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ABSTRACT

A new Sugar Palm Starch (SPS) based biopolymer sumeessfully developed using glycerol as
plasticizer. The effect of glycerol concentratifriz., 15, 20, 30 and 40 by weight percent) to the
mechanical properties of plasticized SPS biopolymas investigated. From this investigation, it was
found that the 30% glycerol concentrated biopolysieowed the highest flexural strength and impact
with the value of 0.13 MPa and 6.13 k3tmspectively. Later, the above 30% glycerol biopwdy was
undergone through weathering and biodegradation Td® biodegradability test showed 78.09% of
tensile strength lost after 72 h of weatheringitgsperiod. Meanwhile, the weight loss (%) of tleene
biopolymer was 63.58% after 72 h of biodegradatest.
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1. INTRODUCTION to minimize the volume of petroleum based polymer
disposal which is responsible to the environment
The rising concern towards environmental issuesproblem (Saharét al., 2011).
has led to increase the interest of using polymer Recent trend in the packaging industry is to design
derived from renewable sources and those areand development of new material using natural
biodegradable. Biopolymers have attracted anresources. This new generation biobased product
increasing amount of attention due to environmentalbecoming a vital alternative to reduce the depecylen
concerns and the realization that petroleum ressurc petroleum based materials. One of the most impbrtan
are finite. The petroleum based polymers degradk an material that can be developed for packaging and
produces dangerous substances to the environmentonsumer application is starch as a biopolymers &
(Chandra andRustgi, 1997). Therefore, it is important well known polymer with the advantages of
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biodegradable, renewable, inexpensive, abundant an&IRIM Berhad, Malaysia. The weathering test was
lightweight (Sahari and Sapuan, 2012). The stésch performed according to ASTM G155 for 72 h. The
not a real polymers, but, it will behave as syrithet average temperature used was 28°C while the average
polymer in the presence of a plasticizer such a®wa relative humidity was 82%.

and glycerol at high temperature (Garetaal., 2000). ) -

Sugar palm tree contain of starch in its trunk wgan 2.5 Biodegradability Test

be used as a biopolymer. No prev_ious research_have Biodegradability test of biopolymer was performed
been done on development of biopolymer derived yqor 1y e the specimens in compost soil. Triikc

fr(_)m SPS; however, with the f‘?“’" that it has beenspecimens (3010 mm) of SPS/G30 were buried 100
widely done and documented with many other plants . :
mm beneath from the surface of soil under moisture

(Vilasecaet al., 2007; Hermanret al., 1998; Bastioli, . : -
1998). This study complements and expands a previoucontm"ed conditions (regularly moistened withtidlisd
water). The specimens were dug out from the compost

publication (Saharét al., 2012; 2013), which focus on . .
the addition analysis of mechanical properties. (i.e SC!l after 24, 48 and 72 h. The compost specimes wa
flexural and impact), effect of weathering test and en washed off with water followed by drying in an

biodegradation of biopolymer derived from SPS. oven at 60°C. Finally, the weight loss was measured
using the equation below:

2. MATERIALS AND METHOD W

. Weight loss (%)=Lx 10 Q)
2.1. Preparation of Sugar Palm Starch W,

The matured sugar palm tree located at Jempol
Negeri Sembilan, Malaysia was felled using chainsaw
and the mixture of woody fibres and starch powdas w
collected from the inner part of the stem. Then the

mixture was washed off with water, whereby the cdtar 2.6. Scanning Electron Microscopy (SEM)
settles at the bottom and the excess water flows the e

Where:
Wy = weight before buried
W, = weight after buried

sides. After washing process, the wet starch whsnta The fracture surfaces of the unweathered and
out from the container and dried in oven at 12a9C2%  weathering tested of SPS/G30 were examined by a
h to remove the water. Scanning Electron Microscopy (SEM) Hitachi S-3400N

L . operating at an acceleration voltage of 0.3-30 kV.
2.2. Fabrication of SPS Biopolymer P g g

SPS biopolymer was successfully prepared by 3. RESULTS AND DISCUSSION

using glycerol with a specific ratio of 15 w/w%
(SPS/G15), 20 w/w% (SPS/G20), 30 w/w%
(SPS/G30) and 40 w/w% (SPS/G40). The mixture was Table 1 shows the mechanical properties of
stirred for 30 min at 40°C followed by casting in a plasticized SPS biopolymer. It was revealed that
iron die for curing process. The mixture was SPS/G30 shows the higher flexural strength andiflex
compacted with Carver hydraulic hot press under themodulus with the value of 0.13 (x0.013) MPa and87.

