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Abstract

Composites of low-density polyethylene (LDPE), ethylene vinyl acetate (EVA), and a
graphene-like material were explored for their electrical properties for use in high-volume low-
cost conductive applications. A graphene-like material, obtained from hybrid clay-sucrose
carbonization, was investigated as an alternative filler with advantages over conventional graphene
technology. The electrical properties of the composites as synthesized by the solvent—casting
technique were studied using broadband dielectric spectroscopy. The percolation threshold was
identified for both as synthesized and annealed composite samples. Due to charge transport and
electrode polarization, the sub-percolating composites exhibited low frequency dispersion
particularly at elevated temperatures. Composites of LDPE/EVA/graphene-like above the
percolation threshold exhibited a higher rheological storage modulus and thermal stability which

indicates an alignment between the electrical, thermal and rheological properties.

Keywords: LDPE/EVA blend, electrical properties, graphene—like, rheological properties.

*Corresponding author: Email address: claudiane.ouellet-plamondon@etsmtl.ca

Department of Construction Engineering, Ecole de Technologie Supérieure (ETS), Université du
Quebec, 1100 Notre-Dame St W, Montréal, QC H3C 1K3, Canada.

1

© 2019. This manuscript version is made available under the CC-BY-NC-ND 4.0 license
http://creativecommons.org/licenses/by-nc-nd/4.0/


mailto:Eric.david@etsmtl.ca

1. Introduction

Polymer blend and composites have increasingly been studied for their electrical and thermal properties
since the 1990s. Significant efforts have been spent to modify the existing polymers and to tailor the
properties of different thermoplastics to elastomers. Several complex and novel manufacturing techniques
have been used to produce desirable materials with advanced properties for electrical and thermal
applications [1-5]. The method of blending polymers can provide materials with desired properties by
tuning and controlling the component contents and their morphologies. From an economic standpoint, the
blending process is favorable for producing low-cost products with improved qualities [6, 7]. However, in
some cases, the desired properties cannot be acquired by the blending process and require the use of other
additives such as fillers. Furthermore, binary and ternary polymer blends or multi-component composites
can require complex processing due to component incompatibility. Coupling agents are often needed to
improve the compatibility of blend components by raising interfacial adhesion and reducing surface tension
with fillers [8].

Among thermoplastic polymers, polyethylene of different grades has been widely used in various industrial
fields thanks to its low-cost, easy processability and properties suitable for practical functions [9, 10]. Low-
density polyethylene (LDPE) is a semi-crystalline polymer with a typical 40% degree of crystallinity,
soluble in some nonpolar organic solvents at approximately 100 °C. Polyethylene features a, B, and y—
relaxation occurring at different frequencies depending on the applied temperature and the morphology of
the polymer. The o—relaxation is linked to the mobility of the crystalline regions at elevated temperature,
the p—relaxation ascribed to the branched ties to the main polymer chains which relax at modest temperature
(10 °C), and the y-relaxation attributed to the crankshaft motion of amorphous regions [11-14]. These
processes can be monitored in dynamic thermo-mechanical experience but are hardly seen in dielectric
relaxation spectroscopy because of the non-polar nature of the polymer. Low-density polyethylene is one
of the most widely—used grades of polyethylene and is known to be an insulating polymer with a relative
permittivity of 2.3 [15, 16]. When loaded with conductive fillers, it has been used in numerous applications,

such as conductive layers in high-voltage cables , as well as, electromagnetic shielding products [17].

Ethylene vinyl acetate (EVA) as a commodity thermoplastic elastomer is widely used in biomedical
engineering [18], insulating applications [19, 20] and in conductive sensors [21]. The vinyl acetate (VA)
content in EVA has been reported from 15 to 70 % [22]. EVA shows a glass transition temperature around
30 °C and is soluble in some aromatic solvents at high temperatures (~ 90 °C). EVA features two relaxation
peaks when it is subjected to an electric field, the o— and p-relaxation peaks. The former is related to the
micro—Brownian peak (at low temperatures) due to the side groups attached to the main chain. The latter is

related to the reorientation of dipoles created by segmental motions at around the glass transition
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temperature [6, 11, 23]. Mechanically, EVA copolymer is known as a soft material with an amorphous
structure, which displays comparatively low stiffness and mechanical properties. In comparison with
polyethylene, the permittivity of EVA is higher than the LDPE due to the VA groups which are highly
polarizable, particularly at high frequencies. However, EV A features suitable dielectric strength and can be
used in low and medium voltage applications [22].

