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Abstract: Schiff base derived from the condensation reaction of analar grade 1-amino-2-naphthol 4-sulphonic acid with 
cinnamaldehyde was prepared under microwave condition. The Schiff base was analysed by infrared spectroscopy. This Schiff base 
as a corrosion inhibitor of AZ31 magnesium alloy in 0.05 mol/L HCl solution was studied. The inhibition effect of the Schiff base 
compound (4Z)-4-(3-phenyl allylidene amino)-3-hydroxy naphthalene-1-sulfonic acid (AC) on AZ31 magnesium alloy corrosion was 
studied using mass loss, potentiodynamic polarization technique, electrochemical impedance spectroscopy methods. The 
potentiodynamic polarization curve shows that Schiff base AC inhibits both anodic and cathodic reactions at all concentration, which 
indicates it is a mixed type inhibitor. EIS results indicate that as the additive concentration is increased, the polarization resistance 
increases whereas double-layer capacitance decreases. The adsorption of AC on the AZ31 magnesium alloy surface in 0.05 mol/L 
HCl obeys the Langmuir adsorption isotherm. 
Key words: Schiff base; AZ31 magnesium alloy; corrosion inhibitor; potentiodynamic polarization; electrochemical impedance 
spectroscopy 
                                                                                                             
 
 
1 Introduction 
 

Magnesium alloy is one of the lightest metallic 
alloys currently used, because of its low density (1.74 
gm/cm3) and high mechanical stiffness [1]. However, the 
mechanical benefits of magnesium are contrasted by a 
high corrosion rate as compared to aluminium or steel. 
Because of electrochemical potential of magnesium, as 
illustrated in galvanic series, it corrodes easily in the 
presence of sea water. The high corrosion property has 
relegated the alloy to be used in areas unexposed to the 
atmosphere, including car seat electronic boxes and 
structural members. The demands for the use of 
magnesium alloys, as structural materials in automobile 
industry, electronic products, vibrating plates of vibrating 
test machines and automotive wheels, have increased in 
recent years [2]. Consequently, this investigation relates 
to the field of corrosion inhibition of magnesium alloys, 
since the magnesium alloys are highly prone to 
corrosion. 

Compounds containing an azomethine group    
(—C=N—) are known as Schiff bases. They are usually 

formed by the condensation of primary amine with 
carbonyl compounds [3] according to the reaction as 
follows: 
 
R—NH2+R—COH→R—N=CH—R+H2O       (1) 
 
where R may be an aliphatic or aromatic group. The 
Schiff bases of aromatic aldehydes with an effective 
conjugated system are more stable [4]. 

The efficiency of an organic inhibitor on metallic 
corrosion does not only depend on the structural 
characteristics of the inhibitor but also on the nature of 
the metal and environment. The selection of suitable 
inhibitor for particular system is the difficult task 
because of the selectivity of the inhibitors and the wide 
variety of environments 

The choice of the inhibitor is based on two 
considerations, firstly the economic consideration, and 
secondly, it should contain the electron cloud on the 
aromatic ring or the electronegative atoms such as N, O 
in the relatively long chain compounds [5]. 

One of the most vital processes in the field of 
prevention of corrosion and its control is the use of 
organic inhibitors. The crucial part in the mechanistic 
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aspect of such inhibitors is the specific interaction 
between certain functionalities in the inhibitors with the 
corrosion active centres on the metal surface. 
Heteroatoms such as nitrogen, oxygen, and sulphur 
present in the inhibitors play a leading role in this 
interaction by donating their free electron pairs [6]. 
Hydrochloric acid (HCl) is widely used as pickling 
solution. Corrosion inhibitors are needed to reduce the 
corrosion rates of metallic materials in HCl pickling 
solution [7]. There are some reports about the pickling of 
magnesium by hydrochloric acid solutions in Refs. 
[8−10]. Therefore it is important to find the effective 
corrosion inhibitors for Mg in HCl solution. 

