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Abstract—The corrosion rate of mild steel in hydrochloric acid and in sulphuric acid was determined by
potentiodynamic polarization and electrochemical impedance spectroscopy in 0.5 M concentrations of HCl
and of H2SO4 using 4-hydroxy n-[2-methoxy naphthalene methylidene] benzohydrazide (HNBH) as an
inhibitor The inhibition efficiency of HNBH for the corrosion mitigation of mild steel was studied by vary-
ing the concentration of the inhibitor and temperature. It was found that the inhibition efficiency of
HNBH increased with increase in the inhibitor concentration in both media. The maximum of 80% inhi-
bition efficiency at the optimum inhibitor concentration of 2.5 × 10–4 M was achieved. However, with an
increase in temperature, the inhibition efficiency decreased. The corrosion inhibition by HNBH took
place through physisorption. The adsorption isotherm fitting with the experimental data was identified to
find out the mechanism of inhibition. The results indicated that HNBH functions as mixed type inhibitor
and follows the Langmuir adsorption isotherm. The surface of the specimen was analyzed using scanning
electron microscopy.
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INTRODUCTION

MS is a practical designing material by virtue of its
properties, for example, strength, sturdiness, f lexibil-
ity, machinability, and weld capacity. It finds applica-
tions in many of the everyday ordinary objects such as
car body segments, motor cycle frames, cookware, as
constructional material, in chemical reactors, boiler
systems, storage tanks, oil and gas transport pipelines,
etc. due to its excellent mechanical properties and low
cost [1]. MS is utilized under different conditions
including acidic environment wherein it undergoes
degradation to some extent. The corrosion rate of the
metal depends on the nature of the metal as well as on
the environment. Acidic solutions are widely used for
the expulsion of unwanted scale and rust. Among the
economically available acids, the most often utilized
are HCl and H2SO4. These acids are mainly used for
pickling, cleaning, de-scaling, and acidization of oil
[2]. As corrosion of MS is a significant issue, wherever
process conditions permit, a suggested technique is
addition of inhibitors to prevent the material loss [3].
A study of the mechanism of the action of corrosion
inhibitors has importance both from the perspective of

the quest for new inhibitors and also for their viable
use. Most frequently cited in scientific literature are
organic compounds containing nitrogen, oxygen, and
sulphur because those compounds have heteroatoms,
higher basicity and electron density. Heteroatoms and
electron donating groups can form strong bonds on the
surface of a metal, and hence act as good corrosion inhib-
itors [4, 5]. Despite the fact that various classes of hetero-
cyclic compounds are being screened for their inhibitive
activity, still there is a necessity to find new inhibitors.
Hydrazide and its derivatives are attempted as corrosion
inhibitors for metals. To mitigate the corrosion of MS in
acidic media, the hydrazide derivatives [6–10], thiosemi-
carbazide derivatives, and acid hydrazide and hydrazone
derivatives [11–14] are proposed because of the presence
of electron donating groups, heteroatoms, π-electrons,
and lone pairs of electrons in them. The planarity of the
whole structure of the compounds dictates the formation
of an adsorption film on a metal [15, 16].

The purpose of the present work was to investigate
the corrosion inhibition of MS with the use of HNBH
as corrosion inhibitor in 0.5 M concentrations of HCl
and H2SO4.
269



270 ADINARAYANAN et al.

Table 1. Composition of MS specimens

Element C Si Mn P S Cr Ni Mo Al Cu Fe

wt % 0.169 0.188 0.414 0.060 0.042 0.020 0.028 0.018 0.004 0.072 Balance
Scheme 1. Synthetic route for preparation of HNBH.

EXPERIMENTAL
Material

The composition of the test coupons of MS used
for the study is given in Table 1. MS specimens were
embedded utilizing cold setting resin. The uncovered
level surface (1 cm2) of the mounted part was cleaned
with emery papers of various grit levels and later disc
polished with levigated alumina. The cleaned speci-
mens were washed with double distilled water, rinsed
with acetone, and dried before immersion in a corro-
sive medium.

