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Sesenduk (Endospermum diadenum) is a low density tropical hardwood that
has not been fully utilized due to their poor properties in nature. One of the
potential ways to improve its properties is through bulking treatment with
phenol formaldehyde resin followed by either heating or compressing at high
temperature. However, the treated materials release high formaldehyde when
treated with low molecular weight phenol formaldehyde (LmwPF). Attempts to
reduce formaldehyde emission by incorporating urea in the treatment system
have been explored and the results showed that the treated material release
lower formaldehyde emission compared to those treated without urea.
However, some of the physical and mechanical properties were lower
compared to the latter. Incorporation of nano particle to the phenolic matrix
could possibly reduce the use of high concentration LmwPF in the treatment
system and as a result would lower the formaldehyde emission. In addition, the
properties of the treated could be better enhanced.

The aim of the study are to examine the characteristics of LmwPF resin and
nanoclay admixture and to determine its effects on the performance of impreg
wood. Montmorillonite nanoclay nanomer (0.5%-1.5% w/w based on solid PF)
was dispersed in LmwPF resin (10%-25% w/v) using ultrasonication technique.
The dispersion of nanoclay in LmwPF was examined using X-ray diffractometer
(XRD) and Transmission electron microscopy (TEM). XRD and TEM analyses
confirmed that the nanoclay dispersion in the resin was in exfoliated form. The
results also showed that pH value were significantly affected by the addition of
nanoclay in the PF resin. The gelling time of the admixture was reduced as the
nanoclay content in the admixture increased.

Air-dry sesenduk (Endospermum diadenum) wood was impregnated with these
admixtures using vacuum pressure process followed by curing at 150°C for 30
min. The strength properties, dimensional stability and formaldehyde emission
were evaluated and compared with impreg wood treated with LmwPF per se.
Scanning electron micrograph (SEM) showed that the admixture penetrated the
wood cell wall to some extend but larger amount polymer matrix was found
resided in the cell lumen. The results showed that the polymer retention and
density of the admixture-impregnated samples were higher than the PF-



impregnated samples. This admixture had successfully bulked the cell wall of
the wood and imparted higher dimensional stability. The modulus of rupture
(MOR) and modulus of elasticity (MOE), compressive stress and hardness of
the admixture-impregnated wood were more superior to the PF-impregnated
wood. The admixture was also found able to reduce the formaldehyde emission
of the admixture-impregnated wood by 3-5% compared to PF-impregnated
wood.

The durability of treated sesenduk wood against white-rot fungus (Pycnoporous
sanguineus) and subterranean termites (Coptotermes curvignathus Holmgren)
was evaluated based on weight loss after exposure for 16 weeks and 4 weeks,
respectively. The results showed that wood treated with PF and PF/nanoclay
admixture increased the resistance of the wood. For fungal decay test, the
weight loss for PF-impregnated wood ranged from 2.24%-4.85% and
admixture-impregnated samples from 2.11%-4.74%. The weight loss for
untreated wood was 31.86%. A similar trend was also observed for the test
against termite. The weight loss value ranges from 0.49%-3.40% and 0.37%-
3.20% for wood treated with PF and admixture-impregnated wood compared
with untreated wood (17.95%) respectively.



Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia
sebagai memenuhi keperluan untuk ijazah Master Sains

PERBANDINGAN PRESTASI ANTARA KAYU Endospermum diadenum
(Mig.) ASLI DAN KAYU DIRAWAT DENGAN NANOCLAY DAN RESIN
FENOLIK
Oleh

NABIL FIKRI BIN LEEMON

Ogos 2015
Pengerusi : Profesor Zaidon bin Ashaari, PhD
Fakulti . Institut Perhutanan Tropika dan Produk Hutan

Sesenduk (Endospermum diadenum) adalah kayu keras tropika yang
berketumpatan rendah dan belum digunakan sepenuhnya kerana sifat semula
jadi mereka yang lemah. Salah satu cara yang berpotensi untuk memperbaiki
sifat-sifatnya adalah dengan fenol formaldehid resin melalui rawatan pukal
diikuti dengan pemanasan atau pemampatan pada suhu yang tinggi. Walau
bagaimanapun, kayu yang telah dirawat melepaskan formaldehid tinggi apabila
dirawat dengan berat molekul fenol formaldehid yang rendah (LmwPF).
Percubaan untuk mengurangkan pelepasan formaldehid dengan
menggabungkan urea dalam sistem rawatan telah dijalankan dan keputusan
menunjukkan bahawa pelepasan bahan formaldehid adalah lebih rendah
berbanding tanpa urea. Walau bagaimanapun, sebahagian daripada sifat-sifat
fizikal dan mekanikal adalah lebih rendah berbanding dengan yang tanpa urea.
Gabungan nano dengan bahan fenolik mungkin boleh mengurangkan
penggunaan kepekatan tinggi LmwPF dalam sistem rawatan dan hasilnya akan
mengurangkan pelepasan formaldehid. Di samping itu, sifat-sifat yang lain
boleh dipertingkatkan.

