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Abstract. Binderless composite plywood has been developed to produce formaldehyde-free 

composite product. Our previous research has shown that the application of oxidation treatment 

can be applied in the manufacture of composite plywood without adhesive. Presence of veneer 

in solid sheet are potentially to complicate in the oxidation process due to the reaction was very 

affected by accessibility of chemical component of raw materials. The main objective of this 

study was to determine characteristic of binderless composite plywood of Sengon wood. 

Variations in the physical and mechanichal properties with respect to veneer layer construction 

and oxidant composition of veneer and particle were analyzed.. Composite plywood were 

produced consist of various layers, they were 3, 5, and 7 layers means each type using 2, 3, and 

4 veneers layers respectively. There were four oxidant composition between veneer and 

particles, namely 1 : 3, 1 : 4, 1 : 5 and 1 : 6. The results showed that the differences of composite 

plywood structure layers affect the characteristics of produced composite plywood. 7-layer 

structure and 1 : 3 of oxidant composition was the optimum combination to produce composite 

plywood with the best characteristics.  

 
1. Introduction 

Formaldehyde emission has been an issue for the particleboard industry because it could cause hazard 

to human health including sensory irritation and risk of developing cancer [1]. There have been many 

studies to reduce the risk of the emission including find formaldehyde-free adhesive such as natural 

resin as well as binderless particleboard.  Binderless particleboard technology is one of the attractive 

ways to overcome emission problems of particleboard. Some researchers have been intensively 

developing various methods of binderless production as well as utilizing various wood or lignocellulose 

as raw materials. Those methods including; steam injection [2] or enzimatyc activation of particle [3] . 

Development of direct hot pressing method using oil palm have been reported by several researchers 

[4-6].Another promising method to produce binderless particleboard is oxidation method to activate 

particle [7]. Binderless produced board by oxidation method has several advantages such as high 

dimensional stability, modulus of elasticity, and internal bond. However, the modulus of rupture 

relatively low.  

The most common work to overcome problems related to low modulus of rupture is applying veneer 

layer on both side of particleboard surfaces which is called composite plywood. The modulus of rupture 

of composite plywood may increases due to the presence of veneer layers. The outer layers of composite 

plywood will receive highest tensile load when panel receiving bending load. The existence of thin 
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layer of veneer on the surface will increase the boards ability to withstand the bending loads 

significantly.  

This study was focussed on developing binderless composite plywood products using oxidation 

method. Nonetheless, the feasibility of oxidation method application in producing  composite plywood 

remain questioned. Oxidation process need to access the chemical component of wood, so there is no 

guarantee that solid shape material such as veneer can be oxidized successfully. The main objective of 

this study was to evaluate the effect of layer structure on physical and mechanical properties of 

binderless composite plywood. This work also focus on determining the optimum oxidant proportion 

between veneer and particles 

 

2. Material and Methods 

Veneer and particles were prepared from Sengon wood (Paraserianthes falcataria). The average 

thickness of the veneer was 0.97 mm2 and particles used were dried particle which passed 10 mesh of 

sieve screening. Veneer binderless composite plywood was manufactured with oxidation method [8] 

using 15% of hydrogen peroxide and 7.5% of ferrous sulphate as oxidant.  The composite-plywood was 

produced in size 30 x 30 x 0.7 cm with 0.75 g/cm3 of targeted density. We used two variable productions 

of veneer layer construction and oxidant proportion.  Variation of veneer layer was 3, 5 and 7 layers 

while oxidant composition applied to veneer and particles layer was 1 : 3, 1 : 4, 1 : 5 and 1 : 6 (w/w). 

The board were hot pressed for 12 minutes at the temperature of 180°C with pressure of 25 kgf/cm2. 

Prior testing the specimens, produced composite plywood were conditioned for 2 weeks. Evaluation of 

physical and mechanical properties of composite plywood were conducted according to Japanese 

Industrial Standard (JIS) A 5908 2003A 5809-2003[9]. 
 

3. Result and Discussion 

The results showed that the physical properties parameters which fulfilled JIS A 5809-2003 were 

density and moisture content while all mechanical properties parameters did not fulfill the standard. 

The physical and mechanical properties of the composite plywood boards which did not meet the 

required standards were thickness swelling, MoR, MoE, Internal bond and screw holding capacity. 

 

3.1 Physical properties 

Figure 1 shows several boards have meet the target density of 0.75g / cm3. This study has been designed 

to achieve same target density for all the type veneer layer constructions. However the results revealed 

varying densities. This could be caused by unevenly particles distribution on the mat, causing density 

variations in some parts of the board. In addition, the uneven distribution of oxidant on the particles 

caused less bonding between particles and veneer. Another factor which allow variation in the board 

density was the thickness of sengon veneer which used where the veneer was very thin and undergone 

shrinking after oven drying. Drying sengon veneer tends to shrink and resulting curved plywood product 

[10].  
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Figure 1. Density of the produced composite plywood 

 

Density is one of the important indicators for the quality of composite boards. Density greatly affects 

most composite board properties [11]. Factor causes density differences is also due to spring back state. 

