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Oonicro 3 2any3eil, wo 6idizpaiomv 6aNCAUBY POJb Y NIOMPUMUL PO3-
eumky kpainu, € Hagpmozazosa npomucnogicmo. Kpim mozo, ys 2any3o
6NAUBAE HA EKOHOMIKY KPAIHU, MOMY 60HA NOBUHHA NPAUIOEAMU AKOMO-
2a epexmueniue, wo0 1e suKIUKAMU ICMOMHUX UmMpam i e 6i00usamu-
cs Ha exonomiyi kpainu. Hagpmozazoea npomucnosicmes ochauena xopo-
wWuUM OONOMINCHUM 00NAOHANHAM, AKe 8i0iepA€E 6ANCUBY POLb 6 YCNIXY
eupobnuozo npoyecy. Haiieasxcausimum oonaonannam ons sabesneuen-
Ha Oesnepepsrocmi eupobnuymea € mpybéonposodu. Ax npasuno, maxi
mpy6onpo6odu 6U20MOBAAIOMCS 3 M AKOL Cmani, a Mamepiaiom, AKUil
3a3eunail 6UKOPUCMOBYEMBCA 0N MPYOd 6 HAPMO02a306ill NPOMUCTO-
6ocmi, € API 5L. O0uicto 3 npobaem, wo eunuxaiomos 6 mpyéonposooax
o nagpmozazo6oi npomucnosocmi € xoposis. Lle 6iodysacmovca uepes
azpecueni ionu, maxi sax Cl-, a maxooc piouny, wo micmumocs 6 mpyoi.
Aepecusni ionu MoICYymv GUKIUKAMU KOPO3II0 Y U201 MOUK0BOI KOPO-
3ii. Kopo3ito, wo eunuxae 6 mpyoonpoeodax 0as nadmozazosoi npomuc-
Jn1080cmi, Heobxiono ycyeamu axomoza epexmuenime. Q0num 3 pimenn,
AKL MoJCYymv 3a06e3newumu epexmueni pe3yiomamu 6 3HUNCEHHI WU -
Kocmi Kopo3sii € euxopucmanns inezioimopis. Ilpu dodasanni nanexicnoi
Konuenmpayii inzidimopa weuoxicmo Kopo3sii moxcna 3nusumu na 99 %
abo Ginvwe. Sk npasuno, wacmo euxopucmosyeani inzibimopu a6.110mo
€00010 neopeaniuni inzibGimopu, wo Micmamo Ximiuni CRONYKU, AKi WKi0-
61 011 HABKOIUMHBL020 cepedosuuia i 300pos’s. Tak, é danuii wac icnye
O0azamo po3pobrenux exonoziuno uucmux inzibimopis, a came ineioimo-
pis, odepicysanux 3 pocaun i naooie. Exonoziuno wucmi inei6imopu ne
Maiomov 3a6pyonIo01020 6NaUSY HA HABKOJUMHE Cepedosuule, OCKiNb-
Ku mamepian yux inezioimopie 60n00i€ Op2aHiMHUMU 6JIACMUBOCMAMU.
o menepiunvozo wacy 6yno npoeedeno 6azamo 00cid¥icens exooeiu-
HO uucmux inzioimopie na cmani API 5L. Oonax docaioxncenns ineioi-
mopie, OMPUMAHUX 3 eKCMmPAKmy KEimoK apexu, 6 AKOCMmi eK0JL02iUHO
yucmux inzibimopie ne nposoounucs. Taxum wurnom, dane docnioxicenns
cnpamosaie Ha 6U3HAMEHHS 6NIUGY €K0JI021MHO YUCMUX iH2i0imopie Ha
Kopo3iini eracmueocmi cmanesux mpyo API 5L ¢ azpecusnux cepedosu-
wax, a came 6 cepedosuui HCl. 3 surxopucmanmnam ninitinoi noaapusaii
i enexmpoximiunoi imnedancnoi cnexmpockonii (EIC), npogedeno
docnidcennn exkcmpaxmy Keimox apexku 6 AKOCMmi 3ejeH020 iHzioimo-
pa xopozii na cmani API 5L xnacy B 6 1 M xucaommnomy posuuni HCI.
Hooasanna 4 mn, 8 ma, 12 mn, 16 ma i 20 ma ineidimopis xoposii npu-
3600umv 00 nideumenns eexmusnocmi ineidimopis. 3a pesyromama-
Mu enexmpoximivnoi imneoarncnoi cnexmpockonii (EIC), onmumanvna
eexmuenicmo inzioyeanns 96,6 % docsezacmocsa npu doodasanii é Komu-
uenmpauii 20 mn. Ioniperonvni i harasonoioni cnoryxu, wo mMicmamocs
6 Keimui apexu, inzidyromv Kopo3iro wasxom Qizuunoi adcopoéuii 3 ymeo-
PeHHAM MOHOWAPY, AKUL 30amHuil npuznivyeamu Koposito. Adcopouis
6i00y6aemvca MuUMOBINLHO 6101061010 00 i30mepmiunoi aocopouii
Jenemiopa. Ax noxazana noaspuzauis, exkcmpaxm xeimox apexu oie
3a 00noMm02010 ineidysannsa smimanozo muny. Beauvuna einvnoi enepeii
aocopéuii —7.026 xIic/monb éxasye na me, w0 adcopouis moaexy inei-
oimopy 0yaa munoeoto 0 Qizuunoi adcopouii

Knmouoei cnosa: 3eneni inzioimopu, xeimxa apexu, EIC, nomenyioou-
HamiuHa noaspu3auis, empama éazu
u| 0
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including the presence of oxygen, chemical composition, and

temperature. Acids such as HCI (hydrochloric acid), which

In the oil and gas industry, the piping system is the sup-
porting equipment used in the distribution of oil and natural
gas. Failures often occurring in pipes are internal corrosion
due to corrosive fluid [1]. Corrosion process can be managed
and one of the main factors causing corrosion is the media,

can accelerate the corrosion rate are often used for industrial
applications: cleaning, acid pickling and oil refining [2].
Therefore, a corrosion rate controlling method is required in
the internal pipe, corrosion inhibitor is one method of inter-
nal corrosion protection of the pipe. Organic inhibitors are



more widely used than inorganic inhibitors because organic
inhibitors are non-toxic, inexpensive, readily available in
nature, easily renewable and not harmful to the environment.
Most of the effective inhibitors used contain heteroatom
such as nitrogen, oxygen, sulfur, hydrogen, and multiple
chemical bonds in their molecules that they are adsorbed on
the metal surface [3].

