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ABSTRACT

The inhibitive properties of the extracts of Cascabela thevetia and Jatropha curcas were comparatively 
studied on corrosion of mild steel in H2SO4 acid. The extracts of both plants contained active 
phytochemical constituents such as tannins, saponins, alkaloids, flavonoids, terpenes and phenols 
which made them useful as good corrosion inhibitors. The extract concentrations were varied from 0.3 
to 1.5 g/L during both the gravimetric and gasometric analyses for an exposure time of 7-28 days. The 
weight loss of the coupon, corrosion rate, surface coverage and inhibitive efficiency was evaluated 
for both the extracts. The results of the gravimetric and gasometric analyses indicated that inhibitive 
efficiency increased with an increase in the concentration of inhibitors and the highest was 55.77% 
for Jatrophas curcas at the concentration of 1.5 g/L. The weight loss was a little lower for Cascabela 
thevetia (4.36 g) compared to Jatrophas curcas (4.66 g) at the highest exposure time used (28 days). 
Cascabela thevetia has a better surface coverage (0.68) than Jatropha curcas (0.61), hence, Cascabela 
thevetia inhibits better for a 7-day exposure time. However, when the mild steel was further exposed 
for more than 7 days, Jatropha curcas exhibited a better inhibitive property. The highest and least 
hydrogen gas evolution was obtained at 0.3 g/L concentration (7 minutes) and 1.5 g/L concentration (1 
minute) for both Cascabela thevetia and Jatropha curcas leaves extracts, respectively. Based on the 
results, the utilization of extracts of Cascabela thevetia and Jatropha curcas leaves as replacements 
for toxic organic inhibitors in industries are recommended.

INTRODUCTION

The deterioration of materials as a result of its reaction 
with the environment is termed corrosion. It is a natural 
phenomenon that results in the destructive attack of any 
metal through chemical or electrochemical reaction with the 
environment (Bradford 1993, Perez 2004). It is described as 
the propensity of metallic materials to return to its organic 
state in a steadier mineral form (Mshelia et al. 2017). Apart 
from gold and platinum, nearly all metals will disintegrate 
in the environment that is oxidized thereby leading to the 
formation of compounds either in their oxides, sulphides or 
hydroxides state. Although metals tend to corrode naturally, 
the environment that metal is exposed to has great strength 
on the speed at which it will disintegrate (Syed 2006).

Corrosion is said to be a societal menace that causes 
numerous damages, destruction and degradation especially 
in industries as well as in automobiles, aeroplanes, highway 
bridges, household gadgets and many more (Odusote & Ajayi 
2013). Corrosion is a constant and continuous problem which 
cannot be eliminated. Prevention is one of the best methods 

to combat corrosion. Therefore, engineering materials are 
required to be protected against corrosion. One of such 
engineering materials is the mild steel which has found use-
fulness in automobile, construction, petrochemical industries 
and many more. It is a choice material due to its availability, 
low cost and excellent mechanical properties (Al-Otaibi et 
al. 2012). These materials are very susceptible to corrode 
in harsh and hostile aggressive environment. To mitigate 
the effect of corrosion on metal, the metallic corrosion rate 
can be avoided, prevented or lowered with the addition of 
corrosion inhibitor, which is one of the best-known methods 
of corrosion protection that is mostly used in the industry 
(Al-Otaibi et al. 2012). 

Corrosion inhibitors are materials or substances which 
are introduced into a corrosion system in a little amount 
to lower or avert the metal reaction of the corrosive media 
(Singh et al. 2012). Various methods that have been used to 
control corrosion include coatings, inhibitors, designs, ma-
terial selection and cathodic protection. However, inhibitors 
utilization has been one of the most practicable technique 
for corrosion protection in harsh environment (Ansari et al. 
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2012). Fundamentally, the various forms of corrosion inhib-
itors include anodic, cathodic, mixed and volatile corrosion 
inhibitors (Taghavikish et al. 2017, Asmara et al. 2017). 
Moreover, synthetic (organic), metallic (inorganic) and green 
inhibitors (natural products) are the variously classified 
corrosion inhibitors (Ajayi et al. 2012, Rani & Basu 2012). 
Researches have revealed that the toxicity of some of the 
synthetic and inorganic inhibitors is instigating mutation of 
genes as well as the failure of kidney and liver, to mention 
but a few (Singh et al. 2012). Green corrosion inhibitors have 
been prompted due to the environmental toxicity of organic 
corrosion inhibitors (Rani & Basu 2012). The advantages of 
green corrosion inhibitors over organic inhibitors are their 
biodegradability, environmental friendliness, ecological ac-
ceptance and they do not possess heavy metal or other toxic 
compounds. They are also not expensive, readily available 
and renewable (Odusote & Ajayi 2013, Rani & Basu 2012).

