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The inhibition performance and adsorption behaviour of 4-hydroxy-N-[(E)-(1H-indole-2-ylmethylidene)] benzohydrazide
(HIBH) on mild steel in 1MHCl solution were tested by potentiodynamic polarization and electrochemical impedance
spectroscopy (EIS). The inhibition efficiency of HIBH increases with increase in inhibitor concentration in the temperature range
30–60∘C. Polarisation curves indicate that HIBH is a mixed inhibitor, affecting both cathodic and anodic corrosion currents. The
adsorption process of HIBH at the mild steel/hydrochloric acid solution interface obeyed Langmuir adsorption isotherm model
and inhibition takes place by mixed adsorption, predominantly chemisorption.The activation and thermodynamic parameters for
the corrosion inhibition process were calculated to elaborate the mechanism of corrosion inhibition.

1. Introduction

The corrosion of iron and mild steel is a fundamental aca-
demic and industrial concern that has received a considerable
amount of attention. Mild steel is widely employed as a
constructional material in many chemical and petrochemical
industries due to its excellent mechanical properties and
low cost [1]. Acid solutions are widely used in industry, for
example, acid pickling, chemical cleaning and processing, ore
production, and oil well acidification [2]. Corrosion problems
arise as a result of the interaction between the aqueous
acid solutions and mild steel, especially during the pickling
process in which the alloy is brought in contact with highly
concentrated acids. This process if not combated can lead
to economic losses due to the corrosion of the alloy [3].
Therefore corrosion control is essential in combating the
negative environmental and industrial impact of corrosion.
The use of inhibitors is one the most effective methods
for protection against corrosion, especially in acidic media.
Many heterocyclic compounds containing hetero atoms like
nitrogen, sulphur, and/or oxygen atoms have been proved to

be effective inhibitors for the corrosion of metals and alloys
in acid media [4]. These organic compounds can adsorb on
the metal surface, block the active sites on the surface, and
thereby reduce the corrosion rate.

Hydrazides derivatives have continued to be the subjects
of extensive investigation in chemistry and biology owing to
their broad spectrum of antitumor [5], antimalarial [6],
and many other applications as well as corrosion inhibi-
tion of metals. Several acid hydrazide derivatives, aromatic
hydrazide derivatives, and thiosemicarbazide derivatives
have shown exceptional ability to inhibit corrosion of mild
steel in acidic solutions [7–9]. A survey of the literature
reveals that, despite the high ability of hydrazide compounds
to interact strongly with the metal surface, little attention
has been paid to the use of these compounds as corro-
sion inhibitors. The inhibition property of these compounds
is attributed to their molecular structure. The lone pair of
electrons on the heteroatoms, the presence of 𝜋 electrons,
imine groups, electron donating groups, and the planarity of
the entire structure are the important features that determine
the adsorption of these molecules on the metallic surface.

Hindawi Publishing Corporation
International Journal of Corrosion
Volume 2014, Article ID 256424, 11 pages
http://dx.doi.org/10.1155/2014/256424



2 International Journal of Corrosion

Themain objective of this work is to investigate the corro-
sion inhibition behaviour of 4-hydroxy-N-[(E)-1H-indole-
2-ylmethylidene)] benzohydrazide (HIBH) on mild steel in
1M hydrochloric acidmedium using potentiodynamic polar-
ization and EIS techniques. The activation parameters for
the dissolution process and thermodynamic parameters for
the adsorption process are calculated. Further confirmation
of the inhibition action of the compound is obtained by
scanning electronmicroscopic analysis of themild steel spec-
imen in presence and absence of the inhibitor.

2. Experimental

2.1. Material. The material employed in the present work is
mild steel with chemical composition of (% wt) C (0.159),
Si (0.157), Mn (0.496), P (0.060), S (0.062), Cr (0.047), Ni
(0.06), Mo (0.029), Al (0.0043), Cu (0.116), and balance iron.
The specimen was prepared in the form of a cylindrical rod
embedded in epoxy resin, having one end of the rod with
an open surface area of 0.95 cm2. The exposed flat surface
of the mounted part was abraded using different grades of
emery papers and finally on disc polisher using levigated
alumina abrasive. The abraded specimen was washed with
double distilled water, cleaned with acetone, and finally dried
before immersing in the medium.

