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ABSTRACT 

A new ionic liquid, benzyl triphenyl phosphonium 

bis(trifluoromethylsulfonyl)amide ([BPP][NTf2]), for magnesium alloy is 

synthesized. The potential of [BPP][NTf2] to be inhibitor is firstly estimated as 

compared with [P6,6,6,14][NTf 2] by theoretical calculations. Then, the inhibition of 

AZ31B Mg alloy in 0.05 wt% NaCl solution is evaluated by [BPP][NTf2] is 

investigated by Tafel linear polarization method, electrochemical impedance 

spectroscopy (EIS), and scanning electron microscopy (SEM). The most optimum 

inhibitor efficiency of [BPP][NTf2] is 91.4% at room temperature. The adsorption of 

[BPP][NTf2] on the surface of AZ31B Mg alloy obeys Langmuir isotherm with 

predominantly chemical adsorption. The corresponding result is further analyzed by 

the theory. The corrosive product is detected by Fourier transform infrared spectrum 
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(FTIR). The possible inhibition mechanism is proposed, in which the effect of cation 

on inhibition is proposed in addition to the influence of anion.  

 

Keywords: Ionic liquid inhibitor; AZ31B Mg alloy; Electrochemical techniques; 

First principle; Corrosion 

 

1. Introduction 

Corrosion is an inevitable problem in industry and other relevant regions, which 

has resulted in not only the detriment of materials but also considerable economic 

losses. Although various methods have been applied to retard corrosion, the addition 

of corrosion inhibitor is no doubt one of the most popular, convenient, and 

cost-effective methods, especially in aqueous environment [1-3]. Up to now, many 

organic compounds including π-electron group and heterocyclic atoms, including N, 

O, P, and S have been developed to protect the metal in aggressive medium [4-5]. 

However, their usage has been restricted due to the global demand for sustainable 

development and environmental protection. Ionic liquids (ILs) are one of the most 

powerful alternatives due to their distinct properties including negligible vapor 

pressure, chemical and thermal stability, and excellent tunable structures. Ionic 

liquids would be taken as the “green” corrosion inhibitor because of the negligible 

vapor pressure, which is more environmentally friendly as compared with highly 

volatile organic inhibitor. The excellent chemical and thermal stability would prevent 

the ionic liquid from decomposing. Additionally, unlimited potential derivatives 

would be developed by modification of cation and anion with desired properties, 

which is impossible for organic compounds. 1-allyl-3-octylimidazolium bromide 

([AOIM]Br) [6], 1-butyl-3-methyl-1H-benzimidazolium iodide (BMBIMI) [7], and 
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1-octyl-3-methylimidazolium chlorides (OMIC) [8] have been applied to protect the 

copper, mild steel, and aluminum. Rare ionic liquids have been taken as the 

corrosion inhibitor for magnesium alloy [9]. 

Magnesium alloy has attracted much attention due to the light weight and the 

high strength to weight. Moreover, Mg element is abundance in the earth’s crust. Mg 

and its alloys would play more and more important role in fields in which weight 

minimization is a priority, e.g., aerospace, auto-motive, and infrastructure [10-11]. 

However, the large scale applications of Mg alloys are restricted due to their 

sensitive to corrosion significantly. The film would be formed on the surface of Mg 

alloys, however, it could not provide any protection for them upon atmospheric 

exposure. The common protection method is to perform chromate coating. The 

toxicity of chromate promotes to search for other alternative corrosion inhibitors. As 

compared with Fe and Cu, limited corrosion inhibitors have been reported for Mg 

and its alloys due to their active chemical properties. Howlett et al. have reported 

that trihexyl(tetradecyl)phosphonium bis(trifluoromethylsulfonyl)amide 

([P6,6,6,14][NTf 2]) and trihexyl(tetradecyl)phosphonium bis 

2,4,4-trimethylpentylphosphinate (P6,6,6,14M3PPh) could offer corrosion resistance for 

AZ31 Mg alloy [12-13]. The expense of raw materials to synthesize [P6,6,6,14][NTf 2] 

is too expensive to meet the requirement of large scale applications. Thus, it is urgent 

to develop cheap and efficient corrosion inhibitors for Mg alloys to promote their 

applications. One of the most unique advantages for ionic liquids is that their 

properties would be easily adjusted by combination of different cations and anions. It 

is not an easy task to find the suitable cations and anions to compose ionic liquids 

with the desired properties from millions of ions. Elucidation of the mechanism and 

confirmation of the critical factor to control corrosion inhibition are beneficial to 
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exploring the new corrosion inhibitor. 