Conductive inorganic additives are of great importance for the development of functional polymeric
composites. Graphene is a versatile filler with a two-dimensional (2D) geometry and honeycomb crystal
structure [24-30]. It is known to possess high carrier mobility of 200,000 cm?Vs and a high thermal
conductivity of 3000 W/m.K [31, 32]. Numerous efforts have been made to produce graphene using a
variety of techniques [33-36]. The blending of commercially exfoliated graphene in EVA has been met
with difficulty and has shown that higher concentrations of graphene are needed to reach the percolation
threshold due to agglomeration [37]. Thus, alternative methods to produce graphene-like materials for use
as fillers in polymer blends pose significant opportunity [38, 39].

The synthesis and use of graphene-like fillers at high contents remain challenging. In some cases, the
obtained graphene-like material is electrically conductive enough to be used as filler in conducting
composites. For instance, the conductive graphene-like filler prepared from natural resources (bentonite
and sucrose) [33, 36] was conductive enough to increase the electrical conductivity of LDPE [10]. However,
the LDPE/graphene—like composite was found to be conductive at filler content higher than 30 wt%, where
the multilayered graphene—like showed a significant agglomeration within the composite. This
agglomeration is deemed to prevent the formation of the electrical network in the composite at low filler
content. Furthermore, the LDPE/graphene—like composite featured a non-linear behaviour as it was
subjected to several electric fields. The electrical conductivity of LDPE composites with commercial
graphene and graphene-like filler were studied. It was found that the commercial graphene composites are
conductive at lower filler content than the graphene—like composites due reduced agglomeration and
content of oxygenated groups within the filler [40]. The LDPE composite with functionalized graphene and
graphene-like filler prepared by ball-milling featured an electrical conductivity only at high filler content
due to poor filler dispersion in the composites [41]. LDPE/graphene composites with few oxygenated
groups attached to the graphene showed a non—ohmic behavior [42]. The EVA/reduced graphene oxide
composites prepared by in situ polymerization showed an electrical conductivity of 2.7 x10 S/cm upon
the addition of 6 wt % of the filler [43]. The electric percolation threshold of EVA composite prepared by

solvent—casting was reported at a loading or 17 per hundred [44].

The blending of polymers allows for the reduction of the filler content to reach electrical conductivity. The

formation of a carbon-based conductive network within the composite with minimum filler content is
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desirable for maximizing the cost efficiency of the composite in large-scale applications. This strategy
overcomes the limitations in filler’s intrinsic properties, compounding conditions, and chemical
composition of polymers. PE/EVA blend compounded with carbon black and carbon nanotubes to
investigate the electrical conductivity of composites has been reported in several studies, but few studies
have been conducted so far with the addition of graphene. For example, 4 wt % carbon black (CB) filler
was added to a HDPE/EVA immiscible blend, and the electrical conductivity of the composite increased
from 10 to 10 S/cm [45]. A percolation threshold was observed at around 15 wt % of CB content for
EVA/LDPE/CB composite, for which the electrical conductivity of the composite reached 10 S/cm [46].
To locate and disperse graphene flakes in EVA/LDPE/graphene composite, two processing methods (fast
guenching and annealing) were used by Kurusu et al. [47]. The findings revealed a significant reduction in
the percolation threshold for composite with respect to LDPE/graphene or EVA/graphene composites. In
addition, annealing (gradual cooling down during hot press molding) was found to lower the electrical
percolation threshold of EVA/LDPE/graphene composite compared to faster cooling, thanks to better

graphene layered migration between polymer chains.