From Refs. [11−15], it is understood that most of 
the research is focused on corrosion inhibitors for Mg 
alloys especially in aqueous and neutral organic solvents. 
However, the reports about the corrosion inhibition of 
Mg and its alloys in acidic media are very scanty [16]. 
Hence, the present investigation is carried out to study 
the effect of (4Z)-4-(3-Phenyl allylidene amino)-3- 
hydroxy naphthalene-1-sulfonic acid on corrosion 
inhibition of AZ31 Mg alloy in 0.05 mol/L HCl solution. 
 
2 Experimental 
 
2.1 Synthesis of (4Z)-4-(3-phenyl allylidene amino)-3- 

hydroxy naphthalene-1- sulfonic acid 
All the chemicals used were of analar grade 1- 

amino-2-naphthol 4-sulphonic acid and cinnamaldehyde 
were mixed together in an erlenmeyer flask. The mixture 
was kept under microwave radiation for 4 min on the 
“M-high” setting and 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 84%. The 
chemical structure of the (4Z)-4-(3-phenyl allydene 
amino)-3-hydroxy naphthalene-1-sulfonic acid is shown 
in Fig. 1. 

 
2.2 Elemental analysis 

The Schiff base [(4Z)-4-(3-phenyl allydene amino)- 
3-hydroxy naphthalene-1-sulfonic acid] in this work was 
identified by many techniques. The elemental analysis 
(CHN) is listed in Table 1. 

 
2.3 Spectral analysis 
2.3.1 Electronic spectra 

The electronic spectra of the ligand was recorded on 
DMSO on Pekin Elmer Lambde E2201 spectro 
photometer. The electronic absorption spectra of the 
ligand showed λmax at 247 nm. 
2.3.2 IR spectra 

IR spectra was recorded on Perkin Elmer 783 
spectrophotometer using KBr pellet. The characterized 
bands in the IR spectra are listed in the Table 2. The band 
in the region 1614 cm−1 is due to N=C, and bands in the 
region 1430 cm−1 and 3435 cm−1 are due to C=C and  
O—H, S=O gives bands at 1231cm−1 and S—O gives 
band at 650 cm−1 and C—N gives bands at 1384 cm−1, 
respectively [18]. The infrared spectra are shown in   
Fig. 2. 
 
2.4 Test materials 

The material used in this study is AZ31 Mg alloy in 
the form of extruded condition and supplied in plates of 
6 mm thickness. The chemical composition of the AZ31 

 

 
Fig. 1 Chemical structure of (4Z)-4-(3-phenyl allydene amino)-3-hydroxy naphthalene-1-sulfonic acid 
 
Table 1 Elemental analysis data for CHN of Schiff base (4Z)-4-(3-phenyl allydene amino)-3-hydroxy naphthalene-1-sulfonic acid 

Mole fraction/% Molar mass/ 
(g·mol−1) Calculated C Found C Calculated H Found H Calculated N Found N 

353 64.58 63.80 4.28 4.05 3.96 3.73 
 
Table 2 Characterized band of IR spectra of Schiff base (4Z)-4-(3-phenyl allydene amino)-3-hydroxy naphthalene-1-sulfonic acid 

Wavenumber/cm−1 
N=C C=C O—H S=O S—O C—N 
1614 1430 3435 1231 650 1384  
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Fig. 2 IR spectrum of Schiff base (4Z)-4-(3-phenyl allydene 
amino)-3-hydroxy naphthalene-1-sulfonic acid 
 
Mg alloy consists of 2.89% Al, 1.15% Zn, 0.2% Mn and 
the balance Mg. From the base metal AZ31 Mg alloy, the 
corrosion test specimens are sliced to the dimensions of 
50 mm×16 mm×6 mm. 
 
2.5 Mass loss method 

Solution of HCl with concentration of 0.05 mol/L 
was prepared. For immersion corrosion testing, the test 
method consisted 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 Mg 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 Mg alloy specimen was estimated by mass loss 
measurement. The original mass (m0) of the specimen 
was recorded before immersion and then the specimen 
was immersed in the solution of NaCl for immersion 
time of 24 h. 

