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ABSTRACT 

Wood is a useful material that always reacts with adhesive or glue to produce plywood or 
particleboard. They have several characteristics to be considering ensuring that the bonding 
between wood and adhesive is strong and durable. The objectives of this study were to 
determine the buffer capacity, to compare the wettability and contact angle, and the bonding 
strength of board made between sago bark and Acacia mangium. They were flaked, grounded 
and air-dried to moisture content of 12% to 14%. The buffer capacity of the sago bark and 
Acacia mangium were acidic at pH 5.81 and 5.75. Contact angle between sago bark and 
Acacia mangium board surface with water and urea formaldehyde adhesive showed the 
relationship between the wettability and bond strength, where the bond strength decreased as 
contact angle increased Particleboard properties for sago bark and Acacia mangium showed 
an internal bond, 0.37 N/mm2 and 0.43 N/mm2. The FTIR analysis indicated that bonding 
between sago bark with urea formaldehyde was quite similar to the bonding of Acacia 
mangium with urea formaldehyde. The conclusion drawn from this project is that sago bark 
has poorer glueline characteristics and showed the less durable bonding with urea 
formaldehyde as compare to Acacia mangium. 

Key words: Sago bark, Acacia mangium, urea formaldehyde adhesive, glueline characteristics 
and bonding strength. 

ABSTRAK 

Kayu merupakan material yang amat berguna dan selalu bertindak dengan perekat atau gam 
untuk menghasilkan papan nipis atau papan partikel. Terdapat beberapa criteria yang perlu 
diambil kira untuk memastikan ikatan antara kayu dengan perekat kuat dan tahan lama. 
Objektif kajian in; adalah untuk menentukan kapasiti buffer, kebasahan dan sudut tindakan 
antara kayu dan perekat serta kekuatan ikatan dalam papan nipis daripada spesies kulit sago 
dan Acacia mangium. Kedua-dua spesies ini dijadikan dalam bentuk em ping, dihaluskan dan 
di udara keringkan untuk mendapatkan kandungan kelembapan sekitar 12% dan 
14%.Kapas!ty buffer dalam kulit sago dan Acacia mangium merupakan asid pada pH 5.81 
dan pH 5. 75. Sudut tindakan antara permukaan papan nipis daripada kulit sago dan Acacia 
mangium dengan air dan perekat urea jormaldehid menunjukan perhubungan antara 
kebasahan dan kekuatan ikatan, dimana kekuatan ikatan menurun dengan kenaikan sudut 
tindalcan. Ciri-ciri papan partikel untuk kulit sago dan Acacia mangium menunjukkan 
kekuatan dalaman berjumlah 0.37 Nlmm2 and 0.43 Nlmm2. Analisis FTIR menunjukkan 
ileatan antara kulit sago dengan perekat urea jormaldehid hampir sama dengan Acacia 
mangium. Kesimpulan daripada kajian ini adalah kulilt sago mempunyai kriteria 
pengegaman yang kurang baik dan menunjukkan ikatan yang tidak tahan lama bersama 
perekat urea jormaldehid jika dibandingkan dengan Acacia mangium. 

Kata kunci: Kulit sago, Acacia mangium, perekat urea formaldehid, kriteria pengegaman dan 
keIaIatan ikatan. 
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CHAPTER 1 

INTRODUCT10N 

1.1 Background 

The gluability characteristics of wood species with adhesives are influenced by acidity, 

wettablility, chemical composition (lignin and cellulose), moisture content, surface roughness 

and the properties of the adhesives. The acidity of a material may be assessed by pH and 

buffer capacity. The pH value of wood is an important criterion of its suitability for various 

applications. The ability of the adhesive to cure on a wood depends greatly on the condition of 

the surface (Mansur, 2004). 

According to Vick (1999), because adhesive bonds by surface treatment, the physical and 

chemical conditions of the adherends's surface are extremely important to satisfactorily joint 

performance. Wetting of the surface by an adhesive is a necessary prerequisite to bond 

formation. A convenient method to measure wetting of a solid surface is through the 

determination of contact angle of a liquid (Mansur, 2004). 

