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ABSTRACT

A new ionic liquid, benzyl triphenyl phosphonium
bis(trifluoromethylsulfonyl)amide  ([BPP][NE}J), for magnesium alloy is
synthesized. The potential of [BPP][NJ'fto be inhibitor is firstly estimated as
compared with [RPs614[NTf2] by theoretical calculations. Then, the inhibitioh
AZ31B Mg alloy in 0.05 wt% NaCl solution is evaledt by [BPP][NT$] is
investigated by Tafel linear polarization methodecgochemical impedance
spectroscopy (EIS), and scanning electron micros¢§kM). The most optimum
inhibitor efficiency of [BPP][NT}] is 91.4% at room temperature. The adsorption of
[BPP][NTf,] on the surface of AZ31B Mg alloy obeys Langmuptherm with
predominantly chemical adsorption. The correspandesult is further analyzed by

the theory. The corrosive product is detected hyrieo transform infrared spectrum
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(FTIR). The possible inhibition mechanism is pragehsin which the effect of cation

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

Keywords: lonic liquid inhibitor; AZ31B Mg alloy; Electrochmical techniques;

First principle; Corrosion

1. Introduction

Corrosion is an inevitable problem in industry atlder relevant regions, which
has resulted in not only the detriment of materkals also considerable economic
losses. Although various methods have been apfuieetard corrosion, the addition
of corrosion inhibitor is no doubt one of the mgsbpular, convenient, and
cost-effective methods, especially in agueous enwent [1-3]. Up to now, many
organic compounds includingelectron group and heterocyclic atoms, including N
O, P, and S have been developed to protect thel mesggressive medium [4-5].
However, their usage has been restricted due talthwal demand for sustainable
development and environmental protection. lonicitig (ILs) are one of the most
powerful alternatives due to their distinct prop=tincluding negligible vapor
pressure, chemical and thermal stability, and déswceltunable structures. lonic
liquids would be taken as the “green” corrosionibitbr because of the negligible
vapor pressure, which is more environmentally ftlgnas compared with highly
volatile organic inhibitor. The excellent chemieald thermal stability would prevent
the ionic liquid from decomposing. Additionally, lumited potential derivatives
would be developed by modification of cation andoanwith desired properties,
which is impossible for organic compounds. 1-aBybctylimidazolium bromide

(JAOIM]Br) [6], 1-butyl-3-methyl-1H-benzimidazolium iodide (BMBIMI) [7], and



1-octyl-3-methylimidazolium chlorides (OMIC) [8] ti@ been applied to protect the
copper, mild steel, and aluminum. Rare ionic liguidave been taken as the
corrosion inhibitor for magnesium alloy [9].

Magnesium alloy has attracted much attention dutheolight weight and the
high strength to weight. Moreover, Mg element isradance in the earth’s crust. Mg
and its alloys would play more and more importaié tin fields in which weight
minimization is a priority, e.g., aerospace, autatige, and infrastructure [10-11].
However, the large scale applications of Mg allare restricted due to their
sensitive to corrosion significantly. The film wdube formed on the surface of Mg
alloys, however, it could not provide any protegtifor them upon atmospheric
exposure. The common protection method is to perfechromate coating. The
toxicity of chromate promotes to search for otHesraative corrosion inhibitors. As
compared with Fe and Cu, limited corrosion inhitstbhave been reported for Mg
and its alloys due to their active chemical prapsrtHowlett et al. have reported
that trinexyl(tetradecyl)phosphonium bis(trifluorethylsulfonyl)amide
([Ps66.14[NTT2]) and trihexyl(tetradecyl)phosphonium bis
2,4,4-trimethylpentylphosphinateg§s 1MsPPh) could offer corrosion resistance for
AZ31 Mg alloy [12-13]. The expense of raw materi@ssynthesize [£5614[NTT ]

IS too expensive to meet the requirement of lacgdesapplications. Thus, it is urgent
to develop cheap and efficient corrosion inhibittos Mg alloys to promote their
applications. One of the most unique advantagesidoic liquids is that their
properties would be easily adjusted by combinatibdifferent cations and anions. It
is not an easy task to find the suitable catiorts @mons to compose ionic liquids
with the desired properties from millions of iofSucidation of the mechanism and

confirmation of the critical factor to control cogion inhibition are beneficial to



exploring the new corrosion inhibitor.

