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Abstract: Method to prevent the corrosion during pipeline hydrotest using seawater is generally by
the addition of inorganic inhibitor containing corrosion inhibitor agent, oxygen scavenger and
biocide, so that require to find out the alternative eco-friendly materials with better performance.
The main objective of this study is to investigate the efficiency of the use of mixture of extract of
Myrmecodia pendans and Piper crocatum as an alternative of eco-friendly inhibitor for reducing the
use of inorganic inhibitors for corrosion protection of steel material API 5L Grade B in 3.5% NaCl.
The corrosion inhibition ability of natural ingredient extraction are investigated by using tafel
polarization test and EIS and verified by weight loss test. The content of the active compounds in
natural ingredient extraction along with adsorption compound on metal surfaces and inhibition
mechanism are investigated by EIS, FTIR and adsorption isotherm model. In the mixed green
inhibitor concentration of 2 ml Myrmecodia pendans and 1 ml Piper crocatum is resulted in approxi-
mately 73.66% inhibitor efficiency while concentration of 1 ml chemical cocktail and 2 ml green
inhibitor are significantly reduce the corrosion rate from 0.42 mm/year to be 0.03 mm/year with
approximately 93.15% inhibitor efficiency. The green inhibitor affected the cathodic as well as the
anodic polarization curves which were known as mixed corrosion inhibitor type. The adsorption of
compounds contained in the Myrmecodia pendans and Piper crocatum on a metal surface are occur
spontaneously follows the Langmuir adsorption isotherm. The findings of this study demonstrate
that the use of a mixed green inhibitors delivers high corrosion protection efficiency and markedly
decreases dependence on synthetic inhibitors.

Keywords: Green Corrosion Inhibitor; Mixed Inhibitor; Myrmecodia pendans; Piper crocatum;

Polarization

1. Introduction

Oil and gas industry faces many corrosion problems at various stages, including
exploration of oil wells, transport fluid from the well or the processing, storage and
refinery operations in the onshore and offshore[1]. In oil and gas pipelines system, initial
corrosion can be triggered by seawater during pre-commissioning and hydrotest where
the seawater are used for pressure testing. In addition to the corrosion due to the
environment with salt (NaCl) and dissolved oxygen, anaerobic conditions (without
oxygen) can trigger the activation of the types of bacteria such as Sulphate Reducing
Bacteria (SRB) which can initiate other corrosion processes i.e Microbial Induced
Corrosion (MIC) that is local corrosion with a relatively high corrosion rate[2]. Among the

various methods to avoid or prevent damage or degradation of the metal surface,
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corrosion inhibitor is one of the best methods for corrosion protection and one of the most
useful in oil and gas industry[3]. Currently, this method are still survive caused low cost
and practical method[3,4]. Treated seawater with anorganik inhibitor commonly used
during pre-commisioning process of subsea pipelines which chemical inhibitor basically
are toxic and difficult to decompose by environmental so that it is essential to develop
alternative corrosion inhibitors as known as green inhibitor which are environmentally
acceptable, economical and renewable[6]. Several study of green corrosion inhibitor
development based on natural product such us Myrmecodia pendans[6][7][8], Green tea and
Piper Betle[9], Purple Sweet Potato[10], Pluchea indica (L.)[11], and other natural plants.

Most studies focus on using a single natural product as a corrosion inhibitor to control
corrosion [6][10][11]. However, this approach may not achieve the expected technical and
economic efficiency. Using a mixture of natural products can be an alternative to improve
the efficiency of green inhibitors through synergistic effects [12][13]. Additionally, com-
bining natural and chemical products can reduce the use of chemical inhibitors [15]. In
general, the protection mechanism is ions or molecules adsorption on the surface of the
metal which can create barriers inhibitor (film forming) to inhibit the electrochemical

reactions (anodic and cathodic) so as to inhibit the corrosion process[16].

