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Abstract. Madung Z, Soloi S, Majid MHA, Sarjadi MS. 2022. Production and characterization of Imperata cylindrica paper using
potassium hydroxide as pulping agent. Biodiversitas 23: 1490-1494. Non-woody plants have become an alternative fiber in paper
production as woods, the primary sources of papers have become limited due to increasing demand of paper year by year. Imperata
cylindrica or cogon grass as the source of fiber for the pulp and paper industry in replacing the wood fiber because it has high cellulose
and low lignin content. In this study, cogon grasses were treated with various concentrations of potassium hydroxide, KOH (5%, 8%,
10% and 12%). The effects of alkali treatment on the properties of the papers were investigated in the present study. Scanning Electron
Microscope (SEM) image of the paper sheet indicates that the amount of cellulose fiber and other materials were lessening toward a
higher concentration of KOH treatment. This explained that most of the lignin was entirely removed and some cellulose probably
degraded at higher KOH concentrations. Fourier Transform Infa-Red (FTIR) analysis showed that the peaks at range 1650 cm-1-1630
cm attributed to the presence of v(C=C) aromatic ring of lignin disappeared at 10% and 12% of KOH. The mechanical strength of the

papers decreased with an increasing concentration of KOH, while 5% of KOH produced the highest value of tensile strength.
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INTRODUCTION

Paper is mainly known as an essential material and is
omnipresent all around the world. The demand for paper is
steadily increasing year by year and is expected to double
by 2050 (Holler et al. 2021). Globally, papers are used for
packaging, writing and printing, sanitary, newsprint and
others. The non-wood-based paper has slowly become
attention nowadays as people are starting to be concerned
about the environmental effects due to deforestation (Abd
El-Sayed et al. 2020). (Kamoga et al. 2013) mentioned that
countries like China and India had taken an initiative to use
non-woody plants such as straw, rice straw, wheat, hemp,
bagasse, sugarcane, bamboo and switchgrass to replace
woods in their paper production (Judt 1993; Tsalagkas et
al. 2021). In Malaysia, previous studies by (Kassim et al.
2016) revealed that I. cylindrica has the most effective
characteristics as a pulp source as compared to other non-
woody plants like switchgrass and elephant grass due to its
low lignin content (5.67%), solubility in hot water and rich
with long thin fiber which is essential for mechanical
properties of paper. In addition, 1. cylindrica grass is a
perennial and aggressive type of plant because it is tolerant
of shade, poor soils, high salinity, moisture and drought
(Mohd Kassim et al. 2015). In addition, it is also
considered a plant without any economic values, which can
also be found easily along the roadside throughout
Malaysia.

In the papermaking industry, mechanical or chemical
pulping can be employed to remove the lignin and other
non-cellulosic components. However, chemical pulping has
become the leading choice in most industries as compared
to mechanical pulping. The paper produced has a higher
strength due to delignification process that occurs through
chemical method (Mcdonald et al. 2004). Chemical pulping
consists of several types such as sulfide, kraft, alkaline and
organosolv. Alkali treatment is the first chemical process
patented in 1845 (Doherty and Rainey 2006). This process
involved using an alkali solution to detach lignin from the
cellulose and hemicellulose fiber to obtain pulp. The
critical step in this process is delignification which refers to
the removal of lignin by the alkalinity of the pulping liquor
that weakens the intermolecular hydrogen bond between
the cellulose and the lignin, allowing for easy detachment.
The efficiency of delignification mainly depends on the
chemical ability of the pulping agent to break ether bonds
in lignin into molecules that are small enough to dissolve in
the liquor (Doherty and Rainey 2006).

Sodium hydroxide (NaOH) was the most common
alkali solution used to remove lignin. However, a recent
study using potassium hydroxide (KOH) as pulping
solution showed that KOH treatment produces better pulp
yield and greater brightness of paper when compared to
NaOH treatment (Sutradhar et al. 2018; Popy et al. 2020).
Therefore, this study was conducted to investigate the
properties of the I. cylindrical paper using KOH as a
pulping agent.
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Weight (g)
Grammage (g/m2) = Length xWidth (m?) Equation 1

Materials and instrument

I. cylindrica was collected at the area of Kg Rampayan,
Kota Kinabalu, Sabah. The samples were cut into 4-5 cm
and washed with tap water to remove dirt and impurities
and it was stored at room temperature until further used.
All chemicals used were analytical grade.

