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ABSTRACT 
An aqueous extract of Musa sapientum and Cucurbita maxima has been used as a corrosion 
inhibitor in controlling corrosion of carbon steel. The main constituent of Musa sapientum 
extract is gallocatechin and dopamine and that of Cucurbita maxima is phlobatannins and 
terpenoids. The paper reflects on the corrosion inhibition of mild steel in HCl solution in the 
presence of plant (fruit peel) extracts of Musa sapientum and Cucurbita maxima peel. Different 
concentrations of plant (fruit peel) extracts were made by using 1N HCL and mild steel plates 
were treated with these concentrations for 1,3,5 hours at 30,40 and 50 degree Celsius. Musa 
sapientum showed excellent efficiency at 300C with 93.56% inhibition efficiency at 15% 
concentration. Cucurbita maxima peels showed an increase in efficiency with increase in 
temperature. Highest inhibition efficiency was seen at 400C with efficiency of 97.03% at 15% 
concentration. Comparatively peel of Cucurbita maxima showed higher inhibition to corrosion 
than Musa sapientum. Hence we can conclude that peel of Cucurbita maxima acts as a better 
anticorrosive agent than banana. But both these extracts can be widely used as inner coating of 
walls of boilers and mild steel pipes. Musa sapientum extract anticorrosive agents can be used in 
industrial processes temperatures are controlled till 300C. Wheras Cucurbita maxima extract 
anticorrosive agents can be used in a wider scale of industrial processes with a broader 
temperature range. These extracts save money and save cost of waste management of Musa 
sapientum industries as well as industries which produce Cucurbita maxima products. A new 
breakthrough in use of these extracts in paints and varnishes can be applied by using heat 
resistant ingredients doped with these natural inhibitors to protect these heat labile plant (fruit 
peel) extracts to degenerate due to increased temperature thus increasing their use in processes 
involving high temperatures. 
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INTRODUCTION 

Corrosion is the destructive attack of a material 
by reaction with its environment. Corrosion of 
metals is the degradation of materials by electro-
chemical reactions thus bringing them back to 
the oxide state which is their most stable comp-
ounds.1 Corrosion is a naturally occurring 
process but has its disadvantages in industrial 
processes. Corrosion in industries occurs usually 
due to reaction with various solvents and acids 
used in the process of the particular industry. A 
very good example is HCL acid which is the 

most widely used agents in acid pickling. The 
strict environmental legislations and increasing 
ecological awareness among scientists and 
industryalists have led to the development of 
green alternatives to mitigate corrosion.2 The 
natural plants extract contain a variety of organic 
compounds for e.g. amino acids, alkaloids, 
steroids, flavonoids, proteins and tannins as a 
green alternative for toxic and hazardous 
compounds. Musa sapientum peel and Cucurbita 
maxima has been used as a corrosion inhibitor in 
controlling corrosion of carbon steel. The main 
constituent of Musa sapientum extract is 
gallocatechin and dopamine. Cucurbita species is *Author for correspondence 
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found to contain tocopherol, carotenoids, 
sitosterol, saponins, carbohydrates, amino acids 
and fatty acids. The research reflects the extracti 
-on and uses of fruit extracts and test their 
efficiency to prevent corrosion of mild steel. 
Mild steel is most commonly found in industrial 
applications in the form of boilers pipes 
containers and easily get corroded due to 
processes with which they come in contact with. 
Hence mild steel strips have been used for this 
practical. Different concentrations of fruit 
extracts were made using 1N HCL and mild steel 
plates were treated with these concentrations for 
1, 3, 5 hours at 30, 40 and 50 degree Celsiuse.3  
Extracts of Musa sapientum  peels and Cucur 
-bita maxima peels  were taken into conside- 
ration. Since all these products are natural and 
waste by products, their toxicity is less as well as 
their cost of production is lesser than their 
inorganic and artificial counter parts. The 
corrosion inhibition was checked using weight 
loss method.4 The fruit extracts produced 
efficient results and can be implemented in large 
scale industrial processes. Musa sapientum 
extract showed highest inhibition at 30 degrees at 
15% concentration of 93.56% and Cucurbita 
maxima showed highest inhibition at 400C with 
efficiency of 97.03% at 15% concentration.5 

These extracts can be widely used as inner 
coating of walls of boilers and mild steel pipes. 
These extracts save money and save cost of 
waste management and also preserve the 
environment. 

AIMS AND OBJECTIVES 
To study the effect of plant extract on mild 
steel plates. To study the inhibition efficien-
cy of plant extracts against corrosion of mild 
steel in 1N HCL solution. To make a compa-
rative study of two different plant extracts 
and their efficiency to prevent corrosion of 
mild steel. To test efficiency of environmen-
tal friendly plant extracts to control corrosi-
on of mild steel. To assess the cost and bene-
fit ratio of these plant products. 

