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ABSTRACT

The choice of natural fibers as a composite reinforcing material is
related to the advantages of being cheap, abundant, renewable, and
environmentally friendly. This research was conducted to study the
effect of de-lignification treatment on the properties of purun tikus
(Eleocharis Dulcis) fiber. Purun tikus fiber has been modified with the
alkaline treatment of KMnO. 2% and NaOH 5%. This treatment was
mainly applied to improve the physical and chemical properties of
purun tikus fiber. Changes in chemical characteristics (water, lignin,
cellulose, and hemicellulose), physical (density), mechanical (tensile
strength), morphology, and elemental content of purun tikus before
and after treated with alkaline were studied. The measurements
showed an increase in water content and density while lignin,
cellulose, and hemicellulose were decreased. Thus the alkaline
treatment of KMnO,4 2% and NaOH 5% reduced lignin, cellulose, and
hemicellulose of the purun tikus fiber to reduce the size of the fibers,
as shown in SEM measurements. There was a change in elemental
content after being treated with KMnO, 2% and NaOH 5%. NaOH
treatment was better than KMnOQO, treatment in terms of removing
lignin and hemicellulose in purun tikus fiber. Although the tensile
strength of the purun fibers treated with KMnO4 2% and NaOH 5%
were lower than untreated, with less lignin, cellulose, and
hemicellulose, it is expected that these fibers will blend better in the
composite and improved its mechanical properties.

Keywords: purun tikus fiber, chemical properties, physical
properties, mechanical properties, composite materials

(DSPEKTRA |37



https://crossmark.crossref.org/dialog/?doi=10.21009/SPEKTRA.061.05%26domain=pdf

SPEKTRA: Jurnal Fisika dan Aplikasinya Volume 6 Issue 1, April 2021

INTRODUCTION

Composite material combines two or more materials to form a microscopic unit, which is made
of various combinations of properties or a combination of binding material and reinforcing
material [1]. Fibers were normally used as reinforcement in composite material. As
reinforcement, fibers determine the properties of the resulting composite by distributing the
load into the matrix. Nowadays, industries tend to use natural fibers, which are more
environmentally friendly because they are naturally degraded, and the price of natural fibers
is lower than synthetic fibers. Besides that, natural fibers have a low density, biodegradable,
recycle easily, require low energy in production, have good mechanical properties, and
renewable [2]. In addition, natural fibers are candidates as reinforcing materials to produce
composite materials that are lightweight, strong, environmentally friendly, and economical
[3]. Natural fiber needs tend to increase in line with the increasing demand for environmentally
friendly materials.

In terms of natural fiber availability, South Kalimantan Province has plenty. One of them is
purun tikus (Eleocharis dulcis) which is a wild plant in swamp areas. The rapid growth of
purun tikus causes it to be categorized as a weed. Until now, purun tikus has been used for
handicrafts and swam buffalo food [4]. Several studies have used purun tikus as a biofilter [5],
a heavy metal absorber [4], cement board composite material [3,4], and activated charcoal [8].

In a previous study, purun tikus have a structure consisting of lignin, hemicellulose, and
cellulose, and expected could be used as natural fibers [9]. The cellulose in purun tikus is the
reinforcing material, while lignin and hemicellulose provide stiffness and protection against
fibers. Before being used as a natural fiber, purun tikus needs to be treated using an alkaline
solution to reduce unused fiber elements such as hemicellulose, lignin, pectin, and other
elements so that only cellulose remains in the fiber. The alkaline treatment is expected to be
able to remove the content that binds cellulose in purun tikus fibers. The purpose of the
treatment process is to break down the lignin structure, break down cellulose crystals, increase
the porosity of the material, break down hemicellulose, and depolymerize hemicellulose.
Given the alkaline treatment can also reduce the size of the fiber which in turn will expand the
contact between surfaces and can improve mechanical properties.

Several studies have stated that there is an effect of using KMnO4 and NaOH solutions on
natural fibers [9-11]. KMnOx is an inorganic compound and is often used as a strong oxidizing
agent. Likewise, NaOH is classified as a strong base that can be used for cellulose extraction.
The results obtained showed a significant and effective change in the alkaline treatment of
natural fibers with various concentrations. Differences in concentrate and immersing time
have been applied to different natural fibers. The goal is to produce optimal mechanical
properties. In several studies, the highest chemical, physical and mechanical properties were
shown at the concentration of NaOH 5% and KMnOs 2% [4,9-11].

