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Abstract

Corrosion of mild steel components remains a significant challenge in electrical and industrial
applications, particularly under acidic conditions, where material degradation can compromise
structural integrity, operational reliability, and service life. This study investigated the corrosion
inhibition performance of Hexalobus crispiflorus stem bark extract on electroplated mild steel exposed to
hydrochloric acid (HCI) environments. The study adopted an explanatory research strategy supported
by an experimental methodology. Mild steel coupons were electroplated and subsequently subjected to
yellow passivation treatments, while fresh Hexalobus crispiflorus stem bark was processed into a fine
powder and applied at concentrations of 2, 4, and 6 g. HCl solutions of 0.02, 0.04 and 0.06 M were
prepared as the corrodent media. Gravimetric weight-loss measurements were conducted at ambient
temperature over exposure periods ranging from 2 to 8 days using passivated specimens. Corrosion rate,
inhibition efficiency, and surface coverage were determined, while the adsorption characteristics of the
inhibitor were evaluated using the Langmuir, Temkin, Freundlich, and El-Awady adsorption isotherm
models. The results showed that the weight loss of the mild steel decreased with increasing inhibitor
concentration from 2 to 6 g compared with the uninhibited control. The Hexalobus crispiflorus extract
achieved a maximum inhibition efficiency of 40.59% at 6 g concentration using the yellow-passivated
mild steel specimen. The inhibition efficiency was influenced by both inhibitor concentration and the
concentration of the corrosive medium. The adsorption behaviour of the biomass on the plated mild
steel surface was found to conform more closely to the El-Awady, Temkin, and Freundlich adsorption
isotherms than to the Langmuir model, based on their comparatively higher coefficients of
determination. The findings demonstrate the potential of Hexalobus crispiflorus stem bark extract as an
environmentally friendly corrosion inhibitor for mild steel and provide a basis for further investigation
under varying temperature conditions.

Keywords: Hexalobus crispiflorus; corrosion inhibition; mild steel; hydrochloric acid; plant extract;
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1 Introduction

Corrosion of metallic materials remains a persistent problem in engineering applications because of
its effect on material integrity, service life and operational reliability. The problem becomes more
pronounced when metals are exposed to aggressive chemical environments such as hydrochloric acid
(HCI), where the interaction between the metal surface and the surrounding medium can result in
progressive material deterioration. Corrosion is generally understood as the chemical or electro-
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chemical deterioration of a material as a result of its interaction with the environment (Razzaq, 2025;
Fehintola, 2026). For metallic components, this deterioration may result in loss of material, reduction
in mechanical strength and eventual failure when adequate preventive measures are not provided.

Mild steel is widely employed in engineering because of its relatively low cost, availability and
favourable mechanical properties. Its use extends to the fabrication of metallic structures and
equipment, including components associated with electrical installations. However, the same
material characteristics that make mild steel economically attractive do not eliminate its susceptibil-
ity to corrosion. In acidic environments, particularly those containing hydrochloric acid, the metal
surface can undergo rapid degradation. Such deterioration is of particular concern where mild steel
forms part of equipment enclosures, support structures, frames and other metallic components
whose continued integrity is necessary for safe and reliable operation.

One approach commonly adopted to improve the resistance of mild steel to environmental attack is
surface treatment. Electroplating provides a means of depositing a protective metallic layer onto the
steel surface, while subsequent passivation can further modify the surface and improve its resistance
to corrosive attack. Nevertheless, protective coatings and passivation treatments may not completely
prevent corrosion when the treated material is exposed to sufficiently aggressive conditions.
Consequently, the use of corrosion inhibitors remains an important complementary method for
reducing the rate at which corrosive reactions occur at the metal-solution interface.

Corrosion inhibitors are substances introduced into a corrosive environment in relatively small
quantities to reduce the rate of corrosion. Their protective action may involve adsorption of inhibitor
molecules onto the metal surface, formation of a protective film, or modification of the anodic and
cathodic reactions responsible for corrosion. Organic compounds containing heteroatoms and other
active functional groups are particularly important because their molecules can interact with metallic
surfaces and form a barrier between the metal and the corrosive medium. However, the effectiveness
of an inhibitor must be considered alongside its environmental impact, availability and cost.