The corrosion products were removed by immersing 
the specimens for 1 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) for 250 mL 
distilled water. Finally, the specimens were washed with 
distilled water, dried and weighed again to obtain the 
final mass (m1). The mass loss (Δm) can be measured 
using the relation as follows: 
 
Δm=m0−m1                                  (2) 
 
where Δm is the mass loss; m0 is the original mass before 
test; and m1 is the final mass after test. 

The corrosion rate (υ) of AZ31 was calculated by 
the equation as per the ASTM standards G31 as follows: 
 

mm/a  1076.8 4

tDA
m

××
Δ××

=υ                      (3) 
 
where A is the surface area of the specimen (cm2); D is 

the density of the material (1.8 g/cm3); t is the spraying 
time (h). 
 
2.6 Electrochemical method 

Electrochemical measurements were conducted 
using a Gamry AC potentiostat electrochemical 
workstation with a three-electrode cell arrangement at 
room temperature. AZ31 Mg alloy was used as a 
working electrode (WE), and a platinum wire was used 
as a counter electrode (CE). Testing electrolyte of 0.05 
mol/L HCl acidic solution was prepared. All the reported 
potentials were referred to the saturated calomel 
electrode (SCE). The potentiodynamic polarization 
curves were obtained using a sweep rate of 2 mV/s in the 
potential range of ±2000 mV versus the open circuit 
potential. 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 were analyzed 
using the ZSimpWin 3.00 software (EG&G, USA). 

From the mass loss and electrochemical 
measurements, the inhibition efficiency (ηm) and surface 
coverage (θ) were calculated for the various inhibitor 
concentrations using the formulae as follows [17]: 
 
ηm=[(Δmb−Δm inh)/Δmb]×100%              (4) 
θ=(Δmb−Δm inh)/Δmb                                (5) 
 
where Δmb is the mass loss without inhibitor (blank) (g); 
Δminh is the mass loss with inhibitor (g). 
 
3 Results and discussion 
 
3.1 Mass loss method 

The average mass loss data obtained for the AZ31 
Mg alloy specimen in triplicates for various 
concentrations of inhibitor [(4Z)-4-(3-phenyl allydene 
amino)-3-hydroxy naphthalene-1-sulfonic acid] are listed 
in Table 3. From the mass loss data which was obtained 
by performing the experiment in triplicate with the data 
variation of 0.5 mg, it is clear that the mass loss of Mg 
alloy specimens decreases with increasing the inhibitor 
concentration. Furthermore, it is found that the corrosion 
 
Table 3 Inhibition efficiency of Schiff base AC for AZ31 Mg 
alloy in 0.05 mol/L HCl solution 

Inhibitor 
concentration/

(mmol·L−1)

Mass 
loss/g

Corrosion 
rate/(mm·a−1) 

Inhibitor 
efficiency/%

Degree of 
surface 

coverage
Blank 28.123 20.07 − − 

2.5 20.271 14.47 27.92 0.2792
5 16.823 12.02 40.12 0.4012

7.5 12.683 9.05 54.90 0.5490
10 10.462 7.46 62.79 0.6279 
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rate is linearly proportional to the mass loss. This means 
that the corrosion rate decreases with the increase in 
concentration of the inhibitors, as listed in Table 3. 

The results indicate that the mass loss of Mg alloy 
sample decreases while compared 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. 

Hence, for this inhibitor, the inhibition efficiency 
(IE) also increases with the increase of concentration. 
The inhibitor efficiency results from Table 3 show 
maximum inhibition efficiency (62%) is observed in 0.01 
mol/L concentration of the inhibitor. The degrees of 
surface coverage (θ) for different concentrations of 
inhibitor have been evaluated from the mass loss method. 