The use of purun tikus as reinforcing material in composite materials is expected to replace
the use of synthetic reinforcing materials. Before they could be used as composite materials,
the chemical, physical, and mechanical properties of purun tikus fibers as well as their
morphology and elemental content, needed to be known. Therefore, in this study, the
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characteristics (chemical, physical, mechanical) of purun tikus fiber would be determined as
well as its morphology and elemental content before and after being treated with KMnO4 2%
and NaOH 5% for 3 hours.

RESEARCH METHODS

Purun tikus with a length of 100-160 cm were cleaned and dried by drying in the sun for 2 x
8 hours then stored for at least three months. To make fiber, purun tikus was cut into pieces
with a maximum length of 2 cm, then blending it into thin shavings. Then purun tikus fibers
were washed with water accompanied by stirring and heating at 80°C for 1 hour, then washed
with cold water. After that, the fibers were delignified using KMnO4 2% or NaOH 5% at the
same temperature, accompanied by stirring at a rotational speed of 250 rpm for 3 hours. The
measurement of water, lignin, cellulose, hemicellulose, tensile strength, and density, and
morphology were carried out on three types of samples: without treatment, treatment with
KMnOa4 2%, and treatment with NaOH 5%.

Water content was needed to determine the feasibility of purun tikus fiber as a composite
material by referring to the SNI 06-3730-1995 standard. According to these standards, the
maximum water content is about 15% [13]. Calculation of the percentage of water content in
purun tikus is:

Water content (%) = @ x 100% 1)

where A = Weight (sample + plate) before drying, B = Weight (sample + plate) after drying,
C = Weight of sample.

The lignin content was carried out based on SNI 0492-1989-A [14]. Calculation of the
percentage of lignin in purun tikus fiber is:

Lignin (%) - lignin sediment weight x 100% (2)

dry sample weight

The cellulose content was carried out based on SNI 14-0444-1989. The cellulose content,
according to SNI 14-0444-1989 standards, is more than 80% [15]. Calculation of the
percentage of cellulose in purun tikus fiber is:

Cellulose (%) =

cellulose sediment weight
T AT x 100% ©)
dry material weight

The hemicellulose content was carried out based on SNI 14-0444-1989 [15]. Calculation of
the percentage of hemicellulose in purun tikus fiber:

Vo, — V1) X N X 6,85
= (@)

where: V1 = requirement of Na2S20s in the filtrate titration, V2 = requirement of Na2S203 in
the titration blanko, N = normality of Na2S203, W = weight of dry matter that has been oven
(gram), 6.85 = mg of cellulose is equivalent to 1 milliequivalent of K2Cr207.

Hemicellulose (%) = ¢

The density of purun tikus fiber was carried out by weighing the mass of purun tikus + 2 grams
in each of 3 samples of purun tikus. The sample of purun tikus was then put into the water and
the increase in water volume was measured. The calculation of the density of the purun tikus
is carried out through a comparison according to the following equation:
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p=73 (5)

where M = mass of fiber, VV = volume.

The fiber tensile strength test was carried out using one-third of purun tikus fiber with length
of 40 cm. The stages of the analysis of the purun tikus tensile test were based on ASTM
D3379-75 [15]. Meanwhile, the morphology and the elemental content of the purun tikus fiber
was yielded from SEM-EDX measurement.

RESULTS AND DISCUSSION

The SEM-EDX measurement was carried out to determine the details of the sample in a high-
resolution image and identifying the elements present in the sample. The results of SEM-EDX
of purun tikus fiber for 3 types of samples (without treatment, treated with KMnO4 2%, and
treated with NaOH 5%) are shown in FIGURE 1 below.
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FIGURE 1. The SEM-EDX results of purun tikus: (a) without treatment, (b) KMnOs 2% treatment, (c) NAOH 5 %
treatment.

The elements found in the fiber of purun tikus without treatment are C, O, Na, Mg, Si, S, ClI,
K, Ca, and Al. Meanwhile, the elements’ content of purun tikus after treatment with KMnOa4
were C, O, Si, K, Al, and Mn. There is a change in elemental content after being given KMnOa4
2% treatment; some elements were reduced, such as C and O, some elements were increased,
such as Si and K, and some no longer detected elements. The same results were also given by
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NaOH 5% treatment. As shown in FIGURE 1, the reduction of element content was much
higher than KMnO4 2% treatment. It could be assumed that NaOH treatment was better than
KMnO;4 treatment in the case of removing lignin and hemicellulose in purun tikus fiber. This
is in line with some research where KMnO4 and NaOH were removed lignin from the fiber
[11,16,17].

