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ABSTRACT 

This study investigates the corrosion inhibition efficacy of Carica papaya (pawpaw) leaf extract on mild 

steel substrates (Fe=98.23 wt.%, Pd=0.49 wt.%, Cu=0.48 wt.%, Zn=0.42 wt.%, and Mn=0.38 wt.%) in a 

0.2 M H2SO4 medium. The organic constituents of the Carica papaya leaves were isolated via the reflux 

extraction method. Gravimetric (weight loss) experiments were systematically conducted using an 

electronic analytical balance (accuracy ±0.005 g) across various inhibitor concentrations (0.2 g/L, 0.4 g/L, 

and 0.6 g/L) and a blank control, with exposure periods ranging from 1 to 6 hours. The empirical findings 

revealed that the addition of the plant extract significantly reduced material weight loss compared to the 

highly degraded uninhibited blank solution. Furthermore, the corrosion rate decreased as exposure time 

progressed, indicating enhanced stability and persistence of the protective inhibitor film over time. 

Gravimetric analysis demonstrated that the maximum inhibition efficiency (IE) of 93.95% was achieved 

at an optimal concentration of 0.4 g/L after 6 hours of immersion. Ultimately, these results conclude that 

Carica papaya leaf extract serves as an exceptionally effective, eco-friendly green corrosion inhibitor for 

mild steel in aggressive sulfuric acid environments. 
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1.0 INTRODUCTION 

In modern industrial sectors, mild steel is widely utilized in structures, pipelines, and processing units due 

to its excellent mechanical properties and cost. However, processes such as industrial acid cleaning, 

pickling, and oil well acidizing routinely expose this material to highly aggressive acidic environments, 

leading to severe electrochemical degradation and significant economic loss effectiveness (Agu et al, 

2023). To mitigate this matrix dissolution, synthetic chemical inhibitors which composed of heavy metals 

or synthetic organic compounds like nitrogen, sulfur, and oxygen heteroatoms are traditionally introduced 

into the acidic media but they present severe environmental hazards, aquatic toxicity, and operational 

disposal challenges (Zaferani et. al., 2013). 

The escalating environmental and economic consequences of traditional synthetic inhibitors have 

necessitated the exploration of sustainable alternatives in acidic pickling processes. In particular, plant 

extracts has emerged as a promising eco-friendly candidate, demonstrating significant inhibitory 

performance due to its rich phytochemical composition (Okafor et al. 2007; Catalin 2025). 

These bioactive compounds from plant extract Plants can  effectively inhibit corrosion on  mild steel due 

to the presence of compounds like tannins, alkaloids, flavonoids and organic acids like phenolic acids in 
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their extract. These alkaloids and organic phytochemicals, facilitate the formation of a protective film on 

the metallic surface, thereby impeding the cathodic and anodic electrochemical reactions responsible for 

material degradation in aggressive sulfuric acid environments (Omotioma et al, 2016; Verma, 2018). 

Specifically, the adsorption of tannins, flavonoids, and saponins onto the mild steel substrate creates a 

robust barrier that mitigates metal dissolution even as extract concentration is systematically varied. The 

strategic presence of these varied secondary metabolites drives a concentration-dependent escalation in 

inhibition efficiency. This synergistic effect forms a powerful shield, effectively halting structural 

degradation even under severely corrosive conditions (Arishi et al., 2025; Shekhar, 2025).  

This study aims to evaluate the corrosion inhibition efficiency of Carica papaya leaf extract on mild steel 

in a 0.2 M H2SO4environment. Mild steel was selected for this investigation because aggressive acid 

solutions are widely utilized at high temperatures in industrial processes involving mild and low-alloy 

steels. 

 

2.0 METHODOLOGY 

2.1  Collection and Preparation of Plant Material 

Carica papaya leaves were harvested from Umurata Akpukpa Uturu, located in the Isuikwuato Local 

Government Area (L.G.A.) of Abia State, Nigeria. The collected leaves were thoroughly cleaned and 

allowed to air-dry at room temperature for seven days. Following the drying process, the leaves were 

pulverized into a fine powder and stored in an airtight, dry container until further use. 

2.2 Acid Extraction Process.  

The extraction was carried out using a reflux setup: 

 Sample Mass: 20 g of the powdered Carica papaya leaves. 

 Solvent: 200 mL of a pre-prepared 0.2 M sulfuric acid (H2SO4) solution. 

The mixture was transferred into a round-bottom flask and subjected to reflux extraction on a heating 

mantle at a constant temperature for 3 hours. After the extraction period, the flask was removed from the 

heating mantle and allowed to cool to room temperature. The crude extract was then separated from the 

mixture via filtration. 

2.3 Preparation of Stock and Control Solutions 

The obtained filtrate was used to prepare various working concentrations of the plant extract. 

 Test Solutions: Dilutions were made using the 0.2 M sulfuric acid solution to achieve final extract 

concentrations of 0.2 g/L, 0.4 g/L, and 0.6 g/L. 

 Control (Blank) Solution: A pure 0.2 M sulfuric acid solution was prepared and utilized as the 

experimental control. 

2.4 Preparation Of Test Samples 

A mild steel sheet was sourced from the Cemetery Market in Aba, with an elemental composition of Fe = 

98.23 wt.%, Pd = 0.49 wt.%, Cu = 0.48 wt.%, Zn = 0.42 wt.%, and Mn = 0.38 wt.%. To ensure a smooth 

surface finish, the sheet was mechanically polished using sandpaper and subsequently sectioned into 

experimental coupons. These coupons were washed with detergent and distilled water, degreased with 

acetone, measured, weighed, and labeled. 