Chemical bonding is also given the strongest and most durable bonds besides the mechanical 

and wetting mechanisms. The formation of a stable linkage showed by the reaction between a 

functional grouping on the wood surface and a compatible group on the adhesive (Duncan et 

al., 2003). In wood, the bonding process is especially complex, because the adherend, which 

wood surface, is non-homogeneous multi component system containing chemical functions 

of lignin, cellulose and water (Meyer, 1979). The most durable structural bonds to wood are 
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believed to develop not only when adhesive penetrates deeply into cell cavities, but also when 

an adhesive penetrates deeply into cell walls to make level contact with hemicellulosic and 

cellulosics of wood. If an adhesive penetrates deeply enough into sound wood and becomes 

rigid upon curing, the strength of the bond can be expected to exceed the strength of the wood 

(Meyer, 2004). 

The species of wood with the grain can give the durable bonding characteristics than across it 

and vary in the amount of moisture they contain, in extracts in their machining qualities. Sago 

tree is one of the first species to colonize areas reclaimed from the sea and considered as a 

survivor species that often showed mass development in areas where the environment became 

temporarily unsuitable for other species. Sago tree is in a group of plants tolerant of, and able 

to maintain dominance in, altered ecosystems. In mild climates sago can be evergreen (Anon, 

2004). 

There are three types of wastes from sago processing, which are barked, wastewater and pith 

residue. Sago bark is a lignocellulose waste, which may be divided into the outer, corky, dead 

part that varies greatly in thickness with different species of age and area tree (Davidson and 

Feas, 1990). The lignin of the bark is much higher than that of wood and the polysacharide of 

sugar content is corresponding lower. The extractive-free cellulosic portion of bark is only 

200iO to 35% (Haygreen and Bowyer, 1996) 

Another species of wood that can give good bonding characteristics is Acacia mangium. It is a 

antation species especially for pulp and chips. Acacia mangium have nice fatigue, medium 

, moderately durable with good bonding properties. Other characteristics that due to it 
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success as plantation species is its extremely vigorous growth, tolerance of being acidic, low 

IIltrient soils and relatively freedom from diseases. The bark surface is rough, furrowed 

longitudinally and varies in colour from pale grey-brown to brown (Anon, 2003). According 

to Phang (2004), Acacia mangium has chemical composition such as lignin for 32.1%, 

baJlocellulose is 76.61% and alphacellulose is about 54.56% and ash content about 0.35%. 

1.2 Problem statement 

Various studies were done to utilize sago bark as a lignocellulosic material for board 

manufacturing such as particleboard, Medium Density Fiberboard (MDF), plywood and wood 

moulding. However, there is limited study on accessing the bonding durability of the sago bark. 

For successful bonding process, a sound knowledge of the property itself with respect to gluing 

and the adhesive itself is essential. The strength of glue bond is frequently evaluated by 

measuring strength in the percentage of wood failure in internal bonding. 

1.3 Objectives 

The objectives ofthis study are: 

• 	 To determine the buffer capacity of sago bark and Acacia mangium 

• 	 To compare the wettability of sago bark and Acacia mangium 

• 	 To compare the bonding strength of board made from sago bark and Acacia mangium 

bonded with urea formaldehyde glue. 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 Sago palm (Metroxylon sp.) 

Sago is capable of occupytng mechanically disturbed areas, has mUltiple regenerative 

strategies, and is a stress tolerant, competitive plant that, depending on exposure to wave 

action, can alter its allocation of resources to different reproductive organs. In growth form, 

sago is a higher aquatic plant rooted in sediment, perennially submersed except for 

inflorescences, and possessing long stems and small, mostly undivided, leaves. Luxuriant 

growth results in dense leaves, branches, and inflorescences in the upper part of the water 

column, with much thinner vegetation of stems and widely spaced leaves below, vegetation 

density ofthe upper part increases as water levels drop (Anon, 2004). 