As the herein described graphene-like composite from sugar and clay can be produced in large quantity,
the electrical, thermal and rheological properties of LDPE/EVA/Graphene-like composites were
investigated for high-volume low-cost composite applications. The morphology of the as-prepared
composites was first observed by scanning electron microscopy (SEM) to identify the dispersion and
distribution of the graphene-like filler particles throughout the composite. Thereafter, the chemical
interactions of the LDPE/EVA blend and its composites with the use of LLDPE-g-MA compatibilizer were
assessed via FT-IR spectroscopy. The electrical properties of the composite were investigated by broadband
dielectric spectroscopy (BDS). TGA experiments were conducted to measure the alteration of the thermal
stability caused by the inclusion of the graphene—like filler as well as to assess the nominal amount of filler.
The effect of the filler content on crystallinity, as well as the melting point of the composite was studied to
corroborate the role of local changes on overall properties of the composites. Finally, the rheological
behaviors of the composite in the molten state were investigated to obtain a comprehensive view regarding

the role of the fillers in the composite.
2. Materials and processing

Low-density polyethylene (LDPE) powder used for this study was purchased from Marplex Company with
a density of 0.922 g/cm® and a melt flow index of 0.4 g/10 min. Ethylene vinyl acetate copolymer
(EVA) was obtained from Repsol Company with 28% VA content and a density of 0.950 g/cm?®. Xylene
and toluene were supplied from Sigma-Aldrich Company with 99.5 % purity. Linear low-density

polyethylene grafted maleic anhydride, LLDPE-g-MA, was provided from DuPont (Fusabond M603)
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company. All purchased materials were used as received. Graphene-like filler was produced in the
university’s laboratories from natural resources (clay and sucrose). The fabrication process is described in
detail in the literature [36]. In summary of this process, one part of bentonite clay and five parts of sucrose
were mixed. Each gram of bentonite and sugar was dissolved in 1.2 and 0.5 ml of demineralized water,
respectively. Mixing was conducted at 400 rpm mixing speed for 20 min and the obtained caramel-clay
was kept in an oven for a week at 50 °C. Finally, the mixture was heated in a furnace at 800 °C and the as-

synthesized monolith was ground to a micro-size filler.

2.1. Sample preparation

LDPE/EVA/Gy (x = graphene wt%) composites were produced using the solvent casting method with a
range of graphene-like filler contents (see Table 1). Solvent casting technique was selected for better filler
dispersion. Annealing (A) and non-annealing (NA) steps were applied during hot press molding and the
samples are labeled accordingly. LDPE and EV A were respectively dissolved in xylene and toluene solvent
at high temperate (90 °C). LLDPE-g-MA compatibilizer was added to LDPE during dissolution. Graphene-
like filler was mixed in the solution and then, the dissolved blends and suspended graphene-like filler were
compounded using 600 rpm stirring at 90 °C for 2 hours. Afterwards, the compounded viscous materials
were subjected to ultrasonic mixing (1 min) with a Qsonica sonicator (Q700). The prepared composites
were dried on an aluminum foil until no more changes in weight were observed. The composites were then
pelletized using a Brabender pelletizer. Subsequently, the annealed composite disks were fabricated by hot
press molding at 155 °C and 7 MPa load for 5 min and then, while the same load was maintained, cool
down to room temperature gradually. The non-annealed composites were molded at 0.8 MPa at 155 °C for
2 hours and then quenched in tap water. The density of the LDPE/EV A blend and corresponding composites

was measured using an ethanol pycnometer.

