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The effect of some benzaldehyde derivatives on the corrosion of zinc in 0.5 M HCl solution is studied in this
article using mass loss, potentiodynamic polarization, and electrochemical impedance spectroscopy (EIS)
techniques. The percentage inhibition efficiency (%In) was found to increase with increasing concentration
of the inhibitor and with decreasing temperature. Polarization studies indicated that all of the compounds
studied are mixed-type inhibitors. The inhibitive action of these benzaldehyde derivatives has been dis-
cussed in view of the adsorption on the zinc surface. The adsorption process follows Temkin�s isotherm. The
addition of KSCN, KI, and KBr to benzaldehyde derivatives has enhanced the inhibition efficiency because
of synergistic effect. The mechanism of inhibition process is discussed in the light of the chemical structures
of the investigated inhibitors.
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1. Introduction

Zinc is one of the most widely used metals and is often
attacked by aggressive media, such as acids, bases, and salt
solutions (Ref 1, 2). For scale removal and cleaning of zinc
surface with acid solutions, the use of organic inhibitors is one
of the most practical methods for protection against corrosion,
especially in acidic media (Ref 3-19).

The corrosion inhibition by organic compounds is connected
with their adsorption properties. The role of the adsorbed
inhibitor is to isolate the metal from the corrosive medium and/
or to modify the electrode reactions which cause dissolution of
the metal. The adsorption is ascribed to the effects of aromatic
rings which are adsorbed parallel to the metal surface (Ref 20).
It has been observed that the adsorption depends mainly on the
electronic structure of the molecules, as well as on the surface
morphology of the metal (Ref 21, 22).

The aim of this study is to investigate the effect of some
benzaldehyde derivatives on the corrosion of Zn in 0.5 M HCl
solution using mass loss, potentiodynamic polarization, and
electrochemical impedance spectroscopy (EIS) techniques. The
effect of temperature on the dissolution of Zn in free and
inhibited acid solution was also investigated.

The investigated inhibitors are described in the following:

2. Experimental

The zinc (BDH grade) sheets used in this investigation have
the following chemical composition:
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Element Pb Fe Cd Cu Zn
wt.% 0.001 0.002 0.001 0.003 Rest

All the chemicals used were of AR grade and used as received.
Specimens of zinc sheets were first polished with different
grades of emery papers, to obtain a smooth surface, degreased
in acetone in an ultrasonic bath, washed by bidistilled water,
and dried between two fitter papers. The solutions of 0.5 M
HCl were prepared with bidistilled water.

2.1 Mass-Loss Measurements

For mass-loss measurements, rectangular zinc specimens of
size 209 209 2 mm were immersed in 100-mL inhibited and
uninhibited solutions and allowed to remain for several
intervals at 30 �C in water thermostat. The percentage inhibi-
tion efficiency (%In) of the inhibitor was calculated using the
following equation:

%In ¼ Mfree �Minh

Mfree pure

� �
� 100 ðEq 1Þ

where Mfree and Minh are the mass losses in the absence and
the presence of inhibitors, respectively.

2.2 Potentiodynamic Polarization Measurements

Potentiodynamic polarization studies were carried out on
zinc electrode in 0.5 M HCl in the presence and the absence of
different concentrations of the inhibitors used at 25 �C and at
the scan rate of 10 mV s�1. Saturated calomel electrode was
used as reference electrode while a platinum wire as a counter
electrode. All the experiments were carried out at 25± 0.1 �C.
A 1-cm-long cylindrical zinc electrode having a diameter of
1.25 mm was used as working electrode. The %In was
calculated from the following equation:

%In ¼ Icorr � Iinh
Icorr

� �
� 100 ðEq 2Þ

where Icorr and Iinh are the uninhibited and inhibited corrosion
current densities, respectively.

