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Abstract

Valves are mechanical devices that regulate the flow of oil and gas fluids and are typically con-
structed from materials that are heat-resistant, corrosion-resistant, and capable of withstanding
high pressure. However, observations from valve manufacturing companies in the Banten area
have shown that valve components made from medium carbon steel ASTM A105N are suscepti-
ble to corrosion during hydrotesting, particularly when using reverse osmosis (RO) water as the
testing medium. This corrosion can degrade product quality before delivery to customers. To ad-
dress this issue, this study investigates the use of Hibiscus rosa-sinensis as a green corrosion
inhibitor. The objective of this research is to evaluate the corrosion rate, inhibitor efficiency, and
surface morphology of ASTM A105N valve materials using Hibiscus rosa-sinensis in RO water me-
dia, with varying inhibitor concentrations and immersion durations. The electrochemical meth-
ods used include Potentiodynamic Polarization, Electrochemical Impedance Spectroscopy (EIS),
Chronoamperometry, and Scanning Electron Microscopy (SEM). Results from the corrosion rate
tests indicated that the highest inhibitor efficiency—59.04%—was achieved at 24 hours of im-
mersion with a 2 g inhibitor concentration. This condition also yielded the lowest corrosion rate
of 1.2231 x 10~ mm/year and the lowest corrosion current (lcor) 0f 3.2601 x 10~° A/cm?. Chron-
oamperometry testing confirmed these findings with the lowest electric charge value of 0.0125
C. SEM analysis further revealed a more uniform and homogeneous protective coating on the
metal surface under these conditions. Based on these results, Hibiscus rosa-sinensis demon-
strates promising performance as a green corrosion inhibitor and is recommended as an additive
in RO water for valve hydrotesting. This study highlights the potential of environmentally friendly
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and cost-effective inhibitors in reducing corrosion risk in valve materials.
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1. Introduction

Avalve is a mechanical device that controls the flow of oil and gas fluids by opening, closing, or
regulating the flow in a piping system [1], [2]. It plays a vital role in the oil and gas industry [3]. One
component of the valve is the closure valve or flange, which connects two parts—between the valve
and other components—securely and safely at the end of the pipe [4], [5]. With the flange, the ball
valve can be easily accessed for maintenance, replacement, and the assembly or disassembly of sys-
tem components. Closure valves are designed using heat-resistant, rust-resistant, and high-pres-
sure-resistant materials [6], which provide a strong and leak-proof seal when combined with gaskets
and bolts.

However, these combinations—especially those involving gaskets or bolts—may create gaps
that can trap air, potentially leading to corrosion. Based on observations in manufacturing compa-
nies in the Banten area, the closure valve component is prone to corrosion during leak testing using
hydro tests. Residual water trapped in the gaps of the closure valve after testing often causes corro-
sion [7], which leads to a decrease in quality during delivery.

Corrosion is the deterioration of material quality due to chemical interactions with the sur-
rounding environment [8]. When metal is exposed to humid air, the presence of oxygen can result in
corrosion [9]. Additionally, corrosion can disrupt industrial operations and cause financial losses
[10], [11]. In other words, corrosion reduces material quality and leads to economic damage [12].
Other studies explain that corrosion on flanges can be caused by CO, exposure, high temperatures,
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high flow rates, and galvanic corrosion, all of which accelerate the corrosion process [13], [14]. Ele-
vated temperatures, in particular, accelerate chemical reactions, leading to faster corrosion rates
[15], which can result in material damage and quality degradation [16].

To address these problems, it is essential to identify the causes of corrosion and implement pre-
ventive solutions. This includes calculating and selecting corrosion limits on valves by evaluating var-
ious process parameters such as scaling, pH regulation, glycol use, and corrosion inhibitors[17]. Cor-
rosion inhibitors are chemical substances added to corrosive environments to slow down or prevent
corrosion reactions in metals. These inhibitors form a protective layer on metal surfaces or inhibit the
electrochemical processes that cause corrosion [18], [19]. According to the literature, corrosion in-
hibitors are generally divided into two types: organic and inorganic inhibitors [20], [21]. Organic inhib-
itors contain phenolic compounds such as tannins, flavonoids, and saponins [22], [23], while inor-
ganic inhibitors do not contain carbon elements in their composition [24], [25]. The use of inhibitors
derived from natural materials is considered more advantageous, as they are not only easier to obtain
but also more economical and environmentally friendly [26]-[28].

