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ABSTRACT 
 

 In this study, we present the inhibition behaviour of Moringa Oleifera and Psidium Quajava leaf extract on the corrosion 
susceptibility of engineering mild steel in selected medium (sodium hydroxide (NaOH) environment).  The investigations has been done 
using the weight loss method. The cylindrical samples of diameter 1 cm and height of 1.5 cm was cut from a long rod of mild steel (total 
surface area of coupon 6.284 cm2). The weight of each piece was taken and recorded and then immersed in a solution of NaOH, and left 
for a different number of hours. The results show that the presence of the Moringa Oleifera and Psidium Quajava leaves extract inhibited 
the corrosion of mild steel in the test solution and that the inhibition efficiency depended on the concentration of leaves extract and the 
exposure time of mild steel samples in the sodium hydroxide environments. Results from the corrosion rate, indicate that the leaves extract 
act as a good corrosion inhibitor for mild steel in all volumes of the extract. This study also show that the Moringa Oleifera leaf extract 
had more inhibitive effect in all the volumes of test solution investigated, compared to the Psidium Quajava leaf extract.  
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INTRODUCTION 
 
 Mild steel is one of the most important metals 
and it is used in large number of applications. 
Corrosion is the result of interaction between a metal 
and environments which results in its gradual 
destruction [1]. Corrosion of metal is a serious 
environmental concern which has been given 
adequate attention in the gas and oil industries 
because during industrial processes such as alkaline 
etching and cleaning, metal surfaces are often made 
to come in contact with alkaline medium, indicating 
that the use of inhibitors is necessary. Although there 
are numerous options for controlling the corrosion of 
metals, but the use of inhibitors is one of the 
methods of protecting metals against corrosion. 
Corrosion inhibitors are substances which when 
added in small concentrations to corrosive 
environments decrease or prevent the reaction of the 
metal with the environments. An inhibitor can be 
chosen from compounds or inorganic compounds 
that have been synthesized from cheap raw 
materials. However, the problem of finding an 

inhibitor that has little or no impact on the 
environment has attracted numerous interests to 
researchers  in recent times [2]. 
 Green corrosion inhibitors are biodegradable, do 
not contain toxic compounds and leaves have been 
used as eco-friendly corrosion inhibitors [3]. 
Examples of green corrosion inhibitors includes; 
Bitter leaf, fluted pumpkin leaves, Water, Cassava, 
Mango, Nchu anwu (Ocimium basilicum), Seam 
weed (Eupathorium odoratum) and Azdirachta 
Indica (Neem) leaves. The successful use of 
naturally occurring substances to inhibit the 
corrosion of metals in alkaline medium has been 
reported by different research groups [4-7]. 
 Sodium hydroxide solution is widely used for 
the removal of rust and industrial alkali cleaning, 
descaling and oil well alkalising. Due to the general 
aggressive nature  of alkali solution, the practice of 
inhibition is commonly used to reduce the corrosive 
attack on metallic materials. Inhibitors are generally 
used for this purpose to control the metal dissolution, 
reduce the corrosive attack on metal surface and 
prevent the reaction of the metal with the medium. A 
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number of studies have recently appeared in the 
literature on the topic of the corrosion of mild steel 
in alkaline solutions [8-14]. 
 However, the aim of this study is to produce 
corrosion inhibitors from Moringa Oleifera and 
Psidium Quajava leaves extract with a view to 
establishing the optimum conditions under which the  
leaves extract produced the most inhibitive effect on 
the corrosion susceptibility of the mild steel in the 
sodium hydroxide environment.   
  
2. Objectives: 
 The major objective of the study is to 
investigate the properties of  Moringa Oleifera and 
Psidium Quajava leaf extract on the corrosion 
susceptibility of engineering mild steel in an alkaline 
environment (sodium hydroxide). This will be done 
by varying  the volumes of the leafs extract of both 
inhibitors and the concentration of the alkaline 
environment to deduce the optimum conditions 
required for maximum decreased corrosion rate of 
mild steel in that environment. 
 