Green corrosion inhibitors have been seen to be effective 
in reducing the rate of corrosion of metals that are exposed 
to a hostile environment. Various studies have reported that 
these inhibitors (extract from leaves, barks, seeds, roots, and 
so on) have good inhibition efficiencies both in acidic and 
other aggressive media (Odusote & Ajayi 2013, Umoren et al. 
2006). Corrosion inhibiting abilities of these green inhibitors 
have been attributed to the existence of organic compounds. 
These compounds are mainly tannins, saponins, alkaloids, 
steroids, flavonoids, amino acids, etc. in the plants (Rani & 
Basu 2012, Martinez 2003, Chowdhary et al. 2004, El-Etre 
et al. 2005). More so, numerous extracts from different parts 
of plants have been examined as metal corrosion inhibitors 
and have been reported to have inhibitive effects through 
the formation of a passivating layer (protective film) on the 
surface of the metal by adsorption of phytochemical mole-
cules that are present in the plants on the surface of the metal 
(Oguzie & Ebenso 2006, El-Etre & El-Tantawy 2006). The 
plant parts, as well as their location, is a great determinant 
in the compound yields and the corrosion inhibitor abilities 
(Okafor et al. 2008). A few of plants extracts are Delonix 
regia extract (Abiola et al. 2007), natural onion juice (El-Etre 
2006), Carica papaya leaf extract (Oki et al. 2015), Punica 
granatum extract (Rani & Selvaraj 2010), Hibiscus sabdarif-
fa extract (Oguzie 2008), Rhizophora racemose extract (Oki 
et al. 2011), Azadirachta indica extract (Okafor et al. 2010), 
Lawsonia extract (El-Etre et al. 2005) and others.

Based on the current focus on green inhibitors, this 
study aims at exploring the utilization of plant extracts as 

green corrosion inhibitors for metallic materials. The study 
investigates the corrosion inhibitive properties of Cascabela 
thevetia and Jatropha carcus leaves extracts on mild steel 
corrosion by employing gravimetric and gasometric methods. 
Furthermore, comparison of the inhibitive effects was made 
between these two green inhibitors to ascertain the one which 
has higher inhibitive properties.

MATERIALS AND METHODS

Materials and equipment: The materials used for the exper-
iment were mild steel (coupon) with its composition given 
in Table 1, sulphuric acid (H2SO4) solution, Cascabela 
thevetia leaves, Jatropha curcas leaves, methanol, ethanol 
and acetone.

A mild steel rectangular specimen was mechanically cut 
into coupons of 35 × 20 × 1 mm with a 3 mm hole drilled in 
each of the coupons for suspension purpose. The exposed 
area of each coupon was mechanically abraded with emery 
paper of different grades, polished and degreased in ethanol, 
cleaned with acetone and then kept inside the desiccator. 

Preparation of the inhibitors (Cascabela thevetia and 
Jatropha curcas leaf extracts): The leaves were plucked 
from a farm in Ilorin, Nigeria and washed and sliced into 
pieces. The sliced leaves were dried at room temperature 
and pulverized into powdery form. The pulverized form of 
the leaves was soaked with methanol for 48 hours. To obtain 
the needed extract, solution filtration was carried out while 
methanol was evaporated from the filtrate. A digital electronic 
weighing balance was used to weigh the extract. Fig. 1(a & b) 
show how the extracts were filtered while Fig. 1c represents 
the experimental set up for gasometric analysis.

Cascabela thevetia and Jatropha curcas leaves phytochem-
ical analysis: The phytochemical analysis of both the leaves 
disclosed the existence of tannins, saponins, flavonoids, al-
kaloids, phenol and terpenoids. It has been reported that the 
most active green inhibitor constituents in plants are tannins, 
saponins and alkaloids (Rani & Basu 2012, Martinez 2003, 
Chowdhary et al. 2004, El-Etre et al. 2005).

