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Abstract 

      In this study, linear low-density polyethylene/graphene nanoplatelets (LLDPE/GNPs) nanocomposites 

were prepared from conventional melt-mixing method and our new approach; two-step premix 

mixing technique. Indirect mixing technique (IDT) was employed to fabricate a premix of LLDPE/ 

GNPs in the ratio of 80:20 wt%. The effects of GNPs loadings and the processing method of 

nanocomposites on the mechanical strength, decomposition temperature, crystallinity, electrical 

impedance and morphology were investigated. Irrespective of processing methods, the prepared 

nanocomposites exhibited crystalline structure due to the presence of GNPs whilst the degradation 

temperature was recorded to be increased with GNPs loadings that signified improved thermal 

stability. The inclusion of GNPs provided electrical impedance ability on LLDPE matrix as a result 

from the formation of conductive networks of GNPs. LLDPE/GNPs nanocomposites prepared 

from two-step premix mixing technique showed better mechanical properties than those of melt -

mixing method. Apparently, two-step premix mixing of LLDPE/GNPs nanocomposites promoted 

better dispersion of GNPs in matrix based on SEM images. Our findings have proved that our new, 

profound technique of preparing premix before mixing could result in enhanced quality of 

nanocomposites that are potentially useful in packaging or electronic applications. 

1. Introduction  

 

 Graphene-based composites have been extensively studied and 

prepared as the resulting products are useful in sensing applications, 

high conductivity and large specific surface area [1]. The incorporation 

of graphene or its derivatives with a series of polymer groups exhibits 

emergence of composites bearing improved mechanical, thermal and 

electrical properties with strong flexible properties [2,3]. Preparation 

of these composites requires delicate approach because the properties 

of the end products might vary and depend on the preparation manner. 

Particularly in preparing nanocomposites where the dispersion of 

nanofillers is the main concern, selective blending style should be adopted 

to ensure homogeneity of nanofillers in the polymer matrices [4]. 

Nasir and Choo [5] compared their mechanical and cure characteristics 

of carbon black filled styrene-butadiene rubber/epoxidized natural 

rubber blends that were prepared from masterbatch technique as 

opposed to conventional melt-mixing method. Better degree of 

dispersion was achieved via masterbatch preparation than melt-

mixing technique that produced blends with more consistent cure 

characteristics and mechanical properties.  

 Process modifications are another scientific milestone pursued 

by research scientists in many fields to allow more production of 

products with upgraded physical features and performances [6]. 

During preparation of polymeric nanocomposites, the homogeneity 

of nanoparticulate clusters embedded in the matrix is important to 

yield products with enhanced properties [7]. Baek et al. [8] proposed 

a term “clustering density” to indicate the agglomeration index of 

nanoparticulate. They found that when the clustering density was 

increased, a notable reduction in the stiffness of the nanocomposites 

was recorded from 10 to 30% due to homogeneity decrement. Likewise, 

the notion of premix homogeny can be applied to explain the findings 

from a study conducted by Pera and Ambroise [9], stating that their 

pre-mixed fibre-reinforced magnesia-phosphate cement composites 

displayed significant mechanical strength.  

 In this study, we report on the comparison of physico-mechanical 

properties of linear low-density polyethylene (LLDPE) and graphene 

nanoplatelets (GNPs) nanocomposites prepared from different 

techniques (i.e two-step premix mixing versus conventional 

melt-mixing). This novel two-step premix mixing method acted as 

masterbatch-like material to prepare LLDPE/GNPs nanocomposites
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at certain GNPS percentages to tally the GNPs compositions (1-5%) 

in nanocomposites prepared from conventional melt-mixing method 

[10]. GNPs in premix condition were expected to become a better 

nucleating agent in the later blending than one-pot melt-mixing 

method that subsequently could yield in better dispersion of GNPs 

in LLDPE matrix. This has been demonstrated by Morin [11] who 

developed enhanced polypropylene of stretching resistance, increased 

crystallinity and tenacity, thanks to the presence of nucleating agent 

used.  Previously, similar concept of this study’s hypothesis has been 

presented by past studies. For instance, in situ fusion of thermoplastic 

liquid resin is required before extrusion to achieve stronger biocomposites 

[12]. Extrusion of preimpregnated fibers [13] and in situ fusion of 

fibers with thermoplastics in molten state at the nozzle [14] will both 

produce composites with enhanced properties. Based on past studies, 

GNPs as nanofillers in the nanocomposites demand high degree of 

dispersion in order to execute products with enhanced properties. 