One example of a green inhibitor is Hibiscus rosa-sinensis. This plant offers several benefits,
including its availability in tropical regions like Indonesia and its low cost. The flowers of Hibiscus
rosa-sinensis are commonly used in medicinal and cosmetic applications [29], [30]. However, re-
search by Khan et al. (2019) and Stashenco (2023) has shown that Hibiscus rosa-sinensis contains
flavonoids and tannins, which possess antioxidant and inhibitory properties. These compounds can
inhibit oxidation reactions by binding to metal ions and reducing the rate of corrosion. Amines can
also form protective layers on metal surfaces. In addition to its use in medicine and cosmetics, sev-
eral studies have utilized the inhibitory properties of Hibiscus rosa-sinensis to prevent corrosion in
carbon steel materials, especially low-carbon steel. The results demonstrate that this inhibitor has
good efficiency in resisting corrosion on carbon steel [31]-[33], including pipes made from low-car-
bon steel.

In a study by Nandi et al. (2020), green inhibitors from Hibiscus rosa-sinensis leaves achieved
an average inhibition efficiency of 89% on mild steel (low-carbon steel) after 24 hours of immersion
in hydrochloric acid, sulfuric acid, and phosphoric acid media. Amabou et al. (2024) reported the
highest corrosion inhibition efficiency of 93.72% on mild steel using disodium hydrogen phosphate
media after 14 days of immersion. Additionally, research by Latha et al. (2024) concluded that Hibis-
cus rosa-sinensis achieved a corrosion inhibition efficiency of 82% on mild steel in an oil well water
medium. Based on these findings, along with field observations and interviews with engineering de-
partments at valve manufacturing companies in the Banten area, further research is needed to ex-
plore the use of green inhibitors to prevent potential corrosion in valve materials. The researchers
believe that the aforementioned green inhibitors have strong potential for application in testing ASTM
A105N oil and gas valve materials, particularly for mitigating corrosion in reverse osmosis (RO) water
environments.

The purpose of this research is to analyze the corrosion rate, surface morphology, and chemical
composition of ASTM A105N valve materials, and to address corrosion problems using green inhibi-
tors—in this case, Hibiscus rosa-sinensis. The study investigates the use of inhibitor concentrations
of 2 g and 6 g with immersion times of 24 hours, 120 hours, and 240 hours. It is hoped that the results
will demonstrate the internal benefits of using green inhibitors for corrosion protection and provide
practical recommendations for companies to reduce the risk of corrosion during hydrotesting.

2. Methods

This research consists of several stages, starting with a literature study, field data collection,
sampling of materials from valve manufacturing companies in the Banten area, and preparation of
tools and materials. The literature study is conducted by gathering data and information from various
sources.

Figure 1illustrates the research method, which begins with a literature review as the foundation
for studying and understanding existing research. This is followed by field data collection, which in-
cludes gathering information on observed phenomena and obtaining samples for testing. The next
stage involves experimental procedures, starting with the preparation of testing tools and materials.
Before testing, the samples are cleaned using a NaOH and NaCl solution, followed by degreasing
with distilled water. After the testing phase, an evaluation is conducted to analyze the corrosion rate,
inhibitor efficiency, and the surface morphology of the test material.
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Figure 1. Research methodology

2.1. Preparation materials

The material used in this research is ASTM A105N, which is commonly used as a base material
for valves due to its superior mechanical properties, particularly under high pressure and medium to
low temperatures [34].

2.2. Sample fabrication process

Figure 2 shows the sample used in this research, which is derived from ASTM A105N valve ma-
terial. Samples were prepared by cutting the material using a cutting machine into rectangular
shapes with dimensions of 20 mm x 10 mm x 2.5 mm [35]. A total of 24 specimens were prepared,
with three specimens allocated for each immersion variation. Grit blasting was performed to clean
and smooth the metal surface. This process used abrasive paper with grit sizes of 240, 400, and 1000.
Grit blasting was conducted in a consistent, unidirectional manner.
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BEERE
BRRRE
BN 1

Figure 2. Research sample

2.3. Sample immersion process

The immersion process was conducted in a mixture of reverse osmosis (RO) water and the
green inhibitor Hibiscus rosa-sinensis, with inhibitor concentrations of 2 grams and 6 grams, and im-
mersion durations of 24, 120, and 240 hours [35]. Prior to immersion, the samples were degreased
using a NaOH solution, treated with NaCl, and rinsed with distilled water (Aquadest) [36]. The pH of
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the Hibiscus rosa-sinensis solution in the RO water was monitored using litmus paper for each inhib-
itor concentration per Liter of RO water.