The search for environmentally acceptable corrosion inhibitors has therefore increased interest in
natural products, particularly extracts obtained from plants. Plant-based inhibitors offer several
potential advantages, including renewable availability, relatively low cost, biodegradability and
reduced environmental concerns when compared with some conventional synthetic inhibitors.
Previous investigations have shown that plant extracts can inhibit the corrosion of mild steel in acidic
media, with their effectiveness often associated with the adsorption of naturally occurring organic
constituents onto the metal surface (Ojike et al.,, 2026; Al-Btoush et al., 2026; Chandela et al., 2026).
The composition of such extracts, including compounds containing oxygen, nitrogen, sulphur and
other functional groups, can influence their interaction with the metal and consequently their
corrosion-inhibiting performance.

Among the plant materials that warrant investigation is Hexalobus crispiflorus, a member of the An-
nonaceae family that is found in parts of Nigeria and other regions of Africa. The plant has been
reported to contain bioactive constituents such as glycosides, saponins and steroids (Okhale et al,,
2016). Its availability in Nigeria, together with the presence of potentially active phytochemical
constituents, provides a basis for investigating its stem bark as a possible source of a natural
corrosion inhibitor. Despite the increasing body of research on plant-derived corrosion inhibitors, the
application of Hexalobus crispiflorus stem bark extract for protecting electroplated and passivated
mild steel in hydrochloric acid environments remains insufficiently explored.
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The behaviour of a plant-derived inhibitor at a metal surface can also be examined through
adsorption studies. When inhibitor molecules interact with the metal surface, the resulting surface
coverage can provide useful information about the mechanism through which corrosion protection
occurs. Adsorption isotherm models such as Langmuir, Freundlich, Temkin and El-Awady can there-
fore be used to establish the relationship between inhibitor concentration and surface coverage and
to provide an indication of the nature of inhibitor-metal interactions. Such analysis is particularly
useful in determining whether the observed reduction in corrosion is consistent with a defined
adsorption process.

Against this background, this study investigates the corrosion inhibition effect of Hexalobus crispiflor-
us stem bark extract on electroplated mild steel exposed to hydrochloric acid environments. The
investigation considers passivated and non-passivated mild steel specimens and examines their
behaviour at different HCl concentrations and inhibitor quantities using the gravimetric weight-loss
method. The study evaluates corrosion rate, inhibition efficiency, and surface coverage, and examines
the inhibitor's adsorption behaviour using the Langmuir, Freundlich, Temkin, and El-Awady
adsorption isotherm models. The study aims to determine the extent to which Hexalobus crispiflorus
stem bark extract can reduce the corrosion of plated mild steel in acidic conditions and, consequently,
assess its potential as a simple, affordable, and environmentally preferable corrosion-control option
for mild-steel components relevant to electrical engineering applications.

2 Literature review

2.1 Corrosion of mild steel in engineering applications

According to Okon et al. (2025), corrosion is the slow degradation of a substance caused by chemical
or electrochemical contact with its surroundings. In engineering practice, corrosion is more than just
a metal loss issue; it may impact a component's mechanical integrity, appearance, dependability, and
functional performance.

Of particular relevance to electrical engineering is the loss of surface properties such as electrical
conductivity, which may affect the performance of metallic contacts and other conductive or
supporting components. Corrosion can also result in equipment damage, increased maintenance
requirements and premature replacement of components.

Iron and mild steel corrosion is essentially an electrochemical process that involves the metal's
anodic oxidation and related cathodic processes. While the liberated electrons take part in cathodic
processes, iron loses electrons in the anodic area and enters the surrounding solution as ferrous ions.
In the end, these activities cause the steel surface to deteriorate and corrosion products to develop
(Razzaq, 2025; Hameed et al., 2022).

Because hydrogen ions are readily available in acidic settings, the corrosion process may become
more noticeable. According to the reviewed literature, temperature, surface condition, contaminants,
and pH all have an impact on the pace of attack, and the type of the metal and the surrounding
environment are important elements that govern corrosion.

These effects are significant for electrical engineering applications because metallic components may
be needed to preserve surface-functional and structural characteristics while in operation. Corrosion-
induced deterioration of steel components can reduce their strength and, where metallic surfaces are
involved in electrical connections, adversely affect conductivity and reliability. The need to control
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corrosion is therefore relevant not only to general structural applications but also to the durability
and dependable operation of electrical equipment and associated installations.

