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Abstract

In this study, electrochemical and structural pitting effect of
Artemether/Lumefantrine inhibitive drug was examined as a
corrosion inhibitor for mild steel in 0.625M sodium chloride
(NaCl) medium using both weight loss and potentiodynamic
polarisation method. The effect expired drug was assessed
with thermodynamic parameters from temperature variation
and adsorption mechanism. Surface morphological assessment
was also carried out using scanning electron microscope
(SEM) and energy dispersive x-ray spectroscopy (EDS)
analyses. The results obtained shows that
artemether/lumefantrine inhibits the corrosion of mild steel in
0.625M salt solution fairly well with an inhibition efficiency
of up to 75% at 298 K at 20ml of the inhibitor. The inhibition
efficiency reduced with increase in temperature but increased
with increase in inhibitor concentration which suggests that
the inhibition efficiency is inversely proportional to
temperature but directly proportional to concentration. It
operates with the mixed inhibition method since both the
cathodic and anodic reactions were affected by the addition of
the inhibitor. Langmuir adsorption isotherm best matches the
behaviour of the inhibitor in the study with a minimum
correlation coefficient of 0.975.

Keywords: Adsorption, thermodynamics, corrosion, mild
steel, drugs,

INTRODUCTION

Mild steel is usually described as the most commonly used
structural material in engineering fields [1]. It is used for
various applications because of its low cost, wide range of
available forms and sizes as well as its malleability, ductility
and ease of welding. It also has good tensile strength [2].
However, it is very likely to corrode in most environments
and thus various treatment methods have been considered [3-
6]. In the marine sector, mild steel is considered to be the best
metal for use in construction due to its low cost, mechanical
strength and simple process of fabrication [7]. The main
disadvantage is that it tends to corrode rapidly in marine
media and would lose strength quickly when it is not
sufficiently protected which usually leads to failure and
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collapse of its structures [8].

Recently, green chemistry has aroused a lot of interest in
many fields involving the design of  chemicals, chemical
technologies, and various other products in order to reduce the
amount of toxins or harmful wastes [9-11]. There was already
a growing concern about waste generation and the elimination
of hazards and toxins [12]. The increase in environmental
awareness was incited by the Pollution and Prevention Act in
1990 by the USA [13-15].

Corrosion inhibitors are widely used when the corrosion of
metals needs to be stalled [16]. Many synthetic compounds
proved to be good corrosion inhibitors but there have been
concerns about them globally because of their toxicity and
effect on the environment [17-19] Due to this, green inhibitors
have become one of the major focuses in the corrosion field as
they are safer, biodegradable and renewable [20]. Estimates
show that the U.S. alone will need about 4.1% more inhibitors
per year to a cost of $2.5 billion from 2017. The market
demand for corrosion inhibitors in 2012 was distributed as
such: 26.6% from petroleum refineries, 16.9% from utilities,
16.7% from the oil and gas sector, 15.3% from the chemical
industry, 9.5% from the metal industry, 7.1% from the pulp
and paper industry and 8.0% from other fields [21].

Most organic and heterocyclic compounds which contain
oxygen, nitrogen and sulphur are known to be effective
inhibitors [22]. However, majority of them are expensive, or
harmful to people and the environment. These properties limit
the applicability of these compounds as inhibitors. As such,
the need to develop cheaper and safer inhibitors cannot be
overemphasized [23]. In recent years, drugs have been used as
corrosion inhibitors since they are not harmful to the
environment. They are not toxic, cheap, and have almost no
effect on environment. Thus, they are considered as adequate
replacements for the toxic corrosion inhibitors [24].

Many researchers suggest that drugs can perform just as well
as green corrosion inhibitors especially since they are usually
synthesized from natural products (Pathak & Mishra, 2013).
Drugs are often chosen as corrosion inhibitors due to the fact
that they contain oxygen, nitrogen and sulphur in their organic
molecules, they are not harmful to the environment and they
are easy to produce and purify [25]. Artemether is a derivative
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of artemisinin wherein the lactone group has been converted
to a lactol methyl ether corresponding to it. It is usually
combined with lumefantrine for the treatment of multi-drug
resistant strains of falciparum malaria [26]. It is a
sesquiterpenoid, a cyclic acetal, an organic peroxide, an
artemisinin  derivative and a semisynthetic derivative.
Artemether is a drug with chemical formula CicH260s5
commonly used in combination with Lumefantrine
(benflumetol) to treat malaria which cannot be treated using
chloroquine. It is on the World Health Organisation’s list of
essential medicines and is considered one of the safest and
most effective medicines [25-28] Lumefantrine is also
referred to as co-artemether. It is a drug with chemical
formula CsoHs2CIsNO. It is only ever used for antimalarial
treatments in combination with artemether. It is used in
smaller amounts than artemether however [28, 29]. The
current information on the inhibition properties of mild steel
with Artemether/Lumefantrine expire inhibitive drug is
scanty. Thus, this paper aim to examine the adsorption
mechanism and thermodynamics characteristics of expired of
Artemether-Lumefantrine inhibition drug on mild steel in
NaCl solution.

