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Electrochemical investigation of hydrazide derivative as corrosion inhibitor for
mild steel in hydrochloric acid medium
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Inhibition effect of (2E)-2-(3-hydroxy-2-methoxybenzylidene) hydrazinecarbothioamide (HMBHC) on the corrosion of
mild steel in 0.5 M HCl solution has been investigated using potentiostatic polarization and electrochemical impedance
spectroscopic techniques. The inhibition efficiency increases with increase in inhibitor concentration and with increase in
temperature. The polarization study show that the HMBHC acted as mixed type of inhibitor. The kinetic and thermodynamic
parameters have been calculated and discussed in detail. The adsorption of inhibitor on the metal surface is found to be
through chemisorption and followed Langmuir’s adsorption isotherm. The surface morphology of the specimen has been
studied by scanning electron microscopy study.
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Corrosion of metals and alloys is the common
problem in many industries and it has received a
considerable amount of attention by many
researchers1. Mild steel the most widely used among
them, finds various applications in chemical and
petrochemical industries. It has been widely employed
as construction materials for pipe work in the oil and
gas production such as down hole tubular, flow lines
and transmission pipelines due to its excellent
mechanical property and low cost2,3. Acid solutions
are widely used for removal of undesirable scale and
rust in many industrial processes. Among the
commercially available acids the most frequently used
one is hydrochloric acid, especially during pickling
and acidization of oil process1,4,5. However mild steel
exhibit poor corrosion resistance in presence of
hydrochloric acid and involves tremendous metal loss
due to its corrosion6. One of the most popular
combating methods for the corrosion of metals in acid
solution is the use of corrosion inhibitors1,7. It is wellknown that the most effective acidic corrosion
inhibitors for many metals and alloys are organic
compounds containing electronegative atoms
(nitrogen, sulphur, oxygen, phosphor etc.) and
unsaturated bonds (such as double or triple bonds)7,8.
The compounds with imine group (-RC = NR-) and π
electron system also found to be potential inhibitors

for mild steel in acid medium7,9. Aromatic hydrazide
derivatives offer special affinity to inhibit corrosion of
metals in acid solutions9-11. The inhibition property of
these compounds is attributed to their molecular
structure, the planarity and the lone pairs of
electronsin the hetero atomsarethe important features
that determine the adsorption of these molecules on
the metallic surface. They can be readily adsorb on
the metal surface, block the active sites on the surface
and thereby reduce the corrosion rate12.
The aim of the present work is to study
the inhibitive properties of (2E)-2-(3-hydroxy-2methoxybenzylidene)
hydrazinecarbothioamide
(HMBHC)on the corrosion behaviour of mild steel in
0.5 M hydrochloric acid using Tafel polarization and
EIS methods. Further the study is also intended to
understand the corrosion inhibition mechanism by
evaluating the adsorption isotherms, activation and
thermodynamic parameters.
Experimental Section
Synthesis of HMBHC

(2E)-2-(3-hydroxy-2-methoxybenzylidene)
hydrazinecarbothiamide (HMBHC) was prepared
as per the reported literature13. An equimolar
mixture of ethanolic solution of 3-hydroxy-2methoxybenzaldehyde (vaniline) (0.01 mol) and
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thiosemicarbazide (0.01 mol) was refluxed on a hot
water bath for about 2 h. The precipitated product was
filtered, dried and recrystallized from ethanol. The
characterization of the compound was done by Infrared
spectroscopy (Shimadzu FTIR 8400S spectrophotometer)
and Mass spectroscopy (Agilent Technologies 1200 series)
techniques. Figure 1 represents the structure of HMBHC.
Medium

Standard solution of 0.5 M hydrochloric acid was
prepared by diluting AR grade hydrochloric acid with
double distilled water. Inhibitive action of HMBHC
on the corrosion of mild steel in 0.5 M HCl solution
was studied by adding different concentrations of the
inhibitor. The experiments were carried out at
temperatures 30, 40, 50 and 60°C (±0.5°C), in a
calibrated thermostat.
Material

