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ABSTRACT

Eight (8) species of aquatic macrophytes; Eichhornia crassipes, Cyperus
digitatus, Cyperus halpan, Cyperus sp., Limnocharis flava, Nelumbo nucifera,
Nymphaea sp. and Scirpus grossus were explored for their usage as alternative
source in papermaking. This study was conducted to determine the potential
species and the suitable plant part as source in papermaking using Japanese
papermaking method. The macrophytes were examined for fibre dimension and
derived values for species selection. The stem part of C. digitatus, Cyperus sp.
and S. grossus which have higher dry weight compared to leaf and root was used
for paper production. The stem fibre was the most suitable part for papermaking
compared to leaf fibre and petiole fibre. The stem of Cyperus sp., C. digitatus and
S. grossus have highest slenderness ratio value of more than 60 which are 113.46,
105.54 and 99.05 respectively. The three selected macrophytes have
unsatisfactory flexibility coefficient (<50) and Runkel ratio (>1). The stems
chemical composition of C. digitatus and Cyperus sp. have higher content of
cellulose compared to S. grossus with the value of 44.82%, 44.60% and 42.13%,
respectively. The lignin content was lowest in Cyperus sp. which was 10.63%
followed by C. digitatus (11.81%). and S. grossus (11.44%) The paper produced
from C. digitatus has the highest value of tensile strength and breaking length of
2.61 kN/m and1.20, km respectively. The stems of the three selected macrophytes
were suitable to produce moderate quality of paper using the Japanese
papermaking method.



ABSTRAK

Lapan (8) spesis makrofit akuatik; Eichhornia crassipes, Cyperus digitatus,
Cyperus halpan, Cyperus sp., Limnocharis flava, Nelumbo nucifera, Nymphaea
sp. dan Scirpus grossus telah diterokai penggunaanya sebagai sumber alternatif
dalam penghasilan kertas. Kajian ini telah dijalankan untuk menentukan potensi
spesis dan bahagian tumbuhan yang sesuai sebagai sumber penghasilan kertas
mengunakan pembuatan kertas kaedah Jepun. Bahagian batang C. digitatus,
Cyperus sp. dan S. grossus yang mempunyai berat kering yang tinggi berbanding
daun dan akar telah digunakan untuk menghasilkan kertas. Fiber daripada batang
adalah lebih sesuai untuk penghasilan kertas berbanding daun dan tangkai. Fiber
daripada batang Cyperus sp., C. digitatus. dan S. grossus mempunyai nisbah
kelangsingan yang tinggi iaitu 113.46, 105.54 dan 99.05. Ketiga-tiga makrofit
tersebut mempunyai pekali fleksibiliti (<50) dan nisbah Runkel (>1) yang kurang
memuaskan. Komposisi kimia daripada batang C. digitatus dan Cyperus sp.
mempunyai kandungan selulosa yang lebih tinggi berbanding S. grossus dengan
nilai masing-masing iaitu 44.82%, 44.60% dan 42.13%. Kandungan lignin adalah
paling rendah bagi Cyperus sp. iaitu 10.63% berbanding S. grossus (11.44%) dan
C. digitatus (11.81%). Helaian kertas yang dihasilkan dari C. digitatus
mempunyai nilai kekuatan tegangan dan panjang pemecahan masing-masing 2.61
kN/m dan 1.20 km. Batang untuk ketiga-tiga makrofit yang dipilih adalah sesuai
untuk menghasilkan kertas yang berkualiti sederhana dengan menggunakan
pembuatan kertas kaedah Jepun.
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CHAPTER 1

INTRODUCTION

Paper is one of the most important products from the forest. Indeed, almost every
human activity requires paper. However, logging activities in papermaking
industry have greatly destroy the nature when forest recovery does not happen in
the same frequency. In 2005, Malaysia’s papermaking industry has produced at
over one million tons of paper (Roda and Rathi, 2006). This figure depicts that the
papermaking industry in Malaysia has produced large amount of paper which
require logging activities. Globally, paper consumption in 2010 is 400 million

tons and this figure is expected to increase for about 25% by 2020 (WWF, 2012).

It is estimated that 8 to 10% of the total global wood production is illegally
produced for domestic and international trade in 2002. Malaysia denotes 35% of
illegal logging for wood production and 35% of the product has been illegally
exported in 2002 (SCA and WRI, 2004). lllegal logging activities have greatly
destroy the forest without proper management and inspection from the authority,
and thus disturb the efforts in sustaining the forest. Comprehensive and strict
guidelines are needed to ensure the mission of sustainable development can be

achieved.

