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Abstract

The use of environmentally friendly inhibitors, such as plant extract in preventing corrosion is
an effective alternative to hazardous and toxic chemical additives. Therefore, this study aims
to assess the effectiveness of an inhibitor derived from Syzygium cumini fruit extract on low
carbon steel in a 3.5% NaCl corrosive medium. The extraction process was carried out using
the solid-liquid method, and the extract obtained was characterized using Fourier Transfer
Infrared Spectroscopy (FTIR) and phytochemical analysis. Corrosion inhibition properties
were analyzed through weight loss measurement, electrochemistry (PDP), and electrochemical
impedance spectroscopy (EIS). The surface morphology of the sample was examined using
Scanning Electron Microscope-Energy Dispersive X-ray (SEM-EDX) and X-ray diffraction
(XRD). The results showed the effectiveness of Syzygium cumini fruit extract in preventing
corrosion at concentrations of 100, 200, 300, 400, and 500 ppm. The highest corrosion
efficiency was approximately 92.99% at a concentration of 500 ppm. Furthermore, this result
was validated by surface analysis based on the inhibitor adsorption process on low carbon
steel. The high efficiency and minimal damage to the sample showed that Syzygium cumini
fruit was an environmentally friendly inhibitor with excellent corrosion protection.
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1. Introduction

Corrosion is the gradual degradation of materials caused by direct exposure to a corrosive
environment, leading to a decline in metal quality and disintegration [1]. This process is
typically an electrochemical reaction occurring within an unstable thermodynamic system
[2]. Furthermore, several studies have shown that it is influenced by various factors
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including O, content, fluid velocity, pH level, stress, and the presence of chloride (CI)
compounds in water [3]. Carbon steel is a widely used metal in industrial construction,
buildings, bridges, and everyday equipment due to its economic feasibility, strength, good
thermal conductivity, and ductility. However, its application is limited due to poor
resistance to aggressive environments, such as seawater containing sodium chloride (NaCl)
compound [4].

According to previous studies, corrosion caused by NaCl deposits is influenced by the
condensation process within the corrosive solution atmosphere, leading to an increased
degradation rate [5]. The limited resistance of carbon steel in NaCl solutions is caused by
the direct adsorption of Cl ions by the metal, thereby forming CI ions on the surface [6].
Continuous corrosion occurs in metals that are naturally unstable and tend to
electrochemically react with aggressive environments. Previous studies have reported that
chloride ions can induce carbon steel corrosion at medium or high temperatures, such as in
neutral seawater environments with NaCl [7] and in fuels containing KCI [8]. This process
has also been reported to have adverse effects on materials, human safety, and the
economy [9]. Therefore, protective applications on the surface of the metal are needed to
control the process by suppressing electrochemical reactions, such as the use of inhibitors.

The use of environmentally friendly corrosion control methods has gained popularity
among experts, in line with the international vision for a chemical additive-free world by
2030 [10]. Furthermore, a green inhibitor from natural materials that are biodegradable,
safe, affordable, readily available, and environmentally friendly is at the core of study
development by engineers and scientists [11]. Among the natural materials explored for
corrosion inhibition are plant extracts from leaves, fruits, stems, and roots. These extracts
often contain polar compounds, such as oxygen and nitrogen as well as non-polar
compounds, including aromatic rings, aliphatic chains, and heterocyclic rings, which play a
role in the adsorption and film formation processes on the metal's surface [12]. Based on
these results, inhibitors from natural materials become ideal candidates to replace less
environmentally friendly synthetic materials.

