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Abstract  The corrosion inhibition of mild steel in 0.2M Sulphuric acid solution at room temperature by Alchornea 

Cordifolia leaf extract was studied using weight loss technique. The concentration of the extract varied from 0.1g/L through 

0.5g/L, and their effects were closely investigated on the corrosion rate of mild steel. The corrosion penetration rates were 

compared for both in the absence and in the presence of the leaf extract at different concentration for 21 days. The 

experimental results showed Alchornea Cordifolia leaf extract to be an efficient inhibitor in the acidic medium with general 

decrease in the corrosion rate as the concentration of the extract increases. Furthermore, it was also observed that at higher 

temperatures, there were enhanced inhibitor efficiencies for individual concentrations. For example, at 60°C, 0.4g/L inhibitor 

concentration yielded an inhibitor efficiency of 80.68%, while at 70°C, 0.4g/L resulted to inhibitor efficiency of 82.78%. This 

was observed generally on average. At elevated temperatures of 50°C, 60°C, and 70°C for 2 hours, the corrosion rates were 

less in media containing the leaf extract than those without the leaf extract. Hence, the Alchornea leaf extract was more 

effective at elevated temperatures. The adsorption of the inhibitor on the mild steel obeys the Langmuir adsorption isotherm 

adsorption. This suggests physical adsorption as the inhibitor mechanism. Also, the negative nature of the change in Gibb’s 

free energy showed that the adsorption was spontaneous.  
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1. Introduction 

In practical terms, the usefulness of engineering materials 

is affected by the interaction with the environment in many 

ways. Material degradation is the outcome of this condition. 

Therefore corrosion is the wearing away of materials due to 

chemical reactions. Apart from metals that primarily suffer 

electrochemical attack, corrosion can also occur in polymers 

and ceramics. The other materials can only be deteriorated 

through attack from chemical directly. 

In industries such as pulp and paper industry, power 

generation, underground structures, chemical and oil 

industries, metals are used in over 90% of construction 

process [1]. 

Metals are usually exposed to the action of bases or acids 

in the industries. Processes in which acids play a very 

important role are  acid pickling, industrial acid cleaning,  
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cleaning of oil refinery equipment, oil well acidizing and 

acid descaling [2]. The exposures can be severe to the 

properties of the metals and thus lead to sudden failure of 

materials in service. There is therefore the need to study the 

corrosion behaviour of metals when exposed to various 

environments, as this is an important factor in material 

selection that determines the service life of the material. 

Mild steel and high carbon steels are classified as ferrous 

metals (they contain a large percentage of iron). Carbon 

steels are essentially iron-carbon alloys. They are 

sometimes subdivided by the broad range of carbon content, 

which include: (a) mild or low carbon steel (0.08 – 0.30% 

carbon) (b) medium carbon steel (0.3 – 0.5% carbon) and (c) 

high carbon steel (0.55 – 1.40 carbon). For many years, 

mild steel plates and rod-sections have been used as 

structural members in bridges, buildings, pipelines, heavy 

vehicles, in welded plate form for the construction of ships 

storage vessels and numerous other applications [3, 4]. High 

carbon steel (having a higher carbon content than mild steel) 

is harder and stronger, and yet least ductile of all the carbon 

steels. It is mainly used for the manufacture of metal cutting 

tools like hammers, saws, forging die blocks, axes, knives, 

drills and wood [5]. 

http://creativecommons.org/licenses/by/4.0/
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Threats to environment come from different sources. 

Corrosion of pipelines, equipment, and other structures is the 

main contributors of such threats. In 1993, the bridge failure 

in Mianus was due to corrosion, it was internal rusting of the 

bearing that resulted in misalignment of the road slab beyond 

its support. The load of three vehicles on the bridge at the 

same time resulted in failure and collapse of the slab and the 

three divers died.  

When these structures made of these metals and their 

alloys are improperly maintained, they degraded or 

deteriorate gradually by action and presence of some 

elements and compounds in the atmosphere. This process 

whereby metals and their alloy undergo gradual degradation 

or deterioration by action and presence of substances in the 

environment is called corrosion. Hence, corrosion can be 

defined as gradual destruction and deterioration of poorly 

maintained metallic substances in the environment; 

corrosion is an electrochemical process and starts at the 

surface of the metal [6]. 

