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The corrosion and inhibition behavior of carbon steel in hydrogen tetraoxosulphate (IV) acid rich area
in the presence of crude saponins and alkaloids extracts of Agrimonia eupatoria leaves have been studied
using mass loss and potentiodynamic polarization techniques. The extracts presented good inhibition
ability on the carbon steel metal in hydrogen tetraoxosulphate (IV) acid environment with the alkaloids

inhibiting more compared to saponins with maximum inhibition efficiency of 97.6 % and 87.8 %
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respectively at 7.5 g/L concentration. There was a noticeable increase in inhibition mitigation potential
of the inhibitors with increasing concentration of extracts. A physical adsorption mechanism was
recorded by the inhibitor/carbon steel interface and the Langmuir adsorption isotherm was well obeyed
with correlation coefficient at approximately unity. The inhibitors proved to be stable ones on the metal
and a spontaneous reaction process was recorded from the data of the Gibbs free energy of adsorption.

1. Introduction

Most of the industrial cooling water system in refineries, chemical
processing plants, and petrochemical and fertilizer industries use ground
water for cooling purposes. In this kind of situation, organic and inorganic
inhibitors are used to reduce the corrosive action of acids. Some of the
organic inhibitors available are considered to be very toxic and expensive
because of its carcinogenic properties. Hence, a need exists for finding the
environmentally and eco-friendly formulations for the control of
corrosion [1-4]. These have attracted many researchers. The plant extracts
are considered as an incredibly rich source of environmentally acceptable
corrosion inhibitors. This area of research is of much importance because
in addition to being environmentally friendly and ecologically acceptable,
that can be extracted by simple procedures with low cost. Corrosion
damage can be prevented by using various methods such as upgrading
materials, blending of production fluids, process control and chemical
inhibition [1, 2]. The known effects of most synthetic corrosion inhibitors
are the motivation for the use of some natural products. Natural products
are nontoxic, biodegradable and readily available. So many natural
products have been used widely as inhibitors in the corrosion of metals
especially steel, aluminum, iron, etc. Corrosion inhibition investigation of
natural inhibitors is particularly interesting because they are inexpensive,
ecologically friendly, and possess no threat to the environment [3-6].

2. Experimental Methods

2.1 Pre-Preparation Extraction of Agrimonia eupatoria Sample

The fresh leaves of Agrimonia eupatoria obtained from a garden in Cross
River University of Technology farm in Calabar were washed and cut into
small cheeps and dried in oven at 50 °C. After the drying of the leaves, they
were put through grinding to obtain a powdered sample. Conventional
mortar and pestle was used for grinding, followed by the use of electric
blender to reduce particle size of sample. The powdered sample was
extracted using the maceration extraction process. The powdered plant
material was soaked in a stoppered container with distilled water as the
extraction solvent and allowed to stand at room temperature for a period
of 5 days with frequent agitation. This process allowed for softening and
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breaking of the plant cell wall to release the soluble phytochemical. After
5 days, the mixture was pressed and strained by filtration. The filtrate was
evaporated using the water bath at 80 °C.

2.2 Preparation of Crude Saponin and Alkaloid Inhibitor Solutions

In the preparation of crude saponins, 10 g of Agrimonia eupatoria leaves
extract was heated in 30 mL of methanol in 5 hours using a water bath to
reduce volume to 15 mL. Then diethyl ether of 20 mL was added to
separate organic portion from the aqueous and the organic portion was
discarded. The methanolic fraction was then diluted with 10 mL buthanol
to obtain an n-buthanol/methanol fraction. Both mixtures were then
separated to dryness to obtain a crystalline soapy extract used as crude
saponins.

For the alkaloid fraction, dilute hydrochloric acid (35.5% w/w) and
ammonia solution was used. HCl employed during the experiment was less
than 1 M, but not weaker than 0.1 M (pH 0-1). 35 g of the ethanol extract
was partitioned between 120 mL of chloroform and 120 mL of 0.1 M HCl
solution using a separating funnel. The HCl solution in the float fraction
(the fraction at the top of the funnel) from the separating funnel was
carefully basify with ammonia solution and this was taken well above pH
7. Chloroform was immediately added into the basic solution in the
separating funnel to obtain two nice layers with the lower one (organic)
containing the alkaloids.

The chloroform layer was eventually separated from mixture and put
aside, the chloroform distilled off, and a small quantity of the crude
alkaloids was obtained. 10 g each of both the saponins and alkaloid extract
was separately soaked in 1000 mL of 0.5 M HCI solution and kept
overnight. The solutions obtained were filtered and stored. From the stock
solution, inhibitor test solution of concentrations 0.5 g/L, 1.0 g/L, 2.0 g/L,
3.5g/L, 5.0 g/L and 7.5 g/L of 0.5 M H.SO4 was prepared. The prepared
solutions were then used to study the corrosion inhibition abilities of the
extract.