Acidic Media
The solutions of 2 M HCl and H2SO4 acids were

prepared using the A.R. grade acids (Merck) and dis-
tilled water. They were standardized by the volumetric
method. The experiments were performed in the solu-
tions of 0.5 M HCl and 0.5 M H2SO4 by the appropriate
dilution of the stock solution. Experiments were done by
adding 4 different concentrations of the inhibitor at three
different temperatures: 303, 313, and 323 K.

Synthesis of HNBH
HNBH was synthesized as per reported literature

[17]. An equimolar mixture of 2-methoxynaphtha-
lene-1-carbaldehyde (0.01 mol) and 4-hydroxyl ben-
zohydrazide (0.01 mol) dissolved in ethanol was
refluxed on a hot water bath for about 5 h. The precip-
itated product was filtered, dried, and recrystallized
from ethanol. The synthetic route for the preparation
of HNBH is given in Scheme 1.

Characterization of Inhibitor
Characterization of HNBH was done by recording

the Fourier transform infrared (FTIR) spectrum of
HNBH with a spectrophotometer (Schimadzu FTIR

8400S) in a frequency range of 4000 to 400 cm–1 using
KBr pellets. The FTIR spectrum of HNBH is given in
Fig. 1.

FTIR (KBr) [cm–1]: 3330 (OH str.), 3186 (NH
str.), 3035 (Ar. CH str.), 1614(C=O), 1600(C=N str.),
1600 (Ar. C=C str.)

Electrochemical Measurements
Electrochemical measurements were performed

utilizing an electrochemical work station (CH600D-
series, U.S. Model with beta software). A customary
three-electrode Pyrex glass cell with three electrodes
was used: platinum as counter, calomel as reference,
and MS as working electrodes. A cleaned MS test cou-
pon was immersed in 100 mL of 0.5 M HCl without
and with four different concentrations of HNBH at
various temperatures (303, 313, and 323 K), and a
steady state open circuit potential (OCP) was noted at
the end of 300 s. The current vs. potential plots were
recorded by polarizing the test coupon from –250 mV
cathodically to +250 mV anodically, with respect to
the OCP at a sweep pace of 0.1 mV s–1 and, from the
plots, the corrosion potential (Ecorr) and corrosion
current density (icorr) values were obtained [18]. The
experiments were similarly carried out with 0.5 M
H2SO4. The EIS tests were completed by applying an
AC signal of 10 mV at a small amplitude in a frequency
range of 100 kHz to 0.01 Hz, at the OCP. The imped-
ance data were evaluated via Nyquist plots. PDP stud-
ies were performed immediately after EIS studies
without further surface treatment.

Surface Characterization
The SEM images were recorded for the MS speci-

mens corroded in each of 0.5 M HCl and H2SO4 with
and without HNBH using an EVO 18-5-57 model
microscope.
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Fig. 1. FTIR spectrum of HNBH molecule.
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Fig. 2. PDP curves for MS specimens in: (a) 0.5 M HCl, and (b) 0.5 M H2SO4 at 303 K without and with various concentrations
of HNBH.
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RESULTS AND DISCUSSION

PDP Studies

PDP curves for MS without and with different con-
centrations of HNBH in 0.5 M HCl and H2SO4 solu-

tions at 303 K are shown in Figs. 2a, 2b, respectively.
Similar plots were recorded at different temperatures
in both corrosive media. The values of the corrosion
current density (icorr), the corrosion potential (Ecorr),

the corrosion rate (CR), the anodic (βa) and the

cathodic Tafel slopes (–βc), were recorded. The

results are presented in Table 2.

The CR was determined using equation (1):

(1)corr3270
CR ,

Mi
Z

=
ρ

SURFACE ENGINEERING AND APPLIED ELECTROCH
where 3270 is a constant that defines the unit for the
CR, M is the atomic mass of the metal (55.85), icorr is

the corrosion current density in A cm–2, ρ is the den-

sity of the material (7.725 g cm–3), and Z is the number
of electrons transferred per metal atom (Z = 2) [19].