Some literature has recorded studies of plant extracts from
the leaves, stems, fruits or roots of plants, which have corro-
sion inhibition properties. Research on the use of green inhib-
itors on steel materials such as green inhibitors from a mixture
of piper betle plants with green tea [4], Pluchea Indica Less 5]
plant Purple Sweet Potato [6], morinda citrifolia [7], Pennise-
tum Purpureum 8], Musa Paradisica [9)], Andrographis panic-
ulata [10], Pomegranate [11], Starfruit Leaf [12] have shown
promising results with inhibition efficiency above 80 %.

Furthermore, the issue of the use of environmentally
friendly and biodegradable materials as corrosion inhibitors
continues to grow in Indonesia. Therefore, the researchers
began to explore natural ingredients of plants as a potential
substance inhibitor of metal corrosion. Areca is a monoceous
plant with a unisexual flower where the male and female
flowers are in one inflorescence. This plant grows and spreads
in India, Malaysia, Taiwan, Indonesia, and other Asian
countries, both individually and in population [13]. Part of
areca other than the fruit is the flower, which contains poly-
phenols, flavonoids as antioxidants [14]. In addition, plants
containing polyphenol compounds have the effect of inhib-
iting the low corrosion rate of carbon steel, especially in the
brotowali, mangrove and gambier plants [15]. Flavonoids act
as antioxidants by donating their hydrogen atoms or by their
ability to attach to metals, in the form of glucosides (contain-
ing glucose side chains) or in free form called aglycons [16].
So it is necessary to do further research on the use of areca
flower as an organic inhibitor.

2. Literature review and problem statement

An inhibitor is a chemical that when added in small
concentrations to the environment will effectively reduce
the corrosion rate. One of the unique advantages of adding
inhibitors is that inhibitors can be applied without interfer-
ing or being interrupted by the ongoing process. Corrosion
inhibitors generally consist of organic and inorganic com-
pounds. Organic compounds such as amines, heterocyclic
nitrogen (hypoethers, thioalcohols, thioamides, thiourea,
and hydrazine), sulfur and mixtures of these compounds are
commonly used [17]. However, the presence of harmful sub-
stances that are reactive and not environmentally friendly,
such as chromate, nitrite, and benzoate, cause inhibitors to
have less environmental effects [18]. Therefore, organic in-
hibitors are developed, which are environmentally friendly
inhibitors, which are currently being studied. Organic inhib-
itors generally work through the surface adsorption process
and the formation of layers. These inhibitors form a layer of
hydrophobic protective film that absorbs molecules in the
metal surface, which will form a barrier of metal dissolution
in the electrolyte [19]. Organic inhibitors will cause the
potentiostatic polarization curve of the metal to also change.

Plants or fruit that can be categorized as green inhibitors
are plants that contain alkaloid compounds, flavonoids, and
other natural products contained in these plants [20]. Sever-
al studies have been conducted to develop environmentally

friendly inhibitors today. Plants that have reported to have
inhibitory properties are Tridax Procumbens and Chromolaena
Adorata |21], mango peel and citrus peel [22], Punica Granatum
leaf [23], Curcuma Longa L (Turmeric) [24], Camapu Leaf [25].

Caesalpinia Sappan contains various kinds of chemical
compounds such as chlorogenic acid, elaidic acid, citric acid,
malic acid, tannin, cryptoxanthine, fiasalin, saponins, ter-
penoids, flavonoids, polyphenols, alkaloids, and steroids [26].
Flavonoid compounds contained in caesalpinia sappan are
antioxidant compounds that are good because they have two
hydroxyl groups, namely ortho and para [27].

Several previous studies have been conducted to de-
termine the content of active compounds in Caesalpinia
Sappan 28], extracts from Caesalpinia Sappan contain five
active compounds of flavonoid type that function as antioxi-
dants. [29] identified active compounds contained in the eth-
anol extract of Caesalpinia sappan, namely brazilin, brazilein,
3’-O-methylbrazilin, sappanone, chalcone, sappancalchone
and other common components such as: amino acids and
carbohydrates. [30] identified that the active compound con-
tained in the genus Caesalpiniaceae contained sapanchalcone.
Sapanchalcone is the initial compound that forms the com-
pound brazilin [31]. This is reinforced by Caesalpinia sappan
research conducted by [32], which found that chalcone can be
a corrosion inhibitor of steel in 1 M HCI environments.

Based on research by the areca flower contains polyphe-
nols and flavonoids, which have antioxidative properties [33].
Phenol compounds can be chemically defined by the presence
of an aromatic ring carrying one (phenol) or more (polyphe-
nols) hydroxyl substitution, including its functional charac-
teristics. Polyphenols are a group of chemicals found in plants.
This substance has a distinctive sign that it has many phenol
groups in its molecule. Polyphenols have a broad spectrum
with solubility in a different solvent. This is caused by the
hydroxyl groups in these compounds, which have different
quantities and positions. Polyphenol derivatives as antioxi-
dants can stabilize free radicals by completing the lack of
electrons possessed by free radicals. Polyphenols are the
components responsible for antioxidant activity in fruits and
vegetables [34]. A study of cryptostegia grandiflora as a cor-
rosion inhibitor for mild steel in 1 M H,SO, solution with
based on UHPLC analysis to analyze the content contained in
cryptostegia grandiflora, it is found that there are polyphenol
contents including routine, vanillin, resveratrol, carcinogen,
formononetin, biochanin A, p-hydroxybenzoic acid, naringin,
trans-cinnamic acid, catechin, and hesperetin. Weight loss
method was obtained that the highest efficiency was 87.54 %
and for potentiodynamic polarization testing the highest
efficiency was 83.54 % at a 500 ppm inhibitor concentration.
The diameter of the Nyquist plot increases with increasing
concentration of the inhibitor indicating the formation of
a protective layer on the surface of the metal steel. Adsorption
of cryptostegia grandiflora extracts on metal surfaces accord-
ing to Temkin and Frumkin adsorption isotherms [35].

Flavonoids are one of the most common groups of secon-
dary metabolic compounds found in plant tissues. Flavo-
noids are included in the group of phenolic compounds
with the chemical structure of C6-C3-C6. Various types of
compounds, content and antioxidant activity of flavonoids
as a group of natural antioxidants are found in cereals, vege-
tables and fruit. Flavonoids act as antioxidants by donating
hydrogen atoms or through their ability to attach to metals,
in the form of glucosides (containing glucose side chains)
or in a free form called aglycones A study of palm leaves



as corrosion inhibitors on SS-304 steel in H3SO, solution
found that the photochemical test results showed that the
methanol extract of nipah leaves contained flavonoids [36].
The higher the concentration of the extract, the higher the
efficiency of inhibition. Based on their molecular structure,
flavonoids have lone pairs and double bonds as a means of
inhibitors interacting with metals [37].

