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Comparative studies of Caladium Bicolor Stem and Leaf Biomass extract as corrosion inhibitor for mild steel in acidic media

Abstract
This study presents a comparative investigation into the corrosion inhibiting properties of extracts derived from the stem and leaves of Caladium bicolor (wild cocoyam) in acidic media. The primary objective was to evaluate and compare the efficacy of these plant parts in mitigating metal corrosion, offering a potential green alternative to conventional synthetic inhibitors. The extracts were obtained through the solvent extraction process, and their performance was tested in two acidic environments: 0.5 M H₂SO₄ and 0.5 M HCl. The gravimetric method was employed, providing a direct measure of metal degradation over time. The results obtained demonstrate that both Caladium bicolor stem extract (CSE) and leaves extract (CLE) possess significant corrosion inhibiting properties in the tested media. The findings indicate a clear dependency of inhibition efficiency on both the concentration of the extract and the duration of exposure. Specifically, the inhibition efficiency for CSE ranged impressively from 50% to 99% across concentrations varying from 5 ml to 20 ml in both acidic solutions. Conversely, the CLE exhibited an efficiency range of 27.63% to 94.55% under the same concentration gradient. The stem extract (CSE) achieved its maximum inhibition efficiency of 98.92% at the highest tested concentration of 20 ml after 24 hours of immersion in 0.5 M H₂SO₄. In contrast, the leaves extract (CLE) attained its highest efficiency of 94.55% also at a 20 ml concentration, but required a longer immersion period of 72 hours and achieved this peak in 0.5 M HCl. These comparative results suggest that while both extracts are effective, the stem extract may offer superior and faster protection in a sulfuric acid environment.
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1. Introduction
Mild steel has found application in various industries, making it one of most widely used type of steel. Its ductility, weldability, machinability, affordability, and magnetic properties makes it useful in building gates, fence, machinery parts, pipelines, cookware and so on. Despite its wide application, mild steel’s integrity just like most metals, is often compromised by corrosion[1,2]. Corrosion, generally defined as wearing away or deterioration of metal surfaces is a naturally occurring phenomenon caused by reactions or chemical attacks from the surrounding environmental conditions.
In order to stem this deterioration, Corrosion (steel in particular)as well as its inhibition have gained enormous attention from different researchers [3 - 8]. In recent times, attention has been given to the use of natural inhibitors of plant origin which have been reported to exhibit excellent inhibition properties [9 - 13]. The importance of this research area is due to the fact these inhibitors of natural origin are generally environmentally acceptable and eco-friendly [14]. Other advantages of corrosion inhibitors of plant origin include low-cost, their biodegradability and availability [1,15].
Natural products yield and their corrosion inhibition efficiency depend greatly on the plant part used. Another importance factor is the corrosion inhibiting specificity of these compounds. While one compound or extract may be effective in a certain medium for a particular metal, it may be ineffective in another medium for the same metal [1,16]. Nevertheless, most synthetic organic inhibitors today are known for their hazardous effects, hence the need for inhibitors of plant origin which are non-tocic, cheap, and environmentally safe.
These inhibitors of natural origin are either extracted or synthesized from medicines, aloe vera leaves, aromatic herbs, spices and so on. Moringa oleifera leaf extract was studied as a potential source of green inhibitor for aluminum alloy in acidic medium of 0.5M HCl using thermometric and gravimetric  techniques at temperatures of  30°C and 60°C. Results obtained from their study showed that Moringa oleifera is an effective corrosion inhibitor for aluminum alloy in the acidic medium. They also reported that Inhibition efficiency decreased with temperature but increases with extract concentration. [17]. Al-Turkustani et al. studied the corrosion inhibition efficiency of alcoholic and water extracts of the Medicago Sative plant to control corrosion of mild steel in 2.0 M H2SO4 medium[18], they found that both alcoholic and water extracts served as mixed inhibitors. They further suggested that, chemical adsorption as a result of charge transfer between mild steeland the inhibitor’s molecules substrate seems to be the major corrosion inhibition mechanism.
The main aim of this present study is to investigate the anti-corrosion effect of wild cocoyam (Caladium bicolour) plant extracts (stem and leaf) in acidic media at different temperatures. The authors then compared the corrosion inhibition efficiency of Caladium bicolour Stem Extract (CSE) to that of Caladium bicolour Leaf Extract (CLE) in acidic media (0.5M H2SO4, and 0.5M HCl).