The application of natural materials as corrosion inhibitors has been extensively
explored, such as the use of Syzygium Cumini seed extract in acidic environments [13] and
Syzygium Cumini leaf extract for carbon steel in acidic media [14]. The use of Syzygium
Cumini fruit is also prevalent in medical science, serving as an anti-cancer, anti-microbial,
[15], anti-diabetic, and anti-toxicity agent [16]. Despite this extensive usage, there are no
studies on its use as an anti-corrosion agent. The novelty of this report lies in using
Syzygium Cumini fruit extract as a green inhibitor on low-carbon steel in a 3.5% NaCl
solution. Previous studies have identified the presence of flavonoids, polyphenols, and
tannins in the fruit of the plant, actively contributing to film formation [17] and suggesting
significant potential as an anti-corrosion agent. Therefore, this study aims to (1) analyze
the effectiveness of Syzygium Cumini fruit extract inhibitor performance based on the
efficiency values and (2) evaluate the recent chemical transformation role of the fruit
regarding its anti-corrosion effects through weight loss measurement and modeling, as well
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as electrochemistry, including potentiodynamic polarization (PDP) and electrochemical
impedance spectroscopy (EIS). The extract was characterized using Fourier Transfer
Infrared Spectroscopy (FTIR) and phytochemical tests. The morphology of low carbon
steel before and after protection by inhibitor was analyzed using Scanning Electron
Microscope-Energy Dispersive X-ray (SEM-EDX) and X-ray diffraction (XRD).

2. Materials and Methods

2.1. Materials and electrolyte medium

The material used in this study was low carbon (AISI 1020) steel purchased in Banda
Aceh, Indonesia. The sample was cut into dimensions of 3x2x0.3 cm for weight loss test
and 1x1x0.5cm, coated with resin, for electrochemical test. Furthermore, Table 1
provided insight into its chemical composition, classifying the specimen as low-carbon
steel, with a carbon (C) content of 0.18%.

Table 1. Chemical composition of low carbon steel.

Element C Si Mn P S Cr Mo Ni Cu Al Nb Fe

Wt% 018 026 125 003 0.03 015 0.03 009 028 001 0.01 Balance

The corrosive solution used was 3.5% NaCl, which was prepared by dissolving
3.5 grams of NaCl powder in 1 liter of distilled water.

2.2. Preparation of Syzygium Cumini fruit extract

The inhibitor used was Syzygium Cumini fruit extract obtained from Lamreh, Aceh Besar,
Indonesia, and the extraction process was carried out using the solid-liquid method [18]. A
total of 5 kilograms of Syzygium Cumini fruit were collected, dried at 50°C, crushed, and
packed into a Soxhlet extractor using 1 liter of 96% Ethanol with three reflux cycles at
70°C. Furthermore, the solution was separated using a rotary evaporator at 60°C, and the
extract was stored in glass bottles at room temperature.

2.3. FTIR analysis and phytochemical analysis

The chemical composition of Syzygium Cumini fruit extract was tested using FTIR analysis
to identify functional groups present. The resulting functional groups played an active role
in the formation of protective layers or films on the surface of carbon steel [19].
Furthermore, FTIR analysis was performed using a Shimadzu IR Prestige-21 infrared
spectrophotometer with spectra ranging from 500 to 4000 cm™. Phytochemical analysis
was carried out using 95% alcohol as an extractor to examine the chemical content of
Syzygium Cumini fruit.
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2.4. Weight loss method

The weight loss method was used to determine the corrosion rate of low-carbon steel and
the efficiency of the Syzygium cumini fruit inhibitor. The carbon steel was immersed in a
3.5% NaCl solution and inhibitor mixtures at concentrations of 100, 200, 300, 400 and
500 ppm. Weight was measured before and after immersion, starting with surface cleaning.
Furthermore, immersion was performed over an exposure time of 25 days, measured every
5 days (120, 240, 360, 480, and 600 hours). Corrosion rate and inhibitor efficiency were
calculated based on Equations 1 and 2 [20]:

. 87.6W,

Corrosion rate, CR (mm/year)= ATp (1)
free _ inh

Inhibitor efficiency, n% = <X CRﬁgR 100% )

where Wy is weight loss (in mg), A is the surface area of carbon steel (in cm?), T is the
immersion time (in hours), p is the density (in g/cm?), and CR™® and CR™ are corrosion
rate without and with the inhibitor.

