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N-aminophthalimide as a Synthon for Heterocyclic Schiff bases:
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ANY Schiff bases were prepared to inhibit the corrosion reactions of mild steel in acidic

medium. Their chemical structures were determined by using different techniques.
Thermodynamic adsorption parameters of inhibitors were determined using the Langmuir
adsorption isotherm. The presence of iodide ions in the medium increased the efficiency of
these inhibitors. AC impedance spectroscopy was used to determine the polarization resistance.
The scanning electron microscopy (SEM) showed the corrosion products decreased after using
these inhibitors. The results show that the planer inhibitor is more effective than rich-electron
one because it covers the whole surface. In addition, the mechanism of these inhibitors depends
on decreasing the anodic and cathodic current.
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Introduction substituents that are expected to increase their
inhibition action by protonation of N-atom of
-CH=N- and by increasing its adsorption on the
mild steel. This involves the attraction between the
charged molecules and the charged metal surface
favored of m-electrons of aromatic ring and ion
pair of electrons on the substituents with the metal
surface. Mechanism of adsorption of Schiff bases

on the metal surface was mentioned in many

There are huge efforts to overcome the corrosion
problem and many scientific papers are focused
on using both phthalimides and Schiff bases as
corrosion inhibitors [1-14]. Recently, phthalimide
and N-phenyl derivatives were investigated to
inhibit corrosion of copper and mild steel in acidic
media. In addition, N-heterylphthalimides were

found to be very efficient as inhibitors of mild
steel in 0.5 mol.L"' H,SO solution[15,16]. On the
other hand, Schiff bases have potential inhibition
efficiency and more than their constituent
carbonyls and amines due to the presence of the
imino -CH=N- functionality [17,18].

The groups, that have high electron density,
have the ability to block the active centers, that
causing corrosion reaction, on the metal surface
by making either a chemical bond or a physical
bond between those centers and inhibitors like
Schiff bases and the efficiency of Schiff base
inhibitors can be increased by increasing the
electron. The Schiff bases, that derived from
N-aminophthalimide, contain electron rich

reports [15, 19-24]. In this study, novel Schiff
bases were synthesized from N-aminophthalimide
and different tools investigated their structures.
After that, they were used as inhibitors for mild
steel in acidic solution. In addition, the adsorption
mechanism and the adsorption isotherm were
studied by electrochemical method. Moreover,
micrographs were studied before and after adding
the prepared inhibitors.

Experimental

Synthesis of inhibitors

N-aminophthalimides and their N- arylmethlene
derivatives were prepared by following the
literature methodologies [25-27]. All Schiff
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bases were obtained by the condensation of a
mixture of N-aminophthalimide (0.01 mol.) and
different aldehydes (0.01 mol.) in ethanol.The
used aldehydes were a=benzaldehyde, b=furfural,
c=indole-3-aldehyde, d=piperonal, e=isatin. In
the reaction of isatin, few drops of acetic acid
were added to the active carbonyl group in isatin
molecules. All chemicals were from Sigma-
Aldrich Company. The reaction mixtures were
refluxed for certain hours (monitored by TLC).
Then cooled by keeping over night to obtain
products, filtered, washed, and dried at 70 °C.

Preparation of electrodes

Mild steel coupons of a surface area of 1
cm? were used as substrate after polishing with
SiC emery paper up to 1200 grids and cleaning
with distilled water then acetone. The chemical
analysis of mild steel alloy was listed in Table 1.

Electrochemical experiments

All  Electrochemical = measurements(Tafel
extrapolation and Electrochemical impedance
spectroscopy (EIS)were carried out in 0.5 M H,SO,
solution without and with variant concentrations
of the inhibitors at 25°C (expect the effect of
temperature)by using a Voltalab 40 Potentiostat
(PGZ 301, Radiometer Analytical, France).
Moreover, all electrochemical tests were carried out
at its open circuit potential (it equals 30 minutes) by
using a disc Pt wire and saturated calomel electrode
(SCE) as an auxiliary electrode and a reference
electrode, respectively. Tafel extrapolation was
carried out between —700 mV and —200 mV vs. SCE.
The inhibition efficiency /E (%) was calculated from
polarization measurements by Eq.1[28]:

IE (%) = 1- _icorr(inn) x 100 @)

icorr{uninh}

where LCorr(uninh) and ICorr(inh) represent the
corrosion current densities for electrode without
and with variant concentrations of the synthesized
inhibitors, respectively.