This is due to the following reason. For this 
inhibitor, the surface coverage increases with the 
increase of concentration and reaches a limiting value at 
a higher inhibitor concentration. Correlation between θ 
values and inhibition efficiency suggests that the 
inhibitive action is through adsorption. Nitrogen atoms in 
acidic solution imine group as well as in heteroaromatic 
ring can be protonated. Physical adsorption may take 
place due to the electrostatic interaction between 
protonated forms of Schiff bases and (MgCl2

−) species. 
Coordinate bond formation between electron pairs of 
heteroaromatic ring and metal surface can take place. 
Chemisorption of Schiff bases occurs following 
deprotonisation step of the physically adsorbed 
protonated forms of Schiff bases due to interaction of 
their π orbitals with metal surface. 

From these experimental and spectral evidences, it 
is clear that these Schiff base compounds act as good 
inhibitor. The results of this study confirm that whenever 
two or more hetero atoms or electro active groups are 
present, the inhibition nature of compound is enhanced. 
In the examined inhibitor, the presence of —CH=N— 
group has contributed for the higher inhibition 
efficiencies. The molecule gets adsorbed through the 
interaction of both —CH=N— group and Cl atom 
having three lone pairs of electrons with the metal 
surface. This interaction favours the adsorption and film 

formation on the surface. The molecule possesses 
aromatic groups which favour the adsorption on metal 
surface. Further the molecules are big enough and planar 
to block more surface area of the Mg alloy. 
 
3.2 Potentiodynamic polarization method 

Figure 3 shows the potentiodynamic polarization 
curves of AZ31 Mg alloy in 0.05 mol/L HCl in the 
presence and absence of various concentrations of AC 
Schiff base. As can be seen, both the anodic and cathodic 
currents decrease after the addition of the Schiff base to 
the corrosive solution. This result suggests that the 
addition of the AC Schiff base reduces anodic dissolution 
and also retards the hydrogen evolution reaction. The 
values of corrosion potential (φcorr) in the absence and 
presence of inhibitor at different concentrations are listed 
in Table 4. It is clearly seen that the corrosion potential 
values are shifted to more positive values in the presence 
of AC. 

Generally, if the displacement in φcorr after the 
addition of inhibitor is bigger than 85 mV, the inhibitor 
can be classified a cathodic or anodic type; and if the 
displacement is less than 85 mV, the inhibitor can be 
considered mixed type [19,20]. In this study, the 
maximum displacement in φcorr value is lower than 85 
mV towards anodic region, which indicates that the AC 
acts as a mixed type inhibitor. Other electrochemical 
corrosion parameters such as cathodic and anodic Tafel 
slopes (Bc and Ba), polarization resistance (Rp) and 
corrosion current density (Jcorr) are also obtained from 
polarization curves, as listed in Table 4. The values of 
anodic and cathodic Tafel slopes were calculated from 
the linear region of the polarization curves. There are no 
significant changes in the cathodic and anodic Tafel 
slopes after the addition of Schiff base compound. This 
means that the studied compound cannot change the 
mechanism of Mg dissolution or hydrogen evolution. 
The addition of Schiff base increases the polarization 
resistance of Mg in 0.05 mol/L HCl, and this leads to a 
reduction in corrosion current. These results show that 
the used compound acts as an effective inhibitor for Mg 
in the studied corrosive media. The inhibition 
efficiencies η were calculated as follows [21]: 

 
Table 4 Polarization parameters for AZ31 Mg alloy in 0.05 mol/L HCl in absence and presence of AC Schiff base with different 
inhibitor concentrations 

Inhibitor 
concentration/(mmol·L−1) 

Polarization 
resistance Rp/(Ω·cm2) 

Anodic slope 
Ba/(mV·dec−1) 

Cathodic slope 
Bc/(mV·dec−1) 

Jcorr/ 
(µA·cm−2)

φcorr (vs 
SCE)/V 

Inhibitor 
efficiency/%

Blank 698.6 141 162 165.07 −1.686 − 

2.5 981.5 128 122 97.30 −1.664 28.83 

5 1206.4 150 136 90.40 −1.644 42.09 

7.5 1481.6 145 119 67.44 −1.638 52.84 

10 4424.1 146 124 23.17 −1.616 84.42  
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Fig. 3 Potentiodynamic polarization curves of AZ31 Mg alloy 
in 0.05 mol/L HCl in presence and absence of various 
concentrations of AC Schiff base 
 
