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paper text:
 Performance and Evaluation of Low Cost Sugarcane Bagasse – Polypropylene Biocomposites as
 Candidate Material for Automotive Parcel Tray JULIANA Anggono1, a, SUWANDI Sugondo1,b, RASSY
 Alim1,c, and HARIYATI Purwaningsih2,d 1Department

Mechanical Engineering, Petra Christian University, Jalan
 Siwalankerto 121-131,

Surabaya 60236, Indonesia 2Department of Materials and Metallurgical

 Engineering, Sepuluh Nopember Institute of Technology, Surabaya 60111,

 Indonesia ajulianaa @petra.ac.id, baeusug @indo.net.id , crassyalim

 @gmail.com, dhariyati @mat-eng.its.ac.id Keywords:

 sugarcane bagasse, parcel tray, biocomposites, flexural strength. Abstract. In the past two decades, auto
 manufacturers

have been interested in incorporating natural fiber composites into
 both interior and exterior parts.

 They

have to balance the changing public demands of greater comfort, better

 driving performances, and higher safety standards with the
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 environmental requirements.

Many companies such as Mercedes Benz, Toyota and DaimlerChrysler

 have already embraced this composites and are looking to expand the

 uses of natural fiber composites.

 Based on the preliminary study using 20 to 30 wt.% NaOH treated sugarcane bagasse fibers to make
 biocomposites with polypropylene matrix, the tensile strength obtained was variably, in the range between
 8.31 to 20.59 MPa [1]. A further study

was required to improve the strength of the

 composites in comparison with the specified flexural strength required by the industry for automotive parcel
 tray. The sugarcane bagasse fibers obtained from the sugar mill were used and alkali treated with 10% v/v
 NaOH at various soaking time of 2, 4, and 6 hours. Biocomposite samples were prepared from 25/75 wt.%
 ratio sugarcane fibers/polypropylene (PP).

The highest tensile strength of 14.35 MPa was obtained

 from the samples with sugarcane fibers receiving two-hour

alkali treatment. However, the highest flexural strength (37.78 MPa) was

 gained on the samples made from sugarcane fibers with 4 hours alkali treatment. This value has met the
 strength specification of two materials for current package trays which were made from monomaterial of
 polypropylene and woodboard composite which their flexural strengths were 35.6 MPa and 37.57 MPa,
 respectively. Structural studies using

scanning electron microscopy (SEM) on the fracture surface of tensile

 tested samples show two different orientations of bagasse fibres in PP matrix, i.e. a group was in
 longitudinal orientation and other in transversal orientation. Voids due to the air trapped in PP matrix were
 also observed in the structure. Introduction The need for a global response with reference to energy
 security concerns and CO2 reduction puts further pressure to the automotive industry. Legislation and
 regulations have been issued in improving the fuel economy of automobiles and reduction in greenhouse
 gas emissions thus the carmakers have

two major challenges arise: fuel efficiency and emission reduction - two
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 different problems, leading to the same challenge of how to make

 vehicles ‘green’ and more efficient, while keeping additional costs at an

 acceptable level.

 In the US, regulations in the form of Corporate Average Fuel Economy (CAFE) has increased its standard
 of average mileage for 2025 to 55 mpg (miles/gallon) – an increase of 57% from the target set for 2016 (35
 mpg). [2] European legislation in the formula of the

End of Life Vehicle (ELV) directive

states that by 2015 vehicles must be constructed of 95% recyclable

 materials, with 85% recoverable through reuse or mechanical recycling
 and 10% through energy recovery or thermal recycling. [3] The directive

 aims to reduce the amount of waste from vehicles (which includes
 automobiles and vans) and also includes requirements for member states to

 introduce strict standards for the treatment of ELVs at authorized treatment
 facilities.

 Meanwhile

Japan is already on the path to more stringent fuel economy standards
 by having

Japanese vehicle fuel economy regulations as part of the “Law

 Concerning the Rational Use of Energy” (Energy Conservation Law).

 [4]

The Japanese system sets average fuel economy targets for different
 vehicles based on weight. The

 Japanese fuel efficiency target for passenger vehicles (703-827 kg) in 2010 was

18.8 km/L (5.3 L/100 km or 44 mpg
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 US) and the target was raised 12% for 2015 to a value of 21 km/L (4.8 L/100 km or 49 mpg US).

