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Abstract

The present study was initiated with an objective of investigating a plant extract as an effective
corrosion inhibitor useful for protection of carbon steel in aqueous environment containing
chloride ions. For this purpose, the leaf extract of the plant ‘Aerva lanata’ belonging to
Amaranthaceae family of genus Aerva was chosen. The required optimum concentration of the
extract for an effective inhibition was found to be 5 %, resulting in the inhibition efficiency of 95
% against corrosion of carbon steel in 200 ppm of NaCl solution. The extract introduced as a
corrosion inhibitor was found to be effective in the pH range from 4.0 to 9.0. The extract could
retain its inhibition efficiency for about an immersion period of 60 days and also up to a
temperature of 333 K. The 5 % extract was found to control corrosion of carbon steel in highly
aggressive medium containing 300 ppm of NaCl also. In order to maintain the protective nature,
the required concentration of the extract was 2 %. From these studies, it was inferred that the Aerva
lanata leaf extract exhibits good inhibitive properties for carbon steel in aqueous environment in
wide ranges of pH, temperature and aggressiveness of medium.
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1. Introduction

It is well-known that corrosion has been a very serious concern regarding the structures of metals
and alloys. Researchers working in the field of corrosion have been striving for protecting metallic
structures from corrosion by applying a variety of possible protection methods. Application of
corrosion inhibitors is one of the effective and economical methods of corrosion control.
Numerous reports on various organic and inorganic compounds as effective corrosion inhibitors
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can be observed in literature. A major disadvantage with some of these inhibitors is that they
increase environmental toxicity. In order to address this challenge, a lot of work has been in
progress since past three decades in the direction to i) decrease toxicity of the inhibitor
formulations and ii) develop non-toxic and natural corrosion inhibitors.

There are some reports in literature that show the reduction of toxicity of the inhibitor formulations.
For instance, Sarada Kalyani et al. (2015) reported their studies on corrosion inhibition of carbon
steel using nitrilotris (methylenephosphonic acid), zinc ions and nicotinic acid. They reported that
concentration of zinc ions required for effective inhibition could be reduced by the addition of
nicotinic acid which is a non-toxic compound. In another study by Srinivasa Rao et al. (2014),
relatively low-toxic ternary inhibitor formulation containing phosphonobutane-1,2,4-tricarboxylic
acid, zinc ions and lactobionic acid was reported. According to this report, the required
concentrations of both phosphonate and zinc ions for effective corrosion inhibition are low in
presence of the non-toxic additive lactobionic acid. There are some more reports in literature
pertaining to decrease zinc ion toxicity by the addition of environment friendly compounds as
synergists, reported by Sarada Kalyani et al. (2017), Appa Rao et al. (2011) and Appa Rao et al.
(2010). Addressing the same challenge, a large number of natural plant extracts were also studied
for their corrosion inhibitive effect. Leaf extracts are one among the effective inhibitors along with
the extracts obtained from other parts of plants like roots, stem, seeds, fruits and flowers.