Myrmecodia pendans contains several antioxidant compounds such as saponins,
tannins, Phenolic, flavonoids, alkaloids, Triterpenoid, steroids and glycosides[17] which
phenolic compounds be regarded as a powerful antioxidant for their ability to donate
hydrogen or electrons and form the basis of stable transition[15]. The chemical structure
of the main antioxidant phenolic constituents in the myrmecodia pendans is shown in Fig.
1. In the process of corrosion inhibition, flavonoid compounds able to inhibit with the
ability of flavonoids to be heterocyclic compounds[11]. In Piper crocatum plants, showed
positive results contain phenolic compounds, flavonoids, terpenoids and steroid
compounds[18]. In betel leaf essential oil contains a variety of bioactive phenolic
compounds present in significant quantities and have to antimicrobial properties[19].
Cytotoxic chemical structure of the terpenoids and steroids constituents in Piper crocatum
is shown in Fig. 2. In general, inhibitor derived from the extract of organic compounds
will work to inhibit corrosion by forming a hydrophobic layer on the metal surface[20].
Hydrophobic layer formed by adsorption of molecules contained in the inhibitor with
antioxidant compounds. Antioxidant compounds contained in the Myrmecodia pendans
and Piper crocatum are predicted to inhibit the corrosion process and metal surface with
adsorption mechanism that will form the inhibition layer. In other research that uses
Pyridine-based inhibitors in CO2 environments showed R« increases (up to 1760 €)-cm?)
and Ca reductions, attributed to N-heteroatom adsorption, indicating a thicker protective
layer[21].
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Figure 1. The chemical structure of the main antioxidant phenolic constituents of Myrmecodia

pendans (a) rosmarinic acid and (b) procyanidin B1[18]

29
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Figure 2. Cytotoxic chemical structure of the terpenoids and steroids constituents of Piper
crocatum (a) B-sitosterol dan (b). 2-(5",6’-dimethoxy-3’,4’-methylene dioxyphenyl)-6-(3”,4”,5”-
trimethoxyphenyl)-3,7-dioxabicyclo[3,3,0] octane[22]

2. Materials and Experiment Methods

2.1. Sample Preparation

The specimen used was carbon steel API 5L. Grade B standard taken from part of
offshore topside piping wellhead platform. The size of 15 mm x 15 mm x 6.4 mm specimen
was formed from 152,4 mm diameter steel pipe with +30 mm length and 40 schedule pipe
thickness (+ 7.1 mm thick) for mounting of linear polarization and EIS tests while size of
30 mm x 20 mm x 6.4 mm are used for weight loss test. The sample surface is polished
with 1000 grit silicon carbide paper to get a smooth surface and flat. The chemical

composition of carbon steel material samples are presented in Table 1.

Table 1. The chemical composition of API 5L Gr. B carbon steel material samples
C (%) Si (%) S (%) P (%) Mn (%) Cr(%) Mo (%)
API 5L 0.203 0.352 0.005 0.016 0.887 0.124 0.026

GradeB  Ni (%) Ti(%) Cu(%) Nb (%) V (%) Al (%)  Fe (%)

0.104 0.003 0.165 <0.002 <0.002 0.042  Balance
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The laboratory tests were conducted to determine and investigate the corrosion
behavior of carbon steel material API 5L Grade B samples that immersed in 3.5 % NaCl
solution. Laboratory testing was performed without and with the addition of green
inhibitors and the use of single and mixed inhibitor with a chemical inhibitor mixture at

room temperature and atmospheric pressure.

2.2. Fourier Transform Infrared (FTIR)

Fourier transform infrared (FTIR) test was performed to characterize the functional
groups of active compounds from green inhibitor extracts. Linear polarization test was
carried out to obtain the corrosion potential and current density data as the basis to
calculate the effectiveness of natural ingredients extract as an green inhibitor and verified
by weight loss test. While the mechanism of inhibition was investigated by
electrochemical impedance spectroscopy (EIS) testing and calculation of the adsorption
isotherm models. The flow diagram of the overall experiment process from preparation

until conclusion and reporting are as shown in Fig. 3.

2.3. Inhibitor Extract

Based on Pradityana study[6], the most effective of Myrmecodia pendans inhibitors are
at 500 ppm concentration so that in this study, the similar concentration was adopted. The
results of extract natural inhibitor will be diluted with 1:10 ratio to facilitate mixing[23].
Mixed and single extract natural inhibitor will be added into 3.5% NaCl solution as green
inhibitor at 200 ml volume with 1.5% v/v concentration therefore obtained 1.5ml/1000ml
(1500 ppmv) concentration with assumption that 1.5 ml will produce 0.5 grams of dry

weight inhibitor which is equivalent to 0.5gr/1000ml (500 ppmw).

2.4. Corrosion Test

Linier polarization testing is carried using three electrode circuit (conventional three-
electrode cell assembly) that is graphite as the counter electrode (CE), Ag/AgCl as
reference electrode, and samples of carbon steel API 5L Grade B as working electrode in
3.5% NaCl solution. The 200 ml cell system equipped with copper cables mounting on
carbon steel sample as working electrode. Polarization tests are carried out on cathodic
potential range of -0.3 mV to the anodic potential of +0.2 mV (vs Ag/AgCl) with potential
corrosion in the scan rate of 0.1 mV/s. Measurements were performed for single or mixed

green inhibitor as well as mixed with a chemical inhibitor cocktail type.

