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By
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November 2018
Chairman : Professor Paridah Md. Tahir, FASc
Institute : Tropical Forestry and Forest Product

Furniture manufacturers who are using Acacia mangium wood often experienced
difficulties in getting high glossy and attractive finished surface. Such problem
may be attributed to poor surface wettability as well as the anatomical structure
of the wood itself. This study evaluates the effects of surface treatment on both
the wettability and finishing properties of A. mangium wood. The A. mangium
lumber was segregated into sapwood and heartwood prior to sanding. Two types
of solvent, methanol (MeOH) and sodium hydroxide (NaOH), were used to treat
the wood surface using different concentrations: 2%, 4%, 6%, 8%, 10%, 12%
and, 14%. The treated surfaces were evaluated for surface roughness and
contact angle according to ISO 4287 and ASTM D7334-08 respectively. The
results show that untreated sapwood of A. mangium has significantly rougher
surface compared to heartwood upon treatment with MeOH and NaOH, the
surface roughness. NaOH-treated surface has relatively lower contact angle than
MeOH-treated, and experienced a complete wetting within 4.2 s for sapwood and
6.8 s for heartwood. Nevertheless, the surface looks darker and the grain is less
visible. Meanwhile, MeOH-treated surface took 6.4 s for sapwood and 15.1 s for
heartwood to completely wet the wood surface but retained it’s original colour.
Moreover, the wood grain was clearer and much enhanced. Based on both
wettability and appearance, the best results were given by MeOH having 8%
concentration. Evaluation on the effects of 8% MeOH pretreatment prior to
coating was carried out for different coating systems i.e. nitrocellulose (NC), acid
catalyst (AC) and polyurethane (PU). The coated surfaces were tested for
adhesion test-cross cut, scratch resistance test, abrasion test, impact resistance
test, surface roughness, and gloss measurements test according to the relevant
standards. The results revealed that Acacia wood surface treated with 8%
methanol resulted in superior finished surface compared to untreated panels
except for gloss. Among the coating systems, AC and PU appears to be more
compatible with MeOH compared to NC as shown by applying 8% methanol on
the A. mangium surface prior to coating with AC or PU improved the quality of



the finished A. mangium wood meeting the minimum requirements stipulated in
the standards.
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Pengeluar perabot yang menggunakan kayu Acacia mangium untuk tujuan
kemasiapan kebiasaannya akan mengalami kesukaran untuk mendapatkan
permukaan yang berkilap dan menarik. Masalah ini berkemungkinan disebabkan
tahap penyerapan yang lemah dan juga struktur anatomi kayu itu sendiri. Kajian
ini bertujuan untuk mengkaiji kesan rawatan terhadap tindak balas daya serapan
dan kemasiapan kayu A.mangium. Kayu A. mangium telah dibahagikan kepada
dua iaitu kayu gubal dan kayu teras, dan kedua kayu ini telah digosok
menggunakan kertas pasir. Dua jenis pelarut iaitu methanol (MeOH) dan sodium
hydroxide (NaOH) dengan pelbagai nisbah bancuhan: 2%, 4%, 6%, 8%, 10%,
12% & 14% telah digunakan. Permukaan yang telah dirawat akan diuji tahap
kekasaran dan sudut penyerapannya berdasarkan piawaian ISO 4287 dan
ASTM D7334-08. Keputusan ujian berkenaan menunjukkan bahawa kayu gubal
A. mangium yang tidak dirawat mempunyai kekasaran permukaan yang lebih
berbanding pada kayu teras yang menerima rawatan oleh MeOH dan NaOH,
tahap kekasaran permukaan NaOH menunjukkan sudut penyerapan yang
rendah berbanding permukaan kayu yang dirawat oleh MeOH iaitu mencatatkan
masa 4.2 saat untuk kayu gubal dan 6.8 saat untuk kayu teras untuk menyerap
sepenuhnya. Namun begitu, permukaannya bertukar menjadi lebih gelap dan ira
kayu kurang kelihatan. Sementara itu, permukaan yang dirawat menggunakan
MeOH pula mengambil masa 6.4 saat untuk kayu gubal dan 15.1 saat untuk
kayu teras untuk menyerap sepenuhnya dan ia mengekalkan warna kayu
tersebut. Tambahan pula, ia kayu menjadi lebih jelas dan menyerlah.
Berdasarkan kepada kedua-dua tahap serapan dan rupa, keputusan terbaik
adalah pada nisbah 8%. Ujian terhadap rawatan methanol 8% terhadap
penglitup telah dijalankan dengan menggunakan system pernglitup yang
berbeza iaitu nitrocellulose (NC), acid catalyst (AC) dan polyurethane (PU).
Permukaan penglitup berkenaan telah diuji dengan ujian rekatan (garisan
bersilang), ujian ketahanan calar, ujian geseran, ujian impak, ijian kekasaran
permukaan dan ujian kelipan berpandukan piawaian yang telah ditetapkan.



