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The inhibition effect of an environmentally friendly and cost-effective drug, amodiaquine, on the coosion of
mild steel in an acidic medium was studied by the gight loss method at room temperature. The study
revealed that the test drug has an inhibitory actia on the corrosion of mild steel in the investigatt medium.
The inhibition efficiency was found to increase wh increasing inhibitor concentration. Plots of the
concentration of metalversus time indicate first-order kinetics for the inhibition process. It was also found
that amodiaquine adsorbs according to a Langmuir'sadsorption isotherm. Attempts were made to correlat

the chemical structure and the inhibition mechanism

Corrosion inhibitor / Mild steel / Amodiaquine drug / Weight loss method

1. Introduction

It is well known that a particular inhibitor, which
ensures a very high efficiency for a particular ahet
a specific medium, may not perform with the same
efficiency for another metal in the same meditirh
Therefore, efforts toward enhancing the resistasfce
metals constitute an on-going t4k.

Most corrosion inhibitors are very hazardous
and expensive chemicdl3]. Recently, the attention of

electrochemical methods, etc. [11-14] The
experimental model developed for this study was
implemented using the weight loss method. The
weight loss method of monitoring corrosion rate is
useful because of its simple application and rditgb

2.1 Materials

The commercially available mild steel sheets (purit
98 %) of 0.10 cm thickness used in this study were
obtained locally. The sheets were mechanically

the researchers has been shifted to environmentally pressed and cut into 3 cm by 3 cm coupons with a

safe and cost-effective inhibitors, called
inhibitors.”

Several drugs are known to contain heteroatoms,
n-electrons, rings and have high molecular weights,
which all are indicators for good inhibitors. Some
drugs have been proposed as alternative, eco-fyiend
cost-effective corrosion inhibitofg-10]

The main objective of the present work was to
study the corrosion inhibition of mild steel in M1
HCI by amodiaquine drug, using the weight loss

technique.

“green

2. Experimental

Thus far, various techniques have been employed to
monitor the corrosion of metalsjz the weight loss
method, hydrogen evolution / gasometric methods,
thermometric methods, theoretical and
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small hole of about 5 mm diameter near the upper
edge to help holding them with glass hooks. The
coupons were polished and degreased with acetone,
washed in double-distiled water and dried in a
desiccator before usfl5]. The corrosive medium
used in this study was 0.1M HCI. It was prepared by
appropriate dilution[16] of analytical grade HCI
reagent with double-distilled water without further
purification.

2.2 The inhibitor

The inhibitor used in this study was a drug withi-an
malarial and anti-inflammatory activities, commonly
called amodiaquine (AMQ). It is chemically
designated as 4-[(7-chloroquinolin-4-yl)amino]-2-
[(diethylamino)methyl]phenol. The molecular formula
of amodiaquine is £H,,CIN;O, with a molecular
weight of 355.86 g/mol. Amodiaquine has the
chemical structure shown Frig. 1.
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Fig. 1 Chemical structure of amodiaquine.

Tablets of amodiaquine were obtained from a local
pharmacy and were used without further purification
Appropriate concentrations of the drug were pregare
by dilution.

2.3 Weight loss measurements

In the weight loss experiments, five plastic comtas
were labeled from A to E, each containing 500 ml of
HCI solution. The first beaker was reserved aslglan
while each of the four remaining beakers contained
the drug at different concentrations, all placedoam
temperature (about 30°C). The metal coupons were
immersed into the experimental solutions with the
help of glass hooks and monitored daily (after
24 hours). The weights of the specimens were noted
before immersion. After every immersion time of
24 hours, the specimens were removed, polished with
emery paper, washed in double distilled water,
degreased with acetone, dried in warm air, and re-
weighed. From the initial and final weights of the
specimens, the weight loss was calculated and the
corrosion rate (in mp/y — millimeter penetrationr pe
year) was computed from the equation belbw:

Corrosionrate, CR= M ,

DAt @

whereW is the weight loss (g is the density of the
specimen (7.85 g/cty) A is the surface area of the
specimen (cf?) andt is the immersion time (days).

The efficiency of the inhibitor was computed using
the equation belo\i8]:

Inhibition efficiency, % IE:%MOO, (2)
0

whereW, is the weight loss without inhibitor ant;

is the weight loss with inhibitor.

The degree of surface coverag®) (at different
concentrations of the inhibitor was also computed
from the weight loss measurements, using equation 3
[19]:

g=Po W 3)
0

whereW, is the weight loss without inhibitor ant;
is the weight loss with inhibitor and

%:%(+C, (4)

where C is the concentration of the corrosion
inhibitor, © is the degree of surface coverage and k is
the adsorption equilibrium constdao].

