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ABSTRACT

In this study, anticorrosive coatings were developed for mild steel surfaces using epoxy resin as a barrier with a high aspect ratio. The
study investigated the impact of modifying graphene oxide (GO) with d-glucose (D-g) on protecting mild steel from corrosion ina 3.5 wt.%
sodium chloride (NaCl) solution for 42 days. The hydrophilic nature of D-glucose, GO, and EP enabled the formation of nanocomposites
with uniform distribution of D-g-modified GO in the EP coatings, reducing free volume in the epoxy matrix. The 0.7% D-g modified GO/EP
coating exhibited strong anticorrosion properties even in highly corrosive conditions by achieving a high corrosion resistance value of -
19.405 mm/year. According to the morphological observation, the 0.7% m-GO/EP coating displayed fewer invisible rusts on the metal
substrate even after 42 days. Incorporating D-g/GO significantly improved the corrosion protection performance of the coatings by
combining EP and graphene. This study marks the first report on D-g modified GO/EP composite coatings for enhanced anticorrosive
properties, making it a noteworthy contribution to eco-friendly corrosion protection mechanisms in EP coating systems in Malaysia. The
environmentally friendly approach aligns with sustainable development principles and has garnered global attention from researchers
and scientists. Earlier research has extensively explored the effect of surface-functionalized GO particles on the corrosion resistance of

polymeric coatings.
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1. INTRODUCTION

Due to rapid technological and scientific advancements, the
study of corrosion phenomena has recently gained
significant attention. Metal corrosion is common in
industrial settings, leading to substantial financial losses
and compromising equipment reliability. Corrosion, an
inevitable electrochemical/chemical process, adversely
affects the desirable qualities of metals. The active surfaces
of these materials interact with the environment, resulting
in aggressive corrosion [1]. In general, there are two
approaches to preventing corrosion: active and passive
strategies, which aim to delay the progression of corrosion
activities [2], [3]. A growing trend in the literature shows an
increased interest in the use of anticorrosive coatings that
incorporate nanoparticles into polymer matrices [4].

Polymer coatings are commonly used to minimize corrosion
on steel substrates. These coatings incorporate various
organic compounds and offer excellent anticorrosion
properties [5]-[9]. Among the different types of polymers,
epoxy is highly valued for its durability, resilience, and
ability to protect against heat and chemical damage [10]-
[12]. However, despite its advantageous characteristics,
epoxy resins have limitations in terms of outdoor
endurance [13], [14]. To address this concern, epoxy
hybrids are widely employed in various industries. The
existence of micro-voids in the polymers can lead to
hydrophilicity, resulting in coating degradation [15], [16].

These pores also allow corrosive ions to penetrate the
coating-metal interface. Numerous studies have been
conducted to enhance the properties of polymers to
overcome these challenges [17], [18].

In recent years, carbon-based nanoparticles, particularly
graphene oxide (GO), have gained considerable interest as
additives for organic coatings due to their exceptional
mechanical properties and distinctive attributes [19], [20].
GO's appealing features, including excellent thermal
stability, a large specific surface area, and moisture
impermeability, coupled with abundant polar functional
groups in its structure, make it a desirable option.
Incorporating GO into organic coatings significantly
enhances their overall mechanical strength and durability.
Additionally, GO's compatibility with various organic
matrices improves adhesion, making coatings more
resistant to wear, temperature fluctuations, and moisture. It
is an innovative and promising choice for researchers and
industries exploring advanced coating applications [21]-
[23].

Graphene, consisting of hexagonally arranged carbon atoms
in a two-dimensional structure, possesses remarkable
properties such as thermal and electrical conductivity,
chemical and thermal stability, high mechanical strength,
and impermeability [24], [25]. These exceptional qualities
make graphene an ideal candidate for barrier materials in
anti-corrosive coatings. As a result, it has found widespread
use in various industrial fields, including aerospace,
electronics, and bioengineering. Graphene's successful
application as a reinforcement in composite coatings has
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been well documented, regardless of whether the matrix is
ceramic, metallic, or polymer [26], [27]. Incorporating
graphene into resins significantly improves the electrical
and mechanical properties of polymeric mediums, leading
to the development of multifunctional coatings [28], [29].
Graphene also protects the coated substrate and enables the
creation of flame-retardant, anti-fouling, and wear-resistant
layers.