In this work, benzyl triphenyl phosphonium bis(trifluoromethylsulfonyl)amide 

([BPP][NTf2]) (See Fig. 1) is firstly designed. Then, its properties are calculated by 

combination of density functional theory (DFT) along with molecular dynamics 

(MD) simulation. As compared with the documented corrosion inhibitor 

[P6,6,6,14][NTf 2], [BPP][NTf2] has an acceptable performance to be a potential 

candidate for Mg alloys. After that, it is synthesized and the inhibitory effect is 

evaluated for the AZ31B Mg alloy in 0.05 wt% NaCl solution by electrochemical 

measurements, Fourier transform infrared (FTIR) spectroscopy, and surface analysis. 

Finally, the possible inhibited mechanism is proposed. The central aim of this work 

is to find out an efficient and cheap corrosion inhibitor for the AZ31B Mg alloy.  

2. Theory and experiment details 

2.1. Computational details 

2.1.1. MD simulation for [BPP][NTf2]  

The 256 ion pairs of [BPP][NTf2] were put in a cubic box of around 100 Å × 

100 Å × 100 Å. The periodic boundary condition was applied for three dimensions 

of cubic box. The nonbonded interactions were regraded by 15 Å cut-off, while the 

long-range electrostatic interactions were handled by the particle mesh Ewald (PME) 

method as well as long-range dispersion corrections [14]. Initially, the simulation 

was performed under the isothermal-isobaric ensemble (NPT) at 298 K and 0.1 MPa. 

To keep ion mobility, the temperature was enhanced to 700 K for 1000 ps. After that, 

the system was cooled down to 298 K for 2 ns. Then, 5 ns simulation was performed 

again to get the production equilibrium using a timestep of 2 fs. The MD trajector is 

saved every 5000 timesteps. General Amber Force Field (GAFF) was applied in the 

simulation [15]. The bonds involving hydrogen atoms were constrained with 
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SHAKE [16]. Aforementioned simulation was completed by GROMACS 5.1.2 

package [17]. 

2.1.2. Calculations for [BPP][NTf2]  

The structures of [BPP][NTf2] and [P6,6,6,14][NTf 2] were optimized at the 

Becke's three parameter exact exchange-functional combined with Perdew and Wang 

method (B3PW91) with the 6-31G(d,p) basis set [18-20]. The frequency was 

calculated to determine the rightness of ionic liquid structure. Above electronic 

calculations were accomplished by Gaussian 09 program [21].  

2.1.3. Simulation for [BPP][NTf2]@Mg 

To deeply understand the interfacial properties between [BPP][NTF2] and Mg 

surface, [BPP][NTF2] is adsorbed on 8 × 5 × 8 Mg (101
-
0) surface. The bottom four 

layers of Mg were fixed and only the top four layers of Mg and adsorbed inhibitor 

were optimized. Above the Mg surface, the vacuum buffer space was set about 10 Å. 

[BPP][NTF2]@Mg was optimized by projector-augmented wave methods. The 

specific method is the generalized gradient approximation (GGA) along with 

Perdew-Burke-Ernzerhof (PBE) exchange-correlation functional [22-23]. The 

dispersion effect was considered by addition of Grimme D2 dispersion correction 

[24]. The optimization would be regarded as convergence when the energy cutoff 

and force on each atom were smaller than 0.1 eV Å-1. The electron density difference 

(EDD) was also calculated to study the electronic properties. Vienna ab initio 

simulation package (VASP) was employed to perform above calculations [25-28]. 

2.1.4. MD simulation for [BPP][NTf2]@Mg(101
-
0)/50 H2O 

[BPP][NTF2], 50 H2O, and 8 × 5 × 8 Mg supercell were placed in a cubic box 

about 26 Å × 26 Å × 37 Å with periodic boundary conditions in all directions. The 
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Mg supercell is fixed in the following simulation. The simulation was performed for 

1000 ps with a time step of 1fs in the isothermal-isochoric ensemble (NVT) at 298 K. 

The electron static interactions and Van der Waals were treated by the consistent 

valence force field (CVFF) [29], while the non-bonded energies were calculated by 

the popular atom based summation. Above simulation was carried out by the 

FORCITE module implemented in Materials Studio 7.0 package [30].  