2.2 Mild steel and surface protection

Because of its comparatively low cost, availability, ductility, toughness, machinability, and weldability,
mild steel is frequently utilized in engineering. It is employed in the manufacture of structural shapes,
sheets, pipelines, equipment and other engineering components (Anitha et al., 2025). These charac-
teristics also make it suitable for several supporting and enclosure-related applications in electrical
engineering. Its major limitation, however, is its susceptibility to corrosion when exposed to
aggressive environments.

Surface treatment is one of the approaches used to improve the resistance of mild steel to environ-
mental degradation. Electroplating involves depositing one metal over another through an electrolyt-
ic process, with the deposited layer providing protection as well as other desirable surface character-
istics. Metals such as zinc, nickel, chromium, copper and silver may be used for plating, depending on
the intended application. The quality and effectiveness of the deposited layer depend on appropriate
preparation of the steel surface and control of the plating process.

Passivation provides an additional means of reducing the susceptibility of a metallic surface to
corrosion. It involves the formation or restoration of a protective surface layer that reduces the
interaction between the underlying metal and its environment. Therefore, in the case of treated steel,
passivation can serve as an additional line of defense against corrosive assault. Even after surface
treatment, corrosion can still occur, especially if the material is exposed to extremely acidic
conditions. Inhibitors and other additional corrosion-control techniques become necessary as a res-
ult.

2.3 Corrosion inhibitors and their relevance to electrical equipment

According to Emmanuel (2024), corrosion inhibitors are compounds that slow down the pace at
which a metal deteriorates in a corrosive environment. Adsorption of ions or molecules onto the
metal surface, alteration of anodic or cathodic reactions, decrease of reactive species diffusion, or
creation of a protective barrier are some of the ways they may work. Because inhibitor molecules can
occupy active areas on the metal surface and restrict direct contact between the metal and corrosive
media, adsorption is especially significant, according to Chandela et al. (2026).

Because compounds containing heteroatoms, such as oxygen, nitrogen, and sulfur, may interact with
metallic surfaces through their accessible electron pairs and m-electrons, organic inhibitors have
drawn a lot of interest. According to Okuma et al. (2023) and Pinsuwan (2022), these interactions can
reduce the anodic and/or cathodic processes that cause corrosion by encouraging adsorption and the
development of a protective coating. Molecular structure, functional groups, electron density,
molecule size, solubility, and the intensity of an organic inhibitor's contact with the metal surface all
affect how effective it is.

Research on organically derived alternatives has been prompted by concerns about toxicity, expense,
and environmental impact, even though synthetic inhibitors can offer good corrosion protection. The
increased interest in low-cost, non-toxic, and ecologically friendly corrosion-inhibition methods was
observed by Dube-Johnstone et al. (2023). Plant extracts are especially appealing since they come
from renewable biological sources and include a number of organic components that can interact
with metal surfaces.
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2.4 Hexalobus crispiflorus as a natural corrosion inhibitor

Hexalobus crispiflorus is a member of the Annonaceae family and is found throughout Africa, espe-
cially Nigeria. The plant is referred to by several names in the area, such as "apara joke" in Yoruba and
"0ji ogoda" in Igbo. According to earlier phytochemical findings, the plant contains steroids, saponins,
and glycosides (Stanislas et al,, 2023). These naturally occurring constituents provide a reasonable
basis for investigating the plant as a potential source of corrosion-inhibiting compounds.

The organic components of H. crispiflorus may adsorb onto the mild-steel surface and create a pro-
tective layer, which is why it may be useful in corrosion control. A coating like this might lessen the
steel's direct contact with hydrochloric acid, which would lessen metal breakdown. Its availability as
a natural material also makes the plant worthy of investigation as an alternative to some synthetic
inhibitors, particularly where environmental considerations and local availability are important.

2.5 Previous studies on plant-based corrosion inhibition

Plant extracts have the ability to prevent mild-steel corrosion in acidic settings, according to many
research. For instance, Ugi et al. (2026) used weight-loss, potentiodynamic, and electrochemical im-
pedance methods to study the methanolic extract of Ammi visnaga seeds in 1 M HCI. According to the
study, the corrosion rate dropped as the extract content increased, with a 90% inhibitory efficacy at
1.0 g/L. The extract's adsorption behavior followed the Langmuir isotherm, and it was shown to
function primarily as an anodic mixed inhibitor.

