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 Abstract: A melt blending of poly(lactic acid) (PLA)/acrylonitrile-butadiene-styrene 
(ABS) with 30:70 PLA:ABS was prepared by a twin screw extruder with a die of 25 mm 
width and 0.5 mm thickness with various loadings of graphene (0–1.0 wt.%). The 
PLA/ABS blends were evaluated for mechanical, morphology, thermal properties and 
interaction of the components in the blend system. Results show the incorporation of 
graphene nanoplatelet (GNP) improved the tensile and modulus properties. Nevertheless, 
it was observed that at higher GNP loadings, i.e., 0.6–1.0 wt.%, both tensile and modulus 
properties showed a decreasing trend. It was also found that the thermal stability for the 
blend slightly improved when graphene presence in the blend. 

Keywords: ABS; PLA; melt blending; nanocomposites 

 
■ INTRODUCTION 

Poly(lactic acid) (PLA) is a biodegradable linear 
aliphatic thermoplastic polyester derived from 
agricultural products which are renewable resources such 
as sugarcane, potato, and corn. PLA has huge potential to 
substitute conventional petroleum-based polymer due to 
its inherent strength, biocompatibility and low toxicity 
[1-2]. Unfortunately, the application of PLA in 
engineering plastic is limited because of low crystallinity, 
low thermal deformation, and brittleness [3]. Hence, 
blending PLA with other polymer is the most practical 
and economical method to improve the elongation and 
toughness properties of the PLA [3-4]. 

Acrylonitrile-butadiene-styrene (ABS) used to 
toughen PLA due to its excellent properties such as high 
toughness, rigidity, good thermal stability and resistance 
to chemical and environmental attack. It is also cost-
effective, durable and low coefficient of thermal 
expansion, hence it is easy to mold product with good 
dimensional stability. These advantages have enabled the 

ABS to be used in 3D printing material [5-6]. It is known 
that ABS has been used to toughen the brittleness of PLA, 
but the modulus and strength properties reduced 
significantly [7]. In order to overcome these drawbacks, 
many types of research used nanofillers that act as a 
reinforcing agent in the binary or ternary blends of 
polymers [4,8-9]. For example, Desa et al. reported that 
they had produced a multiwalled carbon nanotubes 
nanocomposite with improved tensile strength and 
stiffness as compared to neat PLA [10]. In another study, 
Weng et al. introduced montmorillonite into ABS matrix 
and improved mechanical properties and thermal 
properties of Fused Deposition Modeling (FDM) 3D 
printed samples [11]. A recent study, Seddik et al. found 
that immiscibility of PLA and polycaprolactone (PCL) 
could be overcome by the use of organomontmorillonite 
(OMMT) nanoclay and graphene in the blend [12]. 

Graphene is widely used as a filler in polymer blend 
for applications ranging from electronics, medical and 
automotive sectors. It has a high Young’s modulus, tensile 
strength, aspect ratio, and thermal conductivity. Polymer 
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nanocomposites based on graphene is still extensively 
investigated by both academia and industry due to high 
levels of stiffness and strength [13-18]. The objectives of 
this study were to prepare a binary blend of PLA/ABS 
with the incorporation of graphene nanoplatelet from 
0.2–1.0 wt.% and then characterized it for mechanical, 
thermal, chemical and morphological properties. 

■ EXPERIMENTAL SECTION 

Materials 

Poly(lactic acid) NatureWorks IngeoTM Biopolymer 
3251 thermoplastic resin was used in this study. It has a 
density of 1.24 g/cm3 and a melting temperature between 
155–170 °C. Acrylonitrile-butadiene-styrene (ABS) was 
purchased from Toray Plastics (Malaysia) Sdn Bhd. 
Graphene Nanoplatelets (GNP) grade M with a thickness 
of 6–8 nm and a surface area of 120–150 m2/g was 
purchased from XG Sciences, Inc. The composition of 
PLA/ABS was fixed at 30:70 by wt.%. 