Sulphuric acid is widely used in industries such as 

pickling, cleaning and descaling, industrial cleaning agent, 

production of chemicals, etc. Mild steel is used in these 

environments due to its easy availability, low cost and 

excellent physical properties, but its use and lifespan is 

restricted in these conditions due to its susceptibility towards 

corrosion. To complement its low cost and economic value, 

the most effective means of addressing the corrosion of mild 

steel is with the use of inhibitors, especially organic 

compounds. Though many compounds show good 

anticorrosive activity, most of them are highly toxic to both 

human beings and the environment. These toxic effects and 

ecological problems associated with the discharge of such 

materials have resulted in the development of other efficient 

and environmentally acceptable inhibitors. Hence, the recent 

trend is the search for environmentally friendly chemicals. 

Most natural products are nontoxic, bio-degradable and 

readily available in abundance for use in aggressive solutions 

in contact with the steel surface in order to inhibit the 

corrosion reaction and significantly influence the kinetics of 

the electrolytic process. A number of organic compounds 

[7-14] are known to be applicable as corrosion inhibitors for 

steel in acidic environments. Such compounds typically 

contain nitrogen, oxygen or sulphur in a conjugated system, 

and function via adsorption of the molecules on the metal 

surface, creating a barrier to corrosive attack [15]. In 

frequent instances the addition of small quantities of special 

chemicals to large volumes of corrosive solutions can be 

quite effective in reducing corrosion. Such chemicals are 

called corrosion inhibitors. At the simplest level a corrosion 

inhibitor is a substance which when added in small 

concentration to an environment effectively reduces the 

corrosion rate of a metal exposed to that environment. 

Because of the toxic nature and high cost of some chemicals 

used like chromate and nitrate, it is necessary to develop 

environmentally acceptable and less expensive inhibitors 

[16]. The selection of inhibitor is controlled by its economic 

availability, its efficiency to inhibit the substrate material 

and its environmental side effects. Most of the excellent acid 

inhibitors for corrosion of steel in acidic medium are organic 

compounds containing nitrogen, oxygen and/or sulphur 

atoms [17-20]. The inhibiting action of these compounds is 

attributed as a first stage, to the adsorption of the additives to 

the metal/solution interface. The adsorption process depends 

upon the nature and surface charge of the metal, the type of 

aggressive media, the structure of the inhibitor and the nature 

of its interaction with the metal surface. Metallic material 

constitutes a great part of construction material elements   

in industries, agricultural equipment, oil and gas and 

petrochemical, medical services, process and allied 

industries. In these industries, the metallic material as a 

result of interaction with its environment loses its integrity 

over a period of time [21]. As such, the material cannot 

perform the intended function effectively and reliably. Some 

of these environments are atmosphere, aqueous solution, 

solids, acids and bases, inorganic solvents, molten salts, 

liquid metals, human body etcetera. At times, the effect of 

the loss in integrity may be very severe as to result in loss of 

valuable production time, accident and in the extreme death. 

The cost associated with the problem is enormous and its 

influence in the economy of a nation is significant. It has 

been estimated that approximately 5% of industrialized 

nations’ income is spent on corrosion incidental problems. 

For instance, the cost of the problem to the U.S. economy is 

put at $297 billion annually [22]. 

We can prevent corrosion by using metals that has the 

capacity naturally protect itself from corrosion through 

formation of film layers; however, such metallic alloys are 

either very exorbitant or poisonous. The toxicity of 

commercial inhibitors plus the rising strictness of the 

environmental standards has boosted intensive research into 

the existing or novel substances as potential inhibitors of 

corrosion. These factors have shifted the focus of study to 

non-toxic “green” inhibitors of corrosion. Green inhibitors 

include substances that protect metals from corrosion 

without having any negative effect on the environments and 

life forms. This also leads to the idea to investigate the 

possibilities of using tinctures and extracts of medicinal 

herbs as potential inhibitors. 

According to the estimations of the world experts in this 

field, corrosion of iron and its alloys in the world during a 

period of one year “eats” over thirty percent annual world 

production of iron. 

