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This research investigated the corrosion inhibition potential of Mangifera Indica Peel Extract (MIPE) for mild steel in a 1 M HCI solution. The study explored the effects
of extract concentration, solution temperature, and immersion time on the inhibition potential of MIPE using weight loss measurements at extract concentrations of 0, 1.0,
1.5,and 2.0 g/L, temperatures of 303 K and 323 K, and immersion times of 1, 2, 4, 6, and 8 h. Experimental results showed that MIPE significantly reduced the corrosion rate
of mild steel, with maximum inhibition efficiency reaching 97.26% and 94.83% at 2.0 g/L MIPE concentration and solution temperatures of 303 K and 323 K, respectively.
The uninhibited mild steel experienced increased corrosion rates with rising temperatures and longer immersion times. The inhibition efficiency of MIPE improved with
higher extract concentrations and immersion periods. These findings underscore the potential of MIPE as an effective and environmentally friendly corrosion inhibitor in

acidic environments.

Introduction

Corrosion, or metal deterioration, is a significant issue in a
variety of industries, including transportation, manufacturing,
and infrastructure [1-3]. Corrosion has a significant financial
impact, costing hundreds of billions of dollars per year [4,5].
As a result, corrosion must be effectively controlled due to its
negative consequences, which include increased maintenance
costs, safety hazards, and structural degradation. There are
numerous corrosion controls present. Nonetheless, there has
recently been an increase in interest in researching sustainable
and environmentally friendly methods of corrosion prevention,
such as the use of plant extracts as corrosion inhibitors [5,6].
Mild steel is an iron-carbon alloy with trace amounts of silicon,
sulfur, and phosphorus. According to Wei, et al. (7], mild steel
is widely used in the petrochemical, construction, marine,
chemical, and metallurgical industries for the production of
automobile body components, ships, pipelines, structural
shapes, buildings, bridges, railway lines, and tin cans, as well as
some pots and pans used for cooking. However, it is corrosive in
a variety of environments, particularly acidic ones. Tang, et al.
[8] found that mild steel is widely used in a variety of industries

for crude oil refining, acid pickling, industrial cleaning,
acid descaling, oil recovery, and petrochemical processes.
Ramezanzadeh, et al. [2] discovered that Hydrochloric Acid
(HCI) is widely used in a variety of industries as a descaling
and cleaning agent. Mild steel is used to make a variety of
components and structures, including automobile body parts,
ships, pipelines, structural shapes, buildings, bridges, railway
lines, tin cans, and even cooking pots and pans [4,9].

Plant extracts contain a variety of bioactive components,
including flavonoids, alkaloids, polyphenols, and organic
acids, all of which have inherent antioxidant and anticorrosive
properties [10-12]. An extract is a mixture of a plant’s active
ingredients or parts combined with a solvent-acting medium.
The polarity of the solvent used in the procedures or methods
(Soxhlet and maceration), among other things, affects the
extraction yields. The extract’s active principles provide the
properties for a specific function. Thus, certain benefits can be
linked to a particular plant based on its active principles and
concentrations. The main benefits of these extracts are their
antiviral, antibacterial, anti-inflammatory, and antioxidant
properties [13-15]. Furthermore, plant extracts are thought to
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be a more sustainable and environmentally friendly alternative
to traditional corrosion inhibitors. Because they are derived
from natural and renewable sources, artificial chemicals are
not required, and the number of hazardous materials released
into the environment is reduced [16-18]. Reducing risks to
human and environmental health. Plant extracts are also
less expensive and more readily available. This is due to the
abundance and accessibility of many plant parts, including
peels, leaves, barks, and stems [1,13,19]. Mango (Mangifera
indica L.) is widely recognized for its distinct flavor, aroma,
and health benefits [1,20,21]. However, a significant amount
of mango peels are discarded during mango processing for
various food products. Although these peels are frequently
discarded, they contain valuable bioactive compounds that
can be used in other applications. Mango peels are known to
contain antioxidant phytochemicals such as polyphenols, gallic
acid, flavonoids, and organic acids [2,4,5]. The use of mango
peels as a corrosion inhibitor has the added benefit of providing
an environmentally friendly solution while also creating value
from this agricultural waste material by utilizing the bioactive
compounds found in the peels.

