Anti-Corrosion Enhancement of Mild Steel Using Acid Extraction of Water Hyacinth
Leaves from Igbokoda Nigeria Water Ways as Inhibitor
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ABSTRACT
There is a growing trend in the use of plant extracts as corrosion inhibitors because of the
toxic nature and high cost of synthetic organic compounds. The inhibitive performance of
extract of water hyacinth plant (Eichhornia crassipes) on the corrosion behavior of mild steel
in 0.5M H2 SO4 solution was studied. Phytochemical analysis of the water hyacinth plant was
carried out. The corrosion test was conducted by varying the inhibitor from 2.0 to 10.0 v/v%
in 0.5 M 0.5 M H2 SO4 . Polarization resistant, current density (Icorr), and corrosion potentials
(Ecorr) were obtained from Methro Ohms Potentiostat. Corroded surfaces of the coupons were
then analyzed using Scanning Electron Microscope to study the corrosion mechanisms and to
correlate them with the corrosion test results. The results indicated that the extract of water
hyacinth plant act as an effective corrosion inhibitor in the acid environment. The inhibition
efficiency increase with increase in concentration of the inhibitor and decreased with
increased in temperature. The inhibition capacity of this extract is attributed to the presence
of saponnin and tannin in the extract. Potentiodynamic Polarization results show that 6 % v/v
of the leaves acid extracts had the lowest corrosion potential and polarization resistance.
The inhibition efficiency of acid extract of the leaves on mild steel from weight loss
calculation has inhibition efficiency of 81 % at 6 v/v. Based on the results obtained in this
study, it is recommended that the water hyacinth plant (Eichhornia crassipes) in tanks
containing sulphuric acid used for washing, cleaning and pickling.
Keywords: corrosion inhibition, water hyacinth extract, acidic medium, mild steel,
microstructure.
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INTRODUCTION

[7]. Oguzie [8] reported on the adsorption

Water weeds, in particular water hyacinth

and

hamper transportation and fish farming in

Azadirachta

water

seawater

Olusegun et al [9] studied Jatropha curcas

contains chloride that leads to corrosion of

leaves extract as corrosion inhibitor for

water vessels and industrial plants where it

mild steel. Also, Patel et al [10] reported

is being used for cleaning.

A new

on Bauhinia purpurea leaves extract as

approach to corrosion control has emerged

corrosion inhibitor in 1M Sulphuric acid.

where

from

Corrosion Inhibition of mild steel in acid

biomaterials are used to replace chemically

medium using Azadirachta indica extracts

synthesized

was studied by Peter et al [11]. Aqueous

ways.

Likewise,

green

inhibitors

inhibitors

the

derived

of

industrial

corrosion

inhibitive

indica

in

acid

solutions.

extract

result of the hazards posed by synthesized

potential to prevent corrosion of mild steel

inhibitors to the environment which makes

in sea water environment [12]. Extraction

them not to be eco-friendly [2-3]. Also, the

of

costs of producing synthesized inhibitors

ethanol has been reported [12]. This work

are high [4]. All these challenges serve as

investigates the potential of acid extracts

the

corrosion

of water hyacinth leaves from Igbokoda in

engineers and material scientists to look

Ondo State, Nigeria as green inhibitors for

for a way to overcome these problems.

protecting of mild steel from corrosion in

Green inhibitors are biodegradable, toxic

acidic environment.

free,

inexpensive,

force

for

green

hyacinth

of

corrosion [1-2]. This development is as a

propelling

of water

properties

inhibitor

using

leaves has

alcohol and

readily available and

renewable [5]. Green corrosion inhibitors

MATERIALS AND METHOD

obtained from plant extracts do not contain

Materials

heavy metals or other toxic compounds

The mild steel coupon that was used for

[6].

the research was procured from a local
vendor. It was sectioned into uniform

Several researchers have reported on the

dimensions of 20 mm length and 10 mm

utilization of plant extracts as inhibitors of

diameter in the Mechanical Engineering

metal corrosion in different environments.

workshop of The Federal University of

Among the researches are: Isertia coccinea

Technology

plant extract as a corrosion inhibition in

materials included water hyacinth plants

Hydrochloric acid solution of mild steel

(Eichhornia crassipes)
2

Akure,

Nigeria.