2.3 Electrochemical Impedance Spectroscopy (EIS) Method

The EIS experiments were conducted at 298± 1 K at the
OCP (open circuit potential) over a frequency ranging from
1 kHz to 1 Hz, using a signal amplitude perturbation of 10 mV
using potentiostat/galvanostat (Gamry PCI 300/4) and a
personal computer with EIS 300 software for calculation.
Nyquist plots were obtained from the results of these exper-
iments. Values of the charge transfer resistance (Rct) were
obtained from these plots by determining the difference in the
values of impedance at low and high frequencies, as suggested
by Saliyan and Adhikari (Ref 23). Values of the double-layer
capacitance (Cdl) were obtained from the following equation:

Cdl ¼
1

2pfmaxRct
ðEq 3Þ

%IE was calculated using the equation:

%In ¼ ð1=R
0
ctÞ � ð1=RctÞ
ð1=R0ctÞ

� 100 ðEq 4Þ

where R0ct and Rct are the charge transfer resistance values in
the absence and the presence of the inhibitors, respectively.

3. Results and Discussion

3.1 Mass-Loss Measurements

Figure 1 represents the relation between times and mass
loses of Zn coupons in 0.5 M HCl solution devoid of and
containing different concentrations of compound I as an
example. Similar curves were also obtained for the other two
tested compounds (not shown). An inspection of this figure
reveals that the linear variation of mass loss with time in the
inhibited and uninhibited 0.5 M HCl solution indicates the
absence of insoluble films during corrosion i.e., the inhibitors
are first adsorbed on the metal surface, which thereafter impede
corrosion either by merely blocking the reaction sites (anodic
and cathodic) or by altering the mechanism of the anodic and
cathodic processes. From a further inspection of Fig. 1, it
becomes obvious that the weight loss of Zn samples was
decreased. This means that the presence of these derivatives
retards the corrosion of Zn in 0.5 M HCl solutions or, in other
words, these derivatives act as inhibitors. The values of
percentage inhibition of investigated compounds are given in
Table 1. From this table, it is clear that the %In of these
compounds increases with increasing concentration of these
additives. The order of the inhibition efficiency of benzaldehyde
decreases in following manner: compound (I)> compound
(II)> compound (III).

0       20      40       60      80      100    120    140     160    180     200
0

1

2

3

4

5

M
as

s 
lo

ss
, m

g 
cm

-2

Time, min.

1

7

Fig. 1 Mass loss-time curves for zinc dissolution in 0.5 M HCl in
the absence and the presence of different concentrations of inhibitors
(I) at 30 �C: (1) 0.00 M compound I, (2) 1910�6, (3) 39 10�6, (4)
59 10�6, (5) 79 10�6, (6) 99 10�6, and (7) 11910�6 M

Table 1 Effect of inhibitors concentrations
on the percentage inhibition efficiency (%In) of zinc
in 0.5 M HCl solution from mass-loss method at 30 �C

Concentration, M

%In

(I) (II) (III)

1910�6 30.3 28.3 26.2
39 10�6 35.1 31.6 28.3
59 10�6 38.2 36.2 32.5
79 10�6 40.1 38.1 35.5
99 10�6 45.2 44.3 40.1
11910�6 48.3 46.1 42.2
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3.2 Synergistic Effect

The %In of the tested derivatives is low, and hence, in order
to increase these values, we use KI, KSCN, and KBr in addition
to the different concentrations of the investigated derivatives.
The effect of KI, KSCN, and KBr on the performance of
benzaldehyde derivatives has been studied using mass-loss
technique. Similar curves as those in Fig. 1 were obtained (not
shown). The values of IE for specific concentration of KI,
KSCN, and KBr (1910�2 M) in the presence of various
concentrations of inhibitors are given in Table 2.

It is seen from Table 2 that the addition of 10�2 M of KI,
KSCN, and KBr inhibits the corrosion of zinc to a large extent,
and by increasing the concentration of benzaldehyde deriva-
tives (1910�6 to 11910�6 M), the percentage inhibition
increases. This can be interpreted according to Fouda et al. (Ref
24), who proposed two types of joint adsorption, namely,
competitive and cooperative. In the case of competitive
adsorption, the anions and cations are adsorbed at different
sites on the electrode surface, and in the case of cooperative
adsorption, the anions are chemisorbed on the electrode
surface, and the cations are adsorbed on a layer of the anion,
apart from the adsorption on the surface directly.

