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Abstract— The Polymer composites with enhanced properties have widely gained the interest of researchers. Polymers play a crucial role 

in many of the industries and the limitations of the synthetic polymers like waste disposal management, makes researchers to rely on 

biopolymers from renewable resources. Polylactic acid and alginic acid are two biopolymers that are being widely used. In this paper we 

are reporting the preparation of exfoliated molybdenum disulphide reinforced polylactic acid/alginic acid composite films, synthesized via 

solvent casting method. The optimized addition of filler particles are seen to have effects in the polymer matrix. The water permeability 

along with photoluminescence makes these composite an excellent candidate for packaging applications. 

Index Terms— Alginic Acid, Biomaterials, Fillers, Molybdenum Disulphide, Packaging, Polymer composites, Polylactic acid   

——————————      —————————— 

1 INTRODUCTION                                                                     

The growing concern on environmental issues had resulted in 
substitution of petroleum based conventional materials by 
biomaterials/polymers. These materials are usually composed 
of various organic/inorganic materials that can be extracted 
from renewable natural resources. Hybrid materials with two 
or more components are being studied extensively due to their 
unique properties that can be made used in various 
applications. These materials can be tuned with the addition 
or modification of other materials to meet the property 
requirements. Polylactic acid and alginates are categorized as 
eco friendly polymers. Both PLA and AA have properties like 
biodegradability, biocompatibility[1], non toxicity[2], and 
renewability[3]. PLA is synthesized from renewable resources 
such as corn and sugar beets [4], whereas AA is extracted from 
brown seaweeds[5]. Lactic acid (2-hydroxy proponoic acid) is 
the building block of PLA. Depending on the proportion of 
optically active D- and L- enantiomers of lactic acid(2-hydroxy 
proponoic acid), PLA with different properties can be 
obtained[6]. AA is linear copolymer comprised of β-(1-4)- 
linked D-mannuronic acid and α-(1-4)-linked L-glucuronic 
acid units[7]. Various materials like hydroxyapatite[8][9], 
chitosan[10][11], starch[12][13], cellulose[14][15] have been 
incorporated with PLA and AA. 2D layered materials like 
MoS2 acts as an excellent host to polymer matrix due to its 
intercalation property when isolated into monolayer [16].  
Through this paper we are reporting preparation of novel 
composites formed of PLA/AA/MoS2. The composite films 
were synthesized via solution casting method with chloroform 
as the solvent. 

2 EXPERIMENTAL 
2.1 Materials Used 
Alginic acid from brown algae [(A7003); Sigma 
Aldrich(formula weight= 176.10 g/mol). Chloroform (CHCl3) 
[Merck Specialities, India]., Molybdenum Disulphide [HPLC, 
LR; MW: 160.06], 6-Aminohexanoic acid [Sigma Aldrich, Fluka 
Analytical, NT; MW:131.17], Lithium Hydroxide 
(Monohydrate) [Molychem, GR; MW:41.96], N-Methyl-2-
Pyrrolidone [RFCL, MW:99.13], Polylacticacid [resin grade 
(Ingeo-4043D) Supplied by Nature work LLC]. 
. 

2.2 Preparation of Composites 

Exfoliation of MoS2 was carried out as per 
reference[17],[18]. The PLA/AA was taken in 1:1 ratio, and 
different concentrations of MoS2 were loaded. Required 
amount of alginic acid and MoS2 was dispersed in chloroform 
using a magnetic stirrer. This solution was then mixed with 
solvated PLA in a magnetic stirrer followed by ultrasonication 
about 2 min, taking the degradation of polymers into 
consideration. The solution was casted in a level surface and 
was left to evaporate.   

3 RESULTS AND DISCUSSION 

The prepared films were peeled off from the surface and were 
characterized to study the properties. The optical microscopic 
images of the prepared composites are shown in fig.1. All the 
composites showed better dispersion rate and few 
agglomeration was seen in higher loading of MoS2. The film 
thickness measured with the micrometer on average of five 
different parts of the sample was calculated as (~0.079mm) 
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 3.1 X-ray Diffraction Analysis 

 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
Figure 2. The Xrd spectrum of (a) V.AA; (b) neat PLA; (c) 

LiMoS2; (d) PLA/AA1wt%MoS2; (e) PLA/AA/3wt%MoS2; 
(f)PLA/AA/4wt%MoS2 

 