2.2. Synthesis and detection of [BPP][NTf2] 

[BPP][NTf2] was synthesized by only two steps including alkylation reaction 

and ion exchange reaction (See Scheme 1): triphenylphosphine (2.62 g, 10.00 mmol) 

and benzyl chloride (1.26 g, 10.00 mmol) were added into a three-necked round 

bottom flask. The obtained mixtures were stirred at 100°C for 24 h under N2 

atmosphere. After the reaction, the reactor was cooled to ambient temperature to 

obtain the white solid benzyl triphenyl phosphonium chloride (BPPCl) (yield: about 

100%), which was used without any further purification for the next step. 

BPPCl (0.58 g, 1.50 mmol) and Lithium bis(trifluoromethane sulfonimide) 

(LiNTf 2, 0.47 g, 1.64 mmol) were dissolved in MeOH (20 mL). The mixtures were 

stirred at room temperature for 3 h-4 h, the resulting solution was evaporated to 

obtain the white solid. After that, the solid was washed with distilled water (20 

mL×5) and dried in vacuum to obtain [BPP][NTf2] (yield: 92.2%). 

The structure of [BPP][NTf2] was determined by 1H NMR and MS, and the data 

was provided as follows (See Fig. S1) [31]:  

yield 92.2%. 1H NMR (400 MHz, CDCl3) δ: 7.82 (m, p-Ph-, 3H,), 7.66 (td, J = 

7.7, 3.4 Hz, m-Ph-, 6H), 7.52 (dd, J = 12.6, 7.8 Hz, o-Ph-, 6H), 7.29 (d, J = 2.2 Hz, 

Ph-CH2-, 1H), 7.18 (t, J = 7.6 Hz, Ph-CH2-, 2H), 6.90 (m, Ph-CH2-, 2H), 4.36 (d, J = 

14.1 Hz, Ph-CH2-, 2H). MS (ESI) m/z: 353.21 [BPP]+; 279.95 [NTf2]
-. 
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2.3. Materials and sample preparation 

AZ31B Mg alloy plates with dimension of 1 cm × 1 cm × 0.5 cm with a 

composition of Al(2.5 wt%-3.5 wt%), Zn(0.6 wt%-1.4 wt%), Mn(0.2 wt%-1.0 wt%), 

Si(0.08 wt%), Ca(0.04 wt%), Cu(0.01 wt%), Fe(0.003 wt%), Ni(0.001 wt%), other 

elements(0.30 wt%), and the rest Mg were used as the substrate in this work. The 

AZ31B Mg alloy specimens were prepared before each experiment. They were 

abraded by various grades of abrasive paper, rinsed with doubly distilled water, then 

degreased by acetone and finally dried. Each AZ31B Mg alloy specimen with a 

ready shiny surface was used for the respective experimental measurement within 1 

hour. In order to make the circuit connection, the copper wire is connected to one 

surface of the Mg alloy samples. The AZ31B Mg alloy panels were all sealed with a 

epoxy resin mixture except for an area of 1 cm2 unmasked. The AZ31B Mg alloy 

panels immersed in 0.05 wt% NaCl solution with the [BPP][NTf2] concentrations of 

0.01, 0.05, 0.15, and 0.30 mM. Freshly prepared solution was used for each 

measurement to ensure the accuracy. 

2.4. Electrochemical measurements 

The following electrochemical measurements were performed by CHI650E 

electrochemical workstation in a typical three electrode electrochemical setup. A 

platinum electrode bare, a AZ31B Mg alloy electrode, and saturated calomel 

electrode (SCE) were acted as the counter electrode (CE), the working electrode 

(WE), and reference electrode, respectively. For impedance spectra, the open circuit 

potential (OCP) was set within the frequency domain of 10 kHz to 1 Hz by applying 

5 mV sine wave AC voltage. Polarization curves were provided at scan rate of 10 

mV s−1 in a range of -2000 mV ~ -1000 mV of OCP. The electrochemical impedance 

spectroscopy (EIS) data were performed by Zview 2.0 software. 
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2.5. FTIR spectroscopic studies  

FTIR spectra were recorded in Bruker FTIR spectrometer (VERTEX 70). 

AZ31B Mg alloy specimens with pretreated surfaces as described in above section 

were exposed to 0.05 wt% NaCl solution with 0.30 mM [BPP][NTf2] for 87 h. The 

thin adsorption layer formed on Mg alloy surface was cleaned with distilled water. 

