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Abstract. Biomass from annual fibers and agricultural wastes as a raw material to produce 

particleboard or other composite panels has gained increased popularity. The purpose of this 

study was to investigate the suitability of corn stalk as a material for particleboard 

manufacturing. The effect of adhesive type and concentration on the physical and mechanical 

properties of particleboard manufactured from corn stalk was evaluated. Particleboards were 

produced using hot-pressing machine at temperature of 130 °C for urea formaldehyde (UF) and 

150 °C for phenol formaldehyde (PF) adhesives until 10 min. The size of particleboards and 

target density were 25 mm x 25 mm x 0.9 mm and 0.8 g/cm3
, respectively. The adhesive 

content was varied from 8, 10 and 12 wt%. The results showed that the physical and 

mechanical properties of particleboards had better values with increasing the adhesive 

concentration. The board bonded with PF adhesive showed better physical and mechanical 

properties than the board bonded with UF adhesive. The modulus of rupture, modulus of 

elasticity and internal bond of the board bonded with 12 wt% of PF fulfilled the requirement of 

the JIS A 5908 (2003) for type 13 particleboard. 

1. Introduction 

Particleboard is known as one of the most important products of the composite industry. Commonly, 

particleboard is produced from the wood particle. Nath and Mwchahary [1] argued that the wood 

supply for particleboards industry has been decreased due to the deforestation of natural forest. 

Considering this condition, the particleboard industry struggles to obtain a sufficient amount of raw 

material for particleboard production. There is still an outgoing research interest to find alternative 

sources of raw materials for composite manufacture [2]. Therefore, alternative raw materials such as 

annual plants and agricultural wastes will play an important role in the composite industry [3, 4]. 

Many researchers have studied properties of agro-based particleboard made from wide variety of 

annual plants and agricultural wastes such as hazelnut husk [5], eggplant stalks [2], wheat straws and 

corn pith [6], sunflower stalks [5], grass clipping [3], kenaf stalks [7], rice straw [8], bamboo [9] and 

sweet sorghum [10]. 

As an information, corn production in 2015 was recorded 19.61 million tons which was increased 

from 2014 with the production of 19.01 million tons [11]. The increase of corn production is also 

followed by the increase of its solid waste such as corn stalks, so it will take effort in handling it. Corn 

stalks can be used as a raw material for particleboard production because they are abundance, cheap, 

renewable lignocellulosic sources and suitable for producing natural cellulose fibers based on 
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chemical composition, type and number of fiber cells [12]. More than 90% of particleboards 

manufacturing is bonded with urea formaldehyde (UF) and phenol formaldehyde (PF) adhesives. In 

addition, among other adhesives used in particleboard manufacture, UF and PF are the most 

economical and useful glue because of its low cost and easy application. 

This research aimed to determine the suitability of corn stalks particle as a raw material for 

particleboard. The specific objectives of this research were to study the physical and mechanical 

properties of particleboard from corn stalk particle and to evaluate the influence of different adhesive 

type and various content of UF and PF on physical and mechanical properties of corn stalks 

particleboard. 

 

2. Materials and methods 

Corn stalks were obtained from the field in Cibinong, Bogor region. They were cleaned from dust and 

soil. Corn stalks were coarsely chipped using ring flaker and chipper machine into small particles. The 

particles were then screened by utilizing a horizontal vibration sieve. Particles size used in this 

research was 1.5-2 cm. All particles used in this research were dried at 100-105 °C in a technical oven 

until reaching 8% of moisture content.  

Corn stalks particles were blended with liquid urea formaldehyde (UF) and phenol formaldehyde 

(PF). The solid content of PF is 45% and UF is 50%. Based on oven dry particle weight, 8%, 10% and 

12% of UF and PF adhesives were applied for particleboard manufacture, respectively. The 

dimensions of particleboards were 25 cm x 25 cm x 0.9 cm. The pressing conditions were as follows: 

hot-press temperature (130 °C for UF adhesive and 150 °C for PF adhesive), press pressure (2.5 Mpa), 

press time (10 min), and target density of corn stalks particleboard bonded PF and UF adhesives  

(0.8 g/cm3). 

All the boards were conditioned for one week at room temperature. of 27 °C and a relative 

humidity of approximately 60%. Test samples were prepared and tested based on JIS A 5908:2003 

standard for physical and mechanical properties. 

