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ABSTRACT

Thiourea, (Inh I), N-allylthiourea, (Inh II), and 3-allyl-1-[(2-methoxyphenyl)methyl]thiourea (Inh III)
were used to mitigate the pitting corrosion of Ni in 0.01 M H,SO, by the galvanostatic polariza-
tion technique. The used compounds decrease the pitting corrosion by displacement of the pitting
potential, E_ into more positive values, with decreasing the amount of electricity, Q, ,, required
to reach E . The inhibition efficacy, n, was found to increase with raising the inhibitor concentra-
tion and depend on its kind. The inhibition efficacy, 1), increases in the sequence Inh I < Inh II < Inh
III. The inhibitive action of these compounds is discussed in terms of blocking the electrode sur-
face through an adsorption process following the Temkin isotherm. The calculated values of AG?,
are found to be —48.63, -50.18, and -51.84 kJ/mol for Inh I, Inh II, and Inh III, successively. These
values are compatible with a chemisorption process including the transfer of electrons from the

inhibitor molecule to the Ni metal surface.
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1. Introduction

Pitting corrosion is one of the most dangerous types of
corrosion that occurs for metals and metal alloys. The most
dangerous anions CI, CIO;, and ClO; induce the major
role in the initiation and propagation of the localized pit-
ting corrosion for most passive metals and stainless steel
[1-6]. An important characteristic of pitting corrosion is the

* Corresponding author.

fact that pits can nucleate and grow at potentials below the
pitting potential [6-12]. Pitting corrosion is characterized
by different stages, starting by passive film destruction,
metastable pits formation, and pit growth followed by pit
propagation ending by metal disintegration [6,10,11].

For facing this type of attack to protect the metal
and preserve the mineral wealth from loss, inhibitors
should be added to the corrosion environment. Literature
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indicated that most of the used inhibitors are inorganic
anions [4,5,11,12] or organic molecules containing hete-
ro-atoms rich by electron density such as P, O, N, and S in
their chemical structures [13-20]. The inhibition influence of
such molecules could be related to their adsorption through
active centers which are rich in electron density on the cor-
roding metal surface creating an insulating film that prohib-
its the aggressive ions to reach the metal surface. The kind
of adsorption of such molecules relies on different factors
such as the nature and the charge of the metal, the kind
of corrosive anions, and the chemical structure of organic
materials [21].

Nickel is one of the most utilized metals that used in var-
ious industrial applications. The pure metal exerts a good
corrosion resistance which is frequently due to the formed
protective oxide film on its surface [12,14,21]. It is found that
the passive film formed on Ni in dilute concentrations of
sulfuric acid was composed of mixed Ni oxide films while
a hydrated NiSO, was formed in highly concentrated solu-
tions [21,22]. The study of the corrosion inhibition of Ni in
sulfuric acid solutions is important due to the frequently use
of Ni in contact with the acidic solutions [23]. The present
study aims to evaluate the efficiencies of some N-containing
organic compounds such as thiourea and thiourea deriv-
atives. Such molecules are rich in S and N atoms in their
structure. Thiourea (Inh I), N-allylthiourea (Inh II), and
3-allyl-1-[(2-methoxyphenyl)methyl]thiourea, Inh (III) are
selected as corrosion inhibitors for pitting corrosion of
nickel in 0.01 M H,SO, solutions mixed with 0.01 M CIO;
ions using the galvanostatic polarization technique.

Due to the increase in the aggressiveness of the sul-
fate and perchlorate ions on the Ni passivity by tempera-
ture [24], the influence of temperature on the initiation
and inhibition of pitting corrosion was examined. Some
thermodynamic parameters including the activation ener-
gies, E, enthalpy of activation, AH, and entropy of activa-
tion, AS are computed and discussed. Also, the adsorption
thermodynamic parameters like the standard free energy,
AG?,, and the equilibrium constant, K, are calculated and
explained. Surface examination for some of the corroded
nickel samples in the corrosive and inhibitive solutions is
examined by scanning electron microscopy (SEM).