Keputusan menunjukkan bahawa kayu A. mangium yang telah dirawat
menggunakan 8% MeOH adalah lebih baik kemasiapannya berbanding kayu
yang tidak dirawat kecuali pada tahap kilapan. Berdasarkan kepada semua jenis
system penglitup, AC and PU telah menunjukkan kesesuaian dengan MeOH
berbanding dengan AC. Penggunaan 8% MeOH terhadap permukaan kayu A.
mangium dengan menggunakan penglitup AC atau PU mampu untuk
meningkatkan kualiti kemasiapan kayu A. mangium dan ianya telah memenuhi
keperluan asas seperti yang terdapat pada piawaian.
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1.1 Background of Study

CHAPTER 1

INTRODUCTION

For many years, the Malaysian export furniture has been placed within the top
ten of the world’s furniture export (MATRADE, 2017). According to Malaysian
Timber Council (2018), the wooden furniture was reported as the highest
contributor to Malaysia’s export of timber followed by plywood, sawn timber,
fibreboard and etc. The export of Malaysian major timber products is tabulated

in Table 1.1.

Table 1.1: Malaysia: Export of major timber products (Jan-Feb 2018)

Type of Products Million (RM) Percentage (%)
Wooden Furniture 1,189,2 99.83
Plywood 642.2 0.05
Sawn timber 578.0 0.05
Fibreboard 179.2 0.02
Builder’s Joinery & Carpentry 175.4 0.02
Mouldings 126.7 0.01
Chipboard / Particleboard 69.3 0.002
Wooden Frame 194 0.0001
Rattan furniture 1.7 0.0001
Other Products 180.7 0.02
Total 1,191,172.60 100

(Source: Malaysian Timber Council, 2018)
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Figure 1.1: Rubberwood Plantation Area (Estate) From Year 1965 to 2014
(Source: Malaysian Timber Council, 2018)

There are about 600 furniture and wood working mills that are export oriented.
About 80% of these mills utilise rubberwood as the main raw material
(Jegatheswaran Ratnasingam et al., 2016; MASKAYU, 2012a; Sulaiman et al.,
2009; Zaidon et al.,, 2007). Despite the increase use of rubberwood, the
rubberwood planted areas have decreased tremendously (Figure 1.1) which
inevitably raises the prices of rubber logs (Table 1.2).

Table 1.2: Average domestic price of logs by species (in RM per cubic

metre)
Species 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
Meranti 592 606 612 650 751 802 820 818 604 653
Mersawa 613 698 700 700 746 750 760 758 588 599
Merbau 794 788 800 927 1175 1,200 1228 1246 1012 1316
Rubberwood 105 105 129 104 155 163 157 130 73 91

(Source: Forestry Department Peninsular Malaysia, 2016)

Other than rubberwood, a huge amount of Acacia mangium trees have been
planted in Peninsular Malaysia, Sabah and Sarawak. Sarawak has the largest A.
mangium plantation area, with about 289,816 ha in 2012 that makes up 74% of
the planted area. This amount is expected to increase to a targeted area of
700,000 ha by the year 2020 (Perkasa, 2009; Jusoh & Adam, 2012). A. mangium
has been acknowledged as one of the popular fast growing species found in
South-East Asian forest plantations (Vijayanathan et al., 2011). According to
Tsukamoto and Sabang (2005), A. mangium can be one of the potential
resources for timber and/or pulp chip production. It has a very short rotation (fast
growing species) and can be managed by using coppice system of 2-5 years



(Hashim et al., 2015). In addition, A. mangium can be easily planted in degraded
areas (Nadhari et al., 2014; Awang & Taylor, 1993).

