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Abstract: In this study, the inhibitory properties of low-cost, eco-friendly corrosion inhibitors is investigated
and reported. In particular, the effect of different volumes in the range 25-50 cm’® of Moringa Oleifera and
Psidium guajava Leaves Extract on the Corrosion Susceptibility of Mild Steel at different concentrations of an
acidic environment (hydrogen tetra-oxosulphate VI, H,SO,), was used in the investigations. The experiment
included casting the mild steel into rods; which were further machined and subsequently cut into coupons
averaging a total surface area of 6.284 cm”. Further, the coupons were weighed and immersed into different
beakers containing 0.5M and 1.0M of hydrogen tetra-oxosulphate VI acid and the different volumes of the
Moringa oleifera (MO) and Psidium guajava (PG) were introduced in the respective beakers and then labelled
for easy and proper identification. The total exposure time was between 7 to 28 days, with the coupons removed
every 7 days for weight loss measurements using the normal procedures. The results show that the corrosion
penetration rate was very high in the control (without inhibitor) and was decreased when the inhibitor was
introduced. However, the decrease was more pronounced (>80%) at a volume of 100 ¢cm® of Moringa oleifera
leaf extracts at 0.5M and 1.0M of the acidic media respectively. According to the findings, it was concluded that
the volume of 100 cm’ of Moringa oleifera leaf extracts at a concentration of 0.5M and 1.0M of the acidic media

is the optimum conditions for reduced corrosion rate of mild steel in an acidic environment.
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INTRODUCTION

Environmental degradation has been identified as
one of the commonest problems associated to man in the
face of the ever-growing technologically advanced
century. The consequences of corrosion on metals is a
phenomena that has been known for ages and widely
discussed in the literature, with different attempt by
different research groups been reported on how to
curb/eradicate this scourge. Different solvents are
known to corrode metals, although these solvent are very
useful in various applications. In the industry, acid
solutions are mostly used for cleaning, descaling and
pickling of steel structures and these processes are
usually accompanied by considerable dissolution of the
metals, with the consequence that the quality is always
largely reduced. This calls for the introduction of suitable

materials (inhibitors) into the solution in contact with
the surface of the metals in order to inhibit the
corrosion reaction and reduce the corrosion rate and
thus protect these metals and alloys from corrosion in
such aggressive environments. In the literature [1-9],
several reports on the use of different organic compounds
as corrosion inhibitors for steel in acidic environments
are common, though none has provided a comprehensive
answer to the problem. Increased environmental
awareness and the need to promote environmentally
friendly processes is one of the most important
factors of consideration when choosing these organic
inhibitors. This is because the negative impact of
environmental degradation/pollution is quite
devastating and permeates different fields of human
endeavour. This has been highlighted by different
research groups [10-15].
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In general, plant extracts are low-cost and
environmental safe materials for application as
corrosion inhibitors of metals in different media.
Guava (Psidium guajava L.), is known to be a tropical fruit
which belongs to the Myrtaceae family. The use of
Moringa Oleifera and Psidium guajava leaves extract for
various applications, excluding as inhibitors for mild steel
has been reported by other authors. However, the use of
other plant extracts as inhibitors has been investigated.
For instance, (i) Abiola et al [9] worked on the inhibitory
properties of Delonix regia extracts on the corrosion of
aluminium in hydrochloric acid solutions and noted that
the inhibition efficiency increased with increasing
concentration of the inhibitor but decreased with increase
in exposure time. (ii) Okafor et al [2], studied the effect of
different parts of Carica papaya (leaves (LV), seeds (SD),
heart wood (HW) and bark (BK) as eco-friendly and
non-toxic mild-steel corrosion inhibitors in H,SO, at
temperatures < 60°C, employing the gravimetric and
gasometric techniques. The authors observed that the
inhibition efficiency increased with extracts concentration
but decreased with temperature. (iii) Deng and Li [3],
reported on the inhibition of Ginkgo leaves extract on the
corrosion of steel in HCI and H,SO, solutions and noted
that Ginkgo leaves extract (GLE) acts as a good inhibitor
for steel in HCI and H,SO, media, exhibiting more efficient
inhibition in 1.0 M HCI than in 0.5 M H,SO, media.

To the best of our knowledge, this is a novel
research; hence this paper provides new information on
the possible pathways for application of Moringa oleifera
and Psiduim guajava leaves extract as an environmentally
friendly corrosion inhibitor under the specified conditions
used in the study. These (Moringa oleifera and Psiduim
guajava leaves extract) environmentally friendly inhibitors
could find useful applications in metal surface anodizing,
surface coatings and in many industrial applications.