The material employed in the present work is mild
steel with 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 was iron. The specimen was taken in the form
of a cylindrical rod embedded in epoxy resin, by
leaving one end of the rod with an open surface area
of 0.95 cm2. It was abraded using emery papers of
different grades (400-1500) and subsequently on
polishing wheel using levigated alumina. The abraded
specimen was cleaned with acetone, followed with
double distilled water and finally dried.
Electrochemical measurements

Electrochemical measurements were carried out
using an electrochemical work station (CH Instrument
USA Model 604D).The electrochemical cell consists
of conventional three-electrode Pyrex glass cell with
platinum as counter electrode, saturated calomel
electrode (SCE) as reference electrode and mild steel
as working electrode.
Finely abraded mild steel specimen was exposed to
the corrosive medium of 0.5 M hydrochloric acid
solution in the presence and absence of the inhibitor at
different temperatures (30-60°C). The study state

Fig. 1 — Chemical structure of HMBHC molecule
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open circuit potential (OCP) with respect to saturated
calomel electrode was noted at the end of 25-30 min.
The potentiodynamic current versus potential curves
were recorded by polarizing the specimen to -250 mV
cathodically and +250 mV anodically with respect to
the OCP at a scan rate of 1 mV s-1. The impedance
experiments were carried out in the frequency range
of 100 kHz to 0.01 Hz, at the OCP by applying small
amplitude AC signal of 10 mV.
Scanning Electron Microscopy (SEM)

The surface morphology of the mild steel specimen
immersed in 0.5 M hydrochloric acid solution in the
presence and absence of optimal concentration of
HMBHC were compared by recording the SEM
images of the specimen using scanning electron
microscopy (EVO 18-5-57 model).
Results and Discussion
Characterization of HMBHC

Crystalline white solid (95%); m.p. 216-218°C; IR
(KBr) [cm-1]: 1596 (C=N str.), 1296 (C=S str.), 1580
(Ar. C=C str.), 2823, 3031 (CH str.), 3147 (NH str.),
3433, 3278 (NH2 str.), 3525(OH); MS (m/z): 225
(M+). Elemental analysis: Found (Calcd): C, 48.91
(49); H, 5.54(5.6); N, 15.5(15.6) %; C9H11N3O2S.
Tafel polarization measurement

The results of Tafel polarization measurement for
the inhibition behaviour of HMBHC on the corrosion
of mild steel in 0.5 M hydrochloric acid solution at
different temperatures were tabulated in Table 1.
Figure 2 shows the Tafel polarization curves for the

Fig. 2 — Tafel polarization curves for the mild steel specimen in
0.5 M HCl with various concentrations of HMBHC at 30°C
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Table 1 — Tafel polarization results for the corrosion of mild steel in 0.5 M HCl in the absence and presence of inhibitor at different
temperatures
Temp. (°C)

Conc. of Inhibitor (mM)

Ecorr (mV)

-bc (mVdec-1)

ba (mVdec-1)

icorr (mAcm-2)

CR (mmpy)

IE (%)

