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ABSTRACT 

The mechanical and chemical properties of the particleboard from Duabanga moluccana and Endospermum 
diadenum were evaluated. The wood were chopped, flaked, grind and sieved into fine particles for particleboard 
fabrication and in chemical analysis, sawdust smaller than 40 1.1 were used. The particleboards were fabricated in 
density of 600 700 and 800 kglmJ using 10 % urea formaldehyde (UF) and I % hardener (NH4CI) . Chemical 
analysis indicated that hot and cold water solubility were 7.03 % and 5.04 % respectively for D. moluccana and 
3.37 % and 3.44 %respectively for E. diadenum. It also indicated that D. moluccana have 40.87% lignin and 
3.93 % extractives and 39.29 % and 2.76 % for E. diadenum. Particleboard from D. moluccana and E. diadenum 
showed maximum mechanical properties for different densities. For D. moluccana, maximum properties were 
22.68 N/mm2 for Modulus of Rupture (MOR), 2151.80 N/mm2 for Modulus of Elasticity (MOE), 0.87 N/mm2 

for Internal Bond Strength (IBS) and 102.59 % for Water Absorption . Maximum properties for E. diadenum 
were 23.87 kg/mJ for MOR, 2255.64 N/mm 2 for MOE, 0.86 N/mm 2 for IBS and 78 .39 % for Water Absorption. 
E. diadenum showed best mechanical properties at density of 800 kglmJ. The best mechanical properties for D. 
moluccana weTe obtained with different density level. 

Keywords: Duabanga moluceana, Endospermum diadenum, particleboard, mechanical properties, chemical 

analysis. 

ABSTRAK 

Ciri-ciri mekanileal dan kimia bagi papan partikel daripada Duabanga molueeana dan Endospermum diadenum 
dileaji. Kayu tersebut dipotong, dikupas, dikisar dan ditapis kepada partikel yang kecil bagi pembuatan papan 
partikel dan bag; analisis kimia, habuk kayu yang lebih halus daripada 40 p digunakan. Papan partikel dibuat 
mengikut ketumpatan 600, 700 dan 800 kglml menggunakan 10 % urea formaldehyde (UF) dan 1 % pengeras 
(NHf;I). Anaiisis Icimia menunjukkan kadar keterlarutan dalam air panas dan sejuk adalah 7.03 % dan 5.04 % 
bagi D. moluccana manakala 3.37 % dan 3.44 % bagi E. diadenum. Selain itu, analisis menunjllkkan D. 
molueeana memptmyai 40.87 % lignin dan 3.93 % ekstraktifmanakala 39.29 % dan 2.76 % bagi E. diadenum. 
Papan partikel mefllmjukkan eiri-ciri mekanikal maksimum mengikut ketumpatan berbeza. Bagi D. moluceana, 
tahap maksimum adalah 22.68 Nlmm 1 bagi modulus kepeeahan, 2151.80 Nlmm 1 bagi modulus keanjalan, 0.87 
Hlmm 1 bagi kekualan ikatan dalaman dan 102.59 % bagi kadar resapan air. Tahap maksimum bagi E. diadenum 
adalah 23.87 kglmJbagi modulus kepeeahan, 2255.64 Nlmm 1 bagi modulus keanjalan, 0.86 Nlmm] bagi kekllatan 
ileatan dalaman dan 78.39 % bagi kadar resapan air. E. diadenum menunjukkan eiri mekanikal terbaik pada 
ketumpatan 800 kglm3 D. moluecana menunjukkan eiri mekanikal terbaik adalah pada pelbagai tahap 
ketumpatan. 

Kata kunei: Duabanga molueeana, Endospermum diadenum, papan partikel, ciri-eiri mekanikal, analisis kimia. 
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CHAPTER 1 

INTRODUCTION 

1.1 General Review 

The class of particle panel materials include many subgroups known as particleboard, 

flakeboard, waferboard and oriented strand board (OSB) (Anon, 1990; Bootle, 1983). 

Particleboard is a composite product from wood particles that form into layers and held 

together by resin and heated under high pressure. Particleboard is preferred by laminators 

because of its uniform density and thickness tolerance, as well as/~tface smoothness. It is 

also have dimensional stability, high strength, stiffness, f1a~; and enhance workability 

performance (Haygreen and Bowyer, 1996). 

The development of particleboard has been largely based on the use of softwood timbers. The 

advancement of technology however has enabled the hardwood agricultural wastes and other 

industrial by products to be utilised in the manufacture of particleboard. The main products 

for the particleboard are substrate or core of laminating and veneering, shelving, furniture and 

storage building. It provides a suitable complement for timbers which possess comparable 

properties and be compatible with existing processing technology. 

