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Article history: Global pollution due to the overwhelming usage of non-biodegradable plastics is
Received 18 August 2020 getting severe nowadays. Hence, the aim of this paper is to develop an environmentally

Received in revised form 21 September 2020 friendly composite material from potato starch and sugarcane bagasse. The

Accepted 22 September 2020 composites were prepared by hot pressing at 145°C for 60 min. The composites were

Available online 30 November 2020 characterized for their mechanical and thermal properties. In terms of thermal
properties, thermogravimetric analysis shows that incorporation of sugarcane fiber has
improved the thermal stability of the composites. Meanwhile, incorporation of
sugarcane fibre from 0 to 15 wt.% has significantly improved the tensile (202.7%) and
flexural (198%) strength of the composites. Scanning electron micrograph of the tensile
fracture showed the fibre fracture and fibre “pull-out” from the composite. Overall,
the biodegradable composites have shown improved functional characteristic than the
origin material. This finding shows that this Sugarcane/Potato starch composites are
potential alternative material for biodegradable product i.e. biodegradable plastic
packaging.
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1. Introduction

Recently, the requirements to grow more ecological inviting product is expanding because of the
gathering of non-biodegradable waste on the land fill. Henceforth, different sort of “green” material
was produced so as to handle this issue. Biopolymer derived from inexhaustible assets is a promising
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elective material for petroleum based polymer since it is promptly biodegradable and this way, more
ecological cordial than the customary polymers [1, 2]. In that time, polymers have risen as feasible
other options to some customary materials, for example, metals, because of their inalienable
properties like ease in fabrication, basic control, productivity and efficiency, simple accessibility, less
physical work, and cost reduction [3]. Different sort of regular asset was utilized to create biopolymer
going from lipid, protein, cellulose, and starch. Among these sources, starch is considered as the most
encouraging asset because of a few characteristics, for example, ease, inexhaustible, and absolutely
biodegradable [4]. Underneath the nearness of heat and plasticizer, starch may be can changed over
into thermoplastic starch (TPS) which has comparable process capacity with the customary
thermoplastic. The thermo plasticity of this biopolymer is the principle points of interest for preparing
this material. This enable the biopolymer to be handled by utilizing the ordinary equipment for
manufacturing thermoplastic such as extruder, injection moulding, and compression moulding [5].

In general, the properties of natural fibres vary depending on their species, growing conditions,
geological area, method of fibre preparations and many other factors [6]. Many types of natural fibre
can be used as a reinforcement to fabricate the composite. The examples of natural fibre that can be
used to fabricate the composite such as sugarcane, sugar palm, chitosan, sisal, kenaf and etc. TPS
likewise has a few detriments, for example, poor mechanical strength and water resistance, which
limit the potential application [4] and the fibres are broadly used as reinforcement for polymeric
materials to enhance the mechanical properties [7]. Furthermore, fuse of regular material as the
support in polymer composites has made more ecological agreeable qualities to the composites.
Also, this green methodologist diminishes the reliance of the manufacturing industry to the synthetic
materials, for example, glass fibre which regularly identified with high potential of hazard for the
manufacturing workers. The improvement of more ecological cordial materials gives another pint of
view to the manufacturing industry which is regularly identified with the natural contamination for
both the creation and transfer of the manufactured polymer. Hence, this study will utilize natural
fiber from sugarcane bagasse waste as potential reinforcement for biodegradable polymer matrix
from cassava starch. The specific objective of this research is to investigate the effects of sugarcane
bagasse fiber loading on the thermal stability and mechanical properties of thermoplastic cassava
starch.

2. Materials and Methodology
2.1 Material

Sugarcane bagasse was obtained as waste material from juice extractor [8]. The bagasse was
clean with water and dried for 24h under sun [9]. Potato starch (PS) was purchased from Antik
Sempurna Sdn Bhd and glycerol was purchased from QReC which serve as the polymer matrix.

2.2 Sample Preparation

Thermoplastic potato starch (TPPS) was prepared by addition of glycerol mixing by using high
speed mixer (Panasonic MX-GM11, Japan) at 12000 rpm for 10 min. The ratio of starch and glycerol
was maintained at 80:20. The mixture was put into the hot press machine GOTECH Testing Inc
(Taichung City, Taiwan) at 145°C for 60 minutes. Similar process was used for the modification of
TPPS with 1, 5, 10, and 15 wt.% of sugarcane fibre as reinforcement.
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2.3 Thermo-Gravimetric Analysis (TGA)

The thermal stability of the material was characterized by using Thermo-gravimetric analysis
(TGA). The knowledge of the thermal degradation behaviour of the material is the occurrence of
weight loss due to the temperature rise. TGA was performed by using Mettler Toledo AG, Analytical
(Switzerland). The weight of the test specimens is approximately 10£2mg. The analysis was carried
out in alumina TGA crucible at a temperature ranging from 25°C to 600°C at heating rate 10°C min™!
under a dynamic nitrogen atmosphere.

