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Abstract

The corrosion inhibition performance of aqueous leaf extracts of yam (Dioscorea rotundata), maize (Zea
mays), and cassava (Manihot esculenta) on mild steel exposed to 0.5 and 1.0 M sulphuric acid (H,SO,)
was investigated using the gravimetric weight-loss method. Mild-steel specimens were weighed before
immersion and exposed to uninhibited acid solutions and corresponding solutions containing 15 cm?® of
the respective aqueous leaf extracts. The specimens were removed at 168 h intervals over a total
exposure period of 672 h, cleaned, dried, and reweighed to determine mass loss and corrosion rate. In
both acid concentrations, addition of the plant extracts substantially reduced the measured corrosion
rates relative to the uninhibited controls. In 0.5 M H,SO,, the corrosion rates at 672 h were 0.00006,
0.00009, and 0.00008 mm yr~! for yam, maize, and cassava extracts, respectively, compared with
0.00026 mm yr~! for the control. The corresponding values in 1.0 M H,SO, were 0.00012, 0.00016, and
0.00009 mm yr~, respectively, compared with 0.00041 mm yr~! for the control. The results demonstrate
that the aqueous extracts possess corrosion-inhibiting activity and that their performance depends on
both the botanical source and acid concentration. The observed inhibition is consistent with the ability
of phytochemical constituents, including phenolic compounds, flavonoids, tannins, alkaloids, saponins,
and other oxygen- and nitrogen-containing compounds, to adsorb at the metal-electrolyte interface and
reduce access of corrosive species to the steel surface. The findings support the potential use of locally
available plant leaves as inexpensive and renewable sources of corrosion inhibitors for acidic industrial
environments.

Keywords: aqueous leaf extract; green corrosion inhibition; mild steel; sulphuric acid; yam, maize and
cassava leaves

1 Introduction

Corrosion is an electrochemical process through which metallic materials progressively deteriorate
as a consequence of interactions with their surrounding environment. It represents a persistent
materials-engineering challenge because corrosion can reduce the service life, mechanical integrity,
reliability, and economic value of metallic components used in construction, manufacturing, trans-
portation, chemical processing, petroleum production, and other industrial sectors. Mild steel is
particularly important because of its relatively low cost, availability, ease of fabrication, and useful
mechanical properties. Nevertheless, its susceptibility to corrosion, especially in acidic environments,
limits its long-term performance. Recent reviews continue to identify corrosion control and the
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development of environmentally compatible inhibitors as important areas of materials research.
Related studies broaden this evidence across plant species and corrosive environments. Abdelaziz et
al. (2021) investigated Arbutus unedo leaf extract in hydrochloric acid, while Ahmad Reza et al.
(2021), Burhagohain and Sharma (2022), Fazal et al. (2022), Mungwari et al. (2025), and Thacker
and Ram (2025) reviewed plant-derived inhibitors in acidic, oil-and-gas, CO,-corrosion, and broader
corrosion-control settings. In sulfuric-acid media, Golshani et al. (2023) studied Dracocephalum ex-
tract in 0.5 M H,S0,, and Chu et al. (2025) investigated extracts from three genera in the Asteraceae
family for Q235 steel. Kumar et al. (2022, 2023) also examined plant-based inhibitors for mild steel.
Emmanuel et al. (2026) reported Agave sisalana extract as an inhibitor in 1 M H,SO,, with a maxim-
um inhibition efficiency of 96.03% at 750 mg L', while Ibrahim et al. (2026) investigated Chrysan-
themum indicum extract for API 5L X70 steel in 0.5 M H,S50,. The increasing interest in plant-derived
corrosion inhibitors has been associated with the search for alternatives to conventional synthetic
inhibitors, particularly because plant extracts contain diverse phytochemicals capable of interacting
with metal surfaces and reducing corrosion in acidic environments (Emmanuel, 2024).

