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ABSTRACT

Failure resulting from the inability of metals to support designed load requirements due to losses imposed by
corrosion effects can be combated economically through the aid of chemical inhibitors. Synthetic Inhibitors
have been proven to be effective solution in mitigating the problems arising from corrosion of metals but as a
result of high cost, disposal and toxicity of the inhibitors, green inhibitors are used as substitutes to synthetic
inhibitors. Therefore, a comparative study was carried out on the inhibitive properties of some selected agro
wastes (pawpaw leaves, mango leaves and cow dungs) on corrosion behavior of API 5L steel in 0.5 M sulfuric
acid and 0.5 M hydrochloric acid. The study was carried out using weight loss measurements, inhibition
efficiency and Fourier transform infrared spectroscopy (FTIR). Generally, the agro wastes inhibits the corrosion

of the API5L samples in 0.5M H,SO, and 0.5M HCI. The inhibitors are more effective in 0.5M HCI.
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l. INTRODUCTION

Corrosion is a global environmental
problem, a lot has been spent on combating
corrosion by various countries [1-2]. Corrosion
could be in various forms like pitting, crevice etc.
Interestingly, corrosion research have not
eliminated corrosion totally. Different measures
have been put in place to prevent the catastrophic
occurrence of corrosion failure which include
alloying, sacrificial anode, electroplating, painting
and use of inhibitors. Steel is a major material used
for infrastructural purposes. API 5L is a mild steel
used in the industry for transportation and storage
of fluid [3]. API generally are referred to as High
strength low alloy steel, having the capacity to
withstand flow of fluids at relatively high pressure.
Organic inhibitors are used because of their
ecofriendly characteristics and accessibility [6, 9].
Different researchers have studied corrosion
inhibition of organic materials on different types of
materials and environments [2-9]. Their reports
showed that organic inhibitors are good corrosion
inhibitors. Pawpaw leaf, Mango leaf and Cow
dung is an example of organic material. Pawpaw
leaf is scientifically known as Carica papaya Linn
leaf, It belongs to the Caricaceae family [12]. It is a
tree that florish all year round [14]. The leaf has
found usefulness more in the traditional cycle for
medicinal purposes [11, 13]. Cow dung, also
known as cow manure is the waste product of
bovine animal species. These species include
domestic cattle (“cows"), bison ("buffalo"), and

WwWw.ijera.com

DOI: 10.9790/9622- 0905032834

water buffalo. Cow dung is the undigested residue
of plant matter which has passed through the
animal's gut. The resultant matter from the animal
is rich in minerals. Cow dung color ranges from
greenish to blackish, often darkening soon after
exposure to air. They are often used as manure.
Dung could be collected and used to produce
biogas to generate electricity and heat. Cow dung is
high in organic materials and rich in nutrients. It
contains about 3% nitrogen, 2%phosphorus, and
1% potassium. In addition, cow manure contains
high levels of ammonia and potentially dangerous
pathogens [16-18]. Pawpaw (Papaya) contain a lot
of phytochemical properties which includes
alkaloids, rutin, and tannins. Loto studied the
chemical compositions and structures of pawpaw.
He said pawpaw leaf is expected to exhibit
electrochemical reactive property and prove
effective in corrosion inhibition of steel in the
strong nitric acid [5, 15].

Mangoes are juicy fruit from numerous
species of tropical trees belonging to the flowering
plant genus Mangifera, cultivated mostly for their
edible fruit. Mango leaves have high polyphenol
content, including xanthonoids, mangiferin and
gallic acid (Barreto, 2008). Researches on the
cowdung, pawpaw and mango leaves did not study
their inhibition capacity on 0.5 M HCI and 0.5 M
H,SO,. Therefore, this study focus on the use of
Pawpaw leaf, Mango leaf and cow dung as
inhibitor for corrosion control.
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1. MATERIALS AND METHODS

2.1 Materials

API 5L steel was utilized as test material
for this research and it was supplied by Advanced
Materials and Electrochemical Research Group
(AMERG) at the Department of Metallurgical and
Materials Engineering. Federal University of
Technology, Akure Nigeria. The elemental
chemical composition of the steel was determined
using a spark spectrometric analyzer. The API 5L
steel was cut to dimensions of 10 mm by 10 mm
with a thickness of 6 mm for use as test coupons.
Each coupon was degreased with ethanol and
surface preparation of the coupons were performed
by standard procedures of mechanically polishing
their surfaces using silicon carbide emery papers of
grade 60, 220 and 1200, washed with distilled
water and dried at room temperature.