Moreover, when added to polymeric matrices, graphene
dramatically enhances the corrosion resistance of
composite coatings by creating a tortuous path for
aggressive species and uniformly distributing it in the
polymer matrix, preventing accumulation [30]-[32].
However, graphene's distribution as a filler in the resin can
be limited by agglomeration due to strong Van der Waals
forces, and microscopic phase separation may occur during
the cure time [33], [34]. Additionally, the increased viscosity
of coatings with a higher percentage of graphene
nanoparticles can pose challenges during application.
Bahadur et al. presented experimental findings indicating
that graphene oxide (GO) coatings demonstrated
outstanding protection for metallic materials [35]-[37].
Functional groups like hydroxyl, carbonyl, carboxyl, and
epoxy groups in GO provide active sites, enabling easy
covalent and noncovalent functionalization. The
functionalization enhances the dispersion and compatibility
of GO nanosheets within the organic coating, further
contributing to its performance [38], [39].

In this study, we developed anticorrosive coatings on the
surface of mild steel using epoxy resin with a high aspect
ratio as a barrier. The inspiration for this research came
from a recent journal, which motivated our team to explore
an efficient and eco-friendly approach by incorporating
natural chemicals into GO/EP nanocomposite coatings to
enhance their anticorrosive properties. We investigated the
use of D-glucose (D-g) as a natural chemical to modify the
surface of GO and evaluate its anticorrosion properties on
the mild steel substrate by immersing it in a 3.5 wt.%
sodium chloride (NaCl) solution for 42 days. Hydroxyl
groups in D-glucose are expected to facilitate the
crosslinking between epoxy and GO, leading to excellent
anticorrosive properties. As D-glucose, GO, and EP are
hydrophilic, we formed nanocomposites in situ using water
as a dispersant solvent, ensuring uniform dispersion of D-g
modified GO within EP coatings and reducing free volume in
the epoxy matrix. Notably, no previous reports exist on D-g
modified GO/EP composite coatings for improving
anticorrosive properties, making our research a significant
contribution to corrosion protection mechanisms using eco-
friendly and natural-based chemicals in EP coating systems
in Malaysia. The potential benefits of this environmentally
friendly approach align with the principles of sustainable
development, attracting global attention from researchers
and scientists.

2. MATERIAL AND METHODS
2.1. Materials

The material of the coating adopts epoxy resin, and the
coating substrate adopts mild steel. The steel substrates
with measurements of 1.5 mm x 50 mm x 50 mm were used
throughout this experiment for corrosion study. The basic
materials used in this study are illustrated in Table 1.
Distilled water is used throughout this study.

Table 1 Details about the chemicals used in this study

Chemical Supplier Mass purity
Sulfuric acid (H>S0,) Merck >95-97 %
Phosphoric acid Sigma-Aldrich 85%

(H3PO,4)
Potassium Friendemann 299%
permanganate Shmidt Chemical
(KMnO,)
Hydrogen peroxide Merck 230%
(H20.)
Hydrochloric acid Merck = 37%
(Hcy
Ammonium Riedel-de Haen 25%
hydroxide (NH,OH)
D-glucose (D-g) Alfa Aesar

2.2 Synthesis of Graphene Oxide (GO)

The GO samples will be synthesized using the modified
Hummers' method. Concentrated H2S04/H3P04 will be
mixed in a 9:1 ratio. Firstly, 3g of graphite powder will be
introduced and mixed for around 30 minutes. The mixture
will then be carefully added 9g of KMnO4 while being
stirred in an ice bath with a temperature of less than 35 °C.
The mixture is kept on a magnetic stirrer at room
temperature for three days to ensure that the oxidation
process is accomplished. Throughout the stirring phase, a
dark brown colour will be achieved. After three days, a
solution of distilled water and H202 will be progressively
poured into the graphene mixture to stop the oxidation
reaction. The light brown tint achieved indicates a
significant degree of graphite oxidation. The GO will be
centrifuged 3-4 times with HCl and distilled water before
being cleansed with distilled water till pH 5 is obtained. The
GO precipitation will be dried at 50 °C in a vacuum drying
oven for a few hours.