In this work, benzyl triphenyl phosphonium bis(trdromethylsulfonyl)amide
([BPP][NTf,]) (See Fig. 1) is firstly designed. Then, its pedpes are calculated by
combination of density functional theory (DFT) ajomvith molecular dynamics
(MD) simulation. As compared with the documentedrrasion inhibitor
[Ps6614[NTf,], [BPP][NTf;] has an acceptable performance to be a potential
candidate for Mg alloys. After that, it is synthe=i and the inhibitory effect is
evaluated for the AZ31B Mg alloy in 0.05 wt% Na@lgion by electrochemical
measurements, Fourier transform infrared (FTIRE8pscopy, and surface analysis.
Finally, the possible inhibited mechanism is pragbsThe central aim of this work
is to find out an efficient and cheap corrosionitor for the AZ31B Mg alloy.

2. Theory and experiment details
2.1. Computational details
2.1.1. MD simulation for [BPP][NTf

The 256 ion pairs of [BPP][NFfwere put in a cubic box of around 100 A x
100 A x 100 A. The periodic boundary condition veasplied for three dimensions
of cubic box. The nonbonded interactions were mepaby 15 A cut-off, while the
long-range electrostatic interactions were hantlethe particle mesh Ewald (PME)
method as well as long-range dispersion correct[@d$ Initially, the simulation
was performed under the isothermal-isobaric enseiiNiPT) at 298 K and 0.1 MPa.
To keep ion mobility, the temperature was enharioetD0 K for 1000 ps. After that,
the system was cooled down to 298 K for 2 ns. Thawms simulation was performed
again to get the production equilibrium using aetstep of 2 fs. The MD trajector is
saved every 5000 timesteps. General Amber Fordd EBAFF) was applied in the

simulation [15]. The bonds involving hydrogen atom@&re constrained with



SHAKE [16]. Aforementioned simulation was completeg GROMACS 5.1.2
package [17].
2.1.2. Calculations for [BPP][NTf

The structures of [BPP][N3f and [Re614[NTf;] were optimized at the
Becke's three parameter exact exchange-functiamabimed with Perdew and Wang
method (B3PW91) with the 6-31G(d,p) basis set [@B-Z'he frequency was
calculated to determine the rightness of ionic itdiqatructure. Above electronic
calculations were accomplished by Gaussian 09 pro@21].
2.1.3. Simulation for [BPP][NEf@Mg

To deeply understand the interfacial propertiesvbenh [BPP][NTE] and Mg
surface, [BPP][NTE is adsorbed on 8 x 5 x 8 Mg (_]ﬂi)lsurface. The bottom four

layers of Mg were fixed and only the top four layy@f Mg and adsorbed inhibitor
were optimized. Above the Mg surface, the vacuuffebspace was set about 10 A.
[BPP]INTR]J@Mg was optimized by projector-augmented wave wdsh The
specific method is the generalized gradient appmakion (GGA) along with
Perdew-Burke-Ernzerhof (PBE) exchange-correlatiamctional [22-23]. The
dispersion effect was considered by addition of@&me D2 dispersion correction
[24]. The optimization would be regarded as coneeog when the energy cutoff
and force on each atom were smaller than 0.1 éVTAe electron density difference
(EDD) was also calculated to study the electromiopprties. Vienna ab initio

simulation package (VASP) was employed to perfobmva calculations [25-28].
2.1.4. MD simulation for [BPP][N'EI@Mg(lO-]O)/SO HO

[BPP][NTF,], 50 H,O, and 8 x 5 x 8 Mg supercell were placed in aciboix
about 26 A x 26 A x 37 A with periodic boundary diions in all directions. The
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Mg supercell is fixed in the following simulatiomhe simulation was performed for
1000 ps with a time step of 1fs in the isothernsakhoric ensemble (NVT) at 298 K.
The electron static interactions and Van der Waadse treated by the consistent
valence force field (CVFF) [29], while the non-b@&adenergies were calculated by
the popular atom based summation. Above simulati@s carried out by the
FORCITE module implemented in Materials Studio fa@kage [30].

2.2. Synthesis and detection of [BPP][NTf

[BPP][NTf,;] was synthesized by only two steps including akigin reaction
and ion exchange reaction (See Scheme 1): trippkagphine (2.62 g, 10.00 mmol)
and benzyl chloride (1.26 g, 10.00 mmol) were adotd a three-necked round
bottom flask. The obtained mixtures were stirred1@0°C for 24 h under N
atmosphere. After the reaction, the reactor wadedoto ambient temperature to
obtain the white solid benzyl triphenyl phosphoniantoride (BPPCI) (yield: about
100%), which was used without any further purificatfor the next step.

BPPCI (0.58 g, 1.50 mmol) and Lithium bis(trifluonethane sulfonimide)
(LINTf,, 0.47 g, 1.64 mmol) were dissolved in MeOH (20 mhe mixtures were
stirred at room temperature for 3 h-4 h, the r@sylsolution was evaporated to
obtain the white solid. After that, the solid wasshed with distilled water (20
mLx5) and dried in vacuum to obtain [BPP][N]Tfyield: 92.2%).