Generally, organic inhibitors such as areca flower will
inhibit the metal surface by forming a hydrophobic layer on
the metal surface. The layer is formed due to adsorption of
active antioxidants molecules contained in the inhibitor. The
active compound contained in the extract of areca flower is
expected to be inhibited by the mechanism of adsorption.

This research is focused on the study of areca flower
extract as an alternative inhibitor that is environmentally
friendly. In this research, we will find out the bioactive com-
pounds that play a role in inhibiting, the performance in in-
hibiting and inhibiting mechanisms of bioactive compounds
from the extract of areca flower.

3. The aim and objectives of the study

The aim of the study is to determine the corrosion rate
of mild steel in hydrochloric solution without inhibitor and
with inhibitor of areca flower extract, to assess the efficiency
of inhibition and the protection mechanism of inhibitors of
areca flower extract in hydrochloric solution. To achieve this
aim, the test processes are carried out by varying the concen-
tration of areca flower extract solution used. It is expected to
determine the optimum efficiency of inhibition.

To achieve this aim, the following objectives are accom-
plished:

— characterization of areca flower extract using FTIR to
find the antioxidant ingredient of inhibitor;

— weight loss corrosion test using in 1 M HCl solution to
find the optimum inhibition concentration for variations of
immersion time 24—72 hours;

— determining the electrochemical behavior of the sur-
face of the sample given with the addition of inhibitor using
the method of Linear Polarization Resistance and Electro-
chemical Impedance Spectroscopy (EIS);

— determining the adsorption mechanism wherein the
inhibitor extract of the areca flower will form a monolayer
on the steel surface of API 5L and in addition, the layer will
be a barrier between the steel surface and the environment
so that the steel surface does not directly interact with the
acidic environment.

4. Materials and method for investigation of weight loss
test, electrochemical testing and FTIR

4. 1. Steel materials used in the experiment

The steel materials used for this research is pipe mate-
rial, that is mild steel material, namely API 5L grade B. The
metal is cut with an area of 1 cm? Samples are soldered and
connected by copper wire so they can be used in linear polar-
ization and EIS tests. Steel samples are mounted using epoxy
resin. Then the sample is sanding to grit 1.000 to remove the
oxide and the rest of the paint that sticks to the sample sur-
face and get a flat surface.

The chemical composition of steel material will be tested
by Optical Emission Spectroscopy prior to the test started.

4. 2. Test solutions

The steps involved in making a 1 M HCI solution are pre-
ceded by calculating to obtain 1,000 ml 1 M of HCI with a con-
centration of 30 % (calculations are attached). Next, prepare
a measuring flask that has been cleaned and fill with 800 ml of
distilled water. Then pour 105 ml (calculation results) 30 %
HCI into the measuring flask that already contains distilled
water and stir it evenly. Pour the distilled water back into the
measuring flask until it reaches a volume of 1,000 ml. And 1 M
HCl solution is ready to use. All processes of makinga 1 M HCI
solution are carried out in a fume hood. 1 M HCI solution is
used to create a corrosive environment to API 5L Gr B in linear
polarization testing and Electrochemical Impedance Spec-
troscopy (EIS) testing because this solution can represent the
environment around the pipeline in the oil and gas industry.

4. 3. Making the extract inhibitors

In this study, the organic inhibitor used was areca
flower extract. The extraction process is done by digestion
(involving heating). Making areca flower extract begins
with washing areca flower with distilled water then drying
at room temperature. Areca flower that has been dried was
ground in a way in a blender to become powder. 100 grams of
areca flower powder were extracted with ethanol for 2 days.
The result was subsequently filtered by using filter paper and
heated at a temperature of 50 °C until 3 hours most of the
ethanol evaporated. The inhibition extract was put directly
in 1 M HCI variation of the extract concentration of 4 ml,
8 ml, 12 ml, 16 ml and 20 ml.

4. 4. Weight loss testing

Testing weight loss is carried out for 3 days. Before
weight loss testing is done, sample preparation is done first
by sanding the sample from 80 to 1,000 grits. The sample
will be immersed in a solution of HCI 1 M with different
levels of inhibitor concentration (0 ml, 4 ml, 8 ml, 12 ml,
16 ml, 20 ml). These tests compare the corrosion rate of each
of these inhibitor concentration levels to be able to see the
efficiency of each level. Data measurement of sample weight
before and after immersion as well as corrosion rate and in-
hibitor efficiency is done after the immersion process.

4.5. Linear polarization measurements and electro-
chemical impedance spectroscopy (EIS)

Linear polarization measurements were carried out using
an Autolab Potentiostat Galvanostat (PGSTAT 302 N) with
NOVA 1.11 software. Linear polarization measurements were
made using a three-electrode cell assembly at room tempera-
ture. API 5L Gr B of 1 cm? was the working electrode, plati-
num electrode was used as an counter electrode, and Ag/AgCl
was used as a reference electrode. The working electrode API
5L Gr B employed for the examination was carefully polished
with emery papers (grade: 400—1,200) in order to remove the
corrosion products and dust on the electrode surface. Tafel
curves were obtained by changing the electrode potential
automatically from —200 to +200 mV versus corrosion poten-
tial (E.y) at a scan rate of 0.01 v/s. Linear travel segments
of anodic and cathodic curves were extrapolated to the cor-
rosion potential to obtain corrosion current densities (I.oy).
Inhibition efficiency of the inhibitor has been found out from
the measured I, values using the following relationship:

EI (%) _ ltorr(abslmw uf'inhibimr) - ltr)n'(presz)nce of inhibitor) %100. ( 1)

lmrr(abserwe of inhibitor)



Electrochemical impedance spectroscopy (EIS) mea-
surements were carried out using Gamry Potensiostat/Gal-
vanostat (Gamry REF 600) with Echem Analyst 6.33 soft-
ware. It consists of three electrode systems; working elec-
trode (API 5L Gr B), carbon as the counter electrode and
Ag/AgCl as the reference electrode. The EIS measurement
frequency range was between 10 kHz to 0.2 Hz with an al-
ternative (AC) amplitude 0.01 V. The polarization resistance
values were obtained from the diameter of the semicircles of
the Nyquist plots. The inhibition efficiency of the inhibitor
has been found out from the polarization resistance values
using the following equation:

plpresence of inhibitor)

p(absence of inhibimr) x 100 (2)

p(presence of inhibitor)

EI(%)=

The attendance of functional groups in the areca flower
extract molecules was confirmed by the Fourier Transform
Infrared spectroscopy (FT-IR) method. FTIR spectra were
recorded using a spectrometer, which wavelength extended
from 4,000 to 400 cm~!. And chemical composition examina-
tion of API 5L Grade B steel was performed using Optical
Emission Spectroscopy.

