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ABSTRACT 

This study investigated the synthesis, characterization, and performance of unsaturated polyester resin (UPR) 

composites reinforced with 1 wt.% graphene oxide (GO). The composites were prepared by mechanically mixing UPR, 

general-purpose resin (GP), iso marine resin (ISO) and rooflite resin (RL) with GO, followed by ultrasonication and curing.  

The oxidation of graphene into GO and the generation of resin composites was verified by X-ray diffraction (XRD) and 

Fourier Transform Infrared spectroscopy investigations. Graphite lacked any noticeable distinctive peaks whereas, 

characteristic absorption bands at 3350(O-H), 1718 (C=O), 1613 (C=C), 1165 and 1036 cm−1 to C-O-C illustrated the 

functionalized structure of GO.  Characteristic peaks at 2θ=10.27, 30.4 and 2.1 were observed in the XRD spectrum of GO. 

Scanning electron microscopy revealed improved particle distribution and morphological changes in the resin after GO 

incorporation. Thermogravimetric analysis and differential scanning calorimetry (DSC) demonstrated increased thermal 

stability, while the mechanical tests showed improvements in hardness. The DSC curves of the GO sample exhibited a clear 

exothermic peak at 201℃, and highest tg value of 85.3℃ was found in 1% GO composite of ISO resin and in DTG it showed 

a Tmax value of 386℃. Tensile, flexural, and compressive strengths of the GO composites are measured and reported. The 

dielectric strength of the composites also varies based on resin type, with GO improving insulation properties in certain 

resins. Dielectric value strength value of 5080.0 V/mm for GP resin with 1% GO shows an enhanced overall dielectric 

performance.  A comparison is made among the resin composites of GP, ISO and RL UPR. It was observed that the addition 

of GO significantly enhanced the thermal, mechanical, and electrical properties of the polyester composites, making them 

suitable for advanced material applications. 

Keywords: Thermoset composites; Unsaturated polyester resin; Graphene oxide composites; TGA and DSC; Mechanical 

properties; Dielectric strength.

1. INTRODUCTION

Thermosetting plastics play a key role in 

fostering innovation and researchers have been able to 

investigate novel applications of them in a variety of 

industries due to their adaptable qualities. The 

commercial potential of thermosetting plastics had 

increased due to its key features, which include low 

viscosity in the uncured state, configurable modulus, 

high heat stability, ease of processing, and compatibility 

with fillers. In spite of that, problems such as poor 

chemical resistance, low electrical conductivity, and 

restricted thermal stability should be addressed. 

Unsaturated polyester resin (UPR) - graphene oxide 

(GO) composites have gained significant  attention due 

to their improved mechanical, thermal, and electrical 

properties, making them highly suitable for a variety of 

industrial applications. The addition of GO to UPR has 

enhanced the composite’s overall performance, 

increasing its strength, flexibility, and resistance to 

corrosion (Kim et al. 2010).  

Graphene oxide is a single layer of graphite 

oxide with oxygen-containing functional groups like 

hydroxyl, epoxy, carbonyl, and carboxyl on its basal 

planes and edges which can alter the Van der Waals forces 

during the interactions with solvents and polymer 

matrices. Large amounts of GO can be made from easily 

accessible, inexpensive natural graphite. Intercalated or 

exfoliated GO composites are formed when polar 

molecules or polymers contact strongly with the oxygen 

groups on GO. Extensive research had been conducted 

on GO-based polymer composites, making interesting 

enhancements in their mechanical, thermal, and electrical 

characteristics (Chen et al. 2012). 

 Sor far, only the mechanical strength of 

composites made of reinforced UPR with GO 

concentrations of 0.015 and 0.15% had been measured 
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and reported (Zarei, 2024). GO modified epoxy resin 

(EP)/GO composites (An et al., 2024; Reis et al. 2023; 

Wang et al. 2023), acrylic-epoxy-based nanocomposite 

(Kumar et al. 2023), bio-epoxy/GO composites 

(Farshidfar et al. 2023) were widely studied for their 

enhanced mechanical, tensile strength, hardness, 

rheological behaviour, durability, hydrophilicity and 

thermomechanical behaviour properties. To the best of 

our knowledge, studies on the integration of GO into the 

UPR matrix are very scarce. In particular, research on 

GO-UPR composites remains limited, with notable gaps 

in studies concerning general-purpose (GP), iso marine 

(ISO) and rooflite (RL) unsaturated polyester resin. This 

study dealt with these gaps by providing an extensive 

analysis of the synthesis of GO composites using three 

different types of UPRs: GP resin, RL resins which are 

ortho and para resins, respectively, and ISO resin, a meta 

resin. The research covered an exhaustive evaluation of 

these composites, focusing on their chemical structure, 

crystallinity, morphology, thermal stability, hardness, 

mechanical properties, and dielectric characteristics. 

2. EXPERIMENTAL SECTION

2.1 Materials 

Pure 98% graphite fine powder was purchased 

from Loba Chemicals Private Limited; India and it was 

utilized immediately without further purification. 

Sulfuric acid was lab-grade, while all other compounds 

employed in this investigation were analytical grade. 

Potassium permanganate and sulfuric acid were procured 

from Emplura® Indian and potassium nitrate from 

Spectrum Chemicals, India.  35% hydrogen peroxide was 

purchased from Qualigenes, India. General-purpose 

resin, ISO resin, RL resin, catalyst, and accelerator were 

obtained from S.R. Resins and Chemicals Industries, 

Coimbatore, Tamil Nadu, India.  

2.2 Methods 

2.2.1 Synthesis of GO 

The procedure followed for preparation of 

graphene oxide was that described by Marcano et al. 