<

MATERIALS AND METHODS

The materials used were hydrogen tetra-oxosulphate
VI solution (H,SO,), Moringa oleifera leaves, Psidium
guajava leaves, measuring cylinder (1000 cm’), volumetric
flask (250 cm®), beakers (1200 cm®), funnel, spring
weighing balance, electronic weighing balance
(METTLER TOLEDO model ME204E with an accuracy of
0.0001g), filter cloth, mortar and pestle, hand towel, metre
rule, vernier caliper, paper sieve, masking tape, razor
blade and nylon thread. The mild steel was obtained from
Delta Steel Company Aladja, Delta State, Nigeria. The
composition of the mild steel sample was analyzed using
Metal Analyzer, Optical Emission Spectrometer.
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Material Preparation: The cylindrical samples of diameter
lem and height of 1.5cm were carefully cut from a long rod
of mild steel (total surface area of coupon 6.284 cm?).
The weight of each piece of the coupon was taken and
recorded. An abrasive paper was used to remove any
millscale and rust stains on the mild steel specimens
before they were cleaned with acetone. The samples were
then polished. The coupons were degreased by washing
them in absolute ethanol, rinsed in acetone and allowed to
dry. The dried coupons were stored in moisture free
desiccators until required for use. The chemicals and
reagents used in this study were of analytical grade and
distilled water was used to prepare them.

Preparation of Leaves Extract: The Moringa oleifera and
Psidium guajava leaves used for the study were sourced
locally. The leaves extracts were prepared by extracting
weighed amount of the fresh leaves of Moringa oleifera
and Psidium guajava for two hours under ambient
conditions. After this, it was manually squeezed by
pounding with mortar and pestle to obtain corresponding
juice extracts without addition of water and then filtered.
Further, the solution was filtered and stored securely.
The concentrations of the extracts were expressed in
(cm?). The prepared extracts were measured using a
measuring cylinder and were later poured into the
different 36 beakers used, each beaker measuring 25, 50,
75 and 100 cm’ respectively, for each of the tested extracts
in 0.5M and 1.0M H,SO, environment.

The mild steel rods were cut into cylindrical shapes
of 1.5 by lem using the hacksaw, to obtain one hundred
and forty four coupons. The whole coupons were
weighed individually and recorded, using the electronic
digital weighing balance. The beakers containing the
media were carefully labeled against the medium, that each
contained. The 0.5M and 1.0M of H,SO, solution were
prepared by dissolving the appropriate amount of H,SO,
respectively in the desired volume of distilled water.
The beakers were then rinsed with distilled water before
use. A total of thirty six (36) beakers were rinsed and left
to dry, before the experiment was set up, so as to avoid
additional water (mass). The coupons were immersed in
the different media by means of a nylon thread hung on a
retort stand and tied to the coupons. The four coupons
were immersed in each of the beakers and it was ensured
that none of the coupons touched one another to avoid
crevice and galvanic corrosion.

Weight Loss Method: The sample coupons of mild steel
were first weighed using a digital weighing balance,
METTLER TOLEDO model ME204E with a least count of
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0.0001g, labeled and immersed in the test solutions of acid
and base with and without inhibitor. The weight loss of
each of the sample coupons were determined and
recorded. The determination of weight loss and recording
was repeated consistently every 168 hours (7 days) for a
period of 672 hours (28 days). Prior to measurement, each
coupon was washed in absolute ethanol, rinsed in
distilled water, dried in acetone and then weighed, using
the procedures given in the literature [16].

RESULTS AND DISCUSSION

Fig. 1 depicts the corrosion rate profile against the
exposure time for the coupons in the 0.5M H,SO ,
environments in the absence of the Moringa oleifera and
Psidium guajava leaves extacts and with the addition of
25 c¢cm’ of the Moringa oleifera and Psidium guajava
leaves extract.

The variation of the corrosion penetration rate (CPR)
with the exposure time was deduced using standard
relations from the literature [17-20]. The mathematical
computation of CPR is given by the formula contained in
the literature as [16,17];

KAW

pAt

where AW is the weight loss after the exposure time t, p

is the density, A is the exposed specimen area and K is a

constant with its magnitude depending on the system of
units used.