Other

Tetraoxosulphate

(VI) acid, filter paper and distilled water.

efficiency were calculated using equations

Equipment used included shaking water

1 and 2 [9].

bath,

CR (mgh-1 cm-2 ) =

Atomic

(AAS)

Adsorption

Model

Bulk

Spectrometer
200,

FT-IR

Where: CR is corrosion rate, ∆W is

Spectrometer Model Perkin-Elmer 1600,
grinding

machine,

potentiostat,

Eq. 1

weight difference, A is the area of the

and

coupon in cm2 and T is time in hour.

Scanning Electron Microscopy Model Joel

Inhibition Efficiency (I.E%)

6100.

)

=(

Eq. 2

Method
Preparation of Inhibitor

Where: CRinh and CRblank correspond to

Water hyacinth was harvested and sun-

the corrosion rates in the presence and
absence of inhibitor respectively.

dried for one week. The leaves were
separated and pulverized with a grinding
Acid

The procedure was repeated for another set

extraction was carried out by weighing 10

of samples kept in water bath at varied

g of the pulverized leaves into a beaker

temperatures from 30 o C to 60 o C at 10 o C

machine

into

powdered

form.

intervals. The samples were removed after

containing 1000 ml of 0.5 M H2 SO4,
placed in a water bath at 90 o C for 6 h and

6 h for reweighing. The results obtained

allowed

were fitted into different isotherms such as

to

cool

overnight

before

Langmuir Model [19].

filteration. The extract from the leaves
were kept as stock solution.

Determination
Concentration and kinetic study of the

cardiac

corrosion reaction

flavonoid.
Tannin

The weight of the coupon was taken and

of

tannin,

glycosides,

was

saponin,

terpenoid

determined

following

and

the

immersed in 0.5 M H2 SO4 with varied

method of Makkar et. al [13]. The saponin

concentrations (2 % v/v – 10 % v/v) of

was determined following the method of

water hyacinth extract. A sample without

Brunner

inhibitor,

served

as

the

control.

[14].

Cardiac

glycosides and

terpenoid were obtained from the water

The

samples were withdrawn from the solution

hyacinth

after

method of Sofowara [15], while flavonoid

24

h

for

reweighing

and

this

plant

extract

following

the

content of the extract of water hyacinth

progressed for 12 days. From the weight

plant was determined using colourimeter

difference, corrosion rates and inhibition
3

assay developed by Bao [16]. All the
phytochemical screening was carried out at

adsorption product. These spectra were

the Chemistry Unit of the Postgraduate

recorded

Laboratory of the Federal University of

spectrophotometer. The solvent served as

Technology, Akure, Nigeria.

the blank.

Atomic Absorption Spectroscopy (AAS)

Scanning Electron Microscopy (SEM)

Analysis

The surface morphology of mild steel after

Atomic absorption analysis was conducted

immersion with and without the presence

using

Spectrometer

of inhibitors was examined with scanning

Model Bulk 200 at the University of

electron microscopy (SEM model: Joel

Ibadan, Nigeria. This was carried out to

6100)

determine the concentration of iron (II) in

Technology, South Africa.

Atomic

Absorption

in

at

the

a

Perkin-Elmer-1600

Tshwane

University

of

0.5M H2 SO 4 acid after immersion time of
samples in the presence and absence of

RESULTS AND DISCUSSION

acid extract of water hyacinth constituents.

The result of the phytochemical screening

The calibration curve of iron (II) sulphate

of the extract is presented in Table 1.

was drawn before analyzing the electrolyte
solution.

From the result, it was observed that the
acid extracts of the leaves contain: saponin

Infra- Red Measurement
Finely divided iron filings from the mild
steel

specimen

were

immersed

in

a

(12.36

mg/mL),

cardiac

glycoside

tannin (3.40
(10.26

mg/mL),

mg/mL) and

terpenoid (5.89 mg/mL).

solution of 0.5 M H2 SO4 acid containing
the plants extract for 6 h to form the

Fig. 2 shows the variation of corrosion rate

adsorption product of mild steel. The

of mild steel immersed in 0.5 M H2 SO4 in

extract from the leaves of the water

the various concentration of acid extracts

hyacinth were also prepared for Infra-Red
measurement.

