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Abstract

Corrosion of mild steel in marine environments causes significant material degradation and economic losses, creating
a need for sustainable and environmentally friendly corrosion inhibitors. This study investigated the effectiveness of
Dumb Cane (Dieffenbachia seguine (Jacq.) Schott) extracts as a plant-based corrosion inhibitor for mild steel in natural
seawater. Ethanolic extracts from the leaves, stems, and roots were prepared and tested at concentrations of 0.2, 0.4,
0.6, and 0.8 g/L. Corrosion inhibition performance was evaluated using weight loss measurements and surface image
analysis, while Fourier Transform Infrared (FTIR) spectroscopy was employed to identify functional groups associated
with corrosion inhibition. The results showed a clear concentration-dependent reduction in corrosion, with weight loss
decreasing significantly as extract concentration increased. At 0.8 g/L, near-complete protection was achieved, with
inhibition efficiencies reaching 100% for the stem/leaf extract and 97.10% for the root extract. Statistical analysis
confirmed that inhibitor concentration had a significant effect on corrosion reduction, while differences between plant
parts were not statistically significant. FTIR analysis revealed the presence of hydroxyl, carbonyl, and aromatic
functional groups attributed to phytochemicals such as flavonoids, tannins, and alkaloids, which facilitate adsorption
onto the mild steel surface. Surface image analysis further confirmed reduced rust coverage and improved surface
morphology in treated samples. These findings demonstrate that Dumb cane extracts act as effective, eco-friendly
corrosion inhibitors through an adsorption-controlled mechanism, offering a sustainable alternative to conventional
synthetic inhibitors for mild steel protection in seawater environments.
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1. Introduction

Corrosion is the gradual deterioration of metals through chemical and electrochemical reactions, causing significant
economic, environmental, and safety impacts, accounting for 1-5% of a nation’s GNP annually [1]. Mild steel, widely
used in construction, transportation, and marine applications for its low cost and favorable properties, is especially
vulnerable in aggressive environments like seawater, where chloride ions accelerate metal dissolution [2,3]. Effective
corrosion control is essential to extend steel service life and reduce costs.

Plant extracts can act as corrosion inhibitors due to organic constituents such as phenols and flavonoids, which form
protective films that shield the metal surface and slow corrosion [4,5]. Dumb Cane (Dieffenbachia seguine (Jacq.) Schott)
contains flavonoids, saponins, oxalates, alkaloids, tannins, phytic acid, and cyanogenic glycosides [6], and has known
antimicrobial and antioxidant properties.
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This study explores Dumb Cane extract as a green corrosion inhibitor for mild steel. Its key features, renewability, low
toxicity, and biodegradability, distinguish it from conventional inhibitors like chromates, phosphates, and nitrites,
which are efficient but toxic and environmentally persistent [7]. Rich in phytochemicals, the extract adsorbs onto steel
surfaces, forming a protective film that interrupts electrochemical reactions responsible for corrosion [8,9,4].

Although widely available in tropical regions, Dumb Cane’s use as a corrosion inhibitor is still limited. This study
evaluates its effectiveness in seawater, developing an anti-corrosion solution, DiEffense, which interferes with rust-
forming oxidation, minimizes metal degradation, and enhances the environmental durability of mild steel.

2. Materials and Methods

2.1. Identification and Classification of Dumb Cane

For the identification and classification of Dumb Cane (Dieffenbachia seguine (Jacq.) Schott), the researchers sought
assistance from the Far Eastern University (FEU) Herbarium. This step was necessary to ensure that the collected
samples were correctly identified and taxonomically classified. Verification by a recognized herbarium also ensured
that the plant organism did not require any special permits and was not subject to conservation measures. The
confirmed classification is as follows: Family: Araceae and Species name: Dieffenbachia seguine (Jacq.) Schott
(Certification Authentication No. 2025-187).

2.2. Collection and Preparation of Dumb Cane

After identifying Dumb Cane (Dieffenbachia seguine (Jacq.) Schott), samples were collected from Saa Estate, Barangay
26, Gingoog City (Figure 1). Using a shovel and gloves, the researchers carefully excavated the plant and handled the
stems. A total of 1 kg of plant material—including leaves, stems, and roots—was collected to ensure sufficient material
for producing 150 g of powdered extract.

