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ABSTRACT: In this study, conductive nanocomposites were prepared by dispersing two different types 

of nanoparticles in the epoxy resin (bisphenol A) matrix. In the first case, Graphene Oxide (GO)  

was used as the nanoparticle filler, while in the second one, reduced graphene oxide (rGO), which was made 

using L-ascorbic acid as the reducing agent, was dispersed in the epoxy base. For this purpose, different 

weight percentages of nanoparticles including 0.25, 0.5, 1, and 2 % were selected to be examined.  

The prepared samples then were compared with the blank sample in terms of electrical conductivity and 

mechanical properties involving tensile strength and elastic modulus.  According to FT-IR and XRD 

analyses, it was observed that oxygen functional groups were reduced substantially for the rGO. 

However, in this case, owing to the transformation of the binary system from polar-polar  

to polar-nonpolar, rGO could not disperse well in the epoxy matrix. To address this problem, 

nonylphenol polyethylene was used as a surfactant to provide more suitable dispersion in the epoxy. 

Results also demonstrated that the electrical conductivity of rGO-epoxy nanocomposite increased 

dramatically in comparison with both neat epoxy samples and epoxy/GO ones, and the maximum 

conductivity of 3×10-4 S/m (8 orders of magnitude higher than the pristine epoxy resin) was achieved at 

the rGO percentage of 2%. In addition, mechanical properties (e.g. tensile strength and elastic modulus) 

were superior in the case of GO and rGO nanocomposites in comparison to that of the blank sample, 

except for the 2 wt% rGO. Therefore, the best-prepared nanocomposite was the1wt% rGO sample  

which improved the electrical conductivity up to 7 orders of magnitude. Likewise, tensile strength and 

elastic modulus modified 21% and 34 %, correspondingly relative to the neat epoxy sample. 
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INTRODUCTION 

In the past, polymers were generally used as insulating 

and structural materials in packaging and electrical 

insulations where their mechanical and electrically 

insulating properties were important. In fact, electrical  

 

 

 

conduction in polymers was generally regarded as an 

undesirable phenomenon. Accidentally, in 1977,  

J. Heeger, Alan G. Mac Diarmid and Hideki Shirakawa 

discovered that plastics that are commonly considered  
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as insulators, could also behave similar to metals. Actually, 

they manufactured polyacetylene under certain 

circumstances and thereby succeeded to create electrical 

conductivity in the polymeric materials [1-3]. 

Conductive nanocomposites are one of the most 

important types of conductive polymers, which have 

various applications at industry including production of 

chemical or biological sensors, microelectronics devices, 

fuel cells and catalysts. These nanocomposites can also 

exhibit remarkable potential in terms of their mechanical 

property due to their high specific surface area as well as 

strong nanofiller-matrix adhesion features [4-12]. 

Nevertheless, recently, many scientists have focused 

on graphene-based polymer nanocomposites owing to 

their mechanical, electrical and thermal properties. In fact, 

graphene can generally enhance thermal, mechanical and 

electrical properties of graphene-epoxy nanocomposites [13-19]. 

Actually, GO can be reduced to graphene-like sheets  

by removing the oxygen-containing functional groups  

with the recovery of a conjugated structure [20-23]. In this 

regard, several researchers have dealt with synthesizing 

grapheneoxide (GO)-polymer and reduced grapheneoxide 

(rGO)-polymer nanocomposites through various 

chemically reducing agents (e.g., sodium borohydride 

(NaBH4), octadecylamine (ODA), lithium aluminium 

hydride, hydrohalic acids (HI), hydrazine, investigating 

their mechanical, thermal and electrical properties [27-34]. 

By way of illustration, Toselli et al. prepared GO-epoxy 

nanocomposite without the use of solvents by direct 

sonication of graphite oxide (GO) powders using in situ 

chemically reduction of modified GO powders, where 

octadecylamine (ODA) was the reducing agent. As a result, 

they succeeded to improve electrical conductivity of 

epoxy-rGO nanocomposite around 5 times at 0.5 wt% of 

rGO in comparison to pristine unmodified resin, but they 

could not enhance the electrical conductivity [38].  