Materials and Methods 
 
 The cylindrical samples of diameter 1 cm and 
height of 1.5 cm have been cut from a long rod of 
mild steel (total surface area of coupon 6.284 cm2). 
The weight of  each piece was taken and recorded. 
An abrasive paper was used to remove any millscale 
and rust stains on the mild steel specimens before 
they were cleaned with acetone. The samples were 
polished, the coupons were degreased by washing 
them in absolute ethanol, rinsed in acetone and 
allowed to dry. The dried coupons were stored in 
moisture free desiccators until required for use. The 
chemicals and regents used in this study were of 
analytical grade and distilled water was used to 
prepare them. 
 The mild steel used for this study was obtained 
from Delta Steel Company Aladja, Delta State, 
Nigeria. The composition of the samples was 
analyzed using Metal Analyzer, Optical Emission 
Spectrometer.  
 
3.1. Weight Loss Method: 
 The samples coupons of mild steel were first 
weighed using a digital weighing balance, 
METTLER TOLEDO model ME204E with a least 
count of  0.0001g, labeled and immersed in test 
solutions of base, with and without inhibitor. The 
weight loss of each of the sample coupons were 
determined and recorded. The determination of 
weight loss and recording was repeated consistently 
every 168 hours (7 days) for a period of  672 hours 
(28 days).  Prior to measurement, each coupon was 
washed in absolute ethanol, rinsed in distilled water, 
dried in acetone and then weighed. The same 
experiment was repeated in the presence and absence 
of  extract. From the weight loss of the coupons, the 

corrosion rate (CR) of mild steels were calculated 
using the expression  as defined in the literature [1] . 
Corrosion rate = kΔw/ρAT 
where 
K =  Rate constant equal to 87.6 × 104 
CR = Corrosion rate, millimeter per year (mm/yr) 
Δw = Weight loss in g 
ρ  =   Density of material in gcm-3 = 7.86 gcm-3 
T  = Exposure time in hours  
A = Exposed area of coupon in cm2 = 6.284 cm2  
 
Results and Discussion 
 
 Fig.1, show the corrosion rate of mild steel in 
the absence of the different volumes of the Moringa 
Oleifera and Psidium Quajava leaves extracts in the 
NaOH environment at the different exposure time 
intervals. As shown in Fig. 1., the plots gives the 
normal corrosion rate profile for passivating  metals,  
usually  typified by a steep rise in corrosion rate 
followed by a gradual decrease as exposure time 
increased.  The results show a substantial value  of 
corrosion rate against the exposure time for the test 
media without the  Moringa Oleifera and Psidium 
Quajava leaves extracts, indicating the devastating 
effect of corrosion on the mild steel coupons. This 
behaviour is shown to be a result of the formation of 
thin film oxide on the surface of the metal that acted 
as a barrier between the surface and the medium. 
From the results (Fig. 1), the corrosion rates of mild 
steel were found to be increased  as the 
concentration of NaOH increased and also we can 
see that from the same plots (Fig. 1), similar trends 
were observed except that the corrosion rate (0.3730 
mm/yr) was relatively larger than others in the 0.5M 
NaOH solution. This behaviour was attributed  to 
that of the so-called “system agitation” which 
exposed the mild steel surface to bare condition and 
allowed it to experience fresh attack in the medium.  
 Figs. 2-3, give the results obtained for the 
variation of corrosion rate with exposure time for the 
mild steel specimens immersed in 0.5M NaOH and 
1.0M NaOH respectively, with 25 cm3 -100 cm3 
volumes of Moringa Oleifera leaf extracts added.  
The addition of Moringa Oleifera leaf extract to the 
test media resulted in reduction of  corrosion rate. 
The difference in the corrosion rate for the test 
media with and without Moringa Oleifera leaf 
extract was not much  for exposure time in the range 
336 and 672 hours  intervals, but at 168 and 504 
hours there was an increase in corrosion rate for the 
media without Moringa Oleifera extract and a 
decrease in corrosion rate for the media with 
Moringa Oleifera leaf extract. At the volumes of 25 
cm3, 50 cm3, 75 cm3, and 100 cm3 of Moringa 
Oleifera leaf extract in  0.5M NaOH solution, as 
volumes of extract increased, it was observed that 
the corrosion rate decreased, except at the 75 cm3 of 
extract that showed an unstable trend pattern 
throughout the experimental period. This was due to 
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non-uniform corrosion at the volume.  The Moringa 
Oleifera leaves extract exhibited significant stability 
for volumes of 25 cm3,  50 cm3, and 100 cm3 of the 
extracts. The Moringa Oleifera leaves extract  gave 
the best corrosion inhibition performance at the 
volume of 25 cm3 in the 0.5M sodium hydroxide 
environment, hence it could be inferred that  it is the  