Today, many manufacturers or factories utilize fast growing species and abundant such as 

Acacia spp. and Eucalyptus spp. in making wood composite. To obtain the desired trees, it is 

important to introduce new tree species for forest plantation that are suitable for local 

l 



environment. Tree species with desired properties can be utilized to increase the quality and 

productivity in wood composite production. 

At present, rubberwood is the most abundant material for particleboard manufacture in 

Malaysia. Since rubberwood is also highly sought after furniture manufacturing industry in 

the country, the search for alternative lignocellulosic materials has to be intensified to 

overcome the impending deficiency of this excellent material in the future. Therefore, lesser 

used species are well suited to fulfil the demand for wood composite industries in Sarawak. 

Duabanga muiuccana (Duabanga) and Endospermum dL~iS a lesser used 

species and not main timber in Malaysia. These two pioneer species are low on its density 

properties al though it is fast growing trees and colonised poor fertile and nutrient soils. The 

two species are not protected under Conventional International Trade Endangered Species of 

Wild Flora and Fauna (CITES). There is limited research on the suitabi]ity of these two 

species in making wood composite. The usage of D. moluccana and E. diadenum will provide 

as the alternative raw material for particleboard manufacturing. 

According to Lim et al. (1996), urea-formaldehyde is suitable resins for making particleboard 

because the mechanical properties of the experimental test board normally exceed the 

minimum requirement of the stipulated in JIS A 5908 1994. The advantages of urea 

formaldehyde in liquid form are because its permit higher moisture content and react faster 

that any other form of resin. 

2 




1.2 Objectives 

With the impending shortfall of industrial wood, emphasis should be given to the 

development of non conventional materials especially lesser used species. With the abundant 

amount of these resources that are currently being utilized as well as the need to find 

alternative source for panels development, therefore this study is carried out with the 

following objectives; 

a) To determine the chemical properties of D. moluccana and E. diadenum . 

..---------------b) To compare the mechanical properties between DrCcana and E. diadenum 

c) To determine the optimum density for producing D. moluccana and E. diadenum 

particleboard. 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 Particleboard 

2.1.1 General Review 

According to Haygreen and Bowyer (1996~\rticleboard is a panel product produced by 

compressing small wood particles while simultaneously bonding them with an adhesive. 

Particleboard is a generic term for a material manufactured from wood particles or other 

lignocellulosic material and a suitable binder under heat and pressure (Anon, 1986). It is also 

known as particle panel product which is described as any wood based panel products made 

from pieces of wood smaller than veneer sheet but larger that wood fibres. Walker (1993) 

stated that the particleboard that have been manufactured from wood, have relatively low 

density (350-500 kg/m3
) smooth surface, good strength, and which are not too heavy. 

article panel products can be manufactured from wood residues of milling operations such as 

planer shaving, sawdust, and plywood trimming or alternatively the wood may be obtained 

from round log woods residues such as branches, broken logs and tops (Anon, 1990). The 

particleboard is widely used in the manufacture of furniture, cabinets and flooring . Particle 

I'ReI)mc~try, resin levels, board density, and manufacturing processes are altered to produce 

ImtldUc:ts designed for the specific uses (Haygreen and Bowyer, 1996). 
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the same 

tnon'

The main process in making particleboard are chipping or flaking, drying, screening, glue 

mixing, blending, mat forming, heating and pressing, cooling, trimming, sanding and grading 

(Walker, 1993; Anon, 1990). The density of a pressed particleboard is about 5 - 40 % higher 

that the density of used wood. To avoid excessively high weight of particleboard, woody 

species with low or medium density are selected as initial raw materials (Hrazsky and Kral, 

2003). 

Particleboard is preferred by laminators because of its uniform density and thickness 
"''-'' 

tolerance, as well as surface smoothness. Its dimensional stability, strength, stiffness, flatness, 

and workability enhance the perfonnance of laminated boards (Anon, 1990). Particleboard 

be classified according to different criteria according to manufacturing process, state of 

surface, shape, size of particles and board's structure. Three different types of particleboard 

are in production according to their layers that are single layers, three layers and five layers. 

