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Abstract. There are more than 1000 species of cellulose plants available in fiber form. A number of
them are by-products from the major food crops contain lignocellulosic sources and being
investigated as composite reinforcement materials. Sugarcane bagasse and rice husk are potential
reinforcement materials and they were used to reinforce polylactic acid (PLA) matrix to make green
composites. In this research work, sugarcane bagasse was given two different kinds of treatment;
some were alkali treated using 8 wt.% NaOH at room temperature for an hour and some other were
steam treated at 0.75 MPa for 30 minutes. The fiber content of the composites changed with weight
percentage ratios of sugarcane bagasse/rice husk/PLA was 25/0/75, 25/5/70 and 25/10/65. Flexural
strength was tested in accordance with ASTM D790-17 and structural evaluation was evaluated
using scanning electron microscope (SEM) on the fracture section of the flexural test samples.
Composites produced using steam treated sugarcane bagasse and rice husk have lower area density
(1277-1385 g/m?) compared to the ones formed using NaOH treated bagasse and rice husk (1162-
1500 g/m?). Both values of area density are below the density of neat PP and wood flour reinforced
PP/PE composites used as reference materials. The flexural test shows the NaOH treatment on the
bagasse fibers improve the flexural strength of the composites but the rice husk content introduced
to the structure reduces the strength of the composites. SEM evaluation shows fiber fracture and few
pull-out.

Introduction

In the recent decade, the environmental issues and the increased environmental awareness of the
public have confronted the industry to be producing green products. For example the automotive
industry responded by focusing the vehicle materials on biobased materials. Natural fiber
composites (NFC) are one of the materials that have low carbon footprint in their production,
biodegradable, recyclable, sustainable, and lightweight. Lightweight materials are the keen interest
of automotive industry. Material substitution, in specific the use of polymer composites reinforced
with natural fibers (biocomposites) has led to massive weight savings. The other major advantages
of biocomposites are to achieve increase in stiffness, strength and impact resistance or all at the
same time. [1-3] One of the essential pathways to enhance the performance of biocomposites is to
improve the properties of the fibers before incorporating them into the polymeric matrix. The
properties prepared from neat natural fibers are often rather poor [4], because of weak interactions
between the fibers and the polymer and/or due to the small perpendicular strength of these
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lignocellulosic reinforcements [4]. Interactions can be improved by surface modification, while the
inherent strength of the reinforcement increases by various treatments [5]. Numerous reports have
been published in the literature showing the beneficial effect of alkali treatment of lignocellulosic
fibers on the properties of their composites [6-11]. Hardly any or very limited explanation has been
given for the phenomenon in most cases.

Alkali treatment, or mercerization, is an old method and one of the most common cellulose fiber
modification. During alkali treatment, the fibers are soaked in NaOH solution of certain
concentration for a given period of time and at a given temperature. The solution may activate
hydroxyl groups or introduce new moieties that can effectively interlock with the matrix. The
advance of a comprehensive theory for the mechanism of bonding by chemicals in composites is a
complex problem. Mercerization has a significant effect on changes in crystallinity, fineness,
dimension, surface area, and density of the fibers. These changes may result in improvement in fiber
strength and hence stronger composite materials [12, 13]. Mwaikambo et al. [13] reported the effect
of mercerization on the mechanical properties of hemp fibers and identified that maximum tensile
strength of hemp fibers (1050 MPa) was obtained when the concentration of NaOH used was 6%
and the use of NaOH concentration of 4 % resulted in the maximum Young Modulus of hemp fibres
(65 GPa). Other method to treat natural fibers to improve interfacial bonding between fiber and
polymer matrix is steam treatment. The fibers were steamed above boiling water in a covered tank
at a certain steam pressure for few hours. Munawar et al. [14] employed steam treatment of ramie
fiber at a steam pressure of 0.1 MPa for two hours. They reported a significantly improved the
interfacial adhesion between ramie fiber and polyformaldehyde resin and also the flexural properties
of the composites.

Jute, hemp, flax and kenaf fibers have been commercialized or used as reinforcement in large
quantity. Other potential fibers come from by-products from the major food crop such as sugarcane
and rice husk have been studied as sources for fibers [3, 15-17]. Anggono et al. [15] reported a good
flexural strength of 25 wt.% NaOH treated sugarcane bagasse-PP composites. The flexural strength
obtained was 35.39-37.78 MPa which this strength is similar to the woodboard composites
contained 30 wt.% wood particles in PP which is used as current interior automotive product by the
industry. Petchwattana and Covavisaruch found the tensile strength of the composites increases
from 31.5 MPa (without rice husk) to 44.7 MPa with the rice husk content as many as 60 parts per
100 resin (phr) [17].