Sago can be considered a pioneering species, because it quickly inhabits newly flooded areas 

and invades shallow waters with relatively strong wave action or those that are polluted. Sago 

is one of the first species to colonize areas reclaimed from the sea and considered sago a 

survivor species that often showed mass development in areas where the environment became 

temporarily unsuitable for other species. Sago is found in submerged, floating-leaved, and 

emergent communities. Best plant development occurs in submerged communities, and the 

poorest in emergent communities where sago plants tend to be short in stature (Anon, 2004). 

sago trunk is processed for its starch and the starch has many uses in food industry for 

ctose syrup, bee hoon making and many others. Sago starch is also processed into 
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tour and the new uses of it include in biodegradable plastics, to make fuel alcohol and 

edlanol. There are three types of wastes from sago processing from sago processing, which 

are barked, wastewater and pith residue. Pith residue that is hampas is the left behind fibrous 

material after the starch extraction from the stem. Hampas usually will be discharge together 

with wastewater intro drain nearby river. This sago hampas consist of mainly fiber and starch 

8Dd comprises the other chemical composition such as lignin, cellulose, hemicellulose and 

extractive which are highly potential as renewable resources in yielding useful product such as 

composite board, pulp material and filler for plywood adhesive Bark is divided into the outer, 

dead part that varies greatly thickness with different species and with the age of tree 

(Davidson and Freas, 1990). According to Haygreen and Bowyer (1996), the lignin of bark is 

much higher than that of wood and the polysaccharide or sugar content is correspondingly 

lower. The extractive free cellulose portion of bark is only 20% to 50% compared to 40% to 

45% for wood. 

1 2 Acacia nuzngium 

A.cacia ~gium is in subgenus of Phyllodinae, a group containing in excess of 900 species. 

Within subgenus PhyUodinae the species are grouped into seven sections with Acacia 

1IItlIIghon assigned to section Iuliflorae (235 species), a group characterized by having flowers 

in elongated spikes and phyllodes with numerous, often anatomizing, longitudinal nerves. 

~Q mangium is a large tree about 30 m tall with a straight bole, which may be over half 

the total tree height. It may be reduced to a small tree or large shrub of 7-10 m on adverse 

(Anon, 2003). Acacia mangium is a fast-growing, evergreen species. It is able to grow 

tllfD\ll~Lrt the year if conditions are suitable. In Sabah there are 3 major growers of 
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commercial Acacia mangium species, which are SAFODA, SFI and Sabah Softwoods. From 

tbeIe three. SAFODA seems to have been the most environmentally responsible, that having 

practised a sort of afforestation. The latter two entities, SFI and Sabah Softwoods were 

niorested tracts ofvirgin forest that had clearly felled (Anon, 2003). 

ActlCia mangium also is a plantation species, grown extensively since the 1960s for pulp and 

chips. It is an unexceptional wood, nice figure, and medium density moderately durable with 

good bending properties. According to Duke (1983), it makes excellent particleboard and 

could possibly be useful for furniture, cabinetmaking, and also pulp and paper. In chemical 

composition, the gum of Acacia mangium contains 5.4% ash, 0.98% Nitrogen, 1.49% 

methoxy~ and by calculation, 32.2% uronic acid. The sugar composition after hydrolysis, 

contains 9.0010 4-0-methylglucuronic acid, 23.2% glucuronic acid, 56% galactose, 10% 

uabinose, and 2% rhamnose. According to Phang (2004), Acacia mangium has chemical 

composition such as lignin for 32.1 %, hallocellulose is 76.61 % and alphacellulose is about 

54.56% 

2.3 Adhesive 

Adhesive commonly called glue are used to hold wood parts tightly together. It forms durable, 

IImost invisible bonds between pieces of wood. Adhesives hold wood species together by 

forming a solid thin layer of glue between the joining surfaces. The glue, while still liquid 

conforms to the surfaces. Small amounts even soak into the wood pores, which are similar to 

lea in a sponge. This gives the glue firm hold on the wood. When glue hardens, the bond 

_.aiDS permanent (Hutchings et a/., 1982). 
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amt'a"\lmnt (Hutchings et al., 1982). 

4 BeDding characteristics 

wood 

adhesive that use in this research is urea formaldehyde (UF) or urea resins. The selection 

this adhesive was because the UF is used for furniture assembly and in making hardwood 

~IIIntNl for furniture and interior paneling (Feirer, 1984). Besides that, it is also is typically 

in the manufacture of products where dimensional uniformity and surface smoothness 

of primary concern. They can be formulated to cure anywhere from room temperature to 

SO °C (300°F), press times and temperatures can be moderated accordingly. UF resins are 

economical than phenol formaldehyde (PF) resins and are the most widely used 

adhesive for composite wood products (Youngquist, 1999). 