Pulping process and paper making

The cogon grass was treated with various
concentrations of KOH (5%, 8%, 10% and 12%) at 100°C
with a 75-minute pulping time. Then, the black liquor
solution containing the pulp was let to cool and washed
with running water to clean the excess KOH. The treated
cogon grasses were then ground to get a uniform pulps
slurry. The pulps were separated from water using a sieve
before being manually compressed by a dry cloth so that a
uniform sheet of paper can be formed using a mold and
deckle. The compressed pulps were then dried under the
sun for approximately 3 hours until a constant weight was
obtained. The dried paper was labeled as S1, S2, S3 and
S4, respectively, based on their concentration.

Surface morphology

The surface morphology of the paper was examined
using a Hitachi S 3400 N Scanning Electron Microscope
(SEM) at 100x and 500x of magnification level. A small
piece of the sample was first coated with a thin layer of
gold before analyzed to improve the image quality.

Fourier Transform Infra-Red (FTIR) analysis

The presence of important functional groups of the
cellulose and lignin were analyzed using FTIR Spectrum
100. The IR spectra of all samples were analyzed at the
wavelength of 4000-400 cm'™.

Tensile strength test

GOTECH Al - 7000 M was used to measure the tensile
strength of paper according to TAPPI T 494 om-01. The
samples were cut into 1.5 cm x 1.0 cm size and fastened by
two clamps extended at a constant speed of 2 mm/min until
the papers were pulled apart. The average reading of each
tensile test was calculated and recorded.

Tearing resistance test

Tearing test was done based on TAPPI T 414 om-98
using a DC-SLY13K tearing test machine. A6.3cm x 7.5
cm size of paper was positioned and clamped in place
before a pendulum was released from a 4.3 cm far from the
edge of the paper to create a slit on it. The tearing force
needed to rupture the sample was recorded. The grammages
of S1, S2, S3 and S4 were calculated respectively to
determine the tearing index according to Equation 1 and
Equation 2 (Theliander 2009):

Tearing force (mN)
Tearing Index (mN.m2/g) = Grammage of sample (g/m?)

Equation 2

RESULTS AND DISCUSSION

Delignification process

The major reaction involved during alkaline treatment
is the dissociation of lignin from sugar molecules in
hardwood and softwoods. According to (Kassim et al.
2016), the lignin content of I. cylindrica is considerably
low, with only 5.67%. Lignin is the third lignocellulosic
component which contains a profuse number of carbons
after cellulose. Four types of bonds made up linkages
between individual components in lignin which are ester
bond, ether bond, C-C bond and hydrogen bond (Tarasov et
al. 2018). Most of the components, especially lignin, are
removed through delignification to obtain pure pulps that
consist of cellulose and some hemicelluloses fibers during
the treatment process. The key reaction in the
delignification is the cleavage of the ether bond (Soloi and
Hou 2019). Chen and Wang 2017 classified delignification
into initial, bulk and residual stages. At the initial stage of
KOH treatment, the ether bonds which are phenolic a-O-4
and some 3-O-4 linkages of lignin are cleaved. In the bulk
stage, the most rapid reaction is the breakage of R-O-4
linkages of lignin, as shown in figure 1. While in the
residual stage, the rest of the C-C bond linkages are
cleaved, and the carbohydrates are degraded. Furthermore,
in a high alkaline state, there are particular bonds in lignin
that are cleaved due to the presence of plenty OH ions
which are a-aryl ether bonds in phenolic units and -aryl
ether bonds in non-phenolic units (Brannvall 2017).

Physical observation

The brightness of the paper reflects the efficiency of
lignin removal by KOH. As shown in figure 2, the papers
became brighter when higher KOH concentrations are
used. The factor that leads to the change of brightness in
papers is the presence of lignin. When lignin content is
low, the paper will appear brighter. Moreover, when the
papers are pressed and folded by hand, paper using 10%
and 12% KOH are softer than paper using 5% and 8%
KOH. A higher concentration of KOH soften cellulose
fiber. The color of the paper produced is yellowish since no
bleaching agent like hydrogen peroxide (H.0O;) was used in
this study.
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Figure 1. Cleavage of B-O-4 linkages of lignin at the bulk stage
of the delignification process

: 5% 8%

0,
10% 12%

Figure 2. Physical observation of cogon grass paper prepared
using different concentrations of potassium hydroxide (KOH)
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Figure 3. FTIR spectra of I. cylindrica paper sheet