2.2. Medium. The acid solution (1.0M HCl) is prepared by
dilution of an analytical reagent grade 37% HCl with double-
distilled water.

2.3. Inhibitor Preparation. 4-Hydroxy-N-[(E)-1H-indole-2-
ylmethylidene)] benzohydrazide (HIBH) is prepared as per
the reported literature [6]. An equimolarmixture of ethanolic
solution of indole-2-carboxaldehyde (0.01mol) and 4-hydro-
xyl benzohydrazide (0.01mol) is refluxed on a hot water bath
for about 2 h. The precipitated product is filtered, dried, and
recrystallized from ethanol. FTIR spectra of the recrystallized
sample are recorded using spectrophotometer (Schimadzu
FTIR 8400S) in the frequency range of 4000 to 400 cm−1
using KBr pellets. The chemical structure of the HIBHmole-
cule is given in Figure 1.

2.4. Electrochemical Measurement. Electrochemical measur-
ements are carried out using a potentiostat (CH Instrument
USA Model 604D). Both polarization studies and electro-
chemical impedance measurements (EIS) are carried out
using conventional three-electrode Pyrex glass cell with plat-
inum as counter electrode, saturated calomel electrode (SCE)
as reference electrode, and mild steel as working electrode.
Finely abradedmild steel specimenwith 0.95 cm2 surface area
is exposed to acid solutionwithout andwith different concen-
trations of inhibitors and allowed to establish a steady-state
open circuit potential (OCP). The potentiodynamic current
versus potential curves is recorded by polarizing the speci-
men from −250mV cathodically to +250mV anodically with
respect to OCP with a scan rate of 1mVs−1. The experiments
are performed at different temperatures using a calibrated
thermostat. Corrosion potential (𝐸corr) and corrosion current
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Figure 1: Chemical structure of HIBH molecule.

density (𝑖corr) are recorded, from which corrosion rate (CR)
and percentage inhibition efficiency (% IE) are obtained. EIS
measurements are carried out in a frequency range from 0.01
to 10000Hz using a small amplitude ac signal of 10mV at
the open circuit potential. Impedance data are analyzed using
Nyquist plots. Charge transfer resistance (𝑅ct) and double
layer capacitance (𝐶dl) are recorded.

2.5. Scanning Electron Microscopy (SEM). The surface mor-
phologies of the mild steel specimen immersed in 1M hydro-
chloric acid solution in the presence and absence of optimal
concentration of HIBH are compared by recording the SEM
images of the specimen using a scanning electronmicroscope
(EVO 18-5-57 model).

3. Results and Discussion

3.1. Characterization ofHIBH. Crystalline yellow solid (95%);
m. p: 154–158∘C., IR (KBr) [cm−1]: 1608 (C=N str.), 1770
(C=O), 1542 (Ar. C=C str.), 3035 (CH str.), 3182 (NH str.),
2719 (C–H assy. str.), 2796 (C–H sym. str.), 3610 (OH).

3.2. Potentiodynamic Polarization Studies. Theeffect ofHIBH
on the corrosion rate of mild steel was studied using Tafel
polarization technique. Figure 2 shows the Tafel polarization
curves for the dissolution of mild steel in 1M hydrochloric
acid solution at 40∘C in the absence and presence of HIBH.