The rubbed product was mixed with a small amount of KBr powder in mortar. A KBr 

disk was prepared using this powder. The pure [BPP][NTf2] was mixed with KBr to 

prepare the disk.  

2.6. Surface analysis  

For more intuitive surface analysis, AZ31B Mg alloy specimens with pretreated 

surfaces as described in above section were exposed to 0.50 wt% NaCl solution 

without and with 0.05 mM of [BPP][NTf2]. After 48 h of immersion, the specimens 

were taken out. Then, the corrosion products were removed by chromic solution 

(200 g/L CrO3 + 10 g/L AgNO3) for 10-15 mins and washed with distilled water. 

Then, they were air-dried for 40 min. Scanning electron microscope (SEM) images 

retrieved from the polished AZ31B Mg surface as well as that without and with 

[BPP][NTf2] by the JSM-7610F SEM. 

3. Results and discussion 

3.1. Primary judgment 

    According to the previous report, the enhancement of coverage range would 

form an effective protected surface to isolate the metal and the environment. As a 

result, the corrosion is greatly inhibited. Besides the long alkyl chain, the inclusion 

of π-group is an alternative method to accomplish aforementioned goal. A new ionic 

liquid, [BPP][NTf2], is designed as the potential inhibitor for AZ31B Mg alloy. 

Before to perform the corresponding measurements, some theoretical calculations 
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are carried out to predict its potential to be inhibitor. The schematic and optimized 

structures of [BPP][NTf2] are plotted in Fig. 1. Due to the absence of covalent bond 

between cation and anion for [BPP][NTf2], there are many possible configurations 

for it. To further confirm the rightness of optimized structure, the radial distribution 

function (RDF) and spatial distribution function (SDF) are obtained by the MD 

simulation. As shown in Fig. S2, the anion should be around two phenyl groups. 

Moreover, the distances between P atom and N1/S2/S3 atoms are 5.05 Å, 5.65 Å, 

and 5.65 Å, which is in good agreement with the optimized parameters of 4.29 Å for 

P···N1, 5.23 Å for P···S2, and 5.25 Å for P···S3. It testifies that the configuration 

optimized by B3PW91/6-31G(d,p) level is reliable. Correspondingly, it is reasonable 

to believe that the following calculated results would be satisfactory on the basis of 

the optimized structures.   

The highest occupied molecular orbital (HOMO, H) and lowest unoccupied 

molecular orbital (LUMO, L) are listed in Table 1 along with H-L energy gap (∆E), 

electronegativity (χ), dipole moment (µ), and electrophilicity index (ω) in gas phase. 

The EHOMO of [BPP][NTf2]  is the higher than that of [P6,6,6,14][NTf 2] indicating the 

better ability to donate electrons. In contrast, the ELUMO of [BPP][NTf2] is the lower 

than that of [P6,6,6,14][NTf 2] suggesting the larger possibility to accept electrons. As a 

result, the ∆E of [BPP][NTf2] is the smaller as compared with that of [P6,6,6,14][NTf 2] 

suggesting the more activity [32]. The higher HOMO energy level implies the better 

ability to donate the electrons. In contrast, the lower LUMO energy level indicates 

the larger possibility to accept electrons. Correspondingly, the larger chemical 

reactivity would be expected for the inhibitor due to the smaller ∆E. Moreover, the 

[BPP][NTf2] has the larger dipole moment (µ), which is favorable to form a strong 

adsorption on the metal surface leading to the better inhibition. Additionally, 
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[BPP][NTf2] has the larger electronegativity (χ) and electrophilicity index (ω) as 

compared with [P6,6,6,14][NTf 2]. All calculated data indicate that [BPP][NTf2] would 

be perhaps more efficient than [P6,6,6,14][NTf 2]. More importantly, the raw materials 

to synthesize [BPP][NTf2] are abundant and cheap. The synthetic steps are simple 

along with the benign reaction condition. In general, the [BPP][NTf2] is a promising 

alternative for [P6,6,6,14][NTf 2]. 