2.4. Sample testing methodology
A. Electrochemical testing methods

The electrochemical testing methods used in this study include potentiodynamic polarization,
electrochemical impedance spectroscopy (EIS), cyclic voltammetry, and chronoamperometry.
ASTM A105N metal specimens without coatings were electrochemically tested to evaluate their pas-
sivation behaviour and corrosion rate. The testing setup is shown in Figure 3. In the electrochemical
process, current flows from a positively charged electrode (platinum) to the negatively charged work-
ing electrode (ASTM A105N metal).

Figure 3. Potentiodynamic polarization testing equipment configuration; (a) Reaction tube with 3 electrodes, (b)
Corrtest testing equipment, (c) Voltage stabilizer, and (d) Data recorder

B. Potentiodynamic polarization testing

This test used a Corrtest CS 350 potentiostat, as shown in Figure 3. The components include:
(a) Reaction tube/tank containing three electrodes—working electrode (sample), counter
electrode (platinum), and reference electrode (Ag/AgCl)
(b) Corrtest equipment for data acquisition
(c) Voltage stabilizer
(d) PC for real-time data display

The test was conducted using a potential range from -1V to +1 V with a scan rate of 5 mV/s. The
surface area was set at 1 cm?, with a metal density of 7.86 g/cm®, and the reference electrode cor-
rection was set for Ag/AgCL. The working electrode was polished beforehand using 1000-grit abrasive
paper. The test results provide data and graphs of potential (V) versus current density (A/cm?). Tafel
analysis was used to determine the corrosion potential (Ecor) and corrosion current density (lcor),
which are used to calculate the corrosion rate.

C. Electrochemical Impedance Spectroscopy (EIS) testing

EIS was conducted to evaluate the resistance of the metal in the presence of an inhibitor layer.
The testing parameters included a frequency range of 0.1 Hz to 1 MHz and an AC amplitude of 10 mV
with 6 steps per decade, according to ASTM Standard G106 (1999).

D. Chronoamperometry testing

Chronoamperometry was used to measure the current response over time at a constant poten-
tial. This technique records current and potential data over time and can be used to determine total
electric charge. The scan parameters ranged from -0.8 V to +0.2 V versus the reference electrode,
with a total testing duration of 60 seconds.

E. Microscopic testing method using Scanning Electron Microscope (SEM)

Following the electrochemical tests, SEM analysis was conducted to observe the surface mor-
phology of ASTM A105N under various immersion conditions: untreated, immersed for 24 hours in
RO water, and immersed for 24 hours in the presence of inhibitors. This analysis provides surface
images of the specimens to assess morphological changes after exposure to corrosive environments
and electrochemical testing.



Pudjiwati et al., Use of Hibiscus rosa-sinensis as a green corrosion inhibitor for valve materials in RO Water 92

