
 

 

________________________________________ 

*Author for correspondence; E-mail: tgschemistry@gmail.com, tgselvi2015@gmail.com 

Int. J. Chem. Sci.: 14(1), 2016, 29-48
     ISSN  0972-768X

www.sadgurupublications.com

EFFECT OF NAPHTHALENE-1-YL-THIOPHENE-2-
YLMETHYLENE-AMINE ON THE CORROSION  

INHIBITION OF MAGNESIUM ALLOYS 

S. THIRUGNANASELVIa and S. KUTTIRANI*,b 

aDepartment of Chemistry, Sri Ramanujar Engineering College, CHENNAI – 600 048 (T.N.) INDIA 
bDepartment of Chemistry, BS Abdur Rahman University, CHENNAI – 600 048 (T.N.) INDIA 

ABSTRACT 

The inhibition effect of a Schiff base compound naphthalene-1-yl-thiophene-2-ylmethylene-
amine (NT) with nitrogen and sulphur donors on AZ31 magnesium alloy corrosion was studied using 
weight loss method, potentiodynamic polarization and EIS (Electrochemical impedance spectroscopy). 
The surface characterization and its spectral analysis were exhibited using scanning electron microscopy. 
The results of electrochemical measurements were in good agreement with surface characterization results. 
It was also found that this inhibitor mainly acts through physical adsorption on the metal surface due to the 
presence of heteroatomic donors. Also, adsorption obeys the Freundlich isotherm. EDS spectra revealed 
that the existence of inhibitive layer was enriched with sulphate. 
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INTRODUCTION 

Inhibitor is a chemical additive that can effectively inhibit the corrosion of a metal in 
a corrosive environment with a small amount of addition. Inhibition is one of the most 
practical methods of protecting conventional metals from corrosion attack1. Compared with 
other anti-corrosion technologies, inhibition has some obvious advantages, such as no 
requirement of special equipment, simple control, low price and easy operation. However, 
the application of inhibitors in corrosion protection of magnesium alloy is not widespread 
today. This is because magnesium alloys are much more chemically active than conventional 
metals and there is lack of highly effective inhibitors for them2. 

It is well known that inhibitors can be divided into passivation, precipitation and 
adsorption groups according to their inhibition mechanisms3. The passivating inhibitors have 
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a better protective effect on iron family metals by forming a passive film on their surfaces. 
However, they have an insignificant inhibition effect on non-ferrous metal, such as zinc and 
magnesium4. Recently, due to the demand for application of Mg alloys in some specific 
environments, e.g., Mg engine blocks, the use of inhibitors to protect magnesium alloys 
from corrosion has gradually become an important topic in Mg corrosion science. 

Magnesium (Mg) alloys are one of the lightest metallic alloys currently being 
investigated, because of its low density (1.74 g/cm3) and high mechanical stiffness5. The 
mechanical benefits of magnesium, is however, contrasted by a high corrosion rate as 
compared to aluminium or steel. Because of magnesium’s electrochemical potential, as 
illustrated in galvanic series, it corrodes easily in the presence of sea water. The high 
corrosion property of magnesium has relegated the alloy to use in areas unexposed to the 
atmosphere, including car seat electronic boxes and structural members. The demand for the 
use of magnesium alloys as structural materials in automobile industry, electronic products, 
vibrating plates of vibrating tests machines, automotive wheels etc., have increased in recent 
years6. Consequently, this investigation relates to the field of corrosion inhibition of 
magnesium alloys, since the magnesium alloys are highly prone to corrosion. 

Organic compounds containing electronegative functional groups and π electrons in 
conjugated double or triple bonds generally exhibit good inhibitive properties by supplying 
electrons via the π orbitals. Specific interaction between functional groups and the metal 
surface and heteroatoms like nitrogen, oxygen and sulphur play an important role in 
inhibition due to the free electron pairs, they possess. When both these features combine, the 
increase in inhibition can be observed7. Despite large numbers of organic compounds, the 
choice of an appropriate inhibitor for a particular system is unfortunately limited due to the 
variety of corrosion systems and specificity of the inhibitor compounds. 