Acidic solutions are suitable for testing the efficacy of
corrosion inhibitors because they are known to accelerate
the corrosion process, particularly strong acids such as
(hydrochloric acid) HCI [22-24]. Mango peel extract’s potential
as a corrosion inhibitor in practical applications can be better
understood by studying its inhibitory effects on mild steel
corrosion in an acidic environment [25-28]. To determine
the optimal conditions for inhibition, test its performance at
various concentrations and temperatures. Furthermore, by
examining the interaction between the plant extract and the
metal surface, the study hopes to better understand corrosion
inhibition mechanisms. To look for any obvious changes and
evaluate the plant extract’s protective qualities, morphological
analysis of the mild steel surface was performed both before
and after the inhibitor treatment.

The use of mango peel as a corrosion inhibitor in this study
promotes an economical and environmentally friendly approach
to addressing corrosion-related issues. The findings of this
study may help to develop environmentally friendly corrosion
inhibitors, as well as provide valuable information about the
use of plant extracts in mild steel corrosion control in corrosive
environments. Finally, using mango peel as a corrosion
inhibitor can help to recycle agricultural waste materials for
valuable industrial applications while also meeting the global
demand for sustainable corrosion control solutions.

Materials and methods
Materials and equipment

The materials used in this investigation include rectangular
mild steel bars, Mangifera indica peels, 1.0 M hydrochloric acid
(HCl), acetone, and absolute ethanol. Whatman filter paper,
an electronic blender (Model: SB-1872), a thermostat water
bath (Model: KW-1000DC), beakers (Model: JPI 8022), emery
paper with grit sizes, an electronic compact scale (Model:
BL20001) with an accuracy of 0.001 g, a bulk scientific infrared

spectrophotometer (Model: M752N), and a digital veneer
caliper (150 mm, 6”) were among the tools used.

Materials sourcing and preparation

Rectangular mild steel bars obtained from InnoChris
Chemicals in Bridge Head Onitsha, Nigeria, were used as the
metal coupon for this investigation. Fresh Mangifera indica
peels were sourced from Eke-Awka Market in Awka, Nigeria,
and absolute ethanol, acetone, and 1.0 M hydrochloric acid
were obtained from PriceChem Ltd. in Onitsha, Nigeria.

The coupons were cut to a size of 2 cm x 1 cm x 0.5 cm.
prior to the experiment, the mild steel coupons were ground
and polished using an electric grinder and 600 pm — 1000
pm emery paper. The coupons were thoroughly washed with
acetone, dried with an air gun, and stored in moisture-free
desiccators. Before using each coupon in the immersion test
or weight loss method, its weight was determined with an
analytical balance.

Fresh Mangifera indica peels were thoroughly washed in
distilled water and sun-dried for approximately two weeks.
After drying, the peels were ground into powder with an
electric blender and sieved to obtain fine particles. To extract
bioactive compounds from peels, a solvent extraction method
was used. The fine particles were then soaked in 500 ml of 1.0
M absolute ethanol solution for 48 hours before being filtered
through Whatmann filter paper to form the corrosion inhibitor.
The filtrate was completely dried in a digital water bath at 70 °C
for 6 hours and ground to powder. The dried powder was then
ready for use in preparing a corrosion inhibitor solution for a
weight loss or immersion test. The prepared 1.0 M HCl solution
and the required extract concentrations of 1.0, 1.5 g, and 2.0 g
were measured on an electronic compact scale.

Weight loss measurement

For each set of experiments, the prepared mild steel
coupons were weighed on an electronic compact scale before
being immersed in 40 ml of 1.0 M HCL with and without
Mangifera indica peel extract at concentrations of 1.0, 1.5, and
2.0 g/L in 100 ml beakers that were properly labeled. The
solution temperatures of 303 K and 323 K were held for 1, 2, 4,
6, and 8 hours, respectively, while the beakers were immersed
in a thermostated water bath. After completing the immersion
test, the mild steel coupons were washed with distilled water
and acetone. The coupons were weighed and dried. The rate of
corrosion for mild steel was determined by measuring weight
loss. The rate of corrosion and percentage inhibition efficiency
were calculated using Equations 1 and 2, respectively.

kw

(1)

Corrosion rate (mm/yr) =

Where; k = 8.76 x 104, W = weight loss (g), A = area in of
the coupon (cm?), t = immersion time (hr), and D = density of
mild steel (g/cm3).