In another work, Tu et al. prepared high-density 

polyethylene (HDPE)/polypropylene (PP) composites 

with graphene by melt mixing method. For this purpose, 

the graphene oxide was thermally recued (TRG), and 

exfolicated graphene was used as the surfactant (SEG).  

According to their results, the electrical conductivity could 

boost by 10 orders of magnitude at 10 wt % of graphene 

content [36]. Besides, Mancinelli et al. dispersed graphene 

oxide nanofillers in the epoxy matrix through two-phase 

extraction. The measurement of the electrical properties 

revealed that adding pristine graphene oxide could not improve 

the electrical conductivity noticeably, whereas using  

0.5 wt % of reduced graphene oxide, which was produced 

by thermal treatment, the electrical conductivity would 

enhance 3 times compared to the epoxy sample. Also, poly 

ethylene terephthalate/graphene nancomposites were 

synthesized by Zhang et al. [39] through melt mixing 

method, reporting improved electrical conductivity up to 

12 orders of magnitude by adding 3 wt % of graphene. 

Therefore, it can undeniably be concluded that in order 

to promote electrical conductivity of graphene oxide, 

reduction reactions (deoxygenation) should essentially be 

taken place regarding the fact that these reactions 

contribute to increase in charge density of graphene oxide, 

and consequently higher electrical conductivity [7-15]. 

Besides, it is of paramount importance to remark that 

among the existing reducing agents for GO reduction,  

L-Ascorbic acid shows superiority over others since  

it can be conducted at low temperatures with low cost.  

To illustrate, Pei et al. presented a summary of methods 

through which reduction reactions occur on graphene 

oxide, and also they stated that L-ascobic acid is a useful 

candidate for a simple reduction process at low 

temperatures [39-43]. Actually, the simplicity of process 

through using L-ascorbic acid makes it a good choice for 

large-scale graphene production. 

 In addition, it should be stated that the epoxy resin  

can be applied as a coating substance (e.g. as the spray 

color or liquid) which is resistant to water and chemical 

materials as well as corrosion and erosion. Moreover, 

regarding simple curing process of epoxy resin, it is 

superior to its alternatives such as polyethylene and 

polypropylene, which require melting process if used  

as coating materials [44]. 

Due to the justifications and reasons raised above,  

L-ascorbic acid is selected as the reducing agent and epoxy 

resin as the matrix in this investigation to prepare  

a nanocomposite with high electrical conductivity as well as 

desirable mechanical properties. 

 

EXPERIMENTAL MEHODS 

Materials and instruments 

The main applied materials in this study are:1-Epoxy 

resin (bisphenol a-type EPiran-06FL) (from Khuzestan 

Petrochemical Co. in Iran), 2-Graphene oxide 

(GO)(purchased from Angstron Materials Inc Co.),3-
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Table 1: Applied materials and properties. 

 Specific gravity Viscosity(cP)@ 25 ○C Purity (%) appearance 

GO(N002-PDE) 2.2 - 98.9 Black powder 

L-Ascorbic acid 1.3 - 99 White powder 

NPP 1.036 75.0 99.9 Clear liquid 

Epoxy(EPiran-06FL) 1.05 9500 99.3 Clear light yellow liquid 

Ethanol 0.789 1.095 99.8 Clear liquid 

 

Nonylphenol polyethylene glycol ether (NPP), with 

chemical formula C9H19C6H4(OCH2CH2)n OH,(purchased 

from Kimiagaran Co. at Arak in Iran), 4- L-Ascorbic acid 

(reagent grade)(from Sigma Aldrich Co.), 5- Ethanol 

(from Kimia alcohol in Iran). All materials have purity of 

upper than 98%. Some of their physical properties are 

summarized in Table 1. 