(2010). Hummers' reagents were utilized in this 

procedure along with extra KMnO4. After adding 

concentrated H2SO4 (69 mL) to a mixture of graphite 

flakes (3.0 g, 1 wt. equiv.) and NaNO3 (1.5 g, 0.5 wt. 

equiv.), the mixture was cooled to 0℃ using an ice bath 

to keep the reaction temperature below 20℃.  After 

raising the temperature of mixture to 35℃, it was stirred 

for seven hours.  An additional 9.0 g of KMnO4 (3 wt. 

equiv.) was then added in a single portion, and the 

reaction was stirred for 12 hours at 35 ℃. Then the 

reaction mixture was allowed to cool room temperature 

and then it was transferred onto ice (approximately 400 

mL) containing 3 mL of 30% H2O2. The remaining solid 

material was washed with 200 mL of ethanol, 200 mL of 

30% HCl, and 200 mL of water. The suspension was then 

centrifuged for about 10 minutes at 4000 rpm, and the 

supernatant was discarded each time. To obtain GO 

powder, the residue from this process was coagulated 

with 200 mL of ether and the resulting suspension was 

centrifuged.  The residue obtained was throughly washed 

with large quantities of water. After the washing process 

is over, the solid residue was dried in an oven at 90℃ for 

24 hours. 

2.2.2 Synthesis of UPR / GO Composites  

The appropriate amount of unsaturated 

polyester resin, 1.5 mL of cobalt naphthenate per 100 g 

of resin, and 1 weight percent GO were mechanically 

stirred to fabricate the composites. The final product was 

then subjected to ultrasonication (Labmann, India). The 

material was degassed, and the reaction mixture was 

added with an initiator and the recommended amount of 

methyl ethyl ketone peroxide (MEKP) (1.5 mL per 100 g 

of resin). The obtained mixture was then put into glass 

molds after continuous stirring to prevent the production 

of air bubbles. The interiors of the glass molds were 

painted with Mansion wax polish before the material was 

poured into them. Two different settings were used to 

cure the produced glass molds. They were first cured for 

a day at room temperature and then for two hours in a hot 

air oven set to 80 to 90℃. After this, the glass molds were 

allowed to cool to ambient temperature and dried.  The 

percentage of GO added to three different unsaturated 

polyester resins are shown in Table 1. 

Table 1. GO (%) present in various samples under study 

Sample Code Resin Used 
Wt. % of GO 

Added 

A-1 GP 0 

AG-1 GP 1 

B-1 ISO 0 

BG-1 ISO 1 

C-1 RL 0 

CG-1 RL 1 

2.3 Characterization  

2.3.1 Fourier Transform Infrared Spectroscopy (FTIR) 

Using an ATR mode Bruker alpha II - FTIR 

Spectrometer, (Germany) the IR spectra of the graphite 

used, synthesized GO, all the UPRs used, and their GO 

composites were recorded from 4000 cm-1 to 400 cm-1.  

2.3.2 X- ray Diffraction Analysis (XRD) 

Using an advanced Bruker D8 Advance 

diffractometer (Germany) with Cu source with a 

wavelength of 1.54 nm, X-ray diffraction patterns at 40 

kV and 40 mA, scan rate 0.02 s-1, and 2θ = 10 - 70, the 
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percentage crystallinity of graphite, GO and composites 

were analysed by XRD method. 

2.3.3 Scanning Electron Microscopic Analysis (SEM) 

 The SEM images were captured using the 

TESCAN VEGA3 SBH tungsten thermionic emission 

SEM system, which had a resolution of 2 nm.  

2.3.4 Differential Scanning Calorimetry (DSC) 

The primary thermal transitions of the UPRs 

and their GO composites were determined using Proteus 

software and differential scanning calorimetry (DSC) in 

a NETZSCH DSC 350 SIRIUS (Germany) apparatus. 

The glass transition temperature (Tg) of the virgin UPRs 

and their GO composites was evaluated from the DSC 

data. The thermogram was recorded using 7-8 mg of each 

sample in a very clean nitrogen atmosphere at a scan rate 

of 10℃/min. 

2.3.5 Thermogravimetric Analyses (TGA) 

Thermogravimetric Analysis was used to 

determine the thermal stability of individual UPR and the 

corresponding GO composites. NETZSCH model NJA – 

STA 2500 Regulus (Germany) was used to determine the 

thermal deterioration of GO, three UPR, and their 

composites. It operates in a nitrogen atmosphere at a scan 

rate of 10℃/min. A highly clean nitrogen atmosphere 

was used, and 1 to 2 mg of each sample was used to 

record the thermogram. For this investigation, the main 

components used were, an Al2O3 crucible, 40 mL of 

purified gas, and 60 mL of productive gas (for a total of 

100 mL).  

2.3.6 Mechanical Properties 

2.3.6.1 Hardness Analysis 

The pure and composite resin plates were tested 

for hardness using a Rockwell cum Brinell Hardness 

testing machine by M/s Saroj Engineering Udyog PVT 

LTD, Jaysingpur, India. The plate samples were 

subjected to indentation using a suitable ball indentor. 

The instrument has a maximum capacity of 60 kg force. 

After the plates were tested for hardness three times, the 

average of the individual values was used to find the 

sample’s exact hardness value.  

2.3.6.2 Tensile, Flexural and Compressive Strength Analysis 

The Tinius Olsen Model H50 KN UTM (UK) 

with Horizon software (a servo-controlled machine)  was 

used to measure the tensile, flexural, and compressive 

strengths of pure resins and their GO composites. The 

instrument has a maximum load capacity of 50 N. For 

both the tensile and flexural strength tests, the strain rate 

was 1 mm/min. The compressive strength strain rate was 

0.5 mm/min. The test samples, which were solely utilized 

for tensile and flexural strengths, had dimensions of 100 

mm in length by 25 mm in breadth. An exception was 

noted in the case of compressive strength, when 

processed samples were tested using dimensions of 25 

mm × 25 mm.  