3.2. Electrochemical impedance spectroscopy (EIS) 

The Nyquist plot of AZ31B Mg alloy in 0.05 wt% NaCl solution, which is 

normally employed to simulate the marine atmospheric environment, in the presence 

and absence of [BPP][NTf2] is shown in Fig. 2. As compared with the curve without 

inhibitor, the diameter of convex arcs is increased with the increment of [BPP][NTf2] 

concentration. The increased magnitude of capacity loops is not the same. Taken the 

blank solution as a criterion, the enlarged extent of diameter of capacity loop is the 

largest when the [BPP][NTf2] concentration is increased to 0.30 mM. AZ31B Mg 

alloy surface would get more protection and corrosion resistance is more efficient 

when concentration of [BPP][NTf2] researches 0.30 mM. However, the general 

shape is similar for all inhibited concentration indicating that the corrosion 

mechanism is not altered with the addition of [BPP][NTf2]. The corrosion is 

controlled just by retarding the reaction rate with the addition of [BPP][NTf2].  

The corresponding Bode phase angle as well as impedance plots from the EIS 

measurements are plotted in Fig. 3. As compared with the low-frequency impedance 

in the solution without [BPP][NTf2], the corresponding values increase with the 

concentration improvement of [BPP][NTf2]. Moreover, the frequency range with the 

maximum phase angle becomes larger suggesting effective adsorption of 

[BPP][NTf2] on the AZ31B Mg alloy surface. Corresponding equivalent circuits to 
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analyze the impedance is shown in Fig. 4, in which Rs is the solution resistance, Rp is 

polarization resistance, and CPE is constant phase element.  

The impedance parameters obtained from the equivalent circuits are listed in 

Table 2 with more detailed analysis. Cdl (double capacitance) can be calculated 

according to CPE, fmax, and a by the following equation [33-37]:  

1
maxdl )(2 −−−−××××==== afπCPEC      (2) 

where a is the depression coefficient, fmax is the frequency at which imaginary 

impedance is maximal in Nyquist plot. The percentage inhibition efficiency (ηE) 

obtained by the EIS test was calculated by the following relationship: 

100%
p(inh)

pp(inh)
E ××××

−−−−
====

R

RR
η       (3) 

where Rp(inh) and Rp are the values of polarization resistance with and without the 

inhibitor. The chi-squared (χ2) values in Table 2 are lower than 1×10-2 indicating that 

the fitted data are in good coincidence with the experimental data. As compared with 

the uninhibited system, both Rs and Rp values are increased in the presence of 

[BPP][NTf2]. Moreover, their values enhance with the increase of [BPP][NTf2] 

concentration. However, the Rs is increased by 99.3 Ω, which is much smaller than 

the increasing extent for Rp (6986.1 Ω). The increasing Rp suggests that the corrosion 

of AZ31B Mg alloy electrode is remarkably retarded in the presence of [BPP][NTf2]. 

The decreasing of CPE and Cdl could be attributed to the decreased exposure of 

electrode surface area and/or the increased thickness of the adsorption layer. The 

water molecules are blocked by [BPP][NTf2] far away from the AZ31B Mg alloy 

interface leading to the less active sites for the corrosion. The inhibition efficiency is 

still over 70% even when the concentration of [BPP][NTf2] is 0.01 mM. The 

optimum inhibition efficiency reaches 91.4% when the concentration of [BPP][NTf2] 
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is 0.30 mM. In general, [BPP][NTf2] is an effective inhibitor for the corrosion of 

AZ31B Mg alloy in NaCl solution. 

3.3. Potentiodynamic polarization measurements 

The potentiodynamic polarization curves of AZ31B Mg alloy in 0.05 wt% NaCl 

solution in the absence and presence of different concentrations of [BPP][NTf2] are 

shown in Fig. 5. There is a significant drop for both cathodic and anodic current 

densities suggesting that the corrosion is effectively inhibited. The potential curves 

shifts towards the more negative potentials as compared with the system without 

inhibitor indicating that the cathodic reaction is predominantly retarded.  

Kinetic parameters such as the corrosion potential (Ecorr), corrosion current 

density (icorr), anodic and cathodic Tafel slopes (βa and βc respectively) are listed in 

Table 3. The percentage inhibition efficiency (ηP%) is evaluated by the relationship: 

100%
corr

corr
p ××××

−−−−
====

i

ii
η

corr(inh)       (4) 

where icorr is the corrosion current density without inhibitor and icorr(inh) is the 

corrosion current density with inhibitor. The deviation of Ecorr between the inhibited 

and uninhibited system is larger than 85 mV, which implies that the [BPP][NTf2] is a 

cathodic inhibitor. The variations for both βa and βc upon addition of [BPP][NTf2] 

imply that the reduction of both the anodic dissolution and hydrogen evolution 

reaction rather than only the surface blocking. The ηp% values increase with the 

increasing concentration of [BPP][NTf2] up to 87.4%, which is consistent with the 

result evaluated from EIS result. 