Table 1
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2. Experimental techniques
2.1. Materials

Spectroscopically pure Ni electrode (99.999%) was made
from spec-pure nickel rod (Johnson-Matthey, U.K.). The
electrode was fixed to a borosilicate glass tube with epoxy
resin so that the total exposed surface area was 0.97 cm?
Electrical contact was achieved through a copper wire sol-
dered to the end of the rod not exposed to the solution.
Before being used the electrode was abraded with the finer
grades emery papers to mirror finish [6,24]. Before each test,
the surface area of the Ni metal was polished by abrading
with different grades of finely polished papers. Then, the
electrode was cleaned by rinsing with acetone followed
by bi-distilled water and the test solution before inunda-
tion in the investigated solution. The used inhibitors are
thiourea, N-allylthiourea, and 3-allyl-1-[(2-methoxyphenyl)
methyl]thiourea, Table 1.

The examined solutions were prepared from A.R. H,SO,,
NaClO, (Fluka), and bi-distilled water. Various amounts
of inhibitors (1 x 10° M to 5 x 102 M) are added to 0.01 M
H,SO, containing 0.01 M NaClO,. Experiments were done
at 25°C, except otherwise carried at various temperatures.
To ensure the repeatability of the results, each experiment
was triplicated and the data were nearly similar. The SEM,
JEOL TM, JSM-T100 (Japan), is employed to examine the sur-
face of some corroded Ni surfaces in 0.01 M H,SO, mixed
with 0.01 M NaClO, without and with 0.0001 M of the
different inhibitors.

2.2. Electrolytic cell

The electrolytic cell used for electrochemical experi-
ments was composed of two compartments separated by a
fritted glass disc to prevent mixing of anolyte and cathol-
yte [26-28]. The cell has a double-walled jacket through
which water at the adjusted temperature was circulated.
Three kinds of electrodes are employed (platinum wire as
a counter electrode, nickel as a working electrode, and a
saturated calomel electrode, SCE, as a reference electrode).
The SCE was connected with a Luggin capillary positioned
close to the working electrode surface in order to minimize

Name, molecular formula, chemical structure, and molecular weight of the utilized inhibitors

Type and name of the inhibitors Molecular formula Chemical structure Molecular weight
Thiourea (Inh I) CH,N,S S 76.12 g/mol
Il
C
H.N-~ NH,
N-allylhiourea (Inh II) CHN,S S 116.19 g/mol
H:N)I\II}M CIL
3-Allyl-1-[(2-methoxyph- enyl)methyl]thiourea (Inh III) C, H,,N,OS Q\/ 222.2 g/mol
H H
N\l,r N CH.
O__ s '

CH,




A.S. Al-Gorair et al. / Desalination and Water Treatment 244 (2021) 147-156 149

ohmic potential drop. Before carrying polarization, the
Ni electrode was subjected to cathodic pretreatment for
20 min in the test solution to reduce any overlying oxides
film that would be formed on the metal surface before run-
ning the experiment. An ultra-thermostat, Polyscience-type
(USA) was used for adjusting the reaction temperature.
Each test was carried out with a latterly prepared elec-
trode and a neoteric solution. The potential-time curves at
a constant applied current were plotted on a recorder unit,
Cole Parmer Instruments (USA).

3. Results and discussion
3.1. Effect of inhibitor concentration

Fig. 1 explains the galvanostatic anodic polariza-
tion curves of nickel in 0.01 M H,SO, containing 0.01 M
NaClO, solutions without and with various additions of
3-allyl-1-[(2-methoxyphenyl)methyl]-thiourea (Inh III), at
1.0 mA/em? and 25°C. Comparable curves are gained with
the addition of N-allylthiourea (Inh II) and thiourea (Inh
I), curves not displayed. The data of the curves of Fig. 1
and the likes are recognized by a potential jump (region I)
confirming the decay of H, over-voltage on the nickel sur-
face subsequent by charging of the electrical double layer
[25,29,30]. After the decay step, the potential of the Ni elec-
trode modifies slowly with time to give two potential arrests
(zone II) followed by an inclined rise in the potential (zone
III), passive region, till reaching the pitting potential, E_,
at which perchlorate ions start to initiate the pitting corro-
sion [31]. The data of the polarized curves in the presence of
3-allyl-1-[(2-methoxyphenyl)methyl]thiourea are indicated
by curves 2-8 in Fig. 1. The regions I and II of curves 2-8
match in similarity that of the inhibitor-free, curve 1. The
presence of the inhibitor enhances oxide film repair (OE/ot),
during the formation of the passive region, (zone III) with a
shift of E  into the noble direction. This is due to the retarda-
tion of the pitting corrosion [6]. The oxidation processes rep-
resented by the arrests a and b would confirm the formation
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Fig. 1. Galvanostatic anodic polarization curves of Ni in 0.01 M
H,SO, mixed with 0.01 M NaClO, devoid of and containing dif-
ferent amounts of 3-allyl-1-[(2-methoxyphenyl)methyl]thiourea,
at 1.0 mA/cm? and 25°C.