The prepared coupons were then immersed in the blank control and various plant extract concentration 

solutions (0.2, 0.4, and 0.6 g/L) for a total duration of 1 to 6 hours. At 1-hour intervals (from the 1st to the 

6th hour), a set of four labeled coupons was retrieved, sequentially rinsed in nitric acid, distilled water, 

ethanol, and acetone, and allowed to air-dry. Finally, the dried steel coupons were reweighed to record 

their final masses. 

2.5 Weight Loss Measurement 
To measure the weight loss, the difference in the initial and final weight were calculated using the 

formula; weight loss = W1 – W2 where W1 is the initial before dipping and W2 is the final weight after 

dipping. 
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2.4 Corrosion Rate and Inhibition Efficiency 

 According to lebe et. al 2015 and Francisco , 2022  the weight loss recorded can used to calculate the 

corrosion rate for each the mild steel using the equation below; 

Corrosion rate  

  

Where K is a constant that converts the units into desired form. For example, in mm/year, K is typically 

8.76 x 10⁻⁴, W is weight loss, A is surface area of the mild steel, D is the theoretical density for mild steel 

(7.85) and T is the exposure time in hours. 

The inhibition efficiencies of the carica papaya on the each mild steel were then calculated using the 

values from the corrosion rate with the equation; 

 

 

Where CRblank is corrosion rate without inhibitor and CRinhibitor is corrosion rate with inhibitor (José, 2020). 

 

RESULT AND DISCUSSION 
Figure 1 below shows the variation between weight loss against time of exposure of mild steel in H2SO4 

medium when there is no carica papya leaves extract and with different concentration of carica papaya 

leaves extract. From the graph of Fig 1a, it can be seen that the weight loss of the mild steel after dipping 

in the various concentration of the inhibitors (blank, 0.2 g/l, 0.4 g/l, 0.6  g/l) generally increased as the 

exposure time increases. i.e the longer the exposure time the higher the weight loss of the mild steel. 

Comparing the blank and inhibited systems, it was obvious that the blank showed the highest weight loss ,  

as the inhibitors was introduced, it reduced the rate in which the metal losses weight in the medium. 

Although the effectiveness of the reduction was not clear.  Fig 1b explained further the effectiveness of 

the inhibitor concentrations   without the blank.  Here 0.2 g/L concentration showed showed the highest 

weight loss while 0.6 g/L revealed the most reduced weight loss, although at 4 and 6 hours  exposure 

time, 0.4 g/L concentration obatained the least weight loss. This result is in accordance with the result 

obtained by Arishi et al., 2025. 
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Fig. 1a: Weight loss Against Exposure time for mild steel in H2SO4 medium with the Blank. 
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 Fig. 1b: Weight loss verses Exposure time for mild steel in H2SO4 medium without Blank. 

The  Figure 2 revealed the graph of corrosion rate against the exposure time. From the result, it showed 

that the blank obtained the highest corrosion rate compared to the inhibited coupons. Increase in the 

concentration of the leaf extract brought about drastic reduction of the rate of corrosion of the mild steel 

in this medium (H2SO4). It was also identified that as the exposure increased, it reduced the rate of 

corrosion of the mild steel , although  at  6 hours exposure time, 0.2 g/L conc. revealed  a higher corrosion 

rate than  that of 1 hour indicating active corrosion at the highest exposure time but increase in the 
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concentration of the leaf extract was able reduce the rate of corrosion, indicating that the leaf extract was  

a good corrosion inhibitor. This findings aligns with the study conducted by  Arishi et al., 2025 and Jose 

et al., 2020. 
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        Fig. 2:  The graph of Corrosion rate against time of Exposure in hours 
From figure 3 below, the Analysis of inhibitor efficiency versus exposure time across different extract 

concentrations revealed that  efficiency generally increased over  inhibitor concentration  and exposure 

time. Notably 0.4 g/L concentration demonstrated a consistent, uninterrupted increase in efficiency, with 

inhibition efficiency of 93.95%  at 6 hours  compared to 0.2 g/L and 0.6 g/L concentrations  which 

obtained inhibition efficiency of  75.29% and 93.19%  respectively at the same exposure time. The 

average inhibition efficiency was above 60% which indicated that the leaf extract was properly absorbed 

on the coupon, hence forming a potential barrier which resisted corrosion .These findings indicated that 

the corrosion inhibition properties of the Carica papaya leaf extract optimize with prolonged exposure 

time at experienced a temporary drop in efficiency before recovering. The peak inhibition efficiency was 

achieved at the 6th hour with the 0.4 g/L solution. These findings indicate that the corrosion inhibition 

properties of the Carica papaya leaf extract optimize with prolonged exposure time of  6 hours and its in 

accordance with the result of Lebe & Owate, 2015. 
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Fig. 3: Graph of Inhibition efficiency againt exposure  time 

 

4.0 CONCLUSION 

Based on the findings of this study, Carica papaya (pawpaw) leaf extract successfully demonstrated 

corrosion inhibition properties on mild steel exposed to a 0.2 M H2SO4  solution. The maximum 

inhibition efficiency of 93.95% was achieved at the longest exposure time (6 hours) using an inhibitor 

concentration of 0.4 g/L, although the average inhibition efficiency for all the concentrations was above 

60%.  These results highlighted the potential of pawpaw leaf extract as an effective, eco-friendly, and 

sustainable organic inhibitor for mild steel in a sulfuric acid environment, making it an excellent 

candidate for green corrosion mitigation. 
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