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Abstract: The susceptibility of metals to corrosion due to attack by their environment has necessitated the search for
corrosion inhibitors which can protect the metals and also be friendly with the environment. In this research, corrosion
inhibition study of Terminalia ivorensis leaves extract on galvanized and mild steel in 1.0M Sulphuric acid was carried out to
determine the corrosion inhibition ability of the leaves extract on the metals using weight loss method in three different
concentrations (15g/1, 10g/l and 5g/l) of the extract and the acid solution. The metals were immersed in the solution for a
period 432hours. The weight loss of the metals was checked at 72hours intervals. The results obtained reveal that there was
decrease in weight loss of the metals immersed in the solution with the extract which indicates that the extract is a good
corrosion inhibitor for galvanized and mild steel in sulphuric acid. The inhibition efficiency increased with increase in extract
concentration at the temperature of study (ambient temperature). Maximum inhibition efficiency of 92.47% on mild steel and
82.10% on galvanized steel were obtained at the optimum concentration of the extract (15.0g/l). The inhibitive action was
attributed to the presence of some notable phytochemical components of the leaves which possessed lone pairs of electrons that
gave oxidative protection to the metals. It was observed that the protection by the extract was as a result of the adsorption of
the extract on the metals and the experimental data obtained revealed that the adsorption followed Langmuir adsorption
isotherm.
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biodegradability, strict environmental regulation and toxic
effects on human and animal lives. Consequently, there exists
the need for their replacement with green corrosion inhibitor.
Green corrosion inhibitors are extracts from plant roots,
leaves, stems or backs that are used to inhibit or reduce

1. Introduction

Corrosion poses a big problem wherever metal is used. Its
problems on metals are destructive, resulting to mechanical
failure and devaluation of products. It causes degradation and

eventually failure of components and systems in industries.

The problems of corrosion attack on metals have necessitated
the use of corrosion inhibitors. Corrosion inhibitors are
chemicals (synthetic or natural), which when added in small
amounts to an environment, decreases the rate of attack by the
environment on metals [3]. Inorganic substances used for
corrosion inhibition include: phosphate, chromate, silicates,
borates, tungstates, molybdates and arsenate [13]. Their use as
corrosion inhibitors is diminishing due to their cost, non-

corrosion. These plant extracts are biodegradable and contain no
heavy metal that could be toxic to the environment.

Several works have been published on corrosion inhibition
effects of plants extracts by earlier researchers [1, 3, 5, 6, 8-11,
13, 14]. Plant extracts reduce corrosion rate by adsorption of
ions/molecules onto the metal surface and increasing or
decreasing the anodic and/or cathodic reaction. The
effectiveness of plant extracts as corrosion inhibitor is attributed
to the presence of some phytochemicals like essential oils,
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tannins, pigments, steroids, terpenes, flavones, possessing some
notable functional groups like nitrogen, oxygen as well as
multiple bonds in their molecules. These serve as active centers
for the process of adsorption on metal surface.

Most organic inhibitors adsorb on the metal surface by
displacing water molecules on the surface and forming a
compact barrier as illustrated below:

02+N2H4—>2H20+N2 (1)

Oxygen in the above equation (a common corrosive agent) is
removed by a reductive inhibitor, hydrazine and convertedto
water [4].

Study of the corrosion inhibitive action of Terminalia
ivorensis leaves extract on galvanized and mild steel in
Sulphuric acid investigated the inhibitive action of the leaves
extract on both galvanized and mild steel in 1.0M H,SOysolution
using weight loss method. Terminalia ivorensis (also called
Ivory Coast almond or Black Afara) is a specie of tree in the
family Combretaceae. 1t is found in Cameroon, Ivory Coast,
Ghana, Guinea, Liberia, Sierra Leon and Nigeria. It is a large
deciduous forest tree ranging in height from 15 to 45 meter.

2. Method

2.1. Preparation of Metal Coupons

Galvanized and mild steel coupons used for this study
were obtained from mechanical workshop of the Rivers State
University, Port Harcourt, Nigeria. They were of 1.2mm
thickness and were mechanically cut into rectangular
coupons of dimensions 40mm x 50mm.

The coupons were drilled at the center-top for passage of
thread and were mechanically scrubbed and cleaned with
sand-paper to expose the clean-shinning surface. They were
washed with distilled water, degreased in ethanol, dried in
acetone and then stored in desiccator for the corrosion study.