The Xray diffraction spectrum of the samples are given in 
fig.2. The characteristic peaks of VAA, PLA and LiMoS2 occurs 
at 2θ= 20.04 A0, 17.11 A0, and 15.14 A0 respectively.  It is seen 
from the spectra that the characteristic peaks of V.AA, PLA 
and LiMoS2 are seen in PLA/AA with 3wt% MoS2 loading 
(fig.2e) which indicates better binding of all the three 
components together. The absence of peak at 2θ= 15.14 A0, for 
PLA/AA1MoS2 and PLA/AA3MoS2, which is well defined 
for PLA/AA/3Mos2, indicates that the optimized 
concentration of MoS2 was well dispersed in the polymer 
matrix. The crystallite size was calculated from Scherrer 
formula 

D = kλ/βcosθ 
Where,  
k is a constant to be taken 0.9 and λ, β and θ are the X-ray 

wavelength (= 1.54056Å), full width at half maximum and 
Bragg angle respectively. 

The neat PLA used in this work has d-spacing 5.17A0 at 
2θ=17.110. The Xrd pattern of PLA/AA/1mos2, 
PLA/AA/2Mos2, PLA/AA/3mos2 has the d-spacing of 5.15 
A0, 5.47 A0, 5.16 A0 respectively. The increase in crystallite size 
for PLA/AA/3MoS2 indicates well orientation of filler 
particles in PLA/AA matrices. 
 

 

3.1 Photoluminescence 

The photoluminescence spectrums of the samples are given 
in fig.3. The neat PLA shows no predominant peaks in the 
spectrum. A strong photoluminescence was found in the 
PLA/AA/3MoS2 with an emission maximum at 363nm with a 
reduced   band gap of 3.42eV compared with that of 
PLA/AA/4MoS2. The B1 direct excitonic transitions at K point 
of the Brillouin zone are seen in the emission peaks at ~520nm 
and is attributed  to the emergence of photoluminescence 
when the layers of MoS2 are isolated into few or two 
layers[19]. In the bulk form, bands are formed by a bunch of 

adjacent energy levels of large number of atoms and 
molecules, but when isolated into single or few layers, the 
overlapping energy levels decreases in number, forming 
bands of lower widths, which in turn results in a high energy 
gap between valence band and conduction band. Strong 
photoluminescence occurs due to an indirect to direct band 
gap transition in the d-electron system of MoS2[20]. Since the 
neat PLA dosent show any traces of luminescence, the 
emergence of photoluminescence in PLA /AA/MoS2 
composites can clearly be attributed to the action of exfoliated 
MoS2 in the composites. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Photoluminescence spectrum of PLA and 

PLA/AA/MoS2 composites 
 

3.2 Barrier property studies 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4. Water vapour transmission rates of PLA/AA with 

filler loading 
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Figure 1. optical images of  PLA/AA with (a) 1wt%MoS2; (b) 2wt%MoS2; (c) 3wt%MoS2 

 

 
 
The water vapour transmission rates of the samples in water 
vapour transmission rates of the samples are shown in the 
fig4. The water vapour permeability of the samples were 
studied using water vapour transmission rate tester (ASTM 
F1249). The readings were taken as an average of three 
samples of each constitution. The films with optimized filler 
loading (3wt%MoS2) proved to be better moisture barrier. This 
can be attributed to tight binding of components forming a 
layer by layer structure in the composite, which obstructs the 
path of other moisture or vapour contents. 

4 CONCLUSION 

Exfoliated MoS2 has been successfully incorporated into the 
PLA/AA matrices in an optimized concentration. The 
composite films were casted via solution casting technique. 
The filler particles are found to have effect on the composite 
structure. After an optimized addition of fillers, agglomeration 
and inhomogenity was seen in the composite films, which can 
be attributed to the weak bindings with higher filler 
concentrations. The increase in crystallite size for 
PLA/AA/3MoS2 indicates well orientation of filler particles in 
PLA/AA matrices. An emergence of photoluminescence was 
seen for PLA/AA/MoS2 composites. MoS2 when isolated into 
few or single layers have photoluminescence properties, and 
the addition of exfoliated MoS2 into the PLA/AA matrix made 
the composites to have photoluminescence. This property of 
the composite along with the enhanced water permeability can 
be made use in packaging industries. 
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