Acidic solutions are widely employed in industrial operations such as acid cleaning, pickling,
descaling, oil-well acidizing, and removal of corrosion products. Sulphuric acid is particularly
important in these processes because of its strong acidity and extensive industrial use. However,
contact between steel and concentrated or moderately concentrated acidic solutions accelerates
anodic dissolution of iron and associated cathodic reactions. Consequently, the use of corrosion
inhibitors is an established approach for reducing metal dissolution during acid treatment.

Conventional organic and inorganic inhibitors can be effective, but concerns relating to toxicity,
environmental persistence, cost, and handling have stimulated increasing interest in green corrosion
inhibitors. Plant-derived materials have received particular attention because they are renewable and
may contain numerous naturally occurring compounds capable of interacting with metallic surfaces.
Recent reviews als have documented the growing application of plant extracts as corrosion inhibitors
for ferrous metals and mild steel, particularly in acidic environments (Salleh et al.,, 2021).

Plant extracts contain chemically diverse constituents, including phenolic compounds, flavonoids,
tannins, alkaloids, glycosides, saponins, terpenoids, carbohydrates, organic acids, and other oxygen-,
nitrogen-, or sulphur-containing compounds. Many of these compounds contain functional groups
and heteroatoms that can interact with metallic surfaces. Adsorption of such molecules can reduce
the number of active sites available for electrochemical reactions and contribute to the formation of a
protective film. Maizia et al. (2023) supported this mechanistic interpretation through weight-loss
measurements, potentiodynamic polarization, electrochemical impedance spectroscopy (EIS),
Fourier-transform infrared spectroscopy (FTIR), scanning electron microscopy (SEM), and
computational methods.

Bilar and Christopher (2020) also reported inhibition of mild-steel corrosion in 0.5M H,SO, and 1 M
HCI using eucalyptus leaf extract. Similarly, Odidika et al. (2020) investigated and reported that Com-
melina benghalensis leaf extract effectively inhibited mild-steel corrosion in 1 M H,SO,, with inhibi-
tion efficiency increasing with extract concentration and reaching 91.91% at 2.0 g/L. The inhibitory
effect was attributed to phytochemical constituents such as alkaloids, flavonoids, tannins, saponins
and phenolic compounds, which can adsorb onto the metal surface and impede corrosion reactions.
Oyewole et al. (2021) also reported that Corchorus olitorius stem extract significantly inhibited mild-
steel corrosion in 0.5 M H,SO,, with an optimized inhibition efficiency of 94.34%. Anadebe et al.
(2021) also investigated bitter-kola leaf extract as an anticorrosion additive for mild steel in 1.2 M
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H,S0O,, providing further evidence of the potential of Nigerian plant resources for acidic corrosion

control.

The use of plant extracts is not restricted to leaves only. Studies have shown that stems, roots, fruits,
bark, seeds, flowers, and agricultural residues are also very important. Rice straw extract, for
instance, has also been evaluated for mild-steel protection in 1.5 M H,SO,, demonstrating the poten-
tial of agricultural biomass as a source of green corrosion inhibitors. Oyewole et al. (2022) demon-
strated that rice straw extract could substantially inhibit mild-steel corrosion in 1.5 M H,S0,, achiev-
ing a validated inhibition efficiency of 86.42%, which the authors attributed to adsorption of
bioactive constituents and formation of a protective film on the steel surface.