Urea formaldehyde is also synthetic glue. It comes as a powder that must be mixed with water 

use. UF glue has a long drying time, which makes clamping complex assemblies 

potlible. It is also a good choice for projects that need moisture resistance. However it is not 

,I\IIIOaIlVe .bonding is a major factor for efficient utilization of lignocellulosic material. Some 

factors include the density of the lignocellulosic material. The denser the material, the 

difficult it is to be bonded due to the availability of extractives, mechanical interlocking 

and adhesive is reduced. Therefore, the bonding characteristics if the 

_~lIUI()SIC waste need to be determined. The standard means of measuring the gluability 

by determining the wetting angle and the buffering capacities. 
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Physical forces of attraction composed of three intennolecular attraction forces are believed to 

be important to the formation of bonds between adhesive polymers and molecular structure of 

wood. They are van der Waal's forces, London forces, and hydrogen bonding. Hydrogen 

bonding forces are important in the interfacial attraction of polar adhesive polymers for the 

hemiceUulosics and cellulosics, which are rich with polar hydroxyl group. These physical 

forces of attraction are particularly important in wetting of water carriers and adsorption of 

adhesive polymers onto the molecular structures of wood (Vick, 1999). 

Covalent chemical bonds fonn when atoms of non-metals interact by sharing electrons to 

fonn molecules. The simplest example of a purely covalent bond is the sharing of electrons by 

two hydrogen atoms to fonn hydrogen. These covalent bonds are the strongest of chemical 

bonds, there are more than 11 times the strength of hydrogen bond. Even though covalent 

chemical bonds between adhesive polymer and the molecular structure of wood seem a 

possibility, there is no clear evidence that such bonds constitute an important mechanism in 

adhesive bonding to wood. For two wood adherends to be held together with maximum 

strength, a liquid adhesive must wet and spread freely to make intimate contact with both 

surfaces. ~olecules of the adhesive must diffuse over and into each surface to make contact 

with the molecular structure of wood, so that intennolecular forces of attraction between 

adhesive and wood can become effective (Vick, 1999). 

_ .• ' ...... ButTering Capacity 

buffering capacity measures the resistance of the wood to change in acidity or alkalinity. 

""""ina capacity refers to the amount of alkali or acid required to adjust or maintain the 
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:uface of wood to a given level, such as pH 4.5 is more acidic and more highly buffered than 