Recent publications show increased attention to Schiff base compounds as corrosion 
inhibitors especially in acidic environments for various metals like steel, aluminum and 
copper8-12. Schiff base compounds are the condensation product of an amine and a 
ketone/aldehyde. The greatest advantage of many Schiff base compounds is that they can be 
conveniently and easily synthesized from relatively inexpensive material. Also, the reports 
about the corrosion inhibition of magnesium and its alloys in acidic media are very 
scanty13,14. Compared with inhibitor studies on conventional metals, investigations of 
suitable inhibitors for Mg alloys and relevant understandings of inhibition mechanisms are 
still very limited. The search for more suitable inhibitors will continue to be a long term 
effort in the field of Mg inhibition. Hence, in the present investigation, the naphthalene-1-yl-
thiophene-2-ylmethylene-amine (NT), an important Schiff base containing two different 
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heteroatoms N and S was selected and examined for its inhibition efficiency on AZ31 
magnesium alloy.  

EXPERIMENTAL 

Synthesis of naphthalene-1-yl-thiophene-2-ylmethylene-amine (NT) 

99% CP grade naphthalene-1-ylamine (Surechem) and laboratory scintillation grade 
thiophene-2-carboxaldehyde (Rolence Pharma) were mixed together in an Erlenmeyer flask. 
The mixture was kept under microwave radiation for four minutes on the “M-High” setting. 
The product obtained was brownish in nature. The resulting solution was evaporated to 
remove the solvent. The product was washed several times and recrystallized from ethanol. 
Thin layer chromatography was used to check the purity of the compound. The yield 
obtained was about 87%. The chemical structure of the naphthalene-1-yl-thiophene-2-
ylmethylene-amine is shown in Fig. 1. 

NH2

+
S

O

N
SCH

 
Fig. 1: Chemical structure of the naphthalene-1-yl-thiophene-2-yl-methylene-amine 

Elemental analysis 

The Schiff base Naphthalene-1-yl-thiophene-2-ylmethylene-amine under study was 
identified by many techniques. The elemental analysis (CHN) is given in Table 1. 

Table 1: Elemental analysis data for CHN of Schiff base naphthalene-1-yl-thiophene-2-
ylmethylene-amine 

Schiff 
base 

Molecular 
weight 

Percentage in mole fraction 

C H N S 

NT 237.32 
Calc. Found Calc. Found Calc. Found Calc. Found 

75.91 74.60 4.67 4.52 5.90 5.71 13.51 13.26 

Calc.: Calculated 
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Spectral analysis 

FT-IR spectra were recorded on Perkin Elmer 783 spectrophotometer by using KBr 
pellet. The infrared spectra are shown in Fig. 2. The peak at 1601 cm-1 is attributed to C=O 
stretching vibrations and the peak at 3045 cm-1 are related to C–H stretching vibrations in 
aromatic rings. Double sharp peaks at 3300-3500 cm-1 are assigned to N–H stretching 
vibrations. The broad peak under other peaks at 3400-3500 cm-1 is related to O–H stretching 
vibrations. The FTIR spectra of adsorbed protective layer formed on the surface was also 
recorded. The peaks at 1457 and 1423 cm-1 are associated with the symmetric stretching 
vibration of C=C and the asymmetric C–N stretching vibration, respectively14. The 
characterized bands in the IR spectra are shown in the Table 2. 

Table 2: Characterized band of FT-IR spectra of Schiff base naphthalene-1-yl-
thiophene-2-ylmethylene-amine 

Schiff base C-H (cm-1) C=C (cm-1) O-H (cm-1) C=O (cm-1) C-N (cm-1) 

NT 3045 1457 3435 1601 1423 
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Fig. 2: FT-IR spectrum of naphthalene-1-yl-thiophene-2-ylmethylene-amine 

Tests materials 

The material used in this study is AZ31 magnesium alloy in the form of extruded 
condition and supplied in plates of 6 mm thickness. The chemical composition of the AZ31 
magnesium alloy consisting of Al 2.89%, 1.15% Zn, 0.2% Mn and the rest remain 
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magnesium. From the base metal AZ31 magnesium alloy, the corrosion tests specimens are 
sliced to the dimensions of 50 mm x 16 mm x 6 mm. 