Karki et al. (2022) reported that alkaloids extracted from Acacia catechu bark significantly inhibited
mild-steel corrosion in 1 M H,S0,, achieving 93.96% inhibition efficiency at 1000 ppm after 3 h at 28
°C. The inhibition was associated with adsorption of the plant-derived alkaloids onto the steel
surface, demonstrating the potential of phytochemical-rich materials as environmentally benign
alternatives to conventional corrosion inhibitors. Neem leaf extract has also been evaluated using
gravimetric and electrochemical techniques. The performance of plant extracts is influenced by
extract concentration, extraction solvent, temperature, immersion time, acid type and concentration,
steel composition, surface condition, and phytochemical composition. Plant-derived extracts have
demonstrated significant potential as environmentally benign inhibitors of mild-steel corrosion in
acidic environments. Karthikeyan et al. (2021) investigated Annona squamosa extract as a corrosion
inhibitor for mild steel in 0.5 M H,SO, using weight-loss, potentiodynamic polarization, and electro-
chemical impedance spectroscopy techniques. Their results showed that inhibition efficiency
increased with increasing extract concentration but decreased with increasing temperature. Electro-
chemical measurements indicated that the extract acted predominantly as a cathodic inhibitor, while
SEM and AFM observations supported the formation of an adsorbed protective layer on the mild-steel
surface. These findings provide direct evidence that phytochemical constituents present in plant
extracts can interact with and protect mild steel in sulfuric-acid environments. Ezugha and Aralu
(2023) evaluated methanol leaf extract of Solanum macrocarpon as a green corrosion inhibitor for
mild steel in 0.5 M H,SO, using a gravimetric method. The inhibition efficiency increased with
increasing extract concentration and reached an optimum value of 95% at 0.5% w/v and 303 K. The
authors attributed the protective effect to phytochemical constituents containing polar functional
groups and heteroatoms capable of interacting with the mild-steel surface. Their thermodynamic
analysis further suggested that the adsorption process was predominantly physical. This finding
demonstrates the effectiveness of plant leaves as potential environmentally benign corrosion
inhibitors in sulfuric-acid media.

Yam, maize, and cassava are important crops in Nigeria and other tropical regions. Their leaves are
comparatively inexpensive and readily available, but their potential as corrosion inhibitors has
received considerably less attention than that of several other plant species. The investigation of
these agricultural resources is therefore relevant from both scientific and sustainability perspectives.

Yam (Dioscorea rotundata) is an important tropical food crop whose leaves contain diverse organic
constituents. Maize (Zea mays) is one of the world's major cereal crops, while cassava (Manihot escu-
lenta) is widely cultivated in tropical and subtropical regions because of its adaptability to drought
and marginal soils. Cassava is also processed into starch, flour, tapioca, animal feed, beverages, and
other value-added products.

https://doi.org/10.64388/IREV1014-1724200 ISSN 2456-8880 Paper ID: 1724200 | Page 3148


https://doi.org/10.64388/IREV10I4-1724200

Iconic Research and Engineering Journals Vol. 10, Issue 4, October 2026

The use of these locally available leaves as corrosion inhibitors could contribute to the development
of inexpensive and renewable alternatives to conventional inhibitor systems. Previous work by Idenyi
et al. (2015a), Idenyi et al. (2015b), Idu et al. (2016), Ifeanyichukwu et al. (2023), and Ifeanyichukwu
and Nwifior (2024) has provided an initial basis for investigating plant-derived inhibitors in related
environments.

2 Research aim and objectives

The aim of the study is to investigate and compare the corrosion inhibition behaviour of aqueous leaf
extracts of yam, maize and cassava on mild steel in 0.5 and 1.0 M H,SO, using the weight-loss method.

To achieve the above aim, the objectives are to:

1. Evaluate the effect of a fixed volume (15 cm?®) of each aqueous leaf extract on the corrosion of
mild steel in 0.5 and 1.0 M H,SO,.

2. Evaluate the corrosion behaviour of mild steel in each aqueous leaf extract over an exposure
period of 672 h.

3. Compare the inhibition behaviour of the three extracts at the two acid concentrations.

3 Materials and methods

3.1 Materials

The materials investigated were mild-steel coupons and aqueous extracts prepared from leaves of
yam (Dioscorea rotundata), maize (Zea mays), and cassava (Manihot esculenta). Analytical-grade sul-
phuric acid and distilled water were used for preparation of the test solutions.