2.3.7 Dielectric Strength Determination 

All three UP resins and their GO composites 

were tested for dielectric strength. In order to evaluate the 

dielectric strength, SEV Electrical Equipment’s Pvt Ltd, 

located in Mumbai, India, provided the acrylic test cell 

with electrodes and the AC high voltage tester, which has 

a range of 0 to 50 kV/50 mA. It was believed to be 

separated into two sections. 1. Primarily focused on 

determining the breakdown voltage 2. Determining the 

dielectric strength was a secondary concern. The 

breakdown voltage is defined as the specific point at 

which dielectric resin plates change into conducting resin 

plates. An alternating current (AC) transformer generates 

voltages between 0 and 50000, which are measured with 

a high voltage tester. Volts (V) is the SI unit of voltage. 

Volts (V) is the SI unit of voltage. The formula  

 Dielectric strength =  
Breakdown voltage

Thickness of the plate
… (1)

can be used to get the dielectric strength. Since 

there was no such thing as an ideal thickness, the actual 

thickness of the plate cannot be determined by a single 

value. Thus, the mean of the values, ensured at three 

distinct spots on the plates, was considered. At last, the 

precise thickness of the plate was determined. Dielectric 

strength was measured in V/mm.  

3. RESULTS AND DISCUSSION

3.1 FTIR Studies of Pure Resins and Their GO 
Composites 

The FTIR spectra of graphite, GO, pure UPRs 

and GO-composites of UPRs, are shown in Fig. 1(a and 

b). Graphite lacks noticeable peaks due to its high degree 

of purity and inertness (Bera et al. 2018). 

Ester carbonyl stretching vibration appeared as 

a prominent peak at 1725 cm-1 in the infrared spectra of 

pure GP resin (Nosal et al. 2021). The vibration of the 

aromatic skeleton is exhibited by a peak at 1592 cm-1  

whereas the bending vibration of the methyl group is 

responsible for the band at 1447 cm-1 (Rusmirovic et al. 

2016). The stretching vibration of C-H bond in the 

methyl group and the methylene group gives rise to an 

absorption band at 1488 cm-1 (Nosal et al. 2021). C-O 

stretching vibration is responsible for the absorbance 

band at 1254 cm-1 (Misra et al. 2006), O-C=O group is 

responsible for the band at 1054 cm-1, and di-substituted 

ortho benzene ring is responsible for the sharp and 

intense bands at 746 cm-1 and 698 cm-1 ( Adeosun et al. 

2015). 
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Fig. 1: (a) Infrared spectra of pure GO and UPR-GO 
composites (b) infrared spectra of graphite and pure UPRs 

The broad peak at 3350 cm-1 is due to the 

stretching vibration of hydroxyl group (Hosseini et al. 

2022). This broad peak indicates that the surface of GO 

may include hydroxyl groups. The identification of 

carbonyl (C=O) stretching vibration is responsible for the 

sharp peak at 1718 cm-1(Sudesh et al. 2013). The C=C 

stretching vibration appeared as a sharp signal at 1613 

cm-1. The peak at 1036 cm-1 is due to C-O-C   stretching 

(Marcano et al. 2010).   

The broad peak at about 3400 cm-1 is typically 

absent in the infrared spectra of GO when GO 

composites with unsaturated resin are taken into 

consideration. The absence of this indicates that the 

hydroxyl groups may be considerably decreased during 

composite formation due to interactions between the 

polymer matrix and the functional groups of GO. It also 

suggests that the incorporation of GO into the polymer 

matrix promotes a smoother transition of molecular 

characteristics and influences the overall thermal and 

mechanical properties of the yielded composite material 

(Liu et al. 2016). The other absorption bands are due to 

native resin molecules. 

3.2 X-ray Diffraction Studies 

Fig. 2(a) and 2(b) display characteristic peaks at 

2 in the XRD of graphite and GO, respectively between 

10 to 70.   The XRD spectrum of graphite (Fig. 2(a)) 

showed two main peaks at 2θ = 26.46° and at 2θ = 54.62° 

that closely matched with the standard graphite values 

reported in JCPDS file 012-0212. This uniformity was 

attested to the high crystalline quality and purity of the 

graphite powder used in the investigation. The XRD 

spectrum of GO is shown in Fig. 2(b). The crystalline 

nature and phase structure of the obtained materials were 

ascertained with the help of XRD analysis. The GO 

diffractogram showed a noticeable peak at 2θ=10.27 that 

matched the (001) plane and indicated an interlayer 

spacing of 0.86 nm (Aghehrochaboki et al. 2019). This 

diffractogram displayed a Bragg peak approximately at 

2θ = 30.4, as well as a strong crystalline peak at 2θ = 

42.1° with d spacing of 0.21 nm, which was consistent 

with JCPDS Card No. 22–1086 and corresponds to the 

(100) plane (Celebi et al. 2017). 

Fig. 2: (a) XRD of graphite and (b) XRD of graphene oxide 
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Fig. 3: (a) XRD of pure resins and (b) XRD of GO composites 
of resins 

The XRD of pure resins used in this 

investigation at 2 between 0 and 70are shown in Fig. 

3(a). The XRD spectra of all three unsaturated polyester 

resins exhibited similar patterns, consisting of two wide 

peaks, one at 2θ = 16.75° with a d-spacing of 0.53 nm, 

and another at 2θ = 41.91° with a d-spacing of 0.33 nm. 