3. Results and Discussion

3.1. Corrosion rate test result

Table 1 presents the corrosion rate test results, while Figure 4 illustrates the potentiodynamic
polarization test results. Figure 4(a) shows the potentiodynamic polarization curve after 24 hours of
immersion. The TafelFit analysis yields the following current density (1,) values: without inhibitor =
3.8141 x 107° A/cm?, with 2 g of inhibitor = 3.2601 x 10~° A/cm?, and with 6 g of inhibitor = 4.5090 x
107% A/cm?. The corresponding corrosion potential (E,) values are: without inhibitor = -0.31614 V,
with 2 g of inhibitor = -0.50501 V, and with 6 g of inhibitor = -0.50263 V. The resulting corrosion rates
are: without inhibitor = 0.014310 mm/year, with 2 g of inhibitor = 0.012231 mm/year, and with 6 g of
inhibitor = 0.016917 mm/year. Figure 4(b) shows the potentiodynamic polarization results after 120
hours of immersion. The |, values are: without inhibitor = 4.3109 x 107% A/cm?, with 2 g of inhibitor =
3.8608 x 107° A/cm?, and with 6 g of inhibitor = 4.0687 x 10~° A/cm?. The E, values are: without inhib-
itor =-0.35649 V, with 2 g of inhibitor = -0.46898 V, and with 6 g of inhibitor = -0.45327 V. The corro-
sion rates are: without inhibitor = 0.016174 mm/year, with 2 g of inhibitor = 0.014485 mm/year, and
with 6 g of inhibitor = 0.015265 mm/year. Figure 4(c) presents the corrosion rate and potentiody-
namic polarization results after 240 hours of immersion. The |, values are: without inhibitor = 4.4009
x 107° A/cm?, with 2 g of inhibitor = 3.8582 x 107® A/cm?, and with 6 g of inhibitor = 4.1325 x 107°
A/cm?. The E, values are: without inhibitor = -0.21089 V, with 2 g of inhibitor = -0.47682 V, and with 6
g of inhibitor =-0.34177 V. The corrosion rates are: without inhibitor = 0.016551 mm/year, with 2 g of
inhibitor = 0.014475 mm/year, and with 6 g of inhibitor = 0.015504 mm/year.

Table 1. Corrosion rate test results
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o
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Figure 4. Potentiodynamic polarization graph; (a) Sample with 24 hours immersion, (b) Sample with 120 hours
immersion, (c) Sample with 240 hours immersion
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The Tafel diagram in Figure 4 shows the results of the potentiodynamic polarization test. This
diagram illustrates the relationship between electrochemical potential (E) and the logarithm of cur-
rent density (logl) in an electrochemical reaction system. From the Tafel diagram, changes in poten-
tial and current can be observed after the addition of inhibitors by analyzing the E.. (corrosion po-
tential) and /.. (corrosion current density) parameters. The intersection point between the anodic
curve (oxidation reaction) and the cathodic curve (reduction reaction) is referred to as the corrosion
potential (Ecor), Which represents the natural electrochemical potential of the material in solution
without external current. Based on the results of the potentiodynamic polarization test, a decrease
in the corrosion current (leor) value was observed after the addition of inhibitors. Specifically, at 24
hours of immersion with a 2-gram inhibitor concentration, the I, decreased from 7.9596 x 1078
A/cm®to 3.2601 x 10~° A/cm?, indicating the inhibitor's effectiveness in reducing the corrosion rate.
Additionally, the shift in E.. after inhibitor addition was in the negative direction, from -0.31023 V to
-0.50501 V, suggesting that the inhibitor acts as a cathodic type. Based on the Tafel diagram, it can
be concluded that Hibiscus rosa-sinensis functions as a cathodic inhibitor, as it reduces the electro-
chemical potential (E) in each sample.

Considering all inhibitor concentrations, there was a decrease in corrosion rate compared to
the sample without an inhibitor. The increase in inhibitor concentration led to a reduction in both
current and potential, which contributes to the formation of a passive layer and a shift toward a more
positive potential—both of which reduce the corrosion susceptibility of the material. This indicates
thatincreasing the inhibitor concentration is effective in reducing corrosion, and the shiftin corrosion
potential to more negative values suggest a decrease in the likelihood of corrosion. Regarding im-
mersion time, data from the 24-hour immersion tests show that shorter exposure times are more
effective in reducing both the corrosion rate and corrosion potential. This suggests that the inhibitor
performs better over shorter durations compared to longer immersion times of 120 and 240 hours.
However, at a concentration of 6 grams, an increase in corrosion rate was observed, as indicated by
arise in current and potential value shifting closer to the positive direction compared to the 2-gram
concentration. This may be due to a drop in the environmental pH from 6 to 5, which increases acidity
and negatively impacts the inhibitor’s corrosion protection performance.

3.2. Inhibitor efficiency

100%
T 80%

g 59.04% 50.51% 51539
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Figure 5. Inhibitor efficiency

Table 1 and Figure 5 compare the results of the Inhibitor Efficiency (IE) test for samples with
inhibitor concentrations of 2 g and 6 g at immersion durations of 24 hours, 120 hours, and 240 hours.
From the figure, it is evident that the sample with a 2 g inhibitor concentration at 24 hours of immer-
sion shows the highest inhibitor efficiency, reaching 59.04%.