2.5. Electrochemical studies

In this study, 2 electrochemical test methods were used, including potentiodynamic
polarization (PDP) and EIS. A Zive Lab potentiostat model and IVMAN software were
used for measurement. Furthermore, 3 electrodes, namely the counter electrode (graphite),
low carbon steel as the working electrode (WE), and the reference electrode (Ag/AgCl).
The working electrode was immersed for 30 minutes to reach a steady-state condition. The
corrosion rate on carbon steel was calculated by adjusting the polarization curve using the
Tafel analysis method, starting with determining corrosion potential (Ecor) and current
density (icor). Corrosion rate measurement based on ASTM G102-89 with inhibitor
efficiency was performed using the formula [21]:

19 CRun —CR

CRunh

inh .100% (3)

where CR,,, and CR . are corrosion rates on carbon steel with and without the inhibitor
(mpy). EIS measurement was conducted with an open circuit under AC amplitude of
10 mV and frequency ranging from 100 kHz to 10 mHz.

2.6. Surface analysis with SEM-EDX and XRD

SEM was used to scan the surface morphology of carbon steel. SEM analysis was a
preferred choice in several studies due to its ability to visualize particles smaller than
10 nm [22]. Furthermore, EDX was used to identify elements present in carbon steel. EDX
analysis could determine a histogram based on the number of particles produced on the
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surface or determine the percentage composition of sample elements. XRD analysis was
useful for showing diffraction results of X-rays in the form of nanoparticles, biomolecules,
and polymers. Morphological analysis was performed on carbon steel before and after
immersion in NaCl solution and Syzygium Cumini fruit inhibitor at a concentration of
500 ppm.

3. Results and Discussion

3.1. FTIR and phytochemical analysis

FTIR in Figure 1 represented the spectrum directly providing information about the
functional groups present in Syzygium Cumini fruit extract. The generated spectrum
showed prominent adsorption peaks useful for showing the chemical composition of the
inhibitor. The adsorption band with the strongest intensity broadened at the peak of
3359.99 cm, showing the presence of hydroxyl (O—H) stretching. Meanwhile, the
adsorption band broadening at 2933.73 cm™* showed Alkane (C—H) stretching with strong
adsorption intensity. Carbonyl (C=0) bond stretching was scattered in the spectrum at
1724.36 cm™. In the FTIR spectrum, there was a moderate adsorption band at 1041.56 cm™,
representing aromatic esters (C—H) bending.

The presence of functional groups containing heteroatoms, such as oxygen (O) and
hydrogen (H) actively contributed to preventing corrosion on the surface of carbon steel by
providing electron donations to form a protective film. This was reinforced by the presence
of aromatic double bonds that played an active role in the adsorption process, making
Syzygium Cumini fruit inhibitors effective as an anti-corrosion agent [23]. With the
presence of heteroatoms and aromatic bonds, the corrosion rate on the surface of the
sample could be reduced [24].
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Figure 1. FTIR spectrum of Syzygium cumini fruit extract.
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Table 2. Phytochemical of Syzygium Cumini fruit.

Chemical contents Result Description
Alkaloid A white precipitate formed +
Flavonoid Dark red (magenta) ++

Phenol Green or bluish-green ++
Glycoside Blue or green +
Saponin Stable foam +
Tannin A blackish-green color formed ++
Steroid Brownish ring +
Triterpenoids Red or purple +

(++) high quantity, (+) low quantity

The phytochemical analysis results of Syzygium Cumini fruit are presented in Table 2,
showing the presence of flavonoids marked in a dark red (magenta) color with a significant
quantity. Furthermore, there were tannins marked in a blackish-green color in a substantial
quantity. The chemical contents of flavonoids and tannins in Syzygium Cumini fruit were
promising organic substances suitable for use as corrosion inhibitors for carbon steel in
neutral media [25, 26].