4. 6. FTIR testing

FTIR testing was carried out using the Perkin-Elmer 1.430
tool with a wavelength range of 4,000-400 cm~'. For FTIR
testing, the extract sample is the sample used in the weight loss
test. FTIR testing aims to determine the functional groups of
active compounds in areca flowers where the test results are
in the form of a spectrum of wave numbers. The spectroscopic
method used in the FTIR test is an adsorption method where
the method is based on the difference of infrared radiation ab-
sorption. The infrared spectrum results from the transmission
of light passing through the sample, measuring the intensity

3. 2. Weight loss test result

The results of the Weight loss test are shown in Table 2.
The highest corrosion rate is 23,903 mm/year in the ab-
sence (blank) of inhibitor and the lowest corrosion rate is
2.8705 in the inhibitor concentration of 20 ml.

Table 2
Weight loss test results
oo | g | | v | Cotn | incin
gon(ml) | @) | @ | € |(mm/yeary| ¥
Blank 8.2159 | 7.7801 | 0.4358 23,903 0
4 9.2927 | 7.5167 | 1.7760 9.8342 63.09
8 9.2927 | 8.8725 | 0.4202 4.6535 81.64
12 9.2927 | 9.0397 | 0.2530 3.7358 84.15
16 9.2927 | 9.1446 | 0.1481 3.2802 85.63
20 9.2927 | 9.2279 | 0.0648 2.8705 87.99

5. 3. Results of FTIR

The Areca Flower extract was characterized by FTIR
(Fourier Transform Infra Red) testing to identify the func-
tional groups contained in areca flower. The spectrum ob-
tained from the FTIR test is in the form of bands, where
the position of the band in the IR spectrum is expressed
as the wave number (¢cm™'), and the intensity of the band
is expressed as Transmission (7). The results of the FTIR
Areca Flower characterization test can be seen in Table 3
below. From Table 3 above, it can be seen that there are peaks
that have wavelengths and their intensity is known. Wave
number 3.326,58 cm~! indicates O—H stretching vibrations
belonging to alcohol and polyphenol compounds, according
to the correlation of wave numbers 3,200—3,600 cm L.

of the light by the detector and comparing it to the intensity Table 3
without the sample as a function of wavelength. From these Interpretation of FTIR areca flower extract
wavelengths, functional groups that can be determined in  [Nyuvelength (em 1) Functional groups
accordance with the wavelength recorded in each sample can 3326.58 Stretching vibrations O—H
be determined. By doing FTIR testing, it will produce peak or : - & — -
wave curves with different intensities from the peak differenc- 297396 Stretching vibrations C—H:CH, asymmetric
es, so the functional groups can be determined so that the con- 2927.89 Stretching vibrations C—H:CHy asymmetric
tent (type of compound) contained in each sample is known. 2884.2 Stretching vibrations C—H:CH, symmetric
1655.4 Stretching vibrations C=0
R - - R 1454.56 Stretching vibrations C=C aromatic
5. Results of inhibitor behaviour investigation 141718 Stretching vibrations C=C aromatic
5. 1. Optical emission spectroscopy 1380.21 Stretching vibrations C—H:CHj symmetric
The chemical composition of API 5L Grade B is shown 1327.93 Stretching vibrations C—H:CHj symmetric
in Table 1. The carbon steel of API 5L Grade B is a type of 1274.41 Stretching vibrations N-H
low carbon steel used as the pipeline material. The specifi- 1087.72 Stretching vibrations C—O
cation of this steel is found in the API 5L Specification for 1045.65 Stretching vibrations C—O
Pipe Line Standar.d. From the test resplts in accordance with 879.84 Buckling C—H
Table 1, the dominant element obtained from API 5L Gr. 503,27 Buckling C_H
B is Carbon 0.146 % wt, Silicon 0.193 % wt, Manganese - g
0.811 % wt and Chromium 0.123 % wt. 61895 Buckling C-H
Table 1
Results of chemical composition OES, % weight
C (%) Si (%) Mn (%) P (%) S (%) Cr (%) Mo (%) Ni (%) Al (%) Co (%) Cu (%)
0.146 0.193 0.811 0.0078 0.0037 0.123 0.0671 0.0732 0.0016 0.0109 0.244
Nb (%) | Ti(%) V(%) W (%) | Pb(%) | Sn(%) B (%) Ca(%) | Zr(%) | As(%) | Bi(%)
<0.002 <0.002 <0.002 <0.015 <0.025 0.01 <0.001 0.0002 0.0021 0.0187 <0.03




The results of FTIR submersion testing of the API 5L
steel surface are shown in Fig. 1. The Areca flower extract is
adsorbed on the metal surface and forms a thin layer that can
protect the metal surface from corrosion.

Based on the polarization curve, the value of i, at a con-
centration of 0 ml (Blank) in 1 M HCI of 196.3 uA and the
value of the corrosion rate of 2,281 mm/year were obtained.
At a concentration of 4 ml of areca flower, the i, value

was 65.569 tA, and the corrosion rate was

101 0.762 mm/year. At a concentration of 8 ml
100 of areca flower, the i, value was 57,483 nA,
95 2129.88 so the corrosion rate was 0.668 mm/year.
90 1085.74 For a concentration of 12 ml of areca flower,
85 the i, value was 54,231 pA, and the cor-
80 1044.49 .
= rosion rate was 0.630 mm/year. At a con-
X 75 1638.47 centration of 16 ml areca flower, the ig,
70 value was 41,193 A and the corrosion rate
65 was 0.512 mm/year. And for a concentra-
2(5) tion of 20 ml of areca flower, the i, value
3325.97 was 21.31 @A and a corrosion rate value of
50 .
45 0.248 mm/year was obtained.
35 426.89 The data were obtained from linear po-
4000 3500 3000 2500 2000 1500 1000 500 400 larization testing in the form of Tafel log (/)

Wavelength (cm™')

Fig. 1. Results of FTIR submersion of areca flower extract

The sample was soaked for 3 days to ensure that
the Areca Flower extract was completely adsorbed