of NiO as discussed early [25,32-34], while the rise in the
potential values, after the active oxidation process, (0E/0t),
could be assigned to the formation of more NiO on the metal
surface [25].

However, Fig. 1 depicts that in the case of the inhibi-
tor-free solution, curve 1, the anodic polarized curve indi-
cated that the E ; on the passive region located at 805 mV,
due to the damage of the oxide film with the initiation of
localized pitting corrosion [29,35]. A local active cell is
formed with the initiation of pitting corrosion on the oxide
film. This attitude is explained early as due to the specific
adsorption of the ClO; and CI ions on the passive oxide
film with the formation of metastable pits [29,36]. It must
be clarified that Cl- ions are produced from the reduction of
ClO; ions by the effect of Ni*? ions at the local active points to
initiate the pitting corrosion [37,38]. Little additions of inhib-
itor delay the pitting corrosion by shifting the E  into the
more positive values. The presence of 1 x 10° M of inhibitor
III (curve 2, Fig. 1) displaces E  into 865 mV.,, while the
addition of 1 x 10° M of 1nh1b1t0r III (curve 8, Fig. 1) rises
E into 1,170 mVSCE confirming that inhibitor has delayed
the pitting corrosion by displacement of the aggressive ion
from the electrode surface. The presence of fluctuations after
the breakdown potential, E , can be referred to as compe-
tition between the corrosive (ClO; and CI~ ions) and inhibi-
tive species on the oxide film surface. The formed metastable
pits stop propagating when the rate of oxide film repair
is lightly exceeded that of oxide film destruction, by the
effect of organic molecules [35].

The destructive effect of ClO; ions on the Ni sample
after the anodization process is depicted in Fig. 2. This
figure resembles the scanning electron micrograph (SEM)
of the Ni sample after carrying the anodic polarization
experiment in 0.01 M H,SO, mixed with 0.01 M CIO; ions.
It is noted that the surface of the Ni sample has several
irregularly distributed pits surrounded by corrosion prod-
ucts. This confirms the destruction influence by each of
CI" and CIQ; ions for the passive film with a generation of
well-defined pits, distributed on the metal surface.

60 pm

Fig. 2. Scanning electron micrograph (SEM) of the anodically
polarized Ni sample in 0.01 M H,SO, mixed with 0.01 M CIO,
ions, at 25°C.
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The relation between the pitting corrosion potential,
Epn, and the logarithmic concentration of the added inhibi-
tor can be represented by plots in Fig. 3. The plots give seg-
mented S-shape curves similar to an adsorption isotherm.
It is clear that the pitting potential, E , rises gradually with
increasing the amount of inhibitor due to the adsorption
of the inhibitor molecules on the metal surface preventing
the pitting propagation [35].

Fig. 4 depicts the rise in the rate of oxide-film repair,
OE/ot, with the log C,, of the added inhibitors. This figure
depicts the increase in the 0E/0t values with the added inhib-
itor, according to the segmented S-shaped curve, which
confirms the existence of an adsorption process of the used
organic molecules on the passive nickel film [35].