η=[(Rinh−Rbalnk)/Rinh]×100%                  (6) 
 

The inhibitor efficiencies increase from 28.83% 
(lowest) to 84.42% (highest). Increasing inhibitor 
concentrations decreases corrosion current densities. The 
presence of inhibitors results in a slight shift of the 
corrosion potential towards the active direction in 
comparison to the result obtained in the absence of 
inhibitor. Both the anodic and cathodic current densities 
are decreased, indicating that the inhibitors suppress both 
of the anodic and cathodic reactions. This phenomenon 
may be due to the existence of a phenyl 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 act by 
merely blocking the reaction sites of the metal surface 
without changing the anodic and cathodic reaction 
mechanisms. 
 
3.3 Electrochemical impedance spectroscopy 

The Nyquist plots of Mg in 0.05 mol/L HCl in the 
presence and absence of AC Schiff base compounds are 
shown in Fig. 4. The capacitive loop in the high 
frequency region (second semicircle) is always related to 
the charge transfer resistance (Rct) and the double layer 
capacitance of the Mg surface [22,23]. From Fig. 4, 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 Ref. 
[22]. Also, the presence of first capacitive loop at the 
highest frequencies is also observed. This capacitive loop 
arises from non-faradaic processes such as the adsorption 
of the hydrogen or chloride ions on Mg surfaces. Similar 
behavior has been observed for Mg or its alloys in alkali 
solutions [24]. Hence, during curve fitting, the first 
capacitive loop of the highest frequency is hidden for  
the better optimistic results. It is likely that the first 

 

 
Fig. 4 Nyquist plots of AZ31 Mg alloy in 0.05 mol/L HCl 
solution in presence and absence of various concentrations of 
AC Schiff base 
 
capacitive loop at the highest frequencies is produced 
due to the 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, increases with the increasing 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 AC 
Schiff base on Mg corrosion in acidic media. 

The Nyquist plots are fitted to an appropriate 
equivalent circuit Fig. 5 and the relevant quantitative 
results are obtained. In this model, Rs, Rct and Rf are the 
solution 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 the highest frequencies not 
shown in Fig. 5. Also, CPEdl and CPEf are used to model 
the capacitive behaviour of the electrical double layer 
and partially protective film, respectively. Moreover, the 
constant phase element CPEad is added to account for the 
capacitance of the first loop at the 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 
 

 
Fig. 5 Equivalent circuit for fitting EIS data 
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phase elements instead of the ideal capacitors to account 
for the non-ideal electrodes behavior. The constant phase 
elements impedance can be modelled as follows [20]: 
 
ZCPE =[jωC]−n                                                 (7) 
 
where Z is the impedance; j is the square root of −1; ω is 
the angular frequency; C is the capacitance; and n is 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 are not entered in the circuits 
because the corresponding data are very scattered. 

Therefore, the relevant data with low frequencies 
were not taken into account in the fitting process. The 
fitting was carried out using Zview2 software, and the 
produced data are listed in Table 5. The total resistance 
of the electrode surface is expressed as 
 
Rtotal=Rad+ Rct+Rf                                             (8) 
 

The Rtotal is used to calculate the inhibition 
efficiencies (η) of the AC Schiff base of different 
concentrations based on the equation as follows: 
 
η=[(Rtotal− 0

totalR )/Rtotal]×100%                (9) 
 

where Rtotal and R0
total are the total resistances of Mg 

in the inhibited and uninhibited solutions, respectively. 
The calculated values are also listed in Table 5. As can be 
seen, the total resistance of the magnesium surface 
significantly increases after the addition of AC Schiff 
base, implying that the Schiff base compound acts as 
effective corrosion inhibitor for Mg in the studied 
corrosive solution. 