2.4 Tensile Testing

Tensile test was conducted according ASTM D638. The test was carried out on three replications
using Universal Tensile Machine (INSTRON 5969, USA) with a 50 kN load cell; the crosshead speed
was maintained at 5 mm / min.

2.5 Flexural Testing

Flexural test was conducted according to ASTM D790. The samples were cut into dimensions
of130mm (Length)x13mm (Width)x3mm (Thickness). The tests were carried out on three replications
using a Universal Testing Machine (INSTRON 5969, USA) with a 5 KN load cell; the crosshead speed
was maintained at 2 mm / min. The support span length was set at a ratio 16:1 to the thickness of
samples.

2.6 Scanning Electron Microscope (SEM)

The morphology of tensile fractured surfaces was observed under scanning electron microscope
(SEM) Zeiss Evo 18 Research (Jena, Germany) with acceleration voltage of 15kV.

3. Results
3.1 Thermo-Gravimetric Analysis

Figure 1 and Figure 2 presence the TGA and DTG curves obtained from the TPPS-matrix and their
composite where the graph shows the percentage of weight loss of the specimen and the weight loss
of the derivative due to the evaporation of the degradation product are monitor as function of
temperature. From the result, it can be seen that composite with 15wt.% have high thermal stability
compare to TPPS-matrix. This finding can be associated with the fibre loading in the composite. The
first of weight loss in between temperature 31°C to 100°C was attributed to the evaporation of
moisture from water. After that, the change of weight loss for TPPS/SF composite in temperature
range 150°C to 380°C is mainly due to the decomposition of three chemical composition of the
natural fibres; hemicellulose, cellulose and lignin [22]. Decomposition of hemicellulose was taken
place in the first phase at the temperature 220°C and completely decomposed at 315°C. Sahari et al.,
[23] reported that the decomposition of cellulose takes place at the second phase at 320°C. Then,
the third phase is the decomposition of lignin. Lignin start decomposes at 160°C slowly and extends
until 900°C for complete decomposes. Finally, after lignin was successfully decomposed, the left
component is inorganic materials in fibre such as ash. Inorganic materials are very strong material
that only required high temperature to be decomposed [23].
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Figure 1 shows that no significant changes in the thermal stability of the TPPS/SF composite for
1, 5and 15wt.%. However, it is obvious that composite with 15wt.% sugarcane fibre loading has high
thermal stability compare to the TPPS-matrix. The increased in thermal stability associated by the
cellulose substances that has higher thermal stability relative to starch [18]. Incorporation of
sugarcane fibres from (0 to 15 wt.%) was observed to increase the decomposition temperature of
TPPS from 282.86°C to 290.68°C which associated with higher initial decomposition temperature of
composite than TPPS-matrix. Other than that, the TGA curve shows that increased in sugarcane
content have led to increase the residual weight of the composite at the temperature above 300°C
which enhanced the thermal stability of the composites. Nevertheless, at the decomposition
temperature of 600°C, the remaining weight loss for (0 to 15 wt.%) of sugarcane fibre loading is about
14.96 and 14.64 respectively, suggesting that the composites tend to gain a higher weight loss. This
remaining weight of the composites is contributed by the composition of lignin and inorganic
materials which are very tough component and only can be decomposed at high temperature [23].
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Fig. 1. TGA Curve for TPPS and TPPS/Sugarcane Fibre Composites
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Fig. 2. DTG Curve for TPPS and TPPS/SF Composites
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Meanwhile, DTG curves give clearly transformation of the composite degradation characteristics.
Referring to Figure 2, it can be seen that the first peak of the composites (maximum decomposition)
was shift to higher temperature following the incorporation of sugarcane fibres which is agreement
with the result shown in TGA curve, suggesting improved the thermal stability. The weight loss of
the composites at the maximum decomposition phase decreased following the increase of fibre
content. This finding is in agreement with Ramirez et al., [24] which reported that addition of fibre
into starch matrix improves the thermal stability due to the good adhesion between matrix and fibre
which reduced the weight loss in the specimens. From the peak of the DTG curve, the maximum
degradation decomposition temperature for (0 to 15wt.%) of the composites was observed to be in
the range 299.83°C to 291.17°C.