:.....-.. it gives the effect on the phenolic bonding (Sellers et al., n.d). 

~~~IuI()SlC material is mildly acidic. The acidity rises from acetyl groups attached to the 

but also from the absorption of cations of extances mineral substances (ash) and from 

organic extractives. 

the process of the bond formation, the adhesive and wood surface interacts as 

reagents' , in a manner that differs among species and adhesives. All eastern 

'Jllrdwlood species are acidic about pH 3.5. Some hardwood species have a high acid buffering 

that will result in increased gel times when using urea resins (Sellers et al., n.d). 

study of the wetting of solids by so-called contact angle measurements has become an 

inmIMtAnt tool in the study of adhesion (Herczeg, 1965). According to Minford (1991), 

_tina can be quantified by the equilibrium contact angle formed by the intersection of the 

liquid and gas phases. . 

~ Contact angle 

Cal~. 
Wood surface 

Figure 1: Equilibrium of a droplet on a wood surface 
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above shows the equilibrium of a droplet either distilled water or urea formaldehyde. 

good wetting occurs the contact angle becomes very small or disappears and the liquid 

or flows spontaneously across the surface. This implies that the spreading, ease of 

.-_aud penetration of adhesive on and into the wood surface is good. 

liquid adhesive must have high wettability, coupled with a viscosity that will produce 

capillary flow to penetrate sound wood structure, while displacing and absorbing air 

contaminants at the surface. Pressure is normally used to enhance wetting by forcing 

adhesive to flow over the surfaces, displace air blockages and penetrate to sound wood 

Mechanical interlocking 

IICbaDlC8I interlocking is probably the primary mechanism by which adhesives adhere to 

structures such as wood. Effective mechanical interlocking takes place when adhesives 

iDelUllte beyond the surface debris and damaged fibers into sound wood two to six cells deep. 

penetrations into the fine microstructure increase the surface area of contact between . 

_ave and wood for more effective mechanical interlocking. The most durable structural 

to wood are believed to develop not only when an adhesive penetrates deeply into cell 

but also when an adhesive diffuses into cell walls to make molecular level contact 

the hemicellulosics and cellulosic of wood. If an adhesive penetrates deeply enough into 

wood and becomes rigid enough upon curing, the strength of the bond can be expected 

_ :eecI the strength ofthe wood (Vick, 1999). 
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1N!,,",~no to Meyer (1979), there have 9 links in the adhesive bond, between the surfaces of 

reflect the cohesion between bulk and adhesive absorbed on the substrate surface; 4 and 

"l"IIIItId the adherend adhesive boundary, formed through adsorption or wetting action; 6 and 

represent the intra-adherend boundary, characterized by checks and incipient ruptures 

"lied by surface treatment or degradation of the adherend. Finally, 8 and 9 are the bulk 

1wnI1WWI11_ of the adherend, which affect bond formation and performance. The quality of the 

is limited by the quality of the weakest link. 
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Note: 
1) the Adhesive Film 
2) and 
3) Intra -Adhesive botmdary 

layer 
4) and 
5) Adhesive adherent Interface 
(site of adhesion forces) 
6) and 
7) Adherend Surface-partially 
fractured during preparation for 
bonding 

8) and 
9) Adherend bulk 

Fipe 2: Links in the adhesive bond between wood surfaces (Meyer, 1979) 

6nes hardly have an even thickness, thus the exothermic and endothermic cunng 

proceed at a different rate in surface films than in thicker layers, or drops, such as 

(Meyer, 1979). 
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Pl"llmI!lftI~ orwood in relation to bonding strength 


lIIUII~"!'I! properties or wood 


physical and chemical conditions of the adherend's surface are extremely important to 

_~Ory joint performance. Wood surfaces should be smooth, flat, and free of machine 

and other surface irregulaties, including planer skips and crushed, tom, and chipped 

The surface should be free from burnishes, exudates, oils, dirt, and other debris. Wood 

_ICeS can be chemically active extractives from the wood, oxidation and pyrolysis of wood 

_liDS sites from overdrying and impregnation with preselVatives, fire retardants, and other 

Playlical properties of wood adherends 

bondability of wood is not only affected by the surface properties of wood adherends but 

by wood's physical properties particularly density, porosity, moisture content and 

iDeI_lnaI movement. The strength of wood is directly related to its density because thick 

cells are capable of withstanding much greater stress than thin walled cells. Wood cells . 
III integral part of the wood adhesive interphasing region, therefore the adhesive bond 

be at least as strong as the wood if the strength capability of the wood adherend is to be 

IHIeaIIlty woods are difficult to bond for several reasons. Because of thicker cell walls and 

l · lInn.!! volume, adhesives do not penetrate easily so important mechanical interlocking of 
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a 

"7iOCXIS have no end walls, 

Moisture 

".111 is limited to one or two cells deep. Much greater pressure is required to compress 

stiffer, high-density wood to bring contact between wood surface and adhesive. 

PiWOOl~ porosity varies according to the grain direction. It is most porous on end-grain 

being many times greater than on radial or tangential surfaces. Adhesive penetrate 

into open fibers and vessels along the grain, so deeply that over penetration occurs 

pnuure is applied to end grain surfaces. Across the grain, porosity is limited because 

her pathways in which adhesive can flow, so over penetration under pressure generally 

problem with a properly formulated adhesive. The relatively large vessels in 

so adhesive can penetrate indefinitely along the grain. The 

••s fibers have relatively few pits for lateral transfer of adhesives except that hardwood 

radially oriented rays that can allow excessive flow and over penetration (Vick, 1999). 

has strong molecular attraction to wood, primarily through hydrogen bonding with 

groups of wood cellulosics. Therefore, cell walls remain saturated with moisture 

the fiber saturation point until the surrounding air falls below that of saturated cell 

content strongly affects the final strength and durability of joints,

")JIIl- of surface checks in the wood and dimensional stability of the bonded assembly. 

abould not be bonded at high moisture content, particularly high-density hardwoods 

Mve large coefficients of shrinkage unless the in service moisture content is also 

to be high. The wood should be dry enough so that even if moisture content is at 

the level expected for the assembly in service (Vick, 1999). 
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