Similarly, the diffractogram of pure ISO resin (B-1) 

showed two prominent peaks: one at 2θ = 21.26° with a 

d-spacing of 0.42 nm, and another at approximately 2θ = 

41.75° with a d-spacing of 0.22 nm. Additionally, the 

diffractogram of another sample of pure RL resin (C-1) 

showed a broad peak around 2θ = 22.14° with a d-spacing 

of 4.0118 nm, and another broad peak at 2θ = 43.23° with 

a d-spacing of 2.0911 nm. The intermolecular interaction 

in the long polymer chain structure, the relatively high 

number of crystal defects, and the amorphous structure 

of the UPR (Ambika et al. 2017) were the causes of this 

peak broadening.  

The XRD of GO composites of resin is shown 

in Fig. 3(b). When examining the X-ray diffraction 

pattern of UPR with 1 wt. % GO composite, an important 

observation was the diminished intensity or even 

disappearance of the characteristic reflection peak of GO. 

This phenomenon is commonly attributed to the 

exfoliation of the GO sheets and their homogeneous 

dispersion throughout the polyester matrix (Bora et al. 

2013). This behaviour was consistent with other GO-

based polymer composites, where similar peak reduction 

or disappearance was observed. For instance, GO 

dispersed in epoxy, polystyrene, or other polymer 

matrices showed the same trend in XRD analysis. This 

suggested a successful exfoliation and intercalation 

process where GO layers were distributed evenly within 

the polymer network. The disruption of crystalline 

structure of GO through dispersion ensured better 

mechanical, thermal, and electrical properties in the 

composite, where the polymer matrix interacts 

effectively with the exfoliated GO sheets (Yang et al. 

2011). The diffractogram of GP resin GO composites 

(AG-1) showed two broad peaks: one at 2θ = 20.37° with 

a d-spacing of 0.44 nm, and another at 2θ = 41.62° with 

a d-spacing of 0.22 nm. Similarly, the diffractogram of 

pure RL resin GO composites (BG-1) revealed two 

prominent peaks: one at 2θ = 19.02° with a d-spacing of 

0.47 nm, and another at approximately 2θ = 42.04° with 

a d-spacing of 0.21 nm. Additionally, the diffractogram 

of another sample of pure RL resin GO composites (CG-

1) showed a broad peak around 2θ = 22.38° with a d-

spacing of 0.39 nm, and another broad peak at 2θ = 

41.71° with a d-spacing of 0.21 nm. 

Fig. 4: (a) Low (G-1) and (b) high (G-2) magnified SEM 
images of graphite 

Fig. 5: (a) Low (GO-1) and (b) high magnified SEM images of 
graphene oxide (GO-2) 

3.3 SEM Analysis 

The SEM images of pure graphite (G-1 and 

G-2) are shown in Fig. 4(a) and (b), where the particles 

appear to be asymmetrical and flaky.  Alshammari et al. 
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(2019) also made similar observations of particles with a 

mean diameter ranging from 4 to 10 μm. When used as a 

filler in polymer composites, this flaky morphology plays 

an important role in deciding the reinforcing qualities and 

dispersion behavior of graphite. 

The SEM images of GO (Fig. 5(a) and (b)) 

revealed a few stacked sheets with distinct edge defects, 

similar to that found by Dhali et al. (2020). Their 

thickness is larger than that of a single-layer graphene, 

likely ranging between 1 - 2 μm, attributed mainly to the 

presence of oxygen-containing functional groups 

(Anegbe et al. 2024). Fig. 6(a) to 6(f) display SEM 

images of pure resin and its GO components.  The 

addition of GO to the pristine resin disrupted its smooth 

texture, resulting in the formation of layered bundles of 

GO. Notably, in Fig. 6b, 6d, and 6f, a more uniform 

dispersion of small GO sheets was observed within the 

polyester matrix, suggesting successful incorporation 

and distribution of GO throughout the resin (Bastiurea et 

al. 2015b). 

Fig. 6: (a) SEM images of GP resin (A-1), (b) GP resin GO 
composites (AG-1), (c) ISO resin (B-1), (d) ISO resin GO 
composites (BG-1), (e) RL resin (C-1), and (f) RL resin GO 
composites (CG-1) 

This improved particle distribution contributed 

to a more homogeneous surface on the resin, indicating 

enhanced interaction between GO and the organic matrix. 

The SEM images also revealed that GO appeared as a 

thick material with multiple layers, with the spaces 

between these layers clearly visible. This thickness was 

attributed to the presence of oxygen-containing 

functional groups attached to the GO planes, which were 

responsible for the layered structure(Rochman et al. 

2019). The observed morphology suggested that during 

the oxidation process, graphite was effectively 

exfoliated, leading to the formation of these distinct GO 

layers. 

Fig. 7: DSC thermogram of GO 

Fig. 8: (a) DSC thermogram of pure resins and (b) DSC 
thermogram of resin composites
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3.4 Differential Scanning Calorimetry (DSC) 

The DSC analysis was performed on URPs and 

its 1% GO composites in an environment containing 

nitrogen. Fig. 7 displays the DSC thermogram of 

synthesized GO, while Fig. 8(a) and 8(b) display the 

thermograms of pure UPRs and their GO composites, 

respectively. The DSC curves of the GO exhibited a clear 

exothermic peak at 201℃ in Fig. 7, which was consistent 

with earlier findings (Fryczkowski et al. 2013). 

It is evident from Fig. 8 that every curve is 

essentially the same. Due to the common phase 

transitions, every curve has both an endothermic and an 

exothermic peak (Bing et al. 2021). The enthalpy of the 

cross-linking reaction at low temperatures with faster 

cure rates and less time, is responsible for the exothermic 

peak (Goudarzi et al. 2016). 