3.1. Mechanical Properties

load of 10 tonne at 130°C for 30 min. (x5.6) MPa respectively. However, the impact stteng
. . . improves with the increasing of glycerol up to 30#th
2.3. Mechanical Testing of SPS Biopolymer the value of 6.13 (+0.325) kJmSimilar trend was

Flexural tests were conducted using Instron 33650bserved for the tensile strength which shows that
machine, according to ASTM D790. Impact strengtls wa higher the concentration of the plasticizers, tighér
measured by 43-02-01 Monitor Impact Tester, acogrdi  the tensile strength of plasticized SPS and hence,
to ASTM D 256. optimum concentration of glycerol for the biopolyme

. was 30 wt%. The increasing of plasticizer contant i
2.4. Weathering Test starch will interfere with the arrangement of thadymer

The weathering test was done by using Q-Sun Xenorchains and the hydrogen bonding (Sakaal., 2013). It

arc weathering chamber at Polymers Technology Groupis most likely affect the crystallinity of starchyb
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decrease the polymer interaction and its glassitian of SPS/G30 can be attributed to the hydrophilic
temperature (Laohakunjit and Noomhorm, 2004). Thus,behaviours of starch which allow more chance to
the increasing of glycerol make the plasticized SPSmicroorganism attack. This is likely to allow
become more flexible. microorganisms, such as bacteria and fungi, actess
the bottom side of the SPS/G30 using water as a
medium; the result implies that the samples witfher
Figure 1 shows the tensile strength of SPS/G30 afterstarch contents would exhibit the potential fortéet
weathering test at different time. It was foundtttiee biodegradability (Kiatkamjornwongt al., 1999). The
tensile strength of SPS/G30 was decrease signifjcan microorganisms will produce enzymes when contact
from 2.42+0.07 to 0.53+0.054 MPa (i.e., 78.09%pmft with the biodegradable polymer. The enzymes then
72 h. This can be attributed to the degradatiostafch break down the polymers into a smaller chains and
by UV radiation (Bertoliniet al., 2001). Weathering test lower average molecular weights (Bonhometeal.,
is a process of degradation properties of polynuer 2003). It can be seen that SPS/G30 degrades very
UV radiation, moisture, oxygen, etc. Wanal. (2009)  quickly in soil as observed by naked eye. Shulehed.
claimed that UV radiation will causes oxidative (2011) claimed that mechanical damage in soil is
degradation of the polymer in the presence of omydfe = caused by the activities of microorganism.
can change the chemical cross linking or chainsgmis
of the polymeric material.

3.2. Effect of Weathering Test on Tensile Strength

3.4. Surface Morphology

. . Figure 3 shows the morphological surfaces of
3.3 Biodegradable Properties SPS/G30 after tensile test. It can be seen thae lar
The weight loss of SPS/G30 after biodegradationcracks appear on the surface of the SPS/G30 due to
test was also shown iffig. 2. The SPS/G30 lost Wweathering test. This cracks apparently resultedtsn
63.58% weight after buried for 72 h. The weightslos collapse, thus lowering the tensile strength of/&R8.

Table 1. Mechanical properties of polymerized SPS

Mechanical properties SPS/G15 SPS/G20 SPS/G30 4BPS/G References
Flexural strength (MPa) 0.06 (£0.011) 0.11 (0.01) 0.13 (+0.013) 0.04 (£0.018) Current study
Flexural modulus (MPa) 24.71 (¥2.3) 76.12 (£3.4) .537(+5.6) 18.06 (+3.3) Current study
Impact strength (kJ/fh 2.6 (£0.212) 3.42 (£0.271) 6.13 (+0.325) 4.12.88B) Current study
Tensile strength (MPa) 0.51 (#0.03) 1.25 (x0.12) 422+0.07) 0.5 (£0.11) (Sahat al., 2013)
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Fig. 1. Tensile strength of SPS/G30 after weathering test
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Fig. 2. Weight loss of SPS/G30 after soil burial
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Fig. 3. SEM images of SPS/G30 after tensile test (a) utiveead (b) 72 h weathering

4. CONCLUSION strength at the end of 72 h. Meanwhile, SPS/G30
biopolymer degrades with the weight loss of 63.58%

A new on sugar palm starch based biopolymer wasafter 72 h of biodegradation test.

developed successfully. The effect of glycerol

concentration on the flexural and impact propertiés 5. ACKNOLEDGEMENT
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