Procedure 

PLA, ABS pellets were dried in an oven at 45 °C 
respectively for 12 h prior to compound mixing. Melt 
blending of PLA/ABS was carried out via a Haake twin-
screw extruder. The temperature profiles used during 
compounding was between 180–210 °C. The screw 
rotation speed of the extruder was kept constant 50 rpm. 
PLA/ABS/GNP extrudates were allowed to cool at 
ambient temperature. Samples for testing were molded to 
form a thin film (40 mm wide × 40 mm long x 3 mm 
thickness). Stress-strain properties characterization was 
carried out at room temperature according to ASTM 
D638 using a Universal Testing Machine with a 
crosshead speed of 50 mm min–1. Microscopy 

observation was performed on the tensile fractured 
specimen. The chemical changes after blending were 
recorded using a Spectrum 400 FT-IR and spectrometer 
with 4 cm–1 resolution and 10 scans at the 4000–600 cm–1 
region. The glass transition temperature and melting 
temperatures were determined by using a differential 
scanning calorimetry (DSC) at a scan rate of 20 °C /min. 
The thermal decomposition of the nanocomposites was 
evaluated in a thermogravimetric analyzer from 25 °C to 
600 °C at a scanning rate of 20 °C min–1 under nitrogen. 

■ RESULTS AND DISCUSSION 

Stress-strain properties of PLA/ABS nanocomposites 
are shown in Table 1. The incorporation of graphene 
nanoplatelet changed the stress-strain properties as 
compared to pristine PLA/ABS binary blend. It was 
found that tensile strength for PLA/ABS with 0.2 wt.% of 
graphene nanoplatelet increased from 7.58 to 9.78 MPa. 
A similar trend was observed when the GNP content was 
increased further to 0.6 wt.%. However, further addition 
of GNP after 0.6 wt.% decreased the tensile strength in 
the PLA/ABS/GNP nanocomposites. As for Young’s 
modulus, only a small increase was noted when the GNP 
was increased from 0.2 to 1.0 wt.%. This phenomenon 
can be explained that the addition of GNP could 
significantly increase the mechanical properties due to 
the large aspect ratio of the graphene sheets in the ABS 
matrix. According to the work of Jiajie Liang et al. the 
mechanical performance of graphene/PVA 
nanocomposites was significantly increased when 
compared with the pristine PVA matrix [19]. Similar 
observation on the enhancement of tensile strength and 
modulus due to a small amount of graphene was also 
reported by Kuilla [20]. 

Table 1. Summary for tensile strength, Young’s modulus and elongation at break for PLA/ABS graphene nanocomposites 
Graphene content 

(%) 
Tensile strength 

(MPa) 
Young’s modulus 

(GPa) 
Elongation at break 

(%) 
0 7.58 1.20 1.27 
0.2 9.78 1.29 1.28 
0.4 10.99 1.37 1.66 
0.6 10.24 1.30 1.41 
0.8 9.67 1.29 1.27 
1.0 9.39 1.29 1.24 
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The SEM images in Fig. 1 shows the magnified of 
the fractured surface of PLA/ABS blend and PLA/ABS 
blend with graphene nanocomposite from a tensile test. 
The morphology observation has shown that the 
addition of graphene into ABS/PLA blend improved 
their mechanical properties. It is worth noting that there 
are two phases visible in Fig. 1(a) which indicates the 
PLA/ABS blend is immiscible and have low interfacial 
adhesion between PLA/ABS immiscible phases [21]. On 
the other hand, Fig. 1(b) and (c) showed less droplet and 
voids in the continuous matrix when graphene loading 
increased from 0.2 to 0.4 wt.%. Graphene content in 
PLA/ABS blend contributed to the homogeneousness of 
the matrix, as the graphene content increase, PLA/ABS 
blend become more homogenous, thus increase the 
tensile modulus. However, the homogeneity reaches its 
maximum at 0.4 wt.% as the trend of tensile strength and 
tensile modulus drops. The increment in tensile strength 
and modulus could be attributed by the much higher 

modulus of GNP in the matrix that carries more loads of 
the overall nanocomposite. This can be explained by the 
transmission electron microscopy (TEM) images as 
depicted in Fig. 2 where a comparison of PLA/ABS and 
PLA/ABS/GNP at 0.4 wt.% was made. It is apparent that 
the presence of graphene nanosheets between the 
presence of graphene nanosheets in the PLA/ABS 
nanocomposites that are thought to be responsible for 
the enhancement of tensile and modulus. Nevertheless, 
the GNP in the PLA/ABS tends to agglomerate at higher 
loadings, i.e. above 0.4 wt.% A similar trend was also 
reported in the previous work, i.e. when graphene 
loading in PVA matrix reaches its threshold limit, the 
mechanical properties and the morphology show a 
significant declination, generally because of the 
aggregation of graphene [22]. 