Figs. 5A—C illustrate the surface morphology of the
Ni sample after an anodic polarization experiment in
0.01 M H,SO, mixed with 0.01 M CIQ; ions in the presence
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Fig. 3. Variation of the pitting potential, E .,
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Fig. 4. Variation of the rate of oxide film repair, (OE/0t), with the
logarithmic concentration of the inhibitor, C,_,, for Ni in 0.01 M
H,SO, and 0.01 M NaClO,, at 25°C.

of 0.00001 M thiourea, N-allylthiourea, and 3-allyl-1-
[(2-methoxyphenyl)methyl]thiourea. It is obvious the exis-
tence of some fine pits on the metal surface surrounded
by some corrosion products in comparison with thick pits
formed in the absence of such inhibitor, Fig. 2. This con-
firms that the existence of the inhibitor resists the destruc-
tive effect of CI~ and CIO; ions and protects the metal from
pitting corrosion.

The values of the inhibition efficacy, n %, can be cal-
culated from the quantity of electricity (in mC cm™ unit)
consumed during anodic polarization till the initiation of
pitting corrosion and reaching E  without (Q, ) and with
inhibitor (Q, ,) according to the folilowing equation:

n:[l—g‘“hjxmo @

In the present study, the experimental reproducibility
of the inhibition efficiency in a triplicate determination
is good (the relative standard deviation values of three
parallel experiments were lower than 1.3% as shown in
Table 1). The calculated inhibition efficacies values are
listed in Table 2. 3-Allyl-1-[(2-methoxyphenyl)methyl]
thiourea gives the high inhibition efficacy reaching 68.00%
at 1 x 10® M concentration. The strength of the added
inhibitors towards the retardation of the localized pitting
corrosion on Ni in the sulfuric acid solution containing
ClO; ions decreases in the order: 3-allyl-1-[(2-methoxy-
phenyl)methyl]thiourea > N-allylthiourea > thiourea. This
order confirms the increased tendency of the employed
inhibitors towards the inhibition of the localized pitting
corrosion. Thiourea is a less effective inhibitor while
3-allyl-1-[(2-methoxyphenyl)methyl]thiourea followed by
N-allylthiourea are a more effective corrosion inhibitor.
The inhibition mechanism of the employed inhibitors
could be referred to as the competitive adsorption between
the organic molecules through the adsorption of the active
centers (N and S atoms besides the n-bonds of benzene
ring) and the aggressive Cl~ and CIO; ions on the Ni sur-
face which delays the destructive effect of ClI- and CIO;
ions by shifting the E  into the noble direction retarding
the localized pitting corrosion [39]. The adsorbed inhibi-
tors may be combined into the passive film improving the
passivity against the destructive effect of CIO; ions [39].

3.2. Adsorption isotherm

Inhibition by organic inhibitors is, primarily, owing
to their capability to adsorb onto a corroded metal surface
forming an insulating layer. The suitable adsorption isotherm
that confirms the adsorption process of the organic mol-
ecules on the metal surface is crucial as it supplies import-
ant evidence about the nature of metal-inhibitor interaction.
Generally, the adsorption of the inhibitor molecules depends
on various factors; among these is the type of heteroatoms
located in the inhibitor molecule, the nature of substrate
metal, and the kind of interaction between the inhibitive
molecules and the metal surface [40]. Several adsorption
isotherms were tried to fit the data assess the adsorption
behavior of the inhibitors including the Temkin, Langmuir,
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Fig. 5. Scanning electron micrograph (SEM) of the anodically polarized Ni sample in 0.01 M H,SO, mixed with 0.01 M ClO; ions in
the presence of 0.0001 M of (A) thiourea, (B) N-allylthiourea, and (C) 3-allyl-1-[(2-methoxyphenyl)methyl]thiourea, at 25°C.

Table 2

Values of the inhibition efficiency, with relative standard devia-
tion, for inhibitors toward the pitting corrosion of Ni in 0.01 M
H,SO, mixed with 0.01 M NaClO, solutions at 25°C

Concentration, M Inhibition efficiency, n %

InhI Inh II Inh IIT
1x10°M 12.0£0.89 149+0.77 20.2+1.09
5x10°M 19.8 +0.95 26.0 +0.95 28.7+0.98
1x10°M 247 +0.92 29.6 £0.88 34.5+0.87
5x10°M 349+0.88 39.4+0.93 48.3+0.89
1x10*M 39.4+0.78 44.3+0.94 51.9+0.68
5x10*M 49.6 +0.79 54.1+0.86 58.6 +0.74
1x10°M 53.2+0.85 59.0 £0.94 64.3 +0.86

and Frumkin isotherm. Among the three adsorption iso-
therms, the Temkin adsorption isotherm was found to pro-
vide the best fit. In Figs. 6A-C the linearly fit data obtained
and the values of the regression coefficient, R* > 0.996) of
Fig. 6A confirm the Temkin adsorption isotherm [41,42].

