https://dx.doi.org/10.4314/dujopas.vl li2a.l3
ISSN (Print): 2476-8316
ISSN (Online): 2635-3490
Dutse Journal of Pure and Applied Sciences (DUJOPAS), Vol. I | No. 2a June 2025

Phytochemical Screening and Inhibitive Potential of
Halide lons and Plant Extracts of Cassia Occidentalis
Leaves as Corrosion Inhibitor of Mild Steel

in Sulphuric Acid Medium

'Hussaini Umar, 'Nasir Nasir Bello, 'Ibrahim Salisu,
"Muhammad Rabiu Umar, 2Salim Dahiru

'Department of Chemistry,

Nigerian Defence Academy Kaduna,
P.M.B. 2109,

Kaduna,

Nigeria.

*School of General Studies,

Federal University of Transportation Daura,
P.M.B. 1050,

Nigeria.

Email: hussainiumar90@gmail.com

Abstract

The crude extract of Cassia occidentalis leaves was used in this study to screened the phytochemicals
and examine its inhibitory qualities as a corrosion inhibitor for mild steel in 1M sulphuric acid media.
The phytochemicals showed the existence of alkaloids, glycosides, flavonoids, carbohydrates, tannins,
saponins, phenols, and steroids. Flavonoids make up the majority of the extract, with alkaloids coming
in second where anthraquinolones, proteins, and amino acids are absent. Weight loss was used to
investigate mild steel corrosion inhibition in 1M sulphuric acid media. The inhibitory effectiveness of
Cassia occidentalis extracts rise with concentration and at a low temperature. The inhibitor's maximum
efficiency was 70% after three hours of immersion at a concentration of 0.7 g/L extract. The results
showed that Cassia occidentalis extracts effectively inhibited mild steel corrosion, and that the presence
of halide ions increased the inhibition's effectiveness. The order of the halide ions' synergistic action
was KI >KBr >KCl. Extracts from Cassia occidentalis shows an inhibitory impact due to the extract
components' adsorption on the mild steel surface. The corrosion process is exothermic and spontaneous.
The corrosion reaction's activation energy is raised when the leave extracts is present.The results of a
study using scanning electron microscopy to examine the surface morphology of mild steel in inhibited
and uninhibited acid solutions revealed that the presence of extract and halide inhibitors remarkably
lowers the corrosion rate. This is as a result of the extract and halide inhibitor molecules adhering to
the surface and forming a barrier that prevents an acid attack.

Keywords: Mild steel, Cassia occidentalis leaves, Corrosion, Sulphuric Acid, Phytochemicals,
Inhibitor.
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INTRODUCTION

To meet the challenging requirements, mild steels are a class of adaptable materials that can
be designed to display a wide range of engineering features through alloy design and
regulated mechanical treatments. This adaptability has resulted in increased demand for mild
steels in a wide range of applications, including building construction, pipeline construction,
automobile and machinery etc. because of its advantages of low cost, lightness and good
corrosion resistance at moderate temperatures (Abida ef al., 2011). Dilute acid solutions are
widely used in several industrial processes such as pickling, cleaning and descaling to remove
the undesirable scales and rusts on the steel surface (Wang et al., 2012).

The active phytochemicals in plants that are effective for corrosion inhibition can be regarded
as those with heteroatom in their aromatic or long chain, possession of m-electrons or suitable
groups may also facilitate the transfer of charge from the inhibitor molecules to the charge
metal surface (physical adsorption) or the transfer of electron from the inhibitor molecule to
vacant d-orbital of the metal (chemical adsorption). Therefore in order to identify the active
constituent of plant extract involved in corrosion inhibition, more knowledge of the chemical
structures and phytochemicals is required. Plant extracts are an extremely rich source of
natural chemical compounds that may be extricated using a simple, low-cost technique and
are biodegradable in nature. As a green alternative to poisonous and hazardous substances,
the natural plant extract comprises an array of organic compounds such as amino acids,
alkaloids, steroids, flavonoids, proteins, and tannins (Anbarasi and Vasudha 2016). In
addition, these compounds have developed into corrosion inhibitor substitutes that are
affordable, readily accessible, and renewable (Jokar et al., 2016; Chaubey et al., 2018; Dehghani
et al., 2019; Dehghani et al., 2020).