The experimental design consisted of uninhibited control solutions and inhibited solutions
containing 15 cm?® of each plant leaf extract. Two concentrations of sulphuric acid, 0.5 M and 1.0 M
H,SO,, were investigated.

3.2 Preparation of plant extracts

Fresh leaves of yam, maize, and cassava were collected, cleaned to remove adhering dirt and foreign
materials, and processed to obtain aqueous extracts. The extracts were subsequently used as the

green corrosion-inhibitor media.

3.3 Preparation of mild-steel specimens

Mild-steel coupons were prepared, cleaned, dried, and weighed before immersion. The initial mass of
each specimen was recorded using a precision weighing balance. The coupons were then immersed
in the respective test media.

For each acid concentration, uninhibited control specimens were exposed to H,SO, without plant ex-
tract, whereas inhibited specimens were exposed to the same acid concentration containing 15 cm?
of yam, maize or cassava leaf extract.
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3.4 Immersion procedure

The specimens were exposed for a total period of 672 h. Measurements were obtained at 168, 336,
504, and 672 h. At each exposure interval, specimens were removed from the test solution, appropri-
ately cleaned to remove corrosion products and residual inhibitor, dried, and weighed.

The mass loss was calculated from:
AW = W, - Wy (1)
where W, is the initial mass of the specimen and Wi s its final mass after exposure.

The corrosion rate was determined using:

KAW
= At (2)

where K is the appropriate conversion constant, AW is the mass loss, p is the metal density, A is the
exposed surface area and t is the exposure time.

3.5 Inhibition efficiency

The inhibition efficiency was calculated using:

CR, — CR;

IE% = CR,

X 100 (3)
where CR, is the corrosion rate of the uninhibited control and CR, is the corrosion rate in the pres-
ence of the plant extract.

4 Results and discussion

4.1 Corrosion behaviour in 0.5 M H,SO,

The mass-loss and corrosion-rate data for mild steel exposed to 0.5 M H,SO, in the absence and pres-
ence of 15 cm? of yam, maize and cassava leaf extracts are presented in Table 1.

The control specimens exhibited substantially greater corrosion rates than the specimens exposed to
the plant extracts. At 168 h, the corrosion rate of the control was 0.00333 mm yr~!, compared with
0.00036, 0.00049, and 0.00047 mm yr‘1 for yam, maize, and cassava extracts, respectively. This
corresponds to calculated inhibition efficiencies of approximately 89.2%, 85.3%, and 85.9%, respect-
ively.

At 672 h, the control corrosion rate was 0.00026 mm yr~!, while the corresponding rates for yam,
maize, and cassava were 0.00006, 0.00009, and 0.00008 mm yr~1. On this basis, the calculated inhibi-
tion efficiencies were approximately 76.9%, 65.4%, and 69.2%, respectively.

Plant extracts have attracted considerable attention as green corrosion inhibitors because of their
diverse phytochemical constituents which can adsorb onto metallic surfaces and form protective
films that reduce the rate of anodic metal dissolution and cathodic reactions. Holla et al. (2024), in a
review of more than 40 plant extracts used for corrosion protection of different steels, reported that
compounds such as alkaloids, flavonoids, phenols, tannins, glycosides, and other heteroatom-
containing constituents contribute to corrosion inhibition through adsorption and surface-film
formation. The review also emphasized that inhibition performance depends on factors including
extract concentration, temperature, plant species, phytochemical composition, extraction procedure,
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and exposure conditions. These observations therefore support the investigation of locally available
plant leaves, such as yam, maize, and cassava, as potential sustainable inhibitors for mild steel in
sulphuric-acid media.

The yam extract produced the lowest corrosion rate at all four exposure times (168, 336, 504 and 672
h). Yam therefore exhibited the most consistent inhibition in 0.5 M H,SO,.