3.2 Tensile Properties

Figure 3, 4, and 5 shows the tensile properties of TPPS/sugarcane fibre composites i.e. tensile
strength, tensile modulus and elongation at break, respectively. Both tensile strength and tensile
modulus of composites increased with the increasing of sugarcane fibre and reach their maximum
values at 15 wt.% fibre content. Increasing fibre content from 0 to 15 wt.% increased the composite
tensile strength by 202.7% while significant increase in tensile modulus by 265.2% at 15 wt.% fibre
content. The elongation of the composites shows decreasing value when fiber was incorporated at
1wt%. However, further increment of sugarcane bagasse up to 15wt.% led to slight increase in the
elongation. Overall decrement of elongation following the incorporation of fiber might be attributed
to higher strength of the material, hence, leading to more rigid structure than the polymer matrix.

The higher values of tensile strength and tensile modulus of TPPS composite in this study as
compared to the other published work on TPS might be associated to several reasons. Firstly, the
amylose content of PS is 20-25% [10] which higher than cassava (17%) [11], rice (20%) [12] and waxy
rice (5%) [13]. It is known that higher amylose content leads to higher polymerization levels and
previous studies (comparing rice starch and waxy rice starch) reported that higher amylose content
in rice starch resulted in higher tensile strength, lower at break and better toughness [14]. Secondly,
the amount of plasticizer also effects the properties of TPS, here the TPS were develop by using 80:20
(starch: glycerol) which produced higher rigidity and strength together with low ductility as compared
to other that using higher amount of plasticizer: starch ratio i. e 70:30 [15] and [16] and 50:50 [17].
Different processing technique and parameters is another important that might affect the variation
of mechanical properties obtained from TPPS [14].
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Fig. 3. Tensile strength of TPPS/sugarcane fibre
composites
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Fig. 4. Tensile modulus of TPPS/sugarcane fibre
composites
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Fig. 5. Elongation at break of TPPS/sugarcane fibre
composites

3.2 Flexural Properties

The flexural strength and modulus of TPPS composite were shown in Figure 6 and Figure 7. In
general, the flexural strength results follow similar trend with the tensile test results, where 15 wt.%
fibre shows the highest flexural strength. The flexural strength increased by 198% at 15 wt.% fibre
while the modulus increases to 285.3% at 5 wt.% fibre content. Improvement in the flexural
properties of the composites might be as well attributed to similar reasons mentioned in the tensile
test results previously. The slight drop of strength and modulus for the 10wt% sample might be
attributed to inconsistent fiber distribution or possible internal defects in the sample. Generally,
higher strength was shown by the flexural test than the tensile test, this finding is consistent with the
study on date palm/flax fiber reinforced TPS composites [18]. Another study on thermoplastic palm
starch (TPPS)/seaweed composite also reported the improvement of flexural strength by 50.6% with
addition of 30 wt. % seaweed [19].
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Fig. 6. Flexural strength of TPPS/sugarcane fibre
composites
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Fig. 7. Flexural modulus of TPPS/sugarcane fibre
composites
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3.3 SEM

Figure 8 shows the scanning electron micrograph of tensile fracture of TPPS matrix reinforced
with sugarcane fibre. It could be observed that the surface of the TPPS matrix were smoother as
compared to the fibre content. These outcomes shown that prior melt mixing of starch and glycerol
has enhanced the plasticization of starch [14]. From the previous study, it is shows that the
thermoplastic starch matrix has a smooth surface before add any filling or fibre [20].

Furthermore, it should be considered that some sugarcane fibre were “pulled-off” from
thermoplastic potato starch during specimen fracture, leaving cavities in the fracture surface. It is the
same condition with previous study [21] that investigate on the effect of carboxylic acid on
thermoplastic cassava starch and polypropylene. From their finding, the several starches are “pulled-
off” from PP matrix during specimen fracture.
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Fig. 8. SEM investigation of tensile fracture surface of TPPS/sugarcane fibre
composites (a) TPPS matrix (b) 1 wt.% sugarcane fibre (c) 5 wt.% sugarcane fibre
(d) 10 wt.% sugarcane fibre (e) 15 wt.% sugarcane fibre

4. Conclusions

Novel bicomposites from sugarcane bagasse and potato starch were successfully prepared using
hot pressing in this study. The results show that sugarcane bagasse and potato starch are compatible
and the incorporation of sugarcane bagasse improved the tensile properties and flexural properties
of the materials. Highest tensile strength and flexural strength were shown at 15wt% fiber loading.
This finding was accompanied by an improvement in the thermal properties of the materials where
composites at 15wt% fiber loading shows higher thermal stability than the other samples. Overall,
incorporation of sugarcane has improved the functional characteristics of the TPPS which widen the
potential of this material as alternative for the synthetic polymer.
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