 This study aimed to explore the new LLDPE/GNPs nanocomposites 

preparation method by introducing two-step of melt-mixing and 

comparing the resulting properties with nanocomposites from 

conventional one-step melt-mixing method. In this new technique, 

the first step of melt-mixing is called premix that contained high amount 

of GNPs (20%) that would be subsequently diluted in the second 

step of melt-mixing. Improvement of GNPs dispersion in LLDPE 

matrix was expected to be achieved in this new, simple technique 

that will distinguish it from conventional melt-mixing method. 

 

2. Experimental 

 

2.1 Materials 

 

 LLDPE (density: 0.918 gcm-3, melt flow index: 1.0 gmin-1, melting 

temperature: 120-160℃) was purchased from Exxon Mobile Chemical 

Corporation to be used as thermoplastic resin. GNPs (KNG-150) 

with thickness of 5-15 nm, 5 µm diameter, and density of 2.25 gcm-3 

were supplied by KNANO.  

 

2.2 Preparation LLDPE/GNPs Nanocomposites 

 

2.2.1 Melt-mixing method 

 

 LLDPE was dried overnight in a vacuum oven at 80℃ to prevent 

hydrolytic degradation during melt processing in the mixer. About 

55 g of LLDPE.GNPs nanocomposites were obtained using melt-mixing 

method LLDPE in internal mixer (Brabender W50EHT, Germany) 

at 140℃, 40 rpm for 13 min. LLDPE was added first and allowed 

to be melt-mixed for 5 min. Next, GNPSs were slowly added. The GNP 

loadings were varied at 1, 2, 3, 4 and 5 wt%.  

2.2.2 Two-step premixing 

 

 Preparation of LLDPE/GNPs via this technique was similar 

with melt-mixing method except that there was an introduction of 

indirect mixing technique (IDT). IDT was used to make a premix of 

LLDPE/GNPs. The premix was prepared in the ratio of 80:20 wt% of 

LLDPE:GNPs in Brabender internal mixer. This nanocomposite with 

such ratio acted as masterbatch-like material to produce another sets of 

LLDPE/GNPs at different percentages of GNPs (1-5 wt%). The blend 

was discharged into the mixer for 3 min before LLDPE/GNPs pre-mixture. 

To obtain LLDPE/GNPs nanocomposites with certain percentage 

of GNPs, LLDPE was added to dilute the so-called masterbatch 

(Table 1). The next procedures followed the same routines as melt-

mixing method. 

 

2.3 Composite sheets preparation 

 

 Next, hot and cold press process (14 x 14 x 1 cm spacer mold with 

temperature 180℃ for upper and lower platens, compression pressure 

of 1 kpsi) (LP50 LABTECH Engineering Company) was used to 

compress the blends into sheets. 

 

2.4 Characterization 

 

2.4.1 Mechanical properties 

 

 ASTM D 638-03 protocol (Testometric M350-10CT with 10 kN 

load cell) was used to measure the tensile stress at break (MPa) of 

the specimens. At least three specimens with each dimension of 165 mm 

length, 19 mm width and 3 mm thickness were used to get the average 

value. Impact test was conducted using Izod GOTECH GT7045 

impact protocol according to ASTM D256. The impact energy (kJm-2) 

was obtained for the average at least three specimens by calculating 

the difference in the potential energy of pendulum before and after 

it was latched.  

 

2.4.2 Thermal stability 

 

 To study the thermal stability of the nanocomposites, thermo-

gravimetric analysis (TGA) and X-ray diffraction (XRD) were 

conducted to observe the decomposition temperature and crystallinity/ 

amorphous segments of the nanocomposites, respectively, to see 

the effects of GNPs dispersion in LLDPE matrix. Thermogravimetric 

Analyzer (Mettler Toledo SDTA 851e model) was used to analyze 

the decomposition temperature of the samples. The analysis was 

performed by STARe automated computer software. Meanwhile, 

Bruker AXS Germany D8 Advance model was used in XRD analysis 

with EVA as the running software.

Table 1.  Dilution of LLDPE/GNPs nanocomposites from 80:20 wt% premix. 

