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Abstract: The aim of this study is to investigate the influence of carbon nanotubes 
(CNT) on the antistatic and thermal properties of poly(lactic acid)/polypropylene/carbon 
nanotubes (PLA/PP/CNT) nanocomposites. PLA/PP (blend ratio = 60:40) containing CNT 
(loading 1.0 to 2.5 phr) was melt-compounded followed by compression moulding. The 
antistatic properties of PLA/PP/CNT nanocomposites achieved at 2.5 phr CNT loading. 
Thermogravimetric analysis (TGA) results indicated that the thermal stability of PLA/PP/
CNT nanocomposite was higher than PLA/PP blend. Differential Scanning Calorimetry 
(DSC) results demonstrated that CNT reduced the cold crystallisation temperature of PLA, 
while increased the crystallisation temperature of PP, which evidenced the nucleating-
ability of CNT in the PLA/PP blends.

Keywords: antistatic, thermal properties, polymer blends, carbon nanotube,  
nanocomposites

1.	 INTRODUCTION

The use of a biopolymer could be a possible solution for the solid waste problem 
caused by the non-degradable polymeric materials, especially single-use plastics. 
Poly(lactic acid) (PLA) is a commercial available aliphatic polyester synthesised 
from renewable resources, e.g., sugarcane and corn starch.1–4 PLA exhibits good 
mechanical properties (high modulus and strength) and transparency. However, 
it shows low impact strength, low fracture toughness and slow crystallisation.5–7 
Some strategies are applied to improve the properties of PLA, for example, polymer 
blending, copolymerisation, plasticisation, cross-linking and nanotechnology.8 
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Polymer blending is an economically viable and versatile industrial 
approach of modifying selected properties of the existing polymers.9 A thermoplastic 
blend is a common method used to produce PLA with desirable properties. 
Polypropylene (PP) offers outstanding chemical and moisture resistance, low 
density, good processability and relatively low cost.10,11 PLA is blended with PP  
to enhance toughness12 and dyeability.13 

Polymer/conductive filler composite is potential material in antistatic 
packaging for electronic components. Electrostatic discharge (ESD) happens 
when there is a transfer of electric charges between bodies that have different 
electrostatic potentials. The effects of ESD on electronic components are often 
quite destructive. The product could experience complete failure and thus shorten 
the service life. Carbon nanotube (CNT) filled polymer composite is one of the 
feasible approaches to making antistatic packaging, for example, polyetherimide/
CNT,14 polystyrene/CNT15 and poly(trimethylene terephthalate)/CNT.16

Nanotechnology is a feasible method to modify the mechanical, thermal 
and electrical properties of PLA.17,18 Most of the research on PLA/CNT is focus 
on the enhancement in mechanical properties, crystallisation and electrical 
conductivity (mainly to make highly conductive PLA nanocomposites).19–21 

Unfilled PLA has no conductive characteristic and always their ESD issue is a 
concern. The PLA/carbon black composite is less resistive than unfilled PLA and 
this makes the composite suitable for use as an antistatic packaging material for 
electronic components.22

PLA/PP blend is a possible packaging material for electronic components. 
The electrical properties of the PLA/PP blend are tunable by adding a suitable 
amount of CNT. CNT is selected attributed to electrical properties and 
crystallisation-ability. The novelty of this study is to obtain antistatic PLA/PP/
CNT nanocomposites with good thermal properties. Thus, the surface resistivity 
and thermal properties of the PLA/PP/CNT nanocomposite were investigated 
thoroughly. 

2.	 MATERIALS AND METHODS

2.1	 Materials

PLA (Ingeo™ 3251D) and PP (TitanPro) in pellets form were supplied by 
NatureWorks LLC (USA) and Lotte Chemical Titan (M) Sdn. Bhd., respectively. 
Multiwall carbon nanotubes (MWCNT) were purchased from Sun Nanotech Co. 
Ltd. The diameter and length of the MWCNT were in the range of 10 nm to 30 nm 
and 1 µm to 10 µm, respectively. 
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2.2	 Preparation of PLA/PP/CNT Nanocomposites

The PLA and PP pellets were dehumidified in an oven at 60°C for 12 h. PLA/
PP blends (60/40 wt %) without and with CNT (loading: 1.0 phr to 2.5 phr) were  
melt-compounded using an internal mixer (Haake Polydrive R600, Germany) 
at 170°C for 12 min. The rotor speed was 60 rpm. The PLA/PP/CNT sheets 
(thickness = 1.5 mm) were prepared using a compression molding machine at 
170°C. Table 1 shows the materials composition and designation of the PLA/PP/
CNT nanocomposites.