2.
2.1.

Twenty-five coupon samples of mild steel was cut into
rectangles coupon of 10 mm x 10 mm x 2 mm with an average
area of about 1cm? used in the course of this study. The steel
plate purchased from a metal processing vendor in Ota,
Nigeria, was analyzed accordingly to obtain the elemental
composition. Two grades of emery paper were used to remove
impurities from the surface of the metals as well as to ensure
adequate smoothness of the surface before the tests. Sodium
chloride was obtained and supplied to Surface Engineering
Research Laboratory, Covenant University from Sigma-
Aldrich, USA. Artemether/Lumefantrine expired inhibitive
drug were obtained in powder nature from Pharmaceutical
Company in Ota, Ogun state.

EXPERIMENTAL METHODS
Materials and Sample Preparation
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Figure 1: Artemether chemical structure

2.2

The corrosive medium used in the experiment was 0.625
molar sodium chloride solutions. The solution was prepared
by weighing out 32.5 grams of anhydrous sodium chloride
granules of about 95% purity. The granules were placed in a
measuring cylinder while distilled water was added until the
mixture was 1 litre. The mixture was then stirred to ensure
complete dissolution of the salt in the water. Powder
containing 90 milligrams of Artemether and 15 milligrams of
Lumefantrine was poured into a measuring cylinder and then
distilled water was added to make up a 120-millilitre mixture.
Tests were carried out without the inhibitor at 5ml, 10ml,
15ml and 20ml of inhibitor at various temperatures. The
principle of testing followed study done by [25, 27]

Test solution preparation and analysis

2.3. Electrochemical tests

After all the required materials had been prepared, the
electrochemical tests were carried out. Metal samples were
placed in a beaker containing 50ml salt solution acting as the
corrosive medium. The corrosion propagation was done using
AUTO LAB PGSTAT 101 potentiostat galvanostat device
with Nova 2.1 software. The spontaneous chemical interaction
of the inhibitive properties of the Artemether Lumefantrine
drug on mild steel was examined using the potentiodynamic
polarization technique. The design procedure in Table 1 was
follow and all materials were subjected to (salty)
environments at an ambient temperature of 35 °C, 40 °C, 45
°C and 50 °C. A three conventional electrode cell consisting of
the reference electrode, working electrode, and counter
electrode with a beaker filled with 100 ml of electrolyte was
used. With the mild steel as the working electrode, silver
chloride as the reference electrode, and graphite rod as the
counter electrode, the configuration was connected to AUTO
LAB PGSTAT 101 Metrohm. The Tafel plot was attained
within -1.5V and +1.5V and a scan rate of 0.0012 V/s. The
preparation was carried out just before each of the corrosion
tests. The samples were divided based on the testing
conditions shown in the table 1

Table 1: Experimental design of mild steel corrosion tests in
0.625M salt solution with Artemether/Lumefantrine inhibitor

sample Inhibitor_ Temperature Medium_
number Concentration ) Concentration
(ml) (ml)
1 0 298 50
2 5 298 50
3 10 298 50
4 15 298 50
5 20 298 50
6 0 308 50
7 5 308 50
8 10 308 50
9 15 308 50
10 20 308 50
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Sample Inhibitor_ Temperature Medium_
number Concentration ) Concentration
(ml) (ml)

11 0 313 50

12 5 313 50

13 10 313 50

14 15 313 50

15 20 313 50

16 0 318 50

17 5 318 50

18 10 318 50

19 15 318 50

20 20 318 50

21 0 323 50

22 5 323 50

23 10 323 50

24 15 323 50

25 20 323 50

Corrosion rate is the amount of the metal lost due to
deterioration per unit time at a specified surface [8]. Faraday's
law is often used to obtain the corrosion rate of any species of
material in weight lost per ampere of current flow per unit
time. The corrosion rate was obtained using equation 1

327+ icorr* We
D

C, = 1)
Where C; is the corrosion rate in mm/year, icor iS the current
density, D is the density of the metal and W, is the weight of
the metal.