Table 2. DSC results for pure resins and their 1 wt. % GO 
composites 

Sample Code 
GO 

Wt. % 

Tg  

(℃) 
Cp  J/(g℃) 

A 0 68.4 0.170 

AG1 1 73.9 0.244 

B 0 72.4 0.119 

BG 1 85.3 0.219 

C 0 65.9 0.097 

CG1 1 75.3 0.215 

The glass transition temperature (Tg) and 

specific heat capacity (Cp) calculated with the Proteus 

program are shown in Table 2.  The Tg of UPR matrix, 

GP matrix, ISO resin matrix and RL matrix were 

determined with and without the addition of GO filler 

(Bastiurea et al. 2015a). The highest Tg value was found 

for 1% GO composite of ISO resin, followed by 1% GO 

composite of RL resin and 1% GO composite of GP resin. 

Since their glass transition temperature is higher than 

70.0℃, these composites could withstand modest 

thermal loads without deforming which is an essential 

characteristic required for a material to be utilised in 

electronic gadgets because they could heat up while in 

use. 

The interaction between the filler particles and 

the polymer matrix raises the Tg values of the UPR matric 

when GO is added. When the GO particles interact with 

the polymer chains in a polymer composite, an interfacial 

zone is formed where the movement of the polymers is 

considerably decreased. In effect, this interfacial 

interaction “locks” the polymer chains in place, limiting 

their mobility. As a result, when GO is introduced to the 

resin matrix, the GO particles in the cross-linked matrix 

of the UP resin provides resistance, which significantly 

reduces the resin’s long-chain mobility and the Tg 

increases. Since the highest Tg value was found for 1% 

GO composite of ISO resin the interaction between GO 

and ISO resin could be more when compared to the other 

two resins. The same trend was observed with respect to 

specific heat capacity of the polymer matrix and the GO 

content gives the composite capacity to absorb more heat 

and makes the polymer more insulative. 

3.5 Thermogravimetric Analysis 

 The analysis by thermogravimetry was done in 

an environment of nitrogen. Fig. 9(a) shows the outcomes 

for GO, pure resins, and its GO composites.  

Fig. 9: (a) TGA curve of GO composites and pure resins and 
(b) DTG curve of GO composites and pure resins 
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Table 3.   Thermogravimetric analysis results for pure resins and their 1 wt. % GO composites 

Sample 

Code 

Graphite 

Wt. % 

Temperature Range (℃) 

% of char 

at 650℃ 

LOI = 17.5 + 

0.4 (CY) Tinitial
Mass 

Loss (%) 
Tmax 

Mass 

Loss (%) 
Tfinal 

Mass 

Loss (%) 

A-1 0 244 6.8 374 52.4 444 93.9 6.70 20.18 

AG1 1 237 8.7 355 66.4 425 87.5 0.35 17.64 

B-1 0 305 5.9 386 38.9 487 94.7 3.08 18.73 

BG-1 1 280 6.4 375 38.5 455 88.44 1.27 18.00 

C-1 0 309 13.8 382 65.6 456 91.3 6.70 20.18 

CG-1 1 230 4.4 355 13.6 447 88.1 2.66 18.56 

The thermal stability and the effects of varying 

degrees of oxygen functionalization in the synthesized 

GO samples were established with the aid of thermogram 

of GO shown in Fig. 9(a). Due to the GO sample’s 

increased hydrophobicity, the thermogram revealed that 

the mass loss up to 170 ℃ is most likely caused by the 

evaporation of absorbed water (Palomba et al. 2021). 

Above 170 ℃ to 240 ℃, another  drop in mass was 

noticed due to the release of labile oxygen functional 

groups, such as carboxylates, are eliminated, and CO2 

from the GO sheets (Edwards et al. 2022). As the 

temperature rises over 240 ℃, the mass loss becomes less 

pronounced and is associated with the progressive 

elimination of more stable oxygen functions (Ossonon 

and Bélanger, 2017) .   

The DTG graph typically showed a single-stage 

decomposition for all the three UPR materials studied. 

However, for both the GO and the GO composites formed 

with the resins, the DTG graph revealed a two-stage 

decomposition process. From the TG-DTG curves, 

various key combustion characteristics could be derived, 

including Tinitial which is the temperature at which the 

actual decomposition of the material begins; Tmax the 

temperature at which the maximum decomposition will 

occurs, corresponding to the peak in the DTG curve; and 

Tfinal which marks the temperature at which rapid 

decomposition ceases, indicating the end of the primary 

decomposition phase. These three critical temperatures 

Tinitial, Tmax, and Tfinal were determined from the 

derivative thermograms of GO, the pure resin, and their 

respective GO composites. For pure resins, all three of 

the critical temperatures were greater than for their 1% 

GO composites. It can be inferred that the surface of GO 

has functional groups that contain oxygen, such as 

carboxyl, epoxy, and hydroxyl. Due to their thermal 

lability, these groups break down at comparatively lower 

temperatures, producing gases including water (H2O) and 

carbon dioxide (CO2). In comparison to the neat resin, the 

breakdown of these functional groups may result in weak 

spots in the composite and lower its overall thermal 

stability (Tang et al. 2014). The primary cause of the GO 

composites’ lower limiting oxygen index (LOI) value as 

compared to pure resin is the thermal breakdown of GO, 

which releases flammable gases, compromises the 

integrity of the char layer, and may catalyse the 

combustion process. A decreased LOI results from these 

conditions, which also impairs the composite’s fire 

resistance (Liu et al. 2021). 

3.6 Hardness Analysis of UPR and their GO 
Composites 

The results of the hardness test of pure UPRs 

and their GO composites, performed using a Rockwell 

and Brinell machine are displayed in Fig. 10 and Table 4. 