EIS measurements were carried out in the
frequency range of 100 kHz to 50 mHz with an
amplitude of 10 Vat open circuit potential /E (%)
was determined from the polarization resistance
by using Eq.2:

RO
IE (%) = (1 - =<£ ) x 100 )
Ree
where RY, and R, are the charge transfer
resistances in 0.5 M H,SO, solution in the
uninhibited and inhibited solutions, respectively.
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Results and Discussion

Identification of inhibitors

In the view of the aforementioned remarked
values of inhibition efficiency of this class of
organic inhibitors, this paper aims to study the
concerned function of the first utilized Schiff
bases S-A-E towards mild steel in 0.5 M H,SO,
solution. N-aryl- (S-A), N-heteryl- (S-B-D)-,
and the Schiff base S-Ewere obtained by the
condensation of N-aminophthalimide (S)
with the corresponding aromatic aldehydes A,
heterylaldehydesB-D and isatinE, respectively.
This study takes into account the beneficial role
that could be played by the p-electrons of the
heterocyclic aldehyde or ketone N- and O- atoms
present in the heterocyclic aldehyde and ketone
moieties. The products’ names and their symbols
were listed in Table 2. The melting point, yield,
time of reaction and IR spectra of products were
listed in Table 3. The structure of the Schiff base
S-A was confirmed by the identity of melting
point and spectral data in the literature [25-27].
The infrared spectra of all the products S-A-E
revealed that no coupling bonds in the 3 Mm
region, signifying to the absence of the amino
-NH, functionality of compound S instead a
sharp absorption band appears in the region of
1604-1688 cm'characteristic to the imino -C=N-
group, indicating that compound S, successfully
underwent condensation reaction with the
reactants carbonyl compound A-E, as shown in
Figs. S1-5, (supplementary information).

Effect of inhibitor concentration

Tafel extrapolation was used to calculate the
efficiency of each inhibitor. In addition, it was used
to measure the effect of ImM of iodide ions as
synergism ions as well as to know the mechanism
of inhibition process as shown in Fig.1-6. Tafel
parameters were evaluated and recorded in Tables
4-9 where corrosion potential (E_ ), corrosion
current density (/_), cathodic and anodic Tafel
slopes (b, and b ) and inhibition efficiency. The
analysis of data given from Tafel extrapolation
shows that both cathodic and anodic currents were
decreased and the shift of £ was less than 85
mV with respect to £ of the uninhibited tested
solution indicated that all synthesized inhibitors
are mixed type inhibitors. All tested inhibitors
were decreased [ values when inhibitor doses
were increased. It means that when the number
of inhibitors molecules increased, they blocked
the active sites in mild steel surface and decreased
I _[29].From the values of corrosion current

corr
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density (I ), the most effective inhibitor was
S-B that had the lowest value of /. It can be
explained by the presence of a furan ring, which is
considerably more reactive than benzene toward
the metal surface, due to the electron-donating
effect of the oxygen heteroatom that is related to
the resonance into the furan ring[30]. The second
effective inhibitor was inhibitor S-C then inhibitor
S-D. It can be explained by the presence of pyrrole
ring in the inhibitor S-C where the ion pair of

TABLE 1.The chemical composition of mild steel alloy.

nitrogen participates in the resonance of the ring
and increases the electron density of the pyrrole
ring, but the inhibitor S-D has four free-lone pairs
of electrons at two oxygen atoms in piperonyl.
After the three above inhibitors, the order of
inhibition efficiency decreasing is inhibitor S-E
and S-A. The ion pair of nitrogen in inhibitor S-E
makes resonance with the oxygen atom at ortho
position[31]. Therefore, the inhibition efficiency
of this inhibitor is more than inhibitor S-A.