FT-IR

spectrum

of water hyacinth at 30 o C to 60 o C.

was

recorded for both the extracts and the

4

Table I: Phytochemical constituents present in the acid extract of leaves of water
hyacinth
Phytochemical Sapponin
Tannin
Terpenoid
Cardic
Flavonoid
Constituents

(mg/ml)

(mg/ml)

(mg/ml)

Glycoside

(mg/ml)

(mg/ml)
Leaves

12.36

3.40

5.89

10.26

13.54

100
90
80
70

60
50
40
30

20
10
0

0v/v

2v/v

4v/v

30 o C

6v/v

40 o C

50 o C

8v/v

10v/v

60 o C

Fig 1: Variation of corrosion rate with inhibitor concentration at various
temperatures
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The results show that the corrosion rates of

temperature

mild steel in 0.5 M H2 SO4 decreased with

Both the oxidation of the metal and its

increase

in

the

diffusion

extracts

at

all

concentration
the

of the

temperatures:

for

of the reacting molecules.

become

rapid

at

higher

temperature [17].

example corrosion rates of 82.19, 47.6,
34.7, 31.47, 28.73 and 25.62 mpy were

The

decrease

in

corrosion

rate

with

obtained at 0, 2, 4, 6, 8, 10 v/v plant

increasing inhibitor concentration may be

extract respectively.

attributed to the adsorption of molecules of
the inhibitor on the steel surface. The

This suggests that as the concentration of

presence of tannins and Saponin in the leaf

the extract increases, there is an increase in

extract improved the corrosion resistance.

the number of adsorption of the extract

It could be explained that the reduction in

constituents on the surface of the mild

corrosion rate as the concentration of the

steel which prevented rapid dissolution of

plant extract increases indicate an increase

2+

Fe

into

the

solution

[17].

Highest

in the number of components of the extract

corrosion rate of 82.19 mpy was observed

adsorbed

over the mild

steel surface

for 0 v/v inhibitor sample at 60 o C while

blocking the active sites, in which direct

the least corrosion rate value of 4.46 mpy

acid attacks proceed and protect the metal

was observed for sample with 10 %v/v

from corrosion.

inhibitor at 30 o C.
The results of weight loss for the corrosion
The corrosion rate increases with increase

inhibition of mild steel in 0.5 M H2 SO4

in temperature of the reacting system. This

with and without acid extract of water

is expected because the rate of a chemical

hyacinth leaves are presented in Fig. 2.

reaction increases with the increase in

6

Weight loss(g) per unit area

2.5
2

Blank
1.5

2% (Leaves)
4% (Leaves)

1

6% (Leaves)
0.5

8% (Leaves)
10% (Leaves)

0

0

2

4
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8

10

12

14

Exposure time (days)

Fig. 2: Weight loss against time for the mild steel immersed in 0.5 M H2 SO 4 for containing
various concentrations of acid extract of water hyacinth leaves
Weight loss decreased with increase in the

phytochemical constituents on the surface

concentration of the extracts. This could be

of the mild steel as shown in Fig. 3.

as a result of the adsorption of the

Concentration of Fe 2+ (mg/l)

700
600
500
400
300
200
100
0
0

2

4

6

8

10

12

Leaves (v/v%)

Fig. 3: Plot of the concentrations of iron (II) ions on mild steel immersed in 0.5 M H 2 SO4
acid after gravimetric measurements in various concentrations of extract from water
hyacinth leaves as inhibitor.
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This result shows that the reaction process

steps:

the oxidation of the metal (charge

is sensitive to the concentration of the

transfer process) and

extracts. The weight loss of the mild steel

metal ions from the metal surface into the

in 0.5 M H2 SO4 without inhibitor on the

electrolyte

day 12 of the exposure time was found to

process). The diffusion of the metal ions

be 2.33 g while the addition of the extracts

into the electrolytic solution was retarded

reduced the amount of the metal loss into

by the addition of the extracts. This

the reaction medium to 0.36 g in the

indicated that the extract of water hyacinth

presence of 10 % v/v of leaves extracts of

leaves

water hyacinth. This result indicates that

process. Atomic absorption spectrometry

the acid extract of water hyacinth leaves is

support the results obtained from the

promising corrosion inhibitor of mild steel

weight loss techniques. While the weight

in 0.5 M H2 SO4 .