Figure 1 Location map of the sampling area (Source: Google Map, 2025)

2.3. Collection and Preparation of Carbon Steel

Mild steel was bought from the local hardware store in Gingoog City. The dimension of the mild steel sample is 137 cm
long, 5 cm in diameter. The researchers used sandpaper to clean the samples, then washed them with distilled water
and acetone [10] to remove impurities and dust from the surface of the carbon steel alloy. Mild steel is composed of
0.08% C, 0.018% P, 0.013% S, 0.09% Si, 0.004% Al, 0.34% Mn, and the remaining is Fe.

2.4. Extraction of Plant-based Inhibitor

Leaves, stems, and roots were cleaned with distilled water to remove dust and debris, minimizing contamination. The
leaves were cut into small pieces and dried in an oven at 80 °C for 5.5 hours, as [11] noted that short drying at high
temperatures preserves antioxidant compounds better than prolonged exposure to light, oxygen, and heat.

After drying, the plant material was ground into a fine powder to produce Dumb Cane powder. A 150 g portion was
macerated in 1500 mL of 96% (v/v) ethanol, which preserves the stability and potency of delicate phytochemicals [12].
After six days of maceration, when compound concentration reaches its third-highest level [13], the extract was filtered
using filter paper. Evaporation of the solvent was then performed for two hours in a water bath with a magnetic stirrer
at 60 °C. This method maintains Total Polyphenol Content (TPC) and Total Antioxidant Activity (TAA) effectively, as
reported by [14].
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Figure 2 Schematic diagram of the collection of plant material and extraction.

2.5. Experimental Procedure

Seawater was collected following a modified method from [15]. Natural seawater from Talisay, Gingoog City (8.8779°
N, 125.1846° E) was used, selected for its representative environmental conditions suitable for evaluating corrosion
inhibitors.

The experiment began with the preparation of Dumb Cane (Dieffenbachia seguine (Jacq.) Schott) extract. Mild steel
samples were submerged in three media: seawater only (blank), 95%(v/v) ethanol (negative control), and seawater
with the bio-inhibitor at concentrations of 0.2, 0.4, 0.6, and 0.8 g/L [16]. Samples were exposed for one week with cycles
of 12 hours submerged in seawater followed by 12 hours of air exposure. Under these conditions, the corrosion rate of
mild steel reaches 0.76 mpy in the first week [17].

2.6. Data Gathering Methods

2.6.1. Determination of the Corrosion-Inhibiting Efficacy of Dumb Cane through the Weight Loss Method

To evaluate the corrosion-inhibiting effect of Dumb Cane (Dieffenbachia seguine) extract on mild steel in seawater, the
researchers performed physical analyses using the weight loss method. Pre-weighed steel samples were treated with
different inhibitor concentrations using cotton balls and then immersed in seawater in a beaker. Samples were exposed
in cycles of 12 hours submerged and 12 hours in air for 10 days. After this period, the samples were cleaned, dried, and
reweighed to determine material loss.

Corrosion rate was calculated from the difference between pre- and post-immersion weights, providing a quantitative
measure of inhibitor effectiveness. The procedure was repeated for all concentrations, and corrosion rates (g/cm?-h)
were computed for both the presence and absence of inhibitors, following the method described by [18].

W=W,;- Wy

Wi is the weight before immersion and Wris the weight after immersion. The percentage inhibition efficiency (% IE) was
calculated by the following equation as reported by Satapathy et al. (2009) as cited in [19]:

IE %=(W1-W2)/W1 x100
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Wi is the weight loss in g of mild steel in inhibited solutions and W is the weight loss in g of mild steel in uninhibited
solutions.

2.6.2. Image Analysis

Image analysis using the Image] (NIH, USA) program was conducted to further evaluate the surface condition of the
mild steel samples. Photographic images of the specimens after immersion in the seawater. Methods outlined by [20]
were utilized with minor modifications. Surface rust coverage (%) was quantified from digital photographs analyzed
with Image] (NIH, USA). Rusted regions were identified through color thresholding, and their pixel areas were
measured. The percentage of rust coverage was then calculated using the following equation:

Rust coverage %=(Arust / Atot)x100
Where Arustand At represent the rusted and total surface areas, respectively.

2.6.3. FTIR Analysis

Powdered stem, leaf, and root samples of Dumb Cane (Dieffenbachia seguine (Jacq.) Schott) were sent to the Center for
Natural Products Research, Development, and Extension at Central Mindanao University, Musuan, Bukidnon. Fourier-
transform infrared (FTIR) spectroscopy was used to identify naturally occurring compounds such as flavonoids, tannins,
saponins, terpenoids, and phenolics. These compounds contain functional groups with heteroatoms like nitrogen,
oxygen, and sulfur, which are known to facilitate adsorption onto metal surfaces [21].