3.2. Weight loss measurements

The influence of adding Syzygium Cumini fruit inhibitor on the corrosion rate of low-
carbon steel was tested with different concentrations. The inhibitor efficiency percentage
n% against corrosion rate was obtained after immersion for 25 days at room temperature
(25+2°C), as shown in Table 3. Based on the results, the corrosion rate on carbon steel
decreased proportionally with increasing inhibitor concentration from 100 to 500 ppm [27].
Furthermore, the parameter was determined based on the weight loss of carbon steel during
the immersion process. The weight of carbon steel continued to decrease due to the
corrosion process on the surface by the solution. The addition of the inhibitor to the
corrosive solution led to minimal weight loss. The highest weight loss occurred in carbon
steel immersed in a 3.5% NaCl solution without the inhibitor mixture. This was due to the
absence of protection on the surface, exposing it directly to the corrosive environment [28].
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Figure 2. Comparison of corrosion rate and inhibitor efficiency in 3.5% NaCl solution at
different concentrations.

Table 3. Inhibitor efficiency of Syzygium Cumini fruit on low carbon steel corrosion rate.

Inhibitor concentrations, ppm 0 100 200 300 400 500
Corrosion rate, mm/year 0.0147 0.0136 0.0123 0.0112 0.0078 0.0038
Inhibitor efficiency% 0.00 7.48 16.33 23.81 46.94 74.15

The greater mass loss of carbon steel in NaCl solution is a consequence of the
increased corrosion rate. The corrosion rate decreased with the increasing concentration
given, leading to the highest average efficiency value of 74.15% at a concentration of
500 ppm. This behavior was triggered by the phytochemical adsorption process of
Syzygium Cumini fruit on the surface of carbon steel [29]. The formation of the protective
layer is the process of electron donation from the natural extract inhibitor on the carbon
steel surface when Fe*? ions diffuse into the electrolyte solution and the attack of active ClI
ions from the NaCl solution. Corrosion rate was calculated based on Equation 1 and the
inhibitor efficiency was obtained after determining the parameter with and without the
inhibitor. The lower the corrosion rate produced, the higher the inhibitor efficiency value,
and vice versa. Figure 2 shows the comparison of efficiency with corrosion rate based on
different inhibitor concentrations. The highest efficiency value at a concentration of
500 ppm proved the increased Syzygium Cumini fruit molecular composition, leading to
the interaction of the inhibitor’s chemical group with the surface of carbon steel.

3.3. Potentiodynamic Polarization Test (PDP)

The potentiodynamic polarization curve of low carbon steel in a corrosive 3.5% NaCl
solution and a mixture of Syzygium Cumini fruit inhibitor with various concentrations at
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room temperature (25+2°C) is shown in Figure 3. Corrosion performance could be
observed based on kinetic parameters found in Table 4, such as corrosion potential (Ecorr)
and current density (icorr), COvering corrosion rate to yield inhibitor efficiency. According
to the test results, the current density value (icor) decreased according to the anodic,
cathodic, and potentiodynamic polarization curve graphs. It also decreased with the
increasing quantity of Syzygium Cumini fruit inhibitor concentrations [30]. This analysis
proved that the presence of the inhibitor influenced the surface of carbon steel by
undergoing adsorption to inhibit anodic and cathodic processes [31].
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Figure 3. Polarization curve of low carbon steel in 3.5% NaCl solution and Syzygium Cumini
fruit inhibitor mixture.

The corrosion rate from the electrochemical test was obtained based on a
potentiodynamic polarization curve with intersections in the anodic and cathodic regions
on the current density (icorr) and corrosion potential (Ecorr) coordinate axes. Electrochemical
parameters in Table 4 showed that the highest current density (icor) Occurred in the NaCl
solution because there was no protection on the surface of carbon steel. The high current
density (icorr) led to an increase in the corrosion rate of carbon steel. The addition of the
inhibitor to the NaCl corrosive solution significantly influenced the corrosion rate. Current
density decreased significantly with the lowest value of 3.8 um/cm? at an inhibitor
concentration of 500 ppm, thereby reducing the parameter. The highest inhibitor efficiency
reached 92.99%, showing that the active substances and functional groups in the Syzygium
Cumini fruit were polar compounds that played an active role in handling carbon steel
corrosion. Moreover, the addition of the inhibitor provided a reaction on the surface by
forming a film in the form of a solid or reticulated layer, serving as a good anti-corrosion
agent [32].
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Table 4. Electrochemical parameters of polarization curves for low carbon steel in 3.5% NaCl solution

and Syzygium Cumini fruit inhibitor.