The structure of [BPP][NEf was determined b{H NMR and MS, and the data
was provided as follows (See Fig. S1) [31]:

yield 92.2%.H NMR (400 MHz, CDCJ) &: 7.82 (m,p-Ph-, 3H,), 7.66 (td, J =
7.7, 3.4 Hzm-Ph-, 6H), 7.52 (dd, J = 12.6, 7.8 HePh-, 6H), 7.29 (d, J = 2.2 Hz,
Ph-CH-, 1H), 7.18 (t, J = 7.6 Hz, Ph-GH 2H), 6.90 (m, Ph-CH, 2H), 4.36 (d, J =

14.1 Hz, Ph-Cht, 2H). MS (ESI) m/z: 353.21 [BPP]279.95 [NT#]".



2.3. Materials and sample preparation

AZ31B Mg alloy plates with dimension of 1 cm x 1 cmn0.5 cm with a
composition of Al(2.5 wt%-3.5 wt%), Zn(0.6 wt%-1wt%), Mn(0.2 wt%-1.0 wt%),
Si(0.08 wt%), Ca(0.04 wt%), Cu(0.01 wt%), Fe(0.@@3%0), Ni(0.001 wt%), other
elements(0.30 wt%), and the rest Mg were used @substrate in this work. The
AZ31B Mg alloy specimens were prepared before emqgberiment. They were
abraded by various grades of abrasive paper, riw#ddoubly distilled water, then
degreased by acetone and finally dried. Each AZBAB alloy specimen with a
ready shiny surface was used for the respectiverarpntal measurement within 1
hour. In order to make the circuit connection, to@per wire is connected to one
surface of the Mg alloy samples. The AZ31B Mg alp@anels were all sealed with a
epoxy resin mixture except for an area of 1>emmasked. The AZ31B Mg alloy
panels immersed in 0.05 wt% NaCl solution with fBEP][NTf,] concentrations of
0.01, 0.05, 0.15, and 0.30 mM. Freshly prepareditienl was used for each
measurement to ensure the accuracy.
2.4. Electrochemical measurements

The following electrochemical measurements werdopmed by CHIG50E
electrochemical workstation in a typical three #lete electrochemical setup. A
platinum electrode bare, a AZ31B Mg alloy electrodmd saturated calomel
electrode (SCE) were acted as the counter electiG&g, the working electrode
(WE), and reference electrode, respectively. Fqgreidance spectra, the open circuit
potential (OCP) was set within the frequency donadihO kHz to 1 Hz by applying
5 mV sine wave AC voltage. Polarization curves warevided at scan rate of 10
mV s 'in a range of -2000 mV ~ -1000 mV of OCP. The etehemical impedance

spectroscopy (EIS) data were performed by Zviews@févare.



2.5. FTIR spectroscopic studies

FTIR spectra were recorded in Bruker FTIR specttem¢VERTEX 70).
AZ31B Mg alloy specimens with pretreated surfacesi@ascribed in above section
were exposed to 0.05 wt% NaCl solution with 0.30 #BWP][NTf,] for 87 h. The
thin adsorption layer formed on Mg alloy surfacesvedeaned with distilled water.
The rubbed product was mixed with a small amountBxf powder in mortar. A KBr
disk was prepared using this powder. The pure [B¥H}] was mixed with KBr to
prepare the disk.
2.6. Surface analysis

For more intuitive surface analysis, AZ31B Mg alkpecimens with pretreated
surfaces as described in above section were expos8db0 wt% NaCl solution
without and with 0.05 mM of [BPP][NE}. After 48 h of immersion, the specimens
were taken out. Then, the corrosion products wereorved by chromic solution
(200 g/L CrQ + 10 g/L AgNQ) for 10-15 mins and washed with distilled water.
Then, they were air-dried for 40 min. Scanning tetet microscope (SEM) images
retrieved from the polished AZ31B Mg surface aslvesl that without and with
[BPP][NTf,] by the JSM-7610F SEM.
3. Resultsand discussion
3.1. Primary judgment

According to the previous report, the enhanaenoé coverage range would
form an effective protected surface to isolate rietal and the environment. As a
result, the corrosion is greatly inhibited. Besides long alkyl chain, the inclusion
of m-group is an alternative method to accomplish aanmetioned goal. A new ionic
liquid, [BPP][NTf,], is designed as the potential inhibitor for AZ31N\By alloy.

