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ABSTRACT. The utilization of agro-based fibre in replacing thewood fibre for pulp and paper making
has been the subject of interest due to the abundance of this agro-based fibre as well as to reduce the
usage of wood pulp. The presence of cellulose and hemicellulose in acceptable amount for pulp paper
makes this agro based fibre an alternative in paper making industry. Previous study has shown that
oil palm leaf fibre can be moulded into paper sheet without any binding agent, however, the physical
properties of the paper were very low compare to other non-wood paper. In this study, the oil palm
leaf paper was prepared using 5,8,11 and 14% sodium hydroxide (NaOH) with the addition of 5%
starch as the binding agent. The incorporation of starch increases the smoothness of the paper. The
tear strength of the paper increases with increasing concentration of sodium hydroxide. At higher
concentration of sodium hydroxide, the paper tear index falls within the range of commercial paper
tear index. This study proves that the oil palm leaf has the potential to be developed in paper making
industry.
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INTRODUCTION

Paper is a thin layer material produced from the fibre of cellulose pulp that made from mechanical and
chemical pulping of lignocellulosic biomass which is generally used for writing, cleaning, printing and
packaging. For a little more than a century, wood species have been the primary raw materials for
producing cellulose pulp; in fact, 90-95% of all pulp has been obtained from such materials. World
wood pulp production in 2003 amounted to 170,358,000 tons, whereas non-wood pulp production was
only 18,695,000 tons (Rodriguez et al., 2008). It was also reported in 2004 that the annual paper
consumption is 52.45 kg per person and was 16.32% greater than in 1991 (Rodriguez et al., 2008).
The tree, as the source of paper manufacturing, has been used since 200 years ago. This long term use
of tree consequently increasing the area of deforestation that will contribute to global warming and
other environmental problem. Due to this reason, researchers have found other alternatives for the
production of lignocellulosic pulp from non-wood resources (Laftah & Abdul Rahaman, 2015;
Ververis et al., 2004).

Agro-based fibre resources have the potential to complement conventional wood supplies
because, they are abundant, have short cycles and rapid regeneration, and are of comparatively low
price. Wheat straw (Hedjazi etal., 2009), rice straw (Rodriguez et al., 2008), sugarcane straw (Rezende
et al., 2011), reeds (Saad et al., 2008), bamboo (Vu et al., 2004), bagasse (Khristova et al., 2006),
kenaf (Farsheh et al., 2011), palm oil (Rodriguez et al., 2008b) and jute (Sahin, 2003) were among the
non-wood fibre resources available for paper production. In addition, increasing the usage of the non-
wood fibres may bring significant effect in reduction of wood consumption and could allow preserving
the forestry resources as well as a positive impact on the environmental problems.

Abundant biomass generated by the palm oil industry in Malaysia drives the exploration of this
biomass for others application. Production of pulp from oil palm fronds has been demonstrated by
(Wanrosli et al., 2007) for papermaking. In this study, the palm leaf was used as it is considered as a
potential non-wood lignocellulosic compound for paper production since it contains 43.8% cellulose
(Mohd Kassim et al., 2016) within the acceptable range of wood fibre (40-45%) (Rowell et al., 2000).
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Meanwhile, the lignin content of oil palm leaves was reported around 19% and falls in the low range
of those in wood resources (18 - 25%) (Mohd Kassim et al., 2016). Low lignin content is important in
the pulp industry since good quality of paper can be achieved with low lignin content (Laftah & Abdul
Rahaman, 2015). Previous study by Soloi & Hao (2019) has shown that oil palm leaf fibre can be
moulded into paper sheet without any processing aid such as starch solution as a binder. The tensile
strength of the paper was low. Still, the tear index was found to be comparable with commercial paper
tear index, which indicates that with some modification and improvements, the physical properties of
oil palm leaf paper can be improved.

In order to increase the tensile strength of a paper, the binder usually applied during the
manufacturing process (Flory et al., 2013). These binders usually made of acryl-amide, acetaldehyde,
urea-formaldehyde and vinyl acetate. However, due to environmental concern, a renewable binder has
been developed as an alternative to synthetic binders. One of the most abundant renewable binder is
starch in which can be obtained in large quantity with lower cost (Flory et al., 2013). Thus, the aim of
this study was to determine the feasibility of using non-wood plants as raw material for the pulp and
paper industry. The effectiveness of lignin removal was monitored using fourier-transform infrared
(FTIR), while the physical properties was monitored using universal testing machine and the surface
morphology of the paper was observed using scanning electron microscope (SEM).

MATERIAL AND METHODS
Soda Pulping

The preparation of the paper was conducted based on a previous study (Hao, 2017) with some
modification. The fresh green leaves were washed to remove any unwanted residue prior to chemical
pulping. After washing with the running water, the leaves were cut into smaller sizes (3 cm —5 cm)
then it was grinding before soaking with sodium hydroxide (NaOH) for delignification process using
various concentration of NaOH ranging from 5% to 14% for 2 hours with temperature around 80 °C
to investigate the effectiveness of lignin removal for good fibre production. Once the delignification
process was completed, the liquor was washing several times with running water and the obtained fibre
was then undergoes bleaching process with 30% hydrogen peroxide (H202) for 15 minutes in
temperature range of 50-60°C. After that, the fibre was wash again with running water to removes the
H20: residue. Then, the fibre obtained was soaked in 5% starch solution for 10-15 minutes prior to
being moulded using mould and deckle. The paper was then dried in the oven until dried.