Performance 

properties vary among species, between trees of the same species and between pieces 

trees. Due to that, solid wood cannot match reconstituted wood in range 

nPr:hp~ that can be controlled in processing. When the processing variables are properly 

SClc::ctect, the end result can sometimes surpass the solid wood properties (Anon, 1990). 

properties are usually the characteristics of wood products in structural 

_lica.tiOIls such as Modulus of Elasticity (MOE), Modulus of Rupture (MOR) and Internal 

ngth (Haygreen and Bowyer, 1996). 
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Urea-fonnaldehyde (UF) adhesives were the first synthetic resins to be widely adopted and 

most widely used resins for particleboard manufacture because of its relatively low cost and 

short curing cycles (Haygreen and Bowyer, 1996). The light colour of UF resins make them 

also quite suitable for the manufacture of decorative products. UF resins find a wide range of 

applications in the manufacture of particleboard, hardboard, medium density fibreboard and 

most popular glue for veneering and for assembly both furniture and joinery (Anon, 1990). 

Phenol-fonnaldehyde (PF) and other synthetic resin such as melamine-urea formaldehyde 

(MUF) can also be used as adhesive in particleboard making and to produce moisture and 

cather resistant end products. 

ccording to Myers (1986), two technical constraints on urea formaldehyde applications are 

residual fonnaldehyde emission and degradation of adhesive over period. The performance of 

the urea fonnaldehyde can be enhanced by additives such as melamine, tannins, sodium 

. 'hStllotute and some mild organic acid. However, its performance on exposure to water and 

1!!le'Valf~ temperature is poor and not ideal on water exposure and elevated temperature such 

where there is hot, humid atmosphere and inclement weather (Bassett, 1995). 

Timber of Lesser Used Species 

used species create attention because of the growing appreciation of their importance 

the sustainable management of tropical forest and of their potential for forest plantations 

et al. 2003). The increasing use of wood-based panels, requiring less outstanding 
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»eru1lmg strength is 64 N/mm2 

timber qualities and less uniformity, also intensifies their use. The lesser used species are also 

essential to supply timber for local use and therefore for rural development. 

variety of lesser used species show great promises for supplementing the supply of 

industrial wood in Malaysia. Various species have been identified and subsequently examined 

for the potential of various end used applications (Smith, 2000). New technologies for 

processing, manufacturing and treatment have extended the potential uses and market 

pportunities for lesser used species (Lemmens et at. 1995). However, working with lesser 

used species is facing shortage of information and the challenge of introducing their products 

into the market. 

Duabanga (Duabanga moluccana) 

moluccana is from Sonneratieceae family and are also known as bukak, kalanggo, gayawas 

benuang laki, phay, linkwai, kalam, magas and duabanga for local people and its 

iIIItLnUIJU\J'1I is from India East to South Burma, Indonesia, Malaysia, Papua New Guinea and 

............... The density of the wood is about 250 - 520 kg/m3 with the colour of heartwood and 

-.o~woc,a is pale brown. The modulus of elasticity of the solid wood is 9120 N/mm2 and the 

at 12 % moisture content. The diameter breast height (DBH) of 

wood can reach 90 cm with tangential shrinkage is 6.7 % and radial shrinkage is 3.5 %. 

growth ring is absent with the heartwood is white or grey. The texture is coarse and the 

IlldlIIeSS of the wood is soft (Anon, 2003). 
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RI"',....... and Dallwitz (2000) stated that the vessels arranged are multiples with no specific 


It is commonly short (2 - 3 vessels) radial rows and average tangential vessel 

tlUUnetler is 160 - 250 (-350) /lm. Average vessel element length is 700 - 800 /lm with 

IImDbc~r of vesselslmm2 is 2 - 7. Perforation plates are simple and inter-vessel pits alternate, 

ilVP'I'SUl'P diameter (vertical) is 8-12 /lm. The vessel-ray pits are reduced borders or apparently 

1UD1"''''''' rounded or angular or horizontal to vertical, of the same type in adjacent elements or 

Im1latC:ralt) compound and coarse. Tyloses in vessels present with thin walled. 

ascular or vasicentric tracheids are sporadic to absent. The fibres are from thin wall to 

bedimn wall thickness with average length of 1200 - 1400 (-2300) /lm each fibres. Axial 

panmcllyn13 is not banded and paratracheal. The rays are 8 - 10 per tangential mm with 

·vely uniseriate or multiseriate. Rays are composed of a single cell type, or two or more 

Terbulan (Endospermum diadenum) 

lCOorCImg to Eastin (1998), E. diadenum is one of the lesser used timber and comes from the 

