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1. Introduction 
 

Several studies have shown that nanostructures are 

compounds with dimensions between 1 and 100 nm (Zarei 

and Nasiri 2021, Zarei et al. 2021). The materials generally 

have three dimensions: length, width, and height. Materials 

are classified as nanostructured if at least one of these 

dimensions is in the nanometer scale (Feng et al. 2023, 

Mirzaasadi et al. 2021). 

Nanostructured materials can be classified into different 

categories based on their nanotechnology. Free dimensions 

are one such division. A free dimension refers to a 

dimension that is not at the nanoscale and can have any 

value. Accordingly, nanomaterials can be categorized as 

nanoparticles, nanowires, thin films, and bulk nano-

materials. 

Zero-dimensional nanomaterials refer to materials 

whose dimensions are all less than 100 nm, meaning that no 

dimension exceeds 100 nm, such as nanoclusters. Materials 

with one dimension greater than 100 nm will be placed in 

the category of one-dimensional (1D) nanomaterials, for 

example, CNT (See Fig. 1). 

Materials with two-dimensions greater than 100 nm are 

classified as two-dimensional (2D) nanomaterials, including 

nanosheets, nanolayers, and graphene oxides. Materials 
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with three dimensions larger than 100 nm are classified as 

three-dimensional (3D) nanomaterials. This group of 

materials consists of materials with pores in the nanometer 

range (Micro or Mesoporous Nanomaterials) or particles 

dispersed within the matrix with at least one dimension in 

the nanometer range (Graphene oxide nanocomposites). 

Solid materials with pores can be categorized into three 

types based on pore size. Solid materials with a pore size of 

2 nm or less than 2 nm are included in materials containing 

micropores. Materials with pore sizes ranging from 2 to 50 

nm were classified as mesopores, and those with pore sizes 

larger than 50 nm were classified as macropores (Davis 

2002, Zarei et al. 2023). 

When particles are nanoscale, their physical and 

chemical properties can be significantly altered compared to 

those of micron-sized particles. Generally, when powder 

reinforcement is added to polymers, there are few 

interactions between the reinforcement and the polymer. In 

contrast, the interactions are more significant if the 

reinforcement particles are smaller. If these particles reach 

the sizes of atoms or molecules, their strengthening 

properties are maximized. When materials are synthesized 

at the nanometer scale, new features can be added, which 

cannot be observed in larger dimensions (Pokropivny and 

Skorokhod 2007). 

Researchers have sought to improve the mechanical and 

chemical properties of materials to prevent corrosion 

because corrosion factors decrease the properties and life of 

a material. Recently, some researchers have reported the  
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Abstract.  In the oil and gas industry, composite materials should exhibit high flexibility and strength for offshore structures. 

Therefore, weak points in the composites should be improved, such as brittleness, moisture penetration, and diffusion of 

detrimental ions into nanometric pores. This study aimed to increase the strength, flexibility, and plugging of nanopores using 

single-layer graphene oxide (SGO) nanosheets. Therefore, SGO is added to unsaturated polyester resin at concentrations of 

0.015 and 0.15 % with Normal Methyl Pyrrolidone (NMP) as a solvent for the formation of Nanographene Oxide Reinforced 

Polymer (NGORP). The mechanical properties of the prepared samples were tested using tensile testing (ASTM-D 638). It has 

been shown that incorporating SGO, approximately 0.015%, into the base resin resulted in enhanced properties such as rupture 

resistance forces increased by 745.61 N, applied stress tolerances increased by 4.1 MPa, longitude increased to 1.58 mm, 

elongation increased by about 2.38%, and rupture energy increased by about 204.51 J. Despite the decrease in tensile force 

strength properties in the manufactured nanocomposite with 0.15% SGO, it has exclusive flexibility properties such as a high 

required energy level for rupture of 5,576 times and a formability of 40% more than the base sample. It would be best to use 

NGORP manufactured from 0.015% nanosheets with exclusive properties rather than base samples for constructing parts and 

equipment, such as rebars, composite sheets, and transmission pipes, on offshore platforms. 
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corrosion resistance of nanostructured materials (nano-

composites), which shows that nanoscale materials have 

unique physical and chemical properties that increase 

corrosion resistance (Chandradass et al. 2008). 