Table 1:  Materials composition and designation of PLA/PP/CNT nanocomposites.

Materials designation PLA (wt %) PP (wt %) CNT (phr)

PLA/PP (60/40) 60 40 ‒

PLA/PP/CNT (60/40/1.0) 60 40 1.0

PLA/PP/CNT (60/40/1.5) 60 40 1.5

PLA/PP/CNT (60/40/2.0) 60 40 2.0

PLA/PP/CNT (60/40/2.5) 60 40 2.5

2.3	 Sample Characterisation

2.3.1	 Surface resistance test

The surface resistivity of the samples was measured using a surface resistance 
meter. The test was carried out at room temperature. The sample geometry was  
90 mm × 60 mm × 1.5 mm (length × width × thickness). 

2.3.2	 Thermogravimetric analysis (TGA)

Thermal decomposition behaviour of the PLA/PP/CNT nanocomposites was 
determined using a thermogravimetric analyser (TGA) (Perkin Elmer, model Pyris 
6, USA). The PLA/PP/CNT sample (specimen weight approximately 10 mg) was 
heated from 30°C to 600°C at a heating rate of 10°C min−1 under nitrogen gas 
atmosphere. 

2.3.3	 Differential scanning calorimetry (DSC)

DSC test was performed on PLA/PP/CNT nanocomposites using differential 
scanning calorimeter (Mettler Toledo, DSC 200, USA). The PLA/PP/CNT sample 
was scanned under an inert atmosphere of nitrogen gas from 30°C to 200°C 
with a heating and cooling rate of 10°C min−1 for 2 cycles. The glass transition 
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temperature (Tg), melting temperature (Tm), crystallisation temperature (Tc) and 
cold-crystallisation temperature (Tcc) of the PLA/PP samples were determined from 
the DSC second heating and cooling scan. The Tcc is obtained from the exothermic 
peak in the DSC heating scan, while the Tc was determined from the exothermic 
peak in the DSC cooling scan.

3.	 RESULTS AND DISCUSSION

3.1	 Antistatic Properties 

Table 2 shows the surface resistivity of PLA/PP blend and PLA/PP/CNT 
nanocomposites. The surface resistivity of insulator, antistatic, static dissipative 
and conductive materials are in the range of 1012 and above, 1010 to 1011, 105 to 
109 and 101 to 104 Ω sq−1, respectively.23 Pure PLA is electrically insulating with 
high surface resistivity (approximately 5 × 1012 Ω sq−1).24 From Table 2, it can be 
seen that the neat PLA, neat PP and PLA/PP/CNT (CNT loading: 1 phr to 2 phr)  
with > 1012 Ω sq−1 surface resistivity are in the category of insulator materials. 
Interesting to note that the PLA/PP/CNT (60/40/2.5) nanocomposite is categorised 
as an antistatic material with surface resistivity of 1.90 × 1011 Ω sq−1.

Table 2:  Surface resistivity of PLA/PP/CNT nanocomposites.