The most important instrument in this study is Hioki 

(Model: 3455) insulation taster. It has two jaws that subject 

two sides of intended sample and creates 5kV electrical 

potential difference, and finally measures electrical 

resistance and electrical conductivity [49].  Moreover, 

universal testing machine (Model: 5982, Instron, USA) 

was used to perform tensile test, FTIR spectrometer 

(Model: Burker, tensor27) in 500-4000 cm-1 region  

was used to measure the oxygen functional groups after 

GO reduction, X-Ray diffractometer (Model: Burker, D8) 

was employed to evaluate the GO and rGO crystalline 

structures at the range of 5-80° and finally scanning 

electron microscope (TESCAN, vega3) images were gained 

at 20 kV for morphological study. 

 

Graphene oxide reduction  

In this respect, firstly, GO was dissolved in deionized 

water (0.65g/L). Secondly, mechanical exfoliation method 

was adopted for ultrasonication (30 min). Thirdly, 5.5 g of 

L-ascorbic acid was added to the solution as the reducing 

agent, and then stirred for 72 hrs. Following that, graphene 

was separated by centrifugation at 8000-10000 r/s. During 

centrifugation, the solution was washed two times by 

ethanol and deionized water in order to collect the 

unreacted L-ascorbic acid. Finally, the solution was put in 

a vacuum oven for 2 hrs (see Fig. 1). 

 

Nanocomposite preparation 

The rGO-epoxy nanocomposite was prepared by the 

typical procedure described in Fig.2. In the first place, a 

specific amount of rGO was mixed with ethanol, and then 

sonicated for 30 min. Next, degassed epoxy resin was 

added to the solution to obtain the concentrations of 0.25, 

0.50, 1.0 and 2.0 wt% (weight of GO or rGO /weight of 

epoxy resin). In the case of rGO-epoxy nanocomposite, 

0.01% of NPP (weight of NPP /weight of epoxy resin) was 

added to achieve better rGO dispersion in epoxy resin, and 

again the solution was sonicated for 15 min. Fig.3. Shows 

the role of surfactant between epoxy resin and rGO. 

Following that, the solution was heated by a heater stirrer 

for 15 minutes at 80 ◦C to remove the solvent through 

evaporation.  Subsequently, it was put in a vacuum oven 

for 2h at 80 ◦C and -600 mm Hg to evaporate the remained 

moisture from the solvent. The final mixture was 

completely mixed with 14 wt % curing agent, poured  

into molds, and then was immediately put in the oven  

for 2h at 80 ◦C. 

 
RESULTS AND DISCUSSION 

GO and rGO characterization  

The GO and rGO structures are characterized by XRD 

analysis as illustrated in Fig. 3. Accordingly, a sharp 

diffraction peak can be observed at 2 θ of 11.5ْ, for the GO. 

Nevertheless, after reduction, a broad diffraction peak is 

appeared for the rGO. Considering the fact that the peak 

width is highly dependent on size of graphite domains 

existing inside the macroscopic graphene material, rGO 

with wider peak has smaller crystallite size than GO.  

This reflects the shrinking of graphite domains and 

formation of lateral defects upon reduction reaction [8]. 

Therefore, it can be concluded that reduction has been conducted 

appropriately [9].  

FT-IR measurement was used to explore functional 

groups on GO and rGO and confirm the reduction reaction 

(see Fig. 4). As shown in IR spectrum of GO, the presence 

of C=O (carboxyl) and C-O (carbonyl) groups was  confirmed
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Fig. 1: Graphene oxide reduction process. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig 2: rGO-epoxy nanocomposite preparation. 
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Fig. 3: Surfactant role between the dispersed phase (rGo) and matrix (epoxy resin). 

 

with the peaks at 1726 and 1052 cm-1, respectively.  

The broad band at high frequency region (2500-3400 cm-1) 

was assigned to hydroxyl groups of carboxylic acid, 

carbonyl and residual water molecules in the structure.  

In addition the peak of stretching vibration of C-O epoxy 

groups was appeared in the region of 1000-1280 cm-1. 

While GO is reduced to rGO by the used chemical reducer, 

the intensity of abovementioned peaks was reduced  

and some of them completely eliminated. As shown  

the reduction of the carboxyl groups (COOH) to 

hydroxymethyl (CH2OH) was proved by the removing  

of the C=O band at 1726 cm-1 and the appearance of new 

peaks at band at 2925 and 2853 cm-1. These changes 

indicate the successful partial removal of oxygen from  

the graphene sheets [40]. 