The mechanism of corrosion occurred on the sample steel material API 5L Grade B
are investigated by electrochemical impedance spectroscopy (EIS) testing. A basic method
of EIS testing are based on response of the circuit to the AC voltage as a function of
frequency. Electrochemical impedance measurements is performed on potensiostatic
condition using the same potentiostat instrument for linier polarization testing. Sinusoidal
wave voltage (AC) with the low amplitude of 10 mV is superimposed on the open circuit

corrosion stable potential. Value of real impedance (Z ') and the imaginary impedance (Z")
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are measured at various frequencies in the range of 10 MHz to 0.1 Hz. Nyquist plot of the

real impedance (Z') value and the imaginary impedance (Z") value will be generated from

EIS testing.

Weight loss testing was conducted to verify the linear polarization and eis testing.

Duration of immersion was conducted for 32 days and 10 hours with adjustments to the

actual conditions in the field as a subsea pipeline hydrotest fluid. Samples for weight loss

testing were made with a hole for a tying rope with a diameter of 3 mm. After immersion

the samples was weighed and the average weight loss value was calculated.
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Figure 3. Experimental flow diagram
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3. Results and Discussion

3.1. Inhibitor Solution
3.1.1. Fourier Transform Infrared (FTIR)

From the pH measurement results on 3.5% NaCl solution can be observed that the
use of green inhibitor would increase the level of acidity with pH values decreased. Refer
to pourbaix diagram on iron can be observed that the acidity reduction of the environment
will shift the stability curve towards corrosive region (uniform corrosion) which will
increase the possibility of corrosion[24], however this behaviour can be compensated by
inhibitor effects from green inhibitor extracts with increase polarization resistance on steel

surfaces and reduce the corrosion rate as shown in Fig.5-7 and Table 2.

Refer to interpretation result of FTIR testing for green inhibitor and carbon steel
samples on a 3.5% solution, there are identified some top of wavenumber which showing
the absorption spectrum of functional groups that detected adsorbed on the metal surface
where peak wavenumbers are identified similar between two types of this natural
inhibitor as well as functional group of chemical inhibitor cocktail as shown in Fig.4.
Myrmecodia pendans and Piper crocatum extracts contain phenolic-type hydroxyl
groups|[17] that are able to form hydrogen bonds with water (O-H stretch) which helps
the adsorption process on metal surfaces. In Piper crocatum extract, there are oily alkene
hydrocarbon groups (nonpolar) so that the solubility of red betel in a 3.5% NaCl solution
is lower than that of Myrmecodia pendans so that it has a repellent (hydrophobic) property
on metal surfaces with C-H stretch groups. Nonpolar alkene groups (e.g., C=C and C-H
stretches) form a hydrophobic layer on metal surfaces, limiting direct contact with water
and chloride ions[25][26]. These two characteristics synergize in the process of inhibiting
metal surfaces by forming a protective layer/film forming (barrier). This barrier inhibits
electrochemical corrosion by repelling polar electrolytes like NaCl[27]. This aligns with
studies on plant extracts like Azadirachta indica and Psidium guajava, where similar

functional groups improved inhibition efficiency[28].

100,00

4000 3500 3000 2500 2000 cm-1 1500 1000 500 0

Figure 4. Graph of FTIR result for all variation inhibitor (Extract Inhbitor + Sample and Mixed
Inhibitor + Sample)
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3.2. Corrosion Test
3.2.1. Potentyodinamic Polarization (PDP)

From the linier polarization result in 3.5% NaCl solution without addition of inhibitor
and with addition of a chemical inhibitor and natural extracts will obtain polarization
curve as shown in Fig. 5, while the addition of mixed inhibitor of Myrmecodia pendans and
Piper crocatum on some variation of mixing ratio will obtain polarization curve as shown
in Fig. 6. In addition of cocktail inhibitor and green inhibitor on some variation of mixing
ratio will obtain polarization curve as shown in Fig. 7. The electrochemical parameters of
the linier polarization test such as the corrosion current density (icorr), corrosion potential
(Ecorr), Tafel slope (32 & [c), and the corrosion rate (CR) based on post processing results
of Fig. 5-7 are as shown in Table 2.
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Figure 5. Polarization curve for 3.5% NaCl solution without inhibitor and with pure cocktail
inhibitor and green inhibitor
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Figure 6. Polarization curve for 3.5% NaCl solution with mixed inhibitor Myrmecodia pendans

and Piper crocatum at various mixed ratio

The results of polarization measurements as shown in Fig. 5-7 and Table 2 indicate

