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Abstract

Corrosion of mild steel in acidic environments is a major concern in industrial applications, creating a
need for effective and environmentally compatible corrosion inhibitors. This study investigated the
corrosion inhibition potential of ethanolic Bambusa vulgaris leaves extract on mild steel in 1.0 M H,SO,.
Mild steel coupons were subjected to weight-loss measurements at varying extract concentrations (0.2-
1.0 g/L) and temperatures of 303-333 K. Inhibition efficiency and corrosion rate were determined from
the weight-loss data, while scanning electron microscopy (SEM) was used to examine surface morpho-
logy and atomic absorption spectroscopy (AAS) was employed to determine dissolved iron concentra-
tions. At 303 K, inhibition efficiency increased from 71.33% at 0.2 g/L to 84.00% at 1.0 g/L, while the
corrosion rate decreased from 8.0 x 10™* g h™! cm™2 for the blank to 1.3 x 10™* g h™t cm™2 at 1.0 g/L ex-
tract. Increasing temperature reduced inhibition efficiency and increased corrosion rate across the
investigated concentrations. SEM revealed comparatively smoother surfaces in the presence of the
extract, while dissolved Fe decreased from 11.37 ppm in the blank to 9.97 ppm at 1.0 g/L extract. The
results indicate that B. vulgaris leaves extract inhibits mild steel corrosion through adsorption of its
constituents at the metal-solution interface, forming a protective layer that reduces metal dissolution.
The extract therefore demonstrates potential as a plant-derived corrosion inhibitor for mild steel in
acidic media.

Keywords: Bambusa vulgaris; mild steel; corrosion inhibition; plant extract; weight-loss method;
scanning electron microscopy; atomic absorption spectroscopy

1 Introduction

Corrosion is a natural physicochemical process that causes the deterioration of metallic materials
through chemical or electrochemical interactions with their surrounding environment (Baskar et al.,
2023; Kumar et al., 2026). It is a major problem in industrial systems where metals are continuously
exposed to aggressive media, particularly acidic environments (FinSgar & Jackson, 2014; Kumar et al.,
2026). The resulting degradation can lead to loss of material, reduction in service life and increased
maintenance requirements (Ekerenam et al,, 2025). Mild steel is particularly susceptible to corrosion
in acidic solutions (Lebkiri et al., 2025), making corrosion control an important consideration in its
industrial applications (Kiey et al., 2023).

Mild steel is widely employed in engineering and industrial applications because of its favourable
mechanical properties, availability and relatively low cost (Uddin, 2024). However, its exposure to
acidic media such as sulfuric acid can accelerate metal dissolution and consequently reduce its
durability (Palanivelu et al.,, 2025). Corrosion inhibitors are therefore commonly introduced into
aggressive environments to reduce the rate of metallic degradation (Puzikova et al., 2025). Their ef-
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fectiveness generally depends on their ability to interact with the metal surface and reduce the
reactions responsible for corrosion (Al-Amiery & Shaker, 2026).

Conventional corrosion inhibitors, particularly organic compounds, can provide effective protection
through adsorption onto metallic surfaces (Chen et al., 2022). Organic inhibitor molecules containing
heteroatoms and other functional groups can interact with the metal surface and form a protective
layer that limits contact between the metal and the corrosive medium (Km et al.,, 2024; Goyal et al,,
2018). However, concerns regarding the toxicity, cost and environmental persistence of some
conventional inhibitors have encouraged the development of more environmentally compatible al-
ternatives. Plant-derived materials have consequently received increasing attention as potential
green corrosion inhibitors because of their natural origin, biodegradability and availability (Bandeira
etal, 2025; Verma et al,, 2021).

Several studies have demonstrated the corrosion-inhibiting potential of plant extracts in acidic media
(Al-Otaibi et al., 2012; Obiukwu et al., 2015; Thacker & Ram, 2024; Yousif et al., 2025). Bamboo-de-
rived materials, in particular, have attracted attention because of their ability to reduce corrosion
through adsorption of their organic constituents on metal surfaces (Nzyoki et al, 2026; Li et al,
2013). Li et al. reported that bamboo leaf extract inhibited the corrosion of steel in both HCl and
H,S0, solutions, with inhibition efficiency increasing with extract concentration and adsorption
following the Langmuir model (Li et al., 2013). Other studies have also reported the effectiveness of
bamboo leaves and bamboo-derived extracts in reducing mild-steel corrosion (Zhu et al., 2021), with
the protective behaviour attributed to the formation of an adsorbed layer on the metal surface. (Edy-
anto et al., 2025) These findings indicate the potential of bamboo-derived materials as plant-based
corrosion inhibitors.

