manufacturing and testing activities are 

conducted in the laboratory at Research Center for 

Biomaterials, Indonesian Institute of Sciences, 

Cibinong.To performs MOE, MOR, internal bound 

and screwholding strength tests, the samples were 

tested by Universal Testing Machine (UTM) and 
tested by expert technician. The summary of all test 

results is presented in the table below. 
TABLE II: ALL TEST RESULTS 
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The data validity tests using one-way ANOVA 

against the data obtained shows that there is no any 
statistically significant differences among each 

treatments at density, moisture content, water 

absorption, and thickness swelling tests. But there are 

statistically significant differences between treatment 

A, B, C and treatment D, E, F at screw holding 

strength, internal bound, MOR, and MOE tests. It 

shows that the addition of bamboo fiber gives a 

significant impact on the test results and the 

characteristics of the samples obtained. All of the 

data obtained determined as valid data. 

 According to standard value set by SNI that 

previously showed at table I, the test results 
compared and the best treatment was selected. The 

result summary is presented in the table below. 
 

TABLE III: TEST RESULTS COMPARING TO STANDARD VALUE 

BY SNI 

 
From the table above, we could determine that 

treatment F is the best composition which met all of 

the standard requirements. Treatment F is a 

composition between rice husks and addition of 

bamboo fiber with citric acid adhesive with weight 
ratio of 10: 3. This composition met the standard set 

requirements by SNI of particle board type 8. Once 

the product is determined with the best composition, 

the product is targeted to be sold and mass produced 

in order to provide financial benefits.After calculation 

if the rice husk is processed into particle board with 

standard size and assumed that the price of citric acid 

and bamboo fiber constant, the obtained rice husk 

price equal to Rp1,215/kg. While the initial price of 

rice husk waste is Rp200/kg. It means that there is 

increasing value of rice husk approximately Rp1,015. 
The increasing percentage is about 508%. It can be 

concluded that processing rice husk into a brand new 

product as particle board could give a significant 

financial benefits, beside we also could reduce 

agricultural waste and utilize it. In order to mass-

producing the rice husk base particle board on an 

industrial scale, it is necessary to estimate the cost of 
production first. To calculate the cost, the necessary 

data such as the approximate salary of the employee 

per day, base electricity tariff, and all of particle 

board manufacturer machines price were observed 

and collected. The estimate cost summary are 

presented in the tables below. 
TABLE IV: ESTIMATED OPERATIONAL COST CALCULATION PER 

DAY 

 
 

TABLE IV: ESTIMATED COST OF PARTICLE BOARD 

PRODUCTION PER DAY 

 
TABLE IV :ESTIMATED COST OF RAW MATERIALS PER DAY 

Materials 
Weight 

(kg) 

Price 

(Rp/kg) 

Cost/day 

(Rp) 

Citric Acid 181.09 17,000 3.078,539  

Bamboo 

Fiber 
307.06 1,000 307,067  

Rice Husk 307.06 200 61,413  

Total 3,447,018 

 

All the total cost required in the production of particle 

board per day is Rp1,592,299 + Rp3,447,018 = 

Rp5,039,317. With a daily production capacity of 

797.35 kg / day, therefore the price of particle board 
with standard size is Rp100,786. 

 

CONCLUSION 

 

From the research that has been conducted, the results 

of the research show the conclusions that rice husk 
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which has been considered as a waste that is not 

valuable, actually could be processed into a new 
product that has a higher value. The selected 

productwas particle board.The best composition 

found in this study was a mixture of rice husk and 

bamboo fiber in a ratio of 1:1, with the addition of 

10:3 weight of citric acid adhesive. This composition 

has met the type 8 particle board standards set by 

SNI. The resulting quality is able to compete with 

common particle board which is usually made from 

wood powder. From the value upgrading analysis, it 

was found that there was an increasing value in rice 

husk which was originally only worth Rp200/kg to 

Rp1.215/kg after going through particle board 
manufacturing process with standard size and quality. 

This amount indicates that there is an increasing 

value of Rp1.015 or 508% from the original 

value.From industry analysis, if all of raw materials 

and other production cost calculated, it is found that 

particle board with raw material of rice husk and 

bamboo fiber of standard size 122 cm x 244 cm worth 

Rp100.786.It can be concluded that the processing of 

rice husks into particle board is feasible to be further 

developed and sold commercially on an industrial 

scale. 
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