The intensity of absorbance peaks versus 

wavenumbers (cm-1) before and after reduction is 

reported in Table 2. Comparison of data shows  

the partial removing of oxygen-containing functional 

groups or GO reduction [40].  

Fig. 5a illustrates SEM images of the original GO 

particles before sonication process in ethanol, in which 

graphene layers and flakes can clearly be seen. Fig. 5b 

reveals the differences between rGO and GO; actually,  

in the case of rGO, the crystals are converted to needle-

shaped particles. Fig. 5c-f shows SEM images of the cross 

section of GO and rGO nanocomposites. It is observed that 

the fracture surface of the neat epoxy resin (Fig. 5c) is 

smooth whereas by adding GO and rGO nanoparticles, the 

fracture surface becomes rougher with the appearance of 

cracks on it. The high level of roughness may be related  

to the good filler/matrix interaction due to the presence  

of oxygen functional groups on the surface of GO 

nanoparticles and high surface area in rGO ones [26]. 

Figs. 5e and 5f show SEM images of the 

nanocomposites prepared with 0.25 wt. % of rGO  

in the absence and presence of surfactant, respectively.  

It can obviously be understood that after the sonication 

process and separation of GO sheets, these sheets are 

easily discernible. In addition, it can be seen that a good 

dispersion of GO nanoparticles is taken place in all regions 

of epoxy in the presence of NPP surfactant. Figs. 5g and 

5h demonstrate the nanocomposite prepared with 1 and 2 wt. % 

of rGO modified with the surfactant, respectively. 

If one compares the morphology of nonocomposites 

with different weight percentages, it can be concluded that 

with increase in the weight percentage of the rGO,  

the crystals show more tendency to agglomerate and flake, 

which is not desirable. Although the NPP surfactant 

 is used for better dispersion, in the case of 2 wt% 
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Table 2: FT-IR Absorbance peak vs. functional groups. 

 
Wavenumbers 

(cm-1) 

Absorbance intensity 

(GO) 

Absorbance intensity 

(rGO) 

Absorbance intensity 

reduction percent (%) 

C-O 1052 0.05 0.001 98 

C-O-C 1226 0.049 0.006 87 

C-OH 1410 0.032 0.003 90 

C=C , -OH 1630 0.054 0.009 83 

C=O 1726 0.048 0.004 91 

O-H,Carboxylic acid, carbonyl,Water 2500-3400 0.125 0.051 59 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4: XRD pattern of GO and rGO. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5: FT-IR of GO and rGO. 

 

(i.e., highest rGO content), fillers cannot be dispersed well 

into the polymer mainly due to the poor particle-epoxy 

interaction. In fact, regarding the transformation of a polar-

polar (epoxy-GO) molecular interaction to polar-nonpolar 

(epoxy-rGO) one, when rGO is loaded instead of GO, 

uneven and flaked dispersion is plausible. To explain,  

the more the oxygen groups are removed through 

reduction process of GO, weaker adhesion to the epoxy 

matrix is obtained, and consequently weaker dispersion  

in the matrix is observed. This phenomenon is also seen  

in the fabrication of nonocomposites with clay as the filler 

and polyethylene/polypropylene as the matrix phase. 

Regarding the polar structure of clay particles  

when polyethylene and polypropylene are used, a suitable 

dispersion cannot be achieved in the nanocomposite 

structure. To tackle this problem, adding  

proper surfactants or modification of nanoparticles  

can partially enhance the dispersion in the polymeric  

matrix [42]. 

Electrical properties 

Electrical conductivity of the prepared nanocomposites 

is measured using the Megger tester [50].  Fig. 6 shows  

the electrical conductivity versus weight percentage of 

filler. Clearly, the electrical conductivity of GO-epoxy 

composite increases smoothly with the increase in GO 

content, up to the point that it reaches the maximum 

conductivity of 1.11×10-11S/m where the GO weight 

percentage is 2%, implying that it depends slightly  

on the GO content. 