Table 1. Corrosion behaviour of mild steel in 0.5 M H2S04 without and with 15 cm® of aqueous leaf extracts.

Medium Exposure time (h) Initial mass (g) Final mass (g) Mass loss (g) CR (mmyr?)
Control 168 9.55 6.74 2.81 0.00333
Control 336 9.49 7.76 1.73 0.00102
Control 504 9.38 8.42 0.96 0.00038
Control 672 9.42 8.53 0.89 0.00026
Yam 168 9.29 8.99 0.3 0.00036
Yam 336 9.5 9.24 0.26 0.00015
Yam 504 9.62 9.4 0.22 0.00009
Yam 672 9.79 9.59 0.2 0.00006
Maize 168 9.37 8.96 0.41 0.00049
Maize 336 9.31 8.99 0.32 0.00019
Maize 504 9.96 9.63 0.33 0.00013
Maize 672 9.04 8.74 0.3 0.00009
Cassava 168 9.55 9.15 0.4 0.00047
Cassava 336 9.14 8.78 0.36 0.00021
Cassava 504 9.68 9.4 0.28 0.00011
Cassava 672 9.32 9.06 0.26 0.00008

4.2 Corrosion behaviourin 1.0 M H,SO,

The results obtained in 1.0 M H,S0, are presented in Table 2. Increasing the acid concentration gen-
erally produced a more aggressive environment, as reflected by the corrosion rates measured for the
inhibited specimens.

At 168 h, the corrosion rate was 0.00406 mm yr~! for the control, compared with 0.00059, 0.00071,
and 0.00071 mm yr~! for yam, maize, and cassava extracts, respectively. The corresponding calcu-
lated inhibition efficiencies were approximately 85.5%, 82.5%, and 82.5%.

At 672 h, the corrosion rates were 0.00012, 0.00016, and 0.00009 mm yr~! for yam, maize, and cas-
sava, respectively. Using the control value of 0.00041 mm yr~, the calculated efficiencies are approx-
imately 70.7%, 61.0%, and 78.0%, respectively.

Consequently, the data at 672 h indicate that cassava exhibited the lowest corrosion rate in 1.0 M
H,S0,, whereas yam showed the lowest rates at the earlier exposure intervals. The results therefore
indicate that yam showed strong and relatively consistent inhibition, while cassava displayed
particularly strong long-term inhibition in the 1.0 M H,SO, condition. Similarly, the relative effective-
ness of botanical inhibitors can vary with acid concentration, immersion time, extract concentration,
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temperature, and plant chemistry. Maizia et al. (2023), for example, reported that aqueous nettle (Ur-
tica dioica L.) extract significantly reduced the corrosion of mild steel in 0.5 M H,S0,, with inhibition
efficiency increasing with extract concentration and reaching approximately 90-95% at 4 g L™L. The
authors attributed the inhibition to adsorption of phytochemical constituents onto the steel surface,
resulting in the formation of a protective film that suppresses both anodic metal dissolution and
cathodic reactions. Their electrochemical and surface analyses further indicated that the extract
acted as a mixed-type inhibitor and that both physical and chemical interactions contributed to the
adsorption process (Maizia et al., 2023).

Table 2. Corrosion behaviour of mild steel in 1.0 M H2S04 without and with 15 cm® of aqueous leaf extracts.

Medium Exposure time (h) Initial mass (g) Final mass (g) Mass loss (g) CR (mmyr?)
Control 168 9.42 5.99 3.43 0.00406
Control 336 9.85 6.9 2.95 0.00175
Control 504 9.63 8.06 1.57 0.00062
Control 672 9.88 8.4 1.48 0.00041
Yam 168 9.02 8.52 0.5 0.00059
Yam 336 9.17 8.72 0.45 0.00027
Yam 504 9.36 8.92 0.44 0.00017
Yam 672 9.76 9.36 0.4 0.00012
Maize 168 9.4 8.8 0.6 0.00071
Maize 336 9.36 8.76 0.6 0.00036
Maize 504 9.4 8.82 0.58 0.00023
Maize 672 9.58 9.04 0.54 0.00016
Cassava 168 9.55 8.95 0.6 0.00071
Cassava 336 9.54 9.04 0.5 0.0003
Cassava 504 9.49 9.09 0.4 0.00016
Cassava 672 9.34 9.03 0.31 0.00009