'”gi;’ri;"r’ Ba, Vidiv  Be, V/div urlri(/);rmz Ecor, MV kOhM ;‘ggrﬁf’rﬁg] PDP n%
NaCl 267 0.18 53.9 0077 135 0.628 0.00
100 0.24 0.17 16.7 8267 261 0.194 69.11
200 0.36 0.15 14.6 8106 3.20 0.169 73.09
300 0.22 0.12 9.5 381 324 0.111 82.32
400 0.16 0.08 8.9 8832 242 0.104 83.44
500 0.07 0.04 3.8 8923 230 0.044 92.99

3.4. Electrochemical impedance spectroscopy (EIS)

The influence of Syzygium Cumini fruit inhibitor concentration on impedance treatment of
low carbon steel in 3.5% NaCl corrosive solution was analyzed using the EIS method.
Impedance data were shown in the form of a Nyquist diagram, bode plot, which was
presented in Figure 4. The EIS test was carried out on the solution with different inhibitor
concentrations, namely without and with 100, 200, 300, 400, and 500 ppm inhibitors at

room temperature (25+2°C).

150 10000

L
~N
o

1000

©
S
I

'''''

&
o
1
L ]
log Z (Ohm.cor’)
2
=)

Z" (Ohm.cni’)

&
o o
rl—\ 1
R,»
. *
"
r .
Ao
. A
.
£
4
Q} »
¥
- 5

(@)

(b)

T
1000

ro & FS o
o S o o
Phase angle

o

-0

10

10000

Figure 4. Nyquist diagram (a) bode plot (b) of low carbon steel in 3.5% NaCl solution and
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Rs CPE

r—
eed

AN
77
L(R:p—

Figure 5. Equivalent circuit model on low carbon steel with Syzygium Cumini fruit inhibitor.
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Impedance spectra was simulated with two equivalent circuits that could be seen in
Figure 5, where the EIS fitting circuit with and without inhibitor consisted of three circuit
constituent variables, namely Rs as the solution resistance, R, as the charge transfer
resistance, and CPE as a phase constant element. The equivalent circuit model formed was
a parallel form between R, and CPE, while Rs formed a series circuit against R, and CPE,
and the values of the EIS test parameters were shown in Table 5. The Nyquist diagram
consisted of two capacitive loops located at high and intermediate frequency positions
preceded by an inductive loop region at a lower frequency. The loops in the Nyquist
diagram expressed high or low corrosion rate values [33]. Figure 4 showed that the variety
of loop shapes corresponded to the shape and surface condition of the carbon steel. The
Nyquist diagram increased significantly with the increase in concentration given to the
corrosive solution of 100 to 500 ppm. This process could be related to the adsorption
process by chemical substances from the Syzygium cumini fruit inhibitor, which played an
active role in the electrode transfer process on the surface of low-carbon steel.
Furthermore, this evidence was reinforced by the bode diagram, where the bode modulus
and phase angle increased along with the corrosion inhibitor.

The parameters of the Nyquist diagram showed that carbon steel without inhibitor
produced a charge transfer resistance (R,) value of 167.05. With the addition of an
inhibitor, the charge transfer resistance value (Rp) increased [34] by 194.76, 243.71,
304.33, 375.94, and 384.71 (©-cm?) at 100, 200, 300, 400, and 500 ppm, respectively. The
increased value of the parameter showed that the Syzygium Cumini fruit inhibitor
influenced the charge transfer on the surface of the sample. The addition of the inhibitor
provided a film-shaped protective layer on the surface of low-carbon steel. The efficiency
value of Syzygium cumini fruit inhibitor could be calculated using Equation 4 [35].

RP
where R, and Ry are the charge transfer resistance values with and without the inhibitor
mixture. The highest inhibitor efficiency value was obtained at a concentration of 500 ppm,
showing that the data obtained in the EIS test was appropriate to weight loss and
potentiodynamic polarization data [13].