Badawi and Fahim (2021) examined the ability of extracts from guava, bananas, and almonds to
prevent low-carbon steel from corroding in HCI and H,SO, solutions. According to the study, inhibi-
tion efficacy improved as inhibitor concentration increased but decreased as temperature increased.
Guava extract demonstrated the highest overall inhibitory efficiency in HCI, reaching 79.79%, and the
adsorption behavior was determined to be compatible with the Langmuir isotherm.

Similarly, Ramalingam et al. (2026) investigated the capacity of extracts from Solanum trilobatum,
Ocimum sanctum, and Aegle marmelos to inhibit mild steel corrosion in 1 N HCl. Their research
showed that the plant extracts acted as mixed-type inhibitors using weight-loss, electrochemical, and
hydrogen-permeation methods. The extracts usually followed the Langmuir adsorption isotherm,
with Ocimum sanctum producing the greatest inhibitory effectiveness of 99.6% at 6.0% v/v concen-
tration.

These studies establish the potential of plant materials as corrosion inhibitors in acidic media.
However, the reviewed works largely focus on untreated mild steel and different plant species. There
is comparatively limited information in the reviewed literature on the use of Hexalobus crispiflorus
stem bark extract specifically for corrosion control of electroplated and passivated mild steel in
hydrochloric acid, which is the focus of the present study.

2.6 Knowledge gap and relevance to electrical engineering

According to the literature, corrosion is still a significant problem for materials, and several methods
for controlling it include passivation, metallic coatings, protective coatings, and chemical inhibitors.
Prior research has demonstrated that plant extracts may lower the rate of mild steel corrosion in
acidic settings, and that temperature, adsorption behavior, inhibitor concentration, and corrosive
medium concentration can all affect how effective they are.
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However, the combined effects of electroplating, passivation, and Hexalobus crispiflorus stem bark ex-
tract on mild steel subjected to HCI are not well covered in the reviewed literature. From the
standpoint of electrical engineering, this gap is significant because corrosion of metallic equipment
components can jeopardize surface condition, structural integrity, and, in certain cases, electrical
contact performance. With a focus on its capacity to lessen corrosion under carefully regulated acidic
circumstances, the current study investigates Hexalobus crispiflorus stem bark extract as a natural
corrosion inhibitor for plated mild steel in hydrochloric acid.

As a result, the study offers an experimental foundation for evaluating whether a widely accessible,
plant-derived material can enhance current surface-protection techniques and contribute to more
ecologically friendly corrosion-control strategies for mild-steel components pertinent to electrical
engineering applications.

3 Materials and methods

3.1 Materials and study location

The study employed electroplated mild-steel coupons and Hexalobus crispiflorus stem bark as the
principal materials. The experimental work was conducted at the Scientific Equipment Development
Institute (SEDI-E), Enugu, while the electroplating of the mild-steel specimens was carried out at
].B.O. Engineering Company, Nkpor, Onitsha, Anambra State. Analytical-grade hydrochloric acid (HCI),
distilled water, ethanol and acetone were used during the preparation and treatment of the
specimens. Other materials and laboratory equipment included a digital weighing balance, oven,
beakers, measuring cylinders, round-bottom flask, filter paper, funnel, emery paper, containers and
other routine laboratory accessories.

3.2 Preparation and surface treatment of mild steel

Mild-steel sheets obtained from SEDI-E, Enugu were mechanically cut into coupons measuring 3 cm x
3 cm with a thickness of 0.15 cm. A small hole was made at the upper section of each coupon to
facilitate suspension during exposure to the test solution. The coupons were degreased in an alkaline
medium to remove oil and surface contaminants, rinsed thoroughly with distilled water and
subsequently subjected to zinc electroplating.

During electroplating, the mild-steel coupon served as the cathode, while a zinc bar served as the
anode. The plating process was maintained for approximately 5 min. Following plating, the
specimens were divided into three groups. One group was treated with a yellow passivating electro-
lyte containing trivalent salts, while another was treated with a blue passivating electrolyte
containing divalent salts. The third group received no post-plating passivation and served as the non-
passivated specimen. The treated specimens were rinsed, dried and preserved in a desiccator prior to
corrosion testing.