Weight loss method 

Solution of HCl with concentration of 0.05 mol L-1 was prepared. For immersion 
corrosion testing, the tests method consists of immersing the specimens in an aquarium filled 
with HCl solution with and without inhibitor at room temperature as per ASTM G31. Prior 
to immersion, the magnesium alloy specimens were polished with 4/0, 3/0, 2/0 and 1/0 grade 
emery papers, washed thoroughly with doubly distilled water, degreased with acetone and 
finally dried in air. The corrosion rate of the AZ31 magnesium alloy specimen was estimated 
by weight loss measurement. The original weight (wo) of the specimen was recorded before 
immersion and then the specimen was immersed in the solution of HCl with and without 
inhibitor for immersion time of 24 hrs. 

The corrosion products were removed by immersing the specimens for one min in a 
solution prepared by using 50 g chromium trioxide (CrO3), 2.5 g silver nitrate (AgNO3) and 
5 g barium nitrate (Ba(NO3)2) in 250 mL distilled water. Finally, the specimens were washed 
with distilled water, dried and weighed again to obtain the final weight (w1). The weight loss 
(w) can be measured using the following relation, 

 w = (wo – w1) …(1) 

where,  w  = Weight loss in g, 

wo = Original weight before tests in g, and 

w1 = Final weight after tests in g. 

The percentage inhibition efficiency and surface coverage was calculated for the 
various inhibitor concentrations using the following formulae15; 

Inhibition efficiency, ηw = [(Wuninhibited – Winhibited)/Wuninhibited] x 100 …(2) 

Surface coverage,       θw = [(Wuninhibited – Winhibited)/Wuninhibited] …(3) 

Where,  Wuninhibted – Weight loss without inhibitor (blank) in g 

 Winhibited – Weight loss with inhibitor in g 
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Electrochemical methods 

Potentiodynamic polarization method 

Electrochemical measurements were conducted using a Gamry AC Potentiostat 
Electrochemical Workstation with a three-electrode cell arrangement at room temperature. 
AZ31 magnesium alloy was used as a working electrode (WE) and a platinum wire was 
fabricated as a counter electrode (CE). Testing electrolyte of 0.05 mol L−1 HCl acidic 
solutions was prepared with and without corrosion inhibitors. All the reported potentials 
were referred to the saturated calomel electrode (SCE). The potentiodynamic polarization 
curves were obtained by using a sweep rate of 2 mVs−1 in the potential range of ± 2000 mV 
versus the open circuit potential. The corrosion current densities were determined using the 
Stern Geary equation; 

 Icorr = (βa x βc)/2.303Rp (βa + βc) …(4) 

Where, βa x βc are the anodic and cathodic Tafel slopes, respectively. 

The calculated inhibition efficiency from potentiodynamic polarization tests, ηp (%) 
is also calculated from the following equation16: 

 Inhibition efficiency, ηp = [(Icorruninhibited – Icorrinhibited) / Icorruninhibited] x 100 …(5) 

 Surface coverage, θp =  [(Icorruninhibited – Icorrinhibited) / Icorruninhibited] …(6) 

Where, Icorruninhibited – Corrosion current density without inhibitor (blank) in mA cm−2 

Icorrinhibited – Corrosion current density with inhibitor in mAcm−2 

In order to determine the polarization resistance, Rp, the potential of the working 
electrode was ramped ± 10 mV near Ecorr at a scan rate of 0.1 mV s−1. Polarization 
resistance values were determined from the slope of the potential-current lines. The Rp 
values were used to calculate the inhibition efficiencies, (ηPR%), using the relation17; 

 Inhibition efficiency, ηPR = [(Rp’ – Rp)/Rp’] x 100 …(7) 

 Surface coverage, θPR = [(Rp’ – Rp)/Rp’] …(8) 

Where, Rp’ and Rp are the polarization resistances in the presence and absence of the 
organic additives, respectively. 
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Electrochemical impedance spectroscopy 

In the EIS experiments, the measured frequency range was 1-10 MHz at the open 
circuit potential by applying 10 mV sine wave AC voltage. All the measurements were 
repeated three times to check the reproducibility and the impedance data was analyzed using 
the ZSimpWin 3.00 software (EG&G, USA). Since Rp is inversely proportional to the 
corrosion current, it can be used to calculate the inhibitor efficiency (ηEIS), from the         
relation20; 

 Inhibition efficiency, ηEIS = [(Rtotal’ – Rtotal)/Rtotal’] x 100 …(9) 

 Surface coverage, θEIS= [(Rtotal’ – Rtotal)/Rtotal’] …(10) 

Where, Rtotal’ and Rtotal are the total resistances (Rad + Rct+ Rf) with and without the 
additives, respectively. 