Fe C Si Mn P S Cr Ni Al Mo Ti Co
Rent 0.23 0.13 0.58 0.035 0.03 0.06 0.024 0.06 Nil Nil Nil
TABLE 2.The product and their symbols .
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TABLE 3. Reaction conditions of physical data of products S_A-E.

Schiff base Melting point (°C) Yield (%) Time (min.) IR spectra
V., 1764,1716
S A 144-147 82 90
v 1640
v, 1760,1723
S B 150-152 76 210
v 1625
v,y 3273
S C 182-184 87 210 v, 1779,1706
v 1623
v, 1783,1726
S D 175-177 92 120
V1640
vy 3273
S E 258-257 93 960 V., 1785,1724
v 1686
2
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Fig. 1. Potentiodynamic polarization curves of mild steel electrode immersed in 0.5 M H2SO4 solution without and
with different concentrations of inhibitor S in the (a) absence and (b) presence of ImM of KI.
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Fig. 2. Potentiodynamic polarization curves of mild steel electrode immersed in 0.5 M H2SO4 solution without and
with different concentrations of inhibitor S_A in the (a) absence and (b) presence of 1ImM of KI.
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Fig. 3. Potentiodynamic polarization curves of mild steel electrode immersed in 0.5 M H2SO4 solution without and
with different concentrations of inhibitor S_B in the (a) absence and (b) presence of ImM of KI.
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Fig.4. Potentiodynamic polarization curves of mild steel electrode immersed in 0.5 M H2SO4 solution without
and with different concentrations of inhibitor S_C in the (a) absence and (b) presence of 1ImM of KI.
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Fig. 6. Potentiodynamic polarization curves of mild steel electrode immersed in 0.5 M H2SO4 solution without and
with different concentrations of inhibitor S_E in the (a) absence and (b) presence of 1ImM of KI.

TABLE 4. Tafel parameters and IE (%) in the absence and presence of KI for inhibitor S.

Inhibitor

KI (M) -b, (V/ dec) b (V/ dec) I, /pA.cm? -E, /Vvs. SCE IE (%)
AM)
Blank | - 0.112 0.097 1465 0465 | -
Blank 17103 0.116 0.252 1260 0.465 13.9
1710° | - 0.115 0.156 1349 0.461 7.9
17107 17103 0.109 0.252 913 0.477 37.7
57100 | e 0.093 0.114 1193 0.461 18.6
5710° 17103 0.081 0.177 848 0.494 42.1
1710% | - 0.134 0.098 1085 0.443 25.9
1°10* 171073 0.097 0.23 706 0.494 51.8
257104 | e 0.154 0.104 976 0.439 334
25710 17103 0.09 0.166 674 0.507 53.9
57104 | e 0.148 0.111 871 0.439 40.6
5710* 17103 0.093 0.118 619 0.515 57.8
1710° | - 0.161 0.088 723 0.429 50.7
17103 1710° 0.098 0.163 541 0.539 63.1
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TABLE 5. Tafel parameters and IE (%) in the absence and presence of KI for inhibitor S_A.