Also, in our environment, corrosion of metals, especially 

mild steel, has resulted in many mechanical failures of 

structures around us. It implies that corrosion will likely 

impact on its mechanical features, hardness, and structure of 

mild steel internally [23]. 

Alchornea Cordifolia belongs to the family of 

Euphorbiaceae, having a chromosome number of 36. 



60 E. Oparaku et al.:  Corrosion Inhibition and Adsorption Mechanism of Mild  

Steel by Alchornea Cordifolia Leaf Extract in Sulphuric Acid Solution 

 

 

Figure 1.  Alchornea Cordifolia Leaves 

Vernacular names: Christmas bush dovewood (English). 

Arbre de djeman (French). Bugi-bugi, bunce, pô d’arco 

(Portuguese). Ububo (Igbo).The entire part of Alchornea 

cordifolia ranging from the fruit, leaf, stem, stem bark and 

root are all used for medicinal purposes. In most cases, the 

leaves are of more medical importance but the stem and stem 

bark are also used in some cases. To treat respiratory issues 

such as cough, sore throat, the leaves and its stem are chewed 

when fresh; this is because they have antispasmodic and 

sedative effect which is capable of solving respiratory  

issues. In the same manner, the leaves are used to treat 

genital-urinary issues like venereal diseases/female sterility, 

and intestinal issues like gastric ulcers and diarrhea. They 

can serve as blood tonic and blood purifiers for treatment of 

epilepsy and anemia. Extract from Alchornea Cordifolia has 

been patented for different applications such as in paints as 

antifouling adjuvant, polymers and coatings agents, it has 

been proposed that alchornea acid could be raw material for 

plastic hemi-synthesis [24-27]. 

2. Experimental Details 

2.1. Work Materials and Specimen Preparation 

The test coupons were dimensioned 30mm by 30mm 

using a trisquare and a scriber. They were cut and shaped 

using guillotine machine and hand respectively. A 2mm 

diameter hole was drilled on the test coupons to allow 

polystyrene thread to pass through. This is for easy handling 

of the coupons during the experiments. The coupons were 

weighed to obtain their initial masses which were used to 

calculate their densities and also weight loss after corrosion 

or inhibition using the dimensions of the coupons.  

2.2. Preparation of Acid and Inhibitor Extract 

The corrodent used was Tetraoxosulphate VI acid solution 

(H2SO4). 

The corrosion penetration rate of the acidic medium on the 

mild steel is calculated as follows:  

𝐶. 𝑃. 𝑅 =
𝐾𝑊

𝐷𝐴𝑡
               (1) 

C.P.R = corrosion penetration rate (mm/yr) 

W = weight loss (mg) 

D = density of specimen (g/cm
3
) 

Ae = exposed specimen area (cm
2
) 

K = constant (87.6 for mm/yr) 

te = time of exposure (hr) 

The Alchornea Cordifolia leaves were dried for 15days, 

and then grinded to fine powder using electric grinding 

machine. The method used for the extraction of the inhibitor 

was cold extraction technique. Here the Alchornea 

Cordifolia leaf powder was put in 1000mL ethanol and left 

for 48hours, after which the solution was filtered into a 

separate beaker using a filter cloth [19-22]. 

The inhibitor efficiency of the Alchornea Cordifolia leaf 

extract on the acidic medium was determined as follows: 

𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑜𝑟 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =
𝑊𝑏−𝑊𝑖

𝑊𝑏
𝑋 100%     (2) 

Wb = weight loss for blank (g) 

Wi = weight loss for inhibited (g) 

2.3. Experimental Procedure 

2.3.1. Weight Loss Technique at Room Temperature 

This is inhibited and non-inhibited setup using 0.2M 

Sulphuric acid on coupons of Mild Steel. The masses of the 

coupons were measured using the electronic balance. Two 

coupons were immersed in six beakers each containing the 

corrodent with and without inhibitor concentrations: 0mg/L, 

0.1mg/L, 0.2mg/L, 0.3mg/L, 0.4mg/L, and 0.5mg/L. after 

each 24hours, the coupons in each beaker were removed. 