2. MATERIALS AND METHODS
2.1	Material Collection and Preparation 
Caladium bicolor Collection and Extraction 
Biomass extract of Caladium bicolor was used for this study. Its stems and leaves used were obtained locally, washed, cut into pieces and dried to a constant weight under sun, and then ground to fine powder. The CSE and CLE were obtained by solvent extraction. 
Preparation of Molar Acid Solutions
Stock solutions of 0.5M H2SO4, and 0.5M HCl was prepared respectively using serial dilution principle. 
Preparation of the coupon 
Mild steel sheets were used for the study. Each sheet was of 0.5mm in thickness and were mechanically press cut into 3cm x 3cm and 1cm x 2cm coupons. Although the coupons were used without additional polishing, they were howevergiven surface treatment by degreased in absolute ethanol, dried in acetone, and stored in desiccators free from moisture before being used in this study.
2.2	Experimental Method 
Gravimetric Measurement Method 
The prepared and weighed mild steel coupons 3cm x 3cm were immersed in beakers containing 250 ml of the test solutions with and without the addition of CSE and CLE of concentrations ranging from 5 to 20ml inhibitor concentrations in 0.5 M H2SO4 and 0.5 M HCl as the metal strips were suspended in the beakers using glass rods and hooks.
The coupons were then retrieved at 24-hours interval progressively until 120hours (i.e the coupons were removed from the solution after 24 hours, then 48 hours, 72 hours 96 hours and finally 120 hours). The coupons were washed appropriately with fresh water to remove any corrosion product and finally with acetone. The washed couponswere then dried, and reweighed. The differences in weight of the coupons before and after immersion in different test solutions were taken as the weight loss, which was then used to calculate the corrosion rate using the formula
CR= (∆W x 87600)/DAt ………………………………………………………………(1)
Where CR = Corrosion Rate (mm/yr), ∆W = change in weight (g). D = Density of the coupon (g/cm³), A = area of exposed surface of the coupon (cm²)  and t = time of immersion (h). 
The inhibitor efficiency was at each concentration of biomass samples calculated by comparing the corrosion rate in the absence (CRo) and presence (CR1) using the relationships;  
% IE = (CRo -CRi)/CRo X 100                                                                                    (2)
where, CRo = corrosion rate of mild steel in blank corrodent, CRi = corrosion rate of mild steel in presence of the inhibitor.
The degree of surface coverage was calculated from the corrosion rate CRo using the equation

3. RESULTS 
3.1	Gravimetric Results: To establish the effects of exposure time and the concentration of the extracts on corrosion inhibition of the test coupons immersed in 0.5 M HCl and 0.5 M H2SO4 solutions, the coupons were subjected to weight loss test.
Weight loss in H2SO4
The weight loss of the coupons under uninhibited (blank) and inhibited (with CSE and CLE) conditions in 0.5 M of H2SO4 are shown in Table 1 while the graphical representations are presented in Figures 1a and1 b.
Table 1: Calculated values of weight loss for mild steel in 0.5 M H2SO4 in the absence and presence of caladium bicolor extract (CSE and CLE).

	Time
Concentration (CSE)
	24h
	48h
	72h
	96h
	120h

	Blank   
	0.85
	1.94
	2.52
	2.50
	3.02

	5ml
	0.43
	0.78
	0.88
	0.33
	2.09

	10ml
	0.19
	0.60
	0.98
	0.43
	0.32

	15ml
	0.08
	0.24
	0.83
	0.30
	0.26

	20ml
	0.12
	0.14
	0.57
	1.09
	1.29

	Concentration (CLE)
Blank
	
0.85
	
1.94
	
2.54
	
2.50
	
3.02

	5ml
	0.56
	0.57
	1.60
	1.60
	2.00

	10ml
	0.49
	0.31
	1.34
	1.34
	1.55

	15ml
	0.29
	0.12
	1.10
	1.10
	1.00

	20ml
	0.10
	0.30
	0.63
	1.33
	0.36




Figure 1(a):Graph of weight loss(g) against time(hours) with and without CSE  in 0.5 M H2SO4
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Figure 1(b) A graph of weigh loss (g) against time (hours) with and without CLE  in 0.5 M H2SO4
Weight loss in HCl
The weight loss of the coupons under uninhibited (blank) and inhibited (with CSE and CLE) conditions in 0.5 M of HCl are shown in Table 2 while the graphical representations are presented in Figure 3.
Table 2: Calculated values of weight loss for mild steel in 0.5 M HCl in the absence and presence of caladium bicolor extract (CSE and CLE).
	Time
 Concentration (CSE)
	24h 
	48h
	72h
	96h
	120h