From the data of Table 2 it is seen that KI would be
considered as one of the effective anions for synergistic action
with respect to the investigated salts. The net increment of
inhibition efficiency shows a synergistic effect of KI, KSCN,
and KBr with benzaldehyde derivatives. The synergistic effect
depends on the type and concentration of anions. The inhibition
efficiency in the presence of these anions decreases in the
following order: KI >KSCN >KBr .The experimental
results suggest that the presence of these anions in the solution
stabilizes the adsorption of benzaldehyde derivatives on the
metal surface and improves the inhibition efficiency of these
derivatives.

The synergistic inhibition effect was evaluated using the
parameter, Sh, obtained from the surface coverage h (measured
from the mass-loss method) of the anion, cation, and both.
Aramaki and Hackerman (Ref 25) calculated the synergistic
parameter using the following equation:

Sh ¼ 1� h1þ2ð Þ= 1� h01þ2
� �

ðEq 5Þ

where h1+2 = h1 + h2� h1h2; h01þ2 is the measured surface
coverage by the anion in combination with cation; and h1 and
h2 are the surface coverages by the anions and cations,
respectively.

Table 3 lists the variation of the synergistic parameter (Sh) in
the presence of different concentrations of benzaldehyde
derivatives. It is seen that all the values of Sh are equal to
nearly unity, and, therefore, the adsorption of each compound
antagonizes the other�s adsorption. Thus, benzaldehyde deriv-
atives significantly improved the coverage, and, thus, also the
quality and the inhibition efficiency of benzaldehyde deriva-
tives on the corroding zinc.

It is also known that Zn surface has positive charge due to
(Ecorr�Eq=0 = /), where / is referred to as Antropov�s rational
potential or potential on the corrosive scale, and Eq=0 is the
potential of zero charge. If / is negative, then the electrode
surface has net negative charge, and the absorption of cationic
species is favored. If the adsorption of anions is favored, then /
must be positive. Thus, it is difficult for the positively charged
benzaldehyde derivatives to approach the positively charged Zn
surface because of the electrostatic repulsion. Therefore, these
derivatives cannot act as excellent inhibitors for Zn corrosion in
0.5 M HCl solution without anions. In the presence of I�,
SCN�, and Br� ions, these anions get adsorbed on Zn surface,
making the surface become negatively charged by means of
electrostatic attraction following which protonated benzalde-
hyde derivatives easily reach the surface of Zn metal.

3.3 Adsorption Isotherm

Assuming that the corrosion inhibition was caused by the
adsorption of aldehydes derivatives, the values of surface
coverages for different concentrations of inhibitors in 0.5 M
HCl were evaluated from mass-loss measurement using the
following equation:

h ¼ ½ðMfree �MinhÞ=Mfree� ðEq 6Þ

It was found that the values of (h) increased with increasing
concentration of benzaldehydes derivatives. Using these values
of surface coverage, one can utilize different adsorption
isotherms to interpret the experimental data. Plots of h versus
log C (Temkin�s isotherm) for the adsorption of aldehyde
derivatives on the surface of Zn in 0.5 M HCl are shown in
Fig. 2. The data produced straight lines indicating that
Temkin�s isotherm is valid for this system. The values of free

Table 3 Synergism parameter (Sh) for different concentrations of the organic additives with addition of 131022 M KI

Corrosive medium

Synergism parameter (Sh)

Concentration, M: 131026 33 1026 53 1026 73 1026 93 1026 1131026

0.5 M HCl (I) 0.94 0.94 0.93 0.95 0.92 0.94
(II) 0.98 0.95 0.95 0.97 0.94 1.00
(III) 0.96 0.93 0.96 0.93 1.00 1.00

Table 2 Data from mass loss of zinc dissolution in 0.5 M
HCl at different concentrations of the benzaldehyde
derivatives with additions of 131022 M KI, KSCN,
and KBr at 30 �C

Concentration,
M

%In

KI KSCN KBr

(I) (II) (III) (I) (II) (III) (I) (II) (III)