On Offshore and Onshore drilling rigs, composite 

materials should be highly resistant to seawater pH, salts, 

corrosive materials, water penetration, and algae growth. 

Additionally, their resistance to UV rays, air moisture, and 

physical factors such as wave impact should be considered 

in their designation. In comparison to traditional materials, 

such as steel, metal, and alloys, fiber-reinforced polymers 

(FRP) have excellent stiffness and corrosion resistance 

(Hammami and Al-Ghuilani 2004, Signor et al. 2003). 

FRPs have a high strength-to-weight ratio and are highly 

corrosion-resistant, which makes them an effective 

alternative to steel (Park et al. 2007). Corrosion-resistant 

FRP can be used as reinforcing materials for different 

structures to increase their life expectancies (Bouguerra et 

al. 2011). It is important to remember that when flexibility 

is required, FRP will be limited, and steel will be the best 

choice (Won et al. 2008, 2007). Despite the various 

excellent functions and potential applications of FRPs, 

fibers and their matrices can be damaged or destroyed under 

improper conditions in sea environments. 

According to previous studies, carbon nanomaterials can 

enhance composite properties and eliminate their flaws 

(Khayat et al. 2021, Farazin and Mohammadimehr 2020, 

Javani et al. 2019). Shokrieh et al. (2013) showed that 

0.15% of multi-walled carbon nanotubes MWCNT added to 

UP composites increased the tensile and bending strength 

by 6 and 20%, respectively (Shokrieh et al. 2013). 

It has been demonstrated that adding CNTs to resins can 

improve some properties (Bousahla et al. 2020, Medani et 

al. 2019, Tounsi et al. 2013) but can also cause problems 

during the application process. One of these problems is 

that nanotubes, with their long and narrow structures, 

aggregate with each other to form intertwined aggregates. 

As a result, the viscosity increases improperly, whereas the 

nanosheets can slip over each other freely and prevent 

excessive viscosity. Accordingly, nanosheets, which are less 

expensive than nanotubes, were utilized in this study to 

solve problems and enhance the properties of the UPR resin 

(Jang and Zhamu, 2008). 

In the realm of polymers, unsaturated polyester resin 

(UPR) is renowned as a thermosetting polymer for its 

 

 

affordability and resistance to temperature. These attributes 

have rendered it a fitting material across diverse industries, 

finding applications in coatings, structural constructions, 

transportation, storage tanks, and transmission pipes. Unlike 

epoxy resins, these thermosetting polymers are prone to 

shrinkage during curing and exhibit comparatively lower 

tensile and stiffness strengths. Addressing these limitations, 

integrating nanomaterials into polymer matrices offers a 

promising avenue to enhance the stiffness and tensile 

strength of UPR resins and curb shrinkage. This study 

aimed to augment the mechanical properties of UPR by 

integrating graphene oxide nanosheets and addressing the 

issue of shrinkage (Huang et al. 2020).  

 

 

2. Materials and methods 
 
2.1 Materials 
 

Single-layer graphene oxide (SGO) with a high specific 
surface area (SSA) and a purity of 99.9% was purchased 
from the United Nanotech Innovation Company. SGO was 
selected because of its unique properties that distinguish it 
from other carbon nanomaterials. Dispersibility in solvents 
and polymers is one feature of this material. The higher 
dispersion of graphene oxide nanosheets in polymer resins 
prevents their aggregation, so weak points in the matrix are 
not created. SGO nanomaterials have a single-layer 
structure and a high surface area, which results in more 
significant chemical activity. The increase in chemical 
activity strengthens the chemical bonds between the 
polymer molecules and the matrix, enhancing the 
mechanical strength of the polymer. Dispersing SGO is 
done with N-Methyl-2-pyrrolidone, commonly called NMP, 
which is 99.9% pure and manufactured by Merck. Other 
materials in this project have laboratory chemical grades 
and were used without impurities. 

 
2.2 Methods 
 
2.2.1 Constructing silicon mold 
Dog-bone specimens were constructed using an 

aluminum alloy following ASTM-D 638 (TAPE-I). After 
filling the mold with silicone resin, the samples were 
removed after 24 hr. An image of the manufactured mold is 
shown in Fig. 2. 