The percentage inhibition efficiency (IE%) of the
inhibitor was determined using equation (2):

(2)

where icorr and icorr(inh) indicate the corrosion current

density without and with the inhibitor, respectively.
The surface coverage (θ) is associated with IE% as
given in equation (3) [20]:

(3)

( )corr corr inh

corr

IE% 100,
i i

i

−
= ×

( )IE %
θ ,

100
=
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Table 2. Tafel polarization results for MS in 0.5 M HCl and 0.5 M H2SO4 without and with HNBH at different temperatures

Temp., K
HNBH

(M)

0.5 M HCl 0.5 M H2SO4

icorr,

mA cm–2

Ecorr,

mV
IE, %

icorr,

mA cm–2

Ecorr,

mV
IE, %

303 0 1.053 –499 – 1.259 –499 –

2.5 × 10–5
0.267 –487 74.60 0.740 –486 41.21

5 × 10–5
0.214 –483 79.71 0.342 –487 72.86

1 × 10–4
0.184 –480 82.52 0.191 –483 84.81

2.5 × 10–4
0.143 –477 86.45 0.184 –485 85.38

313 0 1.456 –489 – 1.840 –497 –

2.5 × 10–5
0.421 –488 71.06 1.166 –488 36.61

5 × 10–5
0.354 –476 75.66 0.618 –484 66.44

1 × 10–4
0.320 –474 78.03 0.360 –486 80.45

2.5 × 10–4
0.251 –473 82.76 0.310 –485 83.16

323 0 2.790 –487 – 2.406 –497 –

2.5 × 10–5
0.848 –485 69.60 1.935 –493 19.58

5 × 10–5
0.774 –480 72.27 1.122 –487 53.36

1 × 10–4
0.675 –474 75.79 0.592 –495 75.40

2.5 × 10–4
0.585 –470 79.03 0.476 –490 80.20
From Table 2, given below, it can be observed that,
in the absence of HNBH, the corrosion current den-
sity (icorr) increased with an increase in temperature,

which resulted in an increase in the CR. The IE%
increased with an increase in the inhibitor concentra-
tion at each of the temperature (303, 313, and 323 K)
studied in both 0.5 M HCl and H2SO4. The maximum

IE of 85% was obtained at the optimum inhibitor con-

centration of 2.5 × 10–4 M. An increase in IE% with an
increase in the inhibitor concentrations is due to the
blocking effect of the metal surface by adsorption or
film formation or both. In each of 0.5 M HCl and
H2SO4, it was seen that the inhibition efficiency

decreased with increase in temperature at all levels of
HNBH addition. There was no remarkable shift in
Ecorr with the addition of HNBH in both acidic media

with respect to the uninhibited one. As reported in lit-
erature, if the shift in the OCP in the presence of an
inhibitor exceeds ±85 mV with respect to the corrosion
potential of the uninhibited solution, then the inhibi-
tor functions as either anodic or cathodic type [21, 22].

In the present case, the maximum displacement in
Ecorr was well within +20 mV, which means that

HNBH acted as mixed type inhibitor. There was no
appreciable change in the Tafel slopes (anodic slope or
cathodic slope) with an increase in the inhibitor con-
centration. This indicated that the mechanism of the
anodic and/or cathodic reaction did not alter with an
increase in the inhibitor concentration [23]. The
SURFACE ENGINEERING AND APP
obtained result was similar to the inhibition efficiency
reported in the study of the corrosion inhibition of MS
and carbon steel in HCl [7, 8], respectively.

EIS Studies

The impedance responses of the corrosion behav-
ior of MS in the absence and the presence of the inhib-
itor were given in terms of the Nyquist plots (see
Figs. 3a, 3b). The plots were obtained with depressed
semicircles whose diameters increased with an
increase in the inhibitor concentration. This shows
that the charge transfer process is mostly controlling
the corrosion of MS [24]. The depressed capacitive
behavior can be credited to the contribution from
roughness of the metal surface, active sites distribution,
or inhibitor adsorption [25]. The Nyquist plots for the
corrosion inhibition of MS in the presence of the inhibi-
tor consisted of one distorted capacitive loop at a higher
frequency due to the charge transfer reaction and the
time constant of the electric double layer [26].