2.1.1. Preparation of Plant Extract

The leaves of Terminalia ivorensis (commonly called
Black Afara) were collected from Rivers State University,
Port Harcourt and identified by a botanist. The extract was
got through solvent extraction method with methanol.

2.1.2. Preparation of Different Concentrations of the Plant
Extract
Test solutions of 5.0g/1, 10.0g/1, and 15.0g/1 of the extracts
in 1.0M H,SO, were prepared. Blank solutions (that is,
solutions of acids without the extract) were also prepared and
all were used for the corrosion inhibition test.

2.2. Weight Loss Method

The weight loss determinations were performed by
immersion of the pre-weighed mild steel and galvanized steel
coupons into the test solutions. Each coupon was retrieved
after 72 hours interval for 18 days, brushed, cleaned and
dried in acetone, and re-weighed. The weight loss of the
coupons was obtained using the equation below.

WL=WI-WF ©)

Where, WL is the weight loss
WI, the initial weight of the coupon before immersion.
WEF, the final weight of the coupon after immersion.

2.2.1. Corrosion Rate

The expression for measurement of Corrosion Rate (C. R.)
in millimeters penetration per year (mm/yr.) was used to
measure corrosion rate (C. R.) for the specimens as expressed
in equation 3 below.

87.6WL
PAT

C.R=

€)

Where WL, is the corrosion weight loss of the metals (in
mg), P is the density of the coupons (g/em®), T, is the
exposure time (in hours), A is the surface area (in cm?)
obtained from equation 4 below.

A=2(BL+LW+BW) “)

Where B, L and W are the breath, lengthand width of the
coupons respectively.

2.2.2. Percentage Inhibition Efficiency (%IE)
The percentage inhibition efficiency (% IE) was calculated
using the relation in equation 5 below.

%IE:CRBLK_CRINHxloo (5)

CRBLK

Where CRp;x and CRyy represents corrosion rates in the
absence and presence of the inhibitor respectively.

2.2.3. Degree of Surface Coverage (O)
The fractional surface coverage was calculated using the
relation in equation 6.

©=%IE/100 (©6)

2.2.4. Film Attractive Power

From the degree of surface coverage at a given inhibitor
concentration, the film attractive power equation was
computed using equation 7 below.

. - .8
The conventional form of the Langmuir isotherm is T
. .. C
KC, rearranging this gives; = % +C

e
c(1-6)

Kads= (7

Where Kads is the film attractive power or equilibrium
constant of adsorption, 0 is the degree of surface coverage, C
is the concentration of inhibitor.

3. Results
3.1. Result of Phytochemical Analysis

The results of the investigation are presented in the tables
and figures below.