Despite the reported effectiveness of bamboo-derived extracts, corrosion inhibition behaviour is
influenced by the plant species, extract composition, corrosive medium, inhibitor concentration and
experimental conditions. Previous investigations have considered different bamboo species and
different acidic environments, while information on the corrosion-inhibiting performance of Bam-
busa vulgaris leaves extract specifically in 1 M H,SO, remains limited. In addition, combining weight-
loss measurements with surface examination and dissolved-metal analysis can provide complement-
ary evidence of the protective effect of the extract. Thus, further investigation is required to establish
the inhibition behaviour of B. vulgaris leaves extract under controlled acidic conditions.

The present study therefore investigates the corrosion inhibition potential of Bambusa vulgaris leaves
extract on mild steel in 1 M H,SO, solution. The effect of extract concentration and temperature on
corrosion behaviour was evaluated using the weight-loss method, while scanning electron micro-
scopy (SEM) was used to examine changes in the mild-steel surface. Atomic absorption spectroscopy
(AAS) was additionally employed to determine dissolved metal ion concentrations. The study
evaluates the ability of B. vulgaris leaves extract to reduce mild-steel corrosion and assesses its
potential as a plant-based corrosion inhibitor.

2 Experimental

2.1 Materials and reagents

Mild steel coupons of dimensions 3 ¢cm x 4 c¢cm and thickness of 0.36 cm were used as the test
specimens. The coupons were obtained from the Mechanical Engineering Department of the Federal
University of Technology, Akure. Ethanol was used for extraction and degreasing, while acetone was
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used for drying the coupons. A 1 M H,SO, solution was employed as the corrosive medium. The Bam-
busa vulgaris leaves used for the preparation of the inhibitor extract were collected from Ajelagun,
along ljare Road, Ikere-EKkiti, EKiti State, Nigeria.

2.2 Mild steel coupon preparation

The mild steel sheets were mechanically cut into coupons measuring 3 cm x 4 cm. The coupons were
used as obtained without further mechanical polishing. Prior to use, they were degreased in absolute
ethanol, dried in acetone, weighed using an electronic balance and stored in moisture-free
desiccators until required for the corrosion experiments. This method was adapted from Ezugha and
Aralu (2023)

2.3 Preparation of Bambusa vulgaris leaf extract

Fresh Bambusa vulgaris leaves were collected, air-dried and ground into powder, after which the
powdered material was sieved. Fifty grams of the powdered leaves was transferred into an amber
bottle containing 3000 mL of ethanol. The container was properly sealed and allowed to stand for
one week with occasional shaking. The mixture was subsequently filtered, and the filtrate was
concentrated using a water bath to remove the ethanol. The resulting thick extract was air-dried for
one week until a uniform mass was obtained. Extract concentrations of 0.2, 0.4, 0.6, 0.8, and 1.0 g/L
were prepared in 1 M H,SO,.

2.4 Weight-loss corrosion experiment

Weight-loss measurements were carried out by adapting the procedure from Alaneme et al. (2015). It
was carried out by immersing the mild steel coupons in 100 mL of the test solutions contained in 250
mL beakers. The experiments were conducted at 30 °C and 50 °C for 4 h, while the concentration of B.
vulgaris extract was varied. After immersion, the coupons were removed, cleaned, dried, and
reweighed. The difference between the initial and final weights was used to determine the weight
loss and evaluate the effect of the extract on the corrosion process. The weight-loss data are given in
Table 1.

2.5 Corrosion inhibitor efficiency

The inhibition efficiency of the B. vulgaris leaf extract was determined from the weight-loss measure-
ments. The inhibition efficiency (IE%) was calculated using Equation (1):

_ Wi
IE<%) = [1 W,

where W, is the weight loss of the mild steel coupon in the presence of the inhibitor and W, is the
weight loss in the uninhibited solution (Orubite & Oforka, 2004).