2.7. Statistical Analysis

Collected data were exported and analyzed in Microsoft Excel. Descriptive statistics (mean and standard deviation) and
inferential statistics were calculated, including inhibition efficiency (%) and rust coverage (%). Experiments were
conducted in three trials, and statistical analysis was performed using IBM SPSS Version 25.0. Data followed a normal
distribution; therefore, two-way ANOVA was used, along with linear regression analysis. A p-value < 0.05 was
considered statistically significant.

3. Results and Discussion

Bioactive compounds were extracted from the stem, leaves, and roots of Dieffenbachia seguine to isolate organic
constituents responsible for corrosion inhibition on mild steel surfaces. Plant-based inhibitors typically contain diverse
phytochemicals, including alkaloids, flavonoids, tannins, saponins, and polyphenols, which possess electron-rich
functional groups that form protective adsorption films on metal substrates [22,18].

Ethanol was selected as the extraction solvent because its high polarity enables dissolution of both hydrophilic and
moderately hydrophobic compounds, facilitating efficient recovery of oxygen- and nitrogen-containing species capable
of coordinating with iron surfaces through lone-pair electron donation or m-bond interactions [23]. By comparing
extracts from different plant parts, this study aimed to determine whether the phytochemical composition of the stem,
leaves, and roots affects inhibitory efficiency. This comparative approach provides insight into which plant portion
contains the highest concentration of active molecules contributing to corrosion protection, consistent with findings
from previous studies of other green inhibitors such as Azadirachta indica and Glycyrrhiza glabra [24,25].

3.1. FTIR Analysis

Fourier Transform Infrared (FTIR) spectroscopy was utilized to identify functional groups in the ethanolic extracts
of Dieffenbachia seguine stems, leaves, and roots that contribute to corrosion inhibition. The obtained spectra, shown
in Figures 2 and 3, and corresponding absorption band assignments, summarized in Tables 1 and 2, indicate the
presence of organic functional groups associated with phytochemicals, including alcohols, phenols, carbonyls, and
aromatic compounds. These groups contain electron-donating heteroatoms, such as oxygen and nitrogen, which can
coordinate with the vacant d-orbitals of iron atoms on the mild steel surface [22]. Identification of these active sites is
crucial for elucidating the adsorption mechanism of the inhibitor molecules, as the interaction between these functional
groups and the metal surface facilitates the formation of a protective organic film that reduces corrosion [23,18]
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Figure 3 Image of the IR spectrum of D. seguine (Jacq.) Schott Leaf and Stem at 400-4000 cm!

Table 1 FTIR Spectral Interpretation of Dieffenbachia seguine (Jacq.) Schott Leaf and Stem Extract (Sample 1)

Wavenumber Functional Group Intensity Interpretation Potential
(cm™) Phytochemical
Class
3656.96 O-H stretch (hydroxyl | Weak, Broad | Free/weakly bonded hydroxyl Alcohols, Phenols,
group) Sterols
2918.30 C-H stretch | Strong Alphatic CH, / CHj aliphatic or | Lipids, Steroids
(asymmetric) (alkane fatty/waxy material on the
group) leaves
2852.72 C-H stretch
(symmetric) (alkane
group)
1735.93 C=0 stretch (carbonyl | Strong, Sharp | Ester, Ketone, or Carboxylic Acid
group) Dimer
1519.91 H-H bend/aromatic | Medium to | Amide II (Protein/Alkaloids), | Alkaloids,
c=C Strong, Sharp | Polyphenolic structures Flavonoids, Tannins

The FTIR spectrum of Dumb Cane leaves and stem (Sample 1) revealed several characteristic absorption bands
corresponding to different functional groups and phytochemical constituents. The broad and weak peak observed at
3656.96 cm™* corresponds to the O-H stretching vibration, indicating the presence of hydroxyl groups commonly found
in alcohols, phenols, and sterols.

The strong peaks observed at 2918.30 cm™ and 2852.72 cm™! correspond to the asymmetric and symmetric C-H
stretching vibrations of aliphatic ~-CH, and -CH3 groups. These bands indicate long-chain hydrocarbons commonly
found in fatty acids, lipids, and steroids. [26] reported that aliphatic compounds with long hydrocarbon chains form
hydrophobic films over metal surfaces, minimizing direct contact between the metal and corrosive medium.