This treatment arrangement was adopted to permit comparison of the corrosion behaviour of zinc-
plated mild steel under different surface conditions. Such comparison is relevant to electrical
engineering applications in which metallic components may require surface protection to maintain
structural integrity and service performance in corrosive environments.
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3.3 Preparation of Hexalobus crispiflorus stem bark extract

Fresh Hexalobus crispiflorus stem was collected from Oji River, Enugu State. The stem bark was
separated according to its observed reddish and brownish portions, washed thoroughly and air-dried
for approximately 6 h. Further drying was carried out in a digital oven at 35°C for 8 h to reduce
moisture while retaining the active constituents considered potentially responsible for the inhibitory
action. The dried reddish bark was mechanically pulverised using a ceramic mortar and subsequently
sieved to obtain a fine powder. The resulting material was measured into separate portions of 2, 4
and 6 g for preparation of the inhibitor test solutions.

3.4 Preparation of HCl-Hexalobus crispiflorus test media

Three concentrations of hydrochloric acid, namely 0.02, 0.04 and 0.06 M, were prepared with
distilled water. For each test condition, 150 mL of the appropriate HCI concentration was added to the
corresponding quantity of H. crispiflorus stem bark powder (2, 4 or 6 g). The mixtures were stirred
and allowed to leach for 24 h to facilitate the transfer of soluble constituents from the plant material
into the acidic medium. Each mixture was subsequently filtered using filter paper and a glass funnel,
and the filtrate obtained was used as the inhibitor-containing corrosive medium for the corrosion
tests.

The resulting test media therefore provided different combinations of HCl concentration and H. cris-
piflorus inhibitor concentration for evaluating the corrosion response of the plated mild-steel
coupons.

3.5 Corrosion evaluation

The prepared mild-steel specimens were exposed to the different inhibitor-containing HCl media
under controlled laboratory conditions. The investigation compared the behaviour of the non-
passivated, blue-passivated and yellow-passivated zinc-plated specimens at the different
concentrations of H. crispiflorus and HCI.

The corrosion response was assessed gravimetrically through changes in specimen weight following
exposure. The weight-loss measurements were used to determine the corrosion behaviour of the
plated mild steel and to establish the effectiveness of H. crispiflorus stem bark extract in reducing cor-
rosion. The resulting observations provided the basis for comparing the protective performance of
the inhibitor under the different surface-treatment and acidic-medium conditions.

The experimental design was therefore directed specifically at establishing whether H. crispiflorus
stem bark extract can provide additional protection to electroplated mild steel in an acidic
environment and whether its effectiveness varies with inhibitor concentration, HCl concentration and
the passivation condition of the plated surface.

3.6 Method of data evaluation

3.6.1 Gravimetric (weight-loss) test

The gravimetric test was conducted at ambient temperature. The plated mild-steel coupons were
initially weighed and suspended in 150 mL of HCI solution (0.02-0.06 M) contained in 250 mL plastic
cups. The specimens were retrieved at two-day intervals for 8 days, cleaned with absolute ethanol
and a bristle brush, rinsed with distilled water, dried with acetone and oven-dried for 5 min before
cooling in a desiccator and reweighing. The procedure was repeated with Hexalobus crispiflorus stem
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bark extract concentrations of 2-6 g. The difference between the initial and final weights was
recorded as weight loss and used to determine the corrosion rate under the different acid and
inhibitor concentrations (Al Kiey et al., 2024). The corrosion rate was calculated using Equation (1):

Corrosion rate(mpy) _ W (D
T rAt

where mpy is mils per year, W is the weight loss (g), r is the density of the specimen (g cm™3), 4 is the
surface area of the specimen (cm?) and t is the exposure time (days).

Surface coverage and inhibition efficiency were calculated using Equations (2) and (3), respectively:

Surface coverage(@) = Wlﬁlwo (2)

W,

W, —
Inhibition efficiency([%) = % X100 3)
1

where W, is the weight loss of the plated mild steel in the absence of the inhibitor and W _ is the
weight loss of the plated mild steel in the presence of the inhibitor.

3.6.2 Adsorption isotherm and equilibrium studies

The nature of processes between inhibitor and the surface of the mild steel metal can be provided by
the adsorption isotherms. It was found that the experimental data obtained from weight loss
measurement could fit into already existing adsorption isotherm models. The data obtained from the
experiment at each temperature was fitted into several adsorption isotherm models which include:
Langmuir, Freundlich, Temkin and El-Awady.