VS E curve that displays data, such as the
tilt value of anodic and cathodic Tafel (B,
and B.), corrosion potential (Ey), cur-
rent density (i) and corrosion rate va-
lues (CR) and can be seen in Table 4.

on the metal surface, then the FTIR test was per- Table 4
formed to determine the functional groups that were Calculation of corrosion rate and inhibitor
adopted on the sample surface. Furthermore, some efficiency (El)
of the detected groups have been adsorbed onto the
metal surface (Fig. 1) in accordance with the groups | Inhibitor . Corrosion
contained in the areca flower compound (Table 3). | Concen- (mv%dec) (mVB/Cdec) (ii% (Z“X) Rate (IE/I)
Therefore, it is thought that the groups detected on tration ! (mm/year) ’
the metal surface are areca flower compounds.
Blank 132.05 138.4 —-49291| 196.3 2,281 -

3. 4. Result of linear polarization testing

In this study, polarization testing was carried out 4 ml 104.39 125.08 | -453.62| 65.569 |  0.762 66.60
with Areca Flower concentration variables, namely
4ml 8ml 12ml, 16 ml, and 20 ml in 150 ml of 1 M 8 ml 102.76 116.94 —454.28 | 57.483 0.668 70.72
HCI solution. The concentration of the inhibitor
affects the performance or ability of the inhibitor 12 ml 96.207 136.03 | -460.79 | 54.231 0.630 72.37
to protect or inhibit metal surfaces. Corrosion rate
calculation is obtained from the polarization curve. 16 ml 94.372 104.57 | -455.89 | 41.193 |  0.512 79.02
Through the polarization curve, an i, value is ob-
tained, which will be calculated to obtain the value 20 ml 60.568 61.159 | -441.26| 21.31 0.247 89.14
of the corrosion rate based on the increase in the

concentration of the inhibitor.

Polarization curves obtained on API 5L Grade B steel
that have been mixed with various volumes of Areca Flower
extract inhibitors (0 ml, 4 ml, 8 ml, 12 ml, 16 ml, and 20 ml)
ina 1 M HCIl medium can be seen in Fig. 2.

4 \

—Blank
— Areca Flower 4 ml
Areca Flower 8 ml
—— Areca Flower 12 ml
—— Areca Flower 16 ml
— Areca Flower 20 ml

-0.35 -0.25 -0.15

Log I (A/em?)
)

-0.75 -0.65 -0.55 -0.45

Potential (V)

Fig. 2. API 5L steel polarization curves Gr.
Be in 1 M HCI media with various volumes of areca
flower extract

From Table 4, it can be seen that the corrosion poten-
tial value (E,) when API 5L Gr B steel is immersed in
a 1 M HCI (Blank) environment is —492.91 mV. When the
areca flower extract is added with a concentration of 4 ml,
the corrosion potential changes towards the anodic region
of —453.62 mV. Likewise with the addition of areca flower
extracts with concentrations of 16 ml and 20 ml, the corro-
sion potential was still in the anodic area with each value
of —455.89 mv and —441.26 mV.

5.3. Result of electrochemical impedance spectro-
scopy (EIS) testing

The purpose of EIS testing is to represent electrochemi-
cal phenomena that occur on metal surfaces. From the EIS
test results, we will get the Nyquist curve and the bode
curve, which are related to one another. The Nyquist curve
states the comparison between real impedance (Zreal) and
imaginary impedance (—Zimag). From the Nyquist curve we



can see the effect of corrosion behavior on API 5L Gr steel.
B when adding the concentration of areca flower extract in
1 M HCI acid solution. Fig. 3 is a Nyquist graph from the
results of test studies with variations in the concentration of
areca flower extract inhibitors.
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Fig. 3. Nyquist curves in several variations
of the inhibitor volume

The resulting Nyquist curve in Fig. 3 forms a semicircle
caused by the transfer of charge between the inhibitor and
the metal layer, where the diameter of the curve describes
the value of the load resistance of the system, the larger the
diameter of the curve obtained, the polarization resistance
value generated by the system will be even greater.

Fig. 4 described the Bode Modulus for several variations
of inhibitor concentration. The curve of the inhibitor volume
of 20 ml shows the highest impedance and the volume of 4 ml
shows the lowest impedance.
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Fig. 4. Bode modulus for several variations
of inhibitor volume

The results of electrical element parameters in EIS test-
ing on several variations of inhibitor concentration are de-
scribed in Table 5. The increase in the value of the resistance
of variation (Rp) explains the decreased corrosion rate due
to the formation of an inhibitory layer due to adsorption of
inhibitor molecules on the metal surface.

Table 5

Values of electrical element parameters in EIS testing
on several variations of inhibitor concentration

Inhibitor Ry, R, Cy ' Circuit EI
Volume | (Q.Cm?) | (Q.cm?) | (uFcem?) (%)
Blank 1,748 18.59 250.2 Randles -

4 ml 5,189 42.25 89 Randles | 56.0
8 ml 2,806 209.1 37.75 Randles | 91.11
12 ml 1,456 421.4 20.09 Randles | 95.59
16 ml 1,447 450.9 19.91 Randles | 95.9
20 ml 2,052 548.9 18.04 Randles | 96.6

6. Discussion of results of inhibitor behaviour
characterisation

6. 1. Chemical composition of steel material

In accordance with the API standard 5L specification
literature, it can be concluded that the test material still fits
within the range of API 5L Grade B. The composition of API
5L Grade B steel is included in the low carbon steel category
because it has an element C content of less than 2 %. Alloy
elements such as Cr, Ni, Mo, P, Al and Cu have an influence
on the corrosion properties of carbon steel. It has been known
that with the increase in Cr content, the corrosion resis-
tance of carbon steel will increase, as well as the addition of
Ni elements which increases, resulting in better corrosion re-
sistance of steel W [38]. However, seeing from the results of
the OES test, the content of Cr and Ni elements is relatively
small so that API 5L Grade B steel is still quite susceptible
to corrosion attack [39].

6. 2. Inhibitor efficiency from weight loss test

The highest efficiency of the inhibitor is 87.99 % after
3 days immersion, it showed that the green inhibition work
in the acid solution. The results of the weight loss test showed
that the addition of the Areca Flower extract could reduce
the corrosion rate. Where there was a linear decrease directly
proportional with the addition of areca flower extract. At
a concentration of 4 ml, the corrosion rate is 9.8342 mm/year
and gradually decreases up to 2.8705 mm/year at a concen-
tration of 20 ml areca flower. This can occur because inhi-
bitors can be adsorbed to the surface well and provide good
inhibitory effects on AP 5L steel.

