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Abstract: The deterioration of facilities by corrosion is a major problem in our society. Corrosion of 
metals/alloys, which can be defined as the deterioration or disintegration of materials due to their 
reaction with the environment, has continued to receive attention in the technological world. In this 
research, extracts from Leptadenia Hastata leaves was subjected to phytochemical analyses. The low 
carbon steel samples were subjected to corrosion inhibition test using gravimetric and thermodynamics 
methods. The corrosion inhibition effects of the leaves extracts on low carbon steel surface in Rain water 
solution was investigated at different temperatures (303, 313, 323 and 333 K). The results obtained shows 
that the inhibition efficiency (IE) increase (with at least 1.8%) with increase in the inhibitors 
concentration from (250 ppm- 1000 ppm) but decreases with increase in temperature from 303-333 K.  
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1.0 INTRODUCTION  
1.1 Background  
Corrosion phenomena, control and prevention are unavoidable major scientific issues that must 
be addressed daily as far as there are increasing needs of metallic materials in all facets of 
technological development (Loto et al, 2011). Corrosion is the deterioration of materials by 
chemical interaction with their environment. The consequences of corrosion are many and varied 
and the effects of these on the safe, reliable and efficient operation of equipment or structures are 
often more serious than simple loss of a mass of a metal. Failure of various kinds and the need 
for expensive replacements may occur even though the amount of metal destroyed is quite small. 
(Umoren, 2009). It has been reported after corrosion cost studies carried out in a number of 
countries including the United Kingdom, Sweden, Germany, and Finland that the annual cost of 
corrosion ranged as high as 5% of GDP (Corrosion Control Solutions, 2013). This represents a 
huge sum of money which should have been channeled into the provision of basic social 
amenities in these countries. In practice corrosion can never be stopped but can be hindered to a 
reasonable level. Due to problems from corrosion that are confronting industries; several 
methods of corrosion control and prevention have been put in place. These include: cathodic 
protection, lubrication, anodic protection, alloying, coating, inhibition etc. The choice and 
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application of any of the methods is based on their efficiency, economic factors and the nature of 
the corrosive environment. (Njoku, 1998).  
The use of inhibitors is one of the most practical methods for protection against corrosion in 
corrosive environments. Inhibitors are chemicals that directly or indirectly coat a film on a metal 
surface to protect it from its environment. Most inhibitors are adsorbed by the metal surface from 
a solution or dispersed, but some are applied directly as coatings. Generally, the dissolution of 
metal can be suppressed by the action of adsorptive inhibitors which may prevent the adsorption 
of the aggressive ions, and by the formation of a more resistant film on the metallic surface (El 
Maghraby, 2010). Corrosion inhibition is of great practical importance, being extensively 
employed in curtailing wastage of engineering materials and minimizing corrosion control costs. 
Inhibitor applications is quite varied often playing an important role in oil extraction and 
processing industries, heavy industrial manufacturing, water treatment facility, water-containing 
hydraulic fluids, water treatment chemicals, engine coolants, ferrous metal cleaners, automatic 
transmission fluids, automotive component manufacture, cutting fluids etc. to minimize localized 
corrosions and unexpected sudden failures. (Loto, et al. 2012) Historically, most of the known 
corrosion inhibitors are synthetic chemicals (Heavy Metal), expensive and very hazardous to 
environment. Therefore, it is desirable to source for environmentally safe inhibitors (Paul, et al. 
2012).  
In very recent time, however, there has been the need to look at some other environment friendly 
substances, especially from natural resources that could be used to control/prevent incessant 
corrosion problems apart from the synthesized inorganic and other organic chemicals, some of 
which are toxic to the environment. Many scientific researchers have responded to this need and 
it has generated increased research studies into the use of plant extracts (Loto, et al. 2011). The 
use of natural products otherwise tagged-green corrosion inhibitors has been advocated because 
of the cost, toxic nature and environmentally unfriendliness of some of the inorganic and organic 
corrosion inhibitors. More so, they are readily available, cheap and a renewable source of 
materials. Very encouraging results have been obtained in this regard. An attempt at making a 
contribution to this growing research area has necessitated the  Present investigation. Plant parts 
that have been used include leaves, bark, fruit and the roots. In very many cases, the corrosion 
inhibitive effect of some of the plants‘extracts has been attributed to the presence of tannin in 
their chemical constituents. Also associated with the presence of tannin in the extracts is the 
bitter taste in the bark and/ or leaves of the plants (Loto, et al. 2011). In this work, corrosion 
inhibition of guava, Leptadenia Hastata leave extract in Rain water solution on low carbon steel 
was investigated. The leaves of these plant, was chosen on ecological basis (also referred to as 
green corrosion inhibitor which are environmentally friendly), presence of tannin (have an array 
of hydroxyl and carboxyl groups through which the molecules can adsorb on corroding metallic 
surfaces), in their chemical constituents and their abundance. The choice of low carbon steel as 
the test specimen was due to its wide usage and good mechanical properties which include: 
ductility, malleability, formability, high tensile strength, impact strength, weldability etc. It is 
also comparatively cheap and available in abundance. These properties make low carbon steels 
to be used in many engineering applications and their subjection to acidic environments is also 
common feature during processing and in some areas of application. Thus it becomes imperative 
to investigate the corrosion behavior of low carbon steels in acid solution as well as their 
response to inhibition in such media (Njoku, 1998).  
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2.0 Materials and methods 
2.1 Materials 
The materials used for this research include: 
Low carbon steel, Leptadenia Hastata (Yadiya) leaves.Masking tapes, cotton wool, burette, 
dropper, hand gloves, thread, plastic container and abrasive papers was used. 
2.2 Chemicals, Solvents and Reagents 
Rain water was used for preparation of media needed for the corrosion process. Distilled Water, 
Ethanol and Acetone were the solvents used for extract preparation and Ferric chloride, 1 M 
NaOH, silica gel, Molish, Mayers and Fehling's reagents were used for phytochemical screening 
obtained from Emmicon scientific supplies chemical store, Adjacent Mara-Zain Hotel Bama road 
Maiduguri. 
2.3 The equipment used for this research include the following 
Bench vice, hack saw, metal scraper: used to cut and prepare the steel bar into required 
dimension (coupons). Xenemetrix XRF Machine (Model: Genius IF) for determining the 
elemental composition of the steel bar. Analytical mass balance (Newacalox: Mode 8068, 
100×0.001g): for measuring the mass of samples. Desiccator: used for drying and keeping the 
prepared samples air tight. Soxhlet extractor: for preparation of extracts. Separating funnel and 
filter paper: for filtration of mixture of ethanol and leave or from their chaff. Conical flask, water 
bath (Gulfex Medical and Scientific: HH-420). 
2.4 Sample Collection 
Fresh leaf of Leptadenia Hastata will be collected from Ramat Polytechnic school farm, and was 
taken for identification by a Plant Taxonomist, in the Department of Biological Science Faculty 
of Science, University of Maiduguri.    
2.5 Sample Preparation 
The plant leaf material was air-dried in the laboratory at room temperature. The leaf of the plant 
was ground to fine powder using wooden mortar and pestle and the sample was stored in the 
research laboratory of Science Laboratory Technology Department of Ramat Polytechnic 
Maiduguri Borno state for further analysis.  
2.6 Preparation and Elemental Content Analysis 
2.6.1 Sample Extraction  
The ground leaf material (2,000g) was extracted with 85% ethanol using Soxhlet technique. The 
crude extract was concentrated under reduced temperature. The crude extract was then stored in 
a desiccator. The chaff was socked in distilled water for three hours and the mixture was filtered, 
concentrated and stored under pressure and reduced temperature. 
2.7 Phytochemical Screening of leptadenia Hastata 
Phytochemical screening carried out on the ethanol crude extract of the plant Leptadenia Hastata 
according to standard methods is as follows:  
2.7.1 Test for Tannins 
To extract (0.5g) 10ml of distilled water was added and stirred and the mixture was filtered. The 
filtered was used for the following test. To 2 ml of the filtrate, drops of 1% ferric chloride 
solution were added. The occurrence of a blue-black, indicate the presence of tannins. A mixture 
of equal volume of 10% lead ethanoate was added to 2 ml of the filtrate. The formation of white 
precipitate indicates the presence of tannins. The filtrate of the extract was boiled with drops of 
10% HCl, and a drop of methanol. A red precipitate was taken as indication for the presence of 
tannins (Sofowora, 1993; Trease and Evans, 2002). 
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2.7.2 Test for Phloba tannins 
The (0.5g) of the extract was boiled with 5ml of distilled water and then filtered. The filtrate was 
further boiled with 1% aqueous HCl. The appearance of red precipitate indicates the presence of 
phloba tannins (Trease and Evans, 2002). 
 