3 30

0
0.1
0.2
0.4
0.6
0.8

-480
-467
-461
-462
-459
-460

77.11
78.77
64.10
57.11
55.32
50.52

78.87
90.21
103.8
124.0
133.7
138.9

1.405
0.457
0.281
0.222
0.206
0.188

8.71
2.52
1.75
1.38
1.28
1.17

67.4
79.9
84.1
85.3
86.6

40

0
0.1
0.2
0.4
0.6
0.8

-474
-461
-467
-468
-469
-467

69.89
74.12
72.54
68.81
63.44
59.13

68.76
98.45
99.45
106.0
117.7
120.4

3.001
0.602
0.414
0.315
0.236
0.224

18.59
3.73
2.57
1.95
1.46
1.39

79.9
86.1
89.7
92.1
92.5

50

0
0.1
0.2
0.4
0.6
0.8

-476
-471
-474
-473
-476
-479

61.38
74.52
75.73
76.28
76.78
77.01

67.32
79.56
82.31
89.92
100.9
107.2

5.887
1.025
0.756
0.559
0.423
0.349

36.49
6.21
4.69
3.69
2.62
2.04

82.5
87.2
90.5
92.8
94.0

60

0
0.1
0.2
0.4
0.6
0.8

-476
-477
-480
-481
-483
-481

65.96
69.78
69.80
73.69
75.96
75.18

64.06
76.92
73.01
84.62
94.57
98.74

11.35
1.944
1.434
1.051
0.855
0.678

70.38
12.05
10.13
6.64
5.55
4.45

82.8
87.3
90.7
92.5
94.1

dissolution of mild steel in 0.5 M hydrochloric acid
solution at 30°C in the absence and presence of
HMBHC. It can be observed from the experimental
results and Tafel plots, that there is no remarkable
shift in the corrosion potential (Ecorr) with reference to
the blank. This indicates the inhibitor shows its
inhibitory action by influencing both anodic metal
dissolution and cathodic hydrogen evolution
reaction14. According to the reported literature 15, if
the shift in corrosion potential exceeds ±85 mV with
respect to corrosion potential of the uninhibited
solution, then the inhibitor considered as either anodic
or cathodic type. However in the present case the
maximum displacement in Ecorr was found to be
within +20 mV, which indicates that HMBHC acts as
mixed type inhibitor.
The corrosion rate (CR) can be calculated using
equation 1.
CR (mmpy ) =

3270 × M × icorr
p× Z

… (1)

where, the constant, 3270 represents the unit of
corrosion rate, icorr = corrosion current density in A cm-2,

ρ= density of the corroding material (7.74 g cm-3),
M = Atomic mass of the metal (55.85), and
Z = Number of electrons transferred per metal atom.
The surface coverage (θ) and the percentage
inhibition efficiency (% IE) were calculated using
equation 2 and 3 respectively16.

θ=

icorr − icorr(inh)
icorr

… (2)

where, icorr and icorr (inh) represents the corrosion
current densities in the presence of uninhibited and
inhibited solution respectively.
% IE = θ × 100

… (3)

It can be seen from the Table 1 that the addition of
inhibitor resulted in significant decrease in corrosion
current density (icorr) followed by decrease in corrosion
rate (CR). The inhibition efficiency increases with
increase in inhibitor concentrations and increases with
increase in temperatures. The increase in %IE with
increase in inhibitor concentrations is due to the
blocking effect of the metal surface by adsorption and
film formation. Further it is observed that the values of
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cathodic slope (bc) and anodic slope (ba) does not vary
significantly with increase in HMBHC concentration,
which indicates that the presence of inhibitor does not
alter the inhibition mechanism17.
Electrochemical impedance spectroscopy

The experimental results of EIS measurement
obtained for the corrosion of mild steel in 0.5 M
hydrochloric acid solution with and without inhibitor
are summarized in Table 2. Nyquist plots for the
corrosion of mild steel in the absence and in the
presence of various concentrations of the HMBHC
were shown in Figure 3. It is observed that the
Nyquist plots obtained with depressed semicircles
instead of ideal semicircles in the absence as well
presence of HMBHC. The depressed behaviour of the
Nyquist plots is often attributed to the surface
roughness, in homogeneity of the solid surface and
adsorption of the inhibitor on the metal surface18. The
diameter of the semicircles increased with increase in
inhibitor concentrations, which indicates that the
impedance of the inhibited substrate increases with
the increase in inhibitor concentration. The impedance
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parameters were analysed by fitting suitable
equivalent circuit to the Nyquist plots using
ZSimpWin software version 3.21. Figure 4a shows
the equivalent circuit model used to simulate the
impedance parameters in the absence of HMBHC.
This equivalent circuit involved solution resistance
(Rs), charge transfer resistance (Rct) and constant
phase element (CPE). A constant phase element was
introduced instead of pure double layer capacitance
(Cdl) to give the more accurate fit19. The Nyquist plots
for the corrosion inhibition of mild steel in the
presence of HMBHC comprised of one distorted
capacitive loop at higher frequency due to charge
transfer reaction and the time constant of the electric
double layer20. The suitable equivalent circuit was
used to simulate the impedance data in presence of
HMBHC as shown in Fig. 4b. Similar circuits were
used to model steel acid interface in the presence of
inhibitor21. It involved the solution resistance (Rs),
charge transfer process (Rct), time constant of the