Although over a decade, there have been research in biocomposites which has demonstrated such
advantages of cellulosic fibers as excellent stiffness and strength, this has not led to the hoped-for
range of applications due to factors such as poor compatibility between biofiber and polymer
matrix. The main problem is the fibers are hydrophilic and tend to cluster and not disperse well in
the matrix. Giving surface treatment to the fibre can reduce waxes and amorphous content and
enhance its interfacial adhesion. In this work, a mixture of rice husk and sugarcane fibers was
selected as the reinforcement for polylactic acid (PLA) polymer. They both are grown in Indonesia.
With sugarcane and rice husk production, Indonesia is in the ninth and third place producer of
sugarcane and rice husk respectively [18, 19] Rice husk was selected as reinforcement due to its
chemical composition is sufficiently close to that of wood so that they can be a suitable alternative
reinforcement material to wood fibers for composites. Steam treatment which was more
environmental friendly was introduced and compared with the results obtained from alkali
treatment. Rice husk and sugarcane bagasse contain 45% [20] and 45-55% cellulose [21]
respectively. The combination of PLA with natural reinforcement materials is a good way to
produce compostable material thus the study of the structure and properties of such composites will
draw high scientific and practical interest. The goal of this study was to investigate the effectiveness
of alkali and steam treatment to both the sugarcane bagasse fibers and rice husk on flexural
properties of the PLA composites. Composites were prepared in a various composition range of rice
husk content (0, 5, 10 wt.%) added to 25 wt.% sugarcane bagasse-PLA composites. Structural



evaluation using SEM was performed to understand the reinforcement and the effect of fiber
characteristics on the failure mechanism and properties of the composites.

Experimental

Materials and Compression Molding. The PLA used in the experiment was obtained from
TAMIYA in the form of PLA-sheet in B4 size with a thickness of 0.3 mm. PLA sheet was cut into
25.8 x18.25 cm?. The sugarcane bagasse fibers were supplied by a local sugar mill factory, P.T.
Candi Baru in Sidoarjo, Indonesia (Fig. 1). Meanwhile the rice husk (Fig. 2) was obtained from a
rice paddies milling factory in Sidoarjo, Indonesia. Both the bagasse and the husk were first soaked
in 70% ethanol solution for one-hour neutralization process to Kill the bacteria which can cause
fermentation and bad odor. After neutralization, they were air dried for 24 hours before treatment
was carried out. The bagasse was given alkali treatment using 8 wt. % NaOH at room temperature
for one hour. Completing the treatment, the bagasse was rinsed with water few times until the pH of
the last rinsed water achieved pH around 7 and then followed with oven dried at 60°C for 48 hours.
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Fig. 1 As-sieved sugarcane bagasse fibers Fig. 2 As-received rice husk

Steam treatment using a pressure cooker was applied to the rice husk and sugarcane bagasse fiber at
0.75 MPa for 30 minutes. The treated rice husk and bagasse were drained and then oven dried at
60°C for 6 hours. Both the bagasse and rice husk (cutting was required along its axis) were sieved to
obtain a size of less than 12 mesh (1.68 mm). The wt. % ratio of bagasse/PLA was 25/75 and the
rice husk content added to bagasse/PLA was 5 and 10 wt. %. Table 1 shows the composition of the
composites prepared for testing and evaluation.

Table 1 Composition of Sugarcane Bagasse-Rice Husk — PLA Composite

Sample Treatment Sugarcane Bagasse Rice Husk PLA
Name [wt. %0] [wt. %0] [wt. %]
S.A 25 0 75
SB Steam 25 5 70
S.C 25 10 65
N.A 25 0 75
N.B NaOH 25 5 70
N.C 25 10 65
UA 25 0 75
U.B Untreated 25 5 70
u.C 25 10 65

Sugarcane bagasse and rice husk were weighed (200 g total) according to the composition shown in
Table 1. Both bagasse and rice husk were mixed manually and placed between the PLA sheets to
make a sandwich (Fig. 3). The prepared sandwich was hot pressed using compression molding



machine at 190°C with a pressure of 165 kPa for 6 minutes holding time and turned the sandwich
over and pressed at the same pressure, temperature for another 6 minutes. The composite panels
were then cut into dimension of flexural test specimen in accordance with ASTM D 790-2017.

Fig. 3 A mixture of bagasse and rice husk was placed on top of PLA sheet to make a sandwich

Samples Testing and Evaluation. Flexural test samples were measured their thickness and weight.
Composites thickness was measured using micrometer Mitutoyo. Measurement was taken at five
different positions on each sample of every composition. The weight of the samples was measured
with a Mettler Toledo A0204 analytical scale. Using data of weight and area (length x width)
measured from flexural test specimens, the area density of each specimen was calculated in concern
related to lightweight property. Flexural properties were characterized by three point bend test using
Shimadzu with a capacity of 50 kN at Polymer Technology Center in Tangerang (Indonesia). The
flexural test was done at a pressure speed of 0.764 — 1.306 mm/menit. The characteristics of the
fibers and the structure, as well as the deformation mechanism of the composites were studied by
SEM (FEI type Inspect S50) at Department of Materials and Metallurgical Engineering, Sepuluh
Nopember Institute of Technology, Surabaya, Indonesia. Micrographs were recorded on flexural
fracture surfaces.