A sharp intense peak at 1735.93 cm™ was assigned to C=0 stretching vibrations, confirming the presence of carbonyl
compounds such as esters, ketones, and carboxylic acid dimers. [22] noted that such carbonyl, containing
phytochemicals, especially flavonoids and tannins, can strongly coordinate with iron ions on the metal surface, forming
a stable complete that inhibits corrosion. Additionally, the band at 1519.91 cm™ corresponds to aromatic C=C stretching
or amide II vibrations, indicating the presence of nitrogen or oxygen containing aromatic compounds such as alkaloids,
proteins, or polyphenols.

Overall, the FTIR analysis of Sample 1 confirmed the presence of functional groups such as hydroxyl, carbonyl, and
aromatic systems which are features typical of plant-based corrosion inhibitors. These findings align with the study of
[18] who reported similar spectral profiles in Azadirachta indica extract, recognized for its corrosion-inhibiting
potential. Minor differences in peak intensity could be due to variations in solvent extraction, plant maturity, or drying
conditions.
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Figure 4 Image of the IR spectrum of D. seguine (Jacq.) Schott Root at 400-4000 cm-1

Table 2 FTIR Spectral Interpretation of Dieffenbachia seguine (Jacq.) Schott Root Extract (Sample 2)

Functional Group Intensity | Interpretation Potential
Phytochemical
Class
2920.23 | C-H stretch | Strong Aliphatic -CH,/-CH3 stretching vibrations | Lipids, Fatty acids,
(asymmetric) indicating the presence of long-chain | Steroids
(alkane group) hydrocarbons, fatty acids, or waxy
materials
2306.86 | C=N stretch / CO, | Weak to | May indicate nitrile (C=N) functional group | Alkaloids, Amines
asymmetric stretch Medium or absorbed atmospheric CO,; possible
presence of nitrogen-containing
compounds or trace amines
1712.79 | C=0 stretch | Strong, Characteristic of ester, aldehyde, or | Fatty acid esters,
(carbonyl group) Sharp carboxylic acid functional groups; indicates | Organic acids,
presence of fatty acid esters, organic acids, | Terpenoids
or terpenoids
1566.20 | Aromatic C=C stretch | Medium Associated with aromatic ring vibrations or | Alkaloids, Flavonoids,
/ N-H bend (amide II amide II; indicates presence of aromatic | Tannins, Proteins
band) compounds, polyphenols, or proteinaceous
substances

The FTIR spectrum of Dumb Cane roots (Sample 2) shows distinct absorption bands at 2920.23 cm™, 2306.86 cm™,
1712.79 cm™, and 1566.20 cm™, each corresponding to functional groups associated with phytochemical constituents.
The strong band at 2920.23 cm™ is attributed to C-H asymmetric stretching vibrations of aliphatic ~-CH, and -CH;
groups, indicating the presence of lipids or sterols. Long aliphatic chains are known to form hydrophobic barrier films
on steel surfaces, reducing the diffusion of aggressive species to the metal surface [27].

The weak absorption at 2306.86 cm™ corresponds to C=N stretching vibrations, suggesting the presence of alkynes or
nitriles. As [22] discussed, such compounds contribute to corrosion inhibition by promoting m-electron interactions
with metal atoms, strengthening the adsorption layer. A sharp peak at 1712.79 cm™ corresponds to C=0 stretching of
carbonyl compounds such as esters, ketones, or carboxylic acids. Phytochemicals containing carbonyl groups,
particularly flavonoids and tannins, can form stable complexes with iron ions on metal surfaces, thereby reducing
corrosion activity [22]. The peak at 1566.20 cm™ represents aromatic C=C stretching or amide II vibrations, indicating
the presence of aromatic or nitrogen-containing compounds such as alkaloids, flavonoids, tannins, and proteins.

Overall, the FTIR spectrum of Sample 2 indicates the presence of hydroxyl, carbonyl, and aromatic functional groups

that enhance adsorption and corrosion inhibition. These results are consistent with findings from [25], who observed
similar functional group patterns in Glycyrrhiza glabra root extracts with strong inhibition efficiency on mild steel. The
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correlation between the observed functional groups and literature confirms that Dumb Cane roots, like its leaves and
stem, contain bioactive compounds capable of acting as plant-based corrosion inhibitors.