2.7.3 Test for glycosides 
Lieberman Burchard’s test 
To the extract (0.5g), 2ml of acetic anhydride was added. The mixture was cooled in ice and then 
3ml of concentrated tetraoxosulphate (VI) acid was added carefully. Color development from 
violet to bluish-green indicates the presence of a steroidal ring. (Silver et al., 1998). 
Salkowski’s Test (test for steroidal nucleus) 
 To the extract (0.5g), 2ml of chloroform was added. Then, 3ml of tetraoxosulphate (VI) acid 
was carefully added by the side of the test tube to form a lower layer. Appearance of a reddish-
brown colour at the interphase indicates the presence of steroidal ring. (Silver, 1998) 
2.7.4 Test for Flavonoids 
Ferric Chloride Test 
The extract (0.5g) was boiled with 5ml of distilled water and then filtered. To a 2 ml of the 
filtrate, few drops of 10% ferric chloride solution was added. A green-blue coloration indicates 
the presence of phenolic hydroxyl group (Trease and Evans, 2002). 
2.7.5 Test for Saponins Glycosides 
The extract (0.5g) was boiled with 5ml of distilled water and filtered. The filtrate was divided 
into 2 portions, to the first portion about 3ml of distilled water was added and shaken for about 5 
minutes. Frothing which persist on warming is an evidence for the presence of saponins 
(Sofowora, 1993). To the second portion, 2.5ml of a mixture of equal volume of Fehling’s 
solution A and B was added. The appearance of brick-red precipitate shows an indication for 
saponins glycosides (Vishnoi, 1979).  
2.7.6 Test for Alkaloids 
Preliminary Test for Alkaloids 
The extract (0.5 g) was stirred with 5 ml of 1% aqueous HCl on water bath then filtered. Three 
ml (3ml) of the filtrate was taken and divided equally into 3 portions in a test tube. To the first 
portion, few drops of Dragendoff’s reagent was added. The occurrence of orange red precipitate 
was taken as the indication for the presence of alkaloids. To the second; 1 ml of Mayer’s reagent 
was added and the appearance of buff-coloured precipitate was considered as an indication for 
the presence of alkaloids; to the third portion, 1 ml or a few drops of Wagner’s reagent was 
added and a dark-brown precipitate indicates the presence of alkaloids (Brain and Tuner, 1975). 
2.8 Corrosion Efficiency 