3.4. Adsorption isotherm 

Since the adsorption ability of [BPP][NTf2] on the AZ31B Mg alloy surface is 

important to the inhibition efficiency, the adsorption behavior is evaluated by the 
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adsorption isotherms. The plot of Cinh/θ against inhibitor concentration Cinh (Fig. 6) 

yields a straight line with correlation coefficient of 0.999 and slope of 1.08, 

confirming that the adsorption of [BPP][NTf2] on AZ31B Mg alloy surface follows 

the Langmuir adsorption isotherm [38-42]:  

inh
ads

inh 1
C

Kθ

C ++++====      (5) 

where θ is surface coverage, Cinh is the inhibitor concentration, and Kads is the 

equilibrium constant of the adsorption process. Calculated Kads value for [BPP][NTf2] 

is 1.37×105 M-1. The larger Kads (> 100 M-1) means the stronger adsorption leading to 

the more efficient inhibitor, which is calculated according to relationship [39-42]:  

)
∆

exp(
55.5

1 0
ads

ads RT

G
K

−−−−====      (6) 

where the value 55.5 is the molar concentration of water in the solution, T = 298 K, 

R is the gas constant, and 
0
ads∆G  is the standard Gibbs free energy of adsorption. 

The negative 
0
ads∆G value indicates that the adsorption of [BPP][NTf2] on the 

AZ31B Mg alloy surface would happen spontaneously resulting in the stability 

adsorbed film. Moreover, the 
0
ads∆G  value is -39 kJ/mol, which is close to -40 

kJ/mol, implies that the chemisorption is the main adsorption of [BPP][NTf2] on the 

AZ31B Mg alloy surface [43].  

According to the MD simulation, the initial adsorption configuration of 

[BPP][NTf2]@Mg(101
-
0)/50 H2O system is depicted in Fig. S3 and the variation of 

distances between H26 atom in [BPP][NTf2] and Mg atom from the first layer of Mg 

surface is plotted in Fig. 7. The shortest equilibrium distance between Mg and H26 

atom is 1.54 Å, which is less than their sum of Van der Waals radius. The 
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[BPP][NTf2] would be adsorbed on the Mg surface. The [BPP][NTf2]@Mg(101
-
0) is 

also optimized by the PBE method. The binding energy between [BPP][NTf2] and 

Mg(101
-
0) surface is -201.60 kJ/mol indicating that the adsorption is spontaneous.  

 To gain more insight into the electronic properties of the [BPP][NTf2]@Mg(10

1
-
0) interface, the electron density difference (EDD) is investigated, which is defined 

by the following equation: 

)(∆ inhMgtotal ρρρρ ++++−−−−====      (7) 

in which ρtotal is the total electron density of the system, ρMg is the electron density 

for clean surface of Mg, and ρinh is the electron density of isolated [BPP][NTf2]. As 

shown in Fig. 8, there is clear electron exchange between [BPP][NTf2] and Mg 

surface indicating the strong interaction between [BPP][NTf2] and Mg surface. It is 

in good agreement with the experimental result that the adsorption of [BPP][NTf2] 

on the Mg surface is mainly contributed by chemisorption although there is no clear 

covalent bond formed between [BPP][NTf2] and Mg surface. Since the formation or 

break of chemical bond could not be simulated by the MD, only the effect of 

adsorption is considered. In the latter section, the chemical reaction between ionic 

liquids would be discussed. The inhibitor mechanism is complex, which should not 

belong to one or two items. 

3.5. SEM analysis 

The high resolution photographs of the directly polished AZ31B Mg alloy 

specimen, AZ31B Mg alloy immersed in 0.50 wt% NaCl, and AZ31B Mg alloy 

immersed in 0.50 wt% NaCl solution with 0.05 mM [BPP][NTf2] are presented in 

Fig. 9, respectively. As shown in Fig. 9, AZ31B Mg alloy surface is severely 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

 15

corroded by 0.50 wt% NaCl solution in the absence of [BPP][NTf2] leading to 

porous and rough surface. When the [BPP][NTf2] is included in the 0.50 wt% NaCl 

solution, the specimen surface is less corroded. Some original abrading scratches 

could also be observed indicating that [BPP][NTf2] performs efficient inhibition for 

the corrosion of AZ31B Mg alloy in 0.50 wt% NaCl solution. 