All electrochemical testing were carried out at room temperature under ambient 
pressure without stirring. The volume of corrosive solution for each tests was 250 mL. The 
polarization and EIS results were reported for triplicate tested sample in each inhibitor 
concentration and the average statistical results were reported. 

RESULTS AND DISCUSSION 

Weight loss method 

The average weight loss data obtained for the AZ31 magnesium alloy specimen in 
triplicates for various concentrations of inhibitor naphthalene-1-yl-thiophene-2-ylmethylene- 
amine are presented in Table 3.  

Table 3: Inhibition efficiency of the naphthalene-1-yl-thiophene-2-ylmethylene-amine 
for AZ31 magnesium alloy in 0.05 mol L−1 HCl solution  

Inhibitor concentration 
(mmol L−1) 

Weight loss 
(g) 

Inhibitor efficiency 
(%) 

Degree of surface 
coverage (θ) 

Blank 1.2 - - 

2.5 0.953 20.5 0.205 

5 0.735 38.75 0.3875 

7.5 0.671 44.08 0.4408 

10 0.418 65.16 0.6516 
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From weight loss data obtained by performing the experiment in triplicate with the 
data variation of 0.5 mg, it is clear that the loss in weight of magnesium alloy specimens 
decreased with the increasing inhibitor concentration. Furthermore, it was found that the 
corrosion rate was linearly proportional to the weight loss. This means, the corrosion rate 
decreased with the increase in concentration of the inhibitors as shown in Table 3. 

The results indicate that the weight of magnesium alloy sample decreases while 
comparing with the absence of Schiff bases [inhibitor] because the Schiff base forms a 
preventive layer on the metal surface due to azomethine group (-CH=N-) and aromatic 
cycles of  the Schiff bases. 

Potentiodynamic polarization method 

Fig. 3 represents the potentiodynamic polarization curves of AZ31 magnesium alloy 
in 0.05 M HCl in the presence and absence of various concentrations of NT Schiff base. As 
can be seen that the anodic and cathodic currents both decrease after addition of the Schiff 
base to the corrosive solution. This result suggests that the addition of the NT Schiff base 
reduces anodic dissolution and also retards the hydrogen evolution reaction. The values of 
corrosion potential (Ecorr) in the absence and presence of inhibitor at different 
concentrations are given in Table 4.  

Table 4: Polarization parameters for AZ31 magnesium alloy in 0.05 mol L−1 HCl in the 
absence and presence of the naphthalene-1-yl-thiophene-2-ylmethylene-amine 
at different inhibitor concentrations 

Inhibitor 
conc. 
(mM) 

Rp 
(Ω.cm2) 

βa 

(mV dec−1)
βc 

(mV dec−1)
Icorr 

(µA cm−2)
Ecorr 

(Vvs. SCE)

Inhibition 
efficiency (%) 

Based  
on Icorr 

Based  
on Rp 

Blank 447.6 142 163 71.46 -1.634 - - 

2.5 626.8 144 167 51.52 -1.638 27.90 28.58 

5.0 1058.2 148 161 31.44 -1.632 56.00 57.70 

7.5 1615.9 145 166 20.01 -1.629 72.30 72.00 

10.0 4680.4 149 169 7.14 -1.624 91.00 91.43 
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It is clearly seen that the corrosion potential values were shifted to more positive 
values in the presence of NT. Generally, if the displacement in Ecorr after addition of 
inhibitor is bigger than 85 mV, the inhibitor can be classified as a cathodic or anodic type; 
and if the displacement is less than 85 mV, the inhibitor can be considered as mixed 
type18,19. In this study, the maximum displacement in Ecorr value was lower than 85 mV 
towards anodic region, which indicates that the NT acts as a mixed type inhibitor. Other 
electrochemical corrosion parameters such as cathodic and anodic Tafel slopes (βc and βa), 
polarization resistance (Rp) and corrosion current density (Icorr) were also obtained from 
polarization curves and are shown in Table 4. The values of anodic and cathodic Tafel slopes 
were calculated from linear region of the polarization curves. There were no significant 
changes in the cathodic and anodic Tafel slopes after the addition of Schiff base compound. 
The values tend to be more consistent along its slope. This means that the studied compound 
cannot change the mechanism of magnesium dissolution or hydrogen evolution.  
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Fig. 3: Potentiodynamic polarization curves of AZ31 magnesium alloy in 0.05 mol L−1 