Key: + means present, - means absent

Gravimetric analysis: Extract ranging from 0.3 to 1.5 g 
were dissolved in separate beakers that contain 1 litre of 
sulphuric acid solution each, as the inhibited environments. 
The pre-treated coupons were removed from the desiccator. 
The weights of these coupons (w1) were determined using a 

Table 1: Compositional analysis of mild steel sample.

Element C  Si Mn P S Cr Ni Mo Fe

Composition (%wt.) 0.242 0.119 0.304 0.012 0.007 0.175 0.154 0.094 98.7
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digital electronic weighing balance of ±0.01g accuracy and 
the corresponding weight (w1) was recorded. The prepared 
coupons were suspended into the prepared environment. The 
coupons were taken away from the different environments 
(either uninhibited or inhibited environments) at the end of 7 
days. The coupons were then removed and rinsed with etha-
nol and with acetone at the end of each interval. The coupon 
samples were weighed again and the obtained weights (w2) 
noted for each coupon. The experimentation for the study 
was carried out for 14, 21 and 28 days. 

To obtain the weight loss for both the uninhibited and 
inhibited samples for each immersion period and the concen-
tration of the inhibitors, Eq. (1) was used. Equations (2-4) 
were utilized to determine the corrosion rate, surface cover-
age and inhibitive efficiency of each inhibitor concentration 
(Ebenso et al. 2008, Eddy 2009):	  

	 Dw = w1– w2	 …(1)

Where, Dw = weight loss, w1 = initial coupon weight 
before immersion (g) and w2  = final coupon weight after 
immersion (g).

	  

5 
 

                    Table 2: Phytochemical constituents of the inhibitors. 

Phytochemical constituent Cascabela thevetia Jatropha curcas 
                Tanins + + 

Saponins + +  
Phenols - + 

Flavonoids + + 
Alkaloids + + 

Terpenoids + + 
Nicotine - - 

                     Key: + means present, - means absent 
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Where,     weight loss,  1 = initial coupon weight before immersion (g) and  2 = final coupon 
weight after immersion (g). 
                             

                     …(2) 

Where,   = Coupon area (mm2) and  = Time spent in both media (h).  

                                 
   

         …(3) 

                                              …(4) 

Where,     = Uninhibited environment corrosion rate and    = Inhibited environment corrosion 
rate, at the same interval.  

 	 …(2)

Where, A = Coupon area (mm2) and T = Time spent in 
both media (h). 

	
𝑆𝑢𝑟𝑓𝑎𝑐𝑒 𝐶𝑜𝑣𝑒𝑟𝑎𝑔𝑒 (Ѳ)  =  

(𝐶𝑅� −  𝐶𝑅�)
𝐶𝑅�

 	 …(3)

  			 
          Inhibitive Efficiency (I. E.) = q ´100%	 …(4)

Where, CR1 = Uninhibited environment corrosion rate 
and CR2 = Inhibited environment corrosion rate, at the same 
interval. 

Gasometric analysis: This experiment was carried out 
using 15 ́  10 ́  1 mm mild steel coupons. With regards to the 
evolution of gas at the interphase of corrosion, the gasomet-
ric (gas-volumetric) method offers a quick and dependable 

way of determining any perturbation by the inhibitor. Each 
coupon was released into the Buckner flask which contains 
4M H2SO4 solutions in the presence of both leaves’ inhibition 
extracts at various concentrations (0.3-1.5 g/L) as well as 
the blank one at room temperature. The initial hydrogen gas 
volume was recorded as v1. The experimental arrangement 
was permitted to stay for seven minutes and hydrogen gas 
volume evolved was recorded per minute interval as v2. The 
gasometric experiment was done within 24 hours.

Equations (5-8) were used to determine the volume 
change (Dv), gas evolution rate (RVH), surface coverage (q) 
and inhibitive efficiencies (I.E %).