The Temkin adsorption model was preferable to describe
the adsorption of such compounds on the metal surface. In
all isotherms, the value of 6 can be computed from the val-
ues of the quantity of electricity consumed from starting the
experiment till reaching E, Q, . (in case of inhibitor-free
solution), and Q,, (with inhibitor solution) is using the
equation [21]:

e=[1—%j @

Qf'ree
According to this type of isotherm the relation between
the surface coverage, 6, and the corresponding inhibitor
amount, C, can be performed by the relation [41,42]:

e =K, C @)
or
o=t Lync 0))
ff
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where K , represents the adsorption—-desorption equilib-
rium constant while f is the molecular interaction constant.
The value of f relies on the intermolecular interaction in the
adsorbed film besides the heterogeneity of the metal surface.
When f takes positive values means the mutual attraction
between molecules, and for negative values of f, repulsion
occurs [41]. Typical plots of O vs. InC are depicted in Fig. 6.
Straight lines are obtained confirming the Temkin adsorp-
tion isotherm. The values of K , and f parameters can be
determined from the intercept and slope of Fig. 6, Table 3.

The free energy of adsorption, AG?,, of the different used
molecules can be derived from the values of equilibrium
constant, K_, using the relation [43]:

AG?, =2303RTlog(55.5K ) )

where R is the gas constant (8.314 J/K/mol), 55.5 is the con-
centration of H,O (mol/l) in the investigated solution, and T
is the absolute temperature. Various values of AG?,_ are rep-
resented in Table 3. The obtained values of AG?, are —48.63,

Temkin isotherm
A)
®m InhI
® InhII
A InhIII

R?=0.999
R%=0.996

R%=0.998

-14 -12 -10 -8 -6

(B)

-50.18, and -51.84 kJ/mol with thiourea, allyl thiourea,
and N-allyl-1-[(2-methoxyphenyl)methyl]thiourea, suc-
cessively. Primarily, AG?, values up to 20 kJ/mol are har-
monious with the physical adsorption, while those more
negative than 40 kJ/mol are conjugated with the chemisorp-
tion process due to coordinate bond formation by sharing
or transfer of electrons from the rich electron centers of the
used inhibitor molecules to the metal surface [44]. The cal-
culated values of AG?, are compatible with a chemisorption

Table 3

Adsorption parameters of the inhibitors (f, K ,, and AG?,)
on Ni surface in 0.01 M H,SO, mixed with 0.01 M NaClO,
solutions at 25°C

Type of anions f K, mol -AGS,, KJ/mol
InhI 16.31 6.027 x 10° 48.63
InhII 15.87 11.204 x 10° 50.18
Inh III 15.41 22.056 x 10° 51.84
2.0
= InhI Langmuir isotherm
® InhII
16l A InhII
12| 5 908, S =0.34
R*=0.912, S=0.522
0.8 - 5
R“=0.950, S=0.34
0.4
A
]
00 1 1 1 1 1 1
-5.6 -4.9 -4.2 -3.5 -2.8 -2.1
log C
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400000

log [6/C (1-8)]

200000

Frumkin isotherm

m  Inhl
A InhlII
® InhlIII

0.3 0.4 0.5 0.6
log 6

Fig. 6. (A) Temkin, (B) Langmuir, and (C) Frumkin adsorption isotherm for various inhibitors on Ni in 0.01 M H,SO, containing 0.01 M

NaClO,.
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process including the transfer of electrons from the inhibi-
tor molecules through the heteroatoms N, S, and w-elec-
trons of the conjugated system of the benzene ring to the
nickel-metal surface to form a coordinate bond [44].