 

Loading of GNPs In LLDPE/GNPs (wt%) Amount of LLDPE (g) Amount of premix (g) 

1 52.25 2.75 

2 49.80 5.50 

3 46.75 8.25 

4 44.00 11.00 

5 41.25 13.75 
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2.4.3 Electrical conductivity 

 

 The electrical resistance of LLDPE/GNPs was measured via 

complex impedance method using high frequency resonance analyzer 

(HFRA) solvent analyzer (Solartron Model 1255). The upper and 

lower surfaces of the plaques were coated with silver paint to ensure 

good electrical conductivity. Average resistance, sample thickness 

and electrodes area were recorded to calculate the electrical conductivity 

(Scm-1) using the formula:  

 

 Electrical conductivity = 1/resistivity of specimen, p      (1) 

  

 Resistivity of specimen, p = RA/t (2) 

 

where R is the resistance of specimen, A is the area of circle specimen 

and t is the thickness of specimen.  

 

2.4.4 Morphology 

 

 The tensile-fractured surface of the specimens was used to study 

the morphology of the nanocomposites using scanning electron 

microscope (SEM Phillips XL30) at 15 kV voltage up to 5000x 

magnification. Samples were coated with thin layer of gold before 

being viewed by SEM.  

 

3. Results and Discussion 

 

3.1 Mechanical Properties 

 

 Figure 1 shows the comparison of mechanical strengths of LLDPE/ 

GNPs nanocomposites prepared from two-step premix mixing 

technique and melt-mixing method. The tensile strength of the 

nanocomposites was in the range of 26.49-30.04 MPa and 29.62-

31.88 MPa, with 2% and 4% GNPs were the maximum MPa for 

melt-mixing method and two-step premix mixing technique, respectively. 

In this new approach of two-step premix mixing, the increment of 

GNPs loading exhibited increase in mechanical strength. The impact 

energy of LLDPE/GNPs prepared from this new technique (39.57-

42.91 kJm-2) was always higher than those prepared from conventional 

melt-mixing method (30.86-36.07 kJm-2). Similar findings were reported 

by Beretta et al [15] where the increment of carbon nanotubes (CNTs) 

percentages in their polyether ether ketone (PEEK) composite 

filaments yielded in better mechanical strength but dropped at CNTs 

> 5%. Molecular-level dispersion of GNPs aided in strong interfacial 

adhesion that can be attributed to the better tensile strength [16].  

 Especially for two-step mixing method, there was less agglomeration 

of GNPs from double extrusion time of LLDPE with GNPs, so they 

could be well dispersed resulting in higher mechanical strength. 

In method comparison study of preparing exfoliated graphite–

polypropylene (xGnP-15/PP) nanocomposites by Kalaitzidou et al. 

[17], they discussed that melt-mixing alone has no enough shear to 

break down the xGnP-15 agglomerates and homogeneously disperse 

the graphite platelets when compared with in situ and premix techniques. 

 Meanwhile, for both methods, certain high amount of nanofillers 

(4-5% in this study), the interaction between the reinforcement (GNPs) 

and the polymer matrix during mixing would introduce air gap that 

led to detrimental mechanical properties.   

 

3.2 Thermal Properties 

 

 TGA analysis was performed to investigate the decomposition 

temperature of LLDPE/GNPs nanocomposites. With the increasing 

amount of GNP loadings, it was found that the thermal stability of 

the nanocomposites was improved (Figure 2). LLDPE/GNPs nano-

composites prepared from two-step premix mixing displayed slightly 

higher and more consistent decomposition temperature than conventional 

melt-mixing method. Similar findings were reported by Maiti et al. 

[18] who performed TGA analysis on polyhydroxybutyrate/layered 

silicate nanocomposites. They explained that the intercalation of well 

dispersed fillers in polymer matrix would discriminate the decomposition 

temperature of same materials.  

 When the percentage of GNPs was lowered, isolated GNPs did not 

necessarily form a continuous network and conductivity pathway that 

was responsible for high thermal resistance [19]. Khanam et al. [20] 

described a phonon scattering phenomenon to explain poor interaction 

between GNPs and LLDPE at low amount of GNPs loading [21]. 

GNPs raised the decomposition temperature of LLDPE by acting as 

thermal barrier to hinder the degradation of LLDPE. 