Materials designation Surface resistivity (Ω sq−1) Category

PLA > 1012 Insulator

PP > 1012 Insulator

PLA/PP (60/40) > 1012 Insulator

PLA/PP/CNT (60/40/1.0) > 1012 Insulator

PLA/PP/CNT (60/40/1.5) > 1012 Insulator

PLA/PP/CNT (60/40/2.0) > 1012 Insulator

PLA/PP/CNT (60/40/2.5) 1.90 × 1011 Antistatic

Most of the research study aims to increase the conductivity of PLA or 
PP to make them become conductive materials. According to Luo et al.,25 adding 
5 wt % MWCNT into PLA forms a continuous conducting network and increase 
the electrical conductivity of PLA until 0.4 S cm−1. However, bear in mind that the 
main focus of this study is to develop PLA/PP/CNT nanocomposite with antistatic 
properties. It is believed that an antistatic property of PLA can be achieved at a 
lower loading of CNT. When CNT is sufficient to reduce their separation distance, 
some of the neighbouring CNT can electrically be connected and gave a conductive 
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pathway network. However, when the CNT loading in the polymer matrix is below 
the percolation threshold, a large separation distance between the CNT might not 
alter their conductivity significantly.16 In this study, 2.5 phr of CNT is sufficient 
to reduce the surface resistivity of PLA/PP blend and able to achieve antistatic 
behaviour for the nanocomposites. The better connectivity of the CNT gives a 
higher conductive pathway network in the PLA/PP matrix. The improvement in 
antistatic performances is associated to a well-constructed electrostatic discharge 
channel via CNT in the polymer matrix.15 

3.2	 Thermogravimetric Analysis (TGA)

Figures 1 and 2 show the TGA and DTG curves for PLA/PP/CNT nanocomposites. 
Table 3 shows the temperature at the onset decomposition (Tonset), the decomposition 
temperature (Td) and the temperature at the maximum rate of decomposition 
(Tmax – recorded from the DTG). From Figure 1, it can be seen that the Tonset of 
PP (427.83°C) is higher than that of PLA (332.88°C). In PLA/PP blend, PLA 
begins to degrade at 324.9°C, whereas PP degrades at 402.0°C. For PLA/PP/CNT 
nanocomposite, it is quite reasonable that the PLA would decompose first then 
followed by the PP.
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Figure 1:  TGA curves of PLA/PP/CNT nanocomposites.
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Figure 2:  DTG curves of PLA/PP/CNT nanocomposites.

Table 3:  TGA characteristics of PLA/PP blend and PLA/PP/CNT nanocomposites.

Materials designation
PLA PP

Tonset

(°C)
Tmax

(°C)
Td

(°C)
Tonset

(°C)
Tmax

(°C)
Td

(°C)

Neat PLA 332.88 364.74 388.26 – – –

Neat PP – – – 427.83 455.52 478.43

PLA/PP (60/40) 324.97 363.38 383.92 402.01 443.00 466.46

PLA/PP/CNT (60/40/1.0) 318.81 359.61 379.85 407.28 465.89 491.30

PLA/PP/CNT (60/40/1.5) 325.86 360.14 380.01 430.62 471.47 494.13

PLA/PP/CNT (60/40/2.0) 313.63 354.93 375.86 439.74 475.72 496.71

PLA/PP/CNT (60/40/2.5) 310.35 355.09 377.86 438.29 474.48 494.97

According to Salam and Burk,26 the TGA results showed that the weight 
loss of pristine MWCNT (same grade as in this study) was approximately 2 wt % 
at 800°C. This indicates that the CNT is highly thermal stable. However, in the 
open literature, it was reported that adding CNTs could increase or decrease the 
thermal properties of polymers, depending on various conditions, e.g., the types 
of polymers, loading of CNTs, surface modifications of CNTs and TGA testing 
conditions.27 From Table 3, one can observe that the effect of CNT on the PLA 
and PP is different. The Tonset, Tmax and Td of the PLA phase in the PLA/PP/CNT 
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are slightly lower or comparable to the PLA phase in the PLA/PP blend. This is 
maybe associated with the fact that the CNT exhibits high thermal conductivity 
and assists in heat dissipation in polymer nanocomposites. This subsequently 
reduces the decomposition activation energy and thermal degradation occurs 
at a lower temperature.28 Another possible reason is that the PLA is sensitive to 
thermal degradation and prone to decomposition during the high heat dissipation 
of the CNT. Interesting to note that the Tonset, Tmax and Td of the PP phase in the  
PLA/PP/CNT are higher than the PP phase in the PLA/PP blend. This indicates 
that the CNT could delay the thermal decomposition of PP in the PLA/PP 
nanocomposites. Thus, based on the overall performance, the CNT can increase 
the thermal stability of the PLA/PP blends. A similar finding was reported by 
Satish et al.29 in which the maximum thermal degradation temperature of polymer 
was enhanced by the incorporation of CNT. 