Table 5. EIS parameters for low carbon steel in 3.5% NaCl solution and Syzygium Cumini fruit inhibitor.

Inhibitor, ppm Rs, Q-cm? Rp, Q-cm? CPE-T CPE-P Eeis%
0 6.48 167.05 1.1469-10°2 5.6557-101 0

100 7.24 194.76 1.9436-10°3 5.4084-107! 14.23

200 4.91 243.71 5.0477-1073 4.3454-1071 31.46

300 5.92 304.33 1.1838-103 5.8555-107! 45.11

400 1.75 375.94 2.8251-10°3 6.5635-1071 55.56

500 10.22 384.71 3.2822-10°% 4.8699-101 56.58
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3.4.1. Scanning electron microscopy (SEM)

SEM was used to analyze the morphology of the carbon steel surface, as shown in
Figure 6. The carbon steel surface was tested in conditions before immersion and after
being immersed for 25 days in a 3.5% NaCl corrosive solution and a mixture of 500 ppm
Syzygium Cumini fruit inhibitor. Based on the image, the sample before immersion
(Figure 6a) did not undergo corrosion and experience damage. Compared to carbon steel
after immersion, high corrosion levels were observed in carbon steel in the 3.5% NaCl
solution (Figure 6b). The lack of surface protection exposed the sample directly to the
corrosive environment, where the surface appeared rough and covered with corrosion
products. The solution without an inhibitor caused the oxidation process to occur, leading
to significantly faster corrosion. The carbon steel surface appeared smoother, with very
little corrosion formation and minimal damage after immersion in the 500 ppm inhibitor
mixture (Figure 6¢). Surface protection of low-carbon steel was based on the formation of
a film layer by the Syzygium Cumini fruit inhibitor. The formation of the film layer by
inhibitor components actively contributed to reducing the corrosion rate [36]. The observed
activity proved that the Syzygium Cumini fruit inhibitor significantly contributed to the
mechanism of natural chemicals as an anti-corrosion agent. The formation of a barrier
layer showed the occurrence of a good adsorption process by the inhibitor, thereby
reducing the oxidation-reduction reactions and slowing down the corrosion of carbon steel
[37].

Figure 6. Low carbon steel before immersion (a) after immersion with 3.5% NaCl solution (b)
after soaking with 500 ppm mixture of Syzygium Cumini fruit inhibitor (c).
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3.4.2. EDX Analysis

EDX Analysis was performed to examine the chemical composition of the carbon steel
surface. The results, in the form of the percentage of chemical elements in carbon steel,
could be determined based on the EDX spectrum level. The characterization ability of
elements was mainly due to the basic principle that each element had a unique atomic
structure that allowed for specific peaks in its electromagnetic emission spectrum, which

was the main principle of spectroscopy.
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Figure 7. EDX analysis of low carbon steel before immersion (a) after immersion in 3.5%
NaCl (b) after immersion in 500 ppm Syzygium Cumini fruit inhibitor mixture (c).

The composition of carbon steel elements was indexed with the EDX spectrum in
Figure 7, and the percentage of chemical composition was shown in Table 6. The results
showed that before immersion, carbon steel showed iron (Fe) and carbon (C) content at
95.66% and 4.43%, respectively. After immersion, the carbon steel surface showed carbon
(C) at 4.20%, iron (Fe) at 60.10%, and the emergence of oxygen (O) chemical elements at
28.03%, sodium (Na) at 6.51%, chloride (Cl) at 1.72%, and potassium (K) at 0.75%.
Carbon steel immersed in a corrosive solution mixed with Syzygium Cumini fruit inhibitor
at a concentration of 500 ppm has a percentage of iron (Fe) at 25.32% and chloride (Cl) at
1.31%, leading to a decrease in percentage influenced by the film layer covering the Fe
layer. The oxygen (O) content was 37.55%, and the carbon (C) content was 17.93%,
showing an increase in percentage in the inhibitor mixture. The appearance of oxygen (O)
elemental groups proved that the corrosion control process comprised electron contribution
by the inhibitor as a protective layer [38]. The reaction showed that a corrosion barrier
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layer was formed on the carbon steel surface from the adsorption process of the Syzygium
Cumini fruit inhibitor on the carbon steel surface [39]. Therefore, Syzygium Cumini fruit
played a significant role as a good inhibitor in NaCl corrosive solution.