The impedance parameters were analyzed by fit-
ting suitable equivalent circuits using a ZSimpWin
software version 3.21. Simple Randles equivalent cir-
cuits (see the inserts in Figs. 4a, 4b) were used to fit the
Nyquist plots in the absence and the presence of the
inhibitor in 0.5 M HCl and H2SO4 solutions. The cir-

cuit in Fig. 4a, model: R(QR), consisted of the solu-
tion resistance Rs, the charge transfer resistance Rct,
LIED ELECTROCHEMISTRY  Vol. 58  No. 3  2022
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Fig. 3. Nyquist plots for MS specimens in: (a) 0.5 M HCl, and (b) 0.5 M H2SO4 containing HNBH at 303 K.
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Fig. 4. Equivalent circuits (inserts) used to fit experimental EIS data for corrosion of MS with HNBH in: (a) 0.5 M HCl and (b)
0.5 M H2SO4.
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and CPE. A CPE was employed instead of the double-

layer capacitance Cdl to describe the heterogeneity in

the system [26]. The circuit in Fig. 4b, model:

R(Q)R(QR), contained the solution resistance (Rs),

the charge transfer process (Rct), the time constant

electrical double layer (CPE1), the capacitance of the

surface film (CPE2), and the film resistance (Rf). The

CPE behaves like an ideal double-layer capacitance

(Cdl) and is calculated from frequency (fmax) at which

the imaginary component of impedance was maxi-

mum using equation (4):

(4)

The results of EIS parameters are recorded in Table 3.

dl

ct max

1
.

2
C

R f
=

π

SURFACE ENGINEERING AND APPLIED ELECTROCH
An increase in the inhibitor concentration tends to

reduce the double layer capacitance due to the

replacement of the adsorbed water molecule from the

metal surface by the adsorbed inhibitor molecule

thereby reducing an active surface area by a protective

film. Further reduction in Cdl was credited to increase

the thickness of the electrical double layer at the metal–

solution interface [27]. It is evident from Table 3 that

the measured Cdl values decreased with an increase in

the inhibitor concentration in the case of both 0.5 M

HCl and H2SO4 solutions used and at all three tem-

peratures. A decrease in Cdl can be attributed to an

increase in the thickness of the electrical double layer

at the metal–solution interface and a gradual replace-

ment of water molecules by the adsorption of inhibitor

molecules on the metal surface [27]. An increase in the
EMISTRY  Vol. 58  No. 3  2022
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Table 3. EIS data for MS in 0.5 M HCl and 0.5 M H2SO4 without and with different concentrations of HNBH at different
temperatures

Temp, K HNBH, M

0.5 M HCl 0.5 M H2SO4

Cdl,

μF cm–2

Rct,

Ω cm2
IE, %

Cdl,

μF cm–2

Rct,

Ω cm2
IE, %

303

0 2539 15.00 0 1514 16.14 0

2.5 × 10–5
309 53.17 71.78 984 27.23 40.72

5 × 10–5
182 65.03 76.93 171 52.36 69.17

1 × 10–4
127 73.24 79.51 79 90.14 82.09

2.5 × 10–4
57 102.0 85.29 54 96.38 83.25

313

0 3056 12.24 0 3969 10.49 0

2.5 × 10–5
381 42.10 70.92 1769 15.45 31.10

5 × 10–5
233 50.23 75.63 66 30.58 65.69

1 × 10–4
172 55.04 77.76 22 46.28 77.33

2.5 × 10–4
111 67.20 81.78 13 53.36 80.34

323
0 7395 8.63 0 5036 8.474 0

2.5 × 10–5
907 27.00 68.03 3787 10.26 17.44

5 × 10–5
702 31.00 72.16 1692 17.68 52.09

1 × 10–4
580 32.21 73.20 378 34.08 75.14

2.5 × 10–4
342 37.89 77.22 244 38.27 77.86
Rct values in the presence of different concentrations

of HNBH results in the reduction in the CR because
of the formation of an adsorbed protective film on the
metal–solution interface. The results obtained via
both PDP and EIS methods were in good agreement
at all the studied temperatures.