~lOrt'iaceae family. It is commonly found throughout Borneo, Peninsula Malaysia, Laos, 

piAKlUIU, India, Pakistan, Philippines, New Guinea, Fiji, Sumatra and other western Pacific 

and mainly in secondary and open forest. The density of the wood varies widely from 

350 - 450 kg/m3. The wood dries rapidly and both sapwood and heartwood pale yellow. 

is rather coarse, grain straight to shallowly interlock, somewhat lustrous and without 

our or taste (BootIe, 1983). 
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if\ccordinlg to Richter and Dallwitz (2000) the vesseis are arranged in no specific pattern, 

............'...., and commonly short radial rows (2 - 3 vessels). The average tangential vessel 

diaJnetler is 160 - 220 - 280 fJm with number of vessels/mm2 is 1 - 3. Perforation plates are 

Inter-vessel pits are alternate and average diameter is (vertical) 12 - 16 fJm. The 

ray pits are with reduced borders or apparently simple, rounded or angular, of uniform 

or type, of the same type in adjacent elements, located throughout the ray. Tyloses in 

are present and thin walled. Vasicentric tracheids are from sporadic to absent. The 

axial parenchyma is present and bands reticulate up to three cells wide. The average 

_ Iber of cells per axial parenchyma strand 4 - 7. Rays are 7 - 9 per tangential mm, 

with 1 - 2 cells wide. The rays with multiseriate portions are as wide as uniseriate 

IIftI'Inn" C! present. The rays are composed of two or more cell types. Heterocellular rays are 

and the upright cells restricted to marginal rows. The numbers of marginal rows of 

or square cells are from 2 - 4, or more than 4. Sheath cells absent. The perforated ray 

are absent and disjunctive ray parenchyma end walls indistinct or absent. 

Chemical Properties 

wood are composed of cellulose, hemicellulose and lignin. In addition, there is variable 

of extraneous chemical known as extractives and small amounts of inorganic 

such as calcium magnesium and potassium. Cellulose is the most common 

m the wood. Therefore, it is the basis of many technical products and 
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isolated from wood by pulping process on a large scale using various pulping 

~mic:al. acidic, neutral, or alkaline and pressure condition (Fengel and Wegener, 1983). 

is an aromatic substance which is almost totally insoluble in most solvent. Negi (1997) 

that lignin does not appear in free-state, and it is combined with other constituent of 

plant such as cellulose or hemicellulose. According to Sjorstrom (1993), lignin can be 

iIJOblted from extractive free wood as an insoluble residue after hydrolytic removal of the 

Normal hardwood contains 20 - 25 % lignin, although tropical hardwoods 

have lignin content exceeding 30 %. 

~At!tIIVP.!:: are the numerous compounds which can be extracted from wood using polar and 

Km~D<lllar solvents and generally removed from wood sample by Soxhlet extraction for period 

4 to 18 hours. Extractives are more abundant in heartwood and this is differ in 

",Laa.l1U composition from those in sapwood (Fengel and Wegener, 1983; Walker, 1993). 

are also variations depending on the geographical site and the season. 

lIltft~v~ may also influence the strength of refiner pulp, the gluing and finishing as well as 

.;111",",10 behaviour (Fengel and Wegener, 1983). Extractives occupy certain morphological 

in the wood structure and it comprises an extraordinarily large number of individual 

_lOWllds ofboth lipophilic and hydrophilic types (Sjostrom, 1993). For many uses of wood 

logical purposes such as particleboard and fibreboard, the chemical compositions of 

lII!:arlrvv'I are very necessary to be identified. 
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Resin Solid Appearance pH at 25°C Water Tolerance 

65% White 8.9 < 1.0 

Preparation of Raw Material 

raw 

JlIdrnum tree species with average aged of 20 

.Ilde:bycie was 

_!tiDg to commercial 

CHAPTER 3 

MATERIALS AND METHODS 

materials for making particleboard were obtained from D. moluccana and E. 

- 25 years old. The trees then were cut down, 

and reduced into fine particles of the desired thickness and length using the Pallman 

Refiner. Then the particles were dried at temperature of 60 ± 2 °C until constant 

that, the particles was screened and sieved with 7 mm screen, sieve to separate fine and 

particles. The wood particles for D. moluccana and E. diadenum are shown in Figure 1 

2 respectively. The particles recovery from the screening process was about 75 %. Urea 

obtained from Hexachem Sarawak Sdn. Bhd. which was formulated 

use. The resin specifications for particleboard manufacturing are 

1: Urea-fonnaldehyde specification for particleboard manufacturing 

12 




Figure 1: Wood particles from D. moluccana for particleboard manufacturing 

Figure 2: Wood particles from E. diadenum for particleboard manufacturing 
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emical Analysis 