Several studies have been carried out on the potentials of plants extracts as corrosion
inhibitors for some metals including mild steel, aluminium, carbon steel, zinc etc. Ebenso et
al., (2008) investigated the corrosion inhibition of mild steel by ethanol extract of Piper
guinensis (EEPG) using gravimetric, gasometric and thermometric methods. The results of the
study indicated that various concentrations of ethanol extract of Piper guinensis (EEPG) inhibit
mild steel corrosion. Inhibition efficiency of the extract was found to vary with concentration,
temperature and period of immersion. Oguzie (2008) also studied tha inhibitory potentials of
calyx extract of Hibiscus sabdariffa for the corrosion of mild steel HCl and H>SO, solutions,
using gasometric (hydrogen evolution) method and found that the inhibition efficiency of the
inhibitor increased with increasing concentration.

Corrosion inhibition of metals by eco-friendly phytochemicals of plant extract is a viable
corrosion control technique. Phytochemicals can be correlated to the antioxidant capacity of
plants (Abd-El-Khalek et al., 2012). Passive oxide film formed on mild steel surface is
responsible for its corrosion resistance, but the surface film is amphoteric and dissolves
substantially when the metal is exposed to high concentrations of acids or bases ( Dehghani et
al., 2019. Mild steel structure corrodes as a result of electrochemical reaction with its
environment. Pickling, descaling and cleaning operations are often carried out in industries
to prolong the life span of the mild steel structures (Zhu et al., 2009). The problem of metal
corrosion by acids represents a wide range of corrosion problems in today's industrialized
world. Due to their wide spread use in industrial facilities.

Multiple researches have been carried out by various authors using Cassia Occidentalis plants

extract to inhibit corrosion in mild steel, aluminum steel, stainless steel and carbon steel and
for purpose of this research effect of halide ion will also be used to inhibit corrosion of mild
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steel. Mild steel is generally resistant to acidic corrosion. However, exact resistance levels will
depend on the steel in use, concentration, types of acid used, and environmental temperature
(Junaid and Patil 2020). Mild steel materials have high corrosion resistance capacity because
of the presence of carbon which forms a passive film layer of carbon rich oxide in the presence
of oxygen at lower temperatures; this forms a barrier with its surrounding. However, this
layer could be damaged in harsh environments that is in acid enviroment such as H>SO, and
HCI. Therefore, this research will provide the basis for evaluating Cassia occidentalis leaves
extract as suitable alternatives to highly expensive and non-environmentally friendly
corrosion inhibitors of mild steel. These leaves extract have a very good phytochemical
constituent and presence of these phytochemicals in plant provide the potential of inhibiting
corrosion and pharmacological activities.

Cussia occidentalis leave extracts have been utilized as a corrosion inhibitor for different metals
(Anbarasi and Vasudha 2014; Anbarasi and Mini 2016). It has not, however, been studied as a
potential mild steel inhibitor in an extremely corrosive environment such as 1 M H>SO4. As a
result, the corrosion inhibitory effectiveness of Cassia occidentalis leave extracts on mild steel
in 1M H,SO4 was studied in this research.

METHODOLOGY

Coupon Preparation

Mild steel that was bought commercially was cut into 9 x 3 cm coupons. The coupons were
mechanically polished with 400 grade emery sheets, cleaned with acetone, degreased in
ethanol wash with distilled water. It was then allowed to dry and kept in a desiccator for 15
minutes (Madu et al., 2019). The composition of the mild steel samples was analyzed using
Optical Emission Spectrophotometer (OES) (Anbarasi and Vasudha 2016) with chemical
composition (in wt. %) of 0.09% P; 0.38% Si; 0.01% Al; 0.05% Mn; 0.21% C; 0.05% S and the
remainder iron Fe is 99.42% (Wang and Bradley 2018).