6. 3. Discussion of results of FTIR of areca flower extract

Wave number 3326.58 cm ™! indicates O—H stretching vi-
brations belonging to alcohol and polyphenol compounds, ac-
cording to the correlation of wave numbers 3,200-3,600 cm ™.
Wave number 2.973,96 cm™~!, 2.927,89 cm~! indicates the exis-
tence of stretching vibrations of C-H indicating asymmetric
CH, groups and 2884.2 cm ™! indicating symmetric CH, groups
belonging to alkane compounds, according to the correlation
of wave numbers 2,800-3,000 cm !. Wave number 1.655,4
shows stretching vibrations C=0, according to the correla-
tion number 1,650—1,800 cm . Wave number 1.454,56 cm ™!,
1.417,18 cm™! shows the aromatic vibration stretching C=C.
Wave number 1.380,21 cm™ !, 1.327,93 cm™! indicates the ex-
istence of C—H stretching vibrations indicating symmetrical
CHj groups. Wave number 1.274,41 cm™' indicates N—H
stretching vibrations. At wave number 1.087,72cm™! and
the strongest intensity is 1.045,65 cm™' where the strongest
absorption of IR indicates that the bond is polar, the two wave
numbers indicate the C-O stretching vibration in accordance
with the correlation of wave numbers 1,000—1,300 cm~!. And
for wave numbers 879.84 cm™, 803.27 cm ! and 618.95 cm ™!,
act on the buckling of C-H [40].

Based on Table 2, the results of the interpretation of
FTIR test, it can be concluded that the extract of the Areca
Flower solution has an alkaloid functional group due to the
discovery of the N-H group. Most natural organic com-
pounds are aromatic compounds. This compound contains
an aromatic carbon ring consisting of carbon atoms. These
aromatic carbon rings are usually subsidized by one or more
hydroxyl groups or other groups, therefore they are often
called polyphenol compounds. And the alkane spectrum as
evidenced by the FTIR test on Areca Flower extract indicates



the presence of flavonoid compounds. From the results of the
FTIR test of the Areca Flower extract, it can be concluded
that it has the structure of polyphenols, alkaloids and flavo-
noids in accordance with the literature that forms organic
inhibitors. Based on the results of the FTIR test, the wave
number 3.325,97 cm™! indicates O-H stretching vibrations
belonging to the alcohol and phenol compounds, based on the
wave number correlation of 3,200—3,600 cm~!. Wave number
1.638,47 cm™! indicates stretching vibration C=0 aromatic.
Whereas wave numbers 1.085,74 cm™! and 1.044,49 cm™! indi-
cate stretching vibrations of C—O from alcohol and phenol
compounds. With the presence of alcoholic compounds, phe-
nols and aromatics which indicate that the type of polyphenol
and flavonoid compound groups. It is known that areca flower
contains many polyphenol and flavonoid compounds, which
can function as antioxidants inhibiting the rate of corrosion
in carbon steel. The structure obtained explains that the OH
group has anti-oxidant properties (the ability to bind oxygen
to the environment), while the free electrons in the O atom
contained in the C=0 and CO groups will interact and form
bonds (adsorption) with electrons on the steel surface, where
the type of adsorption that occurs is physical adsorption ac-
cording to the value of AG,4; obtained —7.026 kJ /mol. This is
supported by research conducted by Kassim (2007) on several
plants that contain polyphenol compounds, such as brotowali,
mangrove, and gambier plants, which can be used as organic
inhibitors because they form an inhibitory coating on metal
surfaces due to molecules of adsorbed polyphenol compounds
to the metal surface by physical adsorption. Where the three
plants that contain the highest polyphenol compounds are
mangrove plants. And the optimum efficiency is obtained from
the 1,000 ppm mangrove extract inhibitor content of 83.5 %.
Research of Solanum Melongena plant, which contains a mix-
ture of complex organic compounds, namely flavonoids and
some polyphenol compounds. Where these compounds show
antioxidant activity. From the tests carried out, it is known
that adding Solanum Melongena extract will reduce the rate of
corrosion when in an acidic environment. Due to the presence
of molecules from Solanum Melongena extracts, which are
adsorbed on the metal surface, protecting the metal surface
from corrosion. Increasing the concentration of the inhibitor
will expand the Surface Coverage on the metal surface, the
more the surface area of the metal that is protected as a result
of increased adsorption of extract molecules, the higher the
protection against corrosion provided by the inhibitor [41].
Henna contains a constituent of Lawsone, which consists of
phenol and benzene units, which can be used as organic in-
hibitors. The weight loss testing to determine the efficiency
of henna inhibitors explains that the more inhibitors used, the
efficiency of the inhibitor will increase, but the longer period of
immersion is done, it can reduce the efficiency of the inhibitor
because the film layer formed is damaged so that it is no longer
able to withstand attacks from Cl-ions [42]. The properties of
alkaloid content are quickly eluted when dissolved into ace-
tone, besides the alkaloid content is easily ionized under acidic
conditions that are polar [43].

6. 4. Discussion of results of linear polarization testing

The addition of areca flower extract concentrations of
4ml, 16 ml and 20 ml of corrosion potential values (E,,,)
experienced anodic changes, thus indicating that areca flower
extracts controlled the reaction in anodic direction by form-
ing complex compounds in the anodic region of the surface
of API 5L Gr B steel. Whereas when adding 8 ml and 12 ml

areca flower extract concentrations, the corrosion poten-
tial (E,») experienced a change in the cathodic direction
with values of —454.28 mV and —460.79 mV, which showed
increased metal energy, due to potential shifts towards a more
negative direction. Changes in corrosion potential (E)
occur because cathodic reactions are also controlled by the
formation of complex compounds in the cathodic area on the
surface of API 5L Gr B. As per FTIR test results, the major
complex compounds found on the surface are O—H stretching
vibrations belonging to alcohol and polyphenol compounds
and C—H groups belonging to alkane compounds. The poly-
phenol compounds have hydrophilic characteristics, which
absorbed in the metal surface and alkane compounds tend
to be hydrophobic, which barrier cathodic site from further
corrosion process. So that due to the potential corrosion
value (E.,,) with the addition of areca flower extract con-
centration changes in anodic and cathodic directions, it can
be concluded that the Areca Flower extract inhibitors have
a mixed (dominant) type inhibitor with anodic dominant
direction [44].