3.3. Influence of temperature

The temperature plays a significant role in the investi-
gation of the immutability of the inhibition processes. To
evaluate the influence of temperature (range 25°C-50°C)
experimentally, the Ni electrode is anodically polarized
in 0.01 M H,SO, containing 0.01 M CIO; ions without and
with 0.0001 M of various inhibitors. As expected, the value
of EV was found to shift in the more negative value due to
the increase in the average kinetic energy of the corrosive
species [45].

Fig. 7 depicts the polarization data of Ni in 0.01 M
H,SO, mixed with 0.01 M NaClO, devoid of and containing
0.0001 M of 3-allyl-1-[(2-methoxyphenyl)methyl]-thiourea.
Similar curves are gained in the case of 0.0001 M of
thiourea and N-allylthiourea (curves not displayed). Fig. 7
and the similar ones indicated that the rise in the solution
temperature increases the time needed for the active oxi-
dation of Ni metal and passive film formation with an
enhancement of the pitting corrosion. It is noteworthy to
see that the rate of oxide film formation (region III), 0E/ot,
is delayed with the displacement of Epit into the more active
values with raising the temperature. The increase in the
induction time during Ni oxidation and the decrease in
the rate of buildup of the Ni oxide layer by the tempera-
ture can be related to the probability of the increase in the
mobility of ions by heating [46].

The quantity of electricity consumed during the pas-
sivation and before the initiation of pitting corrosion, Q,
is increased with temperature as shown in Fig. 8. On the
other hand, the change in 0E/dt is reduced by lowering in
the slope of the potential-time curve (zone III) of Fig. 7. This
attitude can be confirmed by Fig. 9 which depicts a straight-
line relation between the log Q and the temperature, T for
the free, and the inhibitive solutions.

(1) __0.01M H,SO_+ 0.0IM NaClO4+ 0.0001 M Inh LI
@ 1.0 mA/em”

(

1 1

4 6

3)
@
Q)

(6)

n
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=]
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2)30°C
@3)35°C
(4) 40 °C
(5) 45°C
(6) 50 °C
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=l
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1000
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Time, min.

1
0
Fig. 7. Effect of temperature on the anodic polariziation curves of

Ni in 0.01 M H,SO, mixed with 0.01 M NaClO, and 1 x 10 M of
3-allyl-1-[(2-methoxyphenyl)methyl]thiourea.

However, the Arrhenius equation can be utilized to
compute the activation energy, E, for the damage of the
oxide layer with the initiation of the pitting corrosion on the
Ni surface using the following equation [25,47-50]:

—E°
logr=——"—+log A 6
8" = 5303RT B ©)

where r depicts the rate of corrosion reaction represented
by the quantity of electricity (Q) required to reach E ; and
E, is the apparent activation energy required for oxide
film destruction, T is the absolute temperature, A is the
Arrhenius constant, and R is the gas constant (8.314 J/K mol).

The values of log Q (in mC/ecm? units), calculated at
various temperatures are plotted against 1/T, Fig. 10, in
the case of 0.01 M H,SO, mixed with 0.01 M NaClO, with-
out and with 0.0001 M of various inhibitors. The activation

0.165-  0.01 M H,SOy4 + 0.01 M NaClO 4+ 0.0001 M Inh
B Free
Vv Inhl
0.150 - 4 Inhn
Inh III
i
£
< 0.135 4
O
£
o
0.120
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1 1 1 1 1
295 300 305 310 315 320 325

T,K

Fig. 8. Variation of the quantity of electricity, Q, with the tem-
perature, T, for Ni in 0.01 M H,SO, containing 0.01 M NaClO,
and 0.0001 M inhibitors.
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Fig. 9. Variation of the rate of oxide film repair, (OE/0t), with the

temperature for Ni in 0.01 M H,SO, containing 0.01 M NaClO,
and 0.0001 M of various inhibitors.
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energies, E were determined from the slope values and
are listed in Table 4. The value of E, for the pitting cor-
rosion of Ni in 0.01 M H,SO, and 0.01 M NaClO, was
9.39 kJ/mol [6]. The data of Table 4 shows the increase in

0.01 M HySO4 + 0.01 M NaClO4+ 0.0001 M inhibitor

-0.80 ™ B Free
Vv Inhl
A InhII

0.85 - ® [InhIII

-1.00 -

0.0031 0.0032 0.0033
T, K!