Tujuan kajian ini adalah untuk mengenal ciri-ciri LmwPF resin dan campuran
nanoclay bagi menentukan kesannya terhadap prestasi kayu impregnasi.
Montmorilonit nanoclay nanomer (0.5%-1.5% w/w berdasarkan pepejal PF)
telah disebarkan dalam resin LmwPF (10%-25% w/v) menggunakan teknik
ultrasonikasi. Penyebaran nanoclay dalam LmwPF diperiksa menggunakan X-
ray diffractometer (XRD) dan mikroskop elektron (TEM). Analisis daripada XRD
dan TEM mengesahkan bahawa perebakan nanoclay dalam resin adalah
dalam bentuk terkelupas. Keputusan juga menunjukkan bahawa nilai pH telah
dipengaruhi oleh penambahan nanoclay dalam PF resin. Masa gel bahan
campuran telah berkurang seiring peningkatan bahan nanoclay.

Sesenduk (Endospermum diadenum) kayu telah dirawat dengan bahan
campuran menggunakan proses tekanan vakum diikuti oleh pemejalan pada
suhu 150°C selama 30 minit. Sifat-sifat kekuatan, kestabilan dimensi dan
pelepasan formaldehid telah dinilai dan dibandingkan dengan kayu impregnasi
dirawat dengan LmwPF. Pengimbas Mikrograf Elektron (SEM) menunjukkan
bahawa campuran menembusi dinding sel kayu tetapi jumlah matriks polimer
yang lebih besar didapati berada di bahagian sel lumen. Hasil kajian



menunjukkan bahawa kandungan polimer dan ketumpatan sampel campuran-
impregnasi adalah lebih tinggi daripada sampel PF-impregnasi. Campuran ini
telah berjaya menyumbat di dalam dinding sel kayu dan memberikan
kestabilan dimensi yang lebih tinggi. Modulus pecah (MOR) dan modulus
keanjalan (MOE), tegasan mampatan dan kekerasan untuk impregnasi
campuran adalah lebih bagus berbanding impregnasi PF sahaja. Impregnasi
campuran ini juga dapat mengurangkan 3%-5% pelepasan formaldehid
berbanding dengan diimpregnasi menggunakan LmwPF sahaja.

Ketahanan kayu dirawat sesenduk terhadap kulat reput putih (Pycnoporous
sanguineus) dan anai-anai bawah tanah (Coptotermes curvignathus Holmgren)
dinilai berdasarkan berat selepas terdedah selama 16 minggu dan 4 minggu.
Hasil kajian menunjukkan bahawa kayu dirawat dengan PF dan campuran
PF/nanoclay meningkatkan rintangan kayu. Untuk ujian kulat reput, kehilangan
berat untuk kayu PF-impregnasi adalah di antara 2.24%-4.85% dan campuran-
impregnasi dari 2.11%-4.74%. Kehilangan berat untuk kayu yang tidak dirawat
adalah 31.86%. Trend yang sama juga diperhatikan untuk ujian terhadap anai-
anai. Nilai penurunan berat masing -masing adalah antara 0.49%-3.40% dan
0.37%-3.20% untuk kayu dirawat dengan PF-impregnasi dan campuran-
impregnasi berbanding dengan kayu yang tidak dirawat (17.95%).
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CHAPTER 1

INTRODUCTION

11 Background of Study

Wood has been used by mankind throughout history because of its excellent
material properties. Although the use of timber in some markets has
decreased, the consumption of timber overall continues to rise. Although wood
continues to be used for many applications because of its many excellent
material properties (such as a good strength to weight ratio, aesthetic
appearance etc.), it also suffers from a number of disadvantages. Dimensional
changes in response to altering atmospheric conditions, susceptibility to
biological attack and changes in appearance when exposed to weathering
place restrictions on the potential end-uses of wood (Hill, 2006).

Excellent properties of wood are the cause of it has been used for millennia by
mankind. This long evolution has allowed wood to become an integral part of
the ecological cycle. However, some properties of wood are bane cause of
dimensional instability with changing moisture, low durability and unsatisfying
mechanical properties (Shams and Yano, 2011).