          	 Dv = v1 – v2	 …(5)

Where, v1 = initial hydrogen gas volume and v2 = final 
hydrogen gas volume 

	    Rate of gas evolved (RVH) = 

6 
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Where, v1 = initial hydrogen gas volume and v2 = final hydrogen gas volume  

                                     
            …(6) 

Where,   = Area of the coupon (mm2) and  = Time spent in both media (min) 

                                 
   

         …(7) 

                                              …(8) 

Where, RV1  = initial rate of gas evolved and RV2 = final rate of gas evolved 

RESULTS AND DISCUSSION 

Gravimetric studies: Figs. 2 and 3 show the obtained results from the weight loss, corrosion rate 

and inhibitive efficiency of Cascabela thevetia and Jatropha curcas inhibitors at the varied 

concentrations of the inhibitor with exposure time, respectively for the coupons suspended in 

H2SO4. 

	 …(6)

Where, A = Area of the coupon (mm2) and T = Time spent 
in both media (min)

	 Surface Coverage (q) = 

 

(𝑅𝑉� − 𝑅𝑉�)
𝑅𝑉�

 	 …(7)

          Inhibitive Efficiency (I. E.) = q ´100%	 …(8)

Where, RV1  = initial rate of gas evolved and RV2 = final 
rate of gas evolved
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the weight loss increases with time of exposure for both the 
uninhibited (blank) and inhibited environments (Figs. 2 & 
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3). It was also discovered that in both cases, as the concen-
trations of the inhibitors increase, the weight loss reduce. 
In both cases, it was observed that a very high amount of 
weight was lost for the blank (un-inhibited) samples when 
compared with the inhibited samples between day 7 and day 
14 when subjected into H2SO4 environment. This implies 
that uninhibited steel will easily corrode when exposed to 
a corrosive environment. The weight loss at day 14 for the 
blank sample in H2SO4 environment was 5.18 g.  However, 

within 21 days, the weight losses were observed to increase 
for both inhibitors in the inhibited environment. For the 
inhibited samples at various concentrations of Cascabela 
thevetia, same weight loss patterns were observed as the 
days increase from 7 to 21 days. However, between days 21 
and 28, the weight loss increases for 0.3 g/L concentration 
between 5.43 and 5.88 g/L while for other concentrations, 
the weight losses reduce (Fig. 2). Moreover, from Fig. 3, 
the weight losses of the inhibited samples follow the same 

7 
 

 

     Fig. 2: Weight loss of mild steel in H2SO4 with different concentration of Cascabela thevetia 
inhibitor. 

    
 

Fig. 3: Weight loss of mild steel in H2SO4 with different concentration of Jatropha curcas 
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pattern at 0.6, 0.9, 1.2 and 1.5 g/L concentrations of Jatropha 
curcas between days 7 and 21. Only at 0.6 g/L concentration 
of Jatropha curcas was the weight loss slightly increased 
while other concentrations show distinct weight losses be-
tween 21 and 28 days.

The weight loss reduction can be attributed to shielding 
film layer formation on the mild steel surface in the inhibit-
ed system (Oguzie & Ebenso 2006, El-Etre & El-Tamtawy 
2006). The weight loss of the coupon in both inhibitors 
indicates that within 7-14 days at high concentration of 0.9-

1.5 g/L, Cascabela thevetia proves to be a superior inhibitor 
when compared to Jatropha curcas. However, Jatropha 
curcas displays the minimum weight loss within 14-21 days 
regardless of the inhibitor concentration. Therefore, Jatropha 
curcas demonstrates to be a superior inhibitor within 21 to 
28 days than Cascabela thevetia.

Additionally, the rate of corrosion for the blank sample 
increases and reaches a peak at day 14. A declining nature 
in the corrosion rate was observed between 14 and 28 days 
(Figs. 4 & 5). The Cascabela thevetia has the highest cor-
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rosion rate of 1.54 ´ 10-5 g/mm2/h (in 0.3 g/L) and 1.4 ´ 
10-5 g/mm2/h (in 1.5 g/L) as the least. However, Jatropha 
curcas has the highest corrosion rate of 1.72 ́  10-5 g/mm2/h 
(in 0.3 g/L) and the least to be 0.974 ´ 10-5 g/mm2/h (in 
1.5/L). Generally, for both corrosion inhibitors at different 
concentrations, the rate of corrosion without regards to the 
level of inhibitor concentration is lower than the blank. From 
Fig. 4, it was observed that as the exposure time increases 
from days 7 to 21, the corrosion rates increase for all the 
inhibited samples at various concentrations of Cascabela 
thevetia while the corrosion rates decline from days 21 to 
28. At 0.3 g/L concentration of Jatropha curcas, the corro-
sion rate increases between days 7 and 14 where a peak was 
reached and declined until the end of day 28. However, other 
concentrations of Jatropha curcas increase from days 7 to 
21 and a slight decline was observed until day 2 (Fig. 5). It 
can be said that the higher the concentration of the inhibi-
tors in the environment, the lower the corrosion rate. This 
implies that the extracts from the leaves are good enough to 
protect or reduce the steel materials from corrosion. Higher 
concentrations of the extracts lower the rate of disintegration 
for a long time. 