Table 1. Composites labelling according to the component concentration

LDPE EVA Graphene-like LLDPE-g-MA  Sample density

Sample (WE%)  (wt %) (Wt %) (Wt %) (g.cm?)
LDPE/EVA_A or NA 47.5 47.5 0 5.0 0.942
LDPE/EVA/G5_A or NA 45.1 45.1 5.0 4.7 0.951
LDPE/EVA/GI0 AorNA 427  42.7 10.0 45 0.973
LDPE/EVA/G15 A or NA 40.3 40.3 15.0 4.2 0.991
LDPE/EVA/G16 AorNA 399  39.9 16.0 4.2 0.995
LDPE/EVA/G17.5_A or NA 39.1 39.1 175 4.1 0.998
LDPE/EVA/G20 AorNA 380 380 20.0 4.0 1.016




2.2. Characterizing and property measurement

Graphene-like structure was observed using high-resolution transmission electron microscopy (HR-TEM
JEOL 2170F) at a 200 kV acceleration voltage. The morphology of the composite was investigated by a
high-resolution scanning electron microscope (Hitachi SU-8230 FE-SEM). The test specimens were
cryofractured by immersing in liquid nitrogen using a microtome and then the prepared cross-sections were
coated with ~ 2 nm platinum layer under vacuum condition using a turbo-pumped sputter coater/carbon
coater (Q150T).

The particle distribution size of the prepared graphene-like filler was evaluated by laser granulometry
technique, using MASTERSIZER 3000 Malvern, by dispersing graphene-like filler in demineralized water

at 3000 rpm agitation speed and 90 % sonication.

The conductivity of the clay graphene-like powder was measured using a laboratory setup. A sample holder
was filled by 5 g clay graphene-like and the powder was subjected to several mechanical loads using
universal testing machine. The conductivity of the powder was measured at different loads using a 4-cable

ohmmeter.

The chemical interaction of LDPE polymer with EVA in presence of LLDPE-g-MA compatibilizer was
assessed by performing Fourier transform infrared spectroscopy (FT-IR) test. FT-IR experiments were
conducted in the absorbance mode over a wide range of wavelengths from (400-4000 s*) with Nicolet 6700

FT-IR Spectrometer.

Broadband dielectric spectroscopy was conducted using Novocontrol dielectric spectrometer to measure
the electrical response of the polymer blend and composites over a wide range of frequencies and
temperatures. A 0.5 mm thick sample disk with a diameter of 4 cm was mounted between two brass
electrodes and subjected to an excitation voltage of 3 Vrms. The frequency domain electrical responses at

different temperatures were obtained.

Differential scanning calorimetric (DSC) measurements were performed to analyze the change of melting
point, as well as the crystallinity rate of composites. The experiment was conducted with a Perkin Elmar
Pyris1 DSC apparatus at a heating ramp of 10 °C/min from 20 to 150 °C under a 50 ml/min flow of argon,
followed by a cooling step at the same rate to 20 °C, and consecutively, another heating step at 10 °C/min.
Thermogravimetric analysis (TGA) was conducted using Diamond TG/DTA (Perkin Elmer technology via
SII) with test specimens around 10 mg. The composite samples were heated under nitrogen atmosphere
with a heating ramp of 20 °C/min from 100 °C to 600 °C.



To investigate the viscoelastic properties of the composite at molten state, rheological experiments were
conducted at processing temperature of 155 °C. Small Amplitude Oscillatory Shear (SAOS) test was
conducted using Anton Paar MCR 501 in strain—controlled mode on test specimens of diameter of 25 mm.
A strain value of 0.03 % with a range of frequency from of 0.01 to 300 rad/s was applied.

3. Result and discussion
3.1. Graphene-like properties

High-resolution transmission electron microscopy (HR-TEM) images of caramelized hybrid clay which
was graphitized in inert atmosphere is shown in Figure 1. Graphene-like filler composed of bentonite layers,
as well as multilayered graphene layers (white arrows in Figure 1) were seen. Caramelization of sucrose in
bentonite and consequent graphitization led to greater layer spacing of graphene than the initial bentonite
layers. The regional graphene layers, including several pilled-graphene layers can be seen clearly in
graphene-rich region. The electrical conductivity of the graphene-like filler was measured and reported in
our previous work [36]. The particle size distribution of the graphene-like is shown in supplementary
materials. The significant portion of particles range in size from 800 nm to 10 pm. The electrical
conductivity of the prepared graphene-like powder increased with mechanical loading (Figure 2), which
indicates that the graphene-like materials can behave as a pressure sensor. At low loads, due to the low
contacts between the particles and the existence of the air within the structure, the measured conductivity
was low. However, at higher loads a greater conductivity (between 100 to 165 S/m) was obtained,
potentially due to the formation of the conductive pathways and higher number of particle-particle contacts
[1]. The dependency of the electrical conductivity of graphene-like powders to an external load has created
significant paradigm for sensor and switching applications which has been frequently addressed [48, 49].