Table 2 — Impedance results for the corrosion of mild steel in
0.5 M HCl in the absence and presence of inhibitor at different
temperatures
Temp.
(°C)

Conc. of Inhibitor
(mM)

Rct
(ohm cm2)

Cdl
(µF cm-2)

IE
(%)

30

0
0.1
0.2
0.4
0.6
0.8

16.75
42.14
69.97
94.53
120.8
185.6

1279
308.2
137.6
82.89
56.07
26.87

60.2
76.0
82.2
86.1
90.9

40

0
0.1
0.2
0.4
0.6
0.8

10.01
35.00
42.75
60.60
80.53
81.82

2945
328.70
258.12
148.79
95.29
88.34

71.4
76.1
83.4
87.6
87.7

50

0
0.1
0.2
0.4
0.6
0.8

5.7
27.00
30.32
33.65
44.75
52.93

10615
710.55
561.09
487.84
270.80
205.35

81.5
83.5
85.1
88.8
90.6

60

0
0.1
0.2
0.4
0.6
0.8

2.331
16.25
17.92
24.57
26.64
30.53

45560
1749.8
1548.0
911.51
763.38
600.19

85.6
86.9
90.5
91.3
92.4

Fig. 3 — Nyquist plots for mild steel specimen in 0.5 M HCl acid
containing different concentrations of HMBHC at 30°C

Fig. 4 — Equivalent circuits used to fit experimental EIS data for
the corrosion of mild steel specimen in 0.5 M HCl medium (a) in
the absence of HMBHC and (b) in the presence of HMBHC
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electric double layer (CPE1), the capacitance
of the surface film (CPE2) and the film resistance
(Rf). The impedance parameters obtained are
reported in Table 2.
The CPE impedance was calculated using the
equation22,
-1

-n

… (4)

Z = Q (iw)

where, Q is the proportionality coefficient, w is the
angular frequency, i is the imaginary number and n is
the exponent related to the phase shift. If the value of
n=1, the CPE behaves like an ideal double layer
capacitor. The correction in the capacitance to its real
value was calculated using thefollowing equation23.
Cdl= Q (Wmax) n-1

Rct − R
Rct

In (CR ) = B −

Ea
RT

… (7)

where, Bis the Arrhenius pre-exponential constant,
and R is the universal gas constant. A plot of ln CR
versus 1/T gives a straight line (Fig. 5) with a slope
equal to–Ea/R and hence, the values of Ea were
obtained. The enthalpy and entropy of activation for
the metal dissolution process were determined using
the transition state equation29,

… (5)

It was observed from the Table 2 that the values of
Cdl decreased with increase in inhibitor concentration
at all studied temperatures. The decrease in Cdl is due
to the increase in the electrical double layer at the
metal solution interface and also by the gradual
replacement of water molecules by the adsorbed
inhibitor molecules on the metal surface24. The charge
transfer resistance (Rct) increased with increase in the
inhibitor concentrations, which indicated that the
charge transfer process was mainly controlling the
corrosion of mild steel25. The resultant Rct values were
used to calculate the percentage inhibition efficiency
(% IE) using equation 6.
% IE =

active functional groups, imine group and π electrons
present in the adsorbate molecules27.
The activation energy (Ea) for the corrosion process
was calculated from Arrhenius equation28.

#

CR =

#

∆S
−∆ H
RT
exp (
) exp (
)
Nh
R
RT

… (8)

where, h is Plank’s constant, and N is Avagadro’s
number.
The plot of ln (CR/T) versus 1/T, gives a straight
line with slope equal to −/T and intercept equal to ln
(R/Nh) + /R. The activation parameters obtained are
recorded in Table 3.