The charge transfer resistance is a measure of resis-
tance against electron transfer across the surface, and
it is inversely proportional to the CR, which was used
to calculate the IE(%) via equation (5):

(5)

where Rct(inh) and  are the charge transfer resistances

with and without the inhibitor. From Table 3 it is seen
that an increase in the inhibitor concentration results
in a higher Rct value, which specified that the corro-

sion process is mainly controlled by the charge transfer
process.

Effect of Temperature

The influence of temperature on the CR of MS and
%IE of HNBH was studied at three different tempera-
tures: 303, 313, and 323 K. It can be seen from Table 2
that the addition of the inhibitor reduced the CR. As
to the inhibition efficiency, it was found to decrease

( ) ( )

( )

0

ct inh ct

ct inh

IE % ,
R R

R

−
=

0

ctR
SURFACE ENGINEERING AND APP
with an increase of temperature. This is because of a
highly aggressive nature of the acids, which overcomes
the inhibitory action of the inhibitor at higher tem-
perature, additionally as the temperature rises, the
adsorbed inhibitor molecules get desorbed from the
metal surface resulting in the reduction in the inhibi-
tion efficiency [28, 29].

The Arrhenius equation (6) is used to calculate the
activation energy (Ea) for the corrosion process:

(6)

where B is called the Arrhenius pre-exponential con-
stant, R is the universal gas constant, and T is the tem-
perature.

The slopes obtained from the plots of ln(CR) vs.
1/T shown in Figs. 5a, 5b were used to calculate the
activation energy for the corrosion and the inhibition
processes [28]. The enthalpy of activation (∆Ha) and

the entropy of activation (∆Sa) for the metal dissolu-

tion process were found out using the transition state
equation (7):

(7)

where h is Planck’s constant and N is Avogadro’s
number. Plots of ln(CR/T) vs. 1/T (Figs. 6a, 6b), are
straight lines with the slope –∆Ha/T and the intercept

( ) aln CR ,
EB
RT

= −

# #

CR exp exp ,
RT S H
Nh RT RT

   Δ −Δ=    
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Fig. 5. Plots of ln(CR) vs. (1/T) for MS in: (a) 0.5 M HCl, and (b) 0.5 M H2SO4, without and with various inhibitor concentrations.
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ln(R/Nh) +∆Sa/R. The activation parameters for MS

in 0.5 M HCl and in H2SO4 were obtained and

recorded in Table 4.

An increase in the activation energy with an

increase in the inhibitor concentration shows an
SURFACE ENGINEERING AND APPLIED ELECTROCH

Table 4. Activation parameters for corrosion of MS in 0.5 N H

HNBH, M 

0.5M HCl

Ea,

kJ mol–1

ΔH,

kJ mol–1

−Δ
J mol–

0 39.92 37.32 10

2.5 × 10–5 47.27 44.67 94

5 × 10–5 52.65 50.05 78

1 × 10–4 53.23 50.63 77

2.5 × 10–4 57.7 55.10 65
increase in the energy barrier for the corrosion reac-
tion and signifies that adsorption of the inhibitor takes
place through physisorption in both 0.5 M HCl and
0.5 M H2SO4 [30]. A negative value of the entropy of acti-

vation indicates that there is a decrease in randomness on
going from reactants to the activated complex [31].
EMISTRY  Vol. 58  No. 3  2022

Cl and 0.5 M H2SO4 with various concentrations of HNBH

0.5M H2SO4

S≠,
1 K–1

Ea,

kJ mol–1

ΔH≠,

kJ mol–1

−ΔS ≠,

J mol–1 K–1

7.19 26.39 23.79 93.6

.24 39.06 36.46 56.43

.39 48.36 45.76 32.12

.61 46.01 43.41 44.52

.09 38.72 36.12 68.96
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Fig. 7. Langmuir adsorption isotherms of MS in: (a) 0.5 M HCl and (b) 0.5 M H2SO4.
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Adsorption Considerations

Adsorption isotherms give the information about

the interaction among an inhibitor and a metal sur-

face, which assists in understanding the mechanism of

corrosion inhibition. HNBH adsorbs on the metal

surface and forms a film over it thus isolating the metal

surface from the action of the medium. The estimation

of θ at various concentrations of HNBH has been uti-

lized to describe a few isotherms to fit the adsorption

process. In the temperature range considered, the

Langmuir adsorption isotherm was found to fit best,

and it is given by equation (8):

(8)

where K is the equilibrium constant for the metal–

inhibitor interaction, Cinh is the inhibitor concentra-

tion, and θ is the degree of the surface coverage [32].