From the Tafel plot in Fig. 2, it was found that the addition
of inhibitor concentration can reduce the value of the corro-
sion current density (i) compared to without the inhibitor.
This states that the corrosion reaction has decreased, result-
ing in a decreased corrosion rate. This is due to the adsorption
process of inhibitors on API 5L Gr B steel interfaces orin 1 M
HCI solution, so that anodic and cathodic reactions undergo
inhibition. The inhibition process increases with the addition
of the inhibitor concentration. The decrease in iy, value can
be seen in conditions without inhibitors of 196.3 puA, after an
increase in the concentration of 4 ml inhibitors experienced
a significant decrease in the i, value to 65.57 pA. So that the
corrosion rate decreased without 2,281 mm/year inhibitor to
0.761 mm/year, which is still classified as mild corrosion resis-
tance. As shown in Fig. 5, at a volume of 20 ml 4., 21.31 uA
with a corrosion rate of 0.247 mm/year.
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Fig. 5. Corrosion current density (/.o,) in the variation volume
of areca flower extract

Changes in the value of i, affect the value of the cor-
rosion rate by increasing the concentration of the inhibitor.
Based on Fig. 6 below, the decrease in corrosion rate decrea-
ses with increasing concentration of the inhibitor. The lowest
corrosion rate of 0.762 mm/year was obtained at a concentra-
tion of 4 ml, and the highest corrosion rate of 0.247 mm/year
was obtained at a concentration of 20 ml inhibitor. With the
decrease in corrosion rate, areca flower can function as an
organic inhibitor.

Changes in the values of B, and B, can indicate that the
process of adsorption of areca flower extract can change the
mechanism of anodic solubility or the evolution of hydrogen
in cathodics. In addition, changes in the values of B, and B,



when the concentration of areca flower extract is added indi-
cate that inhibitory molecules undergo adsorption in anodic
and cathodic regions [44]. Anodic reactions are controlled by
the formation of layers of metal surfaces due to the adsorp-
tion of inhibitor molecules. While the cathodic reaction is
controlled by the formation of oxides on metal surfaces, thus
preventing the diffusion of oxygen to the metal surface.
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Fig. 7. Efficiency of the areca flower inhibitor for linear
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Efficiency values describe the ability of inhibitors to ab-
sorb the surface of the metal so that the metal is protected by
reducing the rate of corrosion [45]. The value of the inhibitor
efficiency increases with increasing concentration of the
inhibitor. In Fig. 7, it is described that the lowest efficiency
value of 66.6 % was obtained at a concentration of 4 ml and
the optimum efficiency value of 89.14 % was obtained at
a concentration of 20 ml. Raghavendra (2007), which deals
with areca flowers in acidic environments, areca flowers
have an efficiency of 94.4 % based on weight loss testing and
88.69 % based on polarization testing.

6. 5. Results of electrochemical impedance spectro-
scopy (EIS) testing

Changes in the shape of the curve indicate that there has
been a change in impedance by increasing the concentration
of the inhibitor. The data obtained from the EIS test included
the value of solution resistance (Ru), polarization resistance
value (Rp), and multiple layer resistance (Cf). Then the
Nyquist graph is difitting to obtain electrical element and
circuit data, which aims to verify the mechanistic model and
calculate numerical values related to the chemical or physical
properties of the electrochemical system.

In interpreting the obtained bode modulus curve in
Fig. 4, we can divide the curve into three in the area @, b and c.
Where the first region of high frequency (a) is an area that has
a frequency range above 1 kHz, this region represents the na-
ture of the solution/electrolyte, which represents the value of
the solution resistance (Ru). The second area of medium fre-

quency (b) is the region that shows the nature of the film/in-
hibitor layer. The nature of the layer as a dielectric layer that
has a capacitance value of impedance. This property is simu-
lated by the inhibitory layer capacitance, which is parallel to
the value of the inhibitory layer. And the third low frequency
area (c¢) describes the surface properties of the inhibitor layer
with a steel substrate, which is represented by the value of
the double layer capacitance (Cf) and polarization resis-
tance (Rp). Where at low frequencies, the higher impedance
value indicates the passivity of the metal surface coated by
areca flower inhibitor molecules. This can be seen by the
increasing concentration of the inhibitor, the polarization
resistance value will increase.

The value of the resistance of the solution (Ru) is stable
or there is no significant increase or decrease in value. It can
be said that the HCI environment is in a stable state. The
polarization resistance value (Rp) has increased significantly
and has an effect on the decrease in the value of the double
layer capacitance (Cf), due to the adsorption of inhibitor
molecules on the metal surface.

The decrease in the value of the dual layer capaci-
tance (Cf) as seen in Fig. 8 is caused by the adsorption of
inhibitor molecules (low dielectric constants) on metal
surfaces, which expel water molecules (high dielectric con-
stants) from metal surfaces [46].

Inhibitor molecules on the metal surface will affect the
electrical double layer caused by changes in the dielectric
properties of the water molecules in the electric double
layer [47]. A decrease in the value of the dielectric constant
and/or an increase in thickness of the electrical double layer
will cause a decrease in the value of the double layer capa-
citance (Cf) caused by changes in the direction of the water
molecular dipole [48].
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Fig. 8. Load transfer resistance values (Rp) and multiple layer
capacitance (Cf) for each concentration variable

Decreased double layer capacitance (Cf) in Fig. 8 ex-
plains that a protective layer on the metal surface has
formed [49]. With this, the results obtained from the EIS test
are comparable to the results obtained by linear polarization
testing, where adding the concentration of the areca flower
extract inhibitor can reduce the rate of corrosion because the
metal has been protected from the corrosion process.

As shown in Fig. 9, the inhibitor efficiency increases
when 4 ml areca flower concentration efficiency is obtained
56 %, 8 ml concentration efficiency is obtained 91.11 %, for
the addition of 12 ml concentration efficiency is 95.59 %,
16 ml areca flower concentration is 95.9 % efficiency and op-
timum efficiency is obtained when adding inhibitor concen-
tration areca flower extract 20 ml, which is equal to 96.6 %.
Every addition of areca flower concentration after testing has
the same equivalent circuit, Randles.
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6. 6. Discussion of adsorption mechanism of inhibitor
molecules

Isothermal adsorption is used to determine the adsorp-
tion and adsorption mechanism of inhibitor molecules. Ther-
modynamically, the process of adsorption on a molecule can
be observed using isothermal adsorption. Isothermal adsorp-
tion provides basic information about the interactions that
occur between the inhibitor molecule and the metal surface
of the steel.