0
ct

×100

… (6)

where, Rct and Roct indicate the charge transfer
resistance in the presence and absence of HMBHC
respectively.
Effect of temperature

It was evident from the Table 1 that the corrosion
current density (icorr) as well as corrosion rate (CR)
increased with increase in temperatures. This was
attributed to the fact that the rate of chemical reaction
increases with increase in temperature. The rise in
temperature increases the conductivity of aqueous
medium and thereby increasing the diffusion rate of
hydrogen ions towards the metal surface and hence
the corrosion progresses at higher temperature26.
Further the inhibition efficiency increased with
increase in temperatures. The high protection
efficiency of HMBHC was mainly due to its bonding
interaction with the metal surface. The strong bonding
is generally attributed to higher electron densities at

Fig. 5 — Arrhenius plots of ln (CR) versus 1/T for mild steel in
0.5 M HCl with different concentrations of HMBHC
Table 3 — Activation parameters for the corrosion of mild steel in
0.5 M HCl acid containing different concentrations of HMBHC
Conc. of Inhibitor
(mM)
0
0.1
0.2
0.4
0.6
0.8

Ea
(kJmol-1)
59.94
51.28
48.59
43.31
41.01
36.14

∆H≠
(kJmol-1)
57.33
48.67
45.98
41.69
38.38
33.52

∆S≠
(Jmol-1K-1)
- 64.7
- 114.98
- 116.40
- 132.33
- 144.57
- 161.17
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It was evident from the Table 3 that the values of Ea
for the corrosion of mild steel in the presence of
HMBHC lower than those in the absence of inhibitor
was attributed to chemical adsorption of inhibitor
molecules on the metal surface30. The adsorption of the
inhibitor on the metal surface leads to the formation of
a physical barrier between the metal surface and the
corrosive medium, blocking the charge transfer, and
there by controlling the corrosion process31.
Adsorption isotherm

The study of adsorption isotherms provides basic
information regarding the interaction between the
inhibitor molecule and the metal surface. Two main
types of interaction can describe the adsorption of the
organic compound: physical adsorption and
chemisorption. These are influenced by the chemical
structure of the inhibitor, the type of the electrolyte,
the charge and nature of the metal. The values of
surface coverage (θ) used to explain the best isotherm
to determine the adsorption process. In the present
study, various adsorption isotherms are tested and it is
found that the adsorption of HMBHC on the mild
steel surface in hydrochloric acid medium follows the
Langmuir adsorption isotherm which is given by the
expression32,
Cinh /θ = 1/ Kads +Cinh

… (9)

where, Cinh is inhibitor concentration, θ is the
degree of surface coverage and Kads is the adsorption
equilibrium constant. The value of Kads, determined
from the plot of Cinh /θ versus Cinh (Fig. 6) is used to
calculate the value of the standard free energy of
adsorption (∆Goads) using the expression33,
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0

K=

1
− ∆ Gads
exp (
)
55.5
RT

… (10)

where, K is the equilibrium constant, R is the
universal gas constant and T is absolute temperature
and 55.5 is the concentration of water in solution in
mol/dm3.The standard enthalpy of adsorption (∆Hoads)
and the standard entropy of adsorption (∆Soads) are
computed from the slope and intercept of the straight
line obtained by plotting ∆Goads versus T, as per the
thermodynamic equation,
∆G

o
ads

= ∆H

o

o

ads

− T∆S

… (11)

ads

The calculated values of ∆Goads, ∆Hoads and ∆Soads
are tabulated in Table 4. In general, the values of
∆Goads up to -20 kJ mol−1or less than -20 kJ mol-1
imply the electrostatic interactions exist between the
charged molecules and the charged metal surface34,35.
The values greater than -40 kJ mol-1 imply the
formation of the chemical bond between the inhibitor
molecule and the metal surface through charge
sharing or charge transfer36. It this case ∆Goads values
corresponding to lower temperature (30-50°C) indicates
the mixed adsorption of HMBHC, predominately with
chemisorption at higher temperature37.
The positive sign of ∆Hoads indicated that the
adsorption of inhibitor molecule is an endothermic
process. In general, an endothermic process is
attributed to chemisorption while an exothermic
adsorption process signifies either physisorption or
chemisorption38. In the present study, the calculated
value of ∆Hoads with positive sign (5.006 kJ mol-1)
indicates the chemisorption of inhibitor. The large and
negative ∆Soads value indicates that decrease in
disorder takes place on going from reactant to the
metal activated complex39.
Inhibition mechanism