There are some recent reports on inhibition of corrosion of carbon steel using leaf extracts.
Khadom et al. (2018) reported their studies on corrosion inhibition of low carbon steel using
Xanthium strumarium leaves extracts in 1 M hydrochloric acid solution. Muthukrishnan et al.
(2017) in their report on corrosion inhibiting action of Lannea coromandelica leaf extract on mild
steel inferred that the extract works as an effective corrosion inhibitor in 1 M sulphuric acid
solution by following adsorption mechanism. It was reported that the extract acted as a mixed type
inhibitor and obeyed Langmuir adsorption isotherm. Hamdan et al. (2018) studied corrosion
inhibition of mild steel in hydrochloric acid solution using tea leaves extract. They found that the
rate of corrosion of the metal decreased with increase in concentration of the extract. Cookey et
al. (2018) reported that leaves extract of Clivia nobilis, also known as green-tip forest lily, can
control corrosion of mild steel in both hydrochloric acid and sulphuric acid environments.
Chandrabhan Verma et al. (2018) reported their study on corrosion inhibition of mild steel in acidic
environment containing Holoptelea integrifolia leaf extract. Based on weight-loss method, surface
analytical methods, electrochemical methods and density functional theory method, they inferred
that the extract acts as a mixed type inhibitor and protects the metal through adsorption at the
metal/solution interface. In another study by Michael and Olubunmi (2014), the authors reported
that flavonoid (catechin) separated from Nypa fruticans Wurmb leaves extract can control
corrosion of mild steel in sulphuric acid solution. It was reported that Acanthus montanus extract
from its leaves, stem and roots, acts as an effective corrosion inhibitor for mild steel in acidic
medium (Ibisi and Ufodiama, 2016). Shanmuga Priya and Vasudha (2015) studied inhibiting
action of acid extract of leaves of Polyalthia Longifolia for mild steel in sulphuric acid solution
and based on the results, they inferred that the extract acts as a good corrosion inhibitor with an
efficiency of 92 % at the extract concentration of 1.5 %. In one of the recent studies, Akoma
Chigozie et al. (2018) studied inhibitive action of Chrysophyllum albidum extract on corrosion of
mild steel immersed in some carbonated drinks. All the above reports are found to conclude that
the leaf extracts of various plants can act as effective inhibitors for corrosion of carbon steel in
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acidic environments. There are also some reports which indicate that the leaf extracts can act as
inhibitors of corrosion of carbon steel in neutral or alkaline environments, however, the number of
such reports is relatively less than those observed for acidic media. Some of them are Fouda et al.
(2017), Onukwube et al. (2016) and Ayeni et al. (2012).

Based on the literature reports mentioned above, the authors of the present work were interested
to study the inhibitory effects of a plant extract which can work in acidic, neutral and alkaline
environments. Further, they were curious to study the effect of various environmental factors like
temperature, immersion time, etc. on inhibition efficiency of the new natural and environment-
friendly corrosion inhibitor. During the search for the new green inhibitor, the authors came across
the Aerva lanata plant.

Aerva lanata, also called mountain knotgrass, is a woody perennial herb belonging to
Amaranthaceae family of genus Aerva, native of Asia and Africa. The plant grows wild
everywhere in the plains of India. The whole plant, especially the leaves, is edible. It is taken as a
vegetable food for both human beings and animals. Different parts of the plant are used as
traditional medicine for various diseases. For instance, the juice of crushed Aerva lanata root is
used for jaundice therapy. The aqueous extract of Aerva lanata stem was reported to exhibit in
vitro antioxidant activity (Gaurav Kumar et al.,2013). To the knowledge of the authors of the
present work, no study was reported in literature so far based on Aerva lanata leaves extract as a
corrosion inhibitor for any metal/alloy in any environment. Hence, the aqueous extract was
considered for its inhibitory effects on carbon steel corrosion in aqueous environment. The main
objective of the present study was to investigate the effectiveness of Aerva lanata leaves extract
for corrosion inhibition of carbon steel in chloride environment and to study the influence of
various factors on inhibition efficiency. Gravimetric studies provide real picture of effectiveness
of inhibition by a corrosion inhibitor, while the other methods like electrochemical and surface
analytical methods provide information useful for establishing mechanistic aspects of the
inhibition. This paper presents the results obtained in gravimetric measurements under different
environmental conditions. These results indicated that Aerva lanata leaves extract acts as an
effective corrosion inhibitor.

2. Materials and Methods

The aim of the present work was to study the efficiency of Aerva lanata leaves extract as an
inhibitor for carbon steel. It does not include establishment of mechanistic aspects of the corrosion
inhibition process by the extract. Hence, all the studies in the present work were carried out using
gravimetric measurements alone which provide realistic data with reference to effectiveness of
inhibitor formulations.