3.3	 DSC

Figures 3 and 4 show the DSC of heating and cooling curves of PLA/PP/CNT 
nanocomposites. Table 4 summarises the DSC characteristics of the PLA/PP 
nanocomposites. The melting temperature (Tm) of neat PLA and PP is quite close, 
i.e., 167.1°C and 165.8°C, respectively. It is reasonable that the PLA/PP and PLA/
PP/CNT only exhibits one Tm, due to the possible overlapping of the endothermic 
peaks. The Tg and Tm of PLA/PP/CNT are comparable to that of the PLA/PP 
blend. This indicates that the CNT did not influence much on the Tg and Tm of 
the blends. Note that the cold crystallisation temperature (Tcc) of PLA (136.3°C) 
was shifted to a lower temperature (Tcc = 95°C to 97°C) by adding of the CNT. 
This is due to the nucleating effect of the CNT, which can facilitate the crystal 
packing simultaneously in the PLA phase. Higher loading of nanofiller in the 
polymer system indicates a higher proportion of nucleating agent that promotes 
more crystallisation nuclei and thus increasing the crystallisation of the polymer.
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Figure 3:  DSC heating curves of PLA/PP/CNT nanocomposites.
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Figure 4:  DSC cooling curves of PLA/PP/CNT nanocomposites.
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Table 4:  DSC characteristics of neat PLA, neat PP, PLA/PP blend and PLA/PP/CNT 
nanocomposites.

Materials designation Tg (°C) Tm (°C) Tcc(PLA) (°C) Tc1(PP) (°C) Tc2(PP) (°C)

PLA 60.63 167.14 136.29 – –

PP – 165.82 – – 128.75

PLA/PP (60/40) 61.84 168.23 99.15 – 116.15

PLA/PP/CNT (60/40/1.0) 59.77 166.97 95.49 97.26 124.16

PLA/PP/CNT (60/40/1.5) 60.84 167.53 96.78 95.13 124.22

PLA/PP/CNT (60/40/2.0) 60.73 166.83 95.14 95.76 123.74

PLA/PP/CNT (60/40/2.5) 60.35 167.97 97.48 97.43 123.93

From Figure 4, the PLA/PP blend only exhibits one Tc at about 116°C. 
However, an obvious Tc (123.7°C to 124.2°C) and a broad shoulder exothermic 
peak (95°C to 97°C) are detected in the PLA/PP/CNT nanocomposites. This is due 
to the formation of the imperfect crystals in PP by adding CNT.30,31 Nevertheless, 
the amount of the imperfect crystals is rather insignificant as the exothermic peak 
(Tc1) is quite small. Furthermore, it can be seen that the crystallisation temperature 
of PLA/PP/CNT (124°C) is relatively higher than that of PLA/PP (Tc = 116°C). 
The increase in Tc is associated with the nucleating- and crystallisation-ability of 
the CNT. It is known that an appropriate amount of CNT can induce crystallisation 
of semi-crystalline polymer at higher temperatures by reducing the nucleation 
activation energy and increasing the nucleation density. This will lead to the 
acceleration of crystallisation for the polymer/CNT nanocomposites.32,33 

4.	 CONCLUSION

In this study, it is proven that antistatic material can be prepared by incorporating 
CNT into the PLA/PP blend. The PLA/PP/CNT nanocomposite achieved antistatic 
properties at 2.5 phr of CNT loadings. Although CNT demonstrated different 
effects on the thermal decomposition on PLA and PP (i.e., promotes the thermal 
decomposition of PLA, while delays the thermal degradation of PP), the overall 
thermal stability of PLA/PP/CNT nanocomposites is higher than that of PLA/PP 
blends. DSC results show that the CNT decreased the Tcc of PLA, while increased 
the Tc of PP. This suggests that the CNT can act as a nucleating agent for the  
PLA/PP nanocomposite, which can then improve their productivity during 
manufacturing.
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