3.2. Inhibition Efficiency through Weight Loss

The corrosion behavior of mild steel in seawater, inhibited by ethanolic extracts of Dumb Cane
(Dieffenbachia seguine), was evaluated using weight loss measurements. Mean values and standard deviations are
presented in Table 3.

Weight-loss values decreased as inhibitor concentration increased for both stem/leaf and root extracts. The uninhibited
blank specimen showed a mean weight loss of 0.19 + 0.08 g, while the negative control (ethanol) resulted in 0.10 *+ 0.03
g. In comparison, specimens treated with Dumb Cane extracts exhibited substantially lower weight losses: 0.03 g at 0.2-
0.4 g/L,0.01 gat 0.6 g/L, and nearly zero (0.00 g) at 0.8 g/L for both plant parts.

Table 3 Weight Loss results

Dumb cane part | Concentration (g/L) | Mean (g) | Standard Deviation
Stem/Leaf 0.2 0.030 0.01

0.4 0.030 0.01

0.6 0.010 0.01

0.8 0.000 0.00
Root 0.2 0.030 0.01

0.4 0.030 0.01

0.6 0.010 0.01

0.8 0.000 0.00

Notes. Results are the mean of triplicate determinations Blank - 0.19 + 0.08 g; Negative control (ethanol) - 0.10 £ 0.03 g

DUME CAME LEAVES AND STEM

Figure 5 Result of the weight loss of different corrosion inhibitors (stem/leaf)

DUME CAMNE ROOTS

\

Figure 6 Result of the weight loss of different corrosion inhibitors (roots)
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These results indicate a concentration-dependent inhibition effect, with corrosion decreasing as inhibitor concentration
increases. The absence of measurable weight loss at 0.8 g/L suggests nearly complete surface protection. This
observation is consistent with the formation of a stable adsorbed inhibitor film that restricts metal dissolution and
electrolyte diffusion. Similar behavior has been reported for other green inhibitors, including extracts of Cuminum
cyminum and Glycyrrhiza glabra [28,24].

Table 4 summarizes the results of the two-way ANOVA. The analysis confirmed that concentration had a statistically
significant effect on corrosion rate, F(3, 16) = 19.98, p <.001. In contrast, the effect of plant part was not significant, F(1,
16) = 2.88, p =.109, and the interaction between plant part and concentration was also non-significant, F(3, 16) = 1.47,
p = .260. These findings indicate that both stem/leaf and root extracts exhibit a similar concentration-dependent
inhibition trend. The model accounted for 80.8% of the total variance (adjusted R? =.724).

The results of the post-hoc Tukey HSD comparisons are presented in Table 5. The analysis showed that mean weight
losses at 0.6 g L™* and 0.8 g L™* were significantly lower than those at 0.2 g L™* and 0.4 g L™* (p < .05), whereas the
difference between 0.6 g L™* and 0.8 g L™* was not significant (p = .348). Therefore, 0.6 g L™* was identified as the
optimum concentration, beyond which inhibition reached a saturation point. This behavior is attributed to complete
surface coverage by inhibitor molecules [9,24].

Table 4 Two-way ANOVA results for weight loss

Source df | MS F p
Plant Part 1 | 0.000 | 2.882 | 0.109
Concentration 3 10.001 | 19.980 | 0.000*
Plant Part - Concentration | 3 | 0.000 | 1.471 | 0.260

Note. df - degrees of freedom; MS - Mean square; *Statistically significant at 5% level of significance (p < 0.05)

Table 5 Post-hoc comparisons using Tukey’s test of the differences for concentration (weight loss, g)

Comparison (I -]) | Mean Difference (g) | SE P

0.2-0.4 0.400 0.003 | 0.901
0.2-0.6 .0233* 0.005 | 0.001
0.2-0.8 .0317* 0.005 | 0.000
0.4-0.6 .0200* 0.005 | 0.004
0.4-0.8 .0283* 0.005 | 0.000
0.6-0.8 0.008 0.005 | 0.348

Note. SE - standard error; *Statistically significant at 5% level of significance (p < 0.05)

The percentage inhibition efficiency (%IE) results, as presented in Table 6, exhibit a concentration-dependent trend
consistent with the weight-loss data. For the stem/leaf extract, %IE increased from 80.93% at 0.2 g/L to 100% at 0.8
g/L. The root extract demonstrated 75.47% inhibition at 0.2 g/L and 97.10% at 0.8 g/L.

