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ABSTRACT
This paper reported the characterizations of thermoplastic starch (TPS) and
starch/nanoclaycomposite prepared from sago (Metroxylonrottb.) and Montmorillonite
(MMT) nanoclay. Preparation of nanocomposite using inorganic filler such as MMT is
among the means to enhance some properties of starch biopolymer. The thermoplastic
starch-Montmorillonite (TPS-MMT) nanocomposite was produced by plasticizing with
glycerol through melt blending before being compression moulded. The investigated
TPS and nanocomposite were prepared at starch/glycerol weight fraction of 70:30 with
3, 6, and 12 wt % of MMT content. The degree of crystallinity of the TPS-MMT was
analyzed by X-ray Diffraction (XRD) which showed that TPS crystalline structure was
affected by MMT integration while both XRD and Fourier Transform Infrared
Spectroscopy (FTIR) suggested the occurrence of matrix-reinforcement intercalation.
Scanning Electron Microscope (SEM) presented micrographs of continuous phase and
good adhesion of TPS-MMTnanocomposite at lower clay concentration.
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INTRODUCTION
Plants are potential sources for replacing synthetic polymers into biopolymers due to the fact that they are
renewable, ease of availability, inexpensive, edible, biocompatible, and biodegradable. Among natural
polymers, starch is a promising raw material that can be converted into biodegradable thermoplastic or
bioplasticunder thermomechanical conditions with the presence of a plasticizer [1,2]. Research on thermoplastic
from various starches has been extensively studied such as potato, corn, wheat and cassava starch [3].Another
starch alternative is sago starch, produced from the trunk of sago palms that are widely available in South East
Asia. Sago palm (Metroxylonsagu) is among the oldest tropical plants utilized by man for its stem starch [4]. In
Malaysia, sago palm is categorized under one of the potential less utilized food palms including maize and sugar
palm tree. Moreover, major sago palm population in Malaysia is situated in Sarawak where the total area of
growth of sago palm by 2009 was recorded to be 58 898 hectares and the export of sago products by Sarawak in
2009 was 43,102 tonne[5]. The polysaccharide chains within the starch which primarily consist of amylose and
amylopectin, a linear and branched chain of glucose molecules, respectively, facilitate the formation of sago
starch into TPS. The phenomenon occurred through the disruption and gelatinization of the starch polymer
chains at a specific critical temperature[6].
Starch-based polymer, however, exhibits low mechanical properties, high T g and water absorption, poor
moisture barrier as well as sensitive to humidity, temperature and pH changes[7-9]. As a result, modification of
TPS is required to overcome these restrictions. Recent researches have been paid attention towards nanoclay in
the nanocomposite field because of their small particle size, large surface area, high aspect ratio and
intercalation ability [9-12].
The produced nanocomposite with only slight addition of nanoclay (1-10%) provide satisfactory
improvement in mechanical, thermal, electrical, fire retardant and barrier properties [11,13,14], which is
influenced by the clay unique silicate multilayers. The optimum performance of polymer reinforced clay
composite, however, is attained when the clay is uniformly dispersed in the polymer matrix.
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Nanoclay such as MMT can be a reinforcing phase with TPS since MMT is a layered aluminium silicate
with sodium cations and allows intercalation of starch amylose and hydrophilic plasticizer within its gallery
spacing [15,16]. Thus, MMT is able to provide good polarity matching with polysaccharides such as starch to
form nanocomposite. In addition, MMT is one of the most commonly used layered silicates due to its
environmentally friendly characteristic, readily obtainable in great quantity at relatively low cost [17].
The present work sets out the characterizations of TPS from sago starch plasticized with glycerol as well as
plasticized starch reinforced MMTnanocomposite through x-ray diffraction, fourier infrared analysis and surface
morphology. Furthermore, the ability of sago starch matrix to intercalate within the MMT gallery spacing is
investigated.
MATERIALS AND METHODS
Materials:
Commercially availablesago starch powder was purchased from Hup Seng HengSdnBhd, Malaysia, with
sieving size passing through 50 µm. Glycerol (99.5% purity) was used as a non-volatile plasticizer and supplied
by Merck, Germany. The unmodified montmorillonite (MMT) nanoclaywas also supplied from Merck and used
as received.
Preparation of TPS and nanocomposite:
The TPS formulation was maintained at weight ratio of starch to glycerol of 70:30. The mixture was
mechanically stirred and further processed in a twin screw extruder (Thermo HAAKERheomix 600) at 130 °C,
100 rpm. Then, the extrudate was granulated before being compression moulded (Technopress 40 HCB) at
preheating temperature of 150 °C for 6 min and compression at 150 °C for 3 min. The compression moulded
sheet, with dimensions of 150 x 150 x 2 mm was cold pressed for 2 min. For nanocomposite fabrication, MMT
clay (3, 6 and 12 wt % based on weight of plasticized starch) was dispersed overnight in 10 ml of distilled water
producing a gel that was added to the glycerol-plasticized starch mixture before extrusion. All of the
compression moulded samples were then stored in sealed polyethylene bag under room temperature for a week
prior to testing.
X-ray diffraction (XRD):
XRD (Shimadzu Diffractometer, XRD 6000) was conducted using CuKα radiation at 30 mA and 40 kV. The
scans were performed at a scattering angle (2θ) range from 10º to 40º with step size of 0.02º and at a rate of 2
ºC/min.
Fourier transform infrared (FTIR):
Perkin-Elmer Spectrum 200 spectrometer was used with the mode of 20 scans and 8 cm-1 resolution for the
FTIR analysis. All spectra were scanned within the range 4000-380 cm-1.
Scanning electron microscopy (SEM):
SEM (Model Quanta 200 MK2) examined the surface morphology of the nanocomposite at 17 kV and
50/60 Hz. Surface of the samples was sputter-coated with gold-palladium prior to SEM observation.
RESULTS AND DISCUSSION
X-ray diffraction:
The XRD patterns of the pressed specimens and as-received MMT are presented in Figure 1. The
crystallinity and existence of intercalation or exfoliation of MMT can be investigated and hypothesized via
XRD. Based on the MMT curve, a sharp peak at 6.125° of 2  is corresponded to the 001 lattice spacing of
highly coherence MMT silicate layer [11,18]. In comparison, TPS sample without clay incorporation shows a
featureless peak in the range of 1-10° while the 001 peak of MMT is displaced to 5° of 2 in the TPS reinforced
clay composite. The shifting is caused by glycerol intercalation between the MMT layers, as suggested by
reports elsewhere [9,12,18]. During the intercalation stage, the polymer molecules entered the clay gallery
spacing and would cause a shift of the diffraction peak to a lower angle [19]. This phenomenon occurred during
the component blending in the extrusion process. Such incidence occurred due to the hydrophilic nature of
starch and glycerol which can facilitate the penetration of polymer within the hydrophilic MMT gallery spacing
[15]. In addition, the XRD patterns display broad humps for TPS and TPS-MMT at 2 = 20° with some low
intensity diffractions. The ill-defined diffraction peaks are observed in both TPS and TPS-MMT samples,
indicating a low percentage of degree of crystallinity. The incorporation of MMT, however, has an effect on the
crystalline structure of TPS, making the crystallization diffraction peaks of TPS-MMT are higher than TPS.
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Fig. 1: XRD diffractograms of MMT, TPS and TPS-MMT nanocomposite
Fourier transform infrared (FTIR):
The FT-IR spectra of the compression moulded samples are shown in Figure 2a and 2b. Typical absorption
range for O-H stretching vibration is 3700-3500 cm-1, however based on Figure 2a there is a shifting of O-H
stretching peak to lower wavelength for TPS and TPS-MMT. The low absorption bands for O-H stretching
vibration might be due to the intermolecular hydrogen bonds in the glycosidic ring weaken the O-H bond and
lowering the band absorption region to 3200 cm-1 [20]. For TPS, the stretching and bending vibration of the
hydrogen bonding –OH groups of starch occurs at 3280 cm-1 in Figure 2a and 1644 cm-1 in Figure 2b,
respectively. The reduction of peak frequency from 3280 to 3272 cm-1 when the MMT is incorporated into TPSMMTbiocomposite showed that the nanoclay formed stronger interaction with TPS, since peak frequency
reduced with stronger molecular interaction [21]. The characteristic peak occurred at about 1645 cm-1 for TPSMMTin Figure 2b, is believed to be a feature of tightly bound water present in the starch.