The volume of the medium for each beaker was 400mL, 

which comprised of both acid and the inhibitor for the 

inhibited medium and only the acid for non-inhibited 

medium. The set up was done in such a way that the two 

coupons in each beaker were removed, cleaned, dried, and 

weighed for every 24hours. This lasted for 7days. Similarly, 

after 14days, 12coupons, 2 from each beaker were also 

removed, cleaned, dried, and weighed. The same was also 

done after 21days. The essence of two coupons for each 

medium was to deduce the average weight loss. 

2.3.2. Weight Loss Technique at Elevated Temperature 

In this setup, 3 sets of coupons of mild steel were 

immersed two each in six beakers containing the corrodent 

with inhibitor concentrations: 0mg/L, 0.1mg/L, 0.2mg/L, 

0.3mg/L, 0.4mg/L and 0.5mg/L. each set of the beakers were 

heated at elevated temperatures of 50°C 60°C, and 70°C, 

with the same inhibitor concentration for about 2hours. After 

each removal, the coupons were cleaned, dried, and weighed. 

3. Results and Discussion 

The tables below show the results obtained using the 

weight loss technique for inhibited and non-inhibited at room 

and elevated temperatures. 
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Table 1.  Variation of weight loss with time for different inhibitor 
concentrations of Alchornea Cordifolia leaf extract for mild steal in 0.2M 
Sulphuric acid for 21Days 

Inhibitor 

Concentration 
Inhibitor Efficiency (%) for 21 Days 

(g/L) 1 2 3 4 5 6 7 14 21 

0.1 50 61 73 62 68 38 48 9 12 

0.2 77 70 78 69 69 42 50 25 23 

0.3 77 72 79 75 77 46 53 41 29 

0.4 79 73 80 79 79 53 55 49 33 

0.5 80 75 81 80 81 62 63 51 84 
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Figure 2.  Variation of Inhibitor Efficiency with Inhibitor Concentration of 

Alchornea Cordifolia leaf extract for mild steal in 0.2M Sulphuric acid at 

30°C, 50°C, 60°C, and 70°C for 2Hours 
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Figure 3.  Variation of Weight Loss and Temperature for different 

Inhibitor Concentrations of Alchornea Cordifolia leaf extract for mild steal 

in 0.2M Sulphuric acid at 30°C, 50°C, 60°C, and 70°C for 2Hours 

Table 2.  Variation of Change in Gibb’s Free Energy with Temperature for 
different Inhibitor Concentrations of Alchornea Cordifolia leaf extract for 
mild steal in 0.2M Sulphuric acid at 30°C, 50°C, 60°C, and 70°C for 2Hours 

Change in Gibb’s Free Energy 

(KJ/Mol.) 

Temperature 

(K) 

-8.92 303 

-5.17 323 

-2.82 333 

-3.49 343 
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Figure 4.  Langmuir plot for inhibition corrosion of mild steel in 0.2M 

H2SO4 with Alchornea Cordifolia Leaf Extract at 30°C, 50°C, 60°C, and 

70°C for 2Hours 
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Figure 5.  Variation of Change in Gibb’s Free Energy and Temperature for 

different Inhibitor Concentrations of Alchornea Cordifolia leaf extract for 

mild steal in 0.2M Sulphuric acid at 30°C, 50°C, 60°C, and 70°C for 2Hours 
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3.1. Data Analysis and Discussion of Findings 

3.1.1. Results of Weight Loss Technique at Room 

Temperature 

For the non-inhibited (control) samples, it was noticed that 

the corrosion penetration rate increased with exposure time.  

For the inhibited samples, it was also observed in table 1 

that as the concentration of inhibitor was increased, the 

inhibitor efficiency also increased. The same was also 

observed for the rate of corrosion which decreased as 

concentration of inhibitor was increased. This was 

consistently observed for the first seven days, and then the 

fourteenth and twenty first days respectively. The plot of 

inhibitor efficiency versus inhibitor concentration shows that 

as the inhibitor concentration of the medium increases, the 

efficiency of inhibitor increases as well. 