 

Fig. 1 Categorization of Nanomaterials according to free dimensions 
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Fig. 2 Construction of mold using dog-bone specimens 
 

 

Fig. 3 UPR: before and after the dispersion of SGO 
 

 

Fig. 4 Molding of pure UPR and NGORP 
 

 

2.2.2 Dispersion of SGO in the base resin 
In the first step, SGO was placed in NMP solvent using 

an ultrasonic machine, carried out in two steps for five min. 

Next, two samples of 0.15% and 0.015% of the previously 

prepared suspension were added to 100 cc of UPR so that 

the final nanocomposite contained 0.00015 and 0.0015 g of 

SGO, respectively. Subsequently, ultrasonic waves were 

used to disperse SGO in the resin for five min.  

Fig. 3 shows a resin sample with SGO after ultra-

sonication. This picture shows that SGOs are dispersed 

uniformly and stably. Afterward, the samples containing 

SGO were placed in an oven for 24 hr at 60 °C under a 

dynamic vacuum to remove the solvent. 

2.2.3 Fabrication of base sample and nanocomposite 
A methyl ethyl ketone peroxide (MEKP) initiator with a 

weight concentration of 2% and a cobalt naphthalate 

accelerator with a weight concentration of 1% were added 

to the base resin, and resins containing SGO (outed from a 

vacuum oven). These samples were then poured into a 

silicone mold to prepare dog-bone samples of the base resin 

(purple) and the NGORP (black) (See Fig. 4). After 24 hr, 

the samples were outed from the molds and placed in an 

oven at 100 °C for 24 hr for post-curing. 
 
 

3. Results and discussions 
 
3.1 Results 
 
3.1.1 Mechanical properties of fabricated samples 

Tensile tests were performed on the samples according 

to the ASTM-D 638 standard to evaluate the mechanical 

properties of the prepared composites. 

Base sample 

A sample without SGO was prepared as a base sample 

to compare the effect of the nanosheets on the mechanical 

properties. A tensile test was performed on the base sample 

according to the ASTM-D 638 standard test. The results are 

shown in Fig. 5. 

NGORP contains 0.015% SGO 

The tensile result test for the NGORP sample with a 

concentration of 0.015% w/v SGO is shown in Fig. 6, and 

its mechanical properties are reported in Table 1. 

As illustrated in Table 1, by adding SGO, the rupture 

tolerance force enhances 745.61 N; this increase in 

tolerance force is due to more chemical bonds created 

between Graphene Nanosheets and the polymeric matrix. 

The tolerance of applied stress in manufactured Nano-

composites was raised to 4.1 MPa. This increase results 

from the force distribution in existing Graphene sheets in 

the polymer matrix, perturbing the cracks and dissipating 

their energies. Another parameter promoted by the addition 

of SGO is flexibility because the length of the sample 

increased by 1.58 mm during the tensile test compared to 

the base sample. The increase in the sample’s elongation 

containing SGO up to 2.38% compared to the base sample 

confirms the increasing flexibility properties.  

After adding only 0.015% w/v percentages of SGO, one 

of the remarkable results is the significant increase of 2040 

J in the sample’s rupture’s required energy. This increase in 

energy is due to the existence of Graphene sheets in the 

polymer matrix at the rupture point. Because the point of 

the nanocomposite where the rupture takes place requires 

spending more energy to overcome the friction caused by 

the separation of Graphene sheets from the polymer matrix, 

this issue increases the duration of time for tensile force 

tolerance by 14 sec more than the base sample. 

NGORP contains 0. 15% SGO 

The ASTM-D 638 test results for NGORP samples 

containing 0.15% SGO (w/v) are depicted in Fig. 7. This 

sample’s properties are compared with the base sample and 

detailed in Table 2. 

