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ABSTRACT

The research is the preliminary study of the ability ofCeraalba (CA) extract inhibitors. The adsorption and
corrosion inhibition characteristic of CA extract on API 5L X665 steel was investigated by weight loss and potentiodynamic
polarization methods. The results showed that the inhibition efficiency increases with increasing inhibitor concentration.
The weight loss and potentiodynamic polarization methods revealed that CA extract act as mixed type inhibitor.
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INTRODUCTION

Carbon steels are widely used in petroleum
industry, chemical processing, marine applications,
chemical processing, mining and metal processing
equipment (Lazano et al, 2014). Nevertheles, carbon steel
is not the most corrosion resistant for many
environmentsAPl 5L Grade X65 steel is a type of steel
pipe used in pipelines for gas, water, and oil in the subsea
pipeline. Corrosion in oilfields occurs at all stages from
downhole to surface equipment and processing facilities. It
appears as leaks in tanks, casings, tubing, pipelines, and
other equipment. Corrosion in oil fields occurs at all stages
from operating problems and equipment maintenance,
resulting in severe economic losses (Okafor et al, 2009;
Garcia-Arriaga et al, 2010).

The protection of metal surface from the
aggressive environment in industries are used various
methods such as cathodic and anodic protection, coating,
and inhibitors. Due to economic reason, inhibitor widely
used as an appropriate method in reducing the corrosion
rate (Muthukumar et al, 2009). Inhibitor is substances
which when added in small concentrations to corrosive
media prevent the reaction of metal with media
(Benabdellah et al, 1998; Ahmad, Z., 2009).Inhibitors are
widely used today is an organic inhibitor. Because it is
cheap and eco friendly.Organic compounds containing
polar groups including nitrogen, sulfur, and oxygen and
heterocyclic compounds (Gomma et al, 1994; Khaled et
al, 2004; Zucchi et al, 1996; Elmorsi et al, 1999; Al-Hajjar
et al, 1998). Organic inhibitor can be derived from plant
extracts [Oguzie, E.E., 2007; Sathapaty et al, 2009; Okafor
et al, 2008; Behpour et al, 2012; Quraishi et al, 2010).

For this study uses CA extract as corrosion
inhibitor. Solution used in this study was 0.5 M HCI
because this acid is a corrosive media commonly used in
industry (Zaferani et al, 2013).

METHOD

The experimet were perfomed with 304SS with
the following composition (wt %): 0.04%C, 0.52 % Si,
0.92 % Mn, 0.030% P, 0.002 % S, 9.58% Ni, 18.15 % Cr,
Bal.Fe.The specimens were polished consecutivelywith
emery paper of from 500 to 2000 grades. The specimen
were washed with distilled water, rinsed in ethanol,
degrased with acetone and finally dried.

CA was extracted by solid-liquid method in order
to obtain the optimum conditions. Half of CA powder was
extracted by maceration method using 99% ethanol
(Merck). 100 g of CA was extracted with 100 ml of
ethanol. The ethhanol evaporated using a water bath. CA
extract was analyzed by FTIR to determine the functional
groups contained. Infrared spectra were recorded in
Shimadzu IR Prestige-21.The test media of 0.5 M HCI was
prepared by dilution of AR grade 37% HCI (Merck) using
distilled water.

The weight loss tests were conducted by
specimen coupons dimension 20x20x10 mm. The
specimens were immersed in 200 ml 0.5 HCI. Before
weight loss test, the specimens were polished
consecutively with emery paper from 500 to 2000 grades.
Immersion times as independent variables used in this
study were 7,14, and 21 days. The inhibition efficiency
(IE) was calculated by equation 1. (Victoria et al, 2015).
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The electrochemical meausurement  using
AutolabPGSTAT 128N.All  measurements were done
using a 100 mL corrosion cell in which a reference
electrode (Ag/AgCl electrode), a counter electrode (Pt
electrode), a working electrode (APl 5L X65). The metal
was added to epoxy resin with a geometric exposed
surface area measuring 1 cm? and connected to the
electrolyte.The tafel plots were obtained by polarization
potentiodynamic test. The potential range from -100mV
to +100mV at Open Circuit Potential (OCP) with scan rate
1 mV/s.Independent variables used in this study were 0,
100, 200, 300, 400, and 500 ppm CA extract
concentration. Ambient temperature at 25°C. Inhibition
efficiency calculated by equation (2) (Stupni“sek-Lisac et
al, 2002; Awad, M.1., 2006):