Besides Europe, US, and Japan there is one rapidly growing country,
 namely, China, which has

 established standard of maximum values for fuel consumption (in L/100 km) according to weight categories.
 The Chinese fuel consumption standards for light-duty vehicles (750 < Curb Mass (kg) ≤ 865) in 2009 was
 6.9 L/100 km and the target was raised 14% for 2012 to a value of 5.9 L/100 km. [5] In the response to the
 government legislation on environmental issues, carmakers employ several approaches; among the major
 pathways are transmission, electrification, hybrid technologies, and lighweighting. There is a significant
 growth in recent years

for the use of natural fibers as a result of

 automotive lighweighting. Material subsitution, specifically the utilization of natural fiber-polymer composites
 have prompted tremendous weight reduction without trading off on safety. Bigger reduction can be realised
 in structural and nonstructural parts such as underbody cover, dashboards, package tray, roof, frontend,
 and door modules. Historically,

the use of natural fiber composites in the car industry

 was from 1942 when

Henry Ford unveiled the first prototype composite car made from hemp

 fibers and

 cellulose-based plastics. [6, 7] The

car, unfortunately, did not make it into general

 manufacture because of economic constraints

at the time. In Europe, the East German “Trabant” car body, manufactured

 between 1950 and 1990, was one of the first to use materials containing

 natural fibers, i.e. cotton fibers set in a polyester matrix. Mercedes -Benz,

 a subsidiary company of Daimler-Benz has pioneered to use coconut fibers in
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their commercial automobiles over a 9-year period. Jute-based door

 panels

 were first used by Mercedes

E-class vehicles in 1996. Then in September, 2000, DaimlerChrysler

 started employing sisal grown by local farmers

for their vehicle production situated in East London, South Africa.

 [7]

History has seen various attempts to integrate natural materials into car

 parts. Some have been more effective than others; the environmental

 issue

coupled with consumer pressure are a major driver for the uptake of

 natural fiber composites.

 This research work shared the same concerns, particularly important for a highly populated country like
 Indonesia, in which the cars production for domestic demands is high. As indicated by

market research consultation firm Frost & Sullivan, Indonesia has one
 of the biggest automotive prospect in ASEAN after Thailand. They also

 predicted that Indonesia will be the region's biggest automotive market by

 2019. [8] Analysis by Association of Indonesian Automotive Manufacturers

 (Gaikindo) chief Jongkie D. Sugiarto stated that the sales of domestic car

 could have 5 % increment to 1.05 million units

 in 2017. [9]

Natural fibres, such as hemp, flax and wood
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 have already found applications in the automotive industry, primarily in non-structural parts such as interior
 panels, parcel trays, etc. [10]. In this study, biocomposites using sugarcane bagasse fibers obtained from a
 sugarmill factory in East Java were combined with polypropylene (PP) matrix. Sugarcane fibers are one of
 the many natural fibers grown in Indonesia. Indonesia is rank ninth as major sugarcane producers after
 Brazil, India, China (mainlands), Thailand, Pakistan, Mexico, Colombia, Philippines

with a crop production of 28.7 million tons in 2012.

 [11] The bagasse fibers have been mainly used as fuel for boilers in sugarmills and they are also the raw
 materials for particle board manufacturing, compost, and animal feeding. The utilization of bagasse fibers
 as reinforcing fiber materials for biocomposites will have a significant value in terms of utilization of waste
 from sugarmills in Indonesia. Previous research [1] has used bagasse fiber as reinforcing fibers for PP
 matrix composites by varying the

fiber length and the wt.% ratio of bagasse fiber to polypropylene (PP)

 matrix. It was found that a variability in the fibre properties can lead to variability of mechanical properties

(tensile strength was in the range of

 8.31 to 20.59 MPa) besides the importance to achieve a homogeneous mixing

between the natural fibers and the matrix

 materials. In this study, bagasse fibers were given NaOH treatment time for 2 hours, 4 hours, and 6 hours.
 The wt.% ratio of sugarcane/PP studied was 25/75. The composites’ strength performance was evaluated
 using tensile and flexural tests and the results were compared with the strength specification of two
 industrial products for package tray (Fig. 1) made from monomaterial PP and woodboard composite. SEM
 study was conducted to evaluate the composites structure and to relate it with strength gap existed between
 the samples and the materials provided by the industry. Fig. 1 Rear package tray as car’s interior part [12]
 Research Method Materials and Preparation. There were two materials that required a preparation for
 making biocomposite samples, i.e. sugarcane bagasse and PP fibers (Fig.2). Sugarcane bagasse fibers
 were obtained from a sugarmills, P.T. Candi Baru in Sidoarjo - Indonesia. The