Adding 0.15% SGO (w/v) decreased 1295.74 N in the  
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Fig. 5 ASTM-D638 test results on a base sample 

 

Fig. 6 ASTM-D638 test results of an NGORP composite incorporating 0.015% SGO 

 

Fig. 7 ASTM-D638 test results on an NGORP composite containing 0.15% SGO 
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Table 1 Parameters obtained from the tensile test on 

NGORP- 0.015% SGO and base sample 

Mechanical 

properties 
Base 0.015% SGO 

Change 

properties 

Force (N) 1869.74 2615.35 + 745.61 

Extension (mm) 0.8287 2.4153 + 1.5866 

Stress (MPa) 12.4793 16.5979 + 4.1186 

Elongation (%) 1.6331 4.017 + 2.3839 

Energy (J) 690.5156 2731.033 + 2040.5174 

TIME (Min) 0:10:06 0:24:32 + 0:14:26 

 

Table 2 Parameters obtained from the tensile test on 

NGORP- 0.15% SGO and base sample 

Mechanical 

properties 
Base 0.15% SGO 

Change 

properties 

Force (N) 1869.74 574 -1295.74 

Extension (mm) 0.8287 22.3223 + 21.4936 

Stress (MPa) 12.4793 3.8300 - 8.6493 

Elongation (%) 1.6331 41.9244 + 40.2913 

Energy (J) 690.5156 6267.1316 +5576.616 

TIME (Min) 0:10:06 4:15:59 + 4:05:53 

 

 

Fig. 8 The flexibility of NGORP-0.15% SGO 

 

 

Fig. 9 Shrinkage of the base sample relative to nano-

composites 

 

 

rupture tolerance force compared to the base sample. 

Additionally, the sample’s tolerance stress decreased by 

approximately 8.6 MPa. This reduction can be attributed to 

SGO aggregation caused by its increased concentration. 

Areas with aggregated SGO experience heightened stress 

concentration, ultimately contributing to the sample’s 

failure. 

One of the advantages of manufacturing this sample is 

its high flexibility (See Fig. 8). During the tensile test, the  

 

 

Fig. 10 TEM of SGO 

 

 

Fig. 11 Image of GO with different functional groups and 

SGO in various solvents (After one day) 

 

 

Fig. 12 Image of GO and SGO with different functional 

groups and SGO in various solvents (After 60 days) 

 

 

sample’s elongation and extension increased to 40.29% and 

21.49 mm, respectively, compared to the base resin. This 

improved flexibility resulted in a 5576 J increase in the 

energy required for sample rupture compared to the base. 

Notably, in NGORP containing 0.15% SGO, the time for 

sample tolerance to rupture was extended to 4 min, a 

substantial difference from the base sample’s 10 sec. 
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Shrinkage phenomenon  

The shrinkage in UPR presents a significant drawback 

for this polymer, leading to various issues in constructing 

parts. As depicted in Fig. 9, shrinkage is evident in the base 

sample when using identical mold sizes, whereas this 

phenomenon is notably absent in nanocomposite samples. 

 

3.2 Discussions 
 
Characterization of SGO 

The transmission electron microscope (TEM) apparatus 

model Zeiss LEO 906-Germany and Holey Carbon grids 

were applied to show the thickness and width of the SGO 

used. The results are reported in Fig. 10. 

As seen in Fig. 10, the width and length of the Graphene 

sheets are more than 100 nm, while the thickness is less 

than 100 nm, which determines SGO in the category of 

two-dimensional Nanomaterials. 

Stability of SGO  

An experiment has been arranged to show the stability 

of single-layer Graphene oxide (SGO)in solvents compared 

to another Graphene oxide (GO). In this way, three GO 

were selected: one is a multilayer Graphene oxide with 

Hydroxyl functional group (GO-OH), the second is a 

multilayer Graphene oxide with Amine functional group 

(GO-NH2), and the third is SGO. Two solvents, Methyl 

Ethyl ketone (MEK) and N-methyl-2-pyrrolidone (NMP) 

 

 
were selected in the experiment design for the GO and SGO 
dispersion process. First, 1 gr of each, GO-OH, GO-NH2, 
and SGO, were mixed in 30 cc of solvents. Then, in three-
time intervals of 5 min, the ultrasonic process was carried 
out by the apparatus model BANDELIN made in Germany 
under a power of 150 W and energy of 120.093 KJ. After 
ultrasonication, all GO and SGO were poured into 
containers with a similar volume and kept at ambient 
temperature to investigate their stability versus time (See 
Fig. 11). The solutions were placed at a calm ambient for 60 
days to evaluate their sedimentation rate and determine all 
GO’s and SGO stability (See Fig. 12).  