3.6.2.1 Langmuir isotherm model

This model relates the surface coverage (6) to inhibitor concentration. The linear form of the
Langmuir isotherm model is given by Equation (4):

() 1
s =—+C 4
0 Kads ()

where C is the inhibitor concentration, 6 is the surface coverage and K_ _ is the equilibrium constant
for the adsorption process.
3.6.2.2 Freundlich adsorption isotherm model

The linear form of the Freundlich isotherm is expressed as Equation (5):
In6 = InK¢ + InC (5

where 6 is the surface coverage, K; is the Freundlich constant related to the adsorption process and C
is the inhibitor concentration.

3.6.2.3 Temkin adsorption isotherm model

This adsorption model relates the surface coverage of the inhibitor molecules on the surface of the
plated mild steel with the logarithm of the inhibitor concentration. The linear form of the isotherm
model is given by Equation (6):

2.303logK ,qs  2.303logC

0= 2a 2a (6)
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where 0 is the surface coverage, a is the Temkin interaction parameter, C is the inhibitor concentra-
tion and K_ _ is the equilibrium constant for the adsorption process.

3.6.2.4 El-Awady adsorption isotherm model

This is a thermodynamic-kinetic model, with the linear form given in Equation (7):
) 1
log 1-8)= logK .45 + 5 logC (7)
where 0 is the surface coverage, K, is the equilibrium constant for the adsorption process, C is the

inhibitor concentration and 1/y is a constant.

Tables and charts were used to present and analyse the results, using Microsoft Office and other
relevant application software.

4 Data presentation and analysis

4.1 Corrosion inhibition analysis

Table 1 shows the empirical results of the experiment carried out using yellow passivated metal at
ambient temperature using different grammage (2 g, 4 g, 6 g) of the inhibitor (Hexalobus crispiflorus)
in 0.02 M of concentrations of the corrodent (HCI) for the duration of 2 to 8 days, and Table 2 gives
the corresponding weight loss.

Table 1. Coupon weights in the corrosion inhibition test with Hexalobus crispiflorus in 0.02 M HCI (yellow-passivated

metal).
Biomass (g) Initial coupon weight (g) 48 h 96 h 144 h 192 h
Control 46.58 45.64 44.67 43.62 42.55
2 47.25 46.50 45.72 44.93 44.05
4 47.88 47.25 46.60 4591 45.19
6 46.93 46.38 45.79 45.18 44.52

Table 2. Weight loss in the corrosion inhibition test with Hexalobus crispiflorus in 0.02 M HCI (yellow-passivated

metal).
Biomass (g) 48 h 96 h 144 h 192 h
Control 0.94 0.97 1.05 1.07
2 0.75 0.78 0.79 0.88
4 0.63 0.65 0.69 0.72
6 0.55 0.59 0.61 0.66

Likewise, Figure 1 shows the graph of the tabulated results of the weight loss test of the yellow
passivated metal at ambient temperature using 2 g, 4 g and 6 g of the inhibitor in 0.02 M of
concentrations of the HCI for the 2 to 8 days experimental time.
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Figure 1. Weight loss (g) against time (days) for the corrosion inhibition of Hexalobus crispiflorus in 0.02 M HC]

(yellow-passivated metal).

Figure 2 presents the chart of the weight loss test result of the yellow passivated metal at ambient
temperature comparing the effects of the 2 g, 4 g and 6 g quantities of the inhibitor in 0.02 M HCI for

the period of 2 to 8 days.
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Figure 2. Weight loss (g) against time (days) for the corrosion inhibition of Hexalobus crispiflorus in 0.02 M HC]

(yellow-passivated metal), bar chart.
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As established in the research design, the experiment was conducted using different concentrations
of hydrochloric acid (HCI) as the corrosive medium. For the results presented in this section, a fixed
HCI concentration of 0.04 M was used. Table 3 presents the experimental results obtained for the
yellow-passivated mild-steel specimens at ambient temperature, using 2 g, 4 g and 6 g of Hexalobus
crispiflorus stem bark extract. The specimens were exposed to the inhibitor-containing HCl medium
for periods ranging from 2 to 8 days to assess the effect of inhibitor concentration and exposure time
on the corrosion behaviour of the treated mild steel.

Table 3. Coupon weights in the corrosion inhibition test with Hexalobus crispiflorus in 0.04 M HCI (yellow-passivated

metal).
Biomass (g) Initial coupon weight (g) 48 h 96 h 144 h 192 h
Control 49.45 48.34 47.19 45.97 44.70
2 48.73 47.77 46.80 45.77 44.69
4 49.27 48.42 47.54 46.60 45.63
6 47.83 47.10 46.33 45.51 44.66

The gravimetric test of the yellow passivated metal at an ambient temperature using 2 g, 4 gand 6 g
of the inhibitor in 0.04 M HClI for the 2 to 8 days interval is presented in Table 4.