The negative control (ethanol) exhibited only 58.25 * 6.90 % inhibition, indicating that ethanol alone offers minimal

corrosion protection. The substantially higher efficiencies observed for Dumb Cane extracts indicate that
phytochemicals within the plant, rather than the solvent, are primarily responsible for corrosion inhibition.
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Table 6 Inhibition efficiency (%) results

Dumb cane part | Concentration (g/L) | % IE Standard Deviation
Stem/Leaf 0.2 80.93 | 13.12

0.4 82.64 | 891

0.6 92.83 | 2.06

0.8 100.00 | 0.00
Root 0.2 75.47 | 10.87

0.4 79.18 | 13.60

0.6 95.86 | 3.78

0.8 97.10 | 2.59

Notes. Results are the mean of triplicate determinations; Negative control (ethanol) - 58.25 * 6.90%

The similar inhibition efficiencies observed for stem/leaf and root extracts suggest the presence of comparable
bioactive constituents in both plant parts. As the concentration increases, inhibitor molecules compete for active sites
on the steel surface, achieving complete monolayer coverage and thereby minimizing metal-solution contact [25,27].

Regression analysis of inhibition efficiency versus concentration is summarized in Table 7. The analysis revealed a
strong positive relationship for both extracts, with R? values of 0.942 for the stem/leaf extract and 0.888 for the root
extract. The linear models, IE = 72.25 + 33.70C for stem/leaf and IE = 66.51 + 40.79C for root, account for more than 88
% of the observed variability. These high coefficients of determination indicate that inhibition efficiency is directly
proportional to the inhibitor concentration.

Table 7 Linear Regression Analysis of Inhibition Efficiency (%) Versus Inhibitor Concentration (g/L)

Plant Part | Regression Equation | R? F P
Stem/Leaf | [E=72.25+33.70 C 0.942 | 32.297 | 0.030
Root IE=66.51+40.79 C 0.888 | 15.887 | 0.058

Note. The inhibition efficiency increased significantly with concentration for both extracts (p <.05).

3.3. Image Analysis

Table 8 presents the percentage rust coverage of mild-steel surfaces, as determined by Image] analysis, following
exposure to seawater with and without Dieffenbachia seguine extracts. The data demonstrate that corrosion severity
decreased as inhibitor concentration increased for both plant parts. The blank specimen exhibited the highest rust
coverage (42.57%), indicating extensive corrosion in the absence of any inhibitor, while the ethanol control showed a
nearly identical value (42.61%), confirming that the solvent alone had a negligible protective effect. In contrast,
specimens treated with Dumb Cane extracts exhibited substantially lower corrosion coverage, with values decreasing
from 12.35% at 0.2 g/L to 3.21% at 0.8 g /L for the stem/leaf extract, and from 9.48% to 2.54% for the root extract. This
progressive reduction in the rusted area is consistent with the statistical findings from the two-way ANOVA (Table 4),
which indicate a significant influence of inhibitor concentration on the corrosion rate (p <.001).

These results also complement the FTIR findings (Figures 2-3; Tables 1-2), which identified functional groups such as
hydroxyl and carbonyl capable of adsorbing onto the metal surface to form a protective film. The low rust coverage at
higher concentrations visually confirms that these phytochemicals adsorbed onto and covered the steel surface, thereby
minimizing exposure to chloride ions. Comparable concentration-dependent reductions in surface corrosion have been
reported for plant-based inhibitors such as Cuminum cyminum [28] and Glycyrrhiza glabra [24]. Thus, the rust coverage
data in Table 8 provide clear morphological validation of the adsorption-controlled inhibition mechanism established
by both FTIR and statistical analyses.
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Table 8 Rust coverage analysis of mild steel samples determined using Image]

Treatment

Image] Process Image of Mild Steel

Rust Coverage (%)

Blank

42.57

Negative Control 42.61
DCLS (0.2 g/L) 36.67
DCLS (0.4 g/L) 34.19
DCLS (0.6 g/L) 16.87
DCLS (0.8 g/L) 3.21
DCR (0.2 g/L) 3.99
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DCR (0.4 g/L) 3.73
DCR (0.6 g/L) 3.86
DCR (0.8 g/L) 2.54

The surface morphology of mild steel specimens after seawater immersion was examined to confirm the protective
effects of Dieffenbachia seguine extracts. Quantitative and qualitative analyses were conducted using Image] and 3D
surface profiling. The data in Table 8 and the images in Figure 4a-c provide visual evidence supporting the statistical
and spectroscopic results.