The much number of veneer layer used the higher density obtained. 

The results of this study revealed that composite plywood with 7 layers has a high average density 

value. The relation of veneer layer construction on the moisture content value is showed in Figure 2. 

The more layers are given, the lower moisture content produced. There was clear effect of the layer 

number on the moisture content. 

 

 

 

Figure 2. Moisture content of the produced composite plywood 

  

Figure 2 shows that the lowest moisture content composite plywood occur on 7 layers of veneers for 

all type oxidant . proportions. Existing of veneer as a face-back and core decreased moisture content as 

the result of the less surface of the particles to contact with water due to the covering veneer (face-
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back). The oxidant composition of 1: 3 and 1: 4 on composite plywood with 5 layers have slightly 

higher moisture content than that of composite plywood of 3 layers. This could be caused by uneven 

distribution of the oxidant solution when spread to particles and veneer. However, moisture content 

value for all the composite plywood construction have met the JIS A 5809-2003 standard, which 

required of 5-13%. This meant that moisture content did not affect the physical properties of the 

produced boards. 

 
Figure 3. Water absorption of the produced composite plywood 

 

Water absorption parameter is not required in JIS A 5809-2003, however, this value related to ability 

of the board in absorbing water. The value of water absorption composite plywood was founded quite 

high, ranging 45% -92% for 24-hour water immersion test (Figure 3). The high value of water 

absorption is influenced by the low density of produced board. One of the most factors affect this value 

is the number of veneer layers. Increasing number of veneer layer results decreasing water absorption 

and so in conversely. 

 
Figure 4. Thickness swelling of the produced composite plywood 
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Thickness swelling is one of the important physical properties because it will determine whether the 

produced can be used for interior or exterior. The thickness swelling value (Figure 4) of the produced 

boards did not meet the standard, except of 7-layer board with 1: 3 oxidant composition after 24 hours 

water immersion test, which requires maximum 12% of thickness swelling. These high  value of 

thickness swelling could be caused by uneven distribution of particles and oxidants which affected weak 

bonding between particles. Larger thickness swelling and linear expansion values illustrate that 

produced composite plywood board has low dimensional stability. 

 

3.2 Mechanical Properties  

Modulus of elasticity values both parallel and perpendicular to grain did not fulfill JIS 5908-2003 which 

requires values for parallel of 4.08x104 kgf / cm2 and MOE perpendicular of 2.86x104kgf /cm2.  It can 

be seen in Figure 5 and 6, the value of MOE increased with increasing the number of veneer layer. All 

the composite plywood types with 7 layers and oxidant compositions have high values. Larger MOE 

value means the board more resistant to shape changes so it requires higher load, otherwise small MOE 

value means the board does not resistant to shape changes then it requires lower load [12]. 

 

 
Figure 5. MoE perpedincular to grain of the produced composite plywood 
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Figure 6. MoE parallel to grain of the produced composite plywood 

 

MOR value (Figure 7-8) of produced composite plywood board either parallel or perpendicular to 

grain, all board type did not meet the standard which required MOR parallel at least 306 kgf/cm2 while 

MOR perpendicular to grain at least 153 kgf/cm2 . The low value of MOE and MOR is influenced by 

the veneer raw material, in this case the dimension of  sengon veneer was very thin and has curve 

surface. Uneven oxidant distribution which sprayed throughout particles and veneer was also one of the 

factors could causes the low values of MOE and MOR. 

 

 
Figure 7. MoR parallel to grain of the produced composite plywood 

 

 

MOE and MOR of produced composite plywood in this study have low values. This could be caused 

by the present of lathe check on the veneer and would be easily broken when got pressure. 
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Figure 8. MoR perpedincular to grain of the produced composite plywood 

 

Internal bond is one of the most important mechanical properties shows bonds strength between 

particles and veneers on the board. The internal bond values of the produced composite plywood did 

not fulfill the standard, which required of 3.1 kgf/cm2 , except of 7-layer board with 1: 3 of oxidant 

composition. This was similar to other mechanical properties, where increasing number of veneer layers 

also increase the internal bond of the composite plywood. Figure 9 shows 7-layer board has higher 

internal bond value than that of 3-layer and 5-layer boards. 

 
Figure 9. Internal bond of the produced composite plywood 

 

The value of screw holding capacity (Figure 10) revealed that all the board types did not meet the 

JIS A 5809-2003 which required minimum of 0.51 kgf / cm2. The low value of screw holding capacity 

due to uneven distribution of particles in mat then caused existence of some void and resulted decreasing 

screw holding capacity. The value of the screw holding capacity varied greatly for each layer and each 

composition of the oxidant used. 
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Figure 10. Screw holding capacity of the produced composite plywood 

 

The lack characteristics of produced composite plywood in this study could be due to several factors. 