Table 4. Weight loss in the corrosion inhibition test with Hexalobus crispiflorus in 0.04 M HCI (yellow-passivated

metal).
Biomass (g) 48 h 96 h 144 h 192 h
Control 1.11 1.15 1.22 1.27
2 0.96 0.97 1.03 1.08
4 0.85 0.88 0.94 0.97
6 0.73 0.77 0.82 0.85

Figure 3 shows the graph of the tabulated results of the gravimetric test of yellow passivated metal at
an ambient temperature using 2 g, 4 g and 6 g of the inhibitor (Hexalobus crispiflorus) in 0.04 M of
concentrations of the corrodent (HCI) for the duration of between 2 to 8 days.
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Figure 3. Weight loss (g) against time (days) for the corrosion inhibition of Hexalobus crispiflorus in 0.04 M HC]

(yellow-passivated metal).

Figure 4 presents the chart of the weight loss test result of the yellow passivated metal at ambient
temperature comparing the effects of the 2 g, 4 g and 6 g quantities of the inhibitor in 0.04 M HCI for

the period of 2 to 8 days.
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Figure 4. Weight loss (g) against time (days) for the corrosion inhibition of Hexalobus crispiflorus in 0.04 M HC]

(yellow-passivated metal), bar chart.
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As established in the research design, the experiment was conducted using different concentrations
of hydrochloric acid (HCI) as the corrosive medium. For the results presented in this section, a fixed
HCI concentration of 0.06 M was used. Table 5 presents the experimental results obtained for the
yellow-passivated mild-steel specimens at ambient temperature, using 2 g, 4 g and 6 g of Hexalobus
crispiflorus stem bark extract. The specimens were exposed to the inhibitor-containing HCl medium
for periods ranging from 2 to 8 days to assess the effect of inhibitor concentration and exposure time
on the corrosion behaviour of the treated mild steel.

Table 5. Coupon weights in the corrosion inhibition test with Hexalobus crispiflorus in 0.06 M HCI (yellow-passivated

metal).
Biomass (g) Initial coupon weight (g) 48 h 96 h 144 h 192 h
Control 48.28 47.07 45.80 44.51 43.16
2 48.21 47.16 46.08 4491 43.68
4 48.75 47.82 46.84 45.82 44.75
6 48.53 47.68 46.79 45.88 4494

The weight loss test of the yellow passivated metal at an ambient temperature using2 g, 4 gand 6 g
of the inhibitor in 0.06 M HCl for the 2 to 8 days interval is presented in Table 6.

Table 6. Weight loss in the corrosion inhibition test with Hexalobus crispiflorus in 0.06 M HCI (yellow-passivated

metal).
Biomass (g) 48 h 96 h 144 h 192 h
Control 1.21 1.27 1.29 1.35
2 1.05 1.08 117 1.23
4 0.93 0.98 1.02 1.07
6 0.85 0.89 0.91 0.94

Figure 5 shows the graph of the tabulated results of the gravimetric test of yellow passivated metal at
an ambient temperature using 2 g, 4 g and 6 g of the inhibitor (Hexalobus crispiflorus) in 0.06 M of
concentrations of the corrodent (HCI) for the duration of between 2 to 8 days.
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Figure 5. Weight loss (g) against time (days) for the corrosion inhibition of Hexalobus crispiflorus in 0.06 M HC]

(yellow-passivated metal).

Figure 6 presents the chart of the weight loss test result of the yellow passivated metal at ambient
temperature comparing the effects of the 2 g, 4 g and 6 g quantities of the inhibitor in 0.06 M HCI for

the period of 2 to 8 days.
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Figure 6. Weight loss (g) against time (days) for the corrosion inhibition of Hexalobus crispiflorus in 0.06 M HC]

(yellow-passivated metal), bar chart.
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4.2 Discussion of gravimetric (weight loss) results

The gravimetric results presented in Figures 1-6 show that the weight loss of the yellow-passivated,
zinc-plated mild steel decreased with increasing Hexalobus crispiflorus concentration from 2 to 6 g
and with prolonged immersion from 2 to 8 days compared with the blank. This indicates that the
extract inhibited corrosion of the plated mild steel in the different HCI environments. The observed
inhibition is attributed to the adsorption of phytochemical constituents of the extract onto the metal
surface, where they block active corrosion sites and reduce further acid attack. Increasing inhibitor
concentration consequently enhanced surface coverage and provided greater protection against cor-
rosion.