Comparing the fiber morphology of purun tikus (in FIGURE 1), the fibers after KMnOas 2%
and NaOH 5% treatment were smaller in diameter than before treatment. Lignin is present in
the outer layer of cellulose, which binds the structure of plant cells. Therefore the alkaline
treatment can be easily released lignin, and the diameter of the fiber after treated experiences
shrinkage. It can be seen that the alkaline treatment also makes the purun tikus cleaner because
it removes lignin and hemicellulose. The alkaline treatments also seem to make the fiber
surface rougher. This surface roughness could benefit when used as a reinforcing composite
material because it would increase the adhesion between the fiber and the matrix.

In FIGURE 1, the sample size treated with KMnOs 2% was 2,858 — 7,346 pum and smaller
than the sample without treatment, which is 3.247 — 10.66 um. Meanwhile, the diameter of
the fiber alkaline NaOH 5% treatment was 3.84 —4.99 um. So it can be concluded that the de-
lignification treatment reduced the sized fiber of purun tikus.

Several studies regarding the size modification of natural fibers or the cellulose isolation
process to improve the mechanical properties of fibers have been carried out; one of them is
the research conducted by Lismeri et al., which used cassava stem waste as a source of
cellulose [18]. Composites using cellulose fillers <1000 nm showed a more homogeneous
matrix than using fillers> 1000 nm. The addition of the filler to the composite caused an
increase in tensile strength, Young’s modulus, and composite density.

The chemical, physical and mechanical characteristics of purun tikus fiber without treatment
and immersion treatment with KMnO4 2% and NaOH 5% are shown in TABLE 1.
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TABLE 1. The results of water content, lignin, cellulose, hemicellulose, density, and the tensile strength of
purun tikus fiber without treatment, treated with KMnO4 2% and NaOH 5%.

Concentration (%)

Density Tensile
Treatment Sample Hemi 3 strength
fomi (g/em?)

Water Lignin Cellulose cellulose (kg/em?)
Without 1 15.09 54.98 54.54 1.67 0.10 3.92
treatment 2 14.30 42.18 54.29 3.36 0.10 3.89
3 14.93 37.93 55.40 2.47 0.10 4.17
Avg 14.77 45.03 54.74 2.50 0.10 3.99
KMnO4 2% 1 19.23 14.29 21.16 0.80 0.20 1.86
2 18.19 14.41 23.28 0.97 0.33 1.86
3 17.51 18.76 23.29 0.98 0.25 2.03
Avg 18.31 15.82 22.58 0.92 0.26 1.92
NaOH 5% 1 17.21 13.71 16.72 0.61 0.20 2.97
2 18.05 13.13 22.95 0.99 0.19 2.64
3 16.06 15.05 17.62 1.29 0.19 2.86
Avg 17.11 13.96 19.10 0.96 0.19 2.82

Purun tikus plant has high water content because it grows in the swamp. The high water
content in the fiber can reduce the composite quality, so it is important to analyze the purun
tikus fiber. In TABLE 1, the average water content of purun tikus without treatment was
14.7734%, and with KMnOQg4, 2% treatment was 18.3092%, while NaOH 5% treatment was
17.11%. These results do not meet the SNI 06-3730-1995 standards, where the maximum
water content is 15%. In this study, the water content in purun tikus fiber increased when
treated with KMnOs 2% and NaOH 5%, whereas in other studies, it decreased. Such as the
research conducted by Boimau & Cunha, the moisture content of gewang leaf fiber treated
with NaOH decreased [19]. This is caused by NaOH reacting with the fiber and releasing
hydrogen bonds in the fiber structure network. The increase in water content in the purun tikus
fiber after treatment could have occurred because the untreated purun tikus sample was being
dried for a long time (3 months), so that the water content in the sample was very low so that
when immersed in an alkaline solution, the fibers would absorb water. Lignin is a type of
organic polymer that an important role in plant structure. The lignin content of each plant has
different percentages. Lignin provides inelasticity on the structure of plants. In utilizing natural
fibers as a composite material, excess lignin can affect the quality of the composites. Lignin
is one of the main components of plant cell walls and a natural phenolic polymer with a high
molecular weight, complex composition, and structure. Lignin widely contributes to the
growth of plants, the development of tissue/organ, damping resistance, and response to various
biotic and abiotic pressure [20].