Dimensional instability is one of the major weaknesses in the processing and
use of lumber. In order to enhance the properties of low density wood, a
number of studies have been carried out through resin impregnation and
compression (Zaidon et al., 2009; Nur lzreen et al., 2011; Rabi’atol Adawiyah
et al.,, 2012; Purba et al., 2014; Ang et al., 2014). There are many treatments
that have been developed to eliminate the disadvantages of wood since the
past few decades ago. These treatments which are also known as wood
modification are a mean of altering the material to overcome one or more of its
disadvantages. Wood modifications involve the action of chemical, biological or
physical agents upon the material, resulting in a desired property enhancement
during the service life of the modified wood. Modification of wood can involve
active modifications, which result in a change to the chemical nature of the
material, or passive modifications, where a change in properties is affected.

The world demand for wood products from tropical forest had been risen
recently and this scenario is expected to continue in the years to come.
Malaysia is one of the largest exporters of tropical wood products. The wood-
based industry in Malaysia is one of the contributors to the export earner and
significantly on economy’s growth. However, the Malaysian wood industry is
heading towards a declining of wood supply since 1995 (Abdul Rahim and
Mohd Shahwahid, 2009). Department of statistics, Malaysia (2006) recorded
that the logs production volume increased from 6.5 million m® in 1970 and
decrease gradually to 4.4 million m? in 2005. This was due to the loss of
potential tree crops as a result of heavy logging activity which than explicit the
wood left for future source (Appanah and Harun, 1999).

In order to support the wood-based industry for a long term, possible solution
was to use underutilized or lesser known wood species as a new wood source.



Sesenduk (Endospermum diadenum) grows in the lowland to lower montane
forest, particularly in secondary growth, along streams and on hills and slopes.
Due to its poor properties in nature, it is still underutilized, but this wood can
have value added by being made into wood suitable for different applications
like flooring, panelling and furniture through proper treatment such as chemical
modification.

Impregnation with chemical is one of the examples of wood modification. Wood
modified using this technology has been used in applications such as flooring.
Impregnation of the wood cell wall with chemicals of various types is a very
broad area. The impregnation involves the treating of wood with a monomer
solution that diffuses into the cell wall, followed by subsequent polymerization.
Property improvements occur primarily due to bulking of the cell wall by the
impregnant (Hill, 2006).

Bulking treatments can be divided into three classes: nonbonded and
leachable; nonbonded and nonleachable; and bonded and nonleachable. For
nonbonded and water leachable, the wood cell wall can be bulked with
concentrated solutions of salts or sugars. Solutions of manganese, sodium,
barium, magnesium, and lithium chloride and solutions of sucrose, glucose,
and fructose have been used to reduce the swelling of wood (Stamm et al.,
1939; Stamm, 1959). These chemicals make the wood even more hygroscopic,
so the wood is usually finished with two coats of varnish to seal the chemical in
the wood. These chemicals are also very soluble in water and are easily
leached if the treated wood comes into contact with water (Rowell et al., 1981).

Nonbonded and nonleachable is a treatment of wood with aqueous solutions of
phenol-formaldehyde resin-forming compounds gives a bulked product where
the chemicals are not attached or bonded to the cell wall components but form
insoluble polymers which will not leach out in water. Bonded and nonleachable
in a bulking treatment can be explained through chemical reactions whereas it
is possible to add an organic chemical to the hydroxyl groups on wood cell wall
components. This type of treatment reduces the hygroscopicity of the wood as
described earlier and also bulks the cell wall with a permanently bonded
chemical (Rowell et al., 1981).

Several studies have been conducted through the use of Phenol
Formaldehyde resin such Kajita and Imamura (1991) used low molecular
weight formaldehyde resin (LmwPF) to improve the physical and biological
properties of particle boards, Anwar et al., (2006) and Loh et al., (2011),
respectively used this resin to enhance the properties of laminated bamboo
and oil-palm stem veneer, while Nur lzreen et al., (2011) and Rabi’atol
Adawiyah et al., (2012) used this resin to enhancing the properties of Dyera
costulata and Endospermum diadenum.

PF resin with molecular weight (Mw) of 290-480 is able to penetrate into the
cell wall and increase stability. However, if higher molecular weight PF resin is
used, e.g. 820, the resin tends to be immobilized upon compressing and bigger
portion will remain in the cell lumen. As a result, there will be an apparent lack
of compaction even through the weight percent gain maybe about the same.
Most of the cured resin will stay in the cell lumen and this does not provide
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significant stability to the wood (Furuno et al., 2004). A study conducted by
Ohmae et al., (2002) found that wood treated with low molecular weight PF
resin can obtain ASE values as high as 74% at 30% weight percent gain
(WPG). This increase in dimensional stability appears to be caused both by
bulking of the cell wall and a cross-linking of resin components within the cell
wall.