The plots of Cinh/θ vs. Cinh for different tempera-

tures provide straight lines with the intercept 1/K as

shown in Figs. 7a, 7b for 0.5 M HCl and H2SO4,

respectively. The values of the standard free energy of

adsorption are related to K by relation (9):

inh
inh

1
,

θ

C C
K

= +
SURFACE ENGINEERING AND APP

Table 5. Thermodynamic parameters for adsorption of HNB

Temp, K

0.5 M HCl R2 = 0.9740

kJ mol–1 kJ mol–1 kJ mol

303 –40.35

–78.83 –0.313 –41.27

323 –42.90

0
ads,GΔ 0

ads,HΔ SΔ
(9)

where R is the universal gas constant, T is the absolute
temperature, and 55.5 is the concentration of water in

a solution in mol dm–3 [33]. The isotherm that best fits
the experimental data was chosen using the correlation

coefficient (R2). The correlation coefficient values
were close to unity as shown in Table 5. A slight devi-
ation of the slopes of straight lines from a unity shows
that the adsorption of HNBH obeys the Langmuir
adsorption isotherm.

The plot of  vs T for the adsorption of HNBH
on mild steel in 0.5M HCl and 0.5 M H2SO4 is shown

in Fig. 8. The standard enthalpy of adsorption ( )

and the standard entropy of adsorption ( ) were
computed from the slope and the intercept of the
straight line, respectively, according to the thermody-
namic equation (10):

(10)

Generally, the values of  around –20 kJ mol–1

or lower are consistent with physisorption, while those

ads1
exp ,

55.5

GK
RT

 −Δ=  
 



0

adsGΔ

0

adsHΔ
0

adsSΔ

0 0 0

ads ads ads.G H T SΔ = Δ − Δ
0

adsGΔ
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0.5 M H2SO4 R2 = 0.9765

–1 K–1 kJ mol–1 kJ mol–1 kJ mol–1 K–1

127

–38.41

–82.44 –0.144–37.72

–35.52

0
ads,

0
ads,GΔ 0

ads,HΔ 0
ads,SΔ
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Fig. 8. Plots of  vs. T for adsorption of HNBH on MS in: (a) 0.5 M HCl, and (b) 0.5 M H2SO4.
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around 40 kJ mol–1 or higher are chemisorption [34].

It is observed from Table 5 that the  values in
0.5 M HCl and H2SO4 were found to be between –35

and –45 kJ mol–1. This indicates the mixed adsorption
behavior of HNBH on the MS surface, but the nega-

tive values of  strongly suggest that the phy-

sisorption of HNBH is exothermic. The  values
are found to be negative suggesting a decrease in disor-
derness from the reactant to the adsorbed species [35].

Corrosion Inhibition Mechanism

The main considerations that impact the adsorp-
tion of inhibitors are the nature of the metal surface,
the chemical structure of the inhibitor, the distribu-
tion of charge in the molecule, the type of the aggres-
sive electrolyte, and the type of interaction between
the inhibitor molecules and the metallic surface. The
dissolution of MS in an acidic solution takes place as
demonstrated below.

At anodic region:

(11)

(12)

(13)

(14)

The major cathodic reactions take place is the
hydrogen gas evolution:

(15)

(16)

(17)

0

adsGΔ

0

absHΔ
0

adsSΔ

Fe + Cl− (FeCl−)ads,

(FeCl−)ads (FeCl)ads + e−,

(FeCl)ads (FeCl)+ + e−,

(FeCl)+
Fe2+ + Cl− .