Also as the inhibitor concentration increases, the 
inhibition efficiencies increase probably due to more AC 
molecules adsorbed on the Mg surface. For low inhibitor 
concentrations, the CPEdl decreases as the inhibitor 
concentration increases. The decrease in CPEdl is caused 
either by the reduction of the local dielectric constant 
and/or the increase of the electrical double layer 
thickness. This fact suggests that the studied inhibitor 
molecule acts by adsorption at the metal/solution 
interface [25]. The results obtained from EIS 
measurements are in good agreement with that obtained 

from both potentiodynamic polarization and mass loss 
measurements. Electrochemical impedance spectroscopy 
and polarization curve measurements were repeated 
several times and observed that they were highly 
reproducible. 
 
3.4 Adsorption isotherm 

Corrosion inhibition of AZ31 Mg alloy in 0.05 
mol/L 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 media [26]. Basic information on the 
interaction between the inhibitors and the mild steel 
surface can be provided by the adsorption isotherms [27]. 
Totally, adsorption isotherms provide information about 
the interaction among the adsorbed molecules 
themselves and their interactions with the electrode 
surface [28]. 

In order to obtain a proper adsorption isotherm, 
Langmuir, Temkin, and Freundluich adsorption 
isotherms were tested. Langmuir adsorption isotherm, 
which is given in Eq. (10) [29], was found to be more 
suitable. These parameters were calculated based on the 
optimized concentration of above inhibitors against 
corrosion of mild steel as follows: 
 
C/θ =[(1/Kads)/C]                             (10) 
 
where C is the inhibitor concentration; Kads is the 
adsorption equilibrium constant; and θ is the surface 
coverage. Straight lines were obtained when C/θ were 
plotted against C, as shown in Fig. 6. The linear 
relationships suggest that the adsorption of inhibitors 
obeys the Langmuir adsorption isotherm. The straight 
line has an intercept of 1/K as shown in Eq. (11) which 
can determine the relation of constant K with the 
standard free energy as 
 
ΔGads=−2.303RT×lg(55.5Kads)                  (11) 
 
where 55.5 is the molar constant of water in the solution 
at temperature of 30 °C. The negative values of ΔGads 

 
Table 5 Impedance parameters for AZ31 Mg alloy in 0.05 mol/L HCl in absence and presence of AC Schiff base at different inhibitor 
concentrations 

Inhibitor 
concentration/ 

(mmol·L−1) 

Added 
resistance 

Rad/(Ω·cm−2)

CPEad/ 
(nF·cm−2) 

Charge transfer 
resistance Rct/ 

(Ω·cm2) 

CPEdl/ 
(nF·cm−2)

Film 
resistance Rf

/(Ω·cm2) 

CPEf/ 
(nF·cm−2) 

Total resistance 
Rp/(Ω·cm2) 

Inhibitor 
efficiency/%

Blank 210.6 0.614 262.3 0.613 84.21 7.96 557.11 − 

2.5 242.5 0.362 327.1 0.574 153.6 6.214 723.2 22.96 

5 284.1 0.211 474.5 0.444 274.2 4.321 1033.1 46.07 

7.5 427.4 0.162 947.6 0.517 213.4 2.067 1588.4 64.92 

10 531.6 0.103 4124.3 0.500 26.3 0.932 4682.2 88.10  
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Fig. 6 Langmuirs adsorption isotherm plot based on EIS data 
 
shown in Table 6 indicate that the adsorption of the 
inhibitors on the metal surface is spontaneous. Generally, 
the values of ΔGads around −20 kJ/mol or lower are 
consistent with the electrostatic interaction between the 
charged molecules and the charged metal surface 
(physisorption); those around −40 kJ/mol or higher 
involve charge sharing or transfer from organic 
molecules to the metal surface to form a coordinate type 
of metal bond (chemisorption) [30]. These values of 
ΔGads are less than 40 kJ/mol, which is commonly 
interpreted with the presence of physical adsorption by 
the formation of an adsorptive film with an electrostatic 
character [30,31]. 
 