The popularity of A. mangium wood is due to its excellence in strength and
machining properties, thus can be used for medium to high end value-added
products such as furniture and indoor components (Lim et al., 2003). However,
A. mangium was reported as low-priced wood due to knots, cross grain structure
and relatively fair in permeability and wettability. Such properties are crucial for
any wood particularly in finishing process (Lehman & Mishawaks, 1944). As the
result, the finished surface often sagged and paint tailings often occurred due to
lack of penetration by the lacquers (personal communication with Nusantara
Kraft Sdn. Bhd., 2017). The low wettability of A. mangium wood surface was also
experienced in bonding. Alamsyah et al. (2007) reported that A. mangium
laminated board bonded with resorcinol formaldehyde (RF) resin has poor
bonding shear strength. This problem was associated with poor wettability of A.
mangium that prevents any liquid to sufficiently penetrate the wood surface.
Hence a pretreatment is needed to improve the surface wettability of A.
mangium.

Surface treatment of wood is done by treating the wood surfaces with polar liquid
such as methanol (MeOH) and sodium hydroxide (NaOH). Such treatment
involves only the surface to reduce its surface tension and increase surface
compatibility with coating and adhesives (Bulian & Graystone, 2009). Some of
the surface treatment agents that have been used were sodium hydroxide,
hydrogen peroxide, lime (natural) and ethanol (Ayeni et al., 2013). To become
friendly to industrial applications, a pretreatment agent must be effective,
economical, easy-to-use, and easy to apply. Connected to that, the study to
evaluate the ability of MeOH and NaOH as pretreatment solvents to increase the
surface wettability and consequently the finishing properties of A. mangium was
attempted.

1.2 Problem Statement

High quality finished surface of A. mangium wood with excellent surface
properties and aesthetically durable are needed for the production of A. mangium
furniture. However, A. mangium wood has low wettability properties hence
making finishing a difficult task. Wood components, probably extractives, appear
to affect the curing of resin (Alamsyah et al., 2008). One of the main problems is
the finished surface often sagged and shows paint tailings due to lack of
penetration by the lacquers. In addition, the finished surface has an uneven
colour as the colour of sapwood and heartwood of A. mangium is distinctly
differentiated (Nordahlia et al., 2013). Such defects are detrimental to the
furniture quality and often led to rejection by buyers. Moreover, the main purpose
of finishing is to produce attractive and scratch-abrasive-resistant surface of
wood. However, with the existing coating system used for A. mangium, the
results were quite unsatisfactorily.



1.3 Significance of Study

This study attempted to increase the wettability of A. mangium by a slight
treatment of the wood surface using bleaching process. Studies have shown that
the surface wettability of lumber can be improved by wiping it with a proper
amount of solvent that have the ability to remove the contaminants on the surface
and improve the wettability of the laminae surface by destroying the H-bonding
in wood-cellulose and reduce the surface tension (Haque et al., 2017).
Consequently, the penetration of coating materials into the substrate would
become much easier.

1.4 Objective of Study

The objectives of this study are:

e To determine the effect of surface pretreatment on the wettability of A.
mangium wood.

¢ To evaluate the finishing properties of surface-treated A. mangium wood
coated with different finishing systems.

1.5 Organization of the Chapters

This thesis is organized into five chapters. The first chapter gives a general
overview of A. mangium and wood finishing, problem statement, justification, and
objectives of this study. The second chapter reviews on the relevant literature
associated to the topic, which includes the A. mangium species in Malaysia,
wood finishing, surface treatments, and application of finishing.

The third chapter focuses on the basic properties of A.mangium, which includes
the moisture content, pH buffering capacity, surface roughness and wettability of
wood. The effects of wood surface treatment by MeOH and NaOH wiped method
were evaluated with surface roughness and contact angle test and the results
were discussed.

Chapter four discusses the finishing properties of methanol-treated A. mangium
sprayed with nitrocellulose (NC), acid catalyst (AC), and polyurethane (PU)
towards control sample and treatment sample. The results were then compared
in terms of physical and mechanical properties. The final chapter summarizes
the whole thesis and gives a conclusion and some recommendations for future
work.
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