Characterization of the Paper

The paper sample was subject to fourier-transform infrared (FTIR) analysis to identify the presence of
cellulose and lignin functional group in the fibre before and after treatment. FTIR was performed using
Perkin Elmer Spectrum 100 FTIR Spectrometer. Then, scanning electron microscope (SEM) analysis
was done to obtain the surface morphology image of the paper. The SEM was conducted using JEOL
JSM-5610LV machine. The image was captured at 100 x and 500x% magnification at 20kV accelerating
voltage. Tensile testing and tearing resistance were done to identify the mechanical properties of the
paper using GOTECH/AI-700 electronic tensile machine and DC-SLY13K tearing tester respectively.

RESULT AND DISCUSSION

Fourier Transform Infra-Red (FTIR)

The effect of chemical treatment on lignin removal from the palm oil leaves was investigated in this
study. Lignin is usually considered as a polyphenolic material having an amorphous structure which
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consists of three different phenylpropane building block namely p-coumaryl, sinapyl and coniferyl.
Paper quality was identified by the good strength, bleach ability, high cellulose and hemicellulose
content and low lignin content. Therefore, it is desirable to have a pulp process that gave the highest
delignification efficiency and good quality of cellulose and hemicellulose (Laftah & Abdul Rahaman,
2015). The decomposition of lignin and the appearance of cellulose peak can be detected using FTIR
analysis. Lignin decomposition during soda pulping is usually attributed to the cleavage of the a-aryl
ether bonds from its phenylpropane monomers (Liu et al., 2014; McDonough, 1992; Rezende et al.,
2011). Hao (2017) found that the ether and phenylpropane of lignin in the oil palm leaf appear in the
band around 1100 cmr® and 1246 cnrl. Based on the FTIR spectra in Figure 1, no peak was detected at
this region proved that at all concentrations of NaOH, the lignin has successfully removes during the
pulping. Meanwhile, the prominent signal at around 3300 cmt was attributed to the -OH functional
group of cellulose from the pulp and the starch.

Morphology Analysis

The oil palm leaf fibre looks coarse and consists of elementary fibre and technical fibre. The surface
morphology of the paper in Figure 3 — Figure 6 shows that after two hours of pulping, the fibrillar
structure was clearly observed after removal of lignin (Sreekala et al., 2000) and it increased the
mechanical interlocking at the interface that makes the fiore mouldable into a sheet of paper. As the
NaOH concentration increased, the fibore becomes curly and soft upon alkali treatment and the fibre
bundle being oriented in various orientations in the paper sheet. Separation of fibre bundle into
elementary fibre with increasing NaOH concentration was observed as shown in Figure 5, Figure 6
and Figure 7. The presence of starch can be seen in Figure 4 and 5 in which the starch fills some of the
void that presence among the fibre. The physical appearance of the paper produced in this study also
has better smoothness compared to a previous study (Hao, 2017) as shown in Figure 8. This is due to
the presence of starch as the binder.
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Figure 1 : Fourier Transform Infra-Red spectra of oil palm leaf paper at various
concentration
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Figure 2 : SEM image of oil palm leaf fibre treated with 5% NaOH at magnification
(@) 100x ; (b) 500x.
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Figure 3 : SEM image of oil palm leaf fibre treated with 8% NaOH at magnification
(@) 100x ; (b) 500x.
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Figure 4 : SEM image of oil palm leaf fibre treated with 11% NaOH at magnification
(@) 100x ; (b) 500x.
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Figure 5: SEM image of oil palm leaf fibre treated with 14% NaOH at magnification
(@) 100x% ; (b) 500x.

Figure 6 : Physical appearance of oil palm leaf paper processed using starch (a) and without starch (b)
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Mechanical Strength

The tensile and tear index of the paper were shown in figure 9. The tensile strength of the paper are
comparable to other agro-based paper-like pineapple leaf (Aremu et al., 2015) but lower than wood
paper probably due to weak fibore bonding and fibre strength (Mohd Kassim et al., 2016). The tensile
strength of a paper highly influences by the arrangement of the fibre in the paper. As in this study, the
handmade technique during the moulding step affects the non-uniformity on the orientation of the fibre
and it might give low value of tensile index. As the NaOH concentration increased, the decrease in
tensile strength might be due to the degradation of cellulose fibre at higher concentration of NaOH.
Even though lignin was effectively removed at this concentration, it might cause cellulose degradation
and fibre rupture (Asim et al., 2018). Meanwhile, the tear index of the paper was in the range of
commercial paper tear index (Yamauchi & Tanaka, 2002) and showed increasing value asthe NaOH
concentration increased. This might be due to hydrogen bonding interaction among the cellulose
material (Fiserova & Gigac, 2011) and hence increased the strength of the paper sheet.

® Tear Index (MPa) Tensile Strength (MPa)
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Figure 7 Tensile strength and tear index of oil palm leaf paper at different concentration of NaOH.

CONCLUSION

This study shows that oil palm leaf fibore has ahuge potential to be developed for non-wood pulp since
the tensile strength of the paper were comparable to that of commercial paper. The lignin was
successfully removed at 5% NaOH. With the incorporation of starch as binder, the physical properties
of oil palm leaf paper were increased to the level that comparable to wood paper. The presence of
starch also increased the smoothness of the paper surface. This study also remarks that non-wood pulp
can be further explored in order to maintain the sustainability of our environment.
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