2.3 Weight Loss Measurements

The exposed area of the carbon steel (4.0 cm x 0.08 cm x 4.0 cm) used
for this experiment was thoroughly polished. The carbon steel sheets were
then washed with double distilled water, degreased with ethanol, rinsed
in acetone, dried in air, and was weighed just before immersion into the
beaker. One hour each was used for the immersion of the metal running to
a total of 6 hours for the entire process using concentrations of 0.5 g/L, 1.0
g/L,2.0g/L,3.5¢g/L,5.0g/Land 7.5 g/L at room temperature. The metal
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surface after immersion was rinsed with constant scrubbing in distilled
water to remove scales. The washed carbon steel samples were cleaned by
washing with absolute ethanol, rinsed in acetone and allowed to dry in the
air before re-weighing. The surface coverage (68) and inhibition efficiency
(% IE) of the inhibitor were derived using equation respectively.

9=1—(%) %115:1—(:5—:) x 100

2.4 Electrochemical Determination

The potentiodynamic polarization experiment was conducted using a
three-electrode electrochemical cell assembly. Well abraded stainless
steel sheets with a surface area dimension of 1 cm? was employed as the
working electrode (WE) while a platinium rod was employed as the
counter electrode (CE) and saturated calomel electrode as the reference
electrode (RE). The RE was coupled with a lugging capillary to ensure
suitable geometry of the cell electrodes with minimum potential drop. The
stainless steel sheet serving as the WE was immersed in the test solution
for 1 hour to attain a steady open circuit potential (OP) before
electrochemical measurement. Potentiodynamic anodic and cathodic
polarization curves were obtained at a scan rate of 0.001 Vs in the
potential range from -1.0 to 0 V relative to the corrosion potential (Ecor).
Potentiodynamic polarization studies were performed using
electrochemical analyzer Gamry DE190I instrument.

3. Results and Discussion

3.1 Results from Mass Loss Experiments

The crude alkaloid and saponin inhibitors were tested for six different
concentrations including a blank that served as a control (0.5 g/L, 1.0 g/L,
2.0g/L,3.5g/L,5.0g/Land 7.5 g/L) and the result is presented in Tables
land 2. The addition of both inhibitors increased the percentage inhibition
efficiency following the time of immersion [7-11]. It is observed that the
corrosion rates of stainless steel decreased, surface coverage and
inhibition efficiency of the inhibitors increased following increase extract
concentration. These results are in accordance with the results obtained
from variation of weight loss of metal with time of immersion and inhibitor
concentrations respectively (Figs. 1-4).
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Fig. 1 Variation of weight with time of immersion for the corrosion of stainless steel
in 1 M H2S04 containing various concentrations of crude alkoloids at 303 K

The inhibitors showed maximum inhibition efficiency of 97.6 % for
crude alkaloids and 87.8 % for crude saponins respectively, both at an
optimum concentration of 7.5 g/L. This may be due to the strong
adsorption of phytochemical constituents of the extracts on the anodic/or
cathodic sites of metal surface, increase in anodic/cathodic over voltage
and the formation of a protective barrier film [12-14].
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Fig. 2 Variation of weight with time of immersion for the corrosion of stainless steel
in 1 M H2S04 containing various concentrations of crude saponins at 303 K
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Fig. 3 Variation of weight with inhibition concentration for the corrosion of stainless
steel in 1 M H2S04 containing various concentrations of crude alkaloid at 303 K
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Fig. 4 Variation of weight with inhibition concentration for the corrosion of stainless
steel in 1 M H2S04 containing various concentrations of crude saponins at 303 K

Table 1 Results obtained from weight loss experiment showing corrosion rate of
stainless steel, surface coverage and inhibition efficiency of AEAEL in 1 M H2SO04
environment

Inhibitor Conc. (g/L)  CR (mg/cm2/hr) 0 IE (%)
0.5M HCI 0.5933 - -

0.5 g/L AEAEL 0.4824 0.187 18.7
1.0 g/L AEAEL 0.4322 0.272 27.2
2.0 g/L AEAEL 0.3108 0.476 47.6
3.5 g/L AEAEL 0.2099 0.646 64.6
5.0 g/L AEAEL 0.1310 0.779 77.9
7.5 g/L AEAEL 0.0143 0.976 97.6

Table 2 Results obtained from weight loss experiment showing corrosion rate of
stainless steel, surface coverage and inhibition efficiency of SEAEL in 1 M H2S04
environment

Inhibitor Conc. (g/L)  CR (mg/cm2/hr) 0 IE (%)
0.5 M HCl 0.1560 - -

0.5 g/L SEAEL 0.0760 0.513 51.3
1.0 g/L SEAEL 0.0650 0.583 58.3
2.0 g/L SEAEL 0.0470 0.699 69.9
3.5 g/L SEAEL 0.0390 0.750 75.0
5.0 g/L SEAEL 0.0360 0.769 76.9
7.5 g/L SEAEL 0.0190 0.878 87.8

3.2 Potentiodynamic Polarization Result

The potentiodynamic polarization curves of mild steel immersed in the
absence and presence of inhibitor are shown in Figs. 5 - 6. The corrosion
parameters namely corrosion potential (Ecorr), corrosion current (Icorr) and
percentage of inhibition efficiency calculated from Tafel plots are given in
Table 3. The inhibition efficiency is defined as [15-18].

