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ABSTRACT

A study was undertaken to determine the effect of polymer loading on dimensional
stability and formaldehyde emission of sesenduk (Endospremum diadenum) wood
treated with low molecular weight phenolic resin and urea admxiture. A total of 32
pieces air-dry wood strips were prepared in a dimension of 165 mm long x 50 mm
wide x 5 mm thick. The cut wood strips were assorted according to density before
treatments to ensure that each of the treatment group had the equal number of the same
density to avoid variation. The wood with initial moisture content of 14 % were
impregnated with LmwPF (20 % and 30%) weight by volume and admixture of
LmwPF + 0-15 % urea based on solid PF by using vacuum-pressure cylinder. Initial
vacuum was applied to the cylinder for 15 minutes followed by soaking under the
pressure for 30 minutes. After that, the wood strips were partially cured at 70 °C for
three hours and cured at 150 °C for one hours. Finally, the impregnated wood were
conditioned at 25 °C+2, 65 £2 % humidity and 12 % EMC. The results showed that
the treatments increased the physical properties of the sesenduk such as WPG, density
and ASE. The impreg sesenduk that had been treated with urea admixture had lower
FE than those treated with LmwPF alone. Urea as a formaldehyde scavenger can
reduce the formaldehyde emission and achieved E1 standard in EN120. This study
also found that anti-swelling efficiency (ASE) of the treated sesenduk was highly
correlated to the polymer loading. The higher the polymer loading, the higher the
dimensional stability achieved by the treated sesenduk.



ABSTRAK

Satu kajian telah dijalankan untuk menentukan kesan pengambilan polimer pada
kestabilan dimensi dan pelepasan formaldehid daripada kayu Sesenduk
(Endospremum diadenum) yang dirawat dengan resin fenolik yang bersifat jisim
molekul rendah (LmwPF) dan campuran urea. 32 keping kayu yang telah dikering
udara telah disediakan dalam dimensi 165 mm panjang x 50 mm lebar x 5 mm tebal.
Kayu-kayu tersebut telah dibahagikan mengikut ketumpatan sebelum rawatan. Ini
adalah untuk memastikan bahawa setiap kumpulan rawatan mempunyai bilangan yang
sama dengan kepadatan yang sama bagi mengelakkan variasi. Kayu-kayu dengan
kandungan kelembapan sebanyak 14% telah diimpregnasi dengan LmwPF (20% dan
30%) dan campuran LmwPF + 0-15% urea berdasarkan pepejal fenol formaldehid
dengan menggunakan silinder tekanan vakum. Sedutan vakum awal pada silinder
tersebut selama 15 minit dan kayu-kayu direndamkan di bawah tekanan selama 30
minit. Selepas itu, kayu-kayu diawet secara sebahgaiannya pada suhu 70 ° C selama
tiga jam dan diawet secara keseluruhan pada suhu 150 ° C selama satu jam. Akhirnya,
kayu-kayu yang siap diimpregnasi ditempatkan dalam tempat yang bersuhu 25 ° C +
2, kelembapan 65 £+ 2% dan kandungan kelembapan keseimbangan sebanyak 12%.
Hasil keputusan menunjukkan bahawa rawatan impregnasi telah meningkatkan sifat
fizikal kayu sesenduk seperti peratusan berat, kepadatan dan ASE. Kayu-kayu
Sesenduk yang telah dirawat dengan campuran urea didapati mempunyai pelepasan
formaldehid yang lebih rendah daripada yang dirawat dengan LmwPF sahaja. Urea
sebagai penyembur formaldehid boleh mengurangkan pelepasan formaldehid dan
boleh mencapai tahap E1 dalam EN120. Kajian ini juga mendapati bahawa kestabilan
dimensi sesenduk yang dirawat berkorelasi dengan muatan polimer. Semakin
tingginya muatan polimer, semakin tingginya kestabilan dimensi yang dicapai oleh
impreg sesenduk.
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CHAPTER 1

INTRODUCTION

1.1 BACKGROUND

In 2014, Malaysia timber industry is third most important commodity after oil palm
and rubber (MTIB, 2015). However, the export constituents of Malaysian wood-based
industry has changed critically after some years. The industry has transformed from a
large exporter of primary commodities included logs, sawn timber and plywood to a
large exporter of value-added products. The examples of value-added products are

furniture, moulding and joinery (Ratnasingam, 2011).

Next, the raw materials for the wood based industry majority come from the sources
of natural forest, forest land and rubber replanting programme (Zaidon, 2017). Due
to the depleting supply of high quality timber from natural land in Malaysia, wood
manufactures are seeking for alternatives. One of the potential way is to utilise low
density or underutilised timber species such as mahang (Macaranga spp.), sesenduk
(Endospermum diadenum) and jelutong (Dyera costulata). This timber species are not
fully explored because of their poor inherent properties. But, their properties can be

improved through wood modification (Zaidon et. al., 2010).

Sesenduk is in the category of “lesser known species” (LKS) and light hardwood with
density 385 to 655 kg/m®. It also has poor dimensional stability, low mechanical

strength, and they are very easy to be treated with chemicals (Zaidon et. al., 2015).

1



Firstly, the level of polymer loading is one of the factors to improve the properties and
dimensional stability of treated wood. By increase polymer loading, density and
mechanical properties of compressed wood will be improved and increased,
respectively (Yano et. al., 2001). Secondly, dimensional stability of compressed wood
relies on polymer loading and polymer distribution in the treated wood (Rowell &
Konkol, 1987). The last factor in improving properties of wood is molecular weight

of PF and we will further discussed it in the next chapter.

1.2 PROBLEM STATEMENT

The bulking treatment with low molecular weight phenol formaldehyde (LmwPF) is
one of the treatment that can improve properties of low density wood (Zaidon et. al,
2015). However, this treatment will release high amount of formaldehyde from the
treated wood. Phenol (CsHsOH) and formaldehyde (CH20) react to form
hydroxymethyl groups, followed by partial polymerization to the oligomer that makes
up the resin. The polymerisation is completed to form a cross-linked polymer network
after impregnating into the substrate (Frihart, 2005). LmwPF is a linear pre-polymer
and it contains large amounts of methylol groups in the oligomeric chains. Some of
the metylol group are released as free formaldehyde when they are exposed to high

temperature and humidity (Hoong et. al., 2010).

To overcome this problem, there is another study (Nabil et. al., 2015) involves
incorporation of nanoparticles to the phenolic matrix. The use of high concentration
LmwPF can be reduced thus reduced formaldehyde emission (FE) without affecting

the other properties.



In this research, urea formaldehyde scavenger will be introduced into LmwPF solution
to reduce FE from impreg wood. The other properties of treated wood is not affected

at the same time.

1.3 HYPOTHESIS AND JUSTIFICATION

FE increases when high concentration of LmwPF is used as a treating solution.
(Zaidon, 2017). Higher formaldehyde emission (12.19 mgL*) was found when wood
was treated with 20% of LmwPF concentration. (Zaidon, et. al., 2015). FE increased
from 64 mgL™ to 110 mgL™* when compreg Sesenduk was treated PF from 20 % to
40 % (lzreen et. al., 2011). The relationship of polymer loading and FE in treated

products from low density wood is not known.

1.4 OBJECTIVES

1. Toevaluate the polymer loading in term of weight percent gain (WPG) of sesenduk
wood impregnated with LmwPF and urea admixture.

2. To determine anti-swelling efficiency and FE of the impregnated wood.

3. To determine the correlation between WPG and Density, WPG and ASE and ASE

and Density of the impregnated wood.
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