Inhibitor
KI (M) -b, (V/ dec) b (V/ dec) 1, /pA.cm? -E, /Vvs. SCE IE (%)
M)S_A
Blank | - 0.112 0.097 1465 0.465 | -
Blank 171073 0.116 0.252 1260 0.465 13.9
1710° [ - 0.101 0.106 962 0.459 343
17107 171073 0.097 0.148 804 0.442 45.1
R [ I 0.105 0.132 831 0.459 433
5710° 1710° 0.117 0.158 671 0.446 54.2
1710% [ e 0.105 0.101 655 0.456 553
110 17103 0.098 0.139 522 0.442 64.4
257104 [ - 0.116 0.105 540 0.458 63.1
25710 171073 0.092 0.121 417 0.458 71.5
5710 | e 0.115 0.105 419 0.467 71.4
5710+ 17103 0.095 0.128 358 0.482 75.6
1710 | e 0.1 0.108 374 0.477 74.5
17107 17103 0.083 0.176 288 0.488 80.3
TABLE 6. Tafel parameters and IE (%) in the absence and presence of KI for inhibitor S_B.
Inhibitor
KI (M) -b, (V/ dec) b (V/ dec) I, /pA.cm? -E, /Vvs. SCE 1E (%)
M)S_B
Blank | - 0.112 0.097 1465 0465 | -
Blank 171073 0.116 0.252 1260 0.465 13.9
1710° | e 0.084 0.098 738 0.457 49.6
17107 1710% 0.107 0.152 554 0.455 62.2
57100 | - 0.165 0.122 576 0.464 60.7
5710° 1710° 0.096 0.159 432 0.458 70.5
1710% | - 0.089 0.084 498 0.433 66.1
1710 17103 0.103 0.165 335 0.468 77.1
25710% | e 0.101 0.092 368 0.446 74.9
2.5710* 171073 0.1 0.188 234 0.472 84.1
57100 | e 0.119 0.093 311 0.45 78.8
5710* 171073 0.079 0.131 188 0.495 87.2
1710° | e 0.134 0.096 250 0.429 82.9
171073 171073 0.072 0.107 107 0.524 92.7
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TABLE 7. Tafel parameters and IE (%) in the absence and presence of KI for inhibitor Sb_C.

Inhibitor
KI (M) -b (V/ dec) b (V/ dec) I_/pA.cm? -E_ /Vvs. SCE 1E (%)
(M) S_C ¢ a corr corr
Blank | - 0.112 0.097 1465 0465 | -
Blank 17103 0.116 0.252 1260 0.465 13.9
17105 | e 0.108 0.101 840 0.468 42.7
17103 17103 0.091 0.23 584 0.455 60.1
57105 | e 0.123 0.092 683 0.457 53.4
571073 17103 0.098 0.163 511 0.449 65.1
17104 | - 0.096 0.101 563 0.471 61.6
1710* 17103 0.093 0.105 406 0.469 72.3
25710% | e 0.088 0.098 459 0.473 68.7
2.5710* 17103 0.074 0.092 313 0.477 78.6
I [ B 0.079 0.091 346 0.468 76.4
5710 17103 0.063 0.074 229 0.483 84.4
1710° | - 0.085 0.092 313 0.458 78.6
17103 17103 0.089 0.072 163 0.495 88.9
TABLE 8. Tafel parameters and IE (%) in the absence and presence of KI for inhibitor S_D.
Inhibitor
KI (M) -b, (V/ dec) b (V/ dec) I, /pA.cm? -E, /Vvs. SCE IE (%)

M)S D
Blank | - 0.112 0.097 1465 0465 | ------
Blank 17103 0.116 0.252 1260 0.465 13.9
17105 | e 0.076 0.121 855 0.0459 41.6
17107 17103 0.102 0.167 619 0.45 57.8
5x10° | - 0.078 0.092 727 0.461 50.4
5710°% 1710° 0.081 0.134 530 0.465 63.8
1710% | - 0.098 0.101 585 0.453 60.1
1710* 17103 0.086 0.165 412 0.459 71.9
257104 | eeeeeeee- 0.083 0.089 461 0.45 68.5
2.5710* 17103 0.078 0.124 335 0.485 77.1
57104 | - 0.077 0.08 368 0.445 74.9

5710* 17103 0.069 0.122 248 0.492 83.1

1710° [ - 0.086 0.084 277 0.442 81.1

17103 17103 0.079 0.108 176 0.507 87.9
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TABLE 9. Tafel parameters and IE (%) in the absence and presence of KI for inhibitor Sb_E.