One of those factors was the thickness of sengon veneer used is very thin with average  0.97 mm2. As 

for the oxidation process, it was expected that all oxidant composition were able to cover all the particles 

and veneer, however it occurred in some area in the mat. This caused low adhesion between veneer and 

particles. The strength of the particle board is basically determined by the strength of the bonds and the 

strength of each particle [13]. 

 

 

4. Conslusions 

Physical and mechanical properties of produced composite plywood have fulfilled JIS A 5809-2003 on 

density and moisture content while thickness swelling, MOR, MOE, Internal bond and screw holding 

capacity have not met the standard. Layer structure affected composite plywood characteristics and the 

optimum layer structure was 7-layer while the best oxidant composition between veneer and particles 

was 1: 3 (w/w). A one weight portion of oxidant was used to oxidize veneer while 3 weight portions 

were used to oxidize particles. 

 

References 

[1] M H M Amini,  R Hashim and N S Sulaiman 2019 Formaldehyde-Free Wood Composite Fabricated 

Using Oil Palm Starch Modified with Glutardialdehyde as the Binder. International Journal of 

Chemical Engineering  9 pages  

[2] Widyorini R, T Higashihara, J Xu, T Watanabe, S Kawai 2005 Self-bonding characteristics of 

binderless kenaf core composites Journal of Wood Science 39 pp 651–662 

[3] Widsten P, A Kandelbauer, 2008 Adhesion improvement of lignocellulosic products by enzymatic 

pre-treatment Journal of Biotechnology Advances 26 pp 379–386 

[4] Nonaka S, K Umemura, S Kawai 2013 Characterization of bagasse binderless particleboard 

manufactured in high-temperature range J Wood Sci 59 pp 50–56  

[5]  Saadaoui N, A Rouilly, K Fares, L Rigal 2013 Characterization of date palm lignocellulosic by-

products and self-bonded composite materials obtained thereof Materials and Design 50 pp 302–

308 

[6] Nadhari  W N A W, R Hashim, S Hiziroglu, O Sulaiman, J G Boon, K M Salleh, M F Awalludin, 

M Sato, T Sugimoto 2014 Measurement of some properties of binderless composites 

manufactured from oil palm trunks and Acacia mangium. J. Measurement 50 pp 250–254 



The 14th Pacific Rim Bio-Based Composites Symposium

IOP Conf. Series: Materials Science and Engineering 593 (2019) 012012

IOP Publishing

doi:10.1088/1757-899X/593/1/012012

9

 [7] Suhasman, M Y Massijaya, Y S Hadi, and A Santoso 2011 Particle oxidation time for the 

manufacture of binderless particleboard. Wood Res. J. 2(1) pp 9–18 

[8] Suhasman S, D Yunianti, S Saad and B Baharuddin 2013  Characteristics of Binderless Particleboard 

Made of Three Species of Sulawesi Bamboos. Wood Res. J. 4(2) pp 68–71 

[9] Japanese Standards Association (JSA) 2003 Particleboards Japanese Industrial Standard (JIS) A 

5908-1994 (Japan: Japanese Standards Association) 

[10] Kabe A, W Darmawan, M Y Massijaya 2012 Characteristics of Sengon Rotary-Cut Veneer. J. Ilmu 

dan Teknologi Kayu Tropis 10 (2)   

[11] Nourbakhsh A 2010 Mechanical and Thickness Swelling of Particleboard Composites Made from 

Three-Year-Old Poplar Clones Journal of Reinforced Plastics and Composites 29(4) pp 481–489  

[12] Makowski A, 2019. Analytical Analysis of Distribution of Bending Stresses in Layers of 

Plywood with Numerical Verification. Drvna Industrija 70(1) pp 77–8  

[13] Maloney T M 1993 Modern Particleboard and Dry-Process Fiberboard Manufacturing Edisi Revisi 

(USA: Miller Freeman Inc San Francisco) 

 

Acknowledgement 

The authors acknowledge to the Ministry of Research-Technology and Higher Education of Indonesian 

Republic, and Hasanuddin University for funding this study.  

 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.researchgate.net/scientific-contributions/2155261775_Andrzej_Makowski?_sg=funt5MuCu66SQ9JFcUc3ozUOEivmWqqkx6_LNb9kdr5vColStsn5-D-oQFbC-7hMNdDHjDo.DBie3WbqzTMgv7BbVmsOzzy4_jY6cDcD5Eq6kxKi731tAk_OFBt9rNIWfEoHBADsXF_gnqQVCVlV_WABx9jVBA