Preparation of the leave Extracts

The extract was made by soaking 150 g of cassia occidentalist leaves in 500 ml of 95% v/v
ethanol for 48 hours. The mixture was first filtered through a muslin towel. Whatman No. 1
filter paper was then used to filter the resultant liquid, and the filtrate was concentrated using
a rotary evaporator until a semi-solid extract was left (Mukherjee et al., 2007). The semi-solid
extract obtained was oven-dried to a solid residue at 45 °C for 15 mins, weighed, and stored
in a Bama bottle for use (Madu et al., 2019).

Phytochemical Analysis of the Cassia occidentalis leave Extracts
Phytochemical examinations were carried out for Cassia occidentalis leaves extracts as per the
standard methods described by many authors.

Steroid detection:

One gram (1g) of each extract was diluted in one centilitre of ethanol. The solution was
then supplemented with 1 cm3 of concentrated H>SOs. The development of the red
colouring suggested the presence of steroids.

Alkaloids :
Alkaloids were found by dissolving each extract separately in diluted HCI acid and then
filtering the mixture.
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a. Mayer's Test: Mayer's reagent (potassium mercuric iodide) was applied to the filtrates..
Formation of a yellow-colored precipitate indicates the presence of alkaloids (Ronan et al.,
2019).

b. Wagner's Test: Iodine in Potassium lodide, Wagner's reagent, was applied to the
filtrates.Formation of brown/reddish precipitate indicates the presence of alkaloids (Ronan et
al., 2019).

Detection of Anthraquinolones:

10cm? of benzene was introduced to 5g of the plant extract, shaken and filtered. 5cm? of
10% NH; solution was then be added to the filtrate. The mixture was shaken and the
formation of a pink or violet colour indicates the presence of anthraquinolones (Rani et al.,
2012).

Glycoside detection:
After extracts were hydrolysed with dil. HCI, they were tested for glycosides.

a. Modified Borntrager’s Test: the extract was treated with a solution of ferric chloride and
submerging them in boiling water for roughly five minutes. After cooling, the mixture was
extracted using the same amount of benzene. After being separated, the benzene layer was
treated with an ammonia solution.Formation of rose-pink color in the ammonical layer
indicates the presence of anthranol glycosides (Junaid and Patil 2020).

Saponins detection

a. The extracts were shaken in a graduated cylinder for 15 minutes after being diluted with
20 millilitres of distilled water. There are saponins present when a 1 cm layer of foam
forms.

b. Foam Test: 0.5gm of extract was diluted with 2ml of water. A foam produced persists
for ten minutes,indicating the presence of saponins (Martinez et al., 2012).

Phenols detection
Ferric Chloride Test: the Extracts were treated with 3-4 drops of Ferric Chloride
solution. Formation of a bluish black colorindicates the presence of phenols (Marsoul
et al., 2012).

Tannins detection
Gelatin Test: To the extract, 1% gelatin solution containing Sodium Chloride was
added. Formation of a white precipitate indicates the presence of tannins (Martinez et
al., 2012).

Flavonoids detection

a. Alkaline Reagent Test: A few drops of sodium hydroxide solution were added to the
extracts. Flavonoids are indicated by the formation of a bright yellow colour that turns
colourless when diluted acid is added.

b. Lead Acetate Test: A few drops of lead acetate solution were added to the extracts.
When a yellow-colored precipitate forms, flavonoids are present (Marsoul et al., 2012).