From the results obtained at normal room temperature, 

Alchornea Cordifolia leaf extract as an organic inhibitor of 

mild steel drastically hinders or minimizes its corrosion by 

inhibiting it from the attack by the sulphuric medium. This 

was drawn from the high inhibitor efficiencies of 79.38%, 

80%, 81.24%, and 84.35% recorded.  

3.1.2. Results of Weight Loss Technique at Elevated 

Temperature 

At elevated temperatures, rise in concentration of inhibitor 

resulted to reduction of both weight loss and rate of corrosion. 

Conversely, rise in concentration of inhibitor resulted to rise 

in efficiency of inhibitor. 

Furthermore, it was also observed that at higher 

temperatures, there were enhanced inhibitor efficiencies for 

individual concentrations. For example, at 60°C, 0.4g/L 

inhibitor concentration yielded an inhibitor efficiency of 

80.6841%, while at 70°C, 0.4g/L resulted to inhibitor 

efficiency of 82.7798%. This was observed generally on 

average. This implies that the inhibitor is more effective at 

elevated temperatures. 

From figure 4, the variation of concentration of inhibitor 

per surface coverage for various inhibitor concentrations was 

analyzed. It was observed as the concentration of inhibitor 

increased, the C/ϴ also increased. Hence, at elevated 

temperatures, Alchornea Cordifolia leaf extract also played 

optimum role in inhibiting corrosion of mild steel in 0.2M 

Sulphuric acid. It is crystal clear from the result that as the 

reaction temperature was increased from 303K to 323K, 

333K, and to 343K, the efficiency of inhibition increased. 

This suggests a physical adsorption mechanism. The plots of 

C/ϴ against C are linear, showing that Alchornea Cordifolia 

leaf extract obeys the Langmuir adsorption Isotherm at    

the concentrations and temperatures studied for mild steel. 

The various plots support the assertion that the corrosion 

inhibition mechanism is due to formation and maintenance 

of a impermeable layer on metal surface and the additives 

cover anodic and cathodic sites through uniform adsorption 

following Langmuir Isotherm. The linear regression 

coefficients between C/ϴ and C show that inhibitor 

adsorption on mild steel surface agrees with the Langmuir 

Isotherm [23, 24]. 

The following equations were obeyed: 

𝜃 =
𝐾𝐶

1+𝐾𝐶
                (3) 

Re-arranging, 
𝐶

𝜃
= 𝐶 +

1

𝐾
               (4) 

Where C is the inhibitor concentration, K is the adsorption 

equilibrium constant, and 𝜃 the surface coverage of the 

inhibitor. The linear relationship of C/𝜃 versus C in different 

concentration of Methyl red solutions is displayed in Figure 

4. The deviation of the slope from unity is attributed to the 

molecular interaction among the adsorbed inhibitor species, 

a factor which was not taken into consideration during the 

derivation of the Langmuir equation. The Langmuir isotherm 

assumes that: The metal surface contains a fixed number of 

adsorption sites and each site holds one absorbate. 

4. Conclusions 

Having analyzed the outcome of the research, we 

concluded that corrosion rate of mild steel in Sulphuric acid 

is dependent on Alchornea Cordifolia leaf extract 

concentration. It means that the level of corrosion inhibition 

rendered by this extract on the mild steel increases with 

increase in concentration of the extract and temperature. The 

inhibitor is more effective at elevated temperatures. Results 

presented in the table 2 indicate that the values of ∆G are 

negative in all cases and ranged between -3.49KJ/mol and 

-8.92KJ/mol. The negative values indicate a spontaneous 

adsorption of the inhibitor molecules. The values of ∆G are 

below -40 KJ/mol which indicate that the inhibitor function 

by physically adsorbing on the surface of the metal. The 

inhibition is purely by physical adsorption of the active 

components in the extract on the mild steel surface. 

Alchornea Cordifolia leaves have tannins as the most active 

constituent. Tannins can be used for the production of 

anti-corrosive primer for treatment of rusted steel surfaces 

prior painting, rust converter to transform oxidized steel into 

a smooth sealed surface and rust inhibitor. Hence the reason 

for the inhibition is primarily due to the presence of tannins 

in the Alchornea Cordifolia leave extract. The data obtained 

from this study fit well into Langmuir adsorption Isotherm. 
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