CR, ~CR
Inhibition efficiency, IE (%) = ~x100 (2)
CR,

(1:1:]
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Results and discussion
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Chemical composition of mild steel 304

Table 1 displays the chemical composition of the mild steel
sample. The sample has approximately 0.16 wt% carbon, 0.71
wt% manganese, 0.03 wt% sulfur, 0.02 wt% phosphorus, 0.02

Wt% silicon, 0.01 wt% chromium, and an iron balance. :hO—’:‘*:‘

Corrosion rate . ‘ . :
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Figures 1-3 show the corrosion parameters of mild steel mmersion Time (h)

immersed in a 1 M HCI solution containing o, 1.0, 1.5, and Figure 2: Effects of MIPEC and IT on the corrosion rate of mild steel in 1 M HCI at
2.0 g/L Mangifera Indica Peels Extract (MIPE) at solution SHEILS

temperatures of 303 K and 323 K, respectively, and immersion
times (IT) of 1, 2, 4, 6, and 8 h. The temperature and extract
concentrations had a significant impact on how mild steel
corroded. The rate of corrosion is directly proportional to the 45 ]
increase in solution temperature and inversely proportional
to extract concentration. These occurrences support Wei, et
al.’s [7] findings. At various solution temperatures, adding
a concentration of Mangifera Indica Peel Extract (MIPEC)
significantly reduced the corrosion reaction of mild steel. Lower
temperatures and higher concentrations of fresh Mangifera
indica peel extract increased its inhibitory activity.

55 ][—=— Blank (303K)
-+ Blank (323K)
—a— 2 0g/L (303K)
—v— 2.0g/L (323K)

Caorrosion Rate (mm/yr)
el
o
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Figure 1 depicts the effects of MIPEC and IT on the corrosion ; : : ;
rate of mild steel in 1 M HCI at 303 K; Figure 2 depicts the
effects of MIPEC and IT on the corrosion rate of mild steel in 1
M HCI at 323 K; and Figure 3 depicts the effects of temperature Figure 3: Effects of temperature on the corrosion rate of un-inhibited and inhibited
on the corrosion rate of uninhibited and inhibited mild steel
immersed in 1 M HCI at solution. Figures 1-3 show the effects

of MIPE on the corrosion behavior of mild steel at various uninhibited mild steel increased dramatically as temperature

temperatures and i.mn.1e.rsion 'Eimes (IT) in 1 M HCL In the and IT increased. At solution temperatures of 303 K and 323
acidic medium, uninhibited mild steel corroded at a rate of K, and an IT of 8 hours, the maximum corrosion rates were

up to 29.6809 mm/yr at 303 K/1.0 h IT. The corrosion rate of 49.0586 mm/yr and 52.9439 mm/yr.

Immersion Time (h)

mild steel immersed in 1 M HCI at solution.

By adding 1.0 g/L of MIPE to the 1 M HCl solution, the mild
Table 1: Chemical composition of the as-received mild steel. y . s epe .
steel’s corrosion rate was significantly reduced. At solution

mﬂmu“n temperatures of 303 K and 323 K 1 h IT, corrosion rates
070 003 002 002

Composition (wt%) ~ Bal. = 0.16 0.01 decreased from 29.6809 mm/yr and 28.0320 mm/yr to 9.4001
mm/yr and 10.2546 mm/yr. At 303 K and an IT of 1 hour, the

55 corrosion rates of mild steel inhibited by 1.0 g/L MIPE were

s0]| o ?'S"(gm reduced by 68.3% and 63.4%, respectively. The corrosion rate

of mild steel decreased as extract concentration increased at
IT and solution temperatures. As extract concentrations and
IT levels increased, the rate of corrosion decreased. These
phenomena agree with the findings of Zhang, et al. [29],
Zhao, et al. [30], and Wei, et al. [7]. At lower temperatures
and longer IT at 2.0 g/L MIPE, the inhibited mild steel
exhibited the lowest corrosion rate, representing a 96.26%
IZ: '&Q reduction in corrosion rate. The decreased surface roughness

T3 and pitting could be attributed to a significant decrease in
' ‘ ' ' corrosion rate. The corrosion rate of the inhibited mild steel
decreased as immersion time increased, whereas the corrosion
rate increased systematically with immersion time when no

Figure 1: Effects of MIPEC and IT on the corrosion rate of mild steel in 1 M HCI at ey ers .. . . .
3093 K inhibitor was present. This is evident from an examination of
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Figures 1-3. The phytochemical components of the extract that
have been adsorbed onto the mild steel surface act as a barrier
at the interface between the mild steel and the hydrochloric
acid solution, slowing the rate of corrosion.