1910�6 74.7 71.7 67.1 73.1 70.0 64.4 70.7 68.5 61.4
39 10�6 76.3 72.3 68.9 73.6 71.6 65.2 72.2 69.4 62.7
59 10�6 78.0 74.2 68.6 75.4 72.5 66.0 73.8 70.2 63.5
79 10�6 80.4 75.0 70.3 76.6 73.2 67.6 75.4 70.9 64.3
99 10�6 82.2 76.5 71.3 79.7 74.2 68.6 77.2 71.7 66.2
11910�6 83.2 77.3 73.4 82.5 75.1 70.3 79.1 73.7 67.9
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energy of adsorption (DG�ads) were calculated using the
following equation:

K ¼ 1=55:5 exp �DG�ads=RT
� �

ðEq 7Þ

where K is the equilibrium constant, R is the universal gas
constant, T is the absolute temperature, and 55.5 represents
the concentration of water in mol L�1.

On the other hand, it is found that the kinetic-
thermodynamic model of El-Awady and Ahmed (Ref 26)
which has the formula:

logðh=1� hÞ ¼ log K 0 � y log C ðEq 8Þ

is valid to operate the present adsorption data. The equilib-
rium constant of adsorption, K = K¢(1/y), where 1/y is the
number of the surface-active sites occupied by one benzalde-
hyde molecule, and C is the bulk concentration of the inhibi-
tor. By plotting [log (h/1� h)] versus C at 30 �C, a linear
relationship was obtained (Fig. 3) suggestive of the validity
of this model for all the cases studied. The calculated values

of 1/y, K, and DG�ads are given in Table 4; On an inspection
of these data, it is noted that DG�ads values have a negative
sign, indicating that the adsorption process proceeds sponta-
neously, and they increase as the percentage inhibition
increases.

3.4 Effect of temperature

The effect of Temperature (30-55 �C) on the corrosion of
zinc electrode in 0.5 M HCl in the presence of different
concentrations of inhibitors was studied using mass-loss
measurements. Similar curves to Fig 1 were obtained (not
shown) .As the temperature increases, the rate of corrosion
increases and hence the inhibition efficiency of the additives
decreases .This is because desorption is aided by increasing the
temperature. This behavior proves that the adsorption of
inhibitors on the zinc surface occurs through physical
adsorption.

Activation parameters for corrosion of zinc were calculated
from Arrhenius-type plot.

-0.15

-0.10

-0.05

0.00

0.05

0.10

0.15

0.20

0.25

R2=0.957

R2=0.967

R2=0.987

lo
g(

θ 
/ 1

 -
 θ

)

(I).
(II).
(III).

-5.6      -5.5      -5.4      -5.3      -5.2      -5.1      -5.0     -4.9

log C ,M.

Fig. 3 Curve fitting of corrosion data for zinc in 0.5 M HCl in the
presence of different concentrations of benzaldehyde derivatives to
the kinetic model at 30 �C

Table 4 Inhibitor-binding constant (K), Free energy of binding, DG�ads, the number of active sites (1/y), and later
interaction parameter (a) for organic additives at 30 �C

Corrosive medium Inhibitors

Kinetic model Temkin

1/y K3 1024 M21 �DG�ads, kJ mol21 a K3 1024 M21 2DGads, kJ mol21

0.5 M
HCl

(I) 5.3 2.8 42.2 10.5 2.7 45.2
(II) 6.7 1.3 37.3 14.6 1.2 38.5
(III) 10.0 1.0 32.1 22.5 1.1 34.2
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Fig. 2 Curve fitting of corrosion data for zinc in 0.5 M HCl in the
presence of different concentrations of benzaldehyde derivatives to
the Temkin�s adsorption isotherm at 30 �C
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k ¼ A exp �E�a=RT
� �

ðEq 9Þ

and transition state-type equation:

k ¼ RT=Nh expðDS�=RÞ expð�DH�=RTÞ ðEq 10Þ

where k is the rate of metal dissolution, A is the frequency
factor, N is Avogadro�s number, R is the universal gas con-
stant, h is Planck�s constant, T is the absolute temperature,
DH* is the activation enthalpy, and DS* is the activation
entropy.