Detection of proteins and amino acids

a. Xanthoproteic Test: A few drops of concentrated HNO3 acid were added to the extracts.
The development of a yellow hue signifies the existence of proteins.
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b. Ninhydrin Test: The extract was heated for a few minutes after 0.25% w/v ninhydrin
reagent was added. The presence of amino acids is shown by the formation of a blue
colour.

Carbohydrate detection:
Each extract was separately diluted in 5 millilitres of distilled water and then filtered. The
presence of carbohydrates was tested using the filtrates.

a. Molisch's Test: In a test tube, filtrates were exposed to two drops of an alcoholic a-naphthol
solution. Carbohydrates are present when the violet ring forms at the intersection.

Benedict's test: Filtrates were diluted with Benedict’s reagents and gently heated. Orange red
precipitate, indicatesthe presence of reducing sugars (Lebrini et al., 2012).

Weight loss method

Effect of Concentration and Temperature

At varying concentrations (0.3, 0.5, and 0.7 g/L), plant extracts containing alkaloids, tannins,
saponins, flavonoids, proteins, and phenolic compounds were prepared. The experiment was
carried out at temperatures ranging from 30 to 60 to 90°C (Deng et al., 2012). The weight loss
was then calculated after 3 hours of immersion. The metal coupons were taken from the
solutions during the measurements, cleaned with ethanol, rinsed with acetone, and dried with
paper towels (Eddy et al., 2010). The weights were obtained and used to estimate the effect of
concentration and temperature changes that occurred during the experiment (Madu et al.,
2019). The extract's effect was calculated using the following equations: weight loss (Equation
1), corrosion rate (Equation 2), surface coverage (Equation 3), and percentage inhibition
efficiency (Equation 4).

AW =w2 -wl 1)

CR(mmy) = 87:% (2)
Surface Coverage (0) = Wzv\;;/\u 3)
%IE = SRSl 5 100 )

Where w1 and w2 are the original and final masses, respectively, and AW is the mass change
in milligrams. In Equation 2, A is the mild steel bars' area in cm?3, t is the time in hours, and
CR is the corrosion rate in mm/y. In the electrolyte containing the Cassia occidentalis
inhibitor, the coupon's weight loss is w1, while in the electrolyte containing no inhibitor, it is
w2. The surface coverage of the inhibitor on the surface of the steel is 0, wl and w2 (Equation
4) are the change in mass of mild steel in solution with inhibitor and without inhibitor,
respectively (Nchewi et al.,2019; Madu et al., 2019).

SEM analysis

Scanning Electron Microscope (SEM) analysis was used to study the metal surfaces after 3
hours” immersion time to understand the changes that occur before and after corrosion in the
presence and absence of the extracts and halide ions using the Supra 40VP model (Madu et
al., 2019).
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RESULTS AND DISCUSSION

The qualitative and quantitative results of the Cassia Occidentalis phytochemicals showed the
presence and absence of certain phytochemicals in the extracts as in Tables 1. The test was
performed using ethanol to extract leaves of plants. The phytochemical screening Cassia
occidentalis revealed the presence of carbohydrates, steroids, tannins, alkaloids, glycosides,
phenols, flavonoids, and saponins. The presence of these phytochemical makes the plant
useful for inhibiting corrosion in which the leaves of plant reduce the corrosion rate by (i) the
adsorption of ions or molecules onto the metal surface; (ii) the alteration of the anodic and/or
cathodic reaction; (iii) the reduction of the rate at which reactants diffuse onto the metal
surface; and (iv) the reduction of the electrical resistance of the metal surface. Since these green
inhibitors don't hurt people, they're good for the environment.