3. Results and discussion

3.1 Weight loss measurements
The acid corrosion of mild steel in the presence of
different concentrations of amodiaquine drug as
inhibitor was studied at room temperature by the
weight loss method. The results obtained from the
weight loss measurements are summarizethinliel.
The results indicate that introduction of amodiagui
into the corrosive medium caused a significant
reduction in the corrosion rate of the steel. The
corrosion inhibition efficiency increased, with
increasing concentration of the drug. This may be d
to larger surface coverage®) by more inhibitor
molecules.

The weight loss as a function of timé&id. 2)
shows that the weight loss increases with incrgasin
time of exposure.

Table 1 Values of the inhibition efficiency, corrosion ratrd surface coverage for corrosion of mild steel i

0.1M HCI with different concentrations of amodiaag
after 24 h.

obtained from weight loss measurements perfiirme

Medium Weight loss Inhibition efficiency Corrosion rate Surface coverage
Q) (%) (mply)
Blank (0.1M HCI) 0.28 - 0.0422 -
0.001M Amodiaquine 0.15 46.43 0.0226 0.4643
0.002M Amodiaquine 0.13 53.57 0.0200 0.5357
0.003M Amodiaquine 0.11 60.71 0.0166 0.6071
0.004M Amodiaquine 0.08 71.43 0.0121 0.7143
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3.2 Kinetics of the corrosion inhibition process

Chemical kinetic treatment of the data was necgssar
in order to obtain information about the order loé t
reaction. If the concentration of the corroding aiet
material is estimated in terms of weight loss per
volume (g/l) of the corrodent, and later converted
molar concentratiovia a mass of metal-molar mass
of iron relation, then the kinetics of the systemynbe
deduced. Following the work of Sharma and Sharma
[21], and as reported in our recent wdi], we
assume thaa mol/l is the initial concentration of the
mild steel (Fe), and that after the timyex mol/l of Fe

has decomposed into corrosion products. Therefore,
the remaining concentration of Fe at tinteis
(a-x) mol/l. If a plot of logé-x), i.e. log[Fe] against
gives a straight line, then the reaction can be abe

a first-order reaction. Based on this, we calcaldate

0.8

)

g

0.6
0.4

085 (g

ghtl

. 0.2
0

MEDEET e

concentration of reacted Fe from the weight loss
measurements and obtained the graph showimirs.
The shape of the graph fifig. 3 shows that the system
under consideration follows first-order kinetics.

3.3 Adsorption isotherm
In corrosion inhibition studies, the action of the
corrosion inhibitors is widely believed to include
adsorption on the metal substrates. In order @b diut
the possible adsorption mode, the experimental data
were tested against several adsorption isotherims. T
degree of surface coverage®)( at different
concentrations of the inhibitor was employed irsthi
test.

Considering the Langmuir adsorption model,
which is described by equation23,24], it was found
that the experimental data plotted @& versus C

—4—Blank (0.1M HCI)
0.001M Amodiaquine

== (.002M Amodiaquine

Wei

1 2 3 4 5
Time (days)

== (J.003M Amodiaquine
6
== (0.004M Amodiaquine

Fig. 2 Variation of weight loss with exposure time forldnsteel corrosion in 0.1M HCI in the presence of

different concentrations of amodiaquine.
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Fig. 3 Logarithm of the concentration of mild steesus exposure time for mild steel corrosion in 0.1M
HCI in the presence of different concentrationambdiaquine.
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could be fitted to a straight line and the coortiseaof

1. Amodiaquine acts as a good inhibitor for mild

the Langmuir's adsorption isotherm are given in steelin 0.1M HCI.
Fig. 4. This type of isotherm assumes that there is no 2. The inhibition efficiency increases with increasing

strong interaction between the adsorbed moleculds a
the metal surfacg5].

inhibitor concentration.
3. The corrosion process and its inhibition follow

first-order kinetics.

3.4 Proposed mechanism of action of amodiaquine as
corrosion inhibitor

The adsorption of amodiaquine on mild steel can be
attributed to the presence of polar groups comigini
nitrogen, oxygen and chlorine atoms.
adsorption centers include unshared electron pairs
available on the heteroatoms, amalectrons of the [1]
aromatic rings. The approximately homogenous
distribution of nitrogen atoms throughout the stuue [2]
of the molecule may aid in effective adsorptionyaifl

these are not protonated, since protonated nitrogen [3]
atoms would repel the positively charged metal
surface. On the other hand, protonated nitrogemsto

may form a double layer with negatively charged [4]
chloride ions close to the metal surface, thereby

hindering attacks by the oxonium ions. In additton [5]
the interaction of the nitrogen atoms, the oxygen

atoms may provide coordination with vacdrntrbitals [6]
of the metal atoms at the interface, by means nbdo [7]

acceptor interaction with electron pairs.
(8]
(9]

Conclusion

4. The adsorption process obeys a Langmuir's
adsorption isotherm.
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