% IE = 2o~ tteorr y 10
locorr

where locorr and licorr are the corrosion current density values without and
with inhibitor respectively, which were obtained from the extrapolation of
the anodic and cathodic Tafel plots to the value of Ecrr by the software
provided with the equipment. Anodic shift of the Ecor values was also
observed from the curves as shown in Figs. 5-6, indicative that both AEAEL
and SEAEL acted as mixed type inhibitors [1, 19-21]. This was confirmed
from the decreasing values of the anodic and cathodic slopes as shown in
Table 3, which signifies decrease in anodic dissolution of metal and
cathodic hydrogen evolution [22-27]. Moreover in the presence of the
inhibitor system, the corrosion current density decreased compared to the
free system (1 M H2S04.) These observations are indicative of the fact that
addition of AEAEL and SEAEL to 1 M H2S0s solution has reduced the anodic
dissolution and the cathodic hydrogen evolution reaction of stainless steel
in the acid medium [28-31].
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Fig. 5 Tafel plots of stainless steel immersed in 1 M H2S04 with and without AEAEL
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Fig. 6 Tafel plots of stainless steel immersed in 1 M H2S04 with and without SEAEL

Table 3 Potentiodynamic polarization parameters for the corrosion of stainless steel
in 1 M H2S04 containing different concentrations of AEAEL and SEAEL extracts

Inhibitor ~ Conc. (g/L) Leorr Ecorr Ba Bc IEi
(mAcm-2)  (mV) (mV/dec) (mV/dec) (%)

Blank (0.5 M HCI) 0.320 -22817 209.1 186.9 -

AEAEL 0.5g/L 0.1110 -101.11  182.3 177.6 65.31
3.5g/L 0.0537 -98.23 171.5 162.8 83.44
7.5g/L 0.0211 -92.15 153.9 159.1 93.44

SEAEL 0.5g/L 0.1561 -217.42  199.4 180.5 51.25
3.5g/L 0.1007 -214.22  163.3 170.2 658.53
7.5g/L 0.0493 -203.06 137.2 164.1 84.59

3.3 Adsorption Isotherm Investigations

The surface coverage (0) values for different concentrations of the
inhibitors in H2SO4 medium were evaluated using the weightloss data. The
data were tested graphically to find a suitable adsorption isotherm to
describe the adsorption characteristics of the extracts according to several
authors [32-36]. A plot of Log (C/8) against Log C (Fig. 6) derived from the
equation,

c 1 c
k"

It shows a straight line with correlation coefficient values at 0. 99 for
both inhibitors indicating adherence to Langmuir adsorption isotherm
and a typical physical adsorption This result is in accordance with those
obtained by few researchers [37-39]. It is also observed that although
these plots are linear, the gradients are never unity, contrary to what is
expected for ideal Langmuir adsorption isotherm equation. Organic
molecules having polar atoms or groups which are adsorbed on the metal
surface may interact by mutual repulsion or attraction and this may be
advocated as the reason for the departure of the slope values from unity
[22, 23].

10.0
8.0 - y =0.9848x + 1.5658
R?=0.9885

© 6.0 -
S

4.0

2.0 -

0.0 T T T T T 1

0.5 1 2 3.5 5 7.5
Conc. / (g/L)

Fig. 7 Variation of C/6 with concentration for the corrosion of stainless steel in 1M
H2S04 containing various concentrations of AEAEL
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Fig. 8 Variation of C/0 with concentration for the corrosion of stainless steel in 1M
HS04 containing various concentrations of SEAEL

4. Conclusion

The present study leads to the following conclusion:

i.  The formulation consisting of 10 g stock solution of crude alkaloid and
saponins extracts of Agrimonia eupatoria leaves offers 97.6 % and 87.8
% inhibition efficiency to stainless steel in contact with 1 M H2SO4
solution.

ii. Adsorption study reveals that the mechanism of adsorption follows
Langmuir isotherm which implies a monolayer adsorption calculated
from the correlation coefficient of 0.999 approximation.

iii. Thermodynamic study reveals that the inhibition process is a
physically adsorbed mechanism and not a chemisorption and inhibitor
shows stability and spontanous behaviour from the negative value of
free energy of adsorption.

iv. Results from electrochemical analysis shows good correlation with
those of mass loss experiment. The difference in the decreasing values
of the anodic and cathodic slopes revealed a good surface mitigation
of the metal by the both inhibitors.
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