X 100 (1)

2.6 Atomic absorption spectroscopy

Atomic absorption spectroscopy (AAS) was used to determine the concentration of dissolved metal
ions remaining in the test solutions after the gravimetric corrosion experiments. The analysis
provided an additional measure of metal dissolution in the absence and presence of B. vulgaris leaf
extract. The concentration of dissolved Fe was determined from the analysed solutions using an
Atomic Absorption Spectrophotometer (PG Instrument Model AA990), and expressed in mg/L (ppm).
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2.7 Scanning electron microscopy

Scanning electron microscopy (SEM) was employed to examine changes in the surface morphology of
the mild steel coupons following exposure to the acidic medium. The surface morphology of coupons
immersed in 1 M H,SO, in the absence and presence of B. vulgaris extract was examined using a
backscattered electron detector. The SEM observations were used to assess the extent of surface
deterioration and the formation of protective deposits associated with the inhibitor.

2.8 Determination of corrosion inhibitor efficiency

The rate of corrosion of steel coupons was evaluated by measuring their weight loss before and after
being immersed in a specific test solution. The weight loss data obtained from the experiment was
then used to calculate the corrosion rate. To assess the effectiveness of a particular chemical in
inhibiting corrosion, a comparison was made between the corrosion rates observed in the presence
and absence of the chemical. The inhibition efficiency (IE%) was calculated with Equation (1) as a
percentage to quantify the extent to which the chemical inhibited or reduced the corrosion rate. By
analyzing the weight loss data and calculating the corrosion rate, the researchers were able to
determine the inhibition efficiency of the chemical under investigation. This information provides
valuable insights into the effectiveness of the chemical as a corrosion inhibitor for the steel coupons
in the test solution.

Table 1. Weight loss, corrosion rate and inhibition efficiency of mild steel in 1 M H2S04 at different concentrations of
Bambusa vulgaris leaf extract and different temperatures.

Temp Conc. (g/ Initial Length Breadth Height Final Average weight IE CR

(K) L) weight weight loss (%)

303 Blank 11.70 9.06 0.06 0.04 11.54 0.16 - 0.0843
0.2 9.16 6.04 0.06 0.05 9.04 0.12 25  0.0617
0.4 10.69 6.06 0.06 0.05 10.59 0.10 38  0.0225
0.6 12.54 7.05 0.04 0.03 12.46 0.08 50  0.0220
0.8 10.87 8.06 0.05 0.06 10.81 0.06 63  0.0202
1.0 11.35 6.05 0.05 0.05 11.32 0.03 81  0.0003

313 Blank 10.20 6.05 0.05 0.03 11.02 0.18 - 0.0370
0.2 12.50 9.06 0.06 0.05 12.35 0.15 17 0.0253
0.4 11.40 6.06 0.05 0.04 11.28 0.12 33 0.0168
0.6 10.70 4.06 0.04 0.05 11.60 0.10 45  0.0124
0.8 9.50 7.06 0.03 0.03 9.42 0.08 56  0.0112
1.0 11.80 5.05 0.05 0.04 11.74 0.06 67  0.0005

323 Blank 11.80 8.06 0.05 0.05 11.60 0.20 - 0.0350
0.2 9.50 7.05 0.06 0.05 9.33 0.17 15 0.0309
0.4 10.75 6.06 0.05 0.04 10.61 0.14 30 0.0278
0.6 12.60 9.06 0.04 0.04 12.49 0.11 45  0.0197
0.8 11.70 6.04 0.06 0.05 11.62 0.08 60  0.0094
1.0 10.35 6.05 0.06 0.04 10.30 0.05 75  0.0002
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Temp Conc. (g/ Initial Length Breadth Height Final Average weight IE CR

(K) L) weight weight loss (%)

333 Blank 9.56 6.05 0.05 0.04 9.32 0.24 - 0.0449
0.2 11.50 8.06 0.04 0.06 11.29 0.21 13 0.0247
0.4 10.70 7.05 0.05 0.05 10.52 0.18 25 0.0211
0.6 12.54 6.06 0.06 0.06 12.39 0.15 38  0.0124
0.8 11.80 9.06 0.05 0.04 11.68 0.12 50  0.0045
1.0 10.20 6.04 0.104 0.03 10.11 0.09 63  0.0001