Figure 4 represents a plot of log k (corrosion rate) against
1/T (absolute temperature) for zinc in 0.5 M HCl solution in the
absence and in the presence of different concentrations of the
compound (I). Similar curves were obtained for other com-
pounds (not shown). Straight lines were obtained with the slope
of �E�a=2:303R. The value of activation energy was found to be
42.2 kJ mol�1 for 0.5 M HCl, which is above the value for the
acid containing inhibitors (Table 5). On other hand, Fig. 5
illustrates the plots of log k/T versus 1/T for zinc electrode in
0.5 M HCl solution in the absence and the presence of different
concentrations of compound (I). Similar curves were obtained
for the other compounds (not shown). From the slopes of these
lines, DH* values can be computed, and from their intercepts,
DS* also can be computed.

The calculated values of the apparent activation energies E�a ,
the activation enthalpies DH*, and the activation entropies DS*
for zinc dissolution in 0.5 M HCl solution in the absence and

Fig. 4 log k (corrosion rate)� 1/T curves for zinc dissolution in
0.5 M HCl in the absence and the presence of different concentra-
tions of inhibitor (I)

Table 5 Activation parameters for the dissolution
of zinc in the presence and the absence of different
concentrations of inhibitors in 0.5 M HCl

Inhibitor
Concentrations,

M

Activation parameters

E�a,
kJ mol21

DH*,
kJ mol21

2DS*,
J mol21 K21

Free acid
(0.5 M HCl)

0 42.2 21.1 51.2

(I) 1910�6 55.0 56.2 7.6
39 10�6 63.4 59.5 8.9
59 10�6 65.1 61.1 10.2
79 10�6 65.2 62.1 11.7
99 10�6 66.3 63.0 13.4
11910�6 67.0 64.1 14.9

(II) 1910�6 40.0 46.8 8.2
39 10�6 43.1 48.3 10.7
59 10�6 45.2 50.5 11.9
79 10�6 46.6 51.3 14.1
99 10�6 48.2 52.5 17.5
11910�6 50.2 53.4 22.0

(III) 1910�6 37.7 41.4 13.4
39 10�6 39.4 41.9 17.6
59 10�6 43.0 44.0 27.5
79 10�6 44.0 45.3 31.1
99 10�6 44.3 49.3 31.4
11910�6 45.6 50.2 34.2

Fig. 5 log (corrosion rate/T)� (1/T) curves for zinc dissolution in
0.5 M HCl in the absence and the presence of different concentra-
tions of inhibitor (I)

Journal of Materials Engineering and Performance Volume 21(6) June 2012—999



the presence of different additives are shown in Table 5. The
presence of benzaldehyde derivatives increases the activation
energies of zinc indicating strong adsorption of the inhibitor
molecules on the metal surface, and the presence of these
additives induces energy barrier for the corrosion reaction, with
this barrier increasing with increasing additive concentrations.

The results of Table 5 show that the enthalpies of activation
are positive. The positive sign of enthalpy reflects the
endothermic nature of the zinc dissolution process (Ref 27).
Also, all the values of the entropies of activation are negative,
implying that the activated complex is the rate-determining step
and represents an association, rather than a dissociation, step
meaning that a decreasing order takes place while transiting
from the reactants to the activated complex (Ref 28).

3.5 Potentiodynamic Polarization Measurement

The effect of addition of some of the benzaldehyde
derivatives on the potentiodynamic polarization curves of zinc
in 0.5 M HCl solution at 25 �C with the scan rate of 10 mV s�1

was studied. The effect of increased concentration of compound
I is represented as an example in Fig. 6. Similar curves were
obtained for the other two compounds (not shown), but the
corrosion parameters obtained are listed in Table 6. One can
immediately observe that there is a transition region in which
the potential increases (anodic polarization) or decreases
(cathodic polarization) slowly with current density followed
by a rapid linear build up of potential with current density
(Tafel region).

Table 6 shows the effect of additive�s concentration on the
corrosion kinetic parameters, such as corrosion potential (Ecorr),
corrosion current density (Icorr), cathodic and anodic Tafel
slopes (ba and bc), surface coverage (h) and inhibition
efficiency (%In), obtained from potentiodynamic polarization
measurements at 25 �C.