Corrosion inhibition action of HMBHC on mild
steel in 0.5 M hydrochloric acid solution is due to the
adsorption of inhibitor molecule on the metal surface.
Table 4 — Thermodynamic parameters for the adsorption of
HMBHC on mild steel surface in 0.5 M HCl acid at different
temperatures

Fig. 6 — Langmuir’s adsorption isotherm of HMBHC on mild
steel in 0.5 M HCl at different temperatures

Temp.
(°C)

– ∆Goads
(kJ mol-1)

R2

30
40
50
60

36.18
38.46
39.77
41.32

0.999
0.999
0.999
0.999

Slope
1.014
1.054
1.041
1.042

∆Hoads
(kJ mol-1)
5.066

∆Soads
(J mol-1K-1)
-139.1
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Fig. 7 — SEM images of the mild steel (a) Exposed to 0.5 M HCl solution and (b) Exposed to 0.5 M HCl containing 0.8 mM of HMBHC

The mode of adsorption of HMBHC molecule on the
mild steel surface can be explained as follows: In a
highly acidic solution, the HMBHC molecule can
undergo protonation at its amino groups and can exist
as a protonated positive species. Further, the metal
surface is also gets positive charge in the presence of
acidic medium. This would cause the negatively
charged chloride ions to become adsorbed on the
metal surface, making the metal surface negatively
charged. The positively charged protonated HMBHC
molecules then interact electrostatically with the
negatively charged chloride ions adsorbed on the
metal surface resulting in physisorption particularly at
lower temperature40.
The maximum inhibition efficiency attained at
higher temperature (60°C) is due to the adsorption
HMBHC molecule on the surface of metal via
chemisorption process. This is due the displacement
of the initially occupied water molecules from the
surface of the metal leading to the sharing of electrons
between the hetero atoms (O, S and N) and the metal.
In addition, the horizontal orientation of the entire
molecule with respect to the metal surface can also
lead to donor-acceptor interaction of π-electrons of
the aromatic ring with those vacant d orbitals of the
metal surface resulting in chemisorption. The
presence of imine group (–CH=N–) and electron
donating groups (-OH and -OCH3) in HMBHC makes
it more effective and potential corrosion inhibitor for
mild steel41.
Scanning electron microscopy

SEM investigations were carried out to
differentiate between the surface morphology of

the metal surface after its immersion in 0.5 M
hydrochloric acid for three hours in the absence and
presence of HMBHC. Figures 7a and 7b shows the
surface images of mild steel sample in the absence
and presence of HMBHC respectively. The closed
observation of Fig. 7a shows the formation of rough
surface including pits due to the corrosion, whereas
smooth sample surface was obtained in the presence
of HMBHC as shown in Fig. 7b. This confirms the
adsorption of HMBHC on the mild steel surface
through the formation of protective film.
Conclusion
The conclusions drawn from the present study are,
•

•

•
•
•

HMBHC is found to be potential inhibitor for the
corrosion control of mild steel in 0.5 M
hydrochloric acid solution.
Percentage inhibition efficiency increases with
increase in HMBHC concentrations and increases
with increase in the temperature.
The adsorption of HMBHC on the mild steel
surface obeys Langmuir adsorption isotherm.
Tafel polarization measurements indicate
HMBHC acts as mixed type inhibitor.
Activation and thermodynamic parameters
indicates the adsorption of HMBHC is through
mixed type adsorption, with predominately
chemisorption.
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