HCl in the presence and absence of various concentrations of naphthalene-1-yl-
thiophene-2-ylmethylene-amine 

Electrochemical impedance spectroscopy 

The Nyquist plots of magnesium in 0.05 mol L−1 HCl in the presence and absence of 
NT Schiff base compounds are also shown in Fig. 4. The capacitive loop in the high 
frequency region (second semicircle) is often related to the charge transfer resistance (Rct) 
and the double layer capacitance of the magnesium surface20,21. From the figure, it is obvious 
that the Rct value in the corrosion potential is higher than that in the applied cathodic 
potential. A similar result in NaCl solution has been reported in the literature21. Also, the 
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presence of first capacitive loop at the highest frequencies is also observed. This capacitive 
loop will arise from non-Faradaic processes such as the adsorption of the hydrogen or 
chloride ions on magnesium surfaces. Similar behavior has been observed for magnesium or 
its alloys in alkali solutions21. 
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Fig. 4: Nyquist plots of AZ31 magnesium alloy in 0.05 M HCl in the presence and 

absence of various concentrations of naphthalene-1-yl-thiophene-2-ylmethylene-amine 

In the case of magnesium in mild acidic solution at least two independent state 
variables can be distinguished. One of them is the surface coverage of the partially 
protective film and the other is the concentration of Mg+ ion. In Fig. 4, the inductive loop at 
low frequency is attributed mainly to the partially protective surface film and the third 
capacitive loop at medium frequencies (before the inductive loop) is related to the Mg+ ion 
concentration within the film free area22. These explanations are based on the partially 
protective surface film model. If the surface film is perfect, then these loops will not occur. 

Hence, it is likely that the first capacitive loop at the highest frequencies is produced 
due to adsorption of hydrogen ions. This matter calls for more mechanistic studies and is 
beyond the aim of the present investigation. It is found that the diameter of the capacitive 
semicircles especially that of the second semicircle, increased with the addition of the Schiff 
base. This effect is more obvious in the presence of high Schiff base concentrations. This 
result clearly demonstrates the high inhibition performance of NT Schiff base on magnesium 
corrosion in acidic media. 

Nyquist plots were fitted to an appropriate equivalent circuit (Fig. 5) and the relevant 
quantitative results were obtained. In this model, Rs, Rct and Rf characterize the solution 
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resistance, charge transfer resistance and partially protective film resistance respectively 
while the Rad is inserted to account the resistance related with the first capacitive loop at 
highest frequencies shown in the Fig. 4. Also, CPEdl and CPEf were used to model the 
capacitive behaviour of the electrical double layer and partially protective film respectively. 
Moreover, the constant phase element CPEad was added to account for the capacitance of the 
first loop at highest frequencies. In the used circuit, the constant phase elements (CPE) are 
used instead of the ideal capacitors because the Nyquist plots contain depressed semicircles 
with the center under the real axis. This is the characteristic behavior of solid electrodes. In 
such cases, it is necessary to use constant phase elements instead of the ideal capacitors to 
account for the non-ideal electrodes behavior. The constant phase elements impedance can 
be modelled by the following equation23. 

 ZCPE = [JωC]-n …(11) 

where Z is the impedance, j the square root of -1, ω the angular frequency, C the 
capacitance and n the measure of the non-ideality of the capacitor with a value in the range 
of 1 > n > 0. It should be mentioned that the inductive loop elements were not entered in the 
circuits because the corresponding data were very scattered. 