Fig. 11 illustrates the complete dispersion of SGO 
within (NMP) and (MEK) solvents. This dispersion 
mechanism is attributed to a confined layer of solvent near 
the SGO surface, preventing the aggregation of SGO sheets 
through steric hindrance. Typically, the dispersion of SGO 
in solvents involves sonication, generating shear stresses 
and cavitation in the solvent, allowing them to remain 
suspended for up to 60 days without sedimentation. 
Sustaining this dispersion necessitates the introduction of an 
energy barrier against aggregation. This barrier can be 
achieved through electrostatic or steric repulsion. The 
Brownian motion will maintain the dispersion when this 
energy barrier is sufficiently high (Johnson et al. 2015). 

Microstructure of NGORP 

The microstructure of pure resin and NGORPs were 

investigated with a scanning electron microscope (SEM) 

 

Fig. 13 SEM images from fracture surface area A) pure UPR, B) NGORP-0.015%, C) NGORP-0.15% 
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Zeiss LEO 1455vp - Germany. Pure resin has a clean and 

smooth surface, which is a common characteristic of brittle 

resins (Fig. 13, part A). Adding SGO with a concentration 

of 0.015% showed that Nanosheets appeared on the fracture 

surface without aggregation (Fig. 13, part B). While 

increasing the concentration of SGO to 0.15%, more 

Nanosheets appeared on the fracture surface and 

accumulated in some places (Fig. 13, part C). 

Mechanism discussion in illustration 

The field emission scanning electron microscope 

(FESEM) model MIRA3-TESCAN-XMU was used to 

evaluate the surface morphology of NGORPs (zarei et al. 

2018). The images (See Fig. 14) depict that the pure resin 

exhibits a notably low surface roughness. In contrast, 

adding 0.015% SGO resulted in an escalated surface 

roughness within the resin. This observation underscores 

the influential role of SGO in enhancing crack propagation 

resistance. The emergence of multi-level surface features 

 

 

 

indicates crack deflection and the separation between the 

matrix and filler. 

Based on the mechanisms stated in the past literature, in 

improving the polymer matrix’s mechanical properties by 

GO, strengthening could be achieved by processes that 

perturb the cracks and dissipate their energy. This 

mechanism would allow for more significant elastic 

deformation, increased toughness, fracture strain, and 

strength (See Fig. 15) (Hussein et al. 2017). 

The FESEM images from the fracture surface as a result 

of the tensile test are shown in Fig. 16; one of the main 

features of this surface morphology is the stepped surface 

structure indicated by arrows. It can be stated that the crack 

deflection mechanism, by tilting/twisting the crack, has led 

to the effective absorption of crack energy. When the crack 

path is disturbed by the Graphene Nanosheets, the crack tip 

is pinned and deflected near the sheet, then separates the 
sheets and propagates into the matrix.  

 

Fig. 14 FESEM images from the fracture surface area due to tensile test;A). Pure resin B). Nanocomposite 

containing 0.015% SGO 

 

Fig. 15 Schematic of mechanism strengthening resin with SGO 
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Fig. 17 The failure behavior in the base sample (purple) 

and the NGORP sample (black) 

 

 

Mechanical properties 

Adding 0.015% SGO during the NGORP manufacturing 

process enhanced all base sample properties. Additionally, 

NGORP-0.015% has the highest tolerance in applied force 

compared to NGORP-0.15% (Table 3). The tensile trial 

results showed that the applied energy for breaking a 

sample containing 0.015% SGO was 40% higher than for a 

base sample. 

In Fig. 17, the ruptured place reveals that the SGO 

sample with a concentration of 0.015% is stronger than the 

base sample, as the fracture occurred near the clamp, not in 

the same area as the base sample. Therefore, the SGO 

sample was superior in strength to the base sample. 

Conversely, with an increased SGO concentration of 0.15%, 

 

 

 

the sample exhibited diminished strength properties but 

notably increased flexibility. The higher flexibility of the 

NGORP-0.15% sample is evident from the observed 

necking phenomenon within the fracture area, as depicted in 

Fig. 17. 