A complete penetration of resin into wood is vital for an efficient treatment
could be achieved through treating thin pieces of wood with LmwPF. Zaidon et
al., (2010) treated wood strips (5 mm thick) of sesenduk, jelutong and mahang
with LmwPF (Mw600), followed by laminating and compressing them in a hot
press to form three-layered compreg laminates. They found that the density of
the 12 mm thick compreg laminates increased by two to three times compared
with the control. The shear stress at the bonding line was slightly lower or
comparable, while hardness was significantly higher than those of untreated
control samples. The anti-swelling efficiency of the samples was 60-70%.
Mechanical properties of such specimens were increased to some extent as a
result of the treatment.

Although maijority of the properties of PF-treated wood treated are enhanced,
the use of LmwPF would release high amount of formaldehyde during soaking
and hot pressing process. Since LmwPF resin contains substantial amounts of
methylol groups in the oligomeric chains, some of these methylol groups is
released as free formaldehyde upon being exposed to high temperature and
humidity (Hoong et al., 2010). Previous researches revealed that this problem
can be overcome by incorporating urea in the treating resin, but the
performance of the treated product was not as good as those treated without
formaldehyde scavenger (Zaidon, 2009).

1.2 Problem Statement

Interests have, nowadays, shifted to using lower density timbers that have
good appearance and acceptable properties comparable with those of
commercial hardwood. Sesenduk (Endospermum diadenum), is a species
which have not been fully utilized due to its poor properties. Previous study
showed that compreg laminates had been successfully fabricated and have
potential for high value added products such parquet flooring, furniture
components and panelling (Zaidon et al., 2010).

Phenol Formaldehyde (PF) resin impregnation at considerably high hot
pressing pressure is one of the cost effective ways to improve strength
properties, dimensional stability and durability of wood against decay (Zaidon
et al., 2010). The LmwPF managed to swell the cell wall without bonding to it.
The increasing of molecular weight gives a significant reduction in the
effectiveness of the resin in improving dimensional stability (Ryu et al., 1993).
However, high formaldehyde emission is expected from the treated product.
One way to capture the free formaldehyde is by using the formaldehyde
scavenger (Rabi’atol Adawiyah et al., 2012). Urea is preferable due to its low
cost and has been proven able to reduce the formaldehyde emissions from the
compreg products made from low density wood, sesenduk (Endospermum
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diadenum) and mahang (Macarangga spp.) (Zaidon, 2009). The addition of
urea can reduce the FE but it still beyond standard threshold limit. Mixing nano
particle in phenol formaldehyde could possibly reduce the use of high
concentration of resin in the treatment system and as a result would lower the
formaldehyde emission and further increased the properties of the treated
wood. Recent study by Lu and Zhao (2008) found that incorporating nanoclay
in phenolic resin resulted in increment on strength properties of low density
wood. Cai et al., (2008) also found that addition of nanoclay in phenolic matrix
significantly improved the properties of modified aspen wood.

It should also be noted that method to disperse nanoclay in phenol
formaldehyde is crucial before the admixture can be impregnated into the wood
structure. Nanoclay is difficult to disperse in resole type phenolic resin
compared to novolac due to its three-dimensional structure (Lee and Giannelis,
1997). However, a better dispersion of clay platelets in resol type phenolic resin
can be achieved using modified montmorillonite nanoclay (Byun et al., 2001,
Wang et al.,, 2004). It is anticipated that the well dispersed nanoclay in the
phenolic resin could serve as a novel resin system to replace the existing resin.
This resin system could be used at a lower concentration yet at the same time
increase the performance of the treated wood. It is anticipated that the
performance of sesenduk (Endospermum diadenum) wood treated with low
molecular weight phenol formaldehyde resin with and without addition of
nanoclay enhance the performance of the product.

1.3 Research Aim and Objectives

The research attempts to enhance the properties of sesenduk (Endospermun
diadenum) wood properties and at the same time reduce the amount of
formaldehyde emission (FE) by impregnating the wood using low concentration

of LmwPF/nano clay admixture.

The specifics objectives of the study are;

1. To investigate the characteristics and physical properties of
LmwPF/nanoclay admixture synthesised using ultrasonication
technique.

2. To determine the optimum treatment parameters on polymer loading of
sesenduk wood treated with the admixture.

3. To determine the properties of the impreg wood and to correlate them

with polymer loading.
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