Rs CPE (ad)

R (ad) CPE (dl + Film)

R (t + Film)

 

Fig. 5: Equivalent circuit for fitting EIS data 

Adsorption isotherm 

Corrosion inhibition of AZ31 magnesium alloy in 0.05 M HCl solution by inhibitors 
can also be explained based on molecular adsorption. The adsorption process is influenced 
by the chemical structures of organic compounds, the distribution of charge in molecule, the 
nature and surface charge of metal and the type of aggressive media24. Basic information on 
the interaction between the inhibitors and the mild steel surface can be provided by the 
adsorption isotherms25. Totally, adsorption isotherms provide information about the 
interaction among the adsorbed molecules themselves and their interactions with the 
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electrode surface26. Schiff bases were used to tests graphically to various adsorption 
isotherms including Freundlich’s, Langmuir, Temkin isotherms. Surface fractional coverage 
values were calculated based on EIS results.  

To choose the suitable isotherm, the correlation coefficient (R2) was used and the 
best fit was obtained from the Freundlich’s isotherm shown in Fig. 6, which can also be 
expressed by the following equation27,28: 

 log Θ = log K + 1/n log C …(12) 

where, C is the concentration of inhibitor and K is the adsorptive equilibrium 
constant. The parameter n is the constant describing the adsorption degree, that is, if 0 < n < 
1, the adsorption is easy, if n = 1 the adsorption is moderate and if n > 1 the adsorption is 
difficult. Finally, the Θ represents the surface fractional coverage. 

lo
g 
Θ

0

-0.1

-0.2

-0.3

-0.4

-0.5

-0.6
 -2.75              -2.50             -2.25             -2.00

log C (mol/L)

R  = 0.98482

 
Fig. 6: Freundlich’s adsorption isotherm plot based on EIS data 

The linear relationships suggest that the adsorption of inhibitors obeys the 
Freundlich’s adsorption isotherm. The energy of adsorption can be calculated from the 
following equation:  

 ΔGads = -2.303 RT log (55.5 Kads) …(13) 

where, 55.5 is the molar constant of water in the solution at the temperature T is 
30oC.  The negative values of ΔGads shown in the Table 6 indicate that adsorption of the 
inhibitors on the metal surface is spontaneous. Generally, values of ΔGads around -20 kJmol 
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L−1 or lower are consistent with the electrostatic interaction between charged molecules and 
the charged metal surface (physisorption); those around -40 kJmol/L or higher involves 
charge sharing or transfer from organic molecules to the metal surface to form a coordinate 
type of metal bond (chemisorptions)29. These values of ΔGads are less than -40 kJmol/L and 
that is commonly interpreted with the presence of physical adsorption by the formation of an 
adsorptive film with an electrostatic character30,31.  

Table 6: Adsorption parameters for AZ31 magnesium alloy in 0.05 mmol L−1 HCl in 
the absence and presence of the naphthalene-1-yl-thiophene-2-ylmethylene-
amine at different inhibitor concentrations 

Inhibitor conc. 
(mmol L−1) 

Equilibrium constant, 
Kads (kJmol−1) 

Free energy of adsorption 
ΔGads, (kJmol−1) 

Blank - - 

2.5 287.3 -24.12 

5 571.2 -25.83 

7.5 691.6 -26.30 

10 974.3 -27.49 

Weight loss method 

As it can been seen from the weight loss method, the inhibition efficiency (IE) 
increased with the increase in concentration. The inhibitor efficiency results from Table 3 
show that maximum inhibition efficiency (65.16%) was observed in 10 mM concentration of 
the inhibitor. The degrees of surface coverage (θ) for different concentrations of inhibitor 
have been evaluated from weight loss method.  

This is due to the following reason. For this inhibitor, the surface coverage increased 
with the increase in concentration and reached a limiting value at a higher inhibitor 
concentration. Correlation between θ values and weight loss data suggest that the inhibitive 
action is through adsorption. In acidic solution, imine group as well as nitrogen and sulphur 
atoms in hetero aromatic ring can be protonated. Physical adsorption may take place due to 
the coordinate bond formation between electron pairs of hetero aromatic ring and metal 
surface can take place. Chemisorption of Schiff bases due to interaction of their π orbitals 
with metal surface occurs following deprotonisation step of the physically adsorbed 
protonated forms of Schiff bases18. 
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From the experimental and spectral evidences, it is clear that these Schiff’s base 
compound acts as good inhibitor. The results of this study confirm that whenever two or 
more hetero atoms or electro active groups present enhances the inhibition nature of 
compound. In the examined inhibitor, the presence of nitrogen and sulphur group has 
contributed for the higher inhibition efficiencies.  