Table 6 reveals that the increasing concentration of the
additives leads to the following: The values bc and ba are
almost constant to the blank curve. This means that these
compounds influence Tafel slopes. However, the data suggested
that these compounds act mainly as mixed-type inhibitors with
a slight predominance of cathodic character due the shift of
Ecorr to more negative potential. The value of Icorr decreases,
indicating the inhibiting effect of these compounds. These
values of percentage of inhibition efficiency of the three tested
compounds decrease in the following order: Compound
I>Compound II >Compound III.

3.6 Electrochemical Impedance Spectroscopy

Impedance diagrams (Nyquist plots) at frequencies ranging
from 1 Hz to 1 kHz with 10 mV amplitude signal at OCP for
zinc in 0.5 M HCl in the absence and the presence of different
concentrations of compounds (I-III) are obtained. The equiv-
alent circuit that describes the metal/electrolyte interface is

-3.5        -3.0         -2.5         -2.0         -1.5         -1.0         -0.5
-1.7

-1.6

-1.5

-1.4

-1.3

-1.2

-1.1

-1.0

-0.9

-0.8

-0.7

-0.6

-0.5

-0.4

E
,m

V
(v

s.
 S

C
E

)

log i, mAcm-2.

7

1

1

7

Fig. 6 Potentiodynamic polarization curves of zinc electrode in
0.5 M HCl solution in the absence and the presence of different con-
centrations of compound (I) at scan rate 10 mV s�1: (1) 0.00 M
compound I, (2) 1910�6, (3) 39 10�6, (4) 59 10�6, (5) 79 10�6,
(6) 99 10�6, and (7) 11910�6 M

Table 6 Corrosion parameters of Zn electrode in 0.5 M HCl solution containing different concentrations of inhibitors:

Inhibitor Concentration, M
2Ecorr, mV
vs. SCE Icorr, mA cm22 bc, mV dec21 ba, mV dec21 h %In

Free acid (0.5 M HCl) 0 990 198 412 505 … …
(I) 1910�6 991 140 415 508 0.293 29.29

39 10�6 993 132 420 513 0.333 33.33
59 10�6 994 126 424 518 0.363 36.36
79 10�6 993 119 430 520 0.399 39.89
99 10�6 996 112 435 525 0.434 43.43
11910�6 996 104 440 530 0.475 47.47

(II) 1910�6 994 146 422 512 0.263 26.26
39 10�6 995 138 428 518 0.303 30.30
59 10�6 997 130 430 524 0.343 34.34
79 10�6 999 125 435 530 0.369 36.86
99 10�6 995 118 440 538 0.404 40.40
11910�6 999 108 448 544 0.455 45.45

(III) 1910�6 993 150 425 518 0.242 24.24
39 10�6 991 142 433 524 0.283 28.28
59 10�6 993 135 438 530 0.318 31.82
79 10�6 995 130 445 535 0.343 34.34
99 10�6 996 122 450 542 0.384 38.38
11910�6 998 115 455 552 0.419 41.91

1000—Volume 21(6) June 2012 Journal of Materials Engineering and Performance



shown in Fig. 7, where Rs, Rct, and CPE refer to the solution
resistance, the charge transfer resistance, and the constant phase
element, respectively. EIS parameters and %In are calculated
and tabulated in Table 7. In order to correlate impedance and
polarization methods, Icorr values are obtained from polarization
curves, and Nyquist plots in the absence and the presence of
different concentrations of compounds (I-III) using the Stern-
Geary equation:

Icorr ¼
babc

2:303 ba þ bcð ÞRct
ðEq 11Þ

The obtained Nyquist plot for compound (I) is shown in
Fig. 8. Each spectrum is characterized by a single, full
semicircle. The fact that impedance diagrams have an approx-
imately semicircular appearance shows that the corrosion of
zinc is controlled by a charge transfer process. Small distortion
is observed in some diagrams, which has been attributed to
frequency dispersion (Ref 29, 30). The diameter of the
capacitive loop obtained increases in the presence of benzal-
dehyde derivatives, and this increase in the diameter is
indicative of the degree of inhibition of the corrosion process.