The corrosion rate (CR), the degree of surface coverage
(𝜃), and the percentage inhibition efficiency (% IE) are calcu-
lated by using the following relations:

CR =
3270 ×𝑀 × 𝑖corr

𝜌 × 𝑍

, (1)

where 3270 is a constant that defines the unit of corrosion rate,
𝑖corr is the corrosion current density inA cm−2,𝜌 is the density
of the corroding material,𝑀 is the atomic mass of the metal,
and 𝑍 is the number of electrons transferred per metal atom
[10]. Consider

𝜃 =

𝑖corr − 𝑖corr(inh)

𝑖corr
, (2)

where 𝜃 is the surface coverage and 𝑖corr and 𝑖corr(inh) are the
corrosion current densities in the absence and presence of
HIBH, respectively [8]. Consider

% IE = 𝜃 × 100. (3)

Electrochemical corrosion kinetic parameters such as
corrosion potential (𝐸corr), cathodic Tafel slope (𝑏𝑐), anodic
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Figure 2: Tafel polarization curves for the mild steel specimen in
1M HCl with various concentrations of HIBH at 40∘C.

Tafel slope (𝑏
𝑎
), corrosion current density (𝑖corr), corrosion

rate (CR), and the inhibition efficiency (% IE) are obtained
and recorded in Table 1. As it is evident from the data pre-
sented in Table 1, 𝑖corr values decrease sharply with increase
in the concentration of HIBH. Also the % IE increases
with increase in inhibitor concentrations of HIBH, which is
presumably due to the blocking effect of the metal surface
by both adsorption and film formation [11]. In addition to
this % IE is also found to increase with the increase in
temperature.Thehigh inhibition efficiency ofHIBH ismainly
due to its strong bonding interaction with the metal surface.
The strong bonding is generally attributed to higher electron
densities at active functional groups, present in the adsorbate
molecule [12]. It is clear from the Tafel plot that there is no
much shift in the 𝐸corr values in the presence of inhibitor
compared to that in the absence of inhibitor. This indicates
that HIBH acts as a mixed type of inhibitor by suppressing
both anodic metal dissolution and cathodic hydrogen evo-
lution reactions [11]. The slight variation in cathodic Tafel
slopes (𝑏

𝑐
) suggests the influence of HIBH on the kinetics of

the hydrogen evolution reaction. This indicates an increase
in the energy barrier for proton discharge, leading to less gas
evolution [13]. Similarly the small change in the anodic slope
(𝑏
𝑎
) indicates that HIBH was first adsorbed onto the metal

surface and impeded by merely blocking the reaction sites of
themetal surface without affecting the anodic reactionmech-
anism [14].
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Figure 3: Arrhenius plots of ln(CR) versus 1/T for mild steel in 1M
HCl with different concentrations of HIBH.

The activation energy (𝐸
𝑎
) for the corrosion and inhibi-

tion process was calculated [15] from Arrhenius plot accord-
ing to the following equation:

ln (CR) = 𝐵 −
𝐸
𝑎

𝑅𝑇

, (4)

where𝐵 is theArrhenius preexponential constant and𝑅 is the
universal gas constant.

The plot of ln(CR) versus (1/𝑇) gave a straight line
(Figure 3) with slope equal to −𝐸

𝑎
/𝑅, from which the 𝐸

𝑎

values are calculated and tabulated in Table 2.
The enthalpy of activation (Δ𝐻#) and entropy of activa-

tion (Δ𝑆#) for the metal dissolution process are determined
using the transition state equation [16]:

CR = 𝑅𝑇
𝑁ℎ

exp(Δ𝑆
#

𝑅

) exp(−Δ𝐻
#

𝑅𝑇

) , (5)

where ℎ is Plank’s constant and 𝑁 is Avogadro’s num-
ber. The plot of ln(CR/𝑇) versus 1/𝑇 gives a straight line
(Figure 4) with slope equal to −Δ𝐻#

/𝑇 and intercept equal
to ln(𝑅/𝑁ℎ) + Δ𝑆#/𝑅. From these results the Δ𝐻# and Δ𝑆#
values are calculated and recorded in Table 2.

The energy of activation (𝐸
𝑎
) obtained from the Table 2

is slightly lower than in the absence of inhibitor. This may be
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Table 1: Tafel polarization results for the corrosion of mild steel in 1MHCl in the absence and presence of inhibitor at different temperatures.