that there was an effect of inhibition by natural inhibitors Myrmecodia pendans and Piper
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crocatum as well as cocktails inhibitor along with the mixture on low carbon steel corrosion
in 3.5% NaCl environmental. The reduction of corrosion rate is characterized by
impairment of current densities from 36.13 pA.cm? (CR = 0.42 mm/year) to the value of
13.59 pA.cm? (CR = 0.16 mm/year) with addition of Myrmecodia P. inhibitor. The current
densities to be 9.52 pA.cm? (CR = 0.11 mm/year) in addition of mixed green inhibitor and
2.47 pA.cm? (CR = 0.03 mm/year) in the addition of mixed green inhibitor and a cocktail
inhibitor. The maximum efficiency of 93.15% is achieved by mixed cocktail and green
inhibitor with mixing ratio of 1 ml cocktail and 2 ml of green inhibitor. It is characterized
by increasing polarization resistance from Rp = 578.65 () in the blanks without inhibitor
to Rp = 5535.20 Q2 on mixed green and chocktail inhibitor. Both anodic (Ba) and cathodic
(Bc) Tafel slopes shifted, confirming mixed inhibition type. For example, Ba increased
from 173.86 mV/dec (blank) to 243.86 mV/dec with mixed inhibitors[29]. Efficiency and
increased polarization resistance can be affected by compounds of both natural materials
extracts and cocktail inhibitor were approximately equal to so that complementarity each

other as shown by functional groups of FTIR results in Fig. 3.

—Cocktal ]

o 2C +161
WP + 1PC

09 1.5C +1.5G1
1C+2GI

Figure 7. Polarization curve for 3.5% NaCl solution with mixed cocktail inhibitor and

green inhibitor (Myrmecodia pendans and Piper crocatum) at various mixed ratio.

Table 2. The electrochemical parameters of the linier polarization on 3.5% NaCl solution with

addition of inhibitor and mixed at various mixing ratio

Inhibitor
Type and Tcorr R ﬁa [3[) Cr Effici-
No Concentra- - (HA. P (mV. (mV. (mm ency
, (mV) (€ o
tion cm??) dec?) decl) /year) 1]1(%)
(%v/v)

Group 1- Without Inhibitor and With Pure Chemical and Green Inhibitor
1 3.5%NaCl

-702.75  36.13 578.65 173.86 24498 042 0
(Blank)
3 ml MP -769.35  13.59 1149.00 161.12 143.02 0.16 62.39
3ml PC -665.01  15.09 1880.30 167.43 156.12 0.18 58.24
3ml

-559.03  15.54 1080.80 128.03 225.62 0.18 57.00
Cocktail




Recent in Engineering Science and Technology 2025, Vol. 03 No. 03 | https://doi.org/10.59511/riestech.v3i3.112 33 of 39

Group 2 — Mixed Inhibitor Between Myrmecodia pendans and Piper crocatum at Various

Ratio
1 2mlIMP+1
-659.68  9.52 2501.80 243.86 220.46 0.11 73.66
ml PC
2 15mIMP+
-569.35  10.34 2440.20 234.33 146.32 0.12 71.37
1.5mlPC
3 1mIMP+2
-724.76  13.08 1412.00 129.55 150.12 0.16 63.80
ml PC
Group 3 — Mixed Inhibitor Between Cocktail and Green Inhibitor at Various Ratio
1 2mlC+1
-629.63 411 3960.00 131.40 198.63 0.05 88.64
ml GI
2 15mlC+
-725.04 348 416250 114.76 167.74 0.04 90.38
1.5ml GI
3 1mlC+2
\GlI -776.03 247 553520 185.11 102.03 0.03 93.15
m

3.2.2. Electrochemical Impedance Spectroscopy (EIS)

Electrochemical impedance spectroscopy (EIS) testing was conducted to identify the

mechanism of inhibition on Sodium chloride corrosion (sea water corrosion) and surface

phenomena that occur at the interface metal / electrolyte due to the effect of inhbitor

addition. The EIS test results are displayed in the Nyquist plots on 3.5% NaCl solution

without inhibitor addition and with addition of a pure chemical and natural extracts

inhibitor as shown in Fig. 8 while the addition of mixed inhibitor of Myrmecodia pendans

and Piper crocatum. Extract on various mixing ratio will generate Nyquist plot as shown

in Fig. 9. In addition of mixed cocktail inhibitor and green inhibitor on various mixing

ratio will generate Nyquist plot as shown in Fig.10.