In TABLE 1, the mean percentage of lignin without treatment was 45.03%, and with KMnO4
2%, treatment was 15.82%, and NaOH 5% was 13.97%. It can be seen that there was a
decrease in lignin levels in the fiber of purun tikus treated in the immersion of KMnQO4 2% and
NaOH 5%. This is in accordance with the objective of alkaline treatment, which is to remove
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lignin from the middle lamellae (the area between lignin-rich plant fibers) to separate the
cellulose fibers. Another goal is that the fibers bond easily when mixed with other materials
in making composites. KMnOs 2% and NaOH 5% treatments are expected to
increase interlocking chemical interfacial adhesion between fibers and matrix. To use the
natural fibers as a composite mixture, excess lignin content can reduce the quality obtained
[15, 16].

The lignin content before being treated was in the high category, which was more than 33%,
but after being immersed in KMnQO4 2% and NaOH 5%, the lignin level was changed to the
low category which is less than 18% [23]. Research using Borassus fruit fiber treated with
NaOH also showed a reduction in lignin levels [16]. The structure of lignin in plants can be
destroyed using an alkaline NaOH solution. So, using the alkaline treatment on purun tikus
can also reduce lignin levels [24].

Cellulose is the main substance found in plant cell walls and helps plants to stay rigid and
strong. Cellulose can be used as natural fiber for composite blends. Purun tikus contains
cellulose which has the potential to be used as natural fiber. In TABLE 1, it can be seen that
the average of the cellulose content obtained without treatment was 54.74%, and with KMnO4
2% treatment was 22.58%, and NaOH 5% was 19.10%. The cellulose percentage in purun
tikus decreased after being treated with KMnO4 and NaOH. According to Witono [10],
alkaline treatment can reduce the composition of plant structures because some are
amorphous.

Besides, this happens because the cellulose chain bonds in the amorphous part connected to
lignin and hemicellulose are reduced so that the cellulose part is also dissolved in the alkaline
treatment. There are partial cellulose chains arranged irregularly in the cellulose structure,
resulting in amorphous areas in cellulose. During the initial treatment of alkalis, amorphous
hemicellulose and lignin cross-linking with cellulose are dissolved through the destruction of
ester linkages [25]. Research using fiber from sugarcane and durian peel with the alkaline
treatment of NaOH, the cellulose content obtained the highest cellulose content of 87.37% at
3.5% NaOH concentration with 90 minutes of soaking time [26].

Hemicellulose is part of the plant structure of purun tikus, which acts as a natural matrix.
Hemicellulose consists of a collection of polysaccharides with a lower degree of
polymerization when compared to cellulose. Hemicellulose is one of a number of
heteropolymers (polysaccharide matrix), such as arabinoxylans, and is present in almost all
plant cell walls along with cellulose. Hemicellulose is needed in strengthening cell walls
through interactions with cellulose and lignin. Extraction of cellulose will reduce
hemicellulose levels in purun tikus.

Based on TABLE 1, it is obtained that the hemicellulose analysis of purun tikus without
treatment is 2.50% on average, while with KMnOa4 2% treatment is 0.92% and NaOH 5% is
obtained 0.97%. The hemicellulose levels in the fiber of purun tikus decreased after being
treated with KMnO4 2% and NaOH 5%. These results are compatible with the aim of isolating
cellulose from lignin and hemicellulose. The removal of lignin and hemicellulose is usually
carried out in the production of cellulose-based materials such as microfiber [27], [28].
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Natural fibers have a lower density when compared to synthetic fibers, so natural fibers can
be used as a lightweight composite material. This could be seen from their density. In TABLE
1, the average density fiber of purun tikus without treatment was 0.1005 g / cm?, while with
KMnOs, 2% treatment was 0.2617 g / cm?, and with NaOH 5% treatment, the obtained density
was 0.1936 g / cm3. The density of purun tikus fiber, which was treated with KMnQO4 2% and
NaOH were increased. The increase in density in this study is assumed to be due to the
untreated purun tikus fiber was too dry and absorbed water when the density test is carried
out. Therefore the density of untreated fibers was lower than the fiber’s density after treatment.
From other studies, the density should be decreased because, by alkaline treatment, the
chemical content such as lignin, hemicellulose, and other impurities of the fibers was reduced
and created the empty space inside the fibers. It would reduce the density of the fiber. In line
with Kencanawati’s research using betel nut skin fibers treated with NaOH showed that the
fiber density decreased after being given the alkaline treatment [29].

Mechanical properties can be interpreted as the response or behavior of the material to a given
load, and it can be a force, torque, or a combination of both. The mechanical properties of the
fiber material can be expressed in several parameters, including tensile strength. Tensile
strength is one of the most important basic properties and is often used to characterize a
material. The tensile strength is the maximum strength based on the original size.

