
 

 

  
Abstract—Thermoplastic starch, polylactic acid glycerol and 

maleic anhydride (MA) were compounded with natural 
montmorillonite (MMT) through a twin screw extruder to investigate 
the effects of different loading of MMT on structure, thermal and 
absorption behavior of the nanocomposites. X-ray diffraction analysis 
(XRD) showed that sample with MMT loading 4phr exhibited 
exfoliated structure while sample that contained MMT 8 phr 
exhibited intercalated structure. FESEM images showed big lump 
when MMT loading was at 8 phr. The thermal properties were 
characterized by using differential scanning calorimeter (DSC). The 
results showed that MMT increased melting temperature and 
crystallization temperature of matrix but reduction in glass transition 
temperature was observed Meanwhile the addition of MMT has 
improved the water barrier property. The nanosize MMT particle is 
also able to block a tortuous pathway for water to enter the starch 
chain, thus reducing the water uptake and improved the physical 
barrier of nanocomposite. 

 
Keywords—Montmorillonite, Nanocomposite, Polylactic acid, 

Starch. 

I. INTRODUCTION 

N recent years, plastics made from natural resources and 
biodegradable materials such as starch, poly lactic acid 

(PLA) and poly-3-hydroxybutyrate (PHB) have received great 
attention [1]-[2]-[3]. But some biodegradable polymer 
materials, exhibit problems in processing and mechanical 
properties that could be reduced by blending two or more 
polymers [4]. PLA is aliphatic linear thermoplastic polyester 
which its biocompability, biodegradability and mechanical 
properties make it attractive for disposable and biodegradable 
plastic substituent with various applications in tissue 
engineering, drug delivery, food packaging and bottle 
containers [5]-[6]. However some drawbacks of PLA such as 
high cost, slow rate of degradation, high permeability to 
oxygen, water vapor and carbon dioxide, poor thermal 
stability and inherent brittleness can limit its applications in 
many areas like packaging and agriculture films [7]-[8]. PLA 
is degraded by simple hydrolysis of the ester bond and does 
not require the presence of transienzymes to catalyze this 
hydrolysis. The rate of degrada tion is dependent on the size 
and shape of the article, theisomer ratio, and the temperature 
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of hydrolysis [9]. The preparation of PLA/starch composites 
resulting in reducing the overall cost dramatically, improving 
the thermal properties and enhancing the biodegradability of 
blends [2]-[10]-[11]. A major problem of this blend is 
incompatibility of the hydrophilic starch with the hydrophobic 
PLA that makes a weak adhesion between these two 
components. This resulted in poor mechanical properties of 
final blends [19]. To overcome this problem and to improve 
the interfacial adhesion of blend, reactive compatibilization 
with Maleic Anhydride was studied. [11]. Glycerol, 
formamide and water are used separately or combined as 
plasticizer [12]. During glatinization the crystalline structure 
of native starch is destroyed in presence of plasticizer, final 
product is called  thermoplastic starch(TPS) which has low 
oxygen permeability, so it can be used as a good barrier for 
oxygen in biodegradable packaging applications. TPS is a 
hydrophilic material and must be blended with other polymers 
to produce materials that suitable for many applications [13]. 

 Meanwhile, poor mechanical and barrier properties of 
biopolymer-based food packaging are improved by using of 
layered silicates or nanoclays for producing nanocomposites. 
Saponite, hectorite and montmorillonite (MMT) are different 
clays that are used in polymer layered silicate (PLS). These 
clays are naturally abundant, economical and environmentally 
friendly [14]. Polymer-Clay Nanocomposite, PCN is a class of 
clay filled polymer that has high application in food packaging 
industries. Several properties of PCN can be improved in 
comparison with neat polymer counterparts. Some of these 
improvements include: increase in heat resistance and flame 
retardancy, reduction in weight, superior mechanical strength, 
improved barrier properties against moisture and volatiles, 
ultraviolet, oxygen and carbon dioxide [15]. However, type of 
polymer and nanoclay and the extent of dispersion of nano 
particle in the polymer matrix would give major impact to the 
properties. 