2.3 Synthesis of Modified Graphene Oxide (m-GO)

At 90 °C, the GO suspension will be stirred for two hours
with 0.1 g of D-g. The mixture will then be treated with
NH40H to improve the pH to 9-10. The functionalized GO
will next be centrifuged and rinsed three times with
distilled water to eliminate any remaining D-g. After that,
the mixture is sonicated for 90 minutes at 50 °C.
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2.4 Synthesis of m-GO/EP

Modified GO powder (0.10-1.0 g) will be disseminated in
distilled water with the ultrasonic process for 60 minutes at
40 °C. 4 g of EP will be added to a modified GO suspension
and sonicated for 10 minutes. The remaining solvent will be
removed by heating the mixture to 40 °C. Following that, 16
g of curing agent will be mixed into the mixture, agitated for
around five minutes, then degassed for 10 minutes at 40 °C
in a vacuum drying oven to eliminate air bubbles. Lastly, the
modified GO/EP (m-GO/EP) will be applied on mild steel
using the dip-coating approach. Furthermore, without GO,
pure EP and solvent-based epoxy resin will be made for
evaluation.

GO D-glucose
o - _
H,C CH~~
EP
R NH,

Hardener

» .
>
' - \

GO/D-g/EP composite

2.5 Coating Preparation

Before coating, the mild steels were cleaned with distilled
water and dried. The coatings were generated by combining
the appropriate amount of filler (EP, 0.1% m-GO, 0.5% m-
GO, and 0.7% m-GO) with EP. Furthermore, bare steel was
employed as a blank control group. After being dried, the
samples were cured in a 50 °C oven for one hour.
Meanwhile, Figure 1 depicts the m-GO/EP coating
preparation.

Coated steel

Figure 1. A schematic presentation of m-GO/EP coating.

3. RESULTS AND DISCUSSION
3.1 The Influence of Loading EP

The influence of EP precursor mass loading on charge
carrier transfer in modified GO/EP composites is widely
acknowledged. Therefore, it becomes crucial to carefully
control the amount of EP filling during the fabrication
process to enhance the electrochemical properties of these
composites. Figure 2 displays the coatings before subjecting
them to a corrosion test in a 3.5 wt.% NaCl solution.
Additionally, various studies have highlighted the
exceptional characteristics of GO.

But when GO is changed into a thick atomic layer with a
honeycomb lattice, graphene layers stack on top of each
other in a way that cannot be undone. This makes it hard for
electrolytes to move around. EP materials are commonly
incorporated into the modified GO to overcome this
limitation, reduce graphene restacking, and prevent
aggregation. So, this work looks at how the mass loading of
EP precursors affects the development of modified GO/EP
composites and how well they work electrochemically. The
researchers controlled EP mass loading by adjusting the
weight proportion of GO to EP.

|

o
1

' |

Figure 2. Picture of coatings before immersed in 3.5 wt.% NaCl
solution for corrosion test (a) bare steel; (b) EP; (c) 0.1% m-
GO/EP; (d) 0.5% m-GO/EP and (e) 0.7% m-GO/EP.