a

Fig. 2: FT-IR spectra of MMT, TPS and TPS-MMT at (a) higher wavenumber (cm-1) and
wavenumber (cm-1).

b

(b) lower

In the MMT FT-IR spectrum, the OHstretching peak, ascribed to the free hydroxyl groups, appeared at
3616 cm-1 and the OH stretching peak, ascribed to the hydroxyl groups that participated in the formation of
hydrogen bonds appeared at 3442 cm-1. When comparing between MMT and TPS-MMT spectra, however, there
was only one hydroxyl groups of OH stretching peak at 3272 cm-1 for the latter compared with the former,
which shifted to lower wavenumbers. Furthermore, an appearance of a new band for TPS-MMT sample is
observed next to 2917 cm-1, which is attributed to CH2 groups [22]. Presence of glycerol in the clay galleries is
confirmed with the formation of band at 1450 cm-1, as supported by report elsewhere [22]. Meanwhile, the
peaks at 858 cm-1 and 1004 cm-1 are attributed to the C-O bond stretching in sago starch which is almost similar
with the study reported by [21].
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Scanning electron microscopy (SEM):
Figure 3 compares the surface morphology of unreinforced TPS sample with reinforced composite at 6 wt
% MMT and 12 wt% MMT. The SEM micrograph of TPShas a smooth and homogeneous surface representing
miscibility between the starch and plasticizer due to similar polarity between the two components. The TPS
continuous phase is also attributed to adequate processing parameters such as shear, pressure and temperature to
fully gelatinize the starch [23]. The addition of 6 wt % MMT content as in Figure 3b formed a continuous phase
suggesting the clay particles were well dispersed in the polymer matrix. Unlike the smooth surface of the
biocomposite at lower MMT content, the increment amount of MMT at 12 wt % (Figure 3c) produced rough
surface with agglomeration of starch granules and clay platelets. The micrograph showed a weak interaction
between the clay and the starch polymer matrix that may break upon loading. It can be postulated that the
incorporation of low clay content into TPS is more compatible than at higher concentration.
a

b

c

Fig. 3: SEM micrograph of a) TPS, b) TPS-6 wt % MMT and c) TPS-12 wt % MMT nanocomposite.
Conclusions:
In this research, the effect of MMT incorporation in TPS was studied and XRD patterns showed the peak of
MMT was displaced to 5°=2 from 6.125° in the TPS reinforced clay nanocomposite. The shifting was caused
by glycerol intercalation between the MMT silicate layers. The FT-IR spectra suggested the occurrence of
intercalation with the presence of new band at 1450 cm-1. Meanwhile, the SEM micrographs revealed that lower
MMT content seems to be compatible in TPS to form well-dispersed phase of nanocomposite. Thus, the
findings proved the addition of MMT posed favourable interaction with TPS from sago starch plasticized
glycerol.
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