However, the electrical conductivity of rGO-epoxy 

nanocomposite varies noticeably with the increase in rGO 

content, and the maximum conductivity of 3×10-4 S/m  

can be obtained at the rGO percentage of 2%. 

In fact, with a small increase of filler content from 0.5% 

to 1% for the rGO case, electrical conductivity changes 

remarkably from 2.52×10-10 to 3.56×10-5 S/m, indicating  

that the percolation threshold is at 0.50 % filler content,  

while for the GO, no percolation threshold can be seen. 
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Fig. 6: SEM images: (a) Pure GO; (b) rGO; (c) neat epoxy; (d) 1.0 wt% GO; (e) 0.25 wt% rGO; (f) 0.25  wt% rGO+ Surfactant ;  

(g) 1.0 wt% rGO+ Surfactant; (h) 2.0%  wt% rGO+ Surfactant. 
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Fig. 7: Comparison between electrical conductivity of GO and 

r-GO nanocomposite vs. filler content. 

 

Surprisingly, although the rGO sample exhibits poorer 

dispersion characteristics relative to GO, its conductivity 

is tremendously higher than that of GO. This can most 

presumably be attributed to the fact that the positive effect 

of the reduction reaction (desirable change) can 

compensate for the negative effect of weak dispersion 

(undesirable change), and subsequently higher electrical 

conductivity can be obtained in the case of rGO-epoxy 

nanocomposites.  

 

Mechanical properties 

Fig. 7 depicts stress-strain curves for GO and r-GO 

nanocomposites at different filler contents.  Accordingly, 

improvement in tensile strength and elongation at break  

is achieved as a result of reinforcing the structure with 

loading of nanofillers. As a result, it is observed that  

at 1.0 wt% GO and 0.5 wt% rGO the best mechanical 

properties can be obtained, implying that for each 

nanofiller, there is an optimum percentage. 

Fig. 8a represents variation of tensile strength of 

nanocomposite versus filler content for both rGO and GO 

cases. In all samples prepared by GO, the tensile strength 

is enhanced in comparison with the blank sample (neat 

epoxy), and it goes up until it reaches a maximum value  

at 1 wt% filler content, showing 23.2% improvement. 

Nevertheless, by adding more content (e.g., 2 %), the curve 

tends to decrease although it is still 4.5 % higher than the 

blank sample. 

To compare, for all filler contents, rGO nanocomposite 

has lower tensile strength than GO. This can presumably 

be ascribed to more homogenous dispersion of GO 

nanoparticles in the epoxy matrix (see Fig. 5), which 

contributes to higher mechanical strength. 

Another important observation is that even though at 

the weight percentage of 1%, rGO represents 17% 

improvement in comparison to the blank sample (neat 

epoxy), if the content exceeds 1% (i.e., 2 %), the tensile 

strength deteriorates significantly; i.e., decreases around 

23.2 %.  

The good tensile property of the composites at lower 

content of fillers suggests an appropriate interaction of GO 

and rGO with epoxy and epoxy/NPP surfactant, 

respectively, which ensures an efficient loading transfer 

between the matrix and the particles [48].  

It is also important to mention that in both cases, 

probability of agglomeration of graphene layers intensifies 

with the increase in the content of nanoparticles, resulting 

in a lower tensile strength at the weight percentage of 2%. 

In addition, due to the non-polar structure of molecules in 

the case of rGO, this phenomenon (agglomeration) occurs 

more intensely, and therefore the tensile strength of rGO-

epoxy nanocomposite is even lower than that of the neat 

epoxy sample. In the other words at 2 wt% loading, filler 

agglomerates are observed in the prepared composites 

(Fig. 6d), resulting in a decrease of surface area in contact 

with the polymer matrix. The graphene agglomerates in the 

composites can easily lead to cracks initiation and 

propagation and consequently produce the reduced 

strength of the composites. But, the highly dispersed 

graphene fillers which were prepared at lower filler 

contents are more efficient than the aggregated ones in 

transferring applied load and reinforcement (see Fig. 8a). 