The inhibition efficiency (V) of the Artemether/Lumefantrine
solution was found by relating the calculated by using the
relationship represented below in equation 2:

N(%) = 2 X 100%

)
Where Wo is the initial mass of metal sample and Wi is the
final mass of metal sample. Inhibition efficiency was found
for 5ml, 10ml, 15ml and 20ml of the inhibitor at room
temperature, 35 °C, 40 °C, 45 °C and 50 °C.

2.4. Adsorption Isotherms  and

mechanism

thermodynamics

The adsorption behaviour was tested against the Langmuir,
Temkin, Freundlich, EI-Awady and Flory Huggins adsorption
isotherms. The correlation coefficients of the isotherms were
found and then compared to find the best fit. Langmuir
adsorption model prediction was initially created as a means
of characterising gas adsorption onto solid surfaces. Equation
3 gives the Langmuir adsorption isotherm:

c

0

1

+C
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With freundlich adsorption isotherm the model is usually
applied to adsorption on heterogenous surfaces and
subsequently to define the exponential distribution of active
sites, their energies and the surface heterogeneity [3]. The
Freundlich adsorption isotherm is represented by equation 4:

log6 = log K + log C 4)

For Temkin adsorption isotherm the effects of indirect
interactions between the adsorbate on the adsorption process
especially when heat of adsorption of all molecules in the
layer are inversely proportional to the surface coverage. It is
only valid for an intermediate range of concentrations. The
Temkin isotherm is shown by equation 5

(®)

The Flory-Huggins adsorption isotherm is obtained using the
relationship in equation 6, considering the surface coverage
feasible and adsorption spontaneous process is.

0 = %logK+ %logC

(6)

Where C is the inhibitor concentration, 0 is the surface
coverage Kags is the adsorption coefficient b is the Temkin
constant and Ky is the Flory-Huggins coefficient.

logg = logKry +nlog(1 — 8)

The thermodynamic properties were ascertained by comparing
the inhibitor’s performance at different temperatures. The
activation energy was obtained using the Arrhenius equation
which is shown in equation 7.

—Eg
IOgCr = m‘l‘ lOgl
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2.5.

The structural adsorption behaviour of the inhibitor was
determined using a Scanning Electron Microscopy (SEM) and
Energy Dispersive X-ray Spectroscopy (EDS) analysis for
elemental quantification and effect of corrosion product on the
corroded metal.

Surface Characterisation

3. RESULTS AND DISCUSSION

Figs 2 to 4 give the corrosion parameters obtained for the
metal samples tested with varying concentrations of inhibitor
at 298 K, 308 K, 313 K, 318 K and 323 K respectively. The
mass loss, corrosion rate, surface coverage and inhibition
efficiency were all recorded. Figure 2 shows the relationship
between the concentration of Artemether/Lumefantrine
inhibitor used and the mass of mild steel lost in 0.625M salt
solution at temperatures between 298 K and 323 K. The figure
shows a reduction in the quantity of mass lost with increase in
inhibitor ~ concentration.  This  implies  that  the
Artemether/Lumefantrine inhibitor suppresses the rate of
corrosion in the salt solution medium. It occurs due to the
coverage of the metals’ surfaces by a layer of the inhibitor
which limits the corrosion reaction and thus prevents the loss
of material which accounts for the lower mass loss.
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Figure 2: Mass loss against inhibitor concentration

Comparing the corrosion rates of the metal with the
temperatures as shown in Fig 3, it can be noticed that an
increase in temperature leads to an increase in corrosion rate.
This implies that temperature is directly proportional to the
rate of corrosion and thus inversely proportional to the
inhibition efficiency. The highest corrosion rate was found in
the absence of inhibitor at 323 K at about 26 mm/year and the
lowest corrosion rate was at 298 K with 20ml
artemether/lumefantrine.  Figure 4 shows a decrease in
inhibition efficiency with increase in temperature. Thus, an
inverse  relationship is  observed between  the
Artemether/Lumefantrine inhibitor efficiency and the
temperature of the medium. This behaviour is most likely due
to desorption of inhibitor from the surface of the metals at
higher temperatures thus leaving the metals’ surfaces exposed
to the effect of the corrosive medium. As such, physical

adsorption can be assumed.
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Figure 3: Corrosion Rate against Inhibitor Concentration for
Mild Steel in 0.625M NaCl with Artemether / Lumefantrine
Inhibitor for various temperatures
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Figure 4: Inhibitor efficiencies (%) against Inhibitor
Concentration for Artemether / Lumefantrine inhibitor in
0.625M NaCl medium at 298 K-323 K