Temp. (∘C) Conc. of HIBH (mM) 𝐸corr (mV/SCE) −𝑏
𝑐
(mVdec−1) 𝑏

𝑎
(mVdec−1) 𝑖corr (mA cm−2) CR (mmy−1) % IE

30

0 −507 73.1 73.1 1.894 11.74 —
0.01 −499 65.0 73.8 0.534 3.31 71.7
0.025 499 69.2 99.8 0.486 3.01 74.3
0.05 −498 68.9 112.3 0.374 2.45 80.2
0.1 −481 73.5 119.3 0.269 1.67 85.7
0.2 −481 78.2 113.4 0.240 1.49 87.3
0.4 −482 76.6 102.4 0.206 1.28 89.1
0.6 −488 73.2 102.7 0.183 1.13 90.3
0.8 −502 78.8 115.7 0.161 1.00 91.4

40

0 −505 68.7 60.9 3.352 20.78 —
0.01 −494 71.2 79.4 0.780 4.83 76.7
0.025 −496 76.3 98.5 0.641 3.98 80.8
0.05 −497 75.5 100.1 0.572 3.55 82.9
0.1 −489 77.9 102.3 0.467 2.90 86.0
0.2 −484 75.5 109.0 0.402 2.49 87.9
0.4 −487 72.5 101.7 0.394 2.44 88.3
0.6 −484 71.4 103.2 0.360 2.23 89.2
0.8 −501 74.1 102.2 0.224 1.39 93.3

50

0 −504 61.3 57.8 6.458 40.03 —
0.01 −501 55.9 78.2 1.417 8.80 78.0
0.025 −499 72.6 82.5 1.104 6.88 82.9
0.05 −499 70.5 95.4 0.994 6.14 84.6
0.1 −495 64.9 95.4 0.900 5.58 86.1
0.2 −491 71.8 98.1 0.720 4.47 88.8
0.4 −497 77.3 97.0 0.622 3.85 90.3
0.6 −495 78.0 105.8 0.567 3.52 91.2
0.8 −499 77.5 105.0 0.389 2.41 93.9

60

0 −504 54.3 52.5 12.43 77.0 —
0.01 −495 53.4 66.9 2.650 16.4 78.6
0.025 −498 55.3 72.5 2.356 14.6 81.0
0.05 −499 59.0 83.6 1.850 11.4 85.1
0.1 −486 55.9 93.8 1.693 10.4 86.4
0.2 −485 58.4 94.8 1.310 8.20 89.4
0.4 −488 53.9 92.0 1.224 7.58 90.2
0.6 −488 67.9 93.7 1.081 6.74 91.3
0.8 −487 64.9 96.0 0.710 4.45 94.2

due to the slow rate of inhibitor adsorption with a resultant
closer approach to the equilibrium at high temperature [17].
Riggs and Hurd [18] reported that the decrease in 𝐸

𝑎
in the

presence of inhibitor may arise from a shift of the net cor-
rosion reaction from the uncovered part of the metal surface
to the covered one. Schmid and Huang [19] found that the
organic molecules inhibit both anodic and cathodic partial
reactions on the electrode surface and a parallel reaction takes
place on the covered area, but the reaction rate on the covered
area is substantially less than that on uncovered area which is
similar to the present case.

Large negative values of Δ𝑆# show that the activated
complex in the rate determining step is an association rather
than dissociation step meaning that a decrease in disordering

takes place on going from reactants to the activated complex
[20].

3.3. Electrochemical Impedance Spectroscopy. Electrochem-
ical impedance spectroscopy (EIS) is a powerful analysis
technique, which can be used to determine the characteristics
and kinetics of electrochemical processes occurring at the
metal/aggressive media interfaces. The corrosion behaviour
ofmild steel in 1MHCl solutions in the absence and presence
of different concentrations of HIBH is investigated by EIS
at different temperatures and the impedance responses of
the corrosion system are given in terms of Nyquist plot.
As seen from Figure 5, the Nyquist plots consist of one
depressed semicircle with a considerable deviation from an
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Table 2: Activation parameters for the corrosion of mild steel in 1M
HCl acid containing different concentrations of HIBH.