The adsorption process can be determined using the Sur-
face Coverage value (0). Surface Coverage value (©) can be
calculated using inhibitor efficiency values. Efficiency values
can be obtained based on linear polarization and EIS test
results. However, in this study the value of Surface Cover-
age (0) will be calculated based on the value of the inhibitor
efficiency of the EIS test as in Table 6.

Table 6

Surface coverage () value on the variation of inhibitor
concentration

Inhibitor Volume | Inhibitor Efficiency (%) | Surface Coverage (©)
Blank - -
4ml 56 0.56
8 ml 91.11 0911
12 ml 95.59 0.956
16 ml 95.9 0.959
20 ml 96.6 0.966

Determination of isothermal adsorption is done by mak-
ing a graph in accordance with the variables contained in the
column verification plot of Table 7. With a graph that pro-
duces the highest linear correlation coefficient, it is consid-
ered to be the most appropriate adsorption on the inhibitor
molecule tested. This research will try several methods of iso-
termal adsorption ranging from Langmuir, Temkin, Frumkin,
Bockris Swinkels, and Virial Parson.

Judging from several isothermal adsorption methods (Tem-
kin, Langmuir, Frumkin, Bockris Swinkels, and Virial Par-
son) as shown below, it is found that the Langmuir iso-
thermal adsorption method has the highest correlation
coefficient value (0.977). So it can be concluded that the
adsorption molecules of areca flower extract inhibitors will
undergo an adsorption process in accordance with the Lang-
muir method.

Langmuir isothermal adsorption assumes that organic
molecules are adsorbed as monolayers on metal surfaces that
do not interact with other adsorbed molecules and molecules
that are adsorbed only in one area (site) only [50]. Thus, the

areca flower inhibitor molecule is expected to be adsorbed on
ametal surface to form a single inhibitory layer (monolayer).
Table 7

Linear equations (y) and linear regression (r?)
of the isotherm adsorption method

Isothermal Linear Linear
Adsorption Method Equation (y) Regression (%)
Langmuir y=4.576x-3.253 0.977
Temkin y=-0.243x-0.101 0.792
Bockris Swinkels y=-0.0151x+0.0864 0.0068
Frumkin y=-1.051x+0.023 0.974
Virial Parson y=-0.604x+0.054 0.938

Thermodynamic parameters in the adsorption process can
be used to predict the adsorption process that occurs. Types
of adsorption are divided into two types, namely: physical
adsorption or chemical adsorption [51]. From the Langmuir
isothermal adsorption model to obtain the value of AG,4s we
must first find the K,z value (the adsorption equilibrium
constant). The K,y value (adsorption equilibrium constant)
represents the interaction between the adsorbed molecule
and the metal surface. The K 4 value is the opposite of the
intersection point of the Y axis in the Langmuir isothermal
adsorption graph line equation at concentration 0 (the inter-
section point on the y axis).
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Fig. 10. Langmuir isotermal adsoption

Based on the Langmuir isothermal adsorption graph (Fig. 10),
the Langmuir line equation, y=4.576x—3.253 is obtained.
So the K,z value can be obtained from the equation at 0.307.
The efficiency of the inhibitor is basically a function of the
magnitude of the adsorption equilibrium constant (K,g).
In addition to the K4 value, we can get the magnitude of the
coefficient value y. The coefficient value of y expresses the
number of inhibitor molecules adsorbed to occupy one active
site. From the line equation y=4.576x—3.253, the coefficient
of y value of 4.576 is obtained, so that the inhibitor molecules
needed to coat or cover one active site are 4,576.

Table 8
Standard Gibbs energy (AG,ys) from experimental results
Equation Kads AG 45 (k] /mol)
y=4.576x-3.253 0.307 -7.026

The value of changes in adsorption free energy (AG )
can explain the tendency of adsorption on inhibitor mole-
cules. And after the calculation as per Table 8, the AG
value of —7.026 kJ/mol is obtained. The value of free energy



changes (AG,4) is negative, stating that the adsorption pro-
cess of the areca flower inhibitor molecule takes place spon-
taneously. Meanwhile, to determine the type of adsorption
whether chemically or physically influenced by the magni-
tude of the change in adsorption free energy (AGgg). If the
change in the value of the adsorption free energy (AG,y) is
greater than —20 kJ.mol, then it is stated as physical adsorp-
tion, while the value of the change of free energy adsorption
equal to or less than —40 kJ/mol is expressed as chemical
adsorption [52]. If the AGg value is in the range of —20 to
—40 kJ/mol, the inhibitor is classified as a mixture of adsorp-
tion types, either physical or chemical. The type of adsorp-
tion on the areca flower inhibitor molecule is expressed as
physical adsorption because the free energy value of adsorp-
tion is —7.026 kJ/mol. So it can be stated that the adsorp-
tion process between the inhibitor molecule and the metal
layer that occurs is caused by the interaction between the
electrostatic inhibitor molecule and the metal surface layer.
Areca flower inhibitors containing polyphenol compounds
and flavonoids will have a negative charge due to the arrival
of O free electrons from polyphenol compounds and flavo-
noids. While the metal surface will have a positive charge.
The difference in charge between the inhibitor molecule and
the metal surface will result in electrostatic interactions that
stimulate physical adsorption. Therefore, the adsorption
process occurs due to electrostatic interaction, not because
of the use of shared electrons or the formation of complex

bonds. As a consequence, plants containing polyphenol and
flavonoid compounds undergo physical adsorption processes
on metal surfaces that will form inhibitory layers [53].

7. Conclusions

1. Areca flower extract can be used as an alternative envi-
ronmentally friendly inhibitor for API 5L Gr B steel in 1 M
HCI environment.

2. The corrosion rate of API 5L Gr B steel in 1 M HCI
environment will decrease with increasing concentration of
areca flower extract inhibitors, the optimum efficiency of
linear polarization testing of 89.14 % is obtained by adding
20 ml of areca flower extract concentration and the optimum
efficiency of EIS testing of 96.6 % is obtained on the addition
of a concentration of 20 ml areca flower extract.

3. Environmentally friendly inhibitors of areca flower
extract will be adsorbed onto the metal surface following the
Langmuir isothermal adsorption model and the type of ad-
sorption that occurs is physical adsorption (physisorption).

4. The adsorption mechanism is determined wherein the
inhibitor extract of the areca flower will form a monolayer
layer on the steel surface of API 5L and in addition, the layer
will be a barrier between the steel surface and the environ-
ment so that the steel surface does not directly interact with
the acidic environment.
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