3.2 Polarization Curves

Figure 3 shows polarization potentiodynamic data on how
different coatings resist corrosion after being submerged
for 42 days in a 3.5 wt% NaCl solution. Table 2 presents
essential parameters such as corrosion potential (E .y ),
corrosion density (I.,,+), corrosion rate, and polarization
resistance for each coating. However, relying solely on the
corrosion potential (E.y-) to assess the coatings'
anticorrosion effectiveness is inadequate, as it mainly
describes the materials' thermodynamic properties and
doesn't provide a complete picture of their corrosion
resistance.
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According to earlier studies [40], [41] lower corrosion
density (I.,r) and lower corrosion rates, in general,
indicate superior corrosion protection. The bare steel, EP,
0.1% m-GO/EP, 0.5% m-GO/EP, and 0.7% m-GO/EP coating
are -0.0078196 A/cm?, -0.0052484 A/cm?, -0.007157
A/cm?, -0.0023857 A/cm? and -0.00167 A/cm? after
immersion in 3.5 wt.% NaCl solution for 42 days (Table 2),
respectively. Larger E_,,, values indicate that corrosion
requires a stronger driving force. On the other hand, a
smaller i, suggests slower electrical movement. Figure 3
illustrates that while EP coatings have a minimal impact on
improving the corrosion protection of mild steel, GO-based
coatings significantly enhance corrosion resistance.
However, as the quantity of GO in the layers increased, the
deterioration rate of EP layers also increased.

The study shows that the anticorrosion effect improves
with increasing GO concentration up to a large GO
percentage. Beyond this percentage, a high percentage of
GO creates a conductive channel from the metal substrate to
the coating's outer edge, which can promote metal
corrosion. Therefore, the researchers obtained the
corrosion rates of different coatings, as presented in Table
2. Adding 0.7% m-GO/EP led to a gradual increase in the
corrosion rate (-19.405 mm/year). This result indicates that
GO accumulation in the coating caused an increase in
coating defects, accelerating the corrosion reaction.

Table 2 Parameters of polarization curves for different coatings after 42 days immersed in 3.5% NaCl solution

Sample Ecorr (VscE) icorr (A/cm?2) Corrosion rate (mm/year) Polarization resistance (Q)
Bare steel 0.82102 -0.0078196 -90.864 -3.3323
EP 0.6996 -0.0052484 -60.986 -4.9648
0.1% m-GO/EP 0.73202 -0.007157 -83.163 -3.6409
0.5% m-GO/EP 0.79173 -0.0023857 -27.721 -10.923
0.7% m-GO/EP 0.73166 -0.00167 -19.405 -15.604
The incorporation of GO into the composite coating led to a -0.1
significant reduction in the corrosion density (i. o) 0

compared to untreated steel and EP coatings. The i .,
values for the 0.1% m-GO/EP, 0.5% m-GO/EP, and 0.7% m-
GO/EP coatings were indicating improved corrosion
resistance with increasing GO concentration. Notably, the
composite coating produced using a 0.7% m-GO nanosheet
solution exhibited superior corrosion resistance when
immersed in a 3.5 wt.% NaCl solution. The 0.7% m-GO/EP
coating demonstrated excellent substrate adhesion and
showed significant anticorrosion performance, achieving a
high corrosion resistance value of -19.405 mm/year. This
result highlights the effectiveness of the 0.7% m-GO/EP
coating in protecting against corrosion.

The improved corrosion protection of the m-GO/EP coating
can be attributed, in part, to the excellent distribution of GO
within the coating. Moreover, the synergistic effect of EP
and GO leads to forming a higher-quality composite coating,
which enhances the diffusion path of Oz and H:0, further
contributing to its corrosion resistance. The
potentiodynamic polarization curves provided evidence
that the corrosion resistance performance of the m-GO/EP
coatings predominantly depends on the quantity of
embedded GO. In other words, the amount of GO in the
composite directly affects the coating’s corrosion protection
properties.
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Figure 3. Polarization potentiodynamic curves for bare steel, EP,
0.1% m-GO/EP, 0.5% m-GO/EP, and 0.7% m-GO/EP coated
electrode immersed in 3.5% NaCl solution after 42 days.