Table 6. Surface composition of carbon steel elements before immersion, immersion in 3.5% NaCl, and
concentration of 500 ppm by EDX analysis.

Before immersion NaCl 3.5% 500 ppm
Element
Wt.% Atomic % Wt.% Atomic % Wt.% Atomic %

C 4.34 17.43 4.20 10.08 17.93 29.30
0] — — 28.03 50.46 37.55 46.06
Na — - 5.19 6.51 13.77 11.75
Mg — — - - 3.60 291
Si — - - - 0.52 0.36
Cl - - 1.72 1.40 1.31 0.73
K — - 0.75 0.56 - -

Fe 95.66 82.57 60.10 31.00 25.32 8.90

3.5. XRD Analysis

XRD Analysis was necessary as it was related to the characterization of a material or solid
substance. Most solid substances formed crystals classified into 7 crystal systems and
divided into 14 lattices. At lattice points, crystal planes were formed and expressed with
Miller indices. Materials diffracted with X-rays showed their crystal systems, such as SC,
BCC, and FCC. X-rays were used to determine the characteristics of materials and are
often obtained by shooting electrons from an electron source at a target atom. From the
Miller indices, the atomic radii were then determined, leading to a crystal structure.

u)

Intensity (a.

T T T T T T T T
10 20 30 40 50 60 70 80
2 theta

Figure 8. XRD graph of low carbon steel before exposure, after exposure to 3.5% NaCl and
Syzygium Cumini fruit inhibitor mixture.
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The results of XRD testing are presented in Figure 8. XRD was conducted on low-
carbon steel before and after exposure to 3.5% NaCl, and carbon steel immersed in a
corrosive solution with a mixture of inhibitors at a concentration of 500 ppm. The XRD
results in Figure 10 showed changes in peaks based on intensity and 26 due to different
treatments on the sample. The results in Figure 10 showed that low-carbon steel, before
immersion, produced peaks at 44.71° on the (1 1 0) Miller index plane and peaks at 65.08°
on the (2 0 0) Miller index plane. After exposure to NaCl solution, it produced peaks at
44.77° on the (1 1 0) Miller index plane and peaks at 65.17° with the (2 0 0) Miller index.
Peaks were produced at 44.78° on the (1 1 0) Miller index plane and at 65.18° on the (2 0
0) Miller index after immersion with the inhibitor mixture. XRD results in Figure 10
proved that a Syzygium Cumini fruit inhibitor mixture increased the intensity of index
peaks and decreased the crystalline index on low carbon steel by 17.30% compared to
NaCl 23.73% and before immersion by 27.90% [40].

4. Conclusion

In conclusion, this study showed that the use of Syzygium Cumini Fruit extract as an
inhibitor provided good corrosion protection for low carbon steel in a 3.5% NaCl solution.
This was evidenced through weight loss testing, electrochemistry (PDP and EIS), and
surface morphology analysis of the sample. Weight loss results showed that the lowest
corrosion rate occurred at a concentration of 500 ppm. Furthermore, PDP showed that the
addition of the inhibitor successfully reduced the current density (icorr) as the inhibitor
concentration increased. Based on the EIS analysis, the higher the inhibitor concentration,
the higher the charge transfer resistance (Rp), specifically at a concentration of 500 ppm.
This was accompanied by the formation of a higher loop compared to the NaCl corrosive
solution and an increase in the bode modulus and phase angle. The morphologies from
SEM-EDX and XRD analyses explained the occurrence of minimal damage, evidenced by
the protection of the carbon steel surface layer and the adsorption of chemically active
substances. Therefore, it was concluded that the inhibitor from Syzygium Cumini fruit
extract was an ideal candidate as a corrosion inhibitor and an alternative green inhibitor to
synthetic materials.
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