The inhibitor efficiency is calculated using the following equation [33], [37], [38]:

Igorr_lcorr 0,
My = <2 x 100% (1)

corr

Where 7, is the inhibitor efficiency in %, 1%, is the corrosion current density of the un-
treated sample (7.9596x10° A/cm?), and I is the corrosion current density of the sample with the
inhibitor layer.

Figure 5 shows the IE across various concentrations and immersion times. It can be observed
that inhibitor efficiency is influenced by both concentration and immersion duration. The 2 g/L
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concentration demonstrates better performance than the 6 g/L concentration, achieving an IE of
59.04% at 24 hours of immersion. However, the efficiency at this concentration decreases to 50.51%
at 120 hours, then slightly increases to 51.53% at 240 hours—possibly due to inhibitor decomposi-
tion or desorption from the metal surface. In contrast, the 6 g/L concentration exhibits a fluctuating
pattern: the efficiency increases from 43.35% at 24 hours t0 48.88% at 120 hours but then decreases
again to 48.08% at 240 hours. This suggests that the interaction between the inhibitor and the solu-
tion is less stable at higher concentrations.

Overall, the 2 g/L concentration provides a more stable and moderate efficiency (between
51.05% and 59.04%) throughout the immersion period. Therefore, a 2 g/L concentration is recom-
mended for optimal corrosion protection in short- to medium-duration applications. However, for
long-term protection, a more stable inhibitor formulation may be necessary, as the performance of
the 6 g/L concentration was less consistent.

3.3. Electrochemical Impedance Spectroscopy (EIS) test result

EIS testing measures the system's impedance as a function of the frequency of the applied AC
signal. The data obtained is typically analyzed using a Nyquist diagram or Bode diagram to determine
parameters such as polarization resistance. In this study, EIS was used to assess the effectiveness
of corrosion inhibitors by observing changes in resistance values during testing.

Figure 6 and Table 2 present the results of the EIS tests in the form of Nyquist plots for three
conditions: without inhibitors, and with inhibitor concentrations of2gand 6 g.
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Figure 6. Electrochemical Impedance Spectroscopy (EIS) testing; With 24 hours immersion (a), Without inhibi-
tor, (b) Inhibitor concentration 2 gr, and (c) Inhibitor concentration 6 gr

Table 2. Electrochemical Impedance Spectroscopy (EIS) test results

Variation of inhibitor
concentration (g/L)

Immersion time
variations (Hours)

Largest real re-
sistance (2’) (Q)

Largest imaginary re-
sistance (Z2”) (Q)

0 94.639 -55.558
24 2 71.422 -49.288
6 56.785 -31.381

Figure 6(a) shows the EIS test results for the sample without an inhibitor. The data points are
widely distributed, with the real resistance (Z') reaching approximately 94.639 Q and the imaginary
resistance (Z") around -55.558 Q. This negative resistance is attributed not to the formation of an
inhibitor layer, but rather to the presence of a corrosion layer on the metal surface. This is further
evidenced by the point distribution in the real resistance area and the low charge transfer resistance
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(Ret), which indicates that an uninhibited and active corrosion process is occurring. Therefore, it can
be concluded that no significant inhibitor layer formed in this sample, even though the capacitive
behavior of the metal surface still dominates.

Figure 6(b) shows the EIS results for the sample with a 2 g inhibitor concentration. The data
points are more concentrated, with a real resistance (Z') around 71.422 Q and a higher curvature on
the Z" axis at approximately -49.288 Q. This indicates a higher charge transfer resistance compared
to the uninhibited sample. Although the data points do not form a complete semicircle, there is a
noticeable initial rise followed by spreading, suggesting increased impedance. Higher real resistance
implies enhanced resistance to corrosion due to the presence of the inhibitor. Thus, the 2 g inhibitor
concentration effectively stabilizes the corrosion inhibition process by slowing down the transfer of
ions from the electrolyte to the metal surface. The larger Nyquist curve indicates better inhibitor per-
formance in forming a protective layer on the metal.