Figures 5a-e give the polarisation curves for the mild steel
samples in 0.625M salt solution at various concentrations of
the Artemether/Lumefantrine inhibitor with each graph
representing the behaviour at a temperature of 298 K, 308 K,
313 K, 318 K and 323 K. The polarisation was carried out for
ten minutes for each sample with a scan rate of 0.01
volts/second and a step of 2.5 mV. The anodic dissolution
reaction is represented in the top half above the intersection
line of each graph and the cathodic hydrogen evolution
reaction. The figures show that increase in inhibitor
concentration suppresses both the anodic and cathodic
reactions since both the anodic and cathodic curves showed a
decrease in current density in the presence of the inhibitor.
This submits that the inhibitor acts as a mixed type [1].

Table 2 gives the electrochemical data of the metal samples
with varying concentrations of the artemether/lumefantrine
inhibitor at temperatures ranging from 298 K to 323 K. It
gives the corrosion potential (Ecor), the current density (jcorr)
and the polarizing resistance (PR). A compound is said to be
an anodic or a cathodic inhibitor based on the corrosion
potential (Ecor). If the corrosion potential change is greater
than 85 mV towards anode or cathode with reference to the
sample tested without inhibitor, then the inhibitor is either an
anodic inhibitor or a cathodic inhibitor respectively.
Otherwise, it is referred to as a mixed inhibitor [29]. As
shown in table 4.1, the difference in corrosion potential is not
up to the 85 mV. This also agrees with the curves in Figs 5a-e
and shows that the Artemether/Lumefantrine inhibitor acts as
a mixed type inhibitor.
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Table 2: Electrochemical data of mild steel samples in 0.625M salt solution medium in the presence and absence of
Artemether/Lumefantrine inhibitor

Temperature (K) corl1r::?ntztlrﬁiron Ecorr (V) | jcorr (Alcm?) Cr (mm/year) PR (QQ)
(ml)
0 -1.1834 0.0012 13.5510 60.6470
5 -1.1674 0.0007 7.6314 43.7510
298 10 -1.1542 0.0004 4.2628 41.2140
15 -1.1764 0.0003 3.9598 95.8770
20 -1.1626 0.0003 3.4460 41.2860
0 -1.1781 0.0015 17.2200 56.2590
5 -1.1596 0.0010 12.1370 51.5700
308 10 -1.1707 0.0009 10.0860 35.1670
15 -1.1536 0.0008 8.7624 60.2200
20 -0.7142 0.0006 7.0483 6.0182
0 -1.1671 0.0017 19.4770 45.1730
5 -1.1121 0.0014 16.0720 39.6350
313 10 -0.6052 0.0013 15.0760 5.9739
15 -1.1521 0.0012 14.0170 44.8390
20 -1.1812 0.0011 12.9130 57.8180
0 -1.1774 0.0019 22.0010 19.0810
5 -0.6897 0.0017 19.5090 4.9063
318 10 -1.1527 0.0015 17.6010 38.5620
15 -1.1520 0.0014 16.0470 47.7890
20 -1.2467 0.0013 15.4190 49.4730
0 -1.1526 0.0023 26.9610 40.2070
5 -0.6832 0.0021 24.3280 5.3218
323 10 -1.2094 0.0020 23.0090 39.9460
15 -1.1405 0.0019 21.9500 60.1510
20 -1.5592 0.0019 21.5480 113.1700
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Figure 5: Polarisation curves for mild steel samples in varying amounts of inhibitor at [a] 298K [b] 308K [c] 313K [d] 318K [e]
323 K