 

 

 

Figure 1.  Mechanical properties of LLDPE/GNPs nanocomposites 

 

 
Figure 2. Decomposition temperature of LLDPE/GNPs nanocomposites. 
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3.3 XRD Analysis 

 

 XRD analysis is usually used to check on the amorphous and 

crystallinity segments of a material. Figure 3 shows the diffractogram 

pattern of LLDPE/GNPs nanocomposite. GNPs have been reported to 

increase the crystallinity of resulting products as it reduces the co-monomer 

incorporation [22]. High aspect ratio and GNPs distribution would cause 

stronger interphase bonding between the LLDPE matrix and GNPs, hence 

explaining the manifestation of the crystalline peaks [23]. The nucleating 

action of GNPs promotes in the increment of crystallinity [24]. 

 All samples however exhibited identical pattern of diffractogram that 

produced several peaks indicating that crystalline structure was formed 

as a result of GNPs presence. It is noted that the same diffractogram 

pattern for all samples regardless the preparation method as they consisted 

of the same components of LLDPE and GNPs. Similarly, this 

observation has also been reported by Ngo et al. [25] who recorded 

identical peaks appearance to indicate crystallinity of their tested 

clay/epoxy nanocomposites, regardless the preparation manners.  

 

3.4 Electrical Conductivity 

 

 The electrical impedance of LLDPE/GNPs nanocomposites is 

tabulated in Table 2. Generally, the addition of GNPs in LLDPE matrix 

directly proportionated the electrical conductivity of these nano-

composites. The formation of conductive network by graphene had 

converted the electric-insulating behavior of LLDPE into a significant 

electrical conductor in all samples [26,27]. At high percentages of 

GNPs, the low electrical conductivity could be attributed to the 

saturation level of GNPs content that displayed a slower rate in the 

conductivity channel of the nanocomposites [28].   

 Better dispersion of GNPs in two-step premix method was 

manifested when the electrical impedance values of the samples 

were higher than samples prepared from melt-mixing method. 

This is in agreement with a study by Potts et al. [29] that stated that  

the difference in electrical properties of their thermally-exfoliated 

graphite oxide/natural rubber nanocomposites was mainly the result 

of enhanced dispersion. 

 

3.5 Morphology 

 

 Better dispersion of GNPs in polymer matrices always results 

in improved physical properties of the nanocomposites as it can be 

evident by SEM images [30]. Figure 4 displays the comparison of GNPs 

dispersion in melt-mixing method and two-step premix mixing 

technique for selected LLDPE/GNPs nanocomposites. This observation 

is convenient to explain the disparity properties exhibited by nano-

composites prepared from both procedures as two-step premix mixing 

yielded in significantly better physico-mechanical properties of nano-

composites than melt-mixing method [31]. 

 It can be deduced that nanocomposites prepared from two-step 

mixing technique contained more dispersed GNPs that incorporated 

in the LLDPE matrix. The premix stage in this two-step premix mixing 

offered better homogeneity of GNPs in the LLDPE matrix. Premix 

condition is beneficial to ensure homogeneity as it prevents segregation 

of components during processing [32,33] 

 

 

 

Figure 3. Diffractogram pattern of LLDPE/GNPs nanocomposites 1 µm. 

Table 2.  Electrical impedance of LLDPE/GNPs nanocomposites. 

 

Samples  Resistivity (Ώ)  Conductivity (Scm-1) 

  Melt-Mixing Two-step premix  Melt-mixing Two-step premix 

0 wt% GNP  2.44E+09 2.30E+08  4.09E-10 4.09E-10 

1 wt% GNP  2.18E+07 7.56E+07  4.86E-09 1.32E-08 

3 wt% GNP  1.96E+07 8.96E+07  5.43E-09 1.12E-08 

4 wt% GNP  2.04E+07 9.81E+07  5.21E-09 1.02E-08 

5 wt% GNP  2.33E+07 1.17E+08  4.55E-09 8.55E-09 

 

    

 

Figure 4. SEM images of LLDPE/GNPS nanocomposites prepared from melt-mixing (a) 1%, (b) 3% and two-step premix mixing (c) 1%, (d) 3%.
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4. Conclusion 

 

 We have successfully demonstrated a new, simple approach of 

preparing LLDPE/GNPs nanocomposites by introducing premix of 

those materials before mixing. The physico-mechanical properties 

of the resulting nanocomposites were better than using conventional 

melt-mixing method, mostly in terms of their mechanical strength, 

thermal properties and morphology. The premix nature of our new 

technique helped in better dispersion of GNPS in the LLDPE matrix. 

The efficiency of this two-step premix mixing can be explored further 

for other nanocomposites preparation to achieve superior end products.   
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