loss techniques provide information of the

solution

inhibit

the

the diffusion of the

(mass

metal

transport

dissolution

amount in gram of metal remaining after
Gravimetric measurement of the iron (II)

each

dissolution into the medium is shown in

techniques provides information of amount

Fig. 3. The results revealed that the

of metal in g/mol that entered into the

amount of Fe2+ in electrolyte decreases

reaction medium.

with increase in the concentration of the
extracts. This phenomenon was explained
by Shah et al[18] which stated that
corrosion process at the interface can be
divided into two

8

day

of

the

experiment,

AAS

Fig. 4: FT-IR spectrum of water hyacinth acid leaves extract of corrosion products from
mild steel immersed in 0.5 M H2 SO 4 as inhibitors
Fig. 4 shows the FTIR result of the leaves

in between 2220-2800 which indicates the

extract.

of extract

absence of cyanides which are generally

confirmed the presence of: OH (carboxylic

toxic to the biological system. This result

acid), C-H (Alkanes and alkyls) C=C

indicated that the leaf extract is nontoxic

(Alkynes) and R-OH (Alcohols), which are

and may be rich in tannin and saponnin

the functional groups readily available in

content. These contents were not affected

organic tannins. There was no absorbance

even

Fig. 5 shows the cathodic and anodic

The addition of water hyacinth leaves

polarization curves of mild steel immersed

extract to the corrosive medium slows

in 0.5 M H2 SO4 in the presence and

down both cathodic hydrogen evolution

absence of different concentrations of the

reactions and anodic dissolution of steel.

The

FTIR

results

inhibitor.
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when

in

corrosion

media

1

Current density (A/cm2 )

0.1
0.01

Blank
2%-Leaves

0.001

6% Leaves
0.0001

8 % Leaves
10% Leaves

0.00001
0.000001

0.0000001
-1

-0.8

-0.6

-0.4

-0.2

0

E vs (Ag/AgCl)

Fig. 5: Potentiodynamic polarization curves for the mild steel immersed in 0.5 M H 2 SO4
with and without acid leave extract as inhibitor
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Table II: Electrochemical polarization parameters for mild steel immersed in 0.5 M H 2 SO4
at different concentrations of corrosion inhibitors of water hyacinth leaves acid extract
Βa

Inhibitor
concentrat
ion

Βc

(mV/dec)

-Ecorr

(mV/dec)

Icorr
2

(μA/cm )

(mV)

Corrosion

Polarization

rate (mpy)

Resistance
(Ω)

(%

v/v)
Blank

153.67

42.873

-446.75

494.77

5.7492

29.423

2

112.74

29.214

-427.87

278.47

3.2358

36.184

4

105.78

26.664

-414.28

232.71

2.7041

39. 184

6

95.872

26.844

-403.84

118.45

1.3764

76.895

8

400.88

416.78

-521.36

375.99

4.369

23.02

10

106.55

31.258

-412.28

356.16

4.1386

29.47

Table

II

shows that the mild

steel

The adsorption of inhibitor to the mild

immersed in 0.5 M H2 SO4 at 6 % v/v

steel could be credited to the pairs of

inhibitor experience the lowest corrosion

electron present in the functional groups

potential

and

and the rich tannin and saponnin content.

corrosion rate of 1.3764 mpy, and the

This brings the mild steel to a more stable

highest polarization resistance of 76.89Ω.

state

The introduction of the leaf extract in the

continuous elimination of atoms from the

system

metal base which resulted to decrease in

of

-403.84

reduced

the

mV

SCE

corrosion

rate

drastically.

and

directly

suppressing

the corrosion degradation process.
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Fig. 6: Inhibition efficiency against varied concentration and temperature of leaves acid
extract of water hyacinth on mild steel immersed in 0.5 M H2 SO 4
From Fig. 6 it can be seen that the

isotherm which was applied to investigate

inhibition

the experimental data by using equation 3

efficiency

increases

with

temperature from 30-40 degree Celsius

[19].

with the peak at 40 ֯C. As reported in
literature,

an

increase

in

Eq. 3

inhibition

Where C is the inhibitor concentration, θ is

efficiency with increased in temperature

the surface coverage and kads is the

had been attributed to chemical adsorption

adsorption equilibrium constant.

process while the reverse is physical
adsorption

process

[5].