3.3 Electrical Impedance Spectroscopy (EIS)

The corrosion protection mechanisms of GO-based coatings
are complex and involve processes like metal oxide
passivation, barrier protection, and anode protection [42],
[43]. Incorporating the D-g/GO composite may enhance the
EP polymer's anticorrosion mechanism. The cracks and
holes in the coating can allow corrosive species such as H,0
and O, to penetrate the layer and lead to substrate
degradation. However, with the dissemination of the D-
g/GO composite in the coating, graphene, and epoxy fill
these holes, improving the protective layer.
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Figure 4. Bode diagrams (phase angle) of coatings immersed in
3.5 wt.% NaCl solution after 42 days.

The phase angle of a perfect coating is close to 90°, while it
is close to 0° for an uncoated material [44]. In this study, the
high-frequency phase angle of the EP coating was found to
be 47.20° (Figure 4), indicating that the integrity of the EP
coating is not sufficient. However, the capacitance behavior
of the 0.1% m-GO/EP coating exhibited the broadest
frequency band, and its phase angle increased by almost
90°, suggesting that the addition of 0.1 mg/mL GO may
contribute to a thicker and less defective EP coating. These

potentiodynamic polarization curve results. Furthermore,
Figure 4.14 indicates that adding 0.7 mg/mL GO led to an
increase in temperature of approximately 70°, which may
also enhance the corrosion rate. This suggests that a higher
concentration of GO in the composite might have adverse
effects on the corrosion resistance, despite improving the
integrity of the EP coating at a lower concentration.

Figure 5 shows the EIS results for several coatings in a 3.5
wt.% NaCl solution at ambient temperature. The impedance
value, represented as |Z|, reflects the overall impedance of
the coating and substrate, with its magnitude indicating the
level of corrosion protection provided by the specimen.
Comparing the different coatings, it is observed that the |Z|
value for the 0.7% m-GO/EP coating was significantly lower,
indicating that the corrosion resistance of EP coatings is
enhanced when modified with GO. In other words, the 0.7%
m-GO/EP coating displayed superior corrosion protection
compared to the other coatings. Additionally, the phase
angle at high frequency can also measure the coating's
effectiveness in the presence of a corrosive medium. The
phase angle can provide valuable data about the
performance of the coating under the impact of corrosive
conditions, further supporting the assessment of the
coating's corrosion resistance performance.

observations might seem contradictory to the
Table 3 The electrochemical parameters obtained from impedance data of the coatings immersed in 3.5 wt.% NaCl solution for 42
days
) ) CPEai
Sample Rp (kQ2cm?) Rs (kQcm?) Yo (Qems7) "
Bare steel 3.5114 x 10¢ 2.2344 x 106 1.4704 x 10-° 0.95876
EP 7.5886 X 106 1.2537 x 106 8.3615 X 109 0.48668
0.1% m-GO/EP 7.6898 x 106 -12580 1.6972 x 10-° 0.62967
0.5% m-GO/EP 4.5299 x 106 -11990 2.0328 x 10 0.80165
0.7% m-GO/EP 40984 x 106 1.1347x 10° 7.5588x 10711 0.93197
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Figure 5. Bode diagrams (impedance modulus) of coatings
immersed in 3.5 wt.% NaCl solution after 42 days.

Figure 6 displays Nyquist curves characterized by two-time
constant semicircles, which reveal important information
about the essential characteristics of the layer and the
potential number oflocalized elements at the metal /coating
interface. These curves also represent electrochemical
cycles demonstrated by resistance and capacitance
elements. The impedance curves are compared with
equivalent circuit simulations based on information
obtained from two exposure times to analyze these
electrochemical aspects of different coatings further.
However, the impedance curves may exhibit certain
distortions due to the lack of contact uniformity resulting
from surface refining and double-layer errors.

The constant phase element (CPE) is introduced into the
equivalent circuit simulations to address these issues and
compensate for experimental results. The electrode's
surface abrasion contributes to the deviations from ideal
dielectric behavior, which the CPE helps to account for. By
including the CPE in the simulations, researchers can better
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assess the electrochemical properties and characteristics of
the coatings despite potential experimental limitations.