The glass transition temperature (Tg), 
crystallization temperature (Tc) and melting temperature 
(Tm) were determined from DSC analysis. Fig. 3 shows the 

 
Fig 1. SEM Images of (a) PLA/ABS blend and PLA/ABS with graphene nanocomposite of (b) 0.4 GNP and (c) 0.8 GNP 

 
Fig 2. TEM images of (a) PLA/ABS blend and (b) PLA/ABS with graphene nanocomposite of 0.4 GNP 
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Fig 3. DSC curves of PLA/ABS and PLA/ABS 
nanocomposite 

DSC thermograms for PLA/ABS and nanocomposite 
with the glass and melting transition regions. From the 
DSC plot, the glass transition temperatures of PLA/ABS 
were found to be at 70 °C but gradually shifted to 110 °C 
when the graphene content increased to 1 wt.%. This can 
be explained due to the fact that the presence of graphene 
in the PLA/ABS blend hindered the molecular movement 
that resulted in an increase in Tg. A similar observation 
was reported by Liang and co-workers when they found 
that the Tg of PVA/graphene nanocomposite at 0.7 wt.% 
of graphene oxide loading was higher at 3.3 °C than the 
pure PVA matrix [19]. 

Fig. 4 shows the degradation temperatures for 
PLA/ABS and nanocomposites. It was observed that the 

incorporation of graphene in PLA/ABS matrix slightly 
improved the thermal stability of the blend as evidenced 
from the TGA plots. Initial decomposition temperature 
(defined by the temperature at 5% mass loss) for the 
blend with GNP changed slightly to higher temperature 
range than blend without GNP as shown in Fig. 4(a). This 
can be explained due to the fact that the presence of GNP 
as a superior insulator [11] and thermal barrier [12] for 
PLA/ABS matrix during decomposition, hence improved 
the PLA/ABS blend thermal properties. In the derivative 
thermogravimetric (DTG) curve, maximum degradation 
temperature for all blends can be seen in Fig. 4(b); where 
there are two peaks in the DTG curves which indicate the 
PLA and ABS degraded individually due to the 
immiscible blend of the two polymers. 

Fig. 5 shows FTIR spectra of pure ABS, pure PLA, 
PLA/ABS blend and PLA/ABS blend with graphene 
nanocomposite. A strong and sharp peak in the dashed 
box (a) at wavenumbers 870–660 cm–1 can be observed at 
neat ABS spectrum represent C–H bond for alkyl and 
aromatic group. There is also a peak at that range 
wavenumbers on PLA/ABS with and without graphene 
content, indicates that the ABS component did not have 
any significant role in this blend [23]. As can be seen in 
Fig. 5, dashed box (c) shows a peak at 1760–1700 cm–1 
which indicate the existence of aldehyde/ketone bond 
(C=O) and dashed box (b) at 1300–1050 cm–1 that 
resemble C–O bond on PLA and PLA/ABS. Based on 
these observations, the PLA/ABS and PLA/ABS/GNP at 

 
Fig 4. (a) TGA curves and (B) DTG curves of PLA/ABS and PLA/ABS nanocomposite 
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Fig 5. Comparison of FTIR spectra of pure ABS, pure 
PLA, PLA/ABS and PLA/ABS with nanocomposite 

various compositions did not show any significant 
chemical interaction. 

■ CONCLUSION 

PLA/ABS graphene nanocomposite was prepared by 
melt blending and characterized for mechanical, chemical, 
thermal and morphological properties. The PLA/ABS 
graphene nanocomposites at 0.4 wt.% GNP loading has 
shown the highest tensile strength property. The initial 
degradation temperature and glass transition temperatures 
shifted to a higher temperature in the presence of 
graphene as compared to pristine PLA/ABS blend. 
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