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of graphene, and the intensified peaks of nanocomposites 
compared to neat PLLA confirmed the DSC results regard-
ing its improved crystallinity. Graphene increased storage 
modulus in rubbery region and glass transition tempera-
ture of nanocomposites in the coagulation method due to 
restricted mobility of PLLA chains.
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Introduction

Graphene, the main structure of graphite is an atomically 
thick sheet composed of sp2 carbon atoms arranged in a flat 
honey-comb structure. It possesses remarkable mechani-
cal strength and extremely high surface area, so it imparts 
surprising electrical, thermal, mechanical and barrier prop-
erties to polymer nanocomposites and [1, 2] make it pos-
sible for multi-functional materials like multi-responsive 
shape memory polymers [3]. Due to extraordinary proper-
ties of graphene, its incorporation to polymer materials has 
drawn much research attention and opened a new window 
for production of engineered and multifunctional com-
posites. In the meantime, biopolymers such as poly(lactic 
acid) (PLA) has attracted more researchers’ interests and 
industrial teams owing to biocompatibility, biodegradabil-
ity and bioresorbability of this polymer [4, 5] compared to 
other polymers. PLA is a biopolymer with a wide applica-
tion as biomaterials including short-term packaging, tissue 
scaffoldings, internal sutures, medical devices etc., but due 
to some of its structural and property drawbacks including 
slow crystallinity rate, low thermal resistance, low mechan-
ical properties, it has limited potential applications. Incor-
poration of nano-sized fillers like graphene into PLA can 

Abstract Poly(l-lactic acid) (PLLA)/graphene nano-
platelets (GnP) nanocomposites were prepared through 
solvent casting and coagulation methods. The better disper-
sion of graphene was achieved by ultrasounds and its effect 
on crystallinity, thermomechanical and electrical properties 
of PLLA were studied and compared in both methods. Dif-
ferential scanning calorimetry (DSC) was used to inves-
tigate the crystallinity of PLLA and its composites. Field 
emission gun scanning electron microscope (FEG-SEM) 
and wide-angle X-ray scattering (WAXS) were employed 
to characterize the microstructure of PLLA crystallites. 
Dynamic mechanical thermal analysis (DMTA) was per-
formed to study the thermomechanical properties of the 
nanocomposites. FEG-SEM images illustrated finer disper-
sion of GnP in samples obtained by coagulation method 
with respect to solvent casting method. Graphene imparted 
higher electrical conductivity to nanocomposites obtained 
by solvent casting under ultrasound due to better formation 
of graphene network. DSC thermograms and their result-
ing data showed positive effects of GnP on crystallization 
kinetics of PLLA in both methods enhanced by the nucleat-
ing effect of graphene particles. Meanwhile, the effect of 
GnP, as nucleating agent, was more prominent in samples 
produced by coagulation method without utilization of 
ultrasounds. WAXS patterns represented the same charac-
teristic peaks of PLLA in nanocomposite specimens sug-
gesting similar crystalline structure of PLLA in presence 
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