4.3 Comparative inhibition performance of the three leaf extracts

The observed corrosion-rate reductions demonstrate that all three leaf extracts exerted inhibitory
effects in both acidic environments. The protective behaviour can reasonably be associated with
adsorption of phytochemical constituents on the mild-steel surface.

Recent research provides strong support for this interpretation. Studies involving Lepidium didymi-
um, Solanum macrocarpon, Urtica dioica, Dracocephalum, and other botanical extracts have demon-
strated the formation of protective interfacial layers and reductions in corrosion rates in sulphuric-
acid solutions. Plant-derived extracts have also demonstrated substantial corrosion-inhibition
performance in sulfuric acid media. Kaur et al. (2023) investigated the aerial-part extract of Lepidium
didymium as an eco-friendly inhibitor for mild steel in 1 M H,S0, using weight-loss, SEM, and spectro-
scopic techniques. The extract achieved a maximum inhibition efficiency of 91.16% at 2500 mg/L,
which was attributed to the formation of a protective film on the steel surface and the adsorption of
phytochemical constituents containing heteroatoms and multiple bonds. These findings support the
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potential of plant-derived materials as sustainable alternatives to conventional synthetic corrosion
inhibitors.

The performance of the extracts may be related to differences in their phytochemical composition.
Molecules containing hydroxyl, carbonyl, ether, amine, aromatic, and other functional groups can
interact with the steel surface. Adsorption may occur through physical interactions, chemical
interactions, or a combination of both, depending on the molecular structure, acid environment,
temperature, and surface condition. Recent reviews also emphasized that the adsorption of phyto-
chemical constituents onto metal surfaces can produce a protective barrier film that blocks active
corrosion sites and reduces the interaction between the metal surface and aggressive ionic species in
the electrolyte, thereby suppressing both anodic metal dissolution and cathodic reactions (Sharma et
al,, 2024).

The present results are also consistent with earlier investigations by Idenyi et al. (2015a), [denyi et al.
(2015b), Idu et al. (2016), Ifeanyichukwu et al. (2023), and Ifeanyichukwu and Nwifior (2024), which
reported corrosion-inhibiting behaviour for plant-derived materials.

The results obtained here extend the literature by considering three agriculturally important
Nigerian plant leaves within the same experimental framework. Such comparative investigations are
useful because the performance of a plant extract cannot be assumed solely from the behaviour of
another botanical species.

Figure 1 and Figure 2 show the variation of corrosion rate (mm yr~!) with exposure time (h) for mild
steel in 0.5 M H,S0, and 1.0 M H,SO, without and with 15 cm? of aqueous leaf extracts of yam, maize
and cassava, respectively.
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Figure 1. Variation of corrosion rate with exposure time for mild steel in 0.5 M H,SO, without and with 15 cm? of
aqueous leaf extracts.
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Figure 2. Variation of corrosion rate with exposure time for mild steel in 1.0 M H,S0, without and with 15 cm? of
aqueous leaf extracts.

4.4 Effect of exposure time

For most inhibited systems, the corrosion rate decreased as the exposure period increased. This
behaviour may reflect progressive surface coverage by adsorbed phytochemical molecules and the
resulting development of a protective layer. Similar time-dependent behaviour has been reported for
other plant-derived corrosion inhibitors. Hussein and Khadom (2024) demonstrated the effective-
ness of okra (Abelmoschus esculentus) leaf extract as a green corrosion inhibitor for N80 steel in 1.0 M
H,S0,. The extract exhibited mixed-type inhibition, with the maximum inhibition efficiency reaching
96% at 30 °C and 100 mL/L. Adsorption analysis indicated Langmuir-type physical adsorption, while
FTIR, UV, SEM, AFM and optical microscopy provided evidence of protective-layer formation on the
steel surface. These findings demonstrate the potential of leaf-derived phytochemicals to suppress
steel corrosion in sulfuric acid through adsorption and formation of a protective barrier.