Based on the data, it could be concluded that adding GO 

to pure UPR makes it harder (Dhanunjayarao et al. 2022). 

The composite AG-1, with 1% GO, showed a 9.91% 

increase in hardness compared to plain GP resin. 

Similarly, the composite BG-1, containing 1% GO, 

experienced an 8.93% rise in hardness relative to plain 

ISO resin. The composite CG-1, also with 1% GO, 

exhibited a substantial 28.24% increase in hardness when 

compared to normal RL resin. The presence of GO 

particles distributed the applied stress more effectively 

across the material, thereby reducing the likelihood of 

plastic deformation. As a result, the composite material 

exhibited increased hardness and improved resistance to 

external forces. This enhancement is particularly 

valuable in applications where durability is essential (Ali 

et al. 2019). 

Table 4. Hardness determination analysis results for pure 
resins and its 1 wt. % GO composites 

Sample 

Code 

Wt 

% of 

GO 

Trial 1 Trial 2 Trial 3 
Average 

Unit ( L) 

A1 0 49.8 50.3 50.1 50.07 

AG1 1 55.1 55.0 55.0 55.03 

B1 0 65.9 66.8 66.5 66.40 

BG1 1 72.3 72.4 72.3 72.33 

C1 0 43.1 43.6 43.2 43.30 

CG1 1 55.7 55.3 55.6 55.53 
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Fig. 10: Hardness analysis results – pure resins and their GO 
composites 

One possible explanation for the increase in 

hardness properties of GO composites was the large 

surface area of the GO particles. The extensive surface 

area of GO allowed for better interaction and bonding 

with the resin matrix. This increased interaction 

generated  a stronger interfacial adhesion between the 

GO particles and the matrix, leading to improved load 

transfer capabilities (Goyal et al. 2011). The large surface 

area also meant that more GO particles could be 

dispersed throughout the resin, filling more interstices 

and generating a denser, more uniform composite 

structure. Additionally, the nano scale dimensions of GO 

contributed to its ability to reinforce the matrix. The thin, 

planar structure of GO sheets could effectively bridge 

micro-cracks and prevent their propagation, enhancing 

the material’s resistance to fracture and deformation 

(Zhao et al. 2020).  

The ISO resin composites behaved better than 

epoxy composites enhanced with fibres or nanoparticles. 

Strong reinforcing and good compatibility between GO 

and the RL resin matrix could be the cause of this.  

3.7 Mechanical Properties 

Consequently, the virgin resin’s tensile, flexural, 

and compressive strengths and GO composites were 

ascertained. Using the Tinius Olsen - Model H50KL, the 

composite resin plates were evaluated for tensile, flexural 

and compressive strengths.  

3.7.1 Tensile Analysis 

Tensile strength was computed using Horizon 

software and the Tinius Olsen Model H50 KL instrument. 

Tensile tests were performed on all of the produced GO 

composites as well as the pure polymers.  The results of 

the tensile analysis are shown in Fig. 11(a) and Table 5. 

The stress-strain curves created to gauge the tensile 

strength of pure resins toughened with GO are displayed 

in Fig. 11(b). The curve generated for the pure resin and 

its GO compound showed random arbitrary 

indiscriminate deformation behavior. The experimental 

results suggested that all samples, regardless of whether 

GO filler used, exhibited brittle behavior. This means that 

the materials fractured without significant deformation 

when subjected to stress. 

Although the strain at which each sample 

demonstrated brittle behavior varied, the pure RL resin 

consistently showed the lowest strain at 10.5%. This 

suggested that the RL resin reached its breaking point 

with less elongation compared to the other samples, 

marking the onset of brittle failure. Furthermore, the 

findings revealed that GO reinforced composites exhibit 

a bilinear response. Due to this property, the stress-strain 

curve for these composites has two separate linear areas, 

corresponding to differing mechanical characteristics 

prior to and following a specific point of deformation. 

This bilinear characteristic emphasizes how the type of 

filler has a major impact on the mechanical properties of 

the composite. The incorporation of GO alters the stress 

distribution and failure mechanisms within the 

composite, leading to a unique response under load. 

Fig. 11: (a) Tensile strength analysis results for pure resins 
and their 1 wt. % GO composites and (b) Stress Vs Strain 
graph for pure resins and their GO composites
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The tensile strength of all composites was found 

to be lower than that of pure resins, as revealed in the 

current investigation (Suherman et al. 2022).  The 

findings indicated a significant reduction in tensile 

strength for GO composites made with different resins. 

Specifically, the GO composite made with GP resin 

experienced a 74.3% loss in tensile strength. Similarly, 

the GO composite made with ISO resin showed a 65.8% 

decrease in tensile strength. Also, the tensile strength of 

the GO composite made with RL resin decreased by 

60.7%. The interaction between the GO filler and the 

resin matrix might cause a drop in the tensile strength of 

GO composites with different resins. The observed low 

tensile strength with the GO filler content was explained 

by the presence of voids or pores, inadequate interfacial 

adhesion, and particle-to-particle contact (Mourad et al. 

2020; Jdayil et al. 2016). The presence of these stress 

concentrators disrupts the uniform stress distribution, 

reducing the composite’s ability to withstand tensile 

forces effectively (Salmah et al. 2013). 

A recent research proposed that the observed 

sharp decline in tensile strength in composites 

incorporating GO filler could be attributed to the 

formation of an interfacial link between the GO filler and 

the pure resin matrix. This interfacial bonding changes 

the overall structural dynamics of the composite material. 

The GO filler, due to its inherent rigidity, may restrict the 

mobility of the polymer chains within the resin matrix. 