3.6. Possible corrosion and inhibition mechanism  

The dissolution of Mg is mainly aroused by the following reactions, which has 

been reported in several previous literature [44-46]: 

2H+ + 2e- 
→ H2 (cathodic partial reaction)                        (8) 

2Mg → 2Mg+ + 2e- (anodic partial reaction)                       (9) 

2Mg+ + 2H2O → 2Mg2+ + 2OH- + H2 (chemical reaction)            (10) 

2Mg +2H+ + 2H2O → 2Mg2+ + 2OH- + 2H2 (overall reaction)         (11) 

Mg2+ + 2OH- → Mg(OH)2 (product formation)                    (12) 

As shown in Fig. 10, the appearance of band at 3700 cm-1 in corrosion product is 

attributed to the O-H stretching indicating the formation of Mg(OH)2. The above 

results testified that the Mg surface has been corroded. However, the formed 

Mg(OH)2 is porous film on the Mg surface, which could not provide satisfactory 

protection for the Mg alloy. When the [BPP][NTf2] is involved in the NaCl solution, 

the intensity at 3700 cm-1 is obviously decreased indicating that the formation of 

Mg(OH)2 is greatly suppressed. Alternatively, the hole of Mg(OH)2 is filled by other 

components, which would also keep the Mg alloy from corroding. The NTf2
- anion 

would decompose into the small species by the cleavage of S-N bond, S-C bond, or 

C-F bond [47-48]:  

N(SO2CF3)2
- + e- → N(SO2CF3)2

2- → •NSO2CF3
- + SO2CF3

-           (13) 

N•SO2CF3
- + e- → NSO2

- + CF3
-                                 (14) 
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SO2CF3
- + e- → SO2

- + CF3
-                                     (15) 

CF3SO2NSO2CF3
- + e- → F- + •CF2SO2NSO2CF3

-                    (16) 

which has been reported in previous literature. The Mg2+ would react with F- to form 

MgF2, which is insoluble. The band at 468 cm-1 in corrosion product indicates the 

existence of Mg-F bond. The MgF2 would fill up the hole of Mg(OH)2 film to isolate 

the Mg alloy surface to the water. Correspondingly, the further corrosion is inhibited. 

In contrast, the effect of cation is simply considered to be covered in the metal 

surface to separate the metal and corrosion species. The cation C6H5CH2P(C6H5)3
+ 

would be reduced to C6H5CH2
- anion, which is optimized at the B3PW91/6-31G (d,p) 

level. The P-C bond is elongated to be 4.32 Å, which is much larger than that in the 

C6H5CH2P(C6H5)3
+ cation suggesting the disrupt of P-C bond into the following 

products: 

C6H5CH2P(C6H5)3
+ + 2e- → P(C6H5)3 + C6H5CH2

-                    (17) 

The G∆  (Gibbs free energy) of eq. (17) is -114.69 kJ/mol indicating that it would 

be performed spontaneously. Then, the Mg(C6H5CH2)Cl would be formed to retard 

the further corrosion.  

4. Conclusion  

[BPP][NTf2] is designed and synthesized to be corrosion inhibitor for Mg alloy. 

The [BPP][NTf2] could effectively suppress corrosion of AZ31B Mg alloy in 0.05 

wt% NaCl solution with the largest inhibition efficiency up to 91.4%. It is regarded 

as cathodic inhibitor following the Langmuir adsorption behavior. The inhibition 

performance is further testified by the SEM observations. Combination of first 

principle and MD simulations, the interaction between [BPP][NTf2] and Mg surface 

is elucidated, which is accordance with the experimental result. Finally, the 

inhibition mechanism is proposed according to the FTIR and DFT calculations. The 
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influence of cation is elucidated, which is not only the cover in the Mg alloy surface.   
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Table 1 Chemical parameters for optimized [BPP][NTf2] and [P6,6,6,14][NTf2] at the B3PW91/6-31G(d,p) level. 

Inhibitor ELUMO (eV) EHOMO (eV) ∆E (eV) µ χ ω 

[BPP][NTf2] -2.01 -6.87 4.86 17.74 4.44 2.03 

[P6,6,6,14][NTf2] 0.58 -7.02 7.60 15.09 3.22 0.68 
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Table 2 Electrochemical parameters obtained from Nyquist and Bode plots for AZ31B Mg alloy electrode in 0.05 wt% NaCl without and with 

different concentrations of [BPP][NTf2]. 