Inhibitor

DS E KI(M) |-b,(V/dec) | b(V/dec) I, /pA.cm? -E,, /Vvs.SCE | IE (%)
Blank | e 0.112 0.097 1465 0465 | oee
Blank 17103 0.116 0.252 1260 0.465 13.9
1710° [ - 0.101 0.097 865 0.462 40.9
17107 17103 0.116 0.193 703 0.458 52.1
I U 0.099 0.129 736 0.473 49.7
57107 1°10° 0.105 0.233 591 0.469 59.7
1710% [ - 0.114 0.104 602 0.475 58.9
1°10* 1°10° 0.079 0.115 439 0.493 70.1
25710 | e 0.125 0.093 481 0.464 67.2
2.5710* 17107 0.078 0.128 352 0.507 75.9
57100 [ e 0.099 0.106 382 0.462 73.9
5710* 17107 0.078 0.132 253 0.519 82.7
1710° | e 0.098 0.116 336 0.476 77.1
17107 17107 0.069 0.076 186 0.536 87.3

Synergism ion, like iodide, is used to improve 9= icorr(uninh) —icorr(inh) 3)

the inhibition efficiency and to minimize the
amount of inhibitor in the inhibitive system
[32]. The interaction between iodide ions and
the surface is stronger than inhibitors; therefore,
there is anodic breakdown potential that reflects
the presence of anodic protective film on the
mild steel surface as shown in Figs. (1b, 2b,
3b,4b, 5b and 6b). The adsorbed iodide ions
attract the inhibitor from the bulk solution to
adsorb on it and decrease the current density[32].
For example, As shown in Table 6, when 1 mM
KI was added into the 0.5 M H_SO,solution
containing 1 mM of Inhibitor (S-B), the current
density reduced from 250 pA/cm?to 107 pA/cm?.
Moreover, the values of £ _were shifted to more
negative (cathodic) direction due to blocking
the active sites on the surface after adding
inhibitor dose[33]. Adding 1 mM of iodide ions
with inhibitor dose as synergism ions increased
the corrosion protection because the iodide ion
has a negative charge that attracts the inhibitor
cation and the positively charged metal surface,
as well, and iodide ions act as a bridge[34]. The
synergistic effect could be calculated by the
surface coverage (6) by using Eq.3[35].

Egypt.J.Chem. 61, No.3 (2018)

Lcorr(uninh)

where LCorr(uninh) 4 {Corr(inh) are described
above. Aramaki and Hackerman [36] calculated
the synergism parameterS, using by Eq.4

1-8
S — 1.+2
7 1-6l, )
where 6, , = (0,+ 0)- (0,0,), 0, is the surface

coverage by 1 mM of KI, 6, is the surface
coverage by the inhibitor,f; , , is the measured
surface coverage by both.

The values of S can be used to gain more
information about the relation between the
synergism ions and the inhibitor molecules on
the surface if it is co-operative or competitive
[37]. The charge on the iodide ions is negative
and the values of S_are higher than unity, as
shown in Table 10, which is mean, that iodide
ions adsorbed on the surface, which carried
positive charges, to form intermediate bridges
between the surface and the inhibitor cations,
as well.
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TABLE 10. The synergism parameter S, for each inhibitor.

Synergism parameter (S,)
Conen.(M) S S A S B S C S D S E
17107 1.27 1.03 1.15 1.24 1.19 1.06
57107 1.21 1.1 1.15 1.15 1.18 1.07
1710 1.32 1.1 1.28 1.19 1.22 1.18
2.5710* 1.24 1.14 1.35 1.26 1.18 1.18
5710+ 1.21 1.04 1.43 1.44 1.28 1.3
171073 1.15 1.1 2.02 1.66 1.56 1.55

Electrochemical impedance spectroscopy (EIS)
Corrosion resistance, that increases after
addition of the inhibitor, could be measured by
EIS due to the formation of a layer of inhibitor
molecules on the surface which decreases the
corrosion rate [38, 39]. In this work, the corrosion
behavior of tested samples, in the blank solution
and in the presence of 1 mM of each inhibitor, was
studied by EIS. Fig.7a represents Nyquist plots
that draw a semicircle and its diameter expands
with the increasing of inhibitor efficiency. The
semicircle consists of a depressed capacitive
loop and a small inductive loop at high frequency
(HF) and low frequency (LF), respectively.R  is
the charge transfer resistance and its value is the
difference between the high-frequency impedance
and the low-frequency one as shown in Eq.5[40]:

R, =Z (atlow frequency)—Z_(athigh frequency) (5)

where Z represents the real element of the
impedance. In general, the constant phase element
(CPE) uses instead of the pure double layer
capacitor as a result of the surface roughness to
give a more accurate fit in the equivalent circuit
[41]. The correct value of double layer capacitance
C, was determined at the frequency f, , at which
the imaginary element of the impedance is, by
Eq.6[40]:

(6)

where P is the magnitude of the CPE, o = 2n
Jiwor Joa, TEDTESENtS the frequency at maximum
value of imaginary resistance and n value is a
factor that satisfies the condition 0 < n < 1,
which n = 1 in an ideal capacitor and n < I in
CPE. The parameters n and C, are independent
of frequency. Rsis the ohmic resistance between
the working and the reference electrode; CPE is
the capacitance of the electrical double-layer

CdI: P (wmev) "

in the system; L is the inductor related to the
relaxation process obtained from adsorption
species. The EIS data fitting by equivalent
circuit was listed in Table 11. It is clear that R_
values increased with all inhibitors, it refers to
decrease the conductivity of the solution. The
R values increased when tested inhibitors
were added to the system, indicating that those
inhibitors adsorbed on the surface and form a
protective film between the solution and the
surface[42]. Both EIS results and Tafel results
confirmed the inhibition efficiencies of the
tested inhibitors minimizes in the order: S-B >
S-C > S-E > S-D>S-A > S. The electron density
on the inhibitor molecules caused a decrease
in the C, values, which means the thickness of
the double layer in the solution expands. These
results indicate that these inhibitors adsorbed
on the mild steel/solution interface[43,44].
It is easy to observe that there is an increase
in the R, values with decreasing of n value
when compared to that obtained in pure 0.5 M
H,SO, solution. It may be related to a decrease
in the surface heterogeneity resulting from
the interaction between any inhibitor and the
active centers [45]. The presence of inductive
R,-L1 loop at LF may be related to either the
relaxation process and its dielectric properties
obtained fromSO,?and H,, “which adsorb on the
mild steel surface[46] or the decomposition of
the passivated surface at low frequencies[47].

Fig.7b shows that Bode plots divide into
three parts. The first one represents the solution
resistance where the log |Z] values at HF tend
to become zero and the phase angle shifts to 0°.
The second part, in the medium frequency region
where the slope of the relation between log |Z] and
log frequency is near to -1 and the phase angle
equals about -90°. This response represents a
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capacitive behavior but not an ideal capacitor that
has the slope equals -1 and the phase angle equals
-90°. Therefore, the ideal capacitor was replaced
by CPE. The last part at low frequency where the
resistance of the mild steel electrode increases but
the log |Z| values do not depend on the frequency,
i.e. the major current at this region was dc and the
minor was ac [48].

Effect of temperature and activation parameters
of inhibition process

For many metals and alloys, such as mild
steel, the temperature of the medium directly
affects the corrosion rate like any chemical
reactions. The elevating of temperature leads to
increase the rate of diffusion of oxygen, which
is an important factor in the corrosion process.
However, the corrosion rate decreases at the
boiling point because of the solubility of oxygen
decreases[49]. As shown in Table 12, the current
density increased with increasing temperature
from 298-348 kelvin in the blank solution and in
the inhibited solution by 1 mM of inhibitor, (Figs.
S6-12, supplementary information). It refers to an
increase in desorption of those inhibitors followed
by dissolution of the surface. The current density
of mild steel also increased exponentially in acidic
medium with increasing the temperature due to
decreasing of hydrogen evolution overpotential
[50]. In order to gain more information about
the corrosion process, the activation energy and
thermodynamic parameters were determined by
Arrhenius Eq.7and transition state Eq.8[51]:

r=iexp(-12) %)