The comparison of plotted curves derived from tensile 

test data conducted on the fabricated samples in Fig. 18 

provides a comprehensive evaluation of flexibility and 

brittle behavior. Observing the graph’s linearity concerning 

the base resin and its in-situ rupture under applied tension, 

contrasted with the nanocomposites graph, reveals distinctive 

characteristics. The base sample appears inherently brittle, 

displaying no discernible flexibility. 

In contrast, the composite manufactured with 0.15% 

Graphene oxide deviates from linear behavior, evading 

rupture even at maximum tensile strength, transitioning 

from the elastic to plastic deformation phase. The 

deformation of the plastic that appeared as a neck shape (as 

shown in Fig. 17) confirms its flexible nature.  The 

nanocomposite containing 0.015% Graphene oxide exhibits 

properties between those of the base resin and the 0.15% 

Graphene oxide-nanocomposite. Its departure from linear 

behavior signifies an improvement in flexibility. 

Furthermore, its curve slope surpasses the 0.15% Graphene 

oxide nanocomposite, indicating heightened tolerance at the 

rupture point. 

The results of this study are verified with previous 

studies in the literature that describe the fabrication of  

 

Fig. 16 FESEM images of the strengthening mechanism in nanocomposite containing 0.015% SGO 

Table 3 Results of ASTM-D638 test on NGORP and base sample 

Mechanical properties 

Sample Force(N) Extension(mm) Stress (MPa) Elongation (%) Energy(J) TIME(Min) 

Base 1869.74 0.8287 12.4793 1.6331 690.5156 0:10:06 

GORP 0.015% 2615.35 2.4153 16.5979 4.017 2731.033 0:24:32 

GORP 0.15% 574 22.3223 3.8300 41.9244 6267.1316 4:8:59 
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graphene oxide nanocomposites using unsaturated polyester 

resins. Bora et al. (2013) demonstrated that the addition of 

3% Graphene oxide to unsaturated polyester resin led to a 

remarkable enhancement of 76% in tensile strength and a 

41% increase in Young’s (Bora et al. 2013) (Esmaeilzadeh 

et al. 2021). Furthermore, Swain (2013) reported that 

including Nano Graphene oxide at a concentration of 0.05% 

within unsaturated polyester resin resulted in a substantial 

92% increase in bending strength compared to the pure 

resin (Swain, 2013). 

Previous studies utilizing Graphene oxide Nanosheets in 

the fabrication of resins have encountered increased 

production costs due to high Nanosheet concentrations. 

Conversely, the approach introduced in this study involves 

the addition of a minute quantity, specifically 0.00015 gr, of 

single-layer Graphene oxide to unsaturated polyester resin. 

This method achieved a notable enhancement of 40% in 

strength properties and a substantial 120% improvement in 

elongation properties. This innovation aims to render the 

manufacturing process more cost-effective, providing a 

viable solution for affordable production. 

 
 

4. Conclusions 
 

In summary, this study demonstrates the significant 

impact of Single-Layer Graphene Oxide (SGO) Nanosheets 

on composite materials like unsaturated polyester resin, 

showcasing improved mechanical properties. Incorporating 

SGO Nanosheets fills nanoscale pores, thereby mitigating 

moisture ingress and the infiltration of detrimental ions, 

consequently inhibiting structural degradation. 

The optimal concentration identified for fabricating 

Nanocomposites with Graphene Oxide Reinforced Polyester 

(NGORP) stands at 0.015%. This concentration exhibits 

enhancements across all strength parameters, notably 

achieving the highest increase in applied tensile force 

(745.61 N) and stress tolerance (4.1 MPa). Moreover, the 

NGORP manufactured at a 0.15% concentration showcases 

superior flexibility, which is evident in energy expenditure 

 

 

for rupture (5576 j) and a 40% improvement in formability 

compared to the base sample. This exceptional flexibility 

qualifies it for producing parts requiring extraordinary 

flexibility properties. 

A pivotal aspect of this study involves using low 

concentrations of Graphene Oxide Nanosheets, strategically 

considering economic factors. The extended lifespan of 

resin parts with minimal nanomaterial integration can 

substantially diminish maintenance costs. Thus, this 

research underlines a compelling rationale for employing 

nanomaterials on an industrial scale, enabling the 

fabrication of composite parts endowed with exceptional 

strength and elasticity. 
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