 

3. Results and discussion 

The results of physical properties such as thickness swelling (TS) and water absorption (WA) of corn 

stalks particleboards for 24 h water immersion test are shown in figure 1 and 2. Both figures reveal 

similar trends of thickness swelling and water uptake in all types of boards. It can be seen that the 

values of TS and WA of the samples decreased with the increase of adhesive content. TS and WA 

values of particleboards with UF adhesive were higher than particleboard with PF adhesive, ranging 

from 14.56% to 25.83% and 56.29 to 77.96%, respectively. The TS value of the particleboard bonded 

with 10% wt and 12% wt PF adhesive were 11.73% and 8.01%, respectively. The values fulfilled JIS 

A 5908:2003 [13] requirements of Type 8 Particleboard, maximum of 12%.  

 

 

Figure 1. Thickness swelling value of particleboard.  
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Figure 2. Water absorption values of corn stalk particleboard.  

 

Generally, increasing the adhesive content could improve the thickness swelling and water 

absorption properties of particleboards. The TS and WA values of particleboards using PF was better 

than particleboards using UF. This may be due to interference in the curing of PF adhesive that 

resulted in the reduced wettability of the particle surface or limitation of diffusion and/or the spreading 

of the adhesive within the particles and over the particle surface. It is due to the major disadvantages 

of UF adhesive that occurs in damage to the bond which is mainly caused by water and moisture [14]. 

In addition, The principal factors affecting the TS value of particleboards are the type of adhesives 

used and the resin content and compressibility of the boards [15]. 

Figure 3-6 shows the results of mechanical properties such as modulus of elasticity (MOE), 

modulus of rupture (MOR), internal bond (IB) and screw holding power (SHP) for produced 

particleboards. Increasing the adhesive content in the particleboard manufacturing improved the 

mechanical properties.  

  

 

Figure 3. Modulus of elasticity of corn stalk particleboard. 

 

Generally, the bending strength (MOE and MOR) values of corn stalk particleboard using PF 

adhesive are better than particleboard using UF. The highest MOE (3.34 GPa) and MOR (18.5 MPa) 

values were obtained for particleboard manufactured using 12% wt PF adhesive. 
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Figure 4. Modulus of rupture of corn stalk particleboard. 

 

 

Figure 5. Internal bond values of corn stalk particleboard. 

 

 

Figure 6. Screw holding power values of corn stalk particleboard. 

 

The MOR and MOE values of the particleboard fulfilled JIS A 5908:2003 requirements of Type 8 

Particleboard, Type 13 and 18. The difference of MOE and MOR values of corn stalk particleboard 

obtained was also influenced by the chemical reaction between adhesive type and lignocelluloses 

materials, PF adhesive reacts better with corn stalks particles therefore the MOE and MOR value is 

higher compare to those with UF. As we know that corn stalks have the potential as a source of 
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lignocellulose material because they have high levels of α-cellulose (32.4%), holocellulose (55.6%), 

hemicellulose (23.2%) and lignin (16.3%) [16]. Another factor that influence MOE and MOR is 

moisture content of particle. Using particle with a high moisture content would result in particleboards 

with inferior mechanical properties due to the poor adhesion between adhesive and particles [17]. 

Figure 5 shows the relationship between adhesive content and IB properties of corn stalks 

particleboards. The IB value of particleboards increased in line with the increase of adhesive content 

from 8 to 10 wt% and then it slightly decreased afterward. The IB values of corn stalk particleboards 

bonded 10 wt% UF or PF were slightly higher and fulfilled JIS A 5908:2003 than particleboards 

manufactured with 8 and 12 wt% adhesive content.  

The results of screw holding power (SHP) of the corn stalk particleboard is shown in figure 6. 

Increasing the adhesive content improved the value of SHP of the particleboard. The value of SHP 

ranged from 201.17 to 254.95 N. This value could not meet JIS A 5908:2003. However, the SHP value 

of particleboard with PF adhesive is better than particleboard with UF adhesive. The lower value of 

SHP was also influenced by the density and surface bonding area from the particle. Particles with 

surface bonding area were caused by the contact between the particles with the adhesive which was to 

be larger and caused the value of SHP to increase [18]. 

 

4. Conclusion 

The results of this research showed that it is possible to produce particleboard using corn stalk particle 

bonded UF and PF adhesive. The physical and mechanical properties of particleboards were enhanced 

by increasing adhesive content. Generally, corn stalk particleboard with PF adhesive had better 

properties than particleboards with UF adhesive. The particleboards bonded with PF 12 wt% had the 

best physical and mechanical properties and fulfilled the minimum requirements in JIS A 5908:2003 

standards for particleboards except for the SHP.  