The electrochemical parameters obtained are brief in Table
3, representing the characteristics of electrolyte resistance
(Rp), solution resistance (Rs), and the constant phase
element of the double layer (CPEa). The results show that as
the concentration of GO loadings increased in the samples
containing 0.1% m-GO/EP, 0.5% m-GO/EP, and 0.7% m-
GO/EP, the R, value decreased. The decreases in R, for the
coated GO samples indicate that these specimens lacked
self-healing characteristics in the presence of a coating
matrix flaw. In other words, while the incorporation of m-
GO improved the corrosion resistance of the epoxy coating
by providing a better barrier performance, it could not offer
sufficient protection if there was a flaw in the coating.

However, the 0.1% m-GO/EP sample showed a higher R,
than the other coatings. This could be attributed to the effect
of modified GO sheets, which reduce the access of corrosive
medium through coating pores to the coating/metal
interface. The performance of the coating systems with
modified GO was better than that of the EP coating alone.
Covalent bonds between the modified GO and the EP layer
make it harder for corrosive agents to get into the steel
substrate. Consequently, harmful electrolyte diffusion is
inhibited through coating defects and micropores when a
coating is damaged. Modified GO plays a role in restricting
the migration of destructive ions into the coating substrate,
hence improving the overall corrosion protection
performance of the composite coating.

The Nyquist impedance arc provides valuable insights into
the resistance and anticorrosion abilities of the coatings. A
larger Nyquist impedance arc indicates higher resistance
and stronger anticorrosion capabilities. Comparing the EP
sample to the other four samples (bare steel, 0.1% m-
GO/EP, 0.5% m-GO/EP, and 0.7% m-GO/EP), it is evident
that the latter four samples displayed more outstanding
capacitive loops. Among them, the 0.1% m-GO/EP sample
exhibited the largest loop, indicating excellent
anticorrosion properties compared to the other coatings.
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Figure 6. Nyquist curves of coatings immersed in 3.5 wt.% NaCl

solution after 42 days.

Figure 6 shows that the 0.1% m-GO/EP coating
demonstrated a larger impedance arc, further confirming its
superior anticorrosion performance compared to the other
coating samples. On the other hand, the diameter of the
high-frequency arc for the 0.1% m-GO/EP, 0.5% m-GO/EP,
and 0.7% m-GO/EP coatings were much larger than that of
the EP sample. This suggests that the modified GO layer
coated on the surface improved the performance of the
coatings, leading to enhanced corrosion resistance.

The nanostructure of the epoxy composite can play a crucial
role in enhancing the adherence and contact between the
coating and the substrates. Additionally, adding EP to the
steel substrate’s surface results in forming an oxide layer
that effectively resists corrosion [45]. Incorporating the D-
g/GO composite significantly improves the anticorrosion
effectiveness of the coatings due to the combined benefits of
EP and graphene additions.

In summary, the combination of nanostructured epoxy
composite, EP, and graphene (in the form of D-g/GO
composite) results in coatings with improved adhesion,
strong contacts with substrates, and the ability to form a
protective oxide layer on the steel surface, all contributing
to enhanced corrosion resistance and protection.

3.4 Surface of Composite Coatings

After removing the coatings, the surfaces of the test samples
were immersed in a 3.5 wt.% NaCl solution for 42 days was
examined, as shown in Figure 7. The pure EP coating
exhibited a rusted surface with damaged microparticles
surrounding it, indicating a low anticorrosion performance.
In contrast, a wedge of microparticles was observed
surrounding the damaged region for the 0.5% m-GO/EP and
0.7% m-GO/EP coatings. This observation aligns with the
fact that GO sheets can effectively block the entry of highly
corrosive molecules, at least for a limited period.

The 0.7% m-GO/EP coating displayed fewer invisible rusts
on the metal substrate than the EP coating. The presence of
m-GO/EP on the scratched surface might have physically
adsorbed onto the metal surfaces, preventing the entry of
corrosive ions and thereby inhibiting corrosion damage of
the exposed metal in the presence of graphene.