C 

(mM) 

Rs 

( Ω cm2) 

Rp 

( Ω cm2) 

CPEdl 

(µΩ-1 Sn cm-2) 

a 

 

Cdl 

(µΩ-1 Sn cm-2) 

χ
2 

 

ηE 

(%) 

θ 

 

Blank 545.6 659.9 16.110 0.967 13.8 9.66×10-3 - - 

0.01 536.2 2489 8.546 0.935 6.5 4.42×10-3 73.5 0.735 

0.05 582.3 3203 8.630 0.936 6.8 3.49×10-3 79.4 0.794 

0.15 612.7 4643 12.091 0.883 8.3 1.02×10-3 85.8 0.858 

0.30 644.9 7646 10.330 0.886 7.5 1.82×10-3 91.4 0.914 
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Table 3 Electrochemical parameters obtained from potentiodynamic polarization curves for AZ31B Mg alloy electrode in 0.05 wt% NaCl 

without and with different concentrations of [BPP][NTf2]. 

C (mM) Ecorr (V) icorr (µA/cm2) βc (V/dec) βa (V/dec) ηp (%) 

Blank -1.276 12.30 4.558 2.341 - 

0.01 -1.388 3.727 8.661 4.550 69.7 

0.05 -1.404 2.707 10.980 6.914 78.0 

0.15 -1.431 2.484 12.232 8.129 79.8 

0.30 -1.452 1.549 20.079 14.502 87.4 
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Fig. 1. The schematic and optimized structures of [BPP][NTf2]. 
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Fig. 2. Nyquist plot for AZ31B Mg alloy electrode in 0.05 wt% NaCl without and 

with different concentrations of [BPP][NTf2]. 
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Fig. 3. Bode plots (a and b) for AZ31B Mg alloy electrode in 0.05 wt% NaCl without 

and with different concentrations of [BPP][NTf2]. 
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Fig. 4. Electrochemical equivalent circuits used to fit the impedance data.  
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Fig. 5. Potentiodynamic polarization curves for AZ31B Mg alloy electrode in 0.05 

wt% NaCl without and with different concentrations of [BPP][NTf2]. 
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Fig. 6. Langmuir adsorption isotherm plots for the [BPP][NTf2] at different 

concentrations using EIS method. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

 

 

Fig. 7. The variation of distance between H26 atom of [BPP][NTf2] and Mg surface in 

the whole simulation time. 
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Fig. 8. Electron density difference plots for optimized structure of inhibitor@Mg(101
-

0) on the side view. The accumulation and depletion of electron density are shown in 

purple and red colors, respectively. 
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Fig. 9. SEM images of AZ31B Mg alloy surface, (a) plain AZ31B Mg alloy, (b) 

AZ31B Mg alloy immersed in 0.50 wt% NaCl, (c) in the presence of 0.05 mM 

[BPP][NTf2]. 
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Fig. 10. FTIR spectra of corrosion products for AZ31B Mg alloy in 0.05 wt% NaCl 

solution without and with 0.30 mM [BPP][NTf2]. 
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Scheme 1. Synthetic route of [BPP][NTf2]. 
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� Inhibitor behavior of [BPP][NTf2] for Mg alloy is studied by combination of 

experiment and theory. 

� [BPP][NTf2] is easy to be synthesized with cheap raw materials. 

� Inhibitor efficiency of [BPP][NTf2] is as high as 91.4% in 0.05 wt% NaCl. 

� The adsorption of [BPP][NTf2] obeys the Langmuir adsorption model. 

� The possible inhibition mechanism is proposed. 

                                                        
*Corresponding author E-mail: 1) Tiegang Ren, College of Chemistry and Chemical Engineering, 

Henan University, Kaifeng, 475004, China. Tel: +86-371-22196667; Fax: +86-371-22196667. 

E-mail:  rtgang@126.com 

2) Li Wang, College of Chemistry and Chemical Engineering, Henan University, Kaifeng, 475004, 

China. Tel: +86-371-22196667; Fax: +86-371-22196667. E-mail: chemwangl@henu.edu.cn 
3) Jinglai Zhang, College of Chemistry and Chemical Engineering, Henan University, Kaifeng, 
475004, China. Tel: +86-371-22196667; Fax: +86-371-22196667. E-mail: 
zhangjinglai@henu.edu.cn 
 