Results and Discussion. The results of this study were explained in several sections. First section
discussed the sample thickness and area density. These two data are important in comparison with
the specification data of current materials used as automotive interior parts, such as package tray by
the automotive industry. Neat PP and composites made from wood particle (30 wt.%) reinforced PP
and PE (polyethylene) were used as reference materials. Composite of 25 wt.% sugarcane
bagasse/PP from Anggono et al. (2018) in which the sugarcane bagasse were treated with 10 vol. %
NaOH solution at 70°C for 2 hours was also compared [15]. Flexural properties were analyzed in
the next section followed by SEM evaluation on the composites structure.

Composites Thickness and Area Density. Figures 4 and 5 show the thickness and area density of
composites with different fiber treatments and composition. Steam treatment given to baggase fibers
results in a larger reduction of composite thickness (7.6 %) compared with the thickness of
composites using natural fibers which were treated with alkali solution (6.4%). The addition of
steam treated rice husk added to bagasse/PLA mixture results in further reduction in thickness as
shown in samples SB, SC, NB, and NC. The further reduction in thickness from steam treatment
might have caused by further loss of constituent components of bagasse fibers and rice husk. The
rate of dissolution is different between alkali and steam treatment applied to the bagasse. However,
composition analysis on the treated fibers was not further analyzed. Ndazi et al. (2007) who studied
the steam treated rice husk reported the presence of cellulose, wax, and silica [22].

The area density increase with fiber content follows the rule of mixtures. Density of untreated
sugarcane bagasse is 1.20 g/cm? [23], the rice husk has a bulk density in a range of 0.86 — 1.14
g/cm?® [24]. Fig. 5 indicates the decrease in composites area density with the addition of rice husk
from 5 to 10 wt. %. The area density continues to decrease when the bagasse experienced steam
treatment than alkali treatment. The density of the natural fibers after treatment reduces due to the
partial degradation of cellulose and complete degradation of both hemicelluloses and lignin in the
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treated fibers. The higher area density values of steam treated and alkali treated bagasse composites
might indicate better wetting of PLA on the bagasse and rice husk present in the structure. The PLA
itself might have penetrated into the fibers which removed most of the remaining pores inside the
fibers which could have increased the density of the treated fibers and hence that of their
composites. On the other hand, lower theoretical density values of composites with untreated
bagasse fibers are due to the reported low density values of as-received fiber which is also the case
for other natural fiber containing polymer composites [25]. In comparison with PP and woodboard
which they are the current materials used by the automotive industry as interior parts, the area
density of the studied sample is quite promising. But when compared with the bagasse/PP
composites from the study of Anggono et al. (2018), the alkali treatment done at 70°C shows higher
dissolution rate than at room temperature. This is indicated by lower area density obtained
compared with that of sample NA.
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Fig. 4 Composite thickness measured from Fig. 5 Area density of composites in various
different sugarcane bagasse and rice husk composition in comparison with bagasse/PP
content from previous research and neat PP and

wordboard composites from the industry

Flexural Strength. Flexural strength is plotted against different treatments and rice husk content as
shown in Fig. 6. The highest flexural strength obtained when the bagasse fibers used in the
composites treated with NaOH than with steam treatment. It is clearly shown in Fig. 7 that the
highest strength was attained when no rice husk addition in the bagasse/PLA mixture. The alkali
treatment using 8 wt. % NaOH increase the strength of the fibers [26]. However another study
reported that the steam treated rice husk reinforced phenol formaldehyde provide a better modulus
of rupture and elasticity
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Fig. 6 Flexural strength versus different treatment and rice husk content
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Structural Characterization. Figures 8 a) to c¢) display the structure from the cross section of
fractured area of flexural test samples. The structure shown in micrographs Fig. 8 a) and b) shows
that the bagasse fiber fracture is more dominant than fiber pull-out. The lower flexural strength
obtained in the composites with steam treated bagasse fibers can be the result in weakening the fiber
strength due to steam treatment. Fiber pull-out was found in Figure 8c) as a result of debonding in
composites with untreated bagasse fibers due to weak interfacial adhesion between fiber and PP
matrix.

a) b) C)

Fig. 8 SEM micrographs of fracture cross section of composite samples a) NB, b) SB and c) UB

Summary

The results on alkali treatment on bagasse fibers produce better flexural strength of PLA composites
compared to the use of steam treated fibers. The addition of steam treated rice husk lower the
composite strength even further.
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