In short, the microstructure analysis of the coated samples
showed that adding m-GO to the EP coating made it better
at protecting against corrosion because it could block
molecules that cause corrosion and physically protect the
metal surfaces from corrosion damage.

The epoxy matrix in the pure EP coating is typically
considered a physical protective film that prevents hostile
species from penetrating the layer [46]. However, due to the
coating's poor barrier quality, corrosive species can quickly
enter the layer and accomplish the layer's surface.
Consequently, the coating penetrates, and the steel loses its
protection based on the polymer matrix. Besides, composite
coatings, especially m-GO/EP, demonstrated superior
properties. Adding GO sheets in the m-GO/EP coating could
improve the dispersion pathway of corrosive molecules,
leading to enhanced corrosion protection performance.
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However, GO's limited distribution and dispersion seriously
diminished the practical application of the physical barrier
effect. In summary, while the pure EP coating relies on its
epoxy matrix for protection, composite coatings, such as m-
GO/EP, offer improved anticorrosion due to the addition of
GO sheets. The distribution and dispersion of GO within the
coating, however, is what limits its effectiveness.

Indeed, the strong electrical conductivity of GO sheets can
have a dual effect on the corrosive response of the metal. On
the one hand, it may promote corrosion by facilitating
electron transfer and creating an environment conducive to
corrosion. On the other hand, the m-GO/EP composite
coating demonstrated the highest level of protection among
coatings, suggesting that the benefits outweighed the
drawbacks. Several explanations can be derived for the
excellent anticorrosion performance of m-GO/EP coating.
Firstly, the unique granular structure of m-GO sheets
provided a physical barrier feature that enhanced the
diffusion route of highly corrosive compounds. This
improved barrier performance contributed to the long-term
protection of the material from corrosive agents.

Figure 7. Photograph of coatings immersed in 3.5 wt.% NaCl
solution for corrosion test (a) bare steel; (b) EP; (c) 0.1% m-
GO/EP; (d) 0.5% m-GO/EP and (e) 0.7% m-GO/EP after 42 days.

Secondly, the poor electrical conductivity of m-GO played a
significant role in inhibiting steel corrosion. By limiting
electron transfer and hindering corrosion, m-GO helped
protect the steel substrate from deterioration. Lastly, the
presence of D-g molecules further enhanced the interaction
between the D-g/GO and epoxy medium, leading to
improved durability of the epoxy coating. This synergy
endowed the m-GO/EP composite coating with robust
anticorrosion capabilities, making it a practical choice for
corrosion protection applications.

The electrochemical experimental data demonstrates that
incorporating GO and EP significantly enhances the
coating's anticorrosion capability. This improvement is
attributed to various factors, including an improved
hydrophobic property, a sustained path for corrosive
medium, crosslinking of D-g on the GO surface aiding in
passivation film formation, and homogeneous distribution
of m-GO/EP, effectively clogging coating flaws and

preventing corrosive material from reaching the metal
substrate. Additionally, the presence of EP particles
enhances the adherence of the composite coating to the
metal substrate, ensuring long-term anticorrosion by
providing stable protection. The combined effect of GO and
EP in the coating results in a highly effective and secure
anticorrosion solution.

4. CONCLUSION

In this study, GO was successfully modified with D-g using
an in-situ chemical modification method, resulting in 0.7%
m-GO/EP coating with excellent anticorrosion properties,
even in highly corrosive environments. Earlier research has
extensively investigated the impact of surface-
functionalized GO particles on the corrosion resistance of
polymeric coatings. However, the technique may not
effectively prevent corrosion when the coating is damaged
or flawed. A novel approach was exploited to adopt this by
varying GO sheets with EP, creating a combination of GO
sheets' barrier effect and m-GO/EP's inhibitory activity. The
m-GO/EP particles are less hazardous than conventional
active pigments like GO but possess comparable inhibitory
activity and more potent barrier properties. This approach
opens potential applications in forming a single barrier
layer that combines inhibitory and barrier effects in typical
multilayer anticorrosion coatings.
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