4.3 Corrosion rate analysis

Corrosion rate analysis was used to evaluate the effectiveness of the proposed inhibitor. Table 7 and
Figure 7 present the corrosion-rate results and corresponding graphs for the yellow-passivated zinc-
plated mild steel exposed to different concentrations of Hexalobus crispiflorus stem bark extract (2, 4
and 6 g) in varying concentrations of HCI (0.02, 0.04 and 0.06 M).

Table 7. Corrosion rate (mpy) of yellow-passivated metal in different concentrations of HCL

Inhibitor 0.02M 0.04M 0.06 M
Control 1.9623 2.3146 2.5291
2g 1.5596 1.9775 2.1977
4g 1.3018 1.7734 1.9479
6g 1.1657 1.5380 1.7614
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Figure 7. Corrosion rate against HCI concentration for the yellow-passivated metal.
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4.3.1 Discussion of corrosion rate results

Table 7 and Figure 7 show the tabulation and plot of corrosion rate against inhibitor concentration
for the corrosion of plated mild steel in 0.02-0.06 M HCI. They show that the corrosion rate decreases
as the concentration of the inhibitor increases and also the corrosion rate increases as the
concentration of the corrosive environment increases.

4.3.2 Study of the inhibition efficiency and surface coverage

The previous section assessed the effectiveness of the inhibitor proposed through the process of
corrosion rate approach. Here, the efficiency of the proposed corrosion inhibitor is analyzed through
the process of conducting an inhibition efficiency and surface coverage test. Tables 8-10 show the
results of the experiment carried out using yellow (YPM) metal of different grammage (2 g, 4 g and 6
g) of the inhibitor in different concentrations (0.02 M, 0.04 M and 0.06 M) of the corrodent (HCI).

Table 8. Inhibition efficiency and surface coverage in 0.02 M HCl.

Inhibitor & of YPM 1(%) of YPM
Control 0 0

2 0.2079 20.79

4 0.3366 33.66

6 0.4059 40.59

Table 9. Inhibition efficiency and surface coverage in 0.04 M HCL.

Inhibitor & of YPM 1(%) of YPM
Control 0 0

2 0.1513 15.13

4 0.2353 23.53

6 0.3361 33.61

Table 10. Inhibition efficiency and surface coverage in 0.06 M HCI.

Inhibitor & of YPM 1 (%) of YPM
Control 0 0

2 0.1172 11.72

4 0.2188 21.88

6 0.2969 29.69

Note: YPM, yellow-passivated metal; 6, surface coverage; I, inhibition efficiency.

The inhibition efficiency and surface coverage increased with inhibitor concentration but decreased
as the corrodent concentration increased. The highest inhibition efficiency of 40.59% was recorded
with 6 g of the inhibitor in 0.02 M HCI on the yellow-passivated metal (Table 8). This indicates that in-
hibition occurs mainly through the adsorption of inhibitor molecules or ions onto the mild steel sur-
face.
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5 Conclusion

The aim of this study, which was to investigate the corrosion inhibition effect of Hexalobus crispiflorus
stem bark extract on yellow-passivated mild steel in hydrochloric acid, was successfully achieved. An
explanatory research strategy and experimental approach were adopted, using inhibitor grammages
of 2 g, 4 gand 6 gin 0.02 M, 0.04 M and 0.06 M HCI over an immersion period of 2 to 8 days.
Gravimetric (weight loss), corrosion rate, inhibition efficiency, surface coverage and adsorption
isotherm studies were conducted to evaluate the performance of the extract as a corrosion inhibitor.

The results showed that weight loss and corrosion rate generally decreased with increasing inhibitor
concentration, while higher concentrations of the corrodent increased the corrosion rate. Similarly,
inhibition efficiency and surface coverage improved with increasing inhibitor concentration but
declined as the HCl concentration increased. The highest inhibition efficiency of 40.59% was
recorded with 6 g of the inhibitor in 0.02 M HCI, confirming that Hexalobus crispiflorus stem bark ex-
tract has appreciable potential for reducing the corrosion of yellow-passivated mild steel in acidic en-
vironments.
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