Weight loss method and thermodynamic method was used for the evaluation of corrosion 
inhibition efficiency of the extracts. 

2.9 Weight Loss Method 

Cylindrical coupons of 10mm diameter and 10mm in length were used in this research as earlier 
stated. Four solutions of 250, 500, 750 and 1000 ppm of extract concentration was prepared for 
each extract of leaves of leptadenia hastata in each test media of Rain water respectively, by 
dissolving 0.025g: 0.05g, 0.075g and 0.1g of each extract in different beaker containing 100ml of 
Rain water. In addition, one beaker containing 100ml of  Rain water was used as control. The 
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corrosion inhibition and immersion test was carried out in accordance with ASTM G3 1 -72. The 
coupons removed from the desiccator six each as a group, after individual weighing, was 
introduced into each beaker ranging from the control to the inhibited Rain water solutions as 
thread aided suspensions, at ambient temperature. An exposure period of 432hr (18 days) total 
was observed, at 72hr (3days) interval of measurement respectively. Unit specimen removed 
from each beaker at this interval was cleaned off corrosion products, dried and reweighed. The 
change in weight recorded, was used to calculate the rate of corrosion measured in millimeter per 
year (mmpy) as described by Yawas, (2005): 

Corrosion rate (CR) = 
.   

     
 (𝑚𝑚𝑝𝑦)     ... 3.4 

Where: 

W = the weight loss in mg, P = the metal density in g/cm3. 

A = the exposed area of the test coupon in cm2. 

T = the exposure time in hrs. 

However, the inhibition performance was also calculated as follows (Ibrahim et al., 2011): 

Inhibition Efficiency (IE) =   x 100%     ... 3.5 

The surface degree of coverage (∅) at each inhibitor concentration, defined as the degree of 
surface of material coverage by the inhibitor was calculated as; 

Degree of Surface Coverage (∅) =      ….3.6 

Where; 

CR0 = the corrosion rates without inhibitor  

CR = the corrosion rates with inhibitor. 

2.10 Thermodynamics Techniques  

Again, weighed specimens from the desiccator was immersed in 100ml preparatory solution of 0 
– 1000 ppm of  Rain water, for a constant period of 3hour each, at varying temperature of; 313K, 
323K, 333K. The weight loss measurement was carried out as in Weight loss techniques earlier 
discussed. The adsorption isotherm will be selected based on the adsorption isotherm that best 
describe mechanism of adsorption. Thermodynamic parameters such as; Change in Free Energy 
of the reaction in Kjmol-1 (∆𝐺ads), Corrosion Rate (CR) and Activation Energy for corrosion 
reaction of low carbon steel in KJmol-1 (Ea), will be calculated using the Arrhenius equations as 
(kairi and Kassim, 2013): 

log CR = log A - 
.