This restriction makes difficult the ability of the polymer 

chains to move and reorient themselves under stress, 

which is a critical mechanism for absorbing and 

dissipating mechanical energy. As a result, when an 

external load is applied, the composite material is more 

likely to fracture rather than effectively dissipate the 

mechanical energy, leading to a reduction in tensile 

strength (Salmah et al. 2013). 

Table 5. Tensile analysis results for pure resins and its 1 wt. 
% GO composites 

Sample 

Code 

Wt 

% 

of 

GO 

Ultimate 

Force (N) 

Ultimate 

Stress 

(MPa) 

Total 

Elongation 

(%) 

A1 0 2700 43.6 14.7 

AG1 1 1300 11.2 27.1 

B1 0 1770 34.2 10.6 

BG1 1 1350 11.7 26.3 

C1 0 1700 35.2 10.5 

CG1 1 1350 13.8 26.3 

The mechanical properties of polyester/glass 

composites were negatively impacted by the addition of 

fillers including fly ash, alumina, and silica, as noted by 

Patnaik et al. (2009).  Similarly, when more than 0.5% of 

multi-walled carbon nanotubes (MWCNT) were 

introduced to the epoxy matrix, Mourad et al. (2016) 

found a decrease in the mechanical performance of 

Kevlar/epoxy composites due to agglomeration. Similar 

results were also observed in SiC-reinforced aluminum 

matrix composites (Idrisi and Mourad, 2017).  

The impact of GO filler on the polyester 
composites’ elongation at break is presented in Fig. 11 
(b). The elastic properties of the resin and its composites 
were demonstrated by the tensile analysis results of the 
pure resin and its GO composites. The material’s elastic 
nature could be inferred from the elongation at break. The 
percentage elongation of the material was reduced 
compared to that of GO composite of GP resin because it 
became more brittle. The reduction in elongation at break 
was mostly caused by the filler stiffening the polymer 
matrix (Karunakaran et al. 2024).  In contrast, the amount 
of disagreement increased when taking into account GO 
composites made of RL and ISO resin. In light of these 
two scenarios, the percentage elongation at break values 
demonstrated the opposite tendency when compared to 
the composites’ tensile strength data (Arora and Gupta, 
2023). The significant rise in the % elongation at break 
values could be attributed to the use of GO as filler, which 
might act as plasticizers in the polymer matrix. Enhanced 
load transfer occurred when GO particles were evenly 
distributed throughout the polymer matrix. This could 
transfer load efficiently, allowing the tensile qualities of 
the material to be better utilized. Before breaking, this 
enhanced interaction might lead to greater ductility and 
elongation. Graphene oxide particles have the ability to 
prevent the spread of cracks. A crack might be deflected 
or bridged when it comes into contact with a GO particle, 
in which case it needs more energy and elongation to 
continue spreading.  

3.7.2 Flexural Analysis  

The Tinius Olsen Model H50 KL with Horizon 

software was used to calculate flexural strength using the 

3-point bend test as per ISO 178. At room temperature, 

each flexural test was conducted at a set strain rate of one 

millimeter per minute. Fig. 12 (a) shows flexural analysis 

results for pure resins and their 1 wt % GO composites. 

The stress-strain curve for pure resin and its 1 wt % GO 

composites are shown in Fig. 12 (b). The strain vs stress 

response was comparable in all pure resins. In the first 

loading stage, there was some nonlinearity prior to 

fracture, but the load and deflection vary in a linear 

relationship. When GO was introduced, the nonlinear 

functionality disappeared, showing that the composite’s 

flexural strength and strain decreased by the addition of 

filler (Mourad et al. 2020). The flexural strength and 

elongation at break decreased to 55.4% and 61.7%, 

respectively, for GP resin and its 1% weight percentage 

GO composite. The flexural strength reduced by at least 

3.8% and the elongation at break dropped by 72.9% for 

ISO resin and its 1% weight percentage GO composite. 

In comparison to GP resin and its GO composite, the ISO 

resin and its composite showed a minimum reduction in 

flexural strength and a minimal total elongation at 

breakage. 
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The flexural strength and elongation at break of 

GO composites made with RL resin and its 1% weight 

percentage were 67.9% and 90.6%, respectively. The GO 

composite made with RL resin exhibited the greatest drop 

in value in terms of both total elongations at break and 

flexural strength when compared to the other two resins 

and their composites. Willis and Masters (2003) reported 

that adding fillers to a polyester resin matrix decreased 

the ultimate flexural strength. The increased hardness of 

the filler material might be the cause of this drop 

(Nugraha et al. 2024).  

Table 6. Flexural analysis results for pure resins and their 1 
wt. % GO composites 

Sample 

Code 

Wt % 

of GO 

Ultimate 

Force (N) 

Ultimate 

Stress 

(MPa) 

Total 

Elongation 

(%) 

A1 0 268 86.7 3.90 

AG1 1 258 39.5 1.49 

B1 0 233 83.8 6.31 

BG1 1 578 80.6 1.71 

C1 0 222 78.7 5.83 

CG1 1 122 25.2 0.544 

Fig. 12: (a) Flexural analysis results for pure resins and their 
1 wt. % GO composites and (b) strain vs stress of pure resins 
and their 1 wt. % GO composites

This drop is further explained by the filler’s 

inability to withstand pressures transferred from the 

polymer matrix and by the partially formed voids 

between the filler and matrix materials caused by 

insufficient interfacial bonding, which results in a weak 

structure (Shakuntala et al. 2014).  