Table I. Composition of API 5L steel
Element C Mn 5 Cr Ni Cu Az Fe

Compeosition
(%) 00766 02980 go23e 00226 00167 00235 00142 Bal

2.2 Inhibitor preparation

The materials used for study are agro
wastes. They include pawpaw leaves, mango leaves
and cow dung. The agro wastes were obtained from
The Federal University of Technology, Akure,
Ondo State, Nigeria. In order to prepare the extract,
the agro wastes were obtained in fresh form,
cleaned and subjected to drying in an oven until
they were sufficiently dried. This was done to make
sure that the natural constituent of the agro wastes
were preserved. The agro wastes were pulverized
using grinding machine to obtain a very fine
powder. About 100 g of each pulverized agro
wastes were weighed and soaked in 100 ml of
ethanol for 72 hours. The mixture was filtered after
72 hours to obtain the filtrates and further subjected
to evaporation in order to leave the sample free of
the ethanol. Evaporation was carried out in the
laboratory by placing the extracts in a heating pan
and heating to a temperature of 80°C on an electric

heater. The stock obtained were used in preparing
different concentrations of the extracts by
dissolving 2.0, 4.0 and 6.0% v/v of the extract in
100 ml of 05 M HCI and 05 M H,SO,
respectively.

2.3 Gravimetric Analysis

The convectional gravimetric or weight
loss were used. API 5L steel samples measuring
lcm by 1cm were weighed and subsequently
immersed in plastic containers containing 100 ml
of the test solutions. The solutions consisted of
control solutions (the acidic solution without the
addition of inhibitors) and the other one were the
acidic solutions with addition of inhibitors. The
substrates were held in the solutions for a period of
30 days and weight were measured at intervals of 3
days. The weight loss were calcuated. After the
duration, the samples were removed from the test
media and reweighed. From the weight loss data
obtained, the corrosion rates (CR), inhibition
efficiency (IE) and surface coverage (©) were
calculated.

1. RESULTS AND DISCUSSION
1.1 Gravimetric Results

Table I1: corrosion parameters obtained from the
weight loss measurements of API 5L steel samples

in 0.5 M HCI
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Table I11: corrosion parameters obtained from the weight loss measurements of API 5L steel samples in 0.5 M

H,SO,
Inhibitors  Concentration Immersion Weight Inhibition Corrosion
(extracts)  (%v/v) time loss efficiency rate
(hours) (9) (%) (mmpy)
Pawpaw 0 720 2.8987 O 0.045
leaves
2.0 720 25274 12 0.039
4.0 720 24392 15 0.034
6.0 720 2.3454 19 0.033
Mango 0 720 2.8987 0 0.045
leaves
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2.0 720 2.6263 9 0.037
4.0 720 25331 12 0.035
6.0 720 2.5183 13 0.035
Cow 0 720 2.8987 0 0.045
dung
2.0 720 2.6775 7 0.037
4.0 720 24979 13 0.035
6.0 720 25285 12 0.035
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transform infrared spectroscopy analysis of the
extracts. In the analysis of the pawpaw leaf, mango
leaf and cowdung, stretching frequencies for the
functional group of OH, C=C, C=0, and CN were
observed within the range of 3266.68 to 3350.01
cm™, 1633.34 to 1650.01 cm™, 1966.8 cm™ and
1033.34 to 1083.35 cm™. FTIR analysis of the
extracts showed the presence of oxygen and
nitrogen atoms in functional groups (O-H, C-N)
and unsaturated (C=C). The presence of oxygen
and nitrogen atoms in the extracts met the general
characteristics of typical corrosion inhibitor [10].
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Figure IV: Plot of weight loss as a function of time for corrosion of API 5L steel in 0.5 M HCl in the presence and absence
of pawpaw leaves extract.

Figure V: Plot of weight loss as a function of time for corrosion of API 5L steel in 0.5 M HCI in the presence and absence
of mango leaves extract.
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Figure VI: Plot of weight loss as a function of time for corrosion of API 5L steel in 0.5 M HCI in the presence and absence
of cow dung extract
Figure VII: Plot of weight loss as a function of time for corrosion of API 5L steel in 0.5 M H,SO, in the presence and
absence of pawpaw leaves extract
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Figure VII11: Plot of weight loss as a function of time for corrosion of API 5L steel in 0.5 M H,SO,in the presence and
absence of pawpaw leaves extract.
Figure IX: Plot of weight loss as a function of time for corrosion of API 5L steel in 0.5 M H,SO, in the presence and
absence of pawpaw leaves extract.
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Figure X: Inhibition efficiency of pawpaw leaves Figure XI: Inhibition efficiency of mango leaves
extract in 0.5M HCI solution extract in 0.5M HCI solution
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Figure XII: Inhibition efficiency of cow dung extract in 0.5M HCI solution
Figure XII1: Inhibition efficiency of pawpaw leaves extract in 0.5M H,SO,
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Figure XIV: Inhibition efficiency of mango leaves extract in 0.5M H,SO, solution
Figure XV: Inhibition efficiency of cocoa pod extract in 0.5M H,SO, solution