.1"lClC~S of the E. diadenum and D. moluccana were grind into sawdust. The analysis was 

at the UNIMAS Taxonomy Laboratory according to the T APP!. The sawdust was 

tiIlJzed for the moisture content (T APPI T 207 OS 75), cold water solubility (T APPI T 207 

75) hot water solubility (TAPPI T 207 OS 75), sodium hydroxide solubility (T APPI T 

o 76), ethanol-toluene solubility and lignin (T APPI T 222 OS 74). 

dium Hydroxide Solubility 

2.0 g of oven dried sawdust was weighed to 0.000 1 g. 100 ml of 1 % sodium hydroxide 

was added and stirred slowly in Erlenmeyer flask. The mixture was then submerged 

iling water with temperature 100 °C for 1 hour. The solution was stirred with glass rod 

nds at 10, 15 and 25 minutes after the mixture was placed into the water bath. The 

was then filtered with filtering crucible and washed with cold distilled water. The 

crucible was then dried at 105°C to constant weight. The crucible was removed into 

for 15 minutes and then weighed immediately. The sodium hydroxide solubility 

[(Wl- W2) x 100] 7 WI 

WI = Weight of oven dried sawdust 
W2 =Weight of oven dried sample 

14 
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old Water Solubility (T APPI T 207 OS 75) 

2.0 g ofoven dried sawdust was weighed to 0.0001 g. 300 ml distilled water was added 

sa dust wetted slowly to avoid its floated. The mixture then was constantly stirred for 

at room temperature. The water was then filtered with filtering crucible and washed 

Id water. The filtering crucible was then dried at 105°C to constant weight. The 

was then removed into dessicator for 15 minutes and then weighed immediately. The 


solubility was calculated. 


[(WI- W2) x 100] -7- WI 

WI = weight of oven dried sawdust 

W2 = weight of oven dried sample 


ater Solubility (TAPPI T 207 OS 75) 

g ofoven dried sawdust was weighed to 0.0001 g. 100 ml of distilled was added to 

ust wetted slowly in the Erlenmeyer flask. The mixture then submerged in 

1(0,,",- with temperature 100 °C for 3 hours. The water was then filtered with filtering 

washed with cold distilled water. The filtering crucible then was dried at 105°C 

The crucible was removed into dessicator for 15 minutes and then 

fi_aediiatc;:I). The hot water solubility was calculated. 
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[(WI- W2) x 100] + WI 

WI = Weight of oven dried sawdust 

W2 = Weight of oven dried sample 


aDol-Toluene Solubility 

"""",.... g ofoven dried sawdust was weighed to 0.0001 g. The sawdust then extracted with 

~: lemllllCltl-t()IWene with ratio of 1:2 by volume for 6 hours, 95 % ethanol for 4 hours and 

water for at least 2 hours using Soxhlet System until the solution is clear. The 

free sample was then dried at 105°C for 24 hours. The crucible was removed into 

for 15 minutes and then weighed immediately. 

ibO!.ofOJtJleDe solubility (%) = [(WI- W2) x 100] + WI 

WI = Weight of oven dried sawdust 

W2 = Weight of oven dried sample 


'iDlllt.nni·nation of Lignin (TAPPI T 222 OS 74) 

g of oven dried extractive free sawdust (from ethanol-toluene solubility) was 

m1 of 72 % SUlphuric acid was added and the mixture was stirred with glass rod 

_ ,'axlllLU constantly for 2 hours at room temperature. Then the mixture was diluted 

distilled water and boiled for 3 hours. The lignin was filtrated with oven-dried 
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porosity crucible and washed with 250 ml of hot distilled water. The insoluble lignin 

IJ:Gllleaat temperature 105°C for 24 hours and removed into dessicator for 15 minutes. 

(WI X 100) -;- W2 

WI = Weight of oven dried lignin 

W2 =Weight of oven dried sample 


tare Content (T APPI 207 OS 75) 

beaker that was cleaned and oven dried weighed to the nearest 0.0001 g. about 2.0 g 

_lust was weighed with the oven dried beaker to the 0.0001 g. the sample dried in oven 

perature 105°C for 24 hours. The beaker was then removed into dessicator for i 5 

and reweighed immediately to nearest the 0.0001 g. The moisture content was 

[(WI - W2) x 100] -;- WI 

WI = Weight of air dried sample 

W2 =Weight of oven dried sample 
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