                                                                                    … 3.7 

Kads = 
∅

(  ∅)
                                                                                             ...3.8 
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Where: 

A = the Arrhenius pre-exponential factor, a constant dependent on metal type and electrolyte, 

T = Temperature in Kelvin,                ∅ = the degree of surface coverage, 

Kads = Equilibrium constant,                C = the concentration of inhibitor 

R = the universal Gas Constant (8.314jmol-1K-1) 

The enthalpy (heat) (∆Hads) and entropy ∆Gads of adsorption of the inhibitor will be calculated 
from rearranged Gibbs-Helmholtz equation as; 

∆
=  

∆
+ Kads                                                                                                                        3.9 

∆Gads = ∆Hads - 𝑇∆𝑆ads                                                                                                                       3.10 

Where; 

∆Hads= Enthalpy of adsorption reaction 

∆Sads = Entropy of adsorption reaction 

Alternative, the enthalpy and entropy can be obtained from transition state equation as: 

CR = 
 
 𝑒𝑥𝑝 

∆
 𝑒𝑥𝑝 

∆
                                                              3.11 

Where; 

N = Avogadro's number (6.022 x 1022mol-1) 

h = Plank's constant (6.626 x 10-34m2Kgs-1) 

3.0 RESULTS AND DICUSSION  
3.1 PHYTOCHEMICAL ANALYSIS. 
The results obtained from the phytochemical analysis are shown in table 1  
Table1: Phytochemical Constituents of the Plant  

Chemical Constituents   
 

Leptadenia Hastata Leaves 
 

Alkaloids  
 

+ + + 

Saponins 
 

+ + 

Tannins  
 

+ +  

Flavonoids 
 

+  
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- Absent ++ Moderately Present 
+ Present +++ Highly Present 

 

The phytochemical analysis of the leaves extract reveals the presence of alkaloid, saponins, 
tannins, flavonoids, Phlobatannins, and cardiac glycosides.From the results of the phytochemical 
analysis in table 1 tannins, phlobatannins and flavonoids are present in the plant leaves extract, 
generally the natural compounds found in all the plant leaves extracts will form a film on the 
surface of the mild steel, which will serve as a hurdle at the surface of the mild steel through the 
mechanism of adsorption, there by inhibiting the corrosion process of the mild steel coupon.The 
phytochemical component of plant leaves extract encompass rich naturally synthesized eco-
friendly organic compounds which combat with corrosion on mild steel in an aggressive media. 
According to Iloamaeke et al. (2013), these compounds contain nitrogen and oxygen which are 
the center for chemical adsorption on the mild steel.Alkaloid present in plant extract have a 
fascinating features about inhibit corrosion, alkaloid prevent metal corrosion by adsorption of 
their molecules on metals surface to form a protective layer.Saponins has rich oxygen molecules 
that provides good adsorption sites via the lone pair of electrons residual on the oxygen atoms. 
Tannins aids in forming the inhibitor protective layers on the metal surface with an adsorption 
mechanism on the oxide films. Thus from the results and the role of each of phytochemical 
constituent’s in prevention of corrosion as stated above, the leave of Leptadenia Hastata is 
expected to have high inhibitive properties, because Leptadenia Hastata extract has Alkaloid, 
Tannins, Flavonoids, Cardiacgycoside all present. 

 
Figure: 1 Variation of Corrosion Rate against Temperatures at different concentration of leaves 
extracts 
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Corrosion rate 

From the result obtained on the corrosion rate against temperature at different inhibitor 
concentrations plotted in Figure 1 it is clear that corrosion rate decreases as the temperature increases. 
As the concentration of inhibitors increased (with 250 % increment), the rate of corrosion decreased 
which indicates that protective layer is formed at the surface of the coupons which prevents serious 
damage. This is in agreement with previous work by Zubairu et al (2021). 

 

 
 

Figure 2: Variation of Inhibition efficiency against concentration of leaves extracts 

Inhibition Efficiency 

Figure 2 show the performance of Leptadenia Hastata on low carbon steel in Rain water at 
temperatures of 303,313,323 and333K. Highest inhibitor efficiency of 83.16% was obtained at 313K 
and 750 ppm concentration and lowest inhibitor efficiency of 26.62% was obtained 
at 323 K and 250 ppm respectively. The  increased in efficiency with increase in inhibitor 
concentration, a trend that supports the mechanism 
of physical adsorption. Ergun et al., (2008) attributed the decreased in inhibition efficiency with 
rise in temperature to an enhanced effect of temperature on the dissolution process of steel in 
corrosion media and/or the partial desorption of the inhibitor from the metal surface. A similar trend 
was also reported in Umoren et al., (2008). 

5.0 CONCULSION  

From this research work natural (green) plant extracts (leaves) has shown a great alternative for 
inhibition of corrosion in metals. Though, some plants may have low inhibition properties despite they 
are abundant in the locality reason being that the low amount of the physiochemical constituent need to 
stop or slow process of the corrosion on the material when exposed to the atmosphere. 
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Hence a plant that is abundant and has little or no economic value (not eatable) and shows properties 
that can be useful in prevention of corrosion can also be used in the prevention of corrosion, which is 
less expensive, create job opportunities and most importantly environmentally friendly. 
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