Figures 1V to IX show the variation in mass loss of In figure IV, it was noticed from the plot
API 5L steel substrates in 0.5 M HCI and 0.5 M that weight loss of the sample in blank solution
H,SO, in the absence and presence of difference increased with increase in immersion time.
concentration of extract as a function of time. Corrosion rate with values of 13.803 x 10, 2.2333
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x 1073, 7.9742 x 107 and 2.4442 x 10° (mmpy)
were obtained at 0.0, 2.0, 4.0, and 6.0 % v/v
concentration of the pawpaw leaves extract in 0.5
M HCI solution respectively. Highest inhibition
was recorded at 2.0 %v/v concentration of the
pawpaw leaves extract with inhibition efficiency of
84 % while least inhibition efficiency was obtained
at 4.0 %v/v concentration with inhibition efficiency
of 42 %.

Figure V, it was noticed from the plot that
weight loss of the sample in blank solution
increased with increase in immersion time.
Corrosion rate with values of 13.803 x 107,
11.7498 x 10, 3.30592 x 10 and 3.7228 x 10°
(mmpy) were obtained at 0.0, 2.0, 4.0, and 6.0 %
v/v concentration of the mango leaves extract in 0.5
M HCI solution respectively. Highest inhibition
was recorded at 4.0 %v/v concentration of the
mango leaves extract with inhibition efficiency of
76 % while least inhibition efficiency was obtained
at 2.0 %v/v concentration with inhibition efficiency
of 15 %.

In figure VI, it was noticed that the weight
loss and corrosion rate of the blank solution
increased exponentially compare to the solution
containing the cow dung extracts. Corrosion rate
with values of 13.803 x 107, 11.190 x 10°, 8.8607
x 10 and 4.2374 x 10" (mmpy)were obtained at 0,
2, 4, and 6 % v/v concentration of the extract in 0.5
M HCI solution respectively. Furthermore, the
inhibition efficiency increased with increase in the
concentration of the extract and highest inhibition
efficiency was obtained at 6 % v/v with a value of
69 %.

In figure VII, it was noticed from the plot
that weight loss of the sample in blank solution
increased with increase in immersion time.
Corrosion rate with values of 4.4927 x 10, 3.9172
x 102, 3.3921 x 102 and 3.2616 x 107 (mmpy)
were obtained at 0.0, 2.0, 4.0, and 6.0 % v/v
concentration of the pawpaw leaves extract in 0.5
M H,SO, respectively. In addition, the inhibition
efficiency increased with increase in the
concentration of the extract and highest inhibition
efficiency was obtained at 6 % v/v with a value of
19 %.

Figure VIII, it was noticed from the plot
that weight loss of the sample in blank solution
increased with increase in immersion time.
Corrosion rate with values of 4.4927 x 102, 3.6523
x 107?, 3.5227 x 102 and 3.5021 x 10 (mmpy)
were obtained at 0.0, 2.0, 4.0, and 6.0 % v/v
concentration of the mango leaves extract in 0.5 M
H,SO, respectively. Furthermore, the inhibition
efficiency increased with increase in the
concentration of the extract and highest inhibition
efficiency was obtained at 6 % v/v with a value of
13 %.
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In figure XI, it was noticed that the weight
loss and corrosion rate of the blank solution
increased exponentially compare to the solution
containing the cow dung extracts. Corrosion rate
with values of 4.4927 x 107, 3.7235 x 10, 3.4737
x 10 and 3.5163 x 10 (mmpy)were obtained at
0, 2, 4, and 6 % v/v concentration of the extract in
0.5 M H,SO, respectively. The highest inhibition
efficiency was obtained at 4 % v/v with a value of
14 %.

V. CONCLUSION

Comparative study of inhibitive properties
of pawpaw leaves mango leaves and cow dung
extracts on API 5L steel in 0.5 M HCI and 0.5 M
H,SO, environments have been studied. The result
showed that corrosion rate and inhibition efficiency
increased with increased in the concentration of the
extracts while in some cases the inhibition
efficiency  decreased  with  increased in
concentration of extracts. Generally, in both 0.5 M
HCl and 0.5 M H,SO, it was observed that weight
loss and corrosion rate of the steel samples in blank
solutions increased with increase in immersion
time. The inhibition efficiencies of the extracts
were noticed to be generally higher and more
effective in 0.5M HCI environment than 0.5 M
sulfuric acid. Highest inhibition efficiency value of
84% was obtained at 2.0% v/v concentration of
pawpaw leaves extracts in 0.5 M HCI while highest
inhibition efficiency values of 19% was obtained at
6.0% v/v concentrations of pawpaw leaves extract
in 0.5 M H,SO, environment. Finally, among the
three inhibitors pawpaw leaves extract showed
better inhibitive properties in both 0.5 M HCI and
0.5 M H,S0,.
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