 
II.  EXPERIMENTAL 

A. Materials 
Injection grade of PLA was obtained from Innovative 

Pultrusion Sdn. Bhd. Tapioca starch was supplied by Thye 
Huat Chan Sdn Bhd. Maleic anhydride was purchased by 
MERCK with 95% purity while glycerol with 99.5 % purity 
was used obtained from Texchem Sdn Bhd. Pristine MMT 
Cloisite Na+ (Nanomer 1.42E) was provided by Nanocor Inc., 
USA. 
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B. Morphology of Samples 
The morphologies of the samples were analyzed by FESEM 

and the images are presented in Fig. 3-5. From Fig. 3, it can be 
seen that the starch granule was uniformly distributed within 
the PLA matrix with the aid of maleic anhydride (MA) as a 
compatibilizer. Chow et al [15] found that MMT was 
dispersed uniformly throughout polystyrene (PS) matrix due to 
its finer particle size and the MMT was intercalated within PS 
matrix. In our case, a finer and a smoother surface of sample B 
(4 phr of MMT) was due to the exfoliated structure of MMT 
with PLA/starch matrix, which was confirmed with the 
findings from XRD analysis. In sample B with 4 phr loading 
of MMT the starch granules slightly protrude from the matrix 
without affected the continuity of PLA matrix (Fig. 4). The 
roughest surface with 8 phr MMT was exhibited by sample E 
(Fig. 5). The size of starch granule became irregular and 
bigger than the other samples. The MMT particles 
agglomerated thus affecting the continuity of PLA/starch 
matrix.  The same findings were reported by Majdzadeh-
Ardakani et al [16]. They found that at lower MMT loading, 
the silicate layers of MMT were expanded and evenly 
dispersed in the thermoplastic starch in nanometer sizes, so 
that they can impart the reinforcing effect into the matrix. 
However, by increasing the clay content has led to 
agglomeration of MMT in starch matrix. 

 

 
Fig. 3 FESEM image for the sample without MMT content 

 

C.  Differential Scanning Calorimetry                                                                       
The glass transition temperature (Tg), crystallization 

temperature (Tc), melting temperature (Tm) become the main 
interest. The formation of exothermic crystallization peak of 
PLA can be seen at the off-set point of 1020C.  This was in 
agreement with other investigations that have been done 
byFukushima et al [22], Balakrishnan et al [21] who all 
reported appearance of crystallization peak of PLA, upon 
heating in their studies. The DSC testing was running with a 
heat-cool cycle mode. However, the cooling stage was not 

 

Fig.  4 FESEM image for the sample B with 4phr MMT content 
 

 
Fig. 5 shows the plots of thermograms of all samples 

 
included in Fig. 6 due to difficulty to see Tc peaks of PLA.  
This was due to the distinctive characteristic of PLA which 
has a very slow crystallization rate during cooling [23]. 
Therefore, only the heating stage of DSC thermogram was 
considered. Value of Tg depends primarily on chain 
flexibility, molecular weight, branching/crosslinking, 
intermolecular attraction and steric effects. The Tg of PLA 
(59ºC) was reduce to 550C with the incorporation of 
thermoplastic starch (sample A). This emphasized that the 
chain mobility of PLA has been increased; owing to the 
plasticizing effect brought gelatinized starch with glycerol 
[20].    

The reduction of Tg affected other two temperatures i.e. Tm  
and Tc.  The addition of starch into sample A has decreased 
the Tm value from 1520C to 1460C, while Tc was reduced 
from 1020C to 860C.  
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IV. CONCLUSION 
Na-MMT clay was successfully incorporated into PLA/TPS 

blends via a twin screw extruder to produce PLA/starch/MMT 
nanocomposites. It was found that MMT loading affected the 
MMT structure in matrix and morphological properties. From 
the XRD analysis, the diffraction peak of pristine MMT at 70 
was disappeared when 4 phr MMT was added into the 
PLA/starch blend. This was corresponded to an exfoliated 
structure of MMT in the matrix.  However, at 8phr 
MMTloading, the diffraction peak was shifted to lower values 
at 5.70 which corresponded to the intercalated MMT structure. 
These structural effects were manifested in FESEM images.  
Sample B with 4 phr MMT content showed smooth surface 
and the MMT particles were uniformly distributed throughout 
the matrix. Further addition of MMT has caused the 
agglomeration of MMT particles, thus resulting coarse and 
rough surface. DSC results revealed that, the melting 
temperature of PLA/starch (Tm) was not significantly affected 
by the addition of MMT. Reduction in Tg was observed with 
increasing the content of MMT in nanocomposites that is 
because of increasing the flexibility of polymer chains. 
Meanwhile, physical barriers of samples were improved with 
addition of MMT. From the water absorption test, the 
percentage of water uptake was reduced about 95% relative to 
sample A (without MMT) when 8phr MMT was added into 
the sample. This was due to a tortuous pathway for water to 
enter the starch chain was blocked by MMT particles, thus 
reducing the amount of water absorbed by the sample. Higher 
MMT content improved the physical barrier property of 
sample.  
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