PP fibers were supplied by a local carpet industry, P.T. Classic Prima

 Carpet Industries

 in Surabaya - Indonesia. The bagasse fibers had to go a two-step treatment, i.e. 1) neutralization using
 ethanol 10% in which each kg of bagasse was soaked in 2.5 litres of ethanol for one hour. Upon soaking,
 the bagasse
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were dried in the oven at temperature 110 ?C for

 4 hours, followed by 2) an alkali treatment using NaOH 10% v/v at a temperature 70?C with various soaking
 time of 2, 4, and 6 hours. After treatment, the bagasse were water rinsed several times to ensure the NaOH
 solution had been washed away by checking the pH of the rinsed water to get pH = 7. After rinsing and
 draining the water, then the bagasse were

dried in the oven at temperature of 110 ?C

 for 4 hours.

To ensure the PP fibers could be homogeneously mixed with the bagasse

 fibers during mixing, PP fibers were prepared in 1 cm length (Fig. 2b) a) b) Fig. 2 a) as-received sugarcane
 bagasse fibers and b) PP fibers Mixing and Hotpressing. PP fibers and dried baggasse fibers were loaded
 into a mixer with a composition of a

wt.% ratio of bagasse fibers /PP: 25/75

 (16.23 volume fraction of bagasse fibers). The mixer used was employing a centrifugal blower mechanism.
 The mixture was arranged and prepared on a thin galvanized steel plate measuring 38 x 15 cm2.
 Hotpressing was performed in two steps: 1) The PP/bagasse fibers mixture was placed between two
 flattened steel mould of a hotpress machine and pressed using compressive stress of 5 MPa at 100 °C for 3
 minutes to make a flat panel preform. 2) The preform was further hotpressed using compressive stress of 5
 MPa at 200 °C for 3 minutes to form a flat panel of biocomposites sample. The hot panel was kept in
 between the steel plates to receive a 40 kg load for 15 minutes to avoid bending during cooling. Strength
 and Structural Characterisation. Samples for tensile and flexural tests were prepared from the
 biocomposites panels made through hotpressing. Each panel which was made from bagasse fibers with
 different treatment time in NaOH was cut with CNC machine to make five samples for tensile test and other
 five for flexural test. The sample dimensions and the test procedure referred to ASTM D 638-03 and ASTM
 D 790-10 for tensile and flexural tests respectively. Both

tests were conducted using universal testing machine, Shimadzu with a

 capacity of 10

 and 50 kN at Polymer Technology Center in Tangerang. Structural evaluation on fractured surfaces of
 tensile samples was performed
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using SEM (Scanning Electron Microscope) of FEI type Inspect S50

 at

Department of Materials and Metallurgical Engineering, Sepuluh
 Nopember Institute of Technology, Surabaya.

 Results and Discussion Characterization on Sugarcane Bagasse. The sugarcane fibers used were obtained
 from a sugar mills as coproducts

after squeezing the canes for sugar.

Sugarcane stems consist of three major components: the pith (5 %),

 fibers (73 %), and the rind (22

 %). [13]

Bagasse fibers were reported to have considerably low elongation (1.1

 %) and tensile strength of about 222 MPa

 and modulus Young of 27 MPa.[14]. The fiber length was not controlled in this research as the as-received
 fibers were directly used. However, to know the length of the bagasse fibers used, around 600 bagasse
 fibers were picked as sampling for length measurement. The measurement identified that majority of fibers
 (73%) were less than 3 cm, about 26% had a length of 3-5 cm and a few (1 %) were fibers with a length
 more than 5 cm. Composites Thickness. Fig. 3 shows the thickness of the composites produced. The
 thickness was in the range of 2.01 to 2.21 mm with the thickest composites was measured in the samples
 made from sugarcane fibers after 2-hour NaOH treatment. The thickness trend decreases with the increase
 of soaking time during alkali treatment due to a decrease in fibre diameter. [1, 15] The decrease in fibre
 diameter is