—EEX (QS*) AH®
r=am 8P (5 Jexp () (8)

where / represents the Arrhenius pre-exponential
factor. R represents the universal gas constant
and T represents the absolute temperature. E
represents the activation corrosion energy, /
represents the Planck’s constant, N represents
the Avogadro’s number and r is the rate of metal
dissolution reaction, which is directly related to
corrosion current density (I, ). AS represents
the entropy of activation, AH" represents the
enthalpy of activation, at | mM of inhibitors, are
calculated by linear regression between In (/)
and 1/ Tas shown in Fig.8. All the linear regression
coefficients are close to 1, refers that the mild steel

corrosioninthissystemcanbeexplained using the
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kinetic model. Fig.9 shows a plot of In (/___/T)
versus (1/ T). Straight lines were obtained
with a slope of (-AH/R) and an intercept of
((In (R/Nh)) +(AS*/R)) from which the values
of AH'and AS'weredetermined and listed in
Table 13. From the data obtained, £ values
increased after inhibitors addition, indicating a
strong adsorption of those inhibitors [52]. The
increasing of positive values of AH® means
that the dissolution reaction of mild steel after
inhibitors addition became more difficult due
to increase the height of energy barrier of this
reaction. The large values and minus signs of
AS*for the inhibited and uninhibited systems
refer to the activation complex preferred to the
association rather than dissolution direction
[53]. This behavior of Schiff base inhibitors
at elevated temperatures in acidic medium is
in good agreement with other studies [54-56]

The adsorption isotherm

The  mechanism  of  Schiff  bases
electrochemical reaction can be determined by
adsorption isotherms. The plot of C/© versus
C gave a straight line as shown in Fig.10. It
means that the adsorption of studied inhibitors
in 0.5 M H,SO, solution follows the Langmuir’s
adsorption isotherm, Eq.9, for the five investigated
compounds [57].

c 1

C
6  Kads * )

where C is the inhibitor concentration in the
bulk of the solution, 4 is the surface coverage (6
= [E/100) and K is the adsorption-desorption
equilibrium constant which is related to the
standard free energy adsorption,~ -~ ads at a single
temperature can be calculated from Eq.10[58]:

AGaas— RTIn(55.5K,,) (10)
where 55.5 is the molar concentration of water,
R is the universal gas constant, and 7 is the
temperature in Kelvin. The values c}jf linear
regression coefficients (R), K, and AGaqs were
listed in Table 14. The type of adsorption of these
inhibitors could be determined from the values of
AGZ4s[59]. All AGZ4¢values of those inhibitors
are less than -20 KJ/mol., which mean they obey
physisorption mechanism and the strength order
of them as following: S-B > S-C > S-E > S-D >
S-A>S.
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Fig. 7. (a) Nyquist plots and the equivalent circuit model (inset) used for fitting the impedance spectra and (b)
Bode plots of mild steel in the uninhibited and inhibited 0.5 M H2SO4 solutions containing 1 mM of
each inhibitor.

TABLE 11. Results of EIS data fitting by the equivalent circuit.

& Repl &/ o n L/H Cf (W R/ | E%
@em?) | @) | ©em?) | (uF.em?) em-) | (Q.em2)
Blank 1.44 8.66 1.62 4.75E-05 0.94 0.05 28.33 9.67
S 1.50 14.673 1.8458 9.58E-05 0.8138 0.21099 21.39 16.26 40.53
S A 1.51 25.53 9.04 4.84E-05 0.88 0.81 19.57 34.01 71.57
S B 1.61 62.9 19.68 7.87E-05 0.73 0.99 14.17 76.49 87.36
S C 1.68 54.52 12.32 5.04E-05 0.83 0.77 16.55 64.91 85.10
S D 1.58 36.38 8.1 4.54E-05 0.87 0.08 17.98 40.74 76.26
S E 1.51 34.13 9.23 1.34E-04 0.72 0.56 18.12 39.76 75.68
TABLE 12. The relation between IE (%) of each inhibitor and the temperature.
1E (%)
Temperature (K)
S S A S B S C S D S E

298 50.7 74.5 82.9 81.1 77.6 78.1
308 48.3 68.1 73.9 70.4 68.2 66.5
318 44.1 64.2 65.9 62.9 64.6 61.4
328 42.2 58.7 59.8 57.4 58.9 57.2
338 38.6 55.2 55.1 53.7 54.4 51.6
348 36.4 53.4 52.2 51.2 52.1 48.9