Adsorption isotherms are plots used to study adsorption
behaviour of samples. The amounts of adsorbate based on
pressure for gaseous samples and concentration for liquids at
constant temperatures are presented in Figs 6-10. Five
different adsorption isotherms were tested in this study, the
Langmuir, Freundlich, Temkin, EI-Awady and Flory-Huggins
isotherms shown in Figs 6-10 respectively. Table 3 compares
the fits of the isotherms based on their correlation coefficients
to obtain the best fit. It is shown that the Langmuir adsorption
isotherm provides the best fit. Table 4 gives the data obtained
from the Langmuir isotherm. The Gibbs free energy values
are greater (more positive) than -20 kJ/mol. This suggests that
a physical adsorption was carried out as chemical adsorption
falls in a range of -40 kJ/mol or higher as attested by [29]. It is
seen that the adsorptive capacities of adsorbates balance up
the adsorption and desorption rates which account for
effective surface coverage.

From all indication, the adsorbent surface consists of a fixed
number of active sites based on its surface area and only one
molecule was adsorbed at each of these active sites. It is worth
mentioning that there is no interaction between the molecules
adsorbed on the active sites. As such, the heat of adsorption
does not change regardless of the surface coverage. The
molecules that have been adsorbed remain at their adsorption
sites until desorption takes place.
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Figure 6: Adsorption plot using Langmuir isotherm
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Figure 7: Adsorption plot using Freundlich Isotherm
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Figure 8: Adsorption plot using Temkin Isotherm
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Figure 9: Adsorption plot using El-Awady isotherm

Figure 10: Adsorption plot using Flory-Huggins isotherm

Table 3: Correlation coefficients for various adsorption

isotherms
Temperature |Langmu | Freundli | Temki| El- Flory-
(K) ir ch n Awady | Huggins
298 0.9822 | 0.8780 [0.8996| 0.9649 0.7838
308 0.9759 | 0.9962 [0.9766| 0.8985 0.9190
313 0.9784 | 0.9842 |0.9514| 0.9207 0.8733
318 0.9995 | 0.9857 [0.9940| 0.9877 0.9087
323 0.9922 | 0.9887 [0.9936| 0.9750 0.9087
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Based on the Langmuir equation, a plot of concentration
divided by surface coverage (C/6) against the concentration
was constructed as shown in figure 4.14. This then matches
equation shown below:

+C ®)

|0

Kads

From the equation, the intercept gives the inverse of the
adsorption coefficient (Kags) and thus, the inverse of the
intercept for each temperature gives the adsorption coefficient
at that temperature. To obtain the change in standard free
energy of adsorption (AGads), the relationship below was used:

AGgys = —RTIn(55.5K.45) 9)

With R as the gas constant and T as the temperature. Since the
value of the free energy of adsorption are more positive than -
20 kJ/mol as they fall within the range of -10.08 and -13.87
kd/mol, it can be concluded that the inhibitor exhibited a
physical type adsorption  (physisorption) and not
chemisorption. Also, since the values are negative, it shows
that the adsorption was spontaneous.

Table 4: Langmuir isotherm thermodynamic data

;I;(e)mperatu re | g Kage ?}(G;;i o)
298 0.9822 1.0545 -10.0843
308 0.9759 1.1432 -10.6295
313 0.9784 2.0297 -12.2961
318 0.9995 1.4710 -11.6412
323 0.9922 3.1547 -13.8735

In Fig 11, the logarithms of corrosion rates were plotted
against the inverse of the temperatures in order to obtain the
activation energy and the pre-exponential factors based on the
Arrhenius equation shown below:

—-Eq
2.303 RT

logC, = +logA (10)

As such, the activation energy (Ea) can be found from the
slope of the graph and the pre-exponential factor from the
exponential of the intercept. The activation energy is seen to
increase with increase in inhibitor concentration. This shows
that the inhibitor is active in preventing corrosion by limiting
the oxidation reaction through an increase in the activation
energy of the reaction. The entropy also increases with
increasing inhibitor thus implying a spontaneous adsorption
process.
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Figure 11: Arrhenius Plot for Mild Steel in 0.625M NaCl
with various concentrations of Artemether / Lumefantrine
Inhibitor

To obtain the entropy and enthalpy of activation, a plot of the
logarithm of corrosion rate divided by temperature (log C/T)
was drawn against the inverse of temperature as shown in
figure 12. This was to linearize the transition equation given
below:

Cr R AS H
7= e () e
The enthalpy was obtained from the slope and the entropy was
obtained from the intercept where N represents Avogadro’s
number and h represents Planck’s constant. The enthalpy
values are seen to be positive. This shows that the dissolution
of mild steel in the salt solution medium is endothermic and
suggests that the dissolution of mild steel in the salt solution
medium is slow. Also, the enthalpy was seen to increase with
increasing concentration of the Artemether/Lumefantrine
inhibitor which implies slower dissolution of the mild steel in
the presence of the inhibitor [9]. The entropy also increased
with increasing inhibitor concentration. This proposes that the
adsorption of the inhibitor leads to desorption of water
molecules from the metal surfaces. Positive entropy values
imply that the adsorption process is followed by entropy
increase which is the driving force for inhibitor adsorption.
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-2

-25

-3.5

Log Cr/T

45

0.00305 0.0031 0.00315 0.0032 0.00325

YT

0.0033 0.00335

0.0034

» Contro o 10m o 15m

Figurel2: Transition state plot for Mild Steel in 0.625M NacCl
with various concentrations of Artemether / Lumefantrine
Inhibitor
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Images of the surfaces of the metal samples were taken to
observe the differences in corrosion effect due to presence or
absence of artemether/lumefantrine inhibitor and temperature
while the metals were immersed in the 0.625M NaCl solution.
Fig 13 represents scanning electron micrographs of metal
samples after exposure to the corrosive environment in
varying inhibitor concentrations and temperature at 300X
magnification. In Fig 13a, the sample was tested at room
temperature in the absence of inhibitor. Small holes and
cracks characterised that surface which suggests pitting
corrosion most likely due to the effect of chloride ions within
the medium. In Fig 13b-f, the sample was tested with 20ml of
artemether/lumefantrine inhibitor applied. The corrosive
effect is less pronounced with fewer pits and a slight inhibitor
layer on the surface which shows that the inhibitor is
effective. In Fig. 13f the sample contains heteroatom and
films evolution of artemether/lumefantrine inhibitor drugs.
There is a massive surface decrease in corrosion deterioration
even at higher temperature. This establishes that there is a
displayed on reduction in severity of pitting evolution and
corrosion product.

SEM HV: 20.0 KV

WD 13,18 mm

SEM MAG: 300 x Det: BSE

Figure 13: SEM micrograph (a) As-received mild steel (b)
20ml inhibitor at 298 K (c) 20ml inhibitor at 308 K (d) 20ml
inhibitor at 313 K (e) 20ml inhibitor at 313 K (f) 20ml
inhibitor at 323 K
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Figs 14 and 15 show the Energy dispersive x-ray spectroscopy
analysis (EDS) of inhibited and uninhibited samples in order
to determine the composition of artemether/lumefantrine and
macromolecular element presents. From all observation, EDS
spectrum for uninhibited sample in Fig 14 sample at 323 K
shows high percentage of iron and oxygen. For the inhibited
sample in Fig 15, there is a suppression of the iron

composition from 97.2% to 37.6% after exposure. More so,
there is presence of surface active element such as C, O, Si,
Na, Cl, Al and S passivating active site. No doubt, there is less
chloride ion, initiation and penetration metal interface with the
help of molecular compounds of artemether/lumefantrine
active agent.
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Figure 15: EDS spectrum of 20ml artemether/lumefantrine inhibited mild steel at 323 K

CONCLUSION

The study of inhibitive performance and mechanism of
Artemether/Lumefantrine was studied.
Artemether/Lumefantrine inhibits the corrosion of mild steel
in 0.625M salt solution perfectly with an inhibition efficiency
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of up to 75% at 298 K with 20ml of the inhibitor. The
polarisation curves showed that the inhibitor operates with a
mixed inhibition method since both the cathodic and anodic
reactions  were  affected by the addition of
artemether/lumefantrine inhibitor. The Langmuir adsorption
isotherm best matches the behaviour of the inhibitor in the
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experiment with a minimum correlation coefficient of 0.975.
The inhibition efficiency reduced with increase in temperature
but increased with increase in inhibitor concentration which
suggests that the inhibition efficiency is inversely proportional
to temperature but directly proportional to concentration. The
entropy values for the reaction were positive in the presence
of inhibitor and increased with increase in inhibitor
concentration which shows the driving force for adsorption of
inhibitor onto the surface of the metal which leads to
desorption of water molecules from the surfaces. The
scanning electron micrograph showed noticeably lower
amount of pitting on the surface of the metals with increased
inhibitor concentration and greater pitting at higher
temperatures.
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