The decline in the rate of corrosion when the coupons 
are in the inhibited environments could be as a result of the 
inhibitor concentration increment which invariably suggests 
the adsorption of organic compounds present in the leaf ex-
tracts which could have formed the passive protecting film 

layer that has lowered the penetrability of the sulphuric acid 
onto the surface of the coupons mild steel. The corrosion 
rates could mean that the inhibitive effect of the inhibitor 
does not affect regardless of the inhibitor concentration after 
21 and 14 days for Cascabela thevetia and Jatropha curcas, 
respectively. This might be as a result of the suspension of 
H2SO4 into H2 gas and SO4

2-, that is, the H2 gas evolving and 
the media becomes less corrosive since SO4 is a base. Thus, 
Jatropha curcas is more effective as a corrosion inhibitor 
than Cascabela thevetia due to the number of days obtained 
from the experiment.

Figs. 6 and 7 show the inhibitors’ inhibitive efficiency on 
mild steel coupon at different concentrations in H2SO4. The 
results show that for both Cascabela thevetia and Jatropha 
curcas inhibitors during the initial 14 days, the inhibitor 
concentration is proportional to the inhibitive efficiency, 
that is, increase in the inhibitor concentration is an increase 
in the inhibitive efficiency in an acidic environment. Con-
sidering Figs. 6 and 7, the highest inhibitive efficiencies of 
the Cascabela thevetia and Jatropha curcas inhibitors at 1.5 
g/L were obtained to be 49.6% and 55.8%, respectively. At 
the same concentration, it can be said that Jatropha curcas 
gives better inhibitive efficiency than Cascabela thevetia. 
The maximum inhibitive efficiencies obtained at 1.5 g/L 
concentration of the inhibitors in H2SO4 environment could 
be as a result of increased thickness of the shielding film 
layer formation which could be attributed to increase in the 
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Fig. 6: Inhibitive efficiency under various concentrations of the Cascabela thevetia inhibitor.  
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inhibitor concentration in the system. This could be instigated 
by phytochemical constituents’ adsorption which is existing 
in the inhibitors (Table 2) that consequently cause a reduction 
in the penetrability of H2SO4 onto the surface of the metal. 
The least inhibitor inhibitive efficiency at 0.3 g/L was found 
to be 21.9 and 39.2% for Jatropha curcas and Cascabela 
thevetia, respectively. After 14 days, without regard to the 
inhibitor concentration, the inhibitive efficiencies decline for 
both green inhibitors used. This study finds agreement with 
previous studies on corrosion inhibition as it was reported 
that mild steel corrosion rate in the corrosion system of 
nitric acid/Carica papaya decreased with increment in the 
concentration of the inhibiting leaf extracts while corrosion 
efficiency and surface coverage increased as inhibitors’ 

concentration increase (Oki et al. 2015). More so, as the 
concentration of corrosion inhibitor increases, there is always 
a decrease in the weight loss of the metal in the corrosion 
system (Odusote & Ajayi 2013, Oki et al. 2015, Salami et 
al. 2012). This was obtained from this study and such should 
be expected as stated by Oki et al. (2015) that the inhibiting 
species number will rise in proportion to the leaf extracts 
concentration in the system (Oki et al. 2015).

Gasometric studies: For both inhibitors, there was a 
linear decline in the hydrogen gas evolution rate as a result 
of time increment. This was, however, not as rapid as that of 
the blank (uninhibited) samples (Figs. 8 & 9). Also, it was 
observed that the presence of the green inhibitors (Cascabela 
thevetia and Jatropha curcas) rapidly lowers the rate at which 

Table 2: Phytochemical constituents of the inhibitors.

