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The Strength of Polylactic Acid Composites Reinforced with Sugarcane Bagasse and Rice Husk JULIANA Anggonol, a™), BILY Budiartol,b, SUWANDI
Sugendol,c, HARIYATI Purwaningsih2,d, and ANTONI3,e 1Mechanical Engineering Department, Petra Christian University, Jalan Siwalankerto 121-131,
Surabaya 60236, Indonesia 2Materials and Metallurgical Engineering Department — Sepuluh Nopember Institute of Technology, Surabaya 60111,
Indonesia 3Civil Engineering Department, Petra Christian University, Jalan Siwalankerto 121-131, Surabaya 60236, Indonesia a*)julianaa@petra.ac.id
bm24414009@john.petra.ac.id, casusug@indo.net.id. dhariyati@mat- eng.its.ac.id, eantoni@petra.ac.id Keywords: green composites, natural fibers,
flexural strength, alkali treatment, steam treatment. Abstract. There are more than 1000 species of cellulose plants available in fiber form. A number of
them areby-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/m2) compared to the ones formed using NaQH treated bagasse
and rice husk (1162- 1500 g/m2). 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 compesites 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 awarenass of the public have confronted the industry to be producing gresn
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

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 lignocellulosic reinforcements [4], Interactions can bs
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 MaOH 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 machanism of bonding_ by chemicals in composites is 3 complex problem. Mercerization has a significant effect
an chanaes in crvstallinite. fineness. dimension. surfacs area. and density of the fihers. Thess channes mav result in imnrovement in fiher strenath and
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thickness measured from different sugarcane bagasse and rice husk content Figure 5 Area density of compaosites in various composition in comparison
with bagasse/PP 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 40 Flexural Stength (MPa) 29,72 30 25,38 23,48
24,89 35 35,39 35,6 35,58 25 21,39 19,34 18,79 20 15 10 7,42 16,04 5 0 Figure 6 Flexural strength versus different treatment and rice husk content
Figure 7 Correlation of flexural strength with different treatment and rice husk contant Structural Characterization. Figures 8 a) to ¢} 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. fiber pull- out racture a) b) c) Figure 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. Acknowledgements The authors thank the Ministry of Research, Technology and Higher Education of Republic of Indonesia for the research
funding under grant ne. 002 /SP2H/LT/ MONOQ/L7/201%9. PT. Candi Baru Sugar Mill Factory (Indonesia) is acknowledged for providing the sugarcane
bagasse fibers. The authors were grateful for the assistance of Russava Istiani with the use of SEM at Sepuluh Nopember Institute of Technology.
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