It is observed from the obtained EIS data that Rct increases,
and Cdl decreases with the increasing inhibitor concentration.
The increase in Rct values, and consequently of inhibition
efficiency, may be due to the gradual replacement of water
molecules by the adsorption of the inhibitor molecules on the
metal surface to form an adherent film on the metal surface, and
this suggests that the coverage of the metal surface by the film
decreases the double-layer thickness. Also, this decrease of Cdl

at the metal/solution interface with increasing inhibitor con-
centration can result from a decrease in local dielectric constant,
indicating that the inhibitors were adsorbed on the surface at
both anodic and cathodic sites. The impedance data confirm the
inhibition behaviors of the inhibitors obtained using other
techniques. From the data of Table 7, it is seen that the Icorr
values decrease significantly in the presence of these additives
and that the %In is greatly improved. The order of reduction in
Icorr exactly correlates with that obtained from potentiodynamic
polarization studies. Moreover, the decrease in the values of
Icorr follows the same order as that obtained for the values of
Cdl. It can be concluded that the inhibition efficiency found
from weight loss, polarization curves, EIS measurements, and
the Stern-Geary equation are all in good agreement.

3.7 Mechanism of the Action of Inhibitors

Inhibitors are mainly organic compounds with at least one
polar unit having atoms of sulfur, nitrogen, oxygen, phospho-
rous, and selenium. The polar unit acts as the reaction center.
The organic compounds which act as inhibitors (RnX) are
adsorbed on the surface of the metal, M, forming a charge
transfer bond between their polar atoms and the metal:

M þ RnX : � M :XRn ðEq 12Þ

The number of adsorption active sites and their charge
densities, their molecular sizes, shapes, and orientations
determine the degree of adsorption, and hence the effectiveness
of the inhibitors.

The order of the decrease in the inhibition efficiency of
benzaldehyde derivatives occurs in the following sequence:
(I)> (II)> (III).

Compound (I) exhibits excellent inhibition efficiency
because of the presence of two OH groups which are more
basic and one OH group present in the para position has
Hammett constant (r = �0.37) but compound (II) has two CH3

groups which are less basic than OH group and CH3 group in

Table 7 Electrochemical kinetic parameter obtained by
EIS technique for the corrosion of Zn in 0.5 M HCl at
different concentrations of compounds at 25 �C

Inhibitor
Concentration,

M
Cdl, lF
cm22

Rct, X
cm2 h %In

Free acid
(0.5 M HCl)

0 59.62 3.99 0 0

(I) 39 10�6 59.6 5.6 0.304 30.46
79 10�6 56.98 6.1 0.363 36.32
99 10�6 49.86 6.9 0.423 42.3
11910�6 47.17 7.9 0.499 49.9

(II) 39 10�6 59.17 5.5 0.292 29.29
79 10�6 53.16 6 0.316 35.16
99 10�6 44.95 6.9 0.422 42.2
11910�6 44.86 7.24 0.449 44.9

(III) 39 10�6 57.08 5.41 0.281 28.12
79 10�6 41.95 5.88 0.335 33.59
99 10�6 39.24 6.61 0.396 39.6
11910�6 37.03 7.24 0.449 44.9
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Fig. 8 Nyquist plots for zinc in 0.5 M HCl solution in the absence
and the presence of different concentrations of compound (I)

Fig. 7 Equivalent circuit of Randles cell
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the para position has Hammett constant (r = �0.17) which is
less than OH group, in addition compound (I) has larger
molecular size than compound (II) so compound (I) is more
efficient than compound (II). Compound (III) is the least
efficient due to the absence of any substituted group in para
position. Compounds I, II may form complex with Zn ions, and
this complex may be adsorbed on the Zn surface.

4. Conclusions

1. Benzaldehyde derivatives have been used for inhibiting
the corrosion of Zn in 0.5 M HCl.

2. The potentiodynamic polarization data indicate that these
are mixed-type inhibitors.

3. The investigated benzaldehyde derivatives are adsorbed
on Zn surface following Temkin�s isotherm model.

4. Adsorption ability and inhibition efficiency reduce with
increment of temperature.

5. Because, both -CH3 and -OH groups activate the benzene
ring, and so compounds (I) and (II) behave as efficient
inhibitors, in compound (III); the presence of -OH in the
ortho position would facilitate the formation of a chelate
having a five-membered ring.
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