The Langmuir treatment is based on the

Therefore the

assumptions

inhibition process of the water hyacinth

adsorption process. Acid extracts of water
leaves

recorded

the

maximum

adsorption

corresponds to a saturated monolayer of

leaf extracts can be attributed to chemical

hyacinth

that

highest

inhibition efficiency of 81 % on mild steel

adsorbate

(extracts)

adsorbent

(metal)

isotherms

are

molecules
surface.

very

on

the

Adsorption

important

in

determining the mechanism of corrosion

in the sulphuric acid solution at 10 %v/v.

reactions. The data obtained were fitted

The data obtained was fitted into Langmuir

into Langmuir isotherms models.
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Fig. 7: Langmuir adsorption isotherm plot for the adsorption of acid extract of water
hyacinth leaves on mild steel immersed in 0.5 M H2 SO 4 solution at 30 o C – 60 o C
Fig.

7

depicts

Langmuir

adsorption

Thus, in order to elucidate the inhibitive

isotherm plot for the adsorption of acid

properties

of

the

inhibitor

extract of water hyacinth leaves on mild

temperature dependence on the corrosion

steel immersed in 0.5 M H2 SO4 solution at

rates, the apparent activation energy (Ea)

30-60 degree Celsius. The inhibition of the

for the corrosion process in the absence

corrosion of mild steel immersed in 0.5 M

and presence of the inhibitor which was

H2 SO4 medium with addition of different

evaluated from Arrhenius equation:

concentrations of the extracts of water

Where CR is the corrosion rate, Ea is the

adsorption of the components of the plant
on

the

metal

the

Eq. 4

hyacinth leaves was better explain by the

extracts

and

apparent activation energy, R is the molar

surface.The

gas constant, T is the absolute temperature

Langmuir isotherm is valid for monolayer

and A is the frequency factor.

adsorption onto a surface containing a
finite number of identical sites. The model

Arrhenius plots for mild steel immersed in

assumes uniform energies of adsorption

0.5 M H2 SO4 with and without the leaves

onto the surface and no transmigration of

extract of water hyacinth as inhibitor are

adsorbate in the plane of the surface [19].

shown in Fig. 8.
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2.5
2

Log CR

Blank
1.5

2 %v/v (Leaves)
4 %v/v (Leaves)

1

6 %v/v (Leaves)
8 %v/v (Leaves)

0.5

10 %v/v (Leaves)
0
2.95

3

3.05

3.1

3.15
1/T *

3.2

3.25

3.3

3.35

10 -3 K-1

Fig. 8: Arrhenius plot for mild steel immersed in 0.5 M H2 SO 4 with and without acid leaves
extract of water hyacinth as inhibitor
The Arrhenius plots of log CR vs. 1/T in

It was observed the activation energy was

the absence or presence of both extracts

not

are linear. The activation energies (Ea)

concentration of the extract. The decrease

calculated from the slopes (-Ea/ 2.303R) of

in activation energy in the presence of

the curves. Where CR is the corrosion rate,

extract denotes chemical adsorption [19].

Ea is the apparent activation energy, R is

This agrees with the results obtained from

the molar gas constant, T is the absolute

the increase in inhibition efficiency with

temperature and A is the frequency factor.

increasing temperature as shown in this
study.
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consistent

with

increase

in

the

Plate 1 a) Corroded surface of mild steel without inhibitor b) corroded surface with 10 % v/v
plant extract

It can be observed in the Plate 1a that there

The acid (solution of H2 SO 4 ) extracts of

was great corrosion damage in form of pits

water weeds (hyacinth) from Igbokoda

as compared with Plate 1b. The low

Nigeria

corrosion damage observed in plate 1b

effects on the corrosion of mild steel in

could be attributed to the phytochemical

sulphuric acid solution. From this study it

constituents of the extract which formed a

could be implied that acid extracts of water

thin film layer on the metal surface and

hyacinth

prevented the rapid dissolution of the

combating

metal. Water hyacinth constituent has also

steel in sulphuric acid media.

appeared

leaves

to

could

exhibit

be

industrial corrosion

inhibitory

used

in

of mild

been found to prevent microbial induced
corrosion

of

mild

steel

in

chloride

CONCLUSIONS

environment [20-21]. This also support the

The results of this study suggest that acid

earlier claims that the plant extract has a

extracts of the water hyacinth leaves could

potential of enhancing corrosion resistance

be used in combating industrial corrosion

of low carbon steel in corrosive media [5].

of mild steel in sulphuric acid media.
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