Figure 8. Nyquist plot of 3.5% NaCl solution Figure 9. Nyquist plot of 3.5% NaCl solution

without inhibitor and with pure cocktail with mixed inhibitor Myrmecodia pendans and

inhibitor and green inhibitor

Piper crocatum on various mixing ratio
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Figure 10. Nyquist plot of 3.5% NaCl solution with mixed cocktail inhibitor dan green inhibitor

(Myrmecodia pendans and Piper crocatum) on various mixing ratio

Table 3. Parameters of EIS on 3.5% NaCl solution without and with addition of inhibitor on

various mixing ratio

Inhibitor Type and Concentration Ret Ca Efficiency

No (%v/v) (Q.cm?) (WFem?2) N (%)
Group 1- Without Inhibitor and With Pure Chemical and Green Inhibitor

1 3.5% NaCl (Blank) 200.95 2498.50 -

2 3mlMP 427.25 848.91 52.97

3 3mlPC 775.23 2777.10 74.08

4 3 ml Cocktail 333.43 221.80 39.73
Group 2 — Mixed Inhibitor Between Myrmecodia pendans and Piper crocatum at Various
Mixing Ratio

1  2mlMP +1 ml PC (Mixed GI #1) 422.05 913.68 52.39

2 1.5mIMP+1.5ml PC (Mixed GI #2) 317.9 923.99 36.79

3  1mlMP+2mlPC (Mixed GI #3) 239.00 430.75 15.92
Group 3 — Mixed Inhibitor Between Cocktail and Green Inhibitor at Various Mixing
Ratio

1  2mlC+1mlGI (Mixed #1) 1760.10 74.00 88.58

2 1.5mlC+1.5mlG1 (Mixed #2) 1149.40 885.84 82.52

3  1mlC+2mlGI(Mixed #3) 1543.00 731.50 86.98

The parameters of impedance and polarization resistance (R«), double layer
capacitance (Ca) and inhibition efficiency (EI%) results from EIS testing without addition
of inhibitor and with addition of inhibitors can be given as shown in Table 3. EIS meas-
urements as shown in Fig. 8-10 and Table 3 shows that with addition of inhibitor, the
overall impedance have experienced a significant improvement that can be attributed to
Warburg impedance however capacitive impedance due to control mechanism of charge
transfer can be attributed to the overall impedance. Ca decreased from 2498.5 pF/cm?

(blank) to 731.5 uF/cm?, suggesting a thicker protective layer[30]. From the measurement
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data results, the corrosion rate and efficiency shown better results with the use of mixed
inhibitor. The corrosion rate is significantly decreased and efficiency is increased in the

use of mixed inhibitors between green inhibitor and cocktail inhibitor.

3.2.3. Weight Loss

The laboratory test have been verified by weight loss test as shown in Table 4. After
32 days, the corrosion rate decreased from 0.2676 mm/year (blank) to 0.0661 mm/year
(75.3% efficiency) with mixed inhibitors. Weight loss results correlated with EIS and
polarization, confirming inhibitor stability over time. The same result with palm oil leaves
extract achieved 83.7% efficiency in NaCl via weight loss[31]. From the experiment result,
a mixture of extract of Myrmecodia pendans and Piper crocatum are effective for use as an
alternative environment friendly corrosion inhibitor for corrosion protection of API 5L

steel material in NaCl environment.

Table 4. Data and analysis of weight loss test result for 778 hours (32 days 10 hours)
Weight Weight

o Surface .
Description of A Before After Cr Efficiency
0 rea
Sample (cm?) Immersion Immersion (mm/year) 1 (%)
cm:

(gram)  (gram)
Group 1- Without Inhibitor and With Pure Chemical and Green Inhibitor
1 35% NaCl

16.9462 26.5424 26.2258 0.2676 -

(Blank)
2  3mlMP 16.6641 26.1157 26.0258 0.0773 71.12
3 3mlPC 14.1838 20.8232 20.7558 0.0681 74.57
4 3 mlCocktail  16.0851 22.5272 22.4615 0.0585 78.14

Group 2 — Mixed Inhibitor Between Myrmecodia pendans and Piper crocatum at Various
Ratio

1 2mlMP+
13.0446 18.3399 18.2841 0.0613 77.10
1 ml PC
2 15 ml MP +
14.7224 22.6386 22.5736 0.0632 76.37
1.5ml PC
3 1mIMP+2ml
P 13.9873 20.4600 20.3930 0.0686 74.36

Group 3 — Mixed Inhibitor Between Cocktail and Green Inhibitor at Various Mixing
Ratio

1 2mlC+1ml

I 17.5872 27.3906 27.2855 0.0856 68.01
2 15mlC+15
14.3430 21.1877 21.1096 0.0780 70.85
ml GI
3 1mlC+2ml
15.5796 23.3890 23.3171 0.0661 75.30