Egypt.J.Chem. 61, No.3 (2018)




352 MOHAMED M. ABDELAAL et al.

N
o
|
o> ¢ o B 4

T
3.0 3.1 3.2 3.3 3.4

(1000/T)/ K’

|n (ICOIT/ 7-)

Fig. 8. Arrhenius plots of In Icorr versus 1/T for mild steel in 0.5 M H2SO4 solution.
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Fig. 9. Plots of In Icorr/T versus 1/T for mild steel in 0.5 M H2SO4 solution.

TABLE 13. E , AH" and AS" of the dissolution of carbon steel in 0.5 M H,SO, in the absence and presence of 1 mM
of the investigated inhibitors.

Inhibitor E, (KJ / mol.) AH’ (KJ / mol.) AS*(J /k mol.)
Blank 26.9 242 1422
S 314 28.7 -132.8
S A 373 346 -118.1
S B 443 41.6 97.4
S C 40.9 383 -107.1
S D 40.2 375 -109.3
S E 39.2 36.6 1117
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Fig. 10. The Langmuir adsorption isotherm plots for the adsorption of inhibitors in 0.5 M H2SO4 on the

surface of mild steel.

. . . AG° AGP
TABLE 14. The values of linear regression coefficients (R?), K, ,and ads ads .

Inhibitors R K, (M7 AG24:AGS 45 (KI/mol,)
S 0.986 4.95 -13.890047

S A 0.998 22.22 -17.60

S B 0.999 38.46 -18.96

e 0.998 24.39 -17.84

SD 0.999 29.41 -18.29

S E 0.999 27.78 -18.16

The scanning electron micrographs (SEM)
observation

For morphological observations of mild
steel specimens and inhibition actions of the
inhibitors, SEM photography was taken before
and after immersion in the blank solution for 24
h in the absence and presence of 1 mM of all
inhibitors that prepared in this study and inhibitor
S as well, as shown in Figs.11 and 12a-e. It can
be seen in SEM images the reactions products
covered the surface of the sample in uninhibited
solution(Fig. 12b) that consist of iron oxides and
ferrous sulfate layer [11]. Inhibitor S decreased
the corrosion products on the surface, however,

they could be observed in Fig. 12a. It means that
the protective film of inhibitor S was weak. The
corrosion products decreased significantly with
other inhibitors because the inhibitors made
a strong film on the surface, as shown in Fig.
12b-h. There were no corrosion products in the
presence of inhibitors S-B and S-C due to high
inhibition efficiency of them, as observed in
Fig. 12c and Fig. 12d. These images confirmed
the electrochemical test results that obtained
before.
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Fig. 12. SEM images of mild steel after immersion in 0.5 mol.L-1 H2SO4 for 24 h in presence of 1 mM of
inhibitor (a) S, (b) S_A, (¢) S_B, (d) S_C, (e) S_D, (f) S_E.
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Conclusions

Many Schiff bases have been prepared from
n-aminophthalimide and different aldehydes.
The melting point and IR were investigated the
imino -C=N- group on them. They were used
as corrosion inhibitors for mild steel in acidic
medium and increased the protection from
corrosion with an increasing in inhibitors dose.
Addition of iodide ions to the system formed
a protective layer and raised the inhibition
efficiency of those inhibitors. Tafel plots proved
that these inhibitors are mixed-type inhibitors.
The inhibition efficiency of these Schiff bases
decreased with an increasing in temperature.
EIS data showed that the inhibitors increased the
corrosion resistance as shown in SEM images
and increased the double layer capacitance
due to adsorption of them on the surface and
blocked the active sites. The inductive loop in
Nyquist diagrams was related to the relaxation
process by adsorption species. The adsorbed
inhibitor molecules on the surface follow
Langmuir adsorption isotherm model. The
standard free energy proved that the adsorption
of those inhibitors on mild steel is spontancously
physisorption.
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