Presently, the issue of forest destruction has been tremendously increased in

Malaysia which includes both in protected forests as well as production forests.



According to the special report by Intergovernmental Panel on Climate Change
(2000), deforestation and forest degradation contribute 24% of all anthropogenic
carbon emissions and 18% of all greenhouse gas emissions. Furthermore, the
impact is getting more serious with elimination of forests’ capacity to absorb

carbon in the future (Schoene and Netto, 2005).

The shortage of conventional raw materials for pulping as well as the increasing
awareness of forest destruction, some alternatives have been searched since 1980s
to replace wood sources with non-wood materials (Davies, 1980; Joedodibroto et
al., 1983; Ashori 2006). Indeed, Malaysia is currently struggling to find a new
fibre source to improve the quality of recycled paper (Roda and Rathi, 2006). In
highly industrialized countries, problems such as shortage of supply as well as
expensive costs of wood resulted in the use of non-wood as a new alternative
source in papermaking (Sabharwal and Young, 1996). Due to the limited wood
resources, China has utilized the agricultural residues and non-wood plants
especially straw material, bagasse and bamboo as an alternative source for pulp
and paper productions (Hammett et al., 2001). In addition, canola (Ekhtera et al.,
2009), oil palm residues (Bahari, 2010), kenaf (Shakhes et al. 2010) and other

non-wood material can also be utilized in pulp and paper production.

Another important source of non-wood plants is aquatic macrophyte. The term
aquatic weed is commonly used to refer aquatic macrophytes especially in
agriculture sector. Aquatic macrophytes have some advantages such as short

growth cycles, modest irrigation and fertilization requirements and low lignin



content which are able to reduce energy and the need of chemicals use during
pulping (Hurter and Riccio, 1998). Therefore, the alternative material for pulp to

non-wood sources has become important.

According to Chambers et al. (2008), aquatic macrophytes can be defined as
living aquatic organism that are able to undergo photosynthesis, large enough to
be seen by naked eye and grow permanent or periodically submerged, floating or
growing up through the water surface. The use of aquatic macrophytes as a source
for papermaking is not something novel and it has been extensively discussed
since 1980s and much attention has been given to the utilization of aquatic
macrophytes as a fibre source (Davies, 1980; Joedodibroto et al., 1983). The
important characteristics that are being observed in the aquatic macrophytes are
their fibre morphology and length (Davies, 1980; Joedodibroto et al., 1983). In
recent years, the fibres are further identified and analyzed to determine their
physical, chemical and mechanical (tensile) properties and morphology. This

process is important to evaluate the properties of the fibre (Reddy et al., 2012).

The large areas of wetlands which occupy many species of aquatic macrophytes
that can be used in the papermaking industry are available all over the world.
Since Malaysia is located in the tropics and with a long shoreline, it has a large
area of wetlands. According to the Wetlands International Malaysia (2012), there
are currently 105 wetland sites. The main wetlands ecosystem found in Malaysia
consists of mangroves, river system, and tropical peat swamp forest. The aquatic

macrophytes grow well in the wetland ecosystem.



There are few species of aquatic macrophytes such as water hyacinth that has
harmful effects to aquatic population and boating activity since they have very
rapid growth rate under tropical condition (Joedodibroto et al., 1983). Therefore,
these harmful plants should be manipulated in order to see their benefits in
another aspect. Based on the study by Joedodibroto et al. (1983), in comparing to
wood source, the aquatic plants have shorter life cycle and more productive in a
sense of industry productivity. Reddy et al. (2012) stated that the management
cost of the aquatic plants is also comparatively cost effective than those wood
sources which require higher maintenance, manpower, and more complicated
management. Moreover, the method of producing pulp from non-wood source is
more environmental friendly because the production consumes less energy and

applies less polluted method (Reddy et al., 2012).

In this study, traditional Japanese method of papermaking will be used to observe
how paper can be produced from aquatic macrophytes. In relation to the above
issue, it is imperative for researchers to explore and manipulate the potential of
aquatic macrophytes to be utilized in such a practical and economical-effective
ways. Therefore, this research aims to examine how the suitability of aquatic
macrophytes or non-wood sources of pulp as paper. The objectives of this study
are:

i. To investigate the potential use of aquatic macrophytes as significant

resources in papermaking using Japanese method.
ii.  To determine the suitable part of aquatic macrophytes for papermaking.

iii.  To investigate the paper quality using the Japanese papermaking method.
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