Figure 6(c) shows the EIS results for the sample with a 6 g inhibitor concentration. The real re-
sistance (Z') is lower at around 56.785 Q compared to both the 2 g and uninhibited samples. The plot
shows only a slight curve at the beginning, indicating a minor increase in charge transfer resistance.
The imaginary resistance (Z") is also smaller, around -31.381 Q. This suggests a weaker protective
inhibitor layer, likely affected by the immersion medium or environmental conditions. Therefore, the
6 g inhibitor concentration appears to be less effective than the 2 g concentration in forming a stable
protective layer. The sample with a 2 ginhibitor concentration is more effective in inhibiting corrosion
than the 6 g sample. It shows a higher and more concentrated distribution of data points around the
real resistance value, along with a larger Nyquist curve diameter. This implies greater charge transfer
resistance and diffusion effects from the inhibitor. The increased resistance in the 2 g sample con-
tributes to a reduced corrosion rate and improved inhibitor performance in forming a protective film
on the metal surface.

3.4. Chronoamperometry test result

0.100
L - Blank
+ - 0 gram
*— 2 gram
0.075 = 6 gram
EJ 0.050
]
o]
£ L
o
= o
o o ™
Q 0025+ -
o g A,
0
0.025 ; . : .
0 250 500 750 1000

Time (Sec)

Figure 7. Chronoamperometry test result

Figure 7 presents the results of the chronoamperometry test on samples immersed for 24
hours. The Y-axis represents electric charge (Q). The results indicate that the synthetic Hibiscus rosa-
sinensis inhibitor layer can coat the metal surface and inhibit the flow of electric current, thereby
suppressing electrochemical reactions. The lowest electric charge value is observed in the 2 g sam-
ple after 24 hours of immersion, suggesting that the inhibitor layer effectively protects the sample
surface.

3.5. Scanning Electron Microscope (SEM) test result

SEM analysis was conducted to observe and analyze the surface morphology of the samples.
Figure 8 shows SEM images magnified 500x, particularly for the sample with a 2 g inhibitor concen-
tration after 24 hours of immersion.
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Figure 8(a) shows the SEM image of a sample without inhibitor treatment, where many fine
scratches are visible due to surface polishing with sandpaper. Figure 8(b) displays the surface of a
sample immersed in reverse osmosis water without an inhibitor. The surface appears rough and in-
homogeneous. Figure 8(c) shows the SEM image of a sample immersed in Hibiscus rosa-sinensis
solution. The surface appears more homogeneous and visibly coated with a thin protective film.

These SEM results confirm that the 2 g inhibitor sample forms a smooth, protective layer on the
metal surface after 24 hours of immersion. Hibiscus rosa-sinensis contains chemical components
such as cyanidin, quercetin, hentriacontane, calcium oxalate, thiamine, riboflavin, niacin, and ascor-
bic acid. These elements are absorbed onto the metal surface duringimmersion, forming a protective
barrier that helps control corrosion.
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Figure 8. SEM test result; (a) Without inhibitor, (b) 2 g inhibitor concentration, and (c) 6 g inhibitor concentration

4. Conclusions

The Hibiscus rosa-sinensis flower, as an environmentally friendly green inhibitor, was analyzed
through electrochemical and chemical testing to evaluate its effectiveness as a corrosion inhibitor
for medium carbon steel ASTM A105N valve material in reverse osmosis (RO) water media. The per-
formance of this green inhibitor showed the highest efficiency at 24 hours of immersion witha 2 g
inhibitor concentration, achieving an efficiency of 59.04%, the lowest corrosion rate of 1.2231 x 10>
mm/year, and the lowest corrosion current (lcor) 0f 3.2601 x 10~° A/cm? compared to other samples.
Results from potentiodynamic polarization, electrochemical impedance spectroscopy (EIS), and
chronoamperometry tests also indicated that the sample immersed for 24 hours with 2 g of inhibitor
had the lowest electrical charge value of 0.0125 C. SEM analysis showed a more uniform and homo-
geneous coating on the surface of the material. Based on these findings, it can be concluded that
Hibiscus rosa-sinensis is effective in reducing the corrosion rate of ASTM A105N valve material.
Therefore, it is recommended as an additive in RO water during valve hydrotesting. This research
highlights the potential benefits of using green inhibitors to reduce corrosion in valve materials. How-
ever, to enhance and maintain the inhibitor's long-term efficiency, pH control of the immersion me-
dium is essential. The use of Hibiscus rosa-sinensis flower as a green inhibitor effectively reduces
the corrosion rate of ASTM A105N valve material and is recommended for use in RO water during
hydrotests. This study demonstrates the advantages of environmentally friendly, cost-effective green
inhibitors compared to conventional chemical inhibitors in minimizing corrosion potential.
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