Conc. of
inhibitor (mM) 𝐸𝑎 (kJmol−1) Δ𝐻# (kJmol−1) − Δ𝑆# (Jmol−1 K−1)

0 52.29 49.67 60.80
0.01 50.08 47.47 80.20
0.025 46.42 43.66 83.80
0.05 47.94 45.32 89.70
0.1 51.19 48.58 80.72
0.2 47.26 44.64 94.63
0.4 48.19 45.58 92.53
0.6 48.29 45.68 93.07
0.8 41.63 44.19 101.08
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Figure 4: Plot of ln(CR/𝑇) versus 1/T for mild steel specimen in 1M
HCl containing various concentrations of HIBH.

ideal semicircle and the diameter of semicircle increases with
increasing inhibitor concentration.The existence of the same
shape single semicircles shows the presence of single charge
transfer process during dissolution which is unaffected by the
presence of inhibitor molecules. The deviation from the per-
fect semicircle is generally attributed to the inhomogeneity
and impurities of the metal electrode surface [19].

The impedance parameters are analysed by fitting a suit-
able equivalent circuit to the Nyquist plots using ZSimpWin
software version 3.21. Figure 6 shows the simple Randles
circuit, which is used to fit the impedance data in the absence
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Figure 5: Nyquist plots for the mild steel specimen in 1M HCl acid
containing different concentrations of HIBH at 40∘C.

and presence of inhibitor. In this equivalent circuit, 𝑅
𝑠
is the

solution resistance, 𝑅ct is the charge transfer resistance, and
CPE is the constant phase element.

The constant phase element, CPE, is introduced in the
circuit instead of a pure double layer capacitor to fit more
accurately the behaviour of the electrical double layer. The
CPE impedance (𝑍CPE) is calculated [20] using the following
equation:

𝑍CPE = 𝑄
−1
(𝑖𝑤max)

−𝑛

, (6)

where𝑄 is the proportionality coefficient,𝑤max is the angular
frequency, 𝑖 is the imaginary number, and 𝑛 is the exponent
related to the phase shift. The values of phase shift (𝑛) lie
between 0 and 1 (0 ≤ 𝑛 ≤ 1). This is related to the deviation
of CPE from the ideal capacitive behaviour.The correction in
the capacitance to its real value (𝐶dl) is calculated [21] using
the following equation:

𝐶dl = 𝑄 (𝑤max)
𝑛−1

. (7)

The impedance parameters such as 𝑅ct and 𝐶dl are listed
in Table 3.The values of % IE obtained from the charge trans-
fer resistances are calculated using the following equation:

% IE =
𝑅ct − 𝑅

𝑜

ct
𝑅ct

× 100, (8)

where𝑅ct and𝑅
𝑜

ct indicate the charge transfer resistance in the
presence and absence of HIBH, respectively.
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Figure 6: Equivalent circuit used to fit the experimental EIS data (a). EIS data obtained for the corrosion inhibition of mild steel in 1M HCl
containing 0.8mMHIBH at 40∘C (b).

Table 3: Electrochemical impedance parameters for the corrosion
of mild steel in 1M HCl in the absence and presence of inhibitor at
different temperatures.

Temp.
(∘C)

Conc. of
HIBH
(mM)

𝑅ct
(Ω cm2) 𝐶dl (𝜇F cm

−2) 𝑛 % IE

30

0 15.70 1785 0.705 —
0.1 89.55 84.31 0.732 82.5
0.2 96.64 67.50 0.753 83.7
0.4 101.5 64.19 0.757 84.5
0.6 115.1 54.61 0.763 86.3
0.8 122.0 50.58 0.766 87.1

40

0 9.63 3761 0.765 —
0.1 60.07 207.4 0.767 83.9
0.2 62.10 166.3 0.778 84.5
0.4 66.39 141.2 0.795 85.4
0.6 71.74 121.3 0.799 86.5
0.8 76.35 94.24 0.817 87.3