The tensile strength of purun tikus fiber as written in TABLE 1 was 1, 3.99 kg / cm? without
treatment, while for alkali treatment were 1.92 and 2.82 kg/cm? for KMnOs 2% and NaOH
5%, respectively. Based on the results obtained, it can be seen that the tensile strength fiber of
the purun tikus has decreased after being treated with KMnO4 2% and NaOH 5%. This
happens because lignin, which is useful for strengthening bonds in natural fibers, is removed
during the de-lignification process. Although the de-lignification process is intended to
facilitate the binding of fibers and matrices to the composite mixing, it affects the tensile
strength of the fibers. This is also mentioned by Rambabu et al. that alkali treatment affects
the structural behavior of nanocellulose for fiber expansion and shrinkage, agglomeration rate,
and interferes with tensile strength [30].

The decrease in tensile strength is due to a reduction in plant structure. The main structure
fiber of the purun tikus plant consists of lignin, hemicellulose, and cellulose. Lignin gives
plants rigidity and is hydrophobic. Hemicellulose acts as a matrix that binds cellulose.
Cellulose is the most important part that is found in almost all plants. Treatment alkaline of
KMnO4 and NaOH reduced lignin and hemicellulose levels in plant structures. This reduction
in levels makes the plant structure irregular. Another factor that can affect the results of tensile
strength with alkaline treatment is the immersion time used. Natural fibers obtained the highest
tensile strength with 5% alkaline NaOH treatment and immersion time of 2 hours. A longer
immersion time would decrease the tensile strength [10].

Hydrophilic properties are a major problem for all-natural fibers when used as reinforcement
in composite materials. The moisture content of the fiber, depending on the non-crystalline
part and the voids or vacancies content. The hydrophilic properties of natural fibers affect the
overall mechanical properties as well as the physical properties of the fibers. This hydrophilic
property should be considered when using purun tikus fiber.
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The amorphous matrix phase in the cell wall is very complex and consists of hemicellulose,
lignin. Hemicellulose molecules are hydrogen bound to cellulose and act as binders between
cellulose microfibrils, forming cellulose-hemicellulose networks, and are the main structural
components of fiber cells. The hydrophobic lignin tissue influences the properties of other
tissues acts as a coupling agent and increases the stiffness of the cellulose/hemicellulose
composite. The structure, cell size, and chemical composition of the fiber are the most
important variables that determine the overall properties of the fiber.

Natural fibers can be processed in various ways to produce reinforcing agents which have
different mechanical properties. In small fiber sizes up to nano, cellulose crystals can be
developed in the form of composite materials. In this study, the diameter size of the treated
purun tikus fiber was smaller than the diameter of the untreated fiber. The diameter of the
purun tikus fiber without treatment was 3.247 - 10.66 um. Meanwhile, the size of the fiber
with KMnO4 2% treatment was 2,858 - 7,346 um, while NaOH 5% treatment obtained fibers
with a size of 3.84 - 4.99 um. So it can be concluded that de-lignification treatment using
NaOH 5% and KMnO4 2% reduced the size of the purun tikus fiber.

In general, a smaller fiber diameter would have higher composite strength. Natural fiber
materials, especially purun tikus fibers, are candidates as reinforcing materials to produce
lightweight composite materials. This could be looked at the density of purun tikus fibers. The
density of purun tikus fiber without treatment was 0.1005 g / cm?®, while with KMnOs 2%
treatment was 0.2617 g / cm?, and with 5% NaOH treatment, it was obtained 0.1936 g / cm?®.

While lignin and cellulose purun tikus fiber with de-lignification treatment using NaOH 5%
and KMnO4 2% decreased by 30% compared to without treatment. It is expected that purun
tikus fibers could be used in the manufacture of composites and provide added value
economically.

CONCLUSION

Overall, there was an increase in water content and density as well as a decrease in lignin,
cellulose, and hemicellulose levels as well as tensile strength in the fibers of purun tikus treated
with KMnOs 2% and NaOH 5%. The diameter size of the fiber with the treatment is smaller
compared to the fiber without treatment. The fiber size with KMnO4 2% treatment was 2,858
- 7,346 um, while NaOH 5% treatment obtained fibers with a size of 3.84 - 4.99 um. NaOH
treatment was better than KMnOa treatment in terms of reducing water content, lignin,
cellulose, and density as well as increasing the compressive strength of purun tikus fibers. So
it can be concluded that de-lignification treatment can reduce the size fiber of purun tikus and
reduce lignin, cellulose, and hemicellulose level, so it is hoped that it will make fibers of purun
tikus stronger when used as a composite material and can bind well to the matrix.
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