MATERIAL AND METHODS 
Preparation of Musa sapientum extract 
The peels of Musa sapientum fruits were 
collected. The peels were oven-dried at 950C 

grounded and sieved through a mesh. Stock 
solution of the fruit extract was prepared by 
refluxing 10g of the powdered material with 
100 ml of 1N HCl for about 3 hours and was 
allowed to stand overnight. The resultant sol-
ution was filtered and the filtrate was made 
up to 200mL. From the stock solution of the 
extract different concentrations of the inhibi-
tor test solutions ranging from 2% to 15% 
v/v were prepared. The blank corrodent was 
1N HCl solution and double distilled water 
was used for the entire cleaning process. 
Preparation of  Cucurbita maxima extract 
The peels of Cucurbita maxima were oven-dried 
at 950C grounded and sieved through a mesh. 
Stock solution of the fruit extract was prepared 
by refluxing 10g of the powdered material with 
100 ml of 1N HCl for about 3 hours and was 
allowed to stand overnight. The resultant solution 
was filtered and the filtrate was made up to 
200mL. From the stock solution of the extract 
different concentrations of the inhibitor test 
solutions ranging from 2% to 15% v/v were 
prepared. The blank corrodent was 1N HCl 
solution and double distilled water was used for 
the entire cleaning process. 
Combined procedure  
After initial weighing the specimens  were 
immersed in 100ml of 1N HCl solution with 
and without different concentrations of plan-
ts extracts at 30,40 and 50 degrees for 1, 3 
and 5 hours. The oven was set to the appro-
priate temperatures and after 1, 3 and 5 hours 
of immersion the specimens were removed, 
washed, dried completely and their final wei-
ghts were noted. From the initial and final 
weights of the mild steel, the weight loss, the 
corrosion rate, inhibition efficiency (%) were 
determined from the weight loss results . 
Formula  
Inhibition efficiency (%) =  W0-W 
                                                W   
Where W0 is difference in weight of mild steel 
strip dipped in blank solution. W is difference 
in weight of mild steel strip dipped in different 
concentration of   inhibitor. 
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RESULTS AND DISCUSSION 
Effect of concentration on corrosion rate 
The result showed that the corrosion rate  of 
mild   steel  in  1N HCl decreases with increase 
in the concentration of the extracts at all temp-
erature values ie 300C, 400C and 500C6 indica  
ting   that   acid   extracts of Musa sapientum and  

Cucurbita maxima inhibited the corrosion of 
mild steel in 1N HCl with more efficiency as 
their concentration increases. (Table 1 to       
Table 3). This is because as the concentration 
of the pla-nt extracts increases the fraction of 
the surface covered by the adsorbed molecule 
also increas-es which results in an increase in 
the inhibition  efficiency. 

Table 1 : Comparison between (Musa sapientum and Cucurbita maxima) at 30 0C 

Note : M.s - Musa sapientum,  C.m - Cucurbita maxima 

Table  2 : Comparison between (Musa sapientum and Cucurbita maxima)  at 40 0C 

Temperature 
40 0C 

1 hour 3 hours 5 hours 
Concentration M.s C.m M.s C.m M.s C.m 

2 21.08% 19.98% 7.41% 20.44% 19.21% 23.38% 

4 45.34% 42.23% 43.14% 43.42% 21.75% 45.10% 

8 63.62% 64.02% 23.14% 65.33% 52.87% 63.44% 
10 76.44% 91.33% 30.13% 95.55% 62.82% 93.35% 

15 78.20% 95.26% 31.62% 91.71% 71.90% 97.03% 

Note : M.s - Musa sapientum,  C.m - Cucurbita maxima 

Table  3 : Comparison between (Musa sapientum and Cucurbita maxima) at 50 0C 

Temperature 
50 0C 

1 hour 3 hours 5 hours 
Concentration M.s C.m M.s C.m M.s C.m 

2 17.52% 16.80% 18.18% 23.31% 38.31% 12.19% 

4 19.70% 19.30% 20.20% 23.54% 43.23% 17.87% 

8 31.98% 30.53% 21.88% 27.57% 48.41% 18.77% 
10 41.03% 36.99% 25.82% 32.58% 50.83% 23.12% 