Graphene-rich region

Bentonite-rich region

Figure 1: High-resolution transmission electron microscopy (HR-TEM) images of graphene-like layers.
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Figure 2: Electrical conductivity of the clay graphene-like powder as a function of applied load.

3.2. Scanning electron microscopy (SEM) images

The morphology of the blend LDPE/EVA_A blend was observed to change with the graphene-like filler
concentration (Figure 3). The SEM micrograph at 2K magnification of LDPE/EVA/G15_A, which



contained 15 wt% filler, (Figure 3c) shows agglomerated graphene-like flakes which are nearly stacked
together and form islands of particles, distributed within the composite compared to the LDPE/EVA/G20_A
at the same magnification (Figure 3e), which contained 20 wt% filler. At the higher filler content, the
number of contacts between graphene-like particles was increased and a network was formed throughout
the composite that can be clearly seen in Figure 3e. The SEM image of the LDPE/EVA/G20_A with higher
magnification shows a suitable dispersion as well as distribution of graphene-like particles layered within

the composite with the particle size of up to 2 um.



Figure 3: SEM micrographs of (a, b) LDPE/EVA_A blend, (c, d) LDPE/EVA/G15_A and

(e, f) LDPE/EVA/G 20_A.
3.3. FT-IR results

Figure 4 represents the FT-IR spectra of the neat LDPE, neat EVA, LDPE/EVA_A blend, and
LDPE/EVA/G_A composites compounded with LLDPE-g-MA as a compatibilizer. FT-IR spectra

represent information about the chemical structure of components, as well as the conformation and
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configuration. The FT-IR spectra indicate that there is no significant chemical interaction between the
polymer blend and graphene. The FTIR spectra of the graphene containing composites showed the same
absorption bands than the neat polymers (LDPE and EVA). EVA spectrum exhibited two sharp peaks at
1720-1745 cm™ and 1100-1200 cm, which are attributed to the stretching vibration of C=0 and C-0O
bonds, respectively [3, 50, 51]. The FT-IR spectra revealed two intensive peaks at 2850 and 2910 cm™ for
all samples, which are assigned to the ethylene groups existing in both the LDPE and EVA components.
The intensity of both the peaks (2850 and 2910 cm™) decreased with an increase of graphene-like content
and the decrease of ethylene groups. The lower intensity confirms the bulk value of the graphene-like filler

in the membrane of the polymer has increased [50, 52, 53].
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Figure 4: FT-IR spectra of the LDPE, EVA, LDPE/EVA_A blend and LDPE/EVAIG_A
composites over the range of wavelengths of 400 to 4000 s™.

3.4. Electrical characterization

The dielectric responses of the LDPE/EVA/G composites at room temperature prepared via annealed and
non-annealed techniques are shown in Figure 5 and Figure 6, respectively. The complex permittivity of a

material is expressed by Equation 1, where €' represents storage part and €" denotes the loss part,

¢ (0)=¢'(0)-j"(0) 1)

12



For a pure Debye relaxation process, the complex permittivity (real and imaginary part) is given:

glmg, + e @)
1+ ot
8 n — (83 B 800)(01 (3)
1+ w’t?

where 1 is the time constant of the process. As illustrated, the addition of graphene-like filler to LDPE/EVA
blend did not significantly increase the real part of the permittivity (the dielectric constant) of annealed and
non-annealed composites at low filler contents. However, a tremendous change in electrical conductivity
of the composites was found for both annealed and non-annealed composites with addition of 17.5 wt% of
graphene-like filler which corresponds to the electrical percolation threshold for both systems [54]. A
parallel trend was observed in LDPE/EVA/metallic oxide composites in their thermal and mechanical
properties [2]. The annealed composites were found to be slightly more conductive (one order of
magnitude) than the non-annealed counterparts near the percolation threshold due to better graphene layered
arrangement within the polymer chains as explained by Kurusu et al. [47] (Figure 7).
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Figure 5: Real and imaginary part of the LDPE/EVA/G_A composites at room temperature.