0.0034

Fig. 10. Arrhenius plots for Ni in 0.01 M H,SO, mixed with 0.01 M
NaClQ, in the absence and presence of 1 x 10* M of inhibitors.
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Fig. 11. Transition-state plots for Ni in 0.01 M H,SO, mixed with
0.01 M NaClO, in the absence and presence of 1 x 10* M of
inhibitors.

Table 4

Thermodynamic corrosion parameters, activation energy for pit-
ting corrosion, E, enthalpy and entropy of Ni in 0.01 M H,SO,
mixed with 0.01 M NaClO, and 0.0001 M inhibitors

Type of anions E, kJ/mol AH, kJ/mol -AS, J/mol
0.01 M CIO; 9.39 7.28 -238

0.01 M CIO; +0.00001 M 10.50 8.15 -235

Inh III

0.01MCIO; +0.0000 M 11.74 9.20 -232

Inh IT

0.01 M CIO; +0.0001 M 13.40 10.66 -228

Inh1

E, value when using inhibitors which are associated with
the physical adsorption process. The more rise in the E,
value in the case of Inh III could be related to the high
adsorption ability of such molecules sustaining passive
film formation. Such attitude could be due related to the
presence of more adsorption centers on 3-allyl-1-[(2-me-
thoxyphenyl)methyl]thiourea which increases the energy
barrier preventing the metal from the destructive effect
of ClO; and CI" ions.
According to the transition state equation [47-50]:

r R AS AH
log| — |=log| — [+ L @)
T hN ) 2.303R 2.303RT

where I and N are the Plank’s and the Avogadro’s num-
ber, respectively, while AS, and AH, are the enthalpies, and
entropy of activation, respectively, of the destruction of the
oxide film and initiation of pitting corrosion. This transi-
tion state equation is utilized to compute the thermody-
namic activation parameters (AS and AH ) accompanied
by the activation process during the oxide film annihilation
and initiation of pitting corrosion [46]. Fig. 11 represents
the plots of log(r/T) against 1/T in case of the aggressive
solution (0.01 M HSSO, + 0.01 M NaClO,) and the inhib-
itive solutions (0.01 M H,SO, + 0.01 M NaClO, + 0.0001 M
inhibitor). The data of this figure indicates straight-line rela-
tions representing the transition state plots. The values of
AH, and AS_ are determined from the values of the slopes,
—-AH /2.303R and the intercept, log(R/kN) + AS /2.303R) and
are listed in Table 4. The values of AH, are varied between
8.15 and 10.66 kJ/mol and takes a positive sign which con-
firms the endothermic nature of the breakdown of passiv-
ity and initiation of the pitting corrosion on the Ni surface.
The negative values of entropy, AS revealed a reduction
in the disorder during the transformation of the reactants
into an activated complex on the Ni metal surface [50].

4. Conclusion

The galvanostatic anodic polarization studies of Ni in
0.01 M H,SO, containing 0.01 M NaClO, in the presence
of different additions of thiourea, N-allylthiourea, and
3-allyl-1-[(2-methoxyphenyl)methyl]thiourea indicated that:

¢ (IO, ions destruct the passive oxide film with several
irregularly distributed pits on the Ni surface.

e The inhibitors increase the rate of oxide film formation,
OE/0t, and shift Epit into the noble direction.

¢ The retardation of pitting corrosion could be referred to
the adsorption of the organic molecules through active
centers on the Ni metal surface according to the Temkin
model.

e 3-Allyl-1-[(2-methoxyphenyl)methyl]thiourea  exhibits
high inhibition performance due to the increase in the
number of electron rich centers in the molecules.

® The temperature increases the initiation of pitting corro-
sion of Ni by enhancement of oxide film destruction by
the CIO; ions.

® The activation energy required to destruct the oxide film
and initiate the pitting are increased with the additions
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of inhibitors due to the formation of a barrier passive
film.
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