Corrosion inhibition efficiency

The inhibition characteristics of Mangifera Indica Peel
Extract (MIPE) on mild steel at temperatures of 303 K and 323
K in a 1 M HCI solution at different immersion times—1, 2,
4, 6, and 8 hours—are shown in Figures 4-6. In 1 M HCl, the
extract from the peels of Mangifera indica exhibited efficient
inhibition; the maximum inhibition efficiency was observed at
lower temperatures and higher extract concentrations. Higher
temperatures cause the extract molecules to dissolve, making
it more difficult for them to adsorb on mild steel surfaces.

Figure 4 shows the effects of MIPEC and IT on the inhibition
efficiency of mild steel in 1 M HCl at 303 K; Figure 5 shows the
effects of MIPEC and IT on the inhibition efficiency of mild
steel in 1 M HCI at 323 K; and Figure 6 shows the effects of
temperature on the inhibition efficiency of MIPE on mild steel
immersed in 1 M HCI solution. The inhibition properties of the
peel extract of Mangifera indica on mild steel submerged in 1 M
HCI at different times and temperatures are shown in Figures

100 4

= 10g/L
—— 150/l
—a—20g/L

90 4

80

Inhibition Efficlency (%)

A

70

] 2 4 6
Immersion Time (h)
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Figure 4: Effects of MIPEC and IT on the inhibition efficiency of mild steel in 1 M

HCl at 303 K.
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Figure 5: Effects of MIPEC and IT on the inhibition efficiency of mild steel in 1 M

HCl at 323 K.
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Figure 6: Effects of temperature on the inhibition efficiency of MIPE on mild steel

immersed in 1 M HCI solution.

4-6. The extract exhibited a significant inhibition, as evidenced
by its ability to reach up to 68.33% and 63.42%, respectively,
at 1.0 g/L extract concentration, immersion times of 1 hour,
and solution temperatures of 303 K and 323 K. With increasing
extract concentrations and immersion times, the inhibition
efficiency gradually rose. The extract’s inhibition potential
decreases with increasing temperature because its adsorption
coefficient on the mild steel surface decreases, promoting
cathodic and anodic reactions. At greater concentrations,
lower solution temperatures, and longer immersion times, the
MIPE demonstrated a dominant effect. Maximum inhibition
potentials of 96.26% and 94.83% were recorded by the 2.0 g/L
MIPE at solution temperatures of 303 K and 323 K, with an
8-hour immersion period. Comparatively, MIPE shows better
inhibition potential in HCI solution than in seawater. It also
showed a better inhibitive effect than Mikania micrantha [31]
and rice straw [32] in H,SO . solution.

The ability of MIPE to inhibit is contingent upon the
phytochemical constituents’ adsorption onto the mild steel
surface. The active centers on a mild steel surface were blocked
by the insoluble complex that adsorbed on it, increasing the
surface coverage where a steady inhibition was present. When
the temperature increased while the extracts were present,
the inhibition efficiency dropped. The active center on the
mild steel surface was exposed to the corrosive medium at
high temperatures, which accelerated the rate of corrosion by
increasing the rate of mild steel dissolution and desorption of
the adsorbed inhibitor constituents from the metal surface. At
higher temperatures, desorption of the inhibitor film occurs in
parallel with adsorption, exposing the mild surface to severe
attack.

Conclusion

The study looked at how temperature and the concentration
of Mangifera Indica Peel Extract (MIPE) affected mild steel
corrosion in a 1 M HCI solution. The study confirmed that
MIPE is a highly effective natural corrosion inhibitor, offering
a more sustainable and environmentally friendly alternative
to conventional inhibitors for protecting mild steel in acidic
environments. MIPE significantly reduced the corrosion rate of
mild steel in 1 M HCl solution. The corrosion rate of uninhibited
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mild steel increased with higher solution temperatures and
longer immersion times. In contrast, the inhibited mild steel
showed a more effective decrease in corrosion rate at lower
temperatures. With longer immersion times and higher extract
concentrations, the efficiency of inhibition rose, reaching
maximum inhibition potentials of 94.83% and 96.26%
at 2.0 g/L MIPE and 323 and 303 K, respectively. Further
research should focus on optimizing the concentration of
MIPE for maximum corrosion inhibition efficiency, as well
as investigating the long-term effects of MIPE on corrosion
inhibition over extended immersion times to provide critical
knowledge about the sustainability and longevity of the
extract’s protective layer.
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