Potentiodynamic polarization tests 

The addition of Schiff base during the polarization tests increases the polarization 
resistance of magnesium in 0.05 M HCl and this leads to a reduction in corrosion current as 
shown in Table 4. These results show that the used compound acts as an effective inhibitor 
for magnesium in the studied corrosive media. The inhibitor efficiencies increased from 
28.58 (lowest) to 91.00 (highest). Increasing inhibitor concentrations decreases corrosion 
current densities. The presence of inhibitors resulted in a slight shift of the corrosion 
potential towards the active direction in comparison to the result obtained in the absence of 
the inhibitor. Both the anodic and cathodic current densities were decreased indicating that 
the inhibitors suppressed both; the anodic and cathodic reactions. This phenomenon may be 
due to the existence of a naphthalene ring having high electron density. On the other hand, in 
the presence of inhibitors both anodic and cathodic Tafel slopes almost remain unchanged, 
indicating that the inhibitors acted by merely blocking the reaction sites of the metal surface 
without changing the anodic and cathodic reaction mechanisms32,33. 

Electrochemical impedance spectroscopy 

The fitting was carried out using Z view 2 software and the produced data are 
displayed in Table 5. As can be seen, the total resistance of the magnesium surface 
significantly to increase after the addition of NT Schiff base of different concentrations, 
implying that the Schiff base compound used acts as effective corrosion inhibitor for 
magnesium in the studied corrosive solution. 

Also as the inhibitor concentration increases, the inhibition efficiencies increased 
probably due to more NT molecules adsorbed on the magnesium surface. For low inhibitor 
concentrations, the CPEdl decreases as the inhibitor concentration increases. The decrease in 
CPEdl was caused either by the reduction of the local dielectric constant and/or the increased 
electrical double layer thickness. This fact suggests that the studied inhibitor molecule acts 
by adsorption at the metal/solution interface34. Results obtained from EIS measurements are 
in good agreement with that obtained from both potentiodynamic polarization and weight 
loss measurements. Electrochemical impedance spectroscopy and polarization curves 
measurements were repeated several times and it was observed that they were highly 
reproducible. 
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Adsorption isotherm 

It was observed that, the inhibition of active dissolution of the metal is due to the 
adsorption of the inhibitor molecules on the metal surface forming a protective layer. The 
inhibitor molecules can be adsorbed onto the metal surface through the electron transfer 
from the adsorbed species to the vacant electron orbital of low-energy in the metal to form a 
coordinate type link. 

The difference in inhibition efficiency between the concentrations lies mostly in the 
quantity of the organic compound; NT being larger due to the presence of a naphthalene ring 
and thiophene ring, and hence, more effective. Efficient adsorption is the result of π 
electrons of the aromatic system, double bonds and electronegative nitrogen atoms present in 
the structure. During chemisorptions of the compounds, electron transfer can be expected 
with compounds having relatively loosely bound electrons35. The π electrons in the system 
are then likely to be the determining factor in the adsorption process36,37. 

CONCLUSION 

(i) The Schiff base NT showed an inhibiting effect on AZ31 magnesium alloy 
corrosion in 0.05 M HCl solution.  From weight loss measurements, it was 
observed that the inhibition efficiency increased with the increase of inhibitor 
concentration. 

(ii) Potentiodynamic polarization curves showed that AC inhibits both anodic and 
cathodic reactions at all concentration, which indicate it to be a mixed type 
inhibitor. 

(iii) EIS results indicate that as the additive concentration was increased the 
polarization resistance increased, whereas double-layer capacitance decreased. 

(iv) The adsorption of AC on the AZ31 magnesium alloy surface from 0.05 M HCl 
obeyed the Freundlich’s adsorption isotherm. 

(v) The negative values of ΔGads reveal spontaneous adsorption of inhibitor on the 
metal surface and point to the physical nature of the adsorption on the 
magnesium surface. 

(vi) Inhibition is the result of the adsorption of the compounds on the magnesium 
alloy surface and blocking of the active sites. The presence of N and S atoms, 
heterocyclic and aromatic rings, increased the inhibition effect of NT with 
respect to the other concentrations under investigation. 
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