	
	
	
	
	
	

	Blank
	0.10
	0.11
	0.39
	0.33
	0.53

	5ml
	0.02
	0.02
	0.06
	0.01
	0.05

	10ml
	0.05
	0.03
	0.06
	0.06
	0.05

	15ml
	0.02
	0.07
	0.05
	0.06
	0.04

	20ml
	0.01
	0.03
	0.05
	0.07
	0.05

	Concentration (CLE)
Blank
	
0.10
	
0.11
	
0.39
	
0.33
	
0.53

	5ml
	0.03
	0.05
	0.03
	0.04
	0.06

	10ml
	0.03
	0.04
	0.04
	0.05
	0.06

	15ml
	0.02
	0.04
	0.04
	0.06
	0.08

	20ml
	0.02
	0.03
	0.05
	0.06
	0.10











Figure 2: (a) A graph of weigh loss (g) against time (hours) with and without CSE  in 0.5 M  HCl
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Figure 2 (b) A graph of weigh loss (g) against time (hours) with and without CLE  in 0.5 M  HCl

Corrosion rate in Sulphuric Acid (H2SO4) 
The calculated data for corrosion rate of mild steel in 0.5 M H2SO4 under uninhibited(blank) and inhibited conditions are presented in Table 3, while Figures 3a and 3b shows the graphical representation of the corrosion rate of mild steel in  0.5M H2SO4 under blank and inhibited(with CSE and CLE) conditions.
Table3: Calculated values of corrosion rate and inhibitor efficiency for mild steel in 0.5M H2SO4 in the absence and presence of caladium bicolor extracts from weight loss measurement.

	CORROSSION RATE(MM/YR)
	INHIBITOR EFFICIENCY (%)

	Time Concentrations
	24h
	48h
	72h
	96h
	120h
	24h
	48h
	72h
	96h
	120h

	H2SO4
	
	
	
	
	
	
	
	
	
	

	CSE
Blank
	
49.96
	
55.32
	
47.69
	
34.56
	
32.43
	
	
	
	
	

	5ml
	24.52
	22.60
	17.55
	4.71
	24.75
	50.92
	59.15
	63.20
	86.37
	24.61

	10ml
	11.00
	16.69
	18.92
	6.11
	3.43
	77.98
	69.83
	60.33
	82.32
	89.42

	15ml
	4.68
	6.70
	16.18
	4.26
	2.94
	90.63
	87.89
	60.07
	87.67
	90.93

	20ml
	0.54
	3.93
	11.68
	15.94
	14.95
	98.92
	92.90
	75.51
	53.88
	53.90

	CLE
Blank
	
49.96
	
55.32
	
47.69
	
34.56
	
32.43
	
	
	
	
	

	5ml
	31.25
	16.67
	31.00
	13.91
	0.56
	36.94
	69.87
	34.40
	59.75
	31.02

	10ml
	28.21
	9.15
	26.30
	0.85
	21.55
	43.08
	83.46
	44.85
	37.64
	45.08

	15ml
	8.30
	3.32
	20.91
	0.71
	25.01
	95.09
	94.00
	56.15
	27.63
	63.58

	20ml
	5.70
	8.72
	11.65
	0.73
	19.70
	88.50
	84.24
	75.57
	43.00
	87.26













Figure 3(a) A graph of corrosion rate (mm/yr) against time (hours) with and without CSE  in 0.5 M H2SO4
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Figure 3(b) A graph of corrosion rate (mm/yr) against time (hours) with and without CLE  in 0.5 M H2SO4

Corrosion rate in Hydrochloric Acid (HCl) 
The calculated data for corrosion rate of mild steel in 0.5 M HCl under uninhibited(blank) and inhibited conditions are presented in Table 4, while Figures 4a and 4b shows the graphical representation of the corrosion rate of mild steel in  0.5M HCl under blank and inhibited (with CSE and CLE) conditions.