GI
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3.3. Adsorption Isotherm

In Table 5 shows the calculation of adsorption isotherm model Langmuir and four
adsorption isotherm models of Temkin, Frumkin, Bockris-Swinkels, and virial Parson[29].
The modeling of adsorption isotherm mode Langmuir are generate the greatest average
value of correlation coefficient (degree of conformity), with a value > 0.95. Langmuir
isotherm models is assume that organic molecules adsorbed as a monolayer on a metal
surface without any interaction with other organic molecules adsorbed[32] and the
organic molecules adsorbed on only one site[33]. The same result with Chitosan-Schiff
base inhibitors followed Langmuir adsorption (R? = 0.99) on steel in NaCl[34]. Therefore,
the inhibitor molecule from mixed inhibitor of chemical and natural inhibitor of
Myrmecodia pendans and Piper crocatum can be predicted to adsorption on metal surfaces

by forming a single inhibition layer (monolayer).

Table 5. Correlation coefficient value (R?) for the fifth adsorption isotherm mode

Degree of Conformity Value,

Inhibitor T
oRor ype Correlation Coefficient (R?)
and Concentra-
No . Lang- Bockris- Virial
tion Temkin Frumkin
muir Iso- Swinkels Parson
(%v/v) Isoterm Isoterm
term Isoterm Isoterm
1 Mixed  Green
0.9899 0.7523 0.9111 0.9111 0.7523
Inhibitor
2 Mixture of
Green Inhibitor
and Chemical 0.9748 0.3227 0.8521 0.5387 0.3227
Coctail Inhibi-
tor
Average Value (R?) 0.9824 0.5375 0.8816 0.7249 0.5375

4. Conclusions

In this study, mixture of Myrmecodia pendans and Piper crocatum as green inhibitor
on chemical cocktails inhibitor has been aligns with the study objective’s by confirming
that the green inhibitor is effevtice as a corrosion inhibitor. Analysis of the findings of
several tests resulted in the following conclusions:

1. Functional groups of phenolic and flavonoid compounds are dominate the
composition of Myrmecodia pendans and phenolic compounds in Piper crocatum extract
as an antioxidant compounds that contribute to inhibit corrosion of the carbon steel
material.

2. Corrosion inhibitor from a mixture of Myrmecodia pendans and Piper crocatum extract
are works as mixed corrosion inhibitor type which reduce the cathodic and anodic

current density in the 3.5% NaCl environment. This mixed corrosion inhibitors can
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reduce the corrosion rate of 0.42 mm/year to 0.03 mm/year with an efficiency of
93.15% based on linear polarization testing and 86.98% based on EIS testing.

Addition of corrosion inhibitor will be physically adsorbed on the metal surface
following Langmuir isotherm mode. The formation of inhibition layer on the metal
surface will be dominant to control the transfer charge or diffusion so that it will

inhibit the corrosion process which be affected by the mixing ratio.

Addition of green inhibitor on chemical inhibitor of cocktail type will increase the

efficiency of corrosion protection of steel materials based on test measurement which it is

significantly increase the efficiency of a pure chemical inhibitors with added green
inhibitor.

References

1.

10.

D.A. Jones, N.D. Greene, Electrochemical Measurement of Low Corrosion Rates, Corrosion. 22
(1966) 198-205. https://doi.org/10.5006/0010-9312-22.7.198.

J.S. Lee, RI. Ray, B.J. Little, E.J. Lemieux, Evaluation of deoxygenation as a corrosion control
measure for ballast tanks, Corrosion. 61 (2005) 1173-1188. https://doi.org/10.5006/1.3278153.

R. Riastuti, G. Mashanafie, V. Rizkia, A. Maksum, S. Prifiharni, A. Kaban, G. Priyotomo, J.
Soedarsono, Effect Of Syzygium Cumini Leaf Extract As A Green Corrosion Inhibitor On Api
51 Carbon Steel In 1M HCI, Eastern-European ]. Enterp. Technol. 6 (2022) 30-41.
https://doi.org/10.15587/1729-4061.2022.267232.

A. Groysman, Anti - Corrosion Management , Environment and Quality at the Oil Refining
Industry, (n.d.) 1-18.

R.W. Revie, Uhlig’s Corrosion Handbook Third Edition, Copyright © 2011 John Wiley & Sons,
Inc., 2011. https://doi.org/10.1002/9780470872864.

A. Pradityana, S. Sulistijono, A. Shahab, Effectiveness of Myrmecodia Pendans extract as eco-
friendly corrosion inhibitor for material API 5L grade B in 3,5% NaCl solution, Adv. Mater. Res.
789 (2013) 484—491. https://doi.org/10.4028/www.scientific.net/ AMR.789.484.