The flexural strength and elongation at break 

could be reduced by adding GO filler to a polymer 

matrix.  This is due to the huge surface area and powerful 

van der Waals interactions and tendency towards 

agglomeration of GO particles (Eqra et al. 2021). These 

aggregates caused localized weak regions that lower the 

composite’s overall flexural strength because they 

operate as stress concentrators inside the matrix. Filler 

aggregation in the matrix caused a raise in microscopic 

structural defects, which reduces performance. It is 

noteworthy to emphasize that flexural strength exceeded 

tensile strength. This is because, during the 3-point bend 

test, the entire volume of material experienced uniform 

stress (Hui et al., 2010; Manta et al. 2020). 

The addition of filler impacted the bending load 

through the interaction between the filler particle and the 

resin, which was also responsible for the decreased 

flexural strength of the GO composites. This phenomena 

is frequently seen in polymer composites, where there is 

an ideal filler level that, when exceeded, causes the 

agglomeration effects to become more pronounced and 

result in a loss of characteristics (Nugraha et al. 2024). 

3.7.3 Compression Analysis Results 

The compression test results for pure resins and 

their GO composites are shown in Fig. 13(a). Fig.13(b) 

shows the stress-strain curve for pure resins and their GO 

composites. The curves display comparable patterns.   

Table 7. Compression analysis results for pure resins and 
their 1 wt. % GO composites 

Sample 

Code 

Wt 

% 

of 

GO 

Ultimate 

Force (N) 

Ultimate 

Stress 

(MPa) 

Total 

Elongation 

(%) 

A1 0 4850 85.5 9.53 

AG1 1 7120 75.9 5.56 

B1 0 3290 87.7 8.07 

BG1 1 7470 57.7 6.41 

C1 0 3300 70.5 10.3 

CG1 1 1990 18.6 5.60 

The compressive strength and total elongation 

for GO composites decreased by 11.2% and 41.6%, 

respectively, based on the compressive study of the 

samples GP resin and its GO composites. The samples of 

ISO resin and its GO composites were analyzed 

compressively, and the results showed that the 
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compressive strength and total elongation of the GO 

composites reduced by 34.2 % and 20.5%, 

correspondingly. The overall elongation and compressive 

strength of the GO composites dropped by 73.6 % and 

45.6%, respectively, according to the results of a 

compressive analysis carriedout on the RL resin samples 

and its GO composites. 

Fig. 13: (a) Compression analysis for pure resins and their 1 
wt. % GO composites and (b) strain vs stress pure resins and 
their 1 wt. % GO composites 

Pure resins had a greater ultimate strength in 

compression testing as a result of simultaneous void 

formation and increase in matrix porosity. The formation 

of voids might be due to inadequate dispersion of the GO 

filler within the resin matrix. The agglomeration caused 

by poorly dispersed nano fillers, such as GO, functions 

as stress concentrators and degrades the mechanical 

characteristics of composite materials (Li et al., 2013). 

According to Rafiee et al. (2010), the interfacial adhesion 

between the filler and the matrix plays a critical role in 

determining the mechanical performance of 

nanocomposites. Early failure and ineffective stress 

transfer are caused by poor bonding. Micro voids and 

other defects might develop in the composite structure as 

a result of unevenly distributed GO particles. 

The highest compressive strength was found in 

GPR with 1% GO Composite, which was appropriate for 

more demanding structural applications where high 

compressive strength is crucial. Iso marine resin with 1% 

GO composite had a moderate compressive strength, 

making it suitable for maritime applications, where 

durability and strong compressive strength are vital. Due 

to its lower compressive strength, RL resin with 1% GO 

composite could be employed in structural applications 

that are less demanding or where cost and weight are 

more important considerations than high compressive 

strength. 

3.8 Determination of Dielectric Strength 

The results of dielectric strength study are 

presented in Table 8 and in Fig. 14.  

Table 8. Breakdown voltage and dielectric strength for pure 
resins and their 1 wt. % GO composites 

Sample 

Code 

Weight % of 

GO 

Breakdown 

voltage (V) 

Dielectric 

Strength 

(V/mm) 

A1 0 17,000 4076.73 

AG1 1 15,100 5080.0 

B1 0 18,000 3203.0 

BG1 1 16,500 4615.4 

C1 0 16,500 4342.1 

CG1 1 15,500 4828.0 

Fig. 14: Comparative analysis of dielectric strength of pure 
resins and their 1 wt. % GO composites 

The dielectric strength of a material depends 

heavily on how well the filler is dispersed in the resin 

matrix and the strength of the interfacial bonds between 

them. Due to the good dispersion of GO in to the UPR 

matrix, the interaction between the polymer matrix and 

GO was strong, resulting in an enhanced overall 

dielectric performance by preventing electrical 

breakdown and improving the insulating properties of the 

material. Possibly another explanation is GO added to the 
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resin  fills the micro voids and minimized the free volume 

in the composite, thereby reducing the possibility of 

charge accumulation and breakdown at high electric 

fields (Schneuwly et al. 1998). Moreover, the high 

surface area and layered structure of GO function as a 

barrier to the flow of charge carriers.  

4. CONCLUSION

This study investigated the synthesis, 

characterization, and performance of UPR composites 

reinforced with 1 wt.% GO. The composites were 

prepared by mechanically mixing unsaturated polyester 

resins general-purpose resin, ISO resin and RL resin with 

GO, followed by ultrasonication and curing.  The 

oxidation of graphene into GO and the generation of resin 

composites were verified by XRD and FTIR 

investigations. The SEM analysis showed improved 

particle distribution and morphological changes in the 

resin after GO incorporation. Thermogravimetric 

analysis and differential scanning calorimetry 

demonstrated the increased thermal stability, while the 

mechanical tests showed improvements in hardness.   The 

dielectric strength of the composites also varied based on 

resin type, with GO improving insulation properties in 

certain resins. Overall, the addition of GO significantly 

enhanced the thermal, mechanical, and electrical 

properties of the polyester composites, making them 

suitable for advanced material applications. 
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