optimum value  for the extract inhibition 
performance in the tested medium. Research done by 
Raja et al [16], observed that as the volume of 
waterleaf extract in 2.5M sodium hydroxide 
increased, the corrosion rate of mild steel decreased. 
This is in agreement with findings in the current 
study.   

 

 
 
Fig. 1: Corrosion rate vs exposure time (without inhibitor in the various concentrations of sodium hydroxide)  
 
 The results obtained for the variation of 
corrosion rate in1.0M NaOH solution at the 
respective exposure time is shown in Fig 3.  From 
the graph, the control experiment (Fig 1), has the 
highest value of corrosion rate because Moringa 
Oleifera leaf extract was not added. The addition of 
Moringa Oleifera leaf extract to the test medium 
reduced corrosion significantly  throughout the 
investigations. For the results obtained in the 25 cm3 
and 50 cm3 respectively, Moringa Oleifera leaf 
extract addition to the test media yielded similar 
trend in corrosion rate. However at volumes of  75 
cm3 and 100 cm3 of Moringa Oleifera in 1.0M 

NaOH, the corrosion rate trend is not uniform up to  
a volume of 100cm3  and it was observed that there 
was system agitation which caused the passive film 
to breakdown. This lead to a sharp rise in corrosion 
rate and this indicates that  lower volumes of the 
Moringa Oleifera leaves extract have better 
inhibitive effect compare to the higher volume 
extract. This results confirmed the promising 
behaviour of the Moringa Oleifera leaf extract on 
corrosion susceptibility of mild steel in 1.0M NaOH. 
In the literature, Taleb  and Mehad [15] has  reported 
on the corrosion inhibition of mild steel in an acidic 
environment using aqueous extract of eggplant peel. 

 

 
 
Fig. 2: Corrosion rate vs exposure time for the corrosion of mild steel in 0.5M NaOH solution containing   
      various volumes of Moringa Oleifera leaf extract. 
 
 Figs. 4-5, show the results obtained for the 
variation of corrosion rate with exposure time for the 
mild steel specimens immersed in 0.5M NaOH and 
1.0M NaOH respectively, with 25 cm3 -100 cm3 
volumes Psidium Quajava  leaf extracts included. As 
indicated in the plots (Figs 4-5), the normal 
corrosion rate profile for passivating metals were 
observed. This involved a steep rise in corrosion rate 
followed by a gradual decreased as exposure time 
increased. From the results, the corrosion rates of 
mild steel were found to decrease as the volume of 
the extract increased. 
 As observed earlier, the value of corrosion rate 

obtained from the control experiment was greater 
than those with Psidium Quajava leaf extract from 
the 168 hrs to 504 hrs  exposure time that was 
investigated in the experiment. From the result 
obtained, Psidium Quajava leaf extract was able to 
reduce the weight loss of mild steel in 0.5M NaOH. 
The difference in values obtained from the media 
with different volumes of extract, showed that the 
least corrosion rate of 0.0077 mm/yr occurred on the 
28th day (672 hrs) of the experiment for  the volume 
of 50 cm3 of the Psidium Quajava leaf extract. The 
results revealed that the pasivation of the metal is 
better at lower volume of extract in corrosion 
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medium than at higher volumes. These results 
confirm that the Psidium Quajava leaf extract 
possesses corrosion inhibiting property. These 

results are consistent with those reported in the 
literature by other research groups [11-13, 17-18] 

 

 
 
Fig. 3: Corrosion rate vs exposure time for the corrosion of mild steel in 1.0M NaOH solution containing    
      various volumes of Moringa Oleifera leaf extract. 
 