50

0 5.00 12936 0.773 —
0.1 31.99 540.4 0.768 84.3
0.2 33.75 450.1 0.778 85.1
0.4 36.35 401.1 0.788 86.2
0.6 40.47 350.3 0.795 87.6
0.8 42.5 289.8 0.82 88.2

60

0 1.90 55870 0.742 —
0.1 13.41 2333.8 0.756 85.8
0.2 13.81 2158.4 0.762 86.2
0.4 14.86 1945.8 0.794 87.2
0.6 15.90 1709.0 0.807 88.0
0.8 18.55 1304.7 0.82 89.7

It is evident from Table 3, as the inhibitor concentration
increases, the 𝑅ct value is also found to increase. This can be

explained based on covered effect, that is, the extent of adsor-
ption of inhibitor on the metal surface. The surface coverage
(𝜃) of an organic substance on the metal surface depends not
only on the structure of the organic substance but also on
the nature of the metal, experimental conditions, and con-
centration of molecules [22]. The surface coverage increases
with the increase in inhibitor concentration. Since more
inhibitors molecules are expected to adsorb at high inhibitor
concentrations, the covered effect is enhanced.This results in
an increase in 𝑅ct and decrease in corrosion rate [23].

On the other hand, the capacitance of the interface (𝐶dl)
starts decreasing, with increase in inhibitor concentration,
which is most probably due to the decrease in local dielectric
constant and/or increase in thickness of the electrical double
layer. This suggests that the inhibitor acts via adsorption at
the metal/solution interface [24]. Further the decrease in the
𝐶dl values is also caused by the gradual replacement of water
molecules by the adsorption of the inhibitor molecules on
the electrode surface, which decreases the extent of metal
dissolution [25].

3.4. Adsorption Isotherm. The primary step in the action of
inhibitor in acid solution is generally due to the adsorption
on the metal surface. This involves the assumption that the
corrosion reactions are prevented from occurring over the
area (or active sites) of the metal surface covered by adsorbed
inhibitor species. The surface coverage (𝜃) is very useful for
discussing the adsorption characteristics. The dependence of
the surface coverage on the concentration of the inhibitor
was tested graphically by fitting it to Langmuir’s adsorption
isotherm. Figure 7 shows the linear plots for 𝐶inh/𝜃 ver-
sus 𝐶inh, suggesting that the adsorption obeys Langmuir’s
isotherm [26] given by the following equation:

𝐶inh
𝜃

=
1

𝐾ads
+ 𝐶inh, (9)

where𝐶inh is the inhibitor concentration and𝐾ads is the adso-
rptive equilibrium constant, obtained from the reciprocal of
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Table 4: Thermodynamic parameters for the adsorption of HIBH on mild steel surface in 1M HCl acid at different temperatures.

Temp. (∘C) 𝐾ads (M
−1) Slope 𝑅

2
−Δ𝐺
∘

ads (kJmol−1) Δ𝐻
∘

ads (kJmol−1) −Δ𝑆
∘

ads (Jmol−1 K−1)
30 131248.7 1.090 0.999 39.80

1.77 137.040 124518.1 1.083 0.999 40.98
50 135438.6 1.069 0.999 42.53
60 136477.0 1.067 0.999 43.85
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Figure 7: Langmuir’s adsorption isotherm of HIBH onmild steel in
1M HCl at different temperatures.

intercept of Langmuir plot lines. The slopes of the isotherms
show deviation from the value of unity. This deviation from
unity may be due to the interaction among the adsorbed
species on the metal surface; that is, the organic molecules
having polar atoms or groups get adsorbed on the cathodic
and anodic sites of the metal surface by replacing the initially
adsorbed water molecule [27].