Fe + H+
(FeH+)ads,

(FeH+)ads + e− (FeH)abs,

(FeH)ads + H+ + e− Fe + H2.
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The adsorption of the inhibitor molecule is a kind
of a diplacement reaction involving the removal of
adsorbed water molecules from the metal surface [36]:

(18)

As reported in literature, Cl– can get more effec-

tively adsorbed than  [37]. The surface charge of

MS at the OCP is positive in both inhibited and unin-
hibited 0.5 M HCl and 0.5 M H2SO4 media with respect

to the potential of zero charge [38]. In a corrosive
medium (for example 0.5 M HCl or 0.5 M H2SO4),

HNBH gets protonated and forms positively charged
species. These charged inhibitor molecules cannot
approach the positively charged metal surface because
of electrostatic repulsion. However, the anions of the
acids can get attached to the metal surface. Because of
this, the chloride and sulfate ions are adsorbed first at
the interface by electrostatic forces. Therefore, the
charge of the solution side changes from positive to
negative, and the protonated inhibitor molecules are
pulled in towards the negative charge, which encour-
ages the adsorption of HNBH. Consequently, the pro-
tonated HNBH molecules will electrostatically adsorb
on the MS surface through the chloride and sulfate,
indicating physisorption. These protonated HNBH
molecules can likewise be adsorbed at the cathodic
areas of the metal in competition with the hydrogen
ions, and, in this manner, they can decrease the rate of
liberation of hydrogen [39, 40].

Surface Characterization
The SEM pictures of surface of MS dipped in 0.5 M

HCl and 0.5 M H2SO4 solutions for 3 h (both in the

uninhibited and with HNBH) were taken. The uneven
surface with pits and breaks demonstrate the uniform
corrosion of the sample. The SEM pictures of MS
samples immersed in 0.5 M HCl and in 0.5 M H2SO4

containing 25 mL of HNBH are shown in Fig. 9a for

Inh(sol) + nH2O(ads) Inh(ads) + nH2O(sol).

2

4SO
−
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Fig. 9. SEM images of MS specimens in: (a) 0.5 M HCl, and (b) 0.5 M HCl with 2.5 × 10–4 M of HNBH.

(а) (b)
20 μm 1 μm

Fig. 10. SEM images of MS specimens in: (a) 0.5 M H2SO4, and (b) 0.5 M H2SO4 with 2.5 × 10–4 M HNBH.

(а) (b)
100 μm 1 μm
HCl and Fig. 10a for H2SO4. After adding HNBH, the

MS surface has become smoother and this shows a
surface film of HNBH is formed.

CONCLUSIONS

(1) HNBH has the ability to inhibit both the anodic
and cathodic reactions to some extent, thereby mainly
acting as mixed type of inhibitor.

(2) The inhibition efficiency of HNBH increases
with an increase in the concentration of the inhibitor
and reduces with an increase in temperatures in both
0.5 M HCl and H2SO4.

(3) Good inhibition efficiency (around 80%) was

obtained at the HNBH concentration of 2.5 × 10–4 M
in both 0.5 M HCl and H2SO4 at all studied tempera-

tures.

(4) The adsorption of HNBH on the MS surface
follows Langmuir’s adsorption isotherm.

(5) Activation and thermodynamic parameters
showed that the adsorption of HNBH is mainly
SURFACE ENGINEERING AND APP
through physisorption in 0.5 M HCl and strong
adsorption in 0.5 M H2SO4.

(6) There is a good correlation between EIS and
Tafel polarization results.

ABBREVIATIONS

MS, mild steel; HNBH, 4-hydroxy n-[2-methoxy
naphthalene methylidene] benzohydrazide; SEM,
scanning electron microscope; EIS, electrochemical
impedance spectroscopy; HCl, hydrochloric acid;
H2SO4, sulphuric acid; PDP, potentiodynamic polar-

ization; OCP, open-circuit potential; Ecorr, corrosion

potential; icorr, corrosion current density; CR, corro-

sion rate; %IE, percentage inhibition efficiency; θ,
surface coverage; CPE, constant phase element.
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