 

Acknowledgement 

This research was supported by Japan ASEAN Science Technology and Innovation Platform 

(JASTIP)-Strategic International Collaborative Research Program (SICORP)-Japan Science and 

Technology Agency (JST). 

 

5. References 

[1] Nath DC and Mwchahary DD 2012 Population increase and deforestation: a study in Kokrajhar 

Distric of Assam India Int. J. Sci. Res. Publ. 20(2) 1-12 

[2] Guntekin E and Karakus B 2008 Feasibility of using eggplant (Solanum longena) stalks in the 

production of experimental particleboard Ind. Crops Prod. 27(3) 354-358 

[3] Nemli G, Demirel S, Gumuskaya E, Aslan M and Acar C 2009 Feasibility of incorporating 

waste grass clippings (Lolium perenne L.) in particleboard composites Waste Management 

29 1129-1131 

[4] Bektas I, Guler, C, Kalaycioglu H, Mengenoglu F and Nacar M 2005 The manufacture of 

particleboards using sun flowers stalks (Helianthus annuus L.) and poplar wood (Populus 

alba L.) J. Compos. Mater. 39(5) 467-473 

[5] Guler C, Copur Y and Buyuksari U 2009 Producing particleboards from hazelnut (Coryllus 

avellana L.) husk and European industrial wood (Pinus nigra Arnold) Wood Research 54(1) 

125-132 

[6] Wang D and Sun XS 2002 Low density particleboard from wheat straw and corn pith Ind. 

Crops Prod. 15(1) 47-50 

[7] Kalaycioglu H and Nemli G 2006 Producing composite particleboard from kenaf (Hibiscus 

cannabinus L.) stalks Ind. Crops Prod. 24(2) 177-180 

[8] Zhang L and Hu Y 2014 Novel lignocellulosic hybrid particleboard composites made from rice 

straws and coir fibers Materials and Design 55 19–26  

[9] Biswas D, Bose SK and Hossain MM 2011 Physical and mechanical properties of urea 

formaldehyde-bonded particleboard made from bamboo waste International Journal of 

Adhesion and Adhesives 31 84–87 



The 8th International Symposium for Sustainable Humanosphere

IOP Conf. Series: Earth and Environmental Science 374 (2019) 012050

IOP Publishing

doi:10.1088/1755-1315/374/1/012050

6

 
 
 
 
 
 

[10] Kusumah SS, Umemura K, Yoshioka K, Miyafuji H and Kanayama K 2016 Utilization of sweet 

sorghum bagasse and citric acid for manufacturing of particleboard I : Effects of pre-drying 

treatment and citric acid content on the board properties Ind. Crops Prod. 84 34–42 

[11] BPS (Badan Pusat Statistik) 2017 Statistik Indonesia 2017 (in Indonesian) Jakarta (ID): BPS 

[12] Azubuike CP, Boladale OS and Augustine OO 2012 Pharmacopoeial and physicochemical 

properties of α-cellulose and microcrystalline cellulose powders derived from cornstalks 

International Journal of Green Pharmacy 193-198 

[13] Japanese Industrial Standard JIS A 5908:2003 Particleboards 2003 (Japanese Standard 

Association Tokyo Japan) 

[14] Maloney TM 1993 Modern Particleboard and Dry Process Fiberboard Manufacturing (San 

Francisco Miller Freeman Publication Inc. California) 

[15] Kelly M W 1977 Critical literature review of relationships between processing parameters and 

physical properties of particleboard (In: General Technical Report FPL-10 USDA Forest 

Service Forest Product Laboratory Madison) 

[16] Octaviana L 2017 Adhesion of Corn Stalk Particle Board with Citric Acid Adhesives (in 

Indonesian) Institut Pertanian Bogor Bogor 

[17] Ndazi B, Tesha JV and Bisanda ETN 2006 Some opportunities and challenges of producing bio-

composites from non-wood residues J. Mater. Sci. 41 6984-6990 

[18] Alam SP 2009 Effect of cold submerged and combination of wood mixture to physic and 

mechanic characteristics of particleboard from three types of fast-growing wood (in 

Indonesian) Institut Pertanian Bogor Bogor 

 