The uninhibited specimen (Figure 4a) showed a rough, irregular surface with extensive rust formation and deep
corrosion pits. Image] analysis indicated about 42% rust coverage, consistent with the high mean weight loss (0.19 *
0.08 g) in the blank sample (Table 3). This confirms rapid metal dissolution and chloride attack in the absence of an
inhibitor.

In contrast, specimens treated with Dumb Cane extracts showed smoother, more uniform surfaces (Figures 4b-4c). The
stem/leaf extract at 0.8 g L™* reduced rust coverage to 3.21%, while the root extract achieved the lowest coverage at
2.54%, indicating slightly better protection. These results align with the two-way ANOVA (Table 4), which showed a
significant effect of concentration (F(3, 16) = 19.98, p < .001) but no significant effect of plant part (p = .109). This
indicates that both extracts were similarly effective, with the root extract showing marginally smoother surfaces.

(b)

Figure 7 Comparative 3D Surface Topography of Mild Steel after Immersion in Seawater with and without Dumb Cane
Extracts: (a) Uninhibited mild steel (blank), (b) mild steel treated with ethanolic stem/leaf extract, and (c) mild steel
treated with ethanolic root extract of Dieffenbachia seguine.

The morphological differences between untreated and treated surfaces are consistent with the FTIR results (Figures 2-

3; Tables 1-2). Both extracts showed absorption bands for O-H, C-H, C=0, and C-0 groups, corresponding to hydroxyl,
carbonyl, and ether linkages found in flavonoids, phenols, and tannins. These compounds adsorb onto metal surfaces
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through lone pairs and m-electron interactions, forming a compact protective film that reduces anodic and cathodic
reactions [22,18,23].

The smoother surfaces of treated specimens confirm this adsorption-based mechanism. High inhibition efficiencies at
0.6 and 0.8 g L™* (above 95%; Table 6) indicate near-complete surface coverage. This trend agrees with regression
results (Table 7), which show a strong correlation between concentration and inhibition efficiency (R? = .888-.942).
The plateau beyond 0.6 g L™ suggests surface saturation and monolayer formation.

These findings are consistent with studies on plant-based inhibitors. Similar surface improvements were observed with
Glycyrrhiza glabra [24] and Cuminum cyminum [28], where phytochemical adsorption formed stable protective films.
Other studies [29,30] also report increased efficiency with concentration until adsorption equilibrium is reached.

The 3D surface plots (Figure 7a-c) show the transition from severe corrosion in the blank sample to smoother,
minimally corroded surfaces after treatment. The blank specimen exhibits pronounced peaks and valleys from rust and
pitting, while treated samples show reduced roughness. The root extract (Figure 7c) produced the smoothest surface,
consistent with its slightly higher inhibition efficiency (97.10%) and lower rust coverage.

Overall, the results confirm that corrosion inhibition by Dumb Cane extracts occurs through adsorption of oxygen- and
nitrogen-containing phytochemicals, forming a dense protective film on steel. The consistency between surface
morphology, FTIR data, and statistical analysis supports an adsorption-controlled mechanism, similar to other green
inhibitors [9,31].

4., Conclusion

The findings confirm that ethanolic extracts of Dumb Cane (Dieffenbachia seguine) stems, leaves, and roots act as
effective green corrosion inhibitors for mild steel in seawater. Statistical analysis shows that inhibitor concentration
significantly affects corrosion inhibition, while plant part does not, indicating comparable performance. Regression
results demonstrate a strong positive relationship between concentration and inhibition efficiency, with effectiveness
increasing until a saturation point is reached.

FTIR analysis identified functional groups such as hydroxyl, carbonyl, and amide, which promote adsorption onto the
metal surface. These oxygen- and nitrogen-containing phytochemicals—mainly flavonoids, tannins, and alkaloids—
interact with iron through electron donation and hydrogen bonding, forming a stable protective film. Image] analysis
supports this, showing reduced rust coverage and smoother surfaces in treated samples.

Overall, the results show that corrosion inhibition by D. seguine extracts is adsorption-controlled, involving both
chemisorption and physisorption. Both stem/leaf and root extracts were similarly effective, with the root extract
offering slightly better protection, supporting its use as a sustainable corrosion inhibitor in chloride-rich environments
like seawater.
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