IE(%):%XNO% )

where I dan I is corrosion current density in case of
absence and presence inhbitor.
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RESULT AND DISCUSSIONS

Weight loss experiments

The inhibition efficiency for the specimen
coupons immersed in 0.5 M hydrochloric acid solution
with different inhibitor concentrations and immersion
times are shown in Figure-1. The inhibition efficiency
increase with inhibitor concentration. The increased
inhibition efficiency with inhibitor concentration was
caused to adsorption of inhibitor molecules on the metal
surface/solution (Loto et al, 212). All variation of
immersion time showed same trend in the addition of CA
extract inhibitor. The maximum efficiency inhibition
84.28% obtained in 14 days immersin time. A longer
immersion time showed smaller efficiency inhibition due
to desorption of inhibitors molecules from the metal
surface (Victoria et al, 2015).
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Figure-1.Concentration of inhibitor effect to the inhibition
efficiency in 0.5 M HCI.

Based on the Figure-1 showed that the rate of
corrosion inhibitors could inhibit metal effectively with
the increase of concentration inhibitor. This was caused
by the interaction between inhibitor molecules larger than
inhibitor interaction on the metal surface (Fekry et al,
2011). Due to the efficiency inhibition in 21 days lower
than 14 days of immersion time, the adsorption of
inhibitor is physisorption. The chemisorption involves
high energy and immersion time (Quartarone et al, 2003).

Potentiodynamic polarization studies

The efficiency inhibition can be determined by
potentiodynamic polarization. Potentiodynamic
polarization measured with the variation of the
concentration of the extract CA at ambient temperature.

Table-1.Inhibition Efficiency Calculation of Polarization Measurements.

conc o | gy Be | Eur | lor | IE
(bpm) (V/dec) (V/dec) V) (Alcm®) (%)

0 0.087 -0.703 -0.34 9.23x10° -
100 0.191 5.968 -0.30 4.33x10° | 52.43
200 0.046 0.079 -0.35 3.67x10° | 60.25
300 0.039 0.069 -0.33 1.02x10* | 88.95
400 0.043 0.078 -0.33 9.83x107 | 89.35
500 0.39 0.053 -0.29 4.68x107 | 94.50
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Figure-2. Polarization curve of APl 5L X65 in the
hydrochloric acid 0.5 M in various concentrations
of inhibitors.

Experiment data of potentiodynamic polarization
measuments which has been in the Tafel extrapolation
shown in Table-1. Inhibition efficiency (IE%) obtained the
maximum of 94.50% on the addition of inhibitors of 500
ppm (Table-1). These results indicated that the rate of
corrosion inhibitors can inhibit APl 5LX65 steel
effectively with the increasing concentration up to 500
ppm inhibitor.

Anodic Tafel constants (Ba) associated with the
inhibitor molecules adsorbed on the anodic side.While,
cathodic Tafel constants (Bc) associated with the cathodic
hydrogen evolution reaction (Fekry et al, 2011).
Irregularity of Pa and Pc showed that CA extracts was a
bled inhibitors modify the anodic and cathodic reaction
mechanism (Quraishi et al, 2010) Some studies suggest if
the maximum displacement of E,, more than 85mV, it can
be concluded the inhibitor is anodic or cathodic. If the
maximum displacement less than 85mV it is classified as
mixed type inhibitor (Zafareni et al, 2013). The maximum
displacement was calculated 10 mV, it revealed that the
inhibitor act as mixed type inhibitor.

Mechanism Inhibition

The adsorption of organic compounds can be
described by two main models of interaction:
physisorption and chemisorption (Loto et al, 2012).
Adsorption of CA extract at the metal surface are believed
initially in the hydrocloric acid. The dissolution of carbon
steel (APl 5L X65) during the first step causes the
formation of Fe?. The inhibition effect depends on
inhibitor concentration and molecular structure. It is
observed that, the inhibition efficiency of CA extract
increases with increase in CA extract concentration.

CONCLUSIONS

The CA extract evedently can inhibit the
corrosion rate of APl 5L X65 in HCI 0.5 M by adsorption
mechanism. The CA extract act as mixed type inhibitor. A

maximum efficiency 94.5% was obtained with the
addition of inhibitor 500 ppm in the potentiodynamic
polarization studies. From weight loss method obtained
84,28% efficiency inhibition of 500 ppm inhibitor in 14
days immersion time.The adsorption followed
physisorption type.
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