Carbon steel specimens of the dimensions 3.5 cm x 1.5 cm x 0.2 cm and of the following
composition were used in the present study: C =0.1 — 0.2 %, P =0.04 — 0.07 %, S = 0.03 - 0.04
%, Mn = 0.3 — 0.5 %, and the rest iron. Before the test, the specimens were finely polished to
mirror finish with emery polishing papers, washed with distilled water, degreased with acetone
and then dried. For weighing the specimens, a digital top pan electronic balance with 0.01 mg
accuracy from Shimadzu (Model AUW-220) was used.
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Aerva lanata leaves extract was prepared as follows. 200 grams of leaves of Aerva lanata were
collected and distilled in 2 litres of distilled water for about 2 hours. The resulting aqueous extract
was taken as inhibitor stock solution. It was added at different percentages to the control solution.
Throughout the study, 200 ppm of NaCl solution was taken as the control solution. After
establishing the required concentration of the extract for effective inhibition, the influence of
various factors like pH, immersion period, temperature, aggressiveness of the medium and
maintenance dosages was studied.

Corrosion rates (CR) of carbon steel in the absence and presence of extract were calculated in
milligrams per square decimeter per day (mdd).

Loss in weight in mg

Corrosion rate (mdd) =
Surface area of specimen in dm? x Immersion period in days

Corrosion rates were expressed in millimeter per year (mmpy) using the following equation.
Corrosion rate (mmpy) = (Corrosion rate in mdd x 0.0365) / density of carbon steel (7.8611 g/cc)

Inhibition efficiencies (IE) of the extract were calculated by using the formula,
IE (%) = 100 [(CR)o — (CR)i] / (CR)o
where (CR)o and (CR), are the corrosion rates in the absence and presence of inhibitor respectively.

3. Results and Discussions
3.1. Corrosion Inhibition of Carbon Steel Using Aerva Lanata Leaf Extract

In order to determine the effectiveness of the leaf extract of the plant namely Aerva lanata plant,
the preliminary studies were conducted using gravimetric measurements. The extract was added
at the concentrations from 1 to 5 % to the control and the carbon steel specimens were immersed
for a contact period of 7 days. Based on the loss of weights of the specimens after the immersion
period, corrosion rates and inhibition efficiency values were calculated and presented in Table 1.
It shows that with increase in concentration of the extract, the inhibition efficiency increases
reaching 95.57 % at 5 % of the extract. There are some recent reports showing plant extracts as
good corrosion inhibitors in different environments (Chandrabhan Verma et al., 2018; Cookey et
al., 2018; Hamdan et al., 2018; Khadom et al., 2018; Muthukrishnan et al., 2017).

The results of the preliminary studies on the leaf extract indicated that the extract can act as an
effective corrosion inhibitor for carbon steel. In order to establish the extract as an efficient
inhibitor, corrosion inhibition studies were continued by considering the effects of various factors
on inhibition efficiency. For this purpose, the parameters considered were pH, longer immersion
period, temperature and concentration of chloride.
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Table 1: Corrosion rates of carbon steel and inhibition efficiencies of the extract at different
concentrations

S. No. | [NaCl] | Extract | Corrosion rate | Inhibition efficiency (%)
(ppm) | (%0 viv) | (Mmpy)

1 200 0 0.09329 -

2 200 1 0.07516 19.43

3 200 2 0.05457 41.50

4 200 3 0.03192 65.78

5 200 4 0.01497 83.95

6 200 5 0.00413 95.57

3.2. Effect of pH

Literature survey indicates that there have been many reports showing plant extracts as effective
corrosion inhibitors for carbon steel or other metals in acidic media (Ibisi et al., 2016; Michael et
al., 2014; Shanmuga Priya et al., 2015). On the other hand, there are a few reports on such
inhibitors exhibiting good inhibition efficiency in neutral/alkaline environments (Ayeni et al.,
2012; Fouda et al., 2017; Onukwube et al., 2016).
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Figure 1: Corrosion rates of carbon steel and inhibition efficiencies of the extract at various
concentrations in 200 ppm of NaCl solution at different pH values