13



14 (b)
1—3— LDPE/EVA_NA |
42 |~ LDPE/EVA/G5_NA 107 1
1—— LDPE/EVA/G10_NA ~ 5]
= 10 ]~ LDPE/EVA/G15_NA 2 10°] o LDPEEVA NAPISY
T |- LDPE/EVA/G16_NA 2 10%] - LopE/EVAGS_NA I\\‘\‘
£ g+ LDPE/EVA/G17.5_NA S J —4— LDPE/EVA/G10_NA
E LDPE/EVA/G20_NA £ 10'{ —— LDPE/EVA/G15_NA
I £ —— LDPE/EVA/G16_NA
= g T+ LDPE/EVA/GI7.5 NA
o > 10 LDPE/EVA/G20_NA
E ©
D 4. £
N G o =
E

103 .
10" 10° 10" 10% 10° 10* 10° 10" 10° 10" 10?2 10° 10* 10°
Frequency [HZz] Frequency [Hz]

Figure 6: Real and imaginary part of the LDPE/EVA/G_NA composites at room temperature
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Figure 8 shows the loss part of the electrical response of the LDPE/EVA/G composite for frequency range
of 100 mHz to 100 kHz at different temperatures starting from room temperature to 85 °C. For the sub-
percolating systems, Figs 8a to 8e, a clear increase to the imaginary part at higher temperatures and low
frequencies (the corner in the back of the figure) was systematically observed due to charge transport
processes leading to a mixture of direct conductivity and electrode polarization processes. In addition, the
dielectric relaxation peaks in polymer blends appear broader than those of the neat polymers. As can be
seen in Figure 8f and g, LDPE/EVA/G17.5 and LDPE/EVA/G20 annealed composites have become semi-
conductive and the transition from the insulating to the conductive regime was found to occur at a filler
content between 16 to 17.5 wt%.
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3.5. Thermal characterizations (DSC and TGA)

The DSC thermograms of LDPE/EVA/G composites are shown in Figures 9a,c (melting endotherms) and
9b,d (crystallization endotherms). The heating thermograms showed a wide peak, starting from 40 °C to 95
°C which is attributed to the melting of EVA crystals. This overlapped with the second peak which was
found to lay between 105 °C to 117 °C. The second peak originating from the melting of PE crystals was
found to be of larger intensity than the previous due to the greater crystallinity of LDPE than EVA [55].
The absorbed energy (enthalpy of fusion) of the composites was found to be greater than the polymer blends
due to the nucleation effect of the graphene-like filler [56-60]. The cooling thermographs showed a modest
peak around 70 °C which is linked to the vinyl acetate crystal formation and another peak at 95 °C which
is related to PE crystal formation [61]. The addition of graphene-like filler did not shift neither the melting

point nor the crystallization temperature for all the annealed and non-annealed composites.
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Figure 9: DSC thermograms, (a, ¢) heating curves and (b,d) cooling curves of the LDPE/EVA_A and
LDPE/EVA_A polymer blend and corresponding composites at different temperatures.