3 Results and discussion

3.1 Effect of extract concentration on inhibition efficiency

The inhibition efficiency of Bambusa vulgaris leaves extract increased progressively with increasing
extract concentration in 1.0 M H,S0,. At 303 K, the inhibition efficiencies obtained for 0.2, 0.4, 0.6, 0.8
and 1.0 g/L extract were 71.33, 75.33, 78.67, 80.67 and 84.00%, respectively (Figure 1). Thus, the
highest inhibition efficiency at this temperature was obtained at 1.0 g/L. The increase in inhibition
efficiency with extract concentration indicates that a greater amount of the extract constituents
became available for adsorption on the mild steel surface. The adsorbed constituents can form a
protective layer at the metal-solution interface, thereby reducing the contact between the steel
surface and the aggressive acidic medium. The progressive increase from 71.33% at 0.2 g/L to
84.00% at 1.0 g/L therefore suggests concentration-dependent inhibition by the B. vulgaris extract.
This observation agrees with previous reports on plant-derived corrosion inhibitors, in which
increasing inhibitor concentration enhanced surface coverage and consequently reduced the
corrosion reaction. The result also supports the adsorption-based inhibition mechanism proposed in

the present study.

https://doi.org/10.64388/IREV1014-1724253 ISSN 2456-8880 Paper ID: 1724253 | Page 4083


https://doi.org/10.64388/IREV10I4-1724253

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

%0

ao ’
-~ 70
2 >
g 60 =
c e
kK S
9 50 -
0 >
[ -
- >
S 30 >
Z -
=2 el

//
10 r 4
oo
0 0.2 0.4 0.6 08 1 12
Extract Concantration

Figure 1. Plot of the inhibition efficiency of Bambusa vulgaris leaves extract against the extract concentration

3.2 Effect of extract concentration on the corrosion rate of mild steel

The corrosion rate of mild steel decreased as the concentration of Bambusa vulgaris extract
increased. At 303 K, the corrosion rates for the blank, 0.2, 0.4, 0.6, 0.8 and 1.0 g/L solutions were 8.0
x 107, 2.1 x 1074, 2.0 x 107, 1.8 x 1074, 1.5 x 10~* and 1.3 x 10™* g h™! cm™?, respectively. The unin-
hibited solution exhibited the highest corrosion rate, whereas the solution containing 1.0 g/L extract
produced the lowest value. This corresponds with the increase in inhibition efficiency observed with
increasing extract concentration. The reduction in corrosion rate can be attributed to adsorption of
the extract constituents onto the mild steel surface, producing a protective barrier that restricts the
interaction of the metal with the acidic medium. The result is consistent with the observation
reported by Wabbane and Okafor, that increased inhibitor concentration enhances adsorption of
inhibitor constituents on the metal surface and consequently reduces corrosion.
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Figure 2. Plot of the corrosion rate of Bambusa vulgaris leaves extract against the extract concentration

3.3 Effect of temperature on inhibition efficiency

The inhibition efficiency of Bambusa vulgaris extract decreased with increasing temperature for all
investigated extract concentrations. At 0.2 g/L, the inhibition efficiency decreased from 71.33% at
303 Kto 68.75, 66.14 and 64.22% at 313, 323 and 333 K, respectively. For 0.4 g/L, the corresponding
values were 75.33, 72.16, 69.31 and 66.81%. At 0.6 g/L, the values were 78.67, 76.14, 73.55 and
71.98%, while 0.8 g/L gave 80.67, 78.41, 75.13 and 73.71%, respectively. The highest concentration,
1.0 g/L, showed inhibition efficiencies of 84.00, 81.25, 76.19 and 74.57% at 303, 313, 323 and 333 K,
respectively (Figure 3). The reduction in inhibition efficiency with increasing temperature suggests a
decrease in the stability of the protective layer formed by the extract constituents on the mild steel
surface. Increased thermal energy may promote desorption of some adsorbed constituents, resulting
in reduced surface coverage and greater exposure of the metal to the acidic medium. Despite this
decrease, the inhibited systems retained higher protection at increasing extract concentrations,
indicating that concentration remained an important factor governing the extent of surface protec-
tion.
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Figure 3. Plot of the inhibition efficiency of Bambusa vulgaris leaves extract against temperature at different

concentrations

3.4 Effect of temperature on the corrosion rate

An increase in corrosion rate was observed with increasing temperature in both the uninhibited and
inhibited systems. For the blank solution, the corrosion rate increased from 8.0 x 10™* g h™' cm™ at
303Kt09.1 x1074,9.8 x 10~ and 1.59 x 103 gh ! cm™ at 313, 323 and 333 K, respectively. A simil-
ar temperature-dependent increase occurred in the inhibited systems. At 0.2 g/L extract, the
corrosion rate increased from 2.1 x 107 to 4.4 x 107* g h™! cm™? between 303 and 333 K. At 0.4, 0.6,
0.8 and 1.0 g/L, the corresponding increases were from 2.0 x 107 to 3.8 x 107, 1.8 x 10™* to 3.4 x
1074, 1.5x10%t0 3.3 x 1074 and 1.3 x 107*to 3.2 x 10* g h™! cm™?, respectively. The increase in cor-
rosion rate with temperature can be attributed to the enhanced rate of corrosion reactions in the
acidic medium. In the inhibited systems, increased temperature may additionally weaken the
interaction between adsorbed extract constituents and the metal surface, resulting in partial
desorption and reduced protection. Nevertheless, the corrosion rates of the inhibited systems
remained below that of the blank, indicating that the extract continued to provide protection against
acid-induced corrosion.
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Figure 4. Plot of the corrosion rate of Bambusa vulgaris leaves extract against temperature at different concentrations