However, corrosion inhibition is not necessarily controlled by exposure time alone. Changes in
extract constituents, dissolution of adsorbed species, alteration of surface films, acid concentration,
and depletion or transformation of inhibitor molecules may affect long-term performance. Therefore,
the reduction in measured corrosion rate observed in the present work should not automatically be
interpreted as evidence that inhibition efficiency continuously increases with time.

4.5 Mechanism of inhibition

The inhibition mechanism proposed for the present plant extracts is adsorption. Plant-derived
compounds can accumulate at the steel/electrolyte interface and occupy active corrosion sites. This
adsorption decreases the effective area available for electrochemical reactions and creates a barrier
between the metal surface and the acidic electrolyte.

Recent experimental studies have shown that green corrosion inhibitors can behave as mixed-type
inhibitors by suppressing both anodic metal dissolution and cathodic reactions. For example, neem
(Azadirachta indica) leaf extract increased the charge-transfer resistance and decreased the double-
layer capacitance of mild steel in acidic medium, while polarization measurements indicated mixed-
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type inhibition, suggesting the adsorption of phytochemical constituents onto the steel surface and
the formation of a protective film (Alberts et al., 2023).

Similarly, Piper chaba extract exhibited a corrosion inhibition efficiency of 86.53% at 1 g/L in 2 M
H,S0,. The adsorption of the extract onto mild steel followed the Langmuir isotherm, while density
functional theory (DFT) calculations and molecular dynamics (MD) simulations supported the exper-
imental findings and provided molecular-level evidence for the interaction and adsorption of
phytochemical constituents on the steel surface (Joshi et al., 2025).

The precise inhibition mechanism of the yam, maize, and cassava leaf extracts cannot be established
conclusively from weight-loss measurements alone. Although gravimetric measurements can demon-
strate corrosion-rate reduction and quantify inhibition efficiency, they do not directly identify the
adsorbed species or distinguish reliably between anodic, cathodic, and mixed-type inhibition.
Complementary techniques, including FTIR and GC-MS for phytochemical identification, SEM/EDS
for surface-morphological and elemental characterization, and potentiodynamic polarization and
electrochemical impedance spectroscopy (EIS) for electrochemical assessment, would therefore be
required to elucidate the dominant adsorption processes and inhibition mechanism.

5 Comparison with recent literature

The present findings are consistent with a substantial body of research demonstrating the potential
of plant-derived materials as environmentally friendly corrosion inhibitors for steel in acidic media.
Earlier gravimetric work by Bilar and Christopher (2020) showed that aqueous Eucalyptus leaf ex-
tract inhibited mild-steel corrosion in 0.5 M H,S0O,, with inhibition efficiency increasing with extract
concentration. Karthikeyan et al. (2021) similarly investigated Annona squamosa extract in 0.5 M
H,S0, and combined weight-loss, polarization, electrochemical impedance spectroscopy (EIS),
atomic force microscopy (AFM), and scanning electron microscopy (SEM) measurements to demon-
strate inhibition and adsorption of extract constituents on the steel surface. Oyewole et al. (2021)
also reported substantial corrosion inhibition by Corchorus olitorius stem extract in 0.5 M H,S0O,. Oth-
er studies have extended this approach to different plant species and acid concentrations. Anadebe et
al. (2021) investigated bitter-kola leaf extract as an anticorrosion additive for mild steel in 1.2 M
H,SO,, while subsequent studies have examined Solanum macrocarpon leaves in sulfuric-acid media
and Lepidium didymium extract in 1 M H,SO,. More recent work on Urtica dioica (nettle) extract and
other plant-derived inhibitors has further demonstrated that phytochemical constituents can
substantially reduce steel corrosion through adsorption and protective-film formation.