Table 1 gives the phytochemical components that are
presence and absence in the plant extract using the methods
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Table 1. Phytochemical Components of Terminalia ivorensis plant extract.
Tests Results
Alkaloids +ve
Cardiac glycosides +ve
Carotenoids +ve
Flavonoids +ve
Phlobatannins -ve
Saponins +ve
Terpenoids +ve
Tannins +ve
3.2. Results of the Corrosion Study
Table 2. Corrosion rate, Surface coverage and Inhibition efficiency of the extract on mild steel in 1.0M H>SO,
Sample Corrosion Rate (CR) Surface Coverage (0) Inhibition Efficiency (IE)
(g/L) 72hr  144hr 216hr 288hr 360hr 432hr 72hr 144hr 216hr 288hr 360hr 432hr 72hr 144hr 216hr 288hr 360hr 432hr
Blank 1555 15.15 14.77 1441 14.08 13.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 000 000 0.00
5 871 368 3.63 358 312 279 076 076 077 075 078 0.79 76.14 7571 7731 75.16 77.84 78.55
10.0 294 267 238 210 182 149 081 082 0.83 0.85 0.87 0.89 8097 8238 83.89 8543 87.07 88.55
15.0 239 373 145 124 1.09 098 085 089 090 091 092 092 84.63 88.58 90.18 91.39 92.26 9247
Table 3. Corrosion rate, Surface coverage and Inhibition efficiency of the extract on galvanized steel in 1.0M H2SO4.
Sample Corrosion rate (CR) Surface Coverage (0) inhibition Efficiency (IE)
(g/L)  72hr 144hr 216hr 288hr 360hr 432hr 72hr 144hr 216hr 288hr 360hr 432hr 72hr 144hr 216hr 288hr 360hr 432hr
Blank 11.54 836 7.74 734 6.68 6.11 0.00 0.00 0.00 0.00 0.00 0.00 000 000 000 000 000 0.00
5 255 255 269 276 263 233 078 0.70 0.65 0.62 0.61 0.62 7790 69.50 6525 62.40 60.63 61.87
10.0 218 172 156 140 131 1.14 081 0.80 0.80 0.81 0.80 0.81 81.11 79.43 79.84 8093 8039 81.34
15.0 225 1.68 150 131 1.19 1.10 0.81 0.80 0.81 0.82 0.82 0.82 80.50 79.90 80.62 82.15 82.19 82.10
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Figure 1. Plots of corrosion rate versus time of Mild steel in the various experimental solutions.
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of corrosion rate versus time curve of galvanized steel in the various experimental solutions.
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Figure 3. Variation of Percentage inhibition efficiency (%IE) on mild steel with inhibitor concentration in 1.0M H,SO, at varying time.
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Figure 4. Variation of Percentage inhibition efficiency (%IE) on galvanized steel with inhibitor concentration in 1.0M H,SO, at varying time.
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Figure 5. Langmuir Adsorption Isotherm for Terminalia ivorensis leaves extract in 1.0M H2SO4 on mild steel.
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Figure 6. Langmuir Isotherm for Terminalia ivorensis leaves extract in 1.0M H>SO,on galvanized steel.
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4. Discussions

The results in table 1 show the phytochemical compounds
that are present in the extract (indicated by + sign) and those
that are absent in the extract (indicated by — sign). Tables 2 and
3 show the effects of inhibitor concentrations of the extract on
the corrosion rate, surface coverage and inhibition efficiency
on the two metals studied in 1.0M H,SOysolutions.

Figures 1-4 show the graphs of corrosion rate and
percentage  inhibition  efficiency  against  inhibitor
concentration for the corrosion of both galvanized and mild
steel in 1.0M H,SOy at different time intervals. The results
show that corrosion rate decreased as the concentrations of
the extract increased. On the other hand, it was observed that
surface coverage and percentage inhibition -efficiency
increased with increase in the concentration of the extract in
the samples. This is attributed to the adsorption of active ions

Alkaloid

OH
HO
O]
HO Z
(0]

0 N\

HO &
Q o)
HO
O OH
HO OH
Tannin

from the plant extract onto the surface of the metals and the
formation of a co-ordinate covalent bond between the
inhibitor and the metal surface. This leads to less contact of
the metals with the acid environment and hence the increase
in percentage inhibition efficiency and reduction in weight
loss of the metal with time. Similar results have been
reported earlier by references [2, 10, 11].

The presence of functional groups like oxygen (O),
nitrogen (N) and sulphur (S) in the molecules of the plant
extract serves as the active centers for the adsorption of the
inhibitor on the metal surface because of their high basicity
and electron density. The availability of non-bonded (lone
pair) electrons in the functional groups of the inhibitor
molecules may have also facilitated electron transfer from
inhibitor to the surface of the metal as revealed by earlier
researcher [2].

Flavonoid o

OH
OH
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e
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Figure 7. Structures of Some Phytochemical Compouds Present in the Extract.

Figures 5 and 6 show the plots of C/0 against
concentration C where linear plots were obtained. The
correlation coefficients suggest that the adsorption of the
extract fitted best into Langmuir isotherm. The higher
values of Kads indicate that inhibitors were strongly
adsorbed on the metal surfaces. The adsorption method here
is physical.

5. Conclusions

The results obtained in this study show that Terminalia
ivorensis leaves extract has inhibitory properties and can
serve as a good corrosion inhibitor for galvanized and mild
steel in 1.0M acidic medium (H,SO4). The inhibition
efficiency increased with increase in concentration of the

extract. The inhibitive action is attributed to the presence of
phytochemical components in the extract. The percentage
efficiency of the extract inhibition was more on mild steel
than galvanized steel. The extract can serve as a good
replacement for the toxic, non-biodegradable and costly
organic and inorganic compounds used as corrosion
inhibitors.
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