The relatively lower tensile strength in rGO-epoxy than 

that of GO-epoxy composites may be related to their 

structure difference. Because due to weak van der Waals 

forces between graphene sheets in rGO, slippage can occur 

between the mentioned sheets and their orientation in the 

direction of the tensile load to maximize reinforcement 

mechanism is limited [49]. 

Fig.8b depicts elastic modulus of both nanocomposites 

versus filler content. Modulus of all GO-epoxy samples is 

boosted and the maximum value can be seen at 1 wt%, 

gaining 40.46% improvement in comparison with  

the blank sample. In the case of rGO-epoxy, similar  

to what observed for GO case, the elastic modulus 

increases as the filler content goes up to 0.5 wt%, and 

remains nearly unchanged for 1 wt%; however, a sharp decrease is 
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Table. 3: Comparison of elongation at break for GO and rGO nanocompsites. 

Sample ℇ  (±5%) Sample ℇ  (±5%) 

Blank 11.18 Blank 11.18 

0.25% GO 10.76 0.25% rGO+surf 9.48 

0.50% GO 9.85 0.50% rGO+surf 10.11 

1.0% GO 9.43 1.0% rGO+surf 11.22 

2.0% GO 8.95 2.0% rGO+surf 12.58 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8: Tensile Stress-strain curves of epoxy nanocomposites with 0.25, 0.5, 1.0 and 2 wt% of (a) GO and (b) rGO. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9: Comparison between (a) tensile strength and (b) elastic modulus of GO and r-GO nanocomposite vs. filler content. 

 

observed at 2 wt% rGO, meaning 35.24% deterioration  

in comparison with the blank sample. The main reason for 

this observation is the decline of adhesion between filler-

epoxy resin and the weakness of interphase region after 

reduction reaction.  

As it is shown in Table 3, elongation at break of epoxy 

nanocomposites decreases with increase in filler content  

in most cases. At low stresses, because of restricted motion 

of epoxy chains in the presence of the filler network, epoxy 

nanocomposites show high modulus and resistance. 

Conversely, as the stress increases, weak points become 

larger, leading to uneven distribution of stress thereby  

the sample becomes brittle and the strain at break decreases.  

Table 3 shows the results of different studies which 

have been used GO or rGO for enhancing electrical 

conductivity. As can be seen, the electrical conductivity 

improvement obtained in this research is higher than 

others. 
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Table 4: Different study on Electrical conductivity enhancement. 

Reference Electrical conductivity enhancment (Order of magnitude) GO/rGO content in nanocompsit(wt%) Year  

 8 2% rGO+epoxy 2019 This research 

[19] 7 3%  rGO+SnO2 2015 Wu et al. 

[44] 6 1.0% CNT+GO+epoxy 2014 Ghaleb et al 

[46] 5 3% GO+epoxy 2013 Monti et al. 

 

CONCLUSIONS 

In this experimental study, the effects of reduction 

reaction using L- ascorbic acid as the reducing agent on 

electrical conductivity and mechanical properties of 

epoxy-graphene nanocomposite were evaluated. In 

addition, for more suitable dispersion, nonylphenol 

polyethylene glycol ether (NPP) is used as a non-ionic 

surfactant. SEM images represented better dispersion of 

GO than rGO nanoparticles in the epoxy matrix, indicating 

better interactions of the polar-polar binary system (rGO-

epoxy). Also, the electrical conductivity can be enhanced nearly  

by 8 orders of magnitude for 2 wt% rGO-epoxy 

nanocomposites when compared to the neat epoxy.  

Besides, tensile strength and elastic modulus can be 

enhanced in all samples of GO-epoxy nanocomposites. 

However, mechanical properties become weaker in some 

cases of rGO-epoxy when compared to the neat epoxy 

composite due to weak interaction between filler and the 

polymer matrix and unsuitable dispersion at higher filler 

loadings. In conclusion, the best-prepared sample 

contained 1wt% rGO, and its corresponding electrical 

conductivity was enhanced by 7 orders of magnitude,  

the tensile strength was modified 21% and elastic modulus 

was improved 34 %, in comparison to the blank epoxy 

sample. 
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