The standard free energy of adsorption (Δ𝐺∘ads) is related
to 𝐾ads by the following relation [28]:

𝐾 =
1

55.5

exp(
−Δ𝐺
∘

ads
𝑅𝑇

) , (10)

where 𝑅 is the universal gas constant, 𝑇 is the absolute
temperature, and 55.5 is the concentration ofwater in solution
in mol dm−3. The calculated values of Δ𝐺∘ads are tabulated in
Table 4. Generally, the values of Δ𝐺∘ads up to −20 kJmol−1 are
consistent with electrostatic interaction between the charged
molecules and the charged metal (physisorption), while
those around −40 kJmol−1 or higher are associated with
chemisorption as a result of sharing or transfer of electrons
from the organic molecules to the metal surface to form
a coordinate type of bond [29, 30]. In the present study

the Δ𝐺∘ads values obtained are close to 40 kJmol−1 at 30 and
40∘C and slightly more than 40 kJmol−1 at 50 and 60∘C,
respectively. This indicates that the studied inhibitor may
follow physical adsorption particularly at lower temperature
and chemical adsorption at higher temperature.

The standard enthalpy of adsorption (Δ𝐻∘ads) and the
standard entropy of adsorption (Δ𝑆∘ads) are computed from
the slope and intercept of the straight line obtained by plotting
Δ𝐺
∘

ads versus 𝑇 (Figure 8), according to the thermodynamic
equation (11). The results are recorded in Table 4. Consider

Δ𝐺
∘

ads = Δ𝐻
∘

ads − 𝑇Δ𝑆
∘

ads. (11)

The positive values of enthalpy obtained (Table 4) indi-
cate that adsorption of the inhibitor molecule is an endother-
mic process. Generally an exothermic adsorption process
signifies either physical adsorption or chemical adsorption,
while the endothermic process is attributable unequivocally
to chemical adsorption [31]. In the present investigation, pos-
itive value of enthalpy of adsorption proves that adsorption of
the inhibitor is by a chemical adsorption process. The chem-
ical adsorption is also consistent with the increase in the
efficiency of the inhibitor with increase in temperature. The
Δ𝑆
∘

ads value is large and negative, indicating that the decrease
in disordering takes place on going from the reactant to the
adsorbed species. This can be attributed to the fact that adso-
rption is always accompanied by decrease in entropy [32].

3.5. Inhibition Mechanism. The adsorption mechanism for a
given inhibitor depends on factors, such as the nature of the
metal, the corrosive medium, the pH, and the concentration
of the inhibitor as well as the functional groups present in its
molecule [33].Themechanism of inhibition can be predicted
from the knowledge of the interaction between the inhibitor
molecules and the surface of the metal. In acid solution the
mechanism of dissolution of mild steel [34] takes place as
follows.

At anodic region,

Fe + Cl− ←→ (FeCl−)ads (12)

(FeCl−)ads ←→ (FeCl)ads + e
− (13)

(FeCl)ads → (FeCl)
+
+ e− (14)

(FeCl)+ ←→ Fe2+ + Cl− (15)
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Figure 8: Plot of Δ𝐺∘ads versus temperature for the adsorption of
HIBH on mild steel in 1M HCl.

The major cathodic reaction is evolution of hydrogen gas
according to the following steps:

Fe +H+ ←→ (FeH+)ads (16)

(FeH+)ads + e
−
→ (FeH)ads (17)

(FeH)ads +H
+
+ e− → Fe +H

2
(18)

The adsorption of the inhibitor molecule is often a displace-
ment reaction [35] involving removal of adsorbed water mol-
ecules from the metal surface as shown in the following:

Inh
(sol) + 𝑛H2O(ads) ←→ Inh

(ads) + 𝑛H2O(sol) (19)

The inhibition effect of HIBH in hydrochloric acid solu-
tion can be explained as follows and the mode of adsorption
of HIBH on mild steel surface is predicted in Figure 9.

In acid medium hydrazide derivative gets protonated
on the hydrazide group, which results in the formation of
positively charged inhibitor species; thus adsorption of the
inhibitor on the mild steel surface may occur through the
following ways.

(i) In the presence of HCl medium initially, the metal
surface behaves as positively charged species.