Phytochemical constituent Cascabela thevetia Jatropha curcas

Tanins + +

Saponins + + 

Phenols - +

Flavonoids + +

Alkaloids + +

Terpenoids + +

Nicotine - -
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Fig. 7: Inhibitive efficiency under various concentrations of the Jatropha curcas inhibitor.  
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Fig. 9: Volume of hydrogen gas evolved against time (Jatropha curcas).

the hydrogen gas volume evolves. Also, it is observed that 
the gas evolution of the gas is inversely proportional to the 
inhibitors’ concentration. This implies that the increment 
in the inhibitors’ concentration results in a decrease in the 
evolution of the gas for both inhibitors. The same observation 
was reported by Oki et al. (2015) in which corrosion activi-
ties reduced with increment in leaf extract concentration of 
Carica papaya extracts in the corrosion system. The highest 
gas of evolution volumes at 0.3 g/L concentration were 24 

and 22 cm3 while the least gas evolution volumes at 1.5 g/L 
concentration were 31 and 32 cm3 for both Cascabela theve-
tia and Jathropha curcas inhibitors, respectively at 7 minutes.

It was observed that there is an increment in the surface 
coverage for both green inhibitors as the concentration in-
creases (Fig. 10). This could be the aftermath effect of the 
interactive reaction between the phytochemical constituents 
and H2SO4 which results in the declining nature of the acidic 
reaction rate on the mild steel coupons. This consequently 
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lowers the metal corrosion rate. The maximum surface 
coverage for the green inhibitors, Cascabela thevetia and 
Jatropha curcas, at 1.5 g/L concentration were 0.68 and 
0.61, respectively and the lowest surface coverage at 0.3 
g/L concentration were 0.31 and 0.27, respectively. This is 
an indication that Cascabela thevetia has a superior surface 
coverage for a short period of time compared to Jatropha 
curcas. The increment in time of surface coverage makes 
Jatropha curcas inhibit better and superiorly effective than 
Cascabela thevetia.

With increase in inhibitors’ concentration, there is an 
increment in the inhibitive efficiency of both green inhibitors 
(Fig. 11). The highest inhibitive efficiency was at 1.5 g/L 
concentration for both inhibitors and the values were 68.9% 
and 61.3% for Cascabela thevetia and Jatropha curcas, re-
spectively.  The lowest inhibitive efficiency was at 0.3 g/L 
for both inhibitors and the values were 31.6 and 27.2% for 
Cascabela thevetia and Jatropha curcas, respectively. 

This trend in corrosion inhibition efficiencies at vari-
ous inhibitors concentrations indicate the phytochemical 

14 
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constituents’ chemisorption of the inhibitors on the metal 
surface. The mild steel coupon corrosion in H2SO4 solutions 
increase inhibitors’ concentration which was attributed to the 
adsorption of the inhibitors’ components on the metal surface. 

Consequentially, during corrosion reactions, the anodic 
reaction rate is always equal to the cathodic reaction rate. This 
is so as a result of the utilization of all electrons released in 
the anodic half reaction by the cathodic half. Therefore, the 
gas evolution rate is a function and measure of the corrosion 
rate of the metallic specimen in the corrosion system (Oki 
et al. 2015).

CONCLUSION

Comparative examination of the influence of Cascabela 
thevetia and Jatropha curcas leaves extracts on mild steel 
was carried out in this study and the following were deduced.

	 1.	 The extracts have inhibitive efficiencies at 1.5 g/L 
concentration (after 28 days) in H2SO4 to be 49.59 and 
55.77% for Cascabela thevetia leaves and Jatropha 
curcas leaves, respectively. 

	 2.	 As the concentration of the inhibitors (Cascabela 
thevetia and Jatropha curcas) increased in the H2SO4 
medium, the weight loss, the corrosion rate and the 
hydrogen gas evolved decreased.

	 3.	 Cascabela thevetia had better surface coverage for 
a shorter period while Jatropha curcas had superior 
coverage with prolonged time. The inhibition property 
is best with Jatropha curcas.

	 4.	 The gas evolution is dependent on the inhibitors’ 
concentration, therefore, increment in the inhibitors’ 
concentration reduces gas evolution.
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