Table 1: Phytochemical Analysis of Cassia Occidentalis Leave Extracts

/N CHEMICAL CATEGORY NAME OF TEST ETHANOL EXTRACT
1 Alkaloids Wagner's test +

2 Glycosides Borntrager’s test +

3 Flavonoids Alkaline reagent test +
4 Carbohydrates Molisch’s test +

5 Proteins and Amino Acids Xanthoprotein test _
6 Tannins Potassium dichromate +
7 Saponins Froth test +

8 Phenols Ferric chloride test +

9 Anthraquinolones Benzene _
10 Steroid Conc. HySOy test _

Key: + = Present; - = Absent

The Results of Weight Loss Analysis

Effect of concentration on the Corrosion study

The weight loss strategy was evaluated in the study using extracts from Cassia occidentalis at
varying doses. The findings indicated that the inhibitory efficiency rose with concentration.
The greatest inhibitory efficacy of KI in Cassia occidentalis was 70% at 0.7 g/ L. This implies that
extracts from Cassia occidentalis are quite effective at preventing corrosion.

This is accredited to the absorption of nutrients of the extracts on the surface of the mild steel
which makes a barrier for mass and charge transfer and prevents further corrosion (Anbarasi
and Vasudha 2016; Anbarasi and Mini 2014; Anbarasi 2016).

Effect of temperature on the Corrosion study

Both extracts and halide ions are effective mild steel inhibitors in 1 M H>SO4 at 30°C then
decline, according to the findings in Tables 2 and 3. At 30°C the highest inhibition of 70% was
observed for 0.7 g/L of Cassia Occidentalis extract.This result agrees with the works done
(Anbarasi and Vasudha 2014; Anbarasi and Mini 2016; Alam 2014).

Effect of Halides on Corrosion study

The study indicated that adding KI, KBr and KCI to an H>SO, solution with extracts
dramatically reduced corrosion speed compared to the blank alone. When 0.3 g/L KI, KBr
and KCl were added to a1 M HxSOssolution containing 0.7 g/ L of extracts, weight losses were
reduced, and inhibition efficiency increased (Abdulmutalib et al., 2012).

The type of halide ion utilised affected the amount of inhibitory efficacy; the maximum
synergistic impact was observed at the highest concentration of each halide ion. We shall
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concentrate on the iodide since it has the strongest complementary impact of the three halides.
This aligns with previous research done by (Ridhwan et al., 2012).

Table 2: Calculated values of Corrosion Rate, Surface Coverage, and Inhibition Efficiency of
Cassia Occidentalis extract without halide ions for different concentrations and temperatures

Temperature Concentration | Aw(mg) Corrosionrate | Inhibition efficiency | Surface Coverage
e (8/L) (mm/y) (%IE) ©)
300C BLANK 1784 2.15x10-2 - -
0.3g 0906 1.09%10-2 49 0.491
0.5g 0847 1.02x10-2 52 0.524
0.7g 0748 9.03x10-3 58 0.580
BLANK 1992 2.40%x10-2 - -
0.3g 1318 1.59%10-2 34 0.340
600C 0.5g 1228 1.48%x10-2 38 0.383
0.7¢g 1094 1.32x10-3 45 0.451
BLANK 2252 2.71x10-2 - -
900C 0.3g 1640 1.98%x10-2 27 0.272
0.5g 1440 1.73%10-2 36 0.360
0.7¢g 1415 1.70%10-2 37 0.372
Table 3: Calculated values of Corrosion Rate, Surface Coverage, and Inhibition Efficiency of
Cassia Occidentalis extract with halide ions for different concentrations and temperatures
Temperature Concentration | Aw(mg) Corrosionrate | Inhibition efficiency | Surface Coverage
°C (8/L) (mm/y) (%IE) (6)
300C BLANK 1784 2.15x102 - -
0.3g in KCI 0812 9.83x10-3 54 0.554
0.3g in KBr 0757 9.14x10-3 57 0.574
0.3g in KI 0698 8.42x10-3 61 0.610
0.5g in KCl1 0772 9.32x10-3 57 0.571
0.5g in KBr 0659 7.95%10-3 63 0.630
0.5g in KI 0624 7.53%10-3 65 0.650
0.7g in KCl1 0676 8.16x10-3 62 0.621
600C 0.7g in KBr 0598 7.22x10-3 66 0.664
0.7g in KI 0540 6.52x10-3 70 0.700
BLANK 1992 2.40%10-2 - -
0.3g in KCI 1236 1.49%10-2 38 0.380
0.3g in KBr 1079 1.30%x10-2 46 0.461
0.3g in KI 0884 1.06x10-2 56 0.563
0.5g in KCl1 1157 1.39x10-2 42 0.420
0.5g in KBr 1007 1.21x102 50 0.502
900C 0.5g in KI 0787 9.50x102 60 0.604
0.7g in KCl1 1027 1.24x10-2 48 0.483
0.7g in KBr 0878 1.06x10-2 56 0.563
0.7g in KI 0686 8.28x10-3 66 0.656
BLANK 2252 2.71x10-2 - -
0.3g in KCI 1515 1.82x10-2 33 0.333
0.3g in KBr 1418 1.71x10-2 37 0.370
0.3g in KI 1174 1.41x10-2 48 0.484
0.5g in KCl 1389 1.67x102 38 0.383
0.5g in KBr 1318 1.59x10-2 42 0.424
0.5g in KI 1077 1.30%x10-2 52 0.522
0.7g in KCl 1365 1.64x10-2 39 0.393
0.7g in KBr 1170 1.41x10-2 48 0.480
0.7g in KI 0892 1.07x10-2 60 0.603
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Figures 2: Inhibition efficiency of Cassia occidentalis leave extract without halide
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Figures 3: Corrosion rate of Cassia occidentalis leave extract in the presence of halide
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Figures 4: Inhibition efficiency of Cassia occidentalis leave extract in the presence of halide