due to the removal of lignin and hemicellulose from the

 fiber during NaOH treatment. The work of Rezendel et al. (2011) reported a very efficient alkaline
 pretreatments using NaOH solutions (40 minutes) with concentration 1% where up to 85% lignin fractions
 were removed from the solid fraction. [1, 16] In comparison with the thickness of monomaterial PP
 produced by the industry, the sample thickness is close and needs only a small adjustment through the
 reduction amount of the raw materials and/or the pressure. Similar solutions with adding more raw materials
 of sugarcane fibers/PP to gain a woodboard thickness of 3 mm. 3,50 Thickness (mm) 3,00 3,0 2,50 2,21
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 2,00 2,08 2,01 2,0 1,50 1,00 0,50 0,00 2 h 4h 6h PP Woodboard Fig. 3 Thickness of composite samples in
 comparison with the thickness of PP and woodboard from the industry 4000 (g/m2) 3500 3000 2500 1846
 2000 1779 1603 1500 1000 500 0 2h 4h 6h 3600 1833 PP woodboard Fig. 4 Areal density of composite
 samples in comparison with the same density of PP and woodboard from the industry Areal Density
 Measurement. Areal density measurement was done to all flexural test samples which were prepared from
 the sample with a dimension of 120x13 mm or each has an area of 1560 mm2. Fig. 4 shows the areal
 density of all samples produced together with the areal density values of PP and woodboard samples. As
 the thickness was reduced when the bagasse fibers were alkali treated longer, this also had the effects on
 their areal density due to the weight loss experienced by the bagasse fibers after longer period of alkali
 treatment. Lightweight materials as indicated by areal density measurement are required by the automotive
 industry to achieve fuel efficiency. Strength Characterization. Tensile and flexural tests performed to all
 samples were reported in Fig. 5 and 6. Tensile strength of the woodboard was used for a comparative study
 with the strength of the samples. The tensile strength of all samples shown in Fig. 5 was in the range of
 13.95 MPa to 14.38 MPa. These values are still 5.9 to 9.2 % less than the strength of the woodboard (15.23
 MPa).Wood like other

natural fibers, such as hemp and

 flax has found applications in the automotive industry, mainly in non-structural parts such as interior panels
 and parcel trays

as these products do not experience high stresses in service, their
 mechanical properties can be moderate to low. The

 flexural strength reported in Fig. 6 shows quite promising results where the flexural strength of the samples
 were in the range of 32.19 to 37.78 MPa. The samples using 4-hour treated bagasse fibers have the
 highest flexural strength (37.78 MPa) and the lowest flexural strength was found in composites samples
 reinforced with 6-hour NaOH treated bagasse fibers (32.19 MPa). The tensile strength obtained indicates
 similar trend with the flexural strength, which are shown a strength decrease with extending soaking time of
 NaOH treatment for bagasse fibers though there is an exception for flexural strength with the samples using
 4 hour-treatment which shows the highest flexural strength. 20,00 Tensile Strength (MPa) 45 Flexural
 Strength (MPa) 18,00 15,23 40 35,39 37,78 16,00 14,35 14,00 14,08 12,00 10,00 8,00 6,00 4,00 2,00 0,00
 2h 4h 6h 13,95 Woodboard 35 30 25 20 15 10 5 0 2h 4h 32,19 6h PP Woodboard 35,60 35,58 a) b) Fig. 5
 Tensile strength of the composite samples in

Fig. 6 Flexural strength of the composite comparison with the

 strength of woodboard from samples in comparison with the strength of the industry woodboard from the
 industry Structural Characterization. Fig. 7 shows tensile fractured surfaces of the composites observed
 using SEM. In general, the micrographs show the oriention of the fibers, some are in the longitudinal
 direction and some are in transversal direction (Fig. 7 (a) and 7 (b)). Longitudinal orientation Transversal
 orientation
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2 mm 2 mm a) 2 mm b) 2 mm c) d) Fig.

 7 SEM micrographs on tensile fractured surfaces on samples a) with 2-hour treated bagasse fibres, b) with
 4-hour treated bagasse fibres, c) and d) with 6-hour treated bagasse fibres. As these bagasse fibers had a
 length only less than 3 cm thus their orientation could not be arranged and they were randomly distributed
 in the PP matrix. In the composites made from 6-hour treated bagasse fibers, voids dominated in the PP
 matrix. These voids might form from the air trapped in the PP matrix during it melted at hotpressing process
 and was not able to escape upon cooling. The fiber pull-out were found only minor in the structure of all
 composites using treated bagasse fibers in all variant of treatment time though more fibers pull-out were
 found at Fig. 7 (c) and (d) from samples using 6-hour treated bagasse fibers. Less fiber pull-out indicates a
 good

interfacial bond between the bagasse fibers and the PP matrix.

 These findings are in agreement with the lowest tensile and flexural strength obtained in these samples.
 The six hours soaking time can weaken and damage the bagasse fibers. Conclusion The sugarcane
 bagasse-PP composites are suitable candidate material to replace PP or another choice of material besides
 woodboard composite.

The tensile and flexural strength of the sugarcane fibers /PP composites

 made from two-hour and four-hour NaOH treated bagasse fibers are very close even higher than the
 strength of current materials, PP and woodboard used by the automotive industry for package tray
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