Hence, the investigator was interested to verify the effectiveness of the inhibitor at different pH
values covering both acidic and basic media. The effect of variation in pH of 200 ppm of NaCl
solution on inhibition efficiency of the leaf extract at different concentrations is shown in Fig. 1.
The figure indicates that the extract is efficient in a wide pH range from 4.0 to 9.0. An interesting
feature observed from the inhibition efficiency values is that at any pH value, the inhibition
efficiency increases with increase in concentration of the extract. Further, at any specific
concentration of the inhibitor, inhibition efficiency slightly decreases from pH =4.0t0 9.0. It infers
that the extract is more effective in the acidic medium than in alkaline medium.
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3.3. Effect of Immersion Period

Although the extract was investigated for its inhibition efficiency initially for a period of 7 days,
later the immersion period was increased and the efficiency was tested at three different
concentrations, 3 %, 4 % and 5 % for longer immersion periods up to 60 days. The results are
shown in Fig. 2. The figure indicates that up to an immersion period of 30 days, the inhibition
efficiency is remained almost same at all the three concentrations. Beyond an immersion period of
30 days, significant decrease in inhibition was observed at the concentrations 3 % and 4 %.
Although the same trend is observed for the inhibitor at the concentration of 5 %, the effect was
not much significant. This is evident from the fact that the inhibition efficiency at 5 %
concentration is 95.92 % after an immersion time of 10 days and it decreases to 92.41 % even after
an immersion period of 60 days.

Corrosion rate (mmpy)
Inhibition efficiency (%)

10 20 30 40 50 60
Immersion period (days)
Corrosion rate -4-3% --4% -=-5%
Inhibition efficiency -4-3% -®%4% --5%
Figure 2: Corrosion rates of carbon steel and inhibition efficiencies of the extract at various
concentrations in 200 ppm of NaCl solution at different immersion periods

The decrease in inhibition efficiency with immersion time can be explained as follows. When a
metal surface is immersed in a chloride environment, the chloride ions, due to their high
penetration power, attack the surface and cause severe corrosion. But, in presence of an effective
inhibitor, the inhibitor molecules get adsorbed on the surface and prevent the attack by the chloride
ions. During longer immersion periods, the chloride ions in solution continuously keep on trying
to diffuse to the surface. But, until the inhibitor molecules are adherent to the surface, chloride
ions fail to attack the surface. During longer immersion times, it is possible that inhibitor molecules
present at some areas may fail to get adsorbed to the surface and thus, attack of the chloride ions
in those areas becomes fruitful. The results in the present study indicate that the inhibitor at 5 %
concentration is effectively protecting the surface from the aggressiveness of the medium even up
to 60 days of contact period.
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3.4. Effect of Temperature

Temperature is an important environmental factor to be considered in corrosion inhibition studies
in view of its significant influence on inhibition efficiency of any corrosion inhibitor. Gravimetric
studies were conducted at about 303 K in order to establish the efficiency of the inhibitor. Later,
the studies were conducted at different elevated temperatures up to 333 K. The results of the studies
were presented in Figure 3.
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Figure 3: Inhibition efficiency of 3 %, 4 % and 5 % of the extract in 200 ppm of NaCl solution at
different temperatures

The figure shows that inhibition efficiency of the inhibitor decreases with increase in temperature
at all the concentrations of the inhibitor studied. However, the decrease in inhibition efficiency is
less at higher concentrations of the inhibitor. At 3 % of the inhibitor, the inhibition efficiency at
303 K is 65.78 % which is drastically decreased to about 20 % at 333 K. The decrease in inhibition
efficiency with increase in temperature can be attributed to desorption of inhibitor molecules at
some areas of the metal surface. With 5 % of the inhibitor, the inhibition efficiency is 94 % even
at 333 K. Hence, from the results it can be concluded that the inhibitor is effective at higher
temperatures also.