As indicated in Fig. 1, the effect of the inhibitor on
corrosion penetration rate is manifested in the plots, in
that when the inhibitor (Moringa oleifera and Psidium
guajava leaves extracts) has been included, the plots were
reduced compared to that of the control. The decrease of
the corrosion profile for the presence of the Moringa
oleifera leaves extract was more pronounced, with a
relative uniform increase up to 350 hrs and then
decreased uniformly thereafter. The decrease in the CPR
for the Moringa oleifera leaf extract was > 80% (Fig. 1)
compared to the control while the Psidium guajava leaves
extracts exhibited > 50% decrease. This shows that
Moringa oleifera leaves extracts had better inhibitory
effects under that condition in the H,SO, media.

Fig. 2 indicates the corrosion rate profile against the
exposure time for the coupons in the 0.5M H,SO,
environments in the absence of the Moringa oleifera and
Psidium guajava leaves extracts and with 50 cm’ of the
Moringa oleifera and Psidium guajava leaves extract
included. The results show that the effect of the two
inhibitors were quite pronounced on the CPR curves,

CPR = (D

<
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Fig. 1: Plots of corrosion rate against time (25 cm’ of the
inhibitors at 0.5M H,SO,)
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Fig. 2: Plots of corrosion rate against time (50 cm’ of the
inhibitors at 0.5M H,SO,)
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Fig. 3: Plots of corrosion rate against time (75 cm’ of the
inhibitors at 0.5M H,SO,)
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Fig. 4: Plots of corrosion rate against time (100 cm’ of the
inhibitors at 0.5M H,SO,)
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Fig. 5: Plots of corrosion rate against time (50 cm’ of the
inhibitors at 1.0M H,SO,)
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Fig. 6: Plots of corrosion rate against time (75 cm’ of the
inhibitors at 1.0M H,SO,)
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Fig. 7: Plots of corrosion rate against time (100 cm’ of the
inhibitors at 1.0M H,SO,).

indicating a clear reduced value compared to the control.
However the change was relatively close to when the
volume of the inhibitor was 25 c¢m’. This behavior
observed herein is explained on the basis of the small
margin between the two cases. Figs. 3-4, indicates the
corrosion rate profile against the exposure time for the
coupons in the 0.5M H,SO, environments in the absence
of the Moringa oleifera and Psidium guajava leaves
extracts and with 75 and 100 cm’ of the Moringa oleifera
and Psidium guajava leaves extract included respectively.
A decrease in CPR plots was also observed in both cases
compared to the control. However, the more drastic
decrease was observed in the case of the Moringa
oleifera leaves extracts at a volume of 100 cm’. This was
attributed to the increased concentration due to increased
volume, or to localized uniform inhibitive effects at that
condition. This observation is in agreement with the
reports of other authors [2].

Figs. 5-7, indicates the corrosion rate profile against
the exposure time for the coupons in the 1.0M H,SO,
environments in the absence of the Moringa oleifera
and Psidium guajava leaves extracts and with 25 cm® to
100 cm’ of the Moringa oleifera and Psidium guajava
leaves extract included respectively. A close observation
of the plots in Figs. 5-8, reveal that the corrosion
penetration rates were all marginally decreased at the
respective volumes of the inhibitors (Moringa oleifera
and Psidium guajava leaves extract), except at 100 cm’ in
which a significant decrease was observed for the
Moringa oleifera leaves extract. The decrease of the CPR
was also uniform at that volume of Moringa oleifera
leaves extract. It is possible that this was caused by a
uniform adsorption of the formed oxide layer on the metal
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surface, thus resulting in the decrease of the corrosion at
a uniform rate, while enhanced decrease was due to the
reason adduced earlier (at 100 cm’ for 0.5 M).

CONCLUSION

The inhibitory properties of Moringa oleifera and
Psidium guajava leaves extract on the corrosion
susceptibility of mild steel in an acidic environment was
investigated. The results show a general trend of
decreasing corrosion rate with the exposure time for both
inhibitors. In particular the decrease was quite exponential
at the highest volumes of the inhibitors (Moringa oleifera
and Psidium guajava leaves extract) in both
concentrations of the H,SO, media. This study has
opened a gateway for further studies on the inhibitory
properties of Moringa oleifera and Psidium guajava
leaves extract on the corrosion properties of mild steel in
an acidic environment. It is expected that further
investigations involving electrochemical studies such as
polarization method should throw more light on the
mechanistic aspects of the corrosion behaviour of mild
steel under such low cost, environmental friendly
inhibitors.
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