Fourier Transform Infra-Red (FTIR) analysis

The delignification efficiency is crucial in preparing the
pulp for paper (Laftah and Rahaman 2015). High
delignification means a better appearance and properties of
the paper produced. As lignin is a complex structure of the
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polyphenolic compound, the most prominent functional
group that indicates the delignification occurs efficiently is
the absence/presence of C=C stretching aromatic ring,
which usually appears with strong intensity at around 1609-
1640 cm? (lbrahim et al. 2007; Todorciuc et al. 2009) and
bending vibration inside the aromatic ring at 1038-1035
cm! (lorahim et al. 2007; Todorciuc et al. 2009). Based on
the spectra in Figure 3, those peaks were absent after the
cogon grass was treated with 5% KOH. This implies that
KOH was very effective in breaking the cogon grass lignin
into its phenylpropane monomer. Another prominent peak
that also resembles the presence of lignin is the CH
stretching of CH,, CHs and CH3O group (Todorciuc et al.
2009; Liu et al. 2014) and CH vibration of aromatic
methoxyl group (Lupoi et al. 2014; Sathawong et al. 2018)
at 2914 cm™ and 2854 cm® respectively as shown in the
untreated cogon grass spectrum. Meanwhile, for the cogon
grass paper, the weak intensity observed at around 2889
cm?® was due to the CH methylene stretching of all the
cellulose and hemicellulose hydrocarbon constituents
(Hospodarova et al. 2018). The absence of 2914 cm*
indicates that the lignin was entirely removed during the
treatment. The broad and strong intensity at the range 3300
cmt corresponds to the stretching vibration of O-H groups
owned by the cellulose chain. As the KOH concentration
increased, the intensity peak was reduced due to the
cellulose chain’s degradation during the delignification.

Surface morphology

The surface morphology of the cogon grass paper is
shown in Figure 4. The cellulose fiber of cogon grass
appears to be a high abundance of long and thin fibers, as
in agreement with previous study (Mohd Kassim et al.
2015). Some broken fibers and larger voids between fibers
were also observed as the percentage of KOH increased.
These explained that different concentrations of KOH give
different levels of treatment toward cogon grass fibers.
Generally, non-cellulosic materials such as hemicelluloses
and lignin are more soluble in an alkaline condition. So,
more materials will be removed when a strong alkali is
applied to cogon grass. This matter had caused voids
between fibers due to the degradation of some cellulose in
high alkali treatment and could affect the strength of paper
(Przybysz et al. 2016). This is because, better strength
properties of paper can be achieved from a strong inter-
bonded membrane between cellulose and hemicelluloses
(Bochek 2003). During the manual pressing process of
paper, the fibers are drawn toward each other, thus creating
a more robust fibers network that contributes to good paper
strength. Karlsson (2010) stated that hydrogen bonds
between cellulose and hemicellulose are a major force that
built up a paper’s web. These bonds are mainly formed
between the hydroxylic group of cellulose and
hemicelluloses fibers where the hydrogen oscillates two
oxygen atoms. Therefore, a small amount of those fibers
can lead to the low strength of papers.
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Figure 4. Graph of tensile strength (A) and tearing index (B) of I. cylindrica paper sheet

Figure 5. SEM
magnification

images of cogon grass paper at 100x

Mechanical properties

The result plotted in figure 5 showed an inversely
proportional line of tensile strength value against the KOH
concentration. When the sample was treated with 5% KOH,
it shows an optimum value of 11.90 N/mm?. This happened
due to the removal of impurities and lignin during the
delignification process that made the bond between fibers
strong (Oushabi et al. 2017). However, the trend seems
decreasing as the KOH concentration was raised to 8%
(2.23 N/mm?), 10% (1.04 N/mm?) and 12% (0.47 N/mm?).
(Zaman et al. 2009) mentioned that the tensile strength test
is generally dependent on bonding and individual fibers
strengths. At the rupture area of the samples, some of the
fibers are broken and others are pulled out from the fiber
networks (Theliander 2009). In a concentrated alkaline
condition, (Brénnvall 2017) stated that OH" ions in KOH
probably attack the cellulose, reducing sugar and peels off
the terminating sugar units, leading to the dissolution of
cellulose in cooking liquor. Hence, the amount of cellulose
is lessening and the bonding between fibers become weaker
due to degradation, making the paper easier to be ruptured
and consequently, gives a low tensile strength of paper.

In conclusion, various concentrations of alkali treatment
influence the paper quality. The chemical and mechanical

strength of paper produced decreases when a high KOH
concentration is used. Results from SEM show that voids
between fibers become bigger with increasing KOH
percentage. The spectra from FTIR analysis explain that
lignins can be fully eliminated by using as low as 5%
KOH. The highest tensile strength was observed using 5%
of KOH, while 12% KOH recorded the highest tearing
index.
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