Figure 4(a) A graph of corrosion rate (mm/yr) against time (hours) with and without CSE  in 0.5 M  HCl
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Figure 4(b) A graph of corrosion rate (mm/yr) against time (hours) with and without CLE  in 0.5 M  HCl

Table 4: Calculated values of corrosion rate and inhibitor efficiency for mild steel 0.5MHCl in the absence and presence of caladium bicolor extracts from weight loss measurement.
	CORROSSION RATE(MM/YR)
	INHIBITOR EFFICIENCY (%)

	Time Concentrations
	24h
	48h
	72h
	96h
	120h
	24h
	48h
	72h
	96h
	120h

	HCl
	
	
	
	
	
	
	
	
	
	

	CSE
Blank
	
 5.91
	
3.02
	
6.60
	
5.68
	
6.12
	
	
	
	
	

	5ml
	 1.54
	0.95
	2.10
	1.85
	1.86
	73.92
	68.54
	68.18
	67.37
	69.61

	10ml
	 1.30
	0.87
	1.92
	1.17
	1.08
	77.98
	71.19 
	  70.90
	79.32
	82.42

	15ml
	 0.84
	0.70
	1.45
	1.04
	0.92
	85.63
	76.82 
	78.00
	81.67
	84.93

	20ml
	 0.07
	0.26
	0.65
	0.80
	0.95
	98.95
	91.39
	90.15
	85.88
	84.47

	CLE
Blank
	
5.91
	
3.02
	
6.60
	
5.68
	
6.12
	
	
	
	
	

	5ml
	1.69
	1.34
	0.94
	0.60
	1.09
	71.57
	55.26
	85.76
	89.43
	82.19

	10ml
	1.70
	1.13
	0.76
	0.72
	0.90
	71.24
	62.17
	88.48
	88.55
	85.29

	15ml
	0.86
	1.10
	0.57
	1.05
	0.81
	85.45
	63.16
	91.36
	82.92
	86.76

	20ml
	1.47
	0.82
	0.36
	0.83
	0.67
	75.13
	72.37
	94.55
	86.62
	89.05




4. Discussion
Table 1 and Table 2 presents calculated values of weight loss (∆W) of mild steel in the absence and presence of different concentration of caladium tricolor leaves extracts (CSE and CLE) in 0.5M H₂SO₄ and 0.5M HCL at different time interval. Figures 1 and Figure 2  represents the graphical representation of weight loss against time for mild steel in 0.5M H₂SO₄ and 0.5M HCL without and with caladium tricolor leaves extract (CSE and CLE).  The two tables clearly show a reduction in weight loss of the metal coupons in the presence of the inhibitor compared to the blank solution. 
These Figures reveals that weight loss of the metal coupon increases with increase in the period of contact with the acidic media but decreases with increasing concentration of Caladium Tricolor extracts (CSE and CLE), indicating that caladium tricolor extracts inhibited the corrosion of mild at all concentrations in solutions of HCL and H₂SO₄. It is also clear that caladium tricolor leaves extracts inhibited corrosion at all concentrations. These results obtained are in tandem with works [19-21] where leave extracts of different origin inhibited corrosion with increase in concentration.
While both CSE and CLE inhibit corrosion in acid medium, weight loss of coupons in the presence of CSE as inhibitor is generally low (although with some flunctuations) compared to that of coupons in which CLE is used as inhibitor.
The synergistic combination of all the phytochemical constituents could be responsible for the passivity and hence very good inhibition in the test medium observed that as the concentration of caladium tricolor leaves extract (inhibitor) in 0.5M H2SO4 and 0.5M HCL increases, the weight loss of mild steel decreases. 