The thermal stability of the composites and the true filler content were investigated by the means of TGA.
Figure 10 shows the TGA thermograms of LDPE/EV A composites with graphene-like filler in the range of

temperature from 100 to 600 °C. Two decomposition zones were clearly visible in which the first weight

loss starting from 300 °C, and is related to division of vinyl acetate chains (deacylation) [2]. The second

weight loss occurred at 370, 430 and 450 °C can be attributed to the pyrolysis of the LDPE/EVA_A,
LDPE/EVA/G10_A, and LDPE/EVA/G20_A polymer chains [62]. An increase of 80 °C was seen in the
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second weight loss of the composite containing 20 wt% graphene-like due to the filler network formed
throughout the composite which is acting similar to a cross-linked matrix [63-67]. A minor weight loss at
higher temperatures (above 550 °C) is observed which is assigned to the existing oxygenated groups within
the graphene-like filler [68]. The remained ash at 520 °C (listed in Table 2) for the composites confirmed
the accuracy of the filler content in the synthesized samples.
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Figure 10: TGA thermograms of LDPE/EVA_A blend, LDPE/EVA/G10_A and LDPE/EVA/G20_A.

Table 2: TGA results of LDPE/EVA blend and its composites with graphene-like.

Sample T at 5 % wt loss T at 50 % wt loss Ash content (%) at 520
LDPE/EVA_A 370 460 1.2
LDPE/EVA/G5 A 375 465 4.8
LDPE/EVA/G10_A 430 471 10.4
LDPE/EVA/G15_A 433 473 14.8
LDPE/EVA/G16 A 438 473 15.1
LDPE/EVA/G17.5 A 441 486 17.3
LDPE/EVA/G20 A 450 489 19.1

3.6. Rheological properties

To understand the structure of LDPE/EVA blend and its composites in the molten state, rheology
experiments were performed in the small amplitude oscillatory shear (SAOS) mode as a function of angular
frequency (). The rheological results are shown in Figure 11a (storage modulus, G') and 11b (complex

viscosity modulus, n°). The linear viscoelastic response of polymeric composites at filler content below the
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percolation threshold depicts a terminal behavior at low frequency in which the storage modulus (G) is
proportional to ®? [69]. Below percolation, the storage modulus was not found to increase significantly. As
the content of filler increases, the slope of the storage modulus versus the angular frequency decreases,
especially above the percolation threshold [70, 71]. At 20 wt% (LDPE/EVA/G20_A) a transition occurred
and the material showed a pseudo-solid-like curve, which is related to the formation of strong particles
networks throughout the composite, leading to a noticeable increase of storage modulus, as found in [72].
This also leads to a remarkable increase of complex viscosity of the molten composite [61, 73]. These
changes in the structure of the composite at molten state are in a good agreement with the electrical
properties, as well as the SEM micrographs, corroborating, formation of electric network, higher thermal

stability and connected particles network.
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Figure 11: Small amplitude oscillatory shear measurements of LDPE/EVA_A polymer blend and its

composites with graphene-like: (a) storage modulus (G’) and (b) complex viscosity modulus () as a

Conclusions

function of angular frequency.

In this study, a novel application of semi-conductive graphene-like filler was used to improve the electrical

conductivity of a polymer blend composite. Low-density polyethylene (LDPE), a non-polar thermoplastic

polymer, and ethylene vinyl acetate (EVA), an elastomer polymer, were selected to form the polymeric

matrix due to their wide reaching commercial use. A conductive microstructural network was achieved for

the LDPE/EVA/G composite with addition of more than 16 wt % of the graphene-like filler. Indeed, the

electrical conductivity of the polymer blend was found to increase from 10 4 to 10 S/cm at 17.5 wt% of

graphene-like, which makes this composite a suitable candidate for semi-conductive and antistatic
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applications. Annealing of the composites further increased the electrical conductivity near the percolation
threshold. Furthermore, the thermal stability of the composite was increased by 80 °C with the addition of
20 wt% graphene-like filler. Graphene-like materials, as studied in this work as a filler, offer a new avenue
to tailor the electrical properties of the polymers for conductive or semi-conductive applications while
avoiding high filler contents required when using conventional graphene filler technologies. Surface
modifications of the graphene-like composite, refinement of mixing protocols and exploration of other
polymer matrices are potential areas of improvement to continue to reduce the required filler loading and

to maximize the property improvements.
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Figure S1. Particle size distribution of clay graphene-like.
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