 
 
Fig. 4: Corrosion rate vs exposure time for the corrosion of mild steel in 0.5M NaOH solution containing  
       various volumes of Psidium Quajava  leaf extract. 
 
 As shown on Fig. 5, the corrosion rate against 
exposure time shows that the highest corrosion rate 
was recorded for 25 cm3 volume of  Psidium  
Quajava leaf extract on the day 7 (168hrs) of the 
experiment, before a sudden drop on the day 14 (336 
hrs) of the experiment and maintained that range for 
day 21 (504 hrs) of the experiment. The 50 cm3  
volume of Psidium Quajava leaf extract had the 
highest corrosion rate on the day 7 and maintained 
same range of the value from (7-28) days. At the 
volume of 100cm3 of the Psidium  Quajava leaf 
extract, an increase in the corrosion rate on the 28th 
day was recorded. The Psidium Quajava leaf extract 
showed great inhibitive effect in 1.0M NaOH 
environment. From the fore-going, it could be 
inferred that 75 cm3 of the Psidium Quajava  leaf 
extract  in 1.0M NaOH environment  is the optimum 
condition for  protecting mild steel in such media 
since it had the best value of inhibitive effect. 
 In comparative terms, the different volumes of 
Moringa Oleifera and Psidium Quajava leaves 
extract in 0.5M NaOH at different exposure time, 
shows that the Moringa Oleifera leaf extract had a 
better corrosion inhibition characteristics in all the 
tested environments (at  different volumes of 
Moringa Oleifera and Psidium Quajava leaf extract 
in 1.0M NaOH solution). In this case, it can be said 
that a reasonable degree of corrosion inhibition of 
the test specimen in the base that the Moringa 
Oleifera leaf extract had a more inhibitive effect in 

all test solutions as compared  to the Psidium 
Quajavaleaf extract. In view of the results, Moringa 
Oleifera leaf extract is recommended in NaOH 
solution as a replacement for Psidium Quajava leaf 
extract. 
 
5. Conclusion: 
 Based on the results from the determination of 
the influence of Moringa Oleifera and Psidium 
Quajava leaves extract as an inhibitor of corrosion of 
mild steel in alkaline solution, the following 
conclusions were drawn. 
 Among the various leaf extract used, it was 
observed that Moringa Oleifera leaf extract had the 
best inhibitive effect in mild steel in alkaline 
medium (NaOH) followed by Psidium Quajava leaf 
extract which also showed good inhibitive effect. 
Corrosion rate increased with time of exposure to the 
corrosive medium. Comparing the different  volumes 
(25, 50, 75 and 100cm3, respectively) of Moringa 
Oleifera  leaf extract at different exposure time 
intervals, it can be concluded that; in 0.5M NaOH on 
mild steel, a 25 cm3  gave the least  corrosion rate. 
However for the Psidium Quajava leaf extract under 
the same conditions, a decrease in the corrosion rate 
compared to the control was observed, although the 
corrosion penetration rate were > in the former. 
Although excellent inhibition effect has been 
achieved in this study, it is not certain, however, 
whether the optimum concentration of the alkaline 
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medium/volume of the inhibitor, needed for more 
effective corrosion inhibition of mild steel have been 
reached.  The present investigations strongly indicate 
that Moringa Oleifera and Psidium Quajava leaves 
extract has a promising potential as an alternative 

non-toxic, eco-friendly, less expensive and readily 
available inhibitor to replace the toxic and expensive 
synthetic chemicals, which are currently being in 
use.  

 

 
 
Fig. 5: Corrosion rate vs exposure time for the corrosion of mild steel in 1.0M NaOH solution containing    
     various volumes of Psidium Quajava  leaf extract. 
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