A. Pradityana, Sulistijono, D.A. Shahab, Application of myrmecodia pendans extract as a green
corrosion inhibitor for mild steel in 3.5% NaCl solution, Appl. Mech. Mater. 493 (2014) 684—690.
https://doi.org/10.4028/www.scientific.net/ AMM.493.684.

A. Pradityana, S. Sulistijono, A. Shahab, The Influence of Adding Bio Inhibitor Sarang Semut
(Myrmecodia pendans) to Carbon Steel API 5L Grade B in Solution of HCI1 1 M, Adv. Mater. Res.
1123 (2015) 187-191. https://doi.org/10.4028/www.scientific.net/amr.1123.187.

A. Rustandi, ].W. Soedarsono, B. Suharno, The use of mixture of piper betle and green tea as a
green corrosion inhibitor for API X-52 steel in aerated 3.5 % NaCl solution at various rotation
rates, Adv. Mater. Res. 383-390 (2012) 5418-5425. https://doi.org/10.4028/www.scien-
tific.net/ AMR.383-390.5418.

Ayende, A. Rustandi, ].W. Soedarsono, D. Priadi, Sulistijono, D.N. Suprapta, G. Priyotomo, R.
Bakri, Effects of Purple Sweet Potato Extract Addition in Ascorbic Acid Inhibitor to Corrosion
Rate of API 5L Steel in 3.5%NaCl Environment, Appl. Mech. Mater. 709 (2014) 384-389.
https://doi.org/10.4028/www scientific.net/amm.709.384.



Recent in Engineering Science and Technology 2025, Vol. 03 No. 03 | https://doi.org/10.59511/riestech.v3i3.112 38 of 39

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

R.I. Pramana, R. Kusumastuti, ].W. Soedarsono, A. Rustandi, Corrosion inhibition of low car-
bon steel by Pluchea indica less in 3.5% NaCL solution, Adv. Mater. Res. 785-786 (2013) 20-24.
https://doi.org/10.4028/www scientific.net/ AMR.785-786.20.

F. Valensky, Efek Sinergistik Dari Triazine Dan Kalium Iodida Pada Inhibitor Korosi Baja Kar-
bon Dalam Larutan 0,5M HCI, (2014).

X.Li, S. Deng, H. Fu, X. Xie, Synergistic inhibition effects of bamboo leaf extract/major compo-
nents and iodide ion on the corrosion of steel in H3PO4 solution, Corros. Sci. 78 (2014) 29-42.
https://doi.org/10.1016/j.corsci.2013.08.025.

U.M. Eduok, S.A. Umoren, A.P. Udoh, Synergistic inhibition effects between leaves and stem
extracts of Sida acuta and iodide ion for mild steel corrosion in 1M H 250 4 solutions, Arab. J.
Chem. 5 (2012) 325-337. https://doi.org/10.1016/j.arabjc.2010.09.006.

AM. Engida, N.S. Kasim, Y.A. Tsigie, S. Ismadji, L.H. Huynh, Y.H. Ju, Extraction, identification
and quantitative HPLC analysis of flavonoids from sarang semut (Myrmecodia pendan), Ind.
Crops Prod. 41 (2013) 392-396. https://doi.org/10.1016/j.indcrop.2012.04.043.

AY. Musa, A.A H. Kadhum, A.B. Muhamad, Corrosion inhibitor film forming in aerated and
deaerated solutions, Int. J. Electrochem. Sci. 5 (2010) 1911-1921. https://doi.org/10.1016/s1452-
3981(23)15394-6.

J. Sudiono, C. Oka, P. Trisfilha, The Scientific Base of Myrmecodia pendans as Herbal Remedjes,
Br. J. Med. Med. Res. 8 (2015) 230-237. https://doi.org/10.9734/bjmmzr/2015/17465.

Emrizal, A. Fernando, R. Yuliandari, K. Rullah, N.R. Indrayani, A. Susanty, R. Yerti, F. Ahmad,
H.M. Sirat, D. Arbain, Cytotoxic Activities of Fractions and Two Isolated Compounds from
Sirih Merah (Indonesian red betel), Piper Crocatum Ruiz & Pav., Procedia Chem. 13 (2014) 79—
84. https://doi.org/10.1016/j.proche.2014.12.009.

S. Basak, P. Guha, Modelling the effect of essential oil of betel leaf (Piper betle L.) on germina-
tion, growth, and apparent lag time of Penicillium expansum on semi-synthetic media, Int. J.
Food Microbiol. 215 (2015) 171-178. https://doi.org/10.1016/j.ijfoodmicro.2015.09.019.