Table 6 Adsorption parameters for AZ31 Mg alloy in 0.05 
mmol/L HCl in absence and presence of AC Schiff base at 
different inhibitor concentrations 

Inhibitor 
concentration/ 

(mmol·L−1) 

Equilibrium 
constant, 

Kads/(kJ·mol−1) 

lg Kads/ 
(kJ·mol−1)

ΔGads/(kJ·mol−1)

Blank − − − 

2.5 119.21 2.07 −22.162 

5 170.85 2.23 −23.066 

7.5 246.75 2.39 −23.995 

10 740.33 2.86 −26.760 

 
3.5 Mechanism of adsorption of Schiff bases 

compounds on metal surface 
In the acidic solutions, Schiff bases exist either as 

neutral or in the protonated (cations) form. It is assumed 
that the Cl− anion is first adsorbed onto the positively 
charged metal surface by columbic attraction. Then the 
protonated Schiff bases can be absorbed through 

electrostatic interactions between the positively charged 
molecules and the negatively charged metal surface [32]. 

The inhibitor [(4Z)-4-(3-phenyl allydene amino)- 
3-hydroxy naphthalene-1-sulfonic acid] contains three 
aromatic rings and a — CH=N —  groups.  The 
inhibitor may be adsorbed on the Mg surface through a 
combination of the following three probable adsorption 
mechanisms. 1) Protonation of nitrogen atoms of     
—CH=N— group could make the inhibitor molecule 
positively charged. The Mg surface gets negatively 
charged in NaCl solution. This could lead to an 
interaction that occurs between the positively charged 
inhibitor molecule and the negatively charged metal 
surface. 2) Unshared electron pairs on nitrogen atom 
could interact with the metal surface. 3) The flat 
orientation of the entire molecule with respect to the 
metal surface could lead to the interaction of π-electrons 
of the aromatic ring as well as —CH=N— groups 
with the metal surface. 
 
4 Conclusions 
 

1) The Schiff base AC shows an inhibiting effect on 
AZ31 Mg alloy corrosion in 0.05 mol/L HCl solution.  
From the mass loss measurements, it is showed that the 
inhibition efficiency increases with the increase of 
inhibitor concentration. 

2) Potentiodynamic polarization curves show that 
Schiff base AC inhibits both anodic and cathodic 
reactions at all concentration, which indicate it is a 
mixed type inhibitor. 

3) EIS results indicate that as the additive 
concentration increases, the polarization resistance 
increases whereas double-layer capacitance decreases. 

4) The adsorption of Schiff base AC on the AZ31 
Mg alloy surface in 0.05 mol/L HCl solution obeys the 
Langmuir adsorption isotherm. 

5) 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 Mg surface. 
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席夫碱作为缓蚀剂对盐酸溶液中 
AZ31 镁合金的影响 
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摘  要：在微波条件下，通过高纯度 1-氨基-2 萘酚 4-磺酸与肉桂醛的缩合反应制备席夫碱(4Z)-4-(3-苯基烯丙叉氨

基)-3-羟基萘-1-磺酸(AC)。采用红外光谱对制备的席夫碱进行分析。研究席夫碱作为缓蚀剂对 AZ31 镁合金在 0.05 

mol/L 盐酸中的缓蚀作用。通过质量损失法、动电位极化法和电化学交流阻抗谱(EIS)研究席夫碱化合物在 AZ31

镁合金腐蚀过程中的抑制作用。动电位极化曲线表明：席夫碱在所有浓度下能抑制阳极和阴极反应，是一种混合

型缓蚀剂。EIS 结果表明：随着添加剂浓度的增加，极化电阻增加而双电层电容减少。在 0.05 mol/L 盐酸中，席

夫碱 AC 对 AZ31 镁合金表面的吸附符合 Langmuir 吸附等温式。 

关键词：席夫碱；AZ31 镁合金；缓蚀剂；动电位极化；电化学交流阻抗谱 
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