Temperatures
The inhibition efficacy and surface coverage clearly increased with increasing inhibitor
concentration and decreased with increasing temperature (30°C-90°C). This points to the
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physical adsorption (physisorption) mechanism as relatable to the work of (Anbarasi and Mini
2016).

Morphological Properties of Corrosion Study using SEM analysis

SEM was used to examine the surface morphology of a few chosen samples. The blank sample
plates surface is severely corroded, as seen in the micrographs in plate 1a. As the temperature
rises, the corrosion agents harshness on the metal surface in blank solution that is a solution
free of inhibitors increases. After three hours of immersion in a 1M concentrated H>SO.
solution at 30°C, these pictures verified the rates at which the metal corroded. The
micrographs in plate 1.b showed that mild steel surfaces were protected from corrosion and
that smoother surfaces arise as the inhibitor concentration increased. This is in support of
findings from (Rani et al., 2012).

(b)
Platel. SEM micrographs of Mild steels after corrosion in 1 M H>SO4 containing both extracts at 30°C (a) Blank (b)
0.7 g/L Cassia occidentalis

CONCLUSION

The following conclusions can be made based on the analysis of the experimental data:

The extract of Cassia occidentalis leaves contained different of phytochemicals such as
carbohydrates, steroids, tannins, alkaloids, glycosides, phenols, flavonoids, and saponins.
Flavonoids make up the majority of the Cassia occidentalis leaves extract, with alkaloids coming
in second.

Cassia occidentalis act as green corrosion inhibitors for mild steel in 1M H2504 solution. With
increased extract concentration, the Inhibition efficiency rises. Cassia occidentalis functions as
a mixed type of inhibitor. The physical adsorption mechanism was followed by the extract of
Cassia occidentalis leaves adhering to the mild steel surface.

The weight loss showed remarkable inhibitory efficiency of 70% with halide (KI) and 58%
without halide.

Surface experiments using SEM validated the plant extracts' effectiveness as a corrosion
inhibitor for mild steel.

Therefore in 1M H,SO; media, mild steel corrosion can be inhibited successfully by the
phytochemicals found in Cassia occidentalis leaves extract.
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The inhibitory efficacy of cassia occidentalis extract is based on concentration, temperature and
duration which was well described by a quadratic model.
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