Corrosion Rate and Inhibitor Efficiency
Table 3 presents the calculated values of corrosion rate and inhibitor efficiency for mild steel in 0.5M H₂SO₄ andTable 4 shows corrosion rate and inhibitor efficiency for mild steel in  0.5M HCL in the absence and presence of caladium tricolor  extract (CSE and CLE). In Table 3 and Table, results obtained indicates that the corrosion rate of mild steel varies with increase in the period of contact but decreases with the increase in the concentration of the inhibitor, indicating that theseextracts inhibited the corrosion of the coupon in solutions of 0.5M H₂SO₄ and 0.5M HCl respectively. 
The inhibition efficiencies of caladium bicolor  extracts were found to increase with increasing concentration, also indicating that caladium tricolorextracts are good corrosion inhibitor for the corrosion of mild steel in solutions of 0.5M HCl and 0.5M H₂SO₄. For a good corrosion inhibitor, the inhibition efficiency is expected to increase with increasing concentration [22-24]. The Caladium Tricolorextracts showed significance inhibitory properties at all concentration when the mild steel specimens were immersed in 0.5M H₂SO₄ and 0.5M HCL possibly due to the adsorption of active constituents of the leave extract on the metal surface which was observed by change of color of the metals after rigorous cleaning of the metal coupons. The color change was observed to be permanent and was in line with the works of Helen et al., where same was noticed [25]. 
Though both CSE and CLE inhibited corrosion, result shows that CSE is more efficient in both 0.5M H2SO4 and 0.5 M HCl. In H2SO4, CSE has the highest inhibitor efficiency (98.92%) when its concentration is 20 ml for coupon exposed to acidic medium for 24hours, while the maximum inhibitor efficiency of CLE in H2SO4 is 94.50%. This is further supported by the result obtained in HCL in which the maximum inhibitor efficiency of CSE is 98.92% while that of CLE is 94.55%.  This shows that both CSE and CLE are more efficient in HCl than in H2SO4.
Adsorption Considerations 
To characterize the mode of adsorption of both CSE and CLE on mild steel in 0.5 M H2SO4 acid and 0.5M HCl solution, Surface coverage data calculated from inhibition efficiency were employed in determining the adsorption characteristics of the inhibitors. The adsorption isotherms gives an in depth information on adsorption mechanisms. Hence, the surface coverage (θ ) data obtained from gravimetric data for CSE and CLE in both media were fitted to various adsorption isotherms and langmuir isotherm gave a better fitting considering the R2 values obtained for the four systems. For the Langmuir’s isotherm, plots of C/θ against C were plotted, linear plots were obtained and values of slope, R2, and K are indicated in Table below.
Table 5: : Linear regression parameters for Langmuir
	SYSTEM
	SLOPE
	K
	R2

	CSE/H2SO4
	0.7199
	1.6346
	0.9976

	CLE/H2SO4
	1.25
	10.3414
	0.9744

	CSE/HCL
	0.9004
	3.2534
	0.9730

	CLE/HCL
	1.25
	16.2512
	0.9749



From Table , the calculated values of Kads for CLE in both H2SO4 and HCl is 10.3414 and 16.2512 respectively and this suggests that adsorption of CLE on the mild steel substrate was better than CSE confirming reports by Kabuka et al, [26]  that plant stem often contain a higher concentration of specific, "heavy" secondary metabolites (like tannins, saponins, and specific alkaloids) compared to leaves, which are usually richer in chlorophyll, pigments, and lighter compounds. These secondary metabolites could be assumed to be responsible for the enhanced inhibition efficacy.
5. Conclusion
This work evaluated the use of caladium tricolor extracts as corrosion inhibitors for mild steel in acidic media (0.5M H2SO4 and 0.5M HCL) using gravimetric measurements. From the results and discussion in this work, the following were observed;
1. Weight loss varies in the absence and presence of different concentrations of CSE and CLE in 0.5M H2SO4 and 0.5M HCL at different time interval and there were clearly reduction in weight loss of metal coupon in the presence of these in inhibitor compared to the blank solution.
2. The corrosion rate for the mild steel samples was lower in the presence of the extracts compared to the acid solution without inhibitor. The corrosion rate decreases as the concentration of CSE and CLE increases, indicating that the rate of corrosion is dependent on the amount of inhibitor present.
3.  The inhibition efficiencies of the plant extracts increased with increase in extract concentration but varied with increase in immersion time. Type of acid, time, and acid concentration play a vital role in inhibition efficiency of the inhibitor. It has been observed that adsorption of inhibitor on mild steel in HCL environment is more spontaneous than in H2SO4 environment, leading to better inhibiting properties of inhibitor in HCl environment. 
4. Caladium bicolor stem extract (CLE) exhibited better adsorption and inhibition efficiency than Caladium bicolor leaves extract.
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