The mechanistic interpretation of these findings is supported by recent reviews. Sharma et al. (2024)
specifically reviewed phytochemicals as eco-friendly corrosion inhibitors for mild steel in sulfuric
acid and highlighted the ability of heteroatom-containing biomolecules, including polyphenols,
flavonoids, tannins, alkaloids, and related constituents, to interact with metal surfaces and impede
corrosion reactions.

Collectively, the literature demonstrates that corrosion-inhibition performance depends on several
factors, including plant species, phytochemical composition, extract concentration, acid concentra-
tion, exposure time, temperature, extraction procedure, and the nature of the steel substrate. The
present study extends this body of knowledge by comparatively evaluating aqueous leaf extracts of
yam, maize, and cassava against mild-steel corrosion in 0.5 and 1.0 M H,SO, using a gravimetric ap-
proach. The use of these readily available agricultural resources is particularly relevant to the
development of locally accessible and potentially sustainable corrosion-control materials. However,
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because the present investigation is based on weight-loss measurements, the precise adsorption
mechanism and the relative contributions of anodic and cathodic inhibition cannot be established
conclusively without complementary electrochemical and surface-characterization techniques.

5.1 Limitations and recommendations for further research

Although the gravimetric results demonstrate clear reductions in corrosion rate, further
investigations would strengthen the scientific evidence.

First, inhibitor concentration should be expressed not only as extract volume but also as extract mass
per unit volume (e.g., g L™!) to facilitate comparison with published studies.

Second, phytochemical characterization using FTIR, GC-MS/LC-MS, total phenolic content, and total
flavonoid content would help identify compounds potentially responsible for inhibition.

Third, SEM/EDS analysis should be conducted to compare the surface morphology and elemental
composition of uninhibited and inhibited steel specimens.

Fourth, electrochemical techniques, particularly potentiodynamic polarization and electrochemical
impedance spectroscopy (EIS), should be employed to determine corrosion potential, corrosion
current density, charge-transfer resistance, and double-layer capacitance.

Fifth, suitable adsorption isotherms, including Langmuir, Temkin, and Freundlich models, could be
evaluated where the experimental concentration range is sufficient.

Finally, temperature-dependent experiments should be conducted to determine activation energy
and thermodynamic parameters and to assess the stability of the protective inhibitor film.

6 Conclusion

The present study demonstrates that aqueous leaf extracts of yam (Dioscorea rotundata), maize (Zea
mays), and cassava (Manihot esculenta) reduce the corrosion rate of mild steel in 0.5 and 1.0 M H,SO,.
Addition of 15 cm?® of each extract produced substantially lower corrosion rates than the
corresponding uninhibited controls.

In 0.5 M H,SO,, yam generally showed the lowest corrosion rates, while cassava and maize also
exhibited appreciable inhibition. In 1.0 M H,SO,, yam showed strong inhibition at earlier exposure
periods, whereas cassava produced the lowest corrosion rate at 672 h. Overall, all three extracts
demonstrated corrosion-inhibiting potential, although their relative effectiveness varied with acid
concentration and exposure time.

The inhibition may be associated with the adsorption of phytochemical constituents on the mild-steel
surface, forming a protective barrier that limits contact between the metal and acidic medium. The
renewable and low-cost nature of these plant materials makes them promising candidates for further
investigation as environmentally compatible corrosion inhibitors.

However, these findings represent a preliminary gravimetric assessment. Further studies involving
concentration optimization, electrochemical measurements, phytochemical characterization, and
surface analysis are required to establish the inhibition mechanism and assess their potential for
practical application.
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