3.5. Effect of Aggressiveness of Medium

It is well-known that the effectiveness of a corrosion inhibitor always depends on the nature and
aggressiveness of the corrosive medium. Many researchers working on corrosion in neutral
environments prefer choosing NaCl as the medium in view of high aggressiveness of chloride ions.
With increase in concentration of chloride ions, the aggressiveness of the medium increases. The
inhibitors that efficiently work at low chloride media generally fail at higher concentrations of
chloride. This is due to the fact that at higher concentrations, chloride ions can easily compete with
the inhibitor molecules in reaching the metal surface. Secondly, chloride ions at higher
concentrations can penetrate the protective film produced by the inhibitor molecules and can easily
attack the surface. In order to verify the effectiveness of the extract at higher concentrations of
chloride ions, studies were conducted at different concentrations of NaCl up to 350 ppm. The
results obtained are shown in Figure 4.

Http://www.granthaalayah.com ©Ilnternational Journal of Research - GRANTHAALAYAH [159]


http://www.granthaalayah.com/

[Rajesh et. al., Vol.6 (Iss.11): November 2018] ISSN- 2350-0530(0), ISSN- 2394-3629(P)
(Received: October 15, 2018 - Accepted: November 16, 2018) DOI: 10.5281/zenodo0.1714033

100- 5% -

804

60

404

Inhibition efficiency (%)

20+

200 250 300 350
Concentration of NaCl (ppm)

Figure 4: Inhibition efficiency of 3 %, 4 % and 5 % of the extract in 200 ppm to 350 ppm of
NaCl solution

As expected, inhibition efficiency is decreased with increase in concentration of NaCl at all the
concentrations of inhibitor studied. The figure shows that at higher concentrations of NaCl, the
inhibitor is not effective at 3 % and 4 %. However, at 5 % of the inhibitor concentration, the
inhibition efficiency is maintained above 90 % in 300 ppm NaCl solution. But, when the
aggressiveness was further increased to 350 ppm of NaCl, the inhibitor could not be effective,
providing the inhibition efficiency of only 76 %. It indicates that the extract at 5 % concentration
is able to provide protection from corrosion in NaCl medium up to the concentration of 300 ppm.
It may be expected that the extract can be effective for more aggressive media provided the
concentration of the inhibitor is also increased.

3.6. Determination of Maintenance Dosage
The results of gravimetric studies carried out in order to determine the minimum concentration of
the inhibitor for maintenance of the good inhibition efficiency are shown in Table 2. The results
indicate that only 2 % of the extract dosage is enough to maintain the inhibition efficiency greater
than 90 %.

Table 2: Results of gravimetric studies of the inhibitor for maintenance of inhibition

S. Maintenance dosage of the inhibitor | Corrosion Inhibition  efficiency
No. (%) rate (%)
(mmpy)

1 0 0.07298 2177

2 1 0.04026 56.84

3 2 0.00918 90.16

4 3 0.00428 95.41

5 4 0.00431 95.38

6 5 0.00425 95.44

4. Conclusions and Recommendations

The extract of the Aerva lanata plant leaves acts as an effective corrosion inhibitor for carbon steel
in aqueous media containing chloride ions. The optimum concentration of the extract required for
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an effective inhibition is 5 % (v/v). Further, the extract shows good inhibition in the pH range from
4.0 to 9.0. The inhibitor is efficient at elevated temperatures up to 333 K. The extract at 5 %
concentration protects the metal from corrosion in the environment containing 300 ppm of NaCl.
It is expected that the inhibitor can work in still more aggressive environments at concentrations
greater than 5 %. The required minimum dosage of the extract for maintenance of the protective
nature was found to be only 2 %. The protective nature of the extract in 200 ppm of NaCl solution
was maintained even up to 60 days of immersion period. Thus, the extract is an effective ‘green’
inhibitor for carbon steel in aqueous media, as inferred by the results of gravimetric measurements.
The establishment of mechanism of corrosion inhibition using electrochemical studies is under the
process.
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