(ii) The chloride ions first adsorbed at the metal/solution
interface at the corrosion potential through electro-
static attraction force due to the excess positive charge
at this interface.This process changes the charge of the
solution side of the interface frompositive to negative.

(iii) This negative charge will attract the protonated
inhibitor molecule facilitating physical adsorption of
HIBH. Thus, protonated HIBH molecules are able to
electrostatically adsorb on the electrode surface cov-
ered with primary adsorbed chloride ions leading

to physisorption [36]. In addition the protonated
inhibitor molecules can also be adsorbed at cathodic
sites of metal in competition with hydrogen ions.The
adsorption of protonated HIBH molecules reduces
the rate of hydrogen evolution reaction along with
metal oxidation resulting in physisorption:

Fe + Cl− ←→ (FeCl−)ads +HIBH+

←→ (FeCl−HIBH+)ads ←→ (FeHIBH+)ads + Cl
−

(20)

Further the unprotonated or neutral molecule of HIBH
can also adsorb via chemisorption on the vacant sites on the
metal surface by either of the following.

(i) Sharing of electrons between the hetero atoms of
HIBH and iron surface.

(ii) 𝜋 electron interactions between the aromatic ring of
the HIBH and the metal surface.

(iii) Charge transfer from the HIBH molecules to the
metal surface to form a coordinate type of a bond,
because the vacant 3d orbitals of iron can bond with
inhibitor due to interaction of electron rich𝜋-electron
clouds of aromatic rings as well as unshared electron
pairs on nitrogen or oxygen atoms leading to predo-
minantly chemisorption [37].

3.6. Scanning Electron Microscopy. The SEM images of mild
steel surfaces were recorded after its immersion in 1M
hydrochloric acid for three hours in the absence and presence
of HIBH. The inspection of Figure 10(a) reveals clear pits
with a small size distribution over the entire surface of the
metal surface. Figure 10(b) shows the SEM images of mild
steel surface exposed to 1MHCl with the addition of 0.8mM
HIBH for 3 hours. There are no pits and cracks observed
in the micrograph. The smooth metal surface obtained was
fully covered with the inhibitor molecules and a protective
inhibitor film was observed.

3.7. A Comparison of the Earlier Reported Hydrazide Deriva-
tive Inhibitors with HIBH. A good number of hydrazide
derivatives have been reported as corrosion inhibitor of mild
steel in acidic media. The inhibition efficiency of most of
the reported hydrazide derivatives decreased with increase
in temperature [7–9, 38–42]. Some of the reported hydrazide
derivatives showed moderate inhibition efficiency (less than
80%) at their optimum concentration and some showed good
inhibition efficiency only at very high inhibitor concentration
level [8, 41, 42]. Most of the reported hydrazide derivatives
followed physisorption [7–9, 38–41]. The present inhibitor
HIBH showed good inhibition efficiency of greater than 90%
even at low optimal concentration (8 × 10−4M). The % IE of
HIBH increases with increase in temperature. The inhibition
behaviour ofHIBH followsmixed adsorption, predominantly
with chemisorption.
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Figure 9: Adsorption of HIBH on the mild steel surface through (a) electrostatic interaction and (b) electron pair interaction.

(a) (b)

Figure 10: SEM images of the mild steel specimen after immersion in 1.0M HCl (a) in the absence and (b) in the presence of HIBH.

4. Conclusions

The conclusions drawn from the present study are as follows.

(1) HIBH is found to be a potential inhibitor for the cor-
rosion control of mild steel in 1M hydrochloric acid
solution.

(2) Percentage inhibition efficiency increases with incre-
ase in HIBH concentrations and temperature.

(3) HIBH showed maximum inhibition efficiency, more
than 90% at its optimum concentration at all the stud-
ied temperatures.

(4) HIBH acts as mixed type inhibitor.

(5) The adsorption of HIBH on the mild steel surface
obeys Langmuir adsorption isotherm.

(6) The corrosion inhibitionmechanism ofHIBH follows
mixed adsorption type with predominately chemis-
orption.
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