15 49.51% 43.45% 26.10% 39.23% 50.87% 23.21% 

Note : M.s - Musa sapientum,  C.m - Cucurbita maxima 

Temperature 30 0C 
1 hour 3 hours 5 hours 

Concentration M.s C.m M.s C.m M.s C.m 
2 29.19% 44.01% 11.79% 34.73% 9.5% 10.31% 
4 46.43% 84.21% 21.35% 51.54% 22.82% 53.90% 
8 80.69% 84.68% 34.46% 67.25% 53.18% 67.84% 
10 80.69% 85.64% 44.41% 73.45% 64.93% 80.98% 
15 93.56% 90.43% 59.44% 87.16% 80.31% 89.84% 
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The inhibition efficiency increases progress-
sively in the observations as the concentration of 
the extracts increases. Highest inhibition is seen 
at 15% concentration of both plant extracts thus 
proving the above statement 
Effect of temperature on corrosion rate 
The effect of temperature on the corrosion rate of 
mild steel in free acid and in the presence of 
different concentrations of the inhibitor was 
studied in the temperature range of 300C to 500C. 
It was observed that the rate of corrosion of mild 
steel in free acid solution increases with increase 
in temperature7. This was seen by comparing the 
weight of mild steel strips immersed in the blank 
solutions of various temperatures at various time 
intervals. Thus we can conclude that as 
temperature increases, the rate of corrosion of 
mild steel also increases as a result of increase in 
the average kinetic energy of the reacting 
molecules. Highest corrosion was observed at 
500C for 5 hours and lowest at 300C for 1 hour.8 
However, the corrosion rate is much less for the 
inhibited acid solution than in the free acid 
solution. The decrease in the corrosion rate for 
the inhibited acid solution is the result of the 
inhibitory effect of the plant extract on the 
corrosion rate of the mild steel. This proves that 
corrosion activity is higher in processes having 
higher temperatures and hence more attention 
should be given to the instruments used in the 
processes involving high temperatures. 
Effect of temperature on inhibition efficiency  
It was observed that as the reaction temperat-ure 
increases from 300C to 500C the inhibition 
efficiency of the Musa sapientum extract on the 
mild steel also decreases suggesting an increase 
in the corrosion rate. Investigation proved above 
showed that the corrosion rate increases with 
increase in temperature which results into a 
decrease in the inhibition efficiency. But 
Cucurbita maxima extracts were able to control 
and inhibit corrosion to a greater extent. Its 
highest inhibition potential was seen at 400C for 
5 hours at 15% v/v concentration.9 Hence this 
proved to be a better inhibitor than Musa 
sapientum. But at 500C, it gradually showed a 
decrease in efficiency. Therefore decreasing and 
controlling the reaction   temperature   up to  
300C  favours the  
inhibition efficiency of acid extracts of Musa 
sapientum on mild steel in hydrochloric acid and 
controlling temperatures upto 400C favours 
corrosion inhibition of mild steel by Cucurbita 

maxima extract.10 A new breakthrou-gh in use of 
these extracts in paints and varnishes can be 
applied by using heat resistant ingredients doped 
with these natural inhibitors to protect these heat 
labile plant (fruit peel) extracts to degenerate due 
to increased tempera 
-ture thus increasing their use in processes 
involving high temperatures.11,12 Sol-gel coatin 
-gs doped with green inhibitors show real 
promise for corrosion protection of a many 
metals and alloys.13 Use of biofilms i.e. use of 
microbial cells also can be another breakth-rough 
as eco friendly corrosion inhibitors.14-17 

CONCLUSION 
The extract of the peel of Musa sapientum acts as 
a good corrosion inhibitor for mild steel in 
hydrochloric acid solution, inhibition effici-ency 
increases with inhibitor concentration and 
maximum efficiency is seen at 15% v/v con-
centration. Thus we can conclude that the inhi-
bitor works best at 30 degrees with efficiency of 
93.56%. The best effect of the inhibitor is seen at 
30 degrees at all the time intervals. As the 
temperature increases efficiency decreases with 
least efficiency showing at 50 degrees for 3 
hours. The peel of Cucurbita maxima ext-ract 
acts as a better inhibitor for mild steel corrosion 
in hydrochloric acid solution than Musa 
sapientum this is because it shows maxi-mum 
inhibition efficiency of 97.03% at 15% v/v 
concentration at 400C for 5 hours. This inh-
ibition by both these fruit extracts occurs due to 
chemical adsorption. Also can be termed as 
physisorption process.  The adsorption of inhi-
bitor obeys langmuir adsorption isotherm. The 
plant extract creates a thin protective film over 
the mild steel plates thus protecting them from 
attack from corrosive agents. 
Advantages  
The fruit peel wastes were used for preparing the 
extract and was used for the study of corrosion 
inhibition on mild steel. This saves a lot of 
money of the food industries which generate 
Musa sapientum peel waste or Cucurbita 
maxima peel waste. They can earn extra money 
by selling this waste to industries producing such 
anti-corrosive agents. These agents can replace 
the artificial organic and inorganic agents which 
cause irreversible effects on the environment as a 
whole. 
Cost analysis 
To prepare 200 ml of extract 10 grams of peel 
powder was used. To prepare 10 grams of Musa 



J. Environ. Res. Develop. 
Journal of Environmental Research And Development          Vol. 9 No. 3A, January-March 2015 

826 
 

sapientum peel powder 2 peels were used. Waste 
from 12 Musa sapientum fruit can produce 1.2 
litres of extract at a mere cost of Rs 40. Thus for 
1.2 litres cost of raw material to produce extract 
is Rs 40 only. To prepare 10 grams of Cucurbita 
maxima peel powder 1/4th of the entire fruit is 
used. The waste from one entire fruit can 
produce approx.1 litre of plant extract at a cost of 
Rs 60. Thus the cost of raw materials to produce 
1litre of plant extract is Rs 60 only. These 
extracts are anytime cheaper than their artificial 
organic and inorganic counterparts. The study 
was successful and can be also suggested for 
industrial applications. 
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