3.5 Scanning electron microscopy analysis

The surface morphology of the mild steel coupons was examined using a scanning electron
microscope after exposure to 1.0 M H,SO, in the absence and presence of Bambusa vulgaris leaf ex-
tract. SEM images of the uninhibited surface and surfaces exposed to the minimum (0.2 g/L) and
highest (1.0 g/L) extract concentrations are presented in Figure 5(a-c). The uninhibited mild steel
surface exhibited substantial deterioration and a relatively rough morphology, indicating the
aggressive action of the acidic medium. In contrast, the surface exposed to 0.2 g/L extract showed
comparatively reduced surface deterioration, while the coupon treated with 1.0 g/L extract exhibited
a smoother surface with visible deposits or particles. The progressive improvement in surface
morphology with increasing extract concentration indicates the formation of a protective layer on the
mild steel surface. This layer is attributed to the adsorption of constituents of Bambusa vulgaris leaf
extract at the metal-solution interface, which limits direct contact between the steel surface and the
acidic medium. The SEM observations therefore provide morphological evidence supporting the

weight-loss results, where increasing extract concentration produced higher inhibition efficiency and
lower corrosion rate.
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(a) Blank (b) 0.2 g/L (c) 1.0g/L

Figure 5. SEM micrographs of mild steel surface exposed to (a) blank 1.0 M H,SO,, (b) 0.2 g/l Bambusa vulgaris leaf
extract, and (c) 1.0 g/l Bambusa vulgaris leaf extract.

3.6 Atomic absorption spectroscopy analysis

The AAS results showed a progressive reduction in dissolved iron with increasing B. vulgaris extract
concentration. The blank solution contained the highest Fe concentration of 11.37 + 0.02 ppm, while
the concentration decreased to 10.62 + 0.003 ppm in the presence of 0.2 g/L extract and further to
9.97 £ 0.00 ppm at 1.0 g/L. Relative to the blank, the dissolved Fe concentration decreased by
approximately 6.6% at 0.2 g/L and 12.3% at 1.0 g/L extract (Table 2). This reduction indicates de-
creased dissolution of iron from the mild steel surface as the inhibitor concentration increased. The
AAS results therefore complement the gravimetric and SEM findings. The lower concentration of
dissolved Fe at higher extract concentration is consistent with the observed reduction in corrosion
rate and the formation of a comparatively protected surface. Collectively, the results indicate that
Bambusa vulgaris leaves extract reduces mild steel corrosion in 1.0 M H,SO, through adsorption of its
constituents at the metal-solution interface.

Table 2. Mineral analysis (AAS): Dissolved Fe in the test solutions.

Sample code Fe (ppm)

B (blank) 11.37 £ 0.02
Sample B (0.2 g/L) 10.62 £ 0.003
Sample C (1.0 g/L) 9.97 + 0.00

4 Conclusions

Ethanolic extract of Bambusa vulgaris leaves demonstrated effective inhibition of mild steel corrosion
in 1.0 M H,SO,. Inhibition efficiency increased with increasing extract concentration, reaching
84.00% at 1.0 g/L and 303 K, while the corrosion rate decreased correspondingly. Increasing
temperature reduced inhibition efficiency and increased corrosion rate, indicating a reduction in the
stability of the protective layer at elevated temperature. SEM examination showed comparatively
smoother surfaces in the presence of the extract, while AAS revealed a progressive reduction in
dissolved Fe concentration from 11.37 ppm in the blank to 9.97 ppm at 1.0 g/L extract. The combined
weight-loss, SEM and AAS results support an adsorption-based inhibition mechanism in which
constituents of B. vulgaris extract form a protective layer at the metal-solution interface. These
findings demonstrate the potential of B. vulgaris leaves extract as a plant-derived corrosion inhibitor
for mild steel in acidic environments.
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