A.P. Popoola, A.O. Alao, O. Sanni, Sustainable and Green Approach for Api 5L Pipeline Steel
Acidic Corrosion Inhibition Using Agro-Industrial Waste: Experimental and Theoretical, Met-
als (Basel). 13 (2023). https://doi.org/10.3390/met13071155.

M.A. Yudistira, L. Mora, D. Friskila, Effect of Addition of Pyridine-Based Corrosion Inhibitors
on Corrosion Behaviors of Carbon Steel in a Co 2 -Containing Environment, Test Eng. Manag.
83 (2020) 23315-23326.

AM. Engida, S. Faika, B.T. Nguyen-Thi, Y.H. Ju, Analysis of major antioxidants from extracts
of Myrmecodia pendans by UV/visible spectrophotometer, liquid chromatography/tandem
mass spectrometry, and high-performance liquid chromatography/UV techniques, J. Food
Drug Anal. 23 (2015) 303-309. https://doi.org/10.1016/j.jfda.2014.07.005.

T.N. Rohmannudin, S. Sulistijono, M. Adiyaksa, M.A.M. Chusururi, Study of Organic Sub-
stance (Myrmecodia pendans) Extraction Using Soxhletation Method as an Organic Inhibitor,
IPTEK J. Proc. Ser. 0 (2018) 65. https://doi.org/10.12962/j23546026.y2018i4.3848.

M. Ash, I. Ash, Handbook of Corrosion inhibitors, 2000. https://linkinghub.elsevier.com/re-
trieve/pii/S0026057600834455.

S. Tarigan, I. Nababan, S. Sarli, Bioscientia Medicina : Journal of Biomedicine & Translational



Recent in Engineering Science and Technology 2025, Vol. 03 No. 03 | https://doi.org/10.59511/riestech.v3i3.112 39 of 39

26.

27.

28.

29.

30.

31.

32.

33.

34.

Research Red Betel Leaf ( Piper crocatum ) Extract: A Potential Natural Alternative for Con-
trolling Streptococcus mutans in the Oral Cavity, (n.d.) 7553-7565.

S. Bilgic, Plant extracts as corrosion inhibitors against copper corrosion — An overview, Int. J.
Corros. Scale Inhib. 12 (2023) 1224-1260. https://doi.org/10.17675/2305-6894-2023-12-3-24.

T. Siswina, M. Miranti Rustama, D. Sumiarsa, D. Kurnia, Phytochemical profiling of Piper
crocatum and its antifungal activity as Lanosterol 14 alpha demethylase CYP51 inhibitor: a re-
view, F1000Research. 11 (2022) 1-26. https://doi.org/10.12688/f1000research.125645.1.

M. Chigondo, F. Chigondo, Recent Natural Corrosion Inhibitors for Mild Steel: An Overview,
J. Chem. 2016 (2016). https://doi.org/10.1155/2016/6208937.

R. Naghizade, G.S. Sajadi, A.K. Mashizi, Z. Golshani, M. Amiri, 5.M.A. Hosseini, Investigation
of mild steel corrosion inhibition in acidic media by Viola extract based on bulk and nanometer
size, Sci. Rep. 14 (2024) 1-18. https://doi.org/10.1038/s41598-024-66434-x.

M. Pourmohseni, A. Rashidi, M. Karimkhani, Preparation of corrosion inhibitor from natural
plant for mild stil immersed in an acidic environmental: experimental and theoretical study,
Sci. Rep. 14 (2024) 1-15. https://doi.org/10.1038/s41598-024-58637-z.

N.LH. Salleh, A. Abdullah, Corrosion inhibition of carbon steel using palm oil leaves extract,
Indones. J. Chem. 19 (2019) 747-752. https://doi.org/10.22146/ijc.39707.

T. Jebakumar Immanuel Edison, M.G. Sethuraman, Electrochemical Investigation on Adsorp-
tion of Fluconazole at Mild Steel/HCI Acid Interface as Corrosion Inhibitor, ISRN Electrochem.
2013 (2013) 1-8. https://doi.org/10.1155/2013/256086.

M. Behpour, S.M. Ghoreishi, M. Khayatkashani, N. Soltani, Green approach to corrosion inhi-
bition of mild steel in two acidic solutions by the extract of Punica granatum peel and main
constituents, Mater. Chem. Phys. 131 (2012) 621-633. https://doi.org/10.1016/j.matchem-
phys.2011.10.027.

M.A. Ahmed, S. Amin, A.A. Mohamed, Current and emerging trends of inorganic, organic and eco-
friendly corrosion inhibitors, RSC Adv. 14 (2024) 31877-31920. https://doi.org/10.1039/d4ra05662k.