Before to perform the corresponding measuremeptsestheoretical calculations



are carried out to predict its potential to be llor. The schematic and optimized
structures of [BPP][NT| are plotted in Fig. 1. Due to the absence of mwabond
between cation and anion for [BPP][NJlfthere are many possible configurations
for it. To further confirm the rightness of optirett structure, the radial distribution
function (RDF) and spatial distribution functionO5) are obtained by the MD
simulation. As shown in Fig. S2, the anion shouidddsound two phenyl groups.
Moreover, the distances between P atom and N1/S2i88s are 5.05 A, 5.65 A,
and 5.65 A, which is in good agreement with thémojzied parameters of 4.29 A for
P---N1, 5.23 A for P---S2, and 5.25 A for P---tS@stifies that the configuration
optimized by B3PW91/6-31G(d,p) level is reliablar@spondingly, it is reasonable
to believe that the following calculated resultsuwidbbe satisfactory on the basis of
the optimized structures.

The highest occupied molecular orbital (HOMO, H)dowest unoccupied
molecular orbital (LUMO, L) are listed in Table bag with H-L energy gapAE),
electronegativity ), dipole momenty), and electrophilicity index«f) in gas phase.
The Enomo of [BPP][NTf,] is the higher than that of {Bs14[NTf,] indicating the
better ability to donate electrons. In contrast,Ehymo of [BPP][NTT] is the lower
than that of [Rs614[NTT,] suggesting the larger possibility to accept etats. As a
result, theAE of [BPP][NTf,] is the smaller as compared with that of {8 14[NTf 7]
suggesting the more activity [32]. The higher HOMIErgy level implies the better
ability to donate the electrons. In contrast, thedr LUMO energy level indicates
the larger possibility to accept electrons. Coroesiingly, the larger chemical
reactivity would be expected for the inhibitor dioethe smalleAE. Moreover, the
[BPP][NTf;] has the larger dipole moment)( which is favorable to form a strong

adsorption on the metal surface leading to theebetthibition. Additionally,



[BPP][NTf;] has the larger electronegativity) (and electrophilicity index«) as
compared with [Fs614[NTf,]. All calculated data indicate that [BPP][NJfvould
be perhaps more efficient thans J2 14[NTf,]. More importantly, the raw materials
to synthesize [BPP][NEf are abundant and cheap. The synthetic stepsirapges
along with the benign reaction condition. In gehdtee [BPP][NTE] is a promising
alternative for [Re614[NTf>].

3.2. Electrochemical impedance spectroscopy (EIS)

The Nyquist plot of AZ31B Mg alloy in 0.05 wt% NaGblution, which is
normally employed to simulate the marine atmosghemvironment, in the presence
and absence of [BPP][NJfis shown in Fig. 2. As compared with the curvéhaut
inhibitor, the diameter of convex arcs is increas@ti the increment of [BPP][NEf
concentration. The increased magnitude of capémiys is not the same. Taken the
blank solution as a criterion, the enlarged extdrdiameter of capacity loop is the
largest when the [BPP][N7]f concentration is increased to 0.30 mM. AZ31B Mg
alloy surface would get more protection and comogiesistance is more efficient
when concentration of [BPP][N3]f researches 0.30 mM. However, the general
shape is similar for all inhibited concentrationdicating that the corrosion
mechanism is not altered with the addition of [BRHf,]. The corrosion is
controlled just by retarding the reaction rate wvith addition of [BPP][NTA.

The corresponding Bode phase angle as well as iamgedplots from the EIS
measurements are plotted in Fig. 3. As comparell tvée low-frequency impedance
in the solution without [BPP][NTf, the corresponding values increase with the
concentration improvement of [BPP][NJ.fMoreover, the frequency range with the
maximum phase angle becomes larger suggesting tiefeadsorption of

[BPP][NTf;] on the AZ31B Mg alloy surface. Corresponding &glent circuits to
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analyze the impedance is shown in Fig. 4, in wiRgls the solution resistanci, is
polarization resistance, a@PEis constant phase element.

The impedance parameters obtained from the equivalecuits are listed in
Table 2 with more detailed analysiSg (double capacitance) can be calculated
according taCPE, fnax anda by the following equation [33-37]:

Cui =CPEx(2rf )" (2)
where a is the depression coefficient;ax is the frequency at which imaginary
impedance is maximal in Nyquist plot. The perceatathibition efficiency fg)
obtained by the EIS test was calculated by th@Walg relationship:

1=~ 1109 3)

(inh)

where Ryinny and R, are the values of polarization resistance with aittiout the
inhibitor. The chi-squareg?) values in Table 2 are lower than 1¥li@idicating that
the fitted data are in good coincidence with thpesxnental data. As compared with
the uninhibited system, botRs and R, values are increased in the presence of
[BPP][NTf,]. Moreover, their values enhance with the increafgBPP][NTf]
concentration. However, tHe, is increased by 99.Q, which is much smaller than
the increasing extent f@&, (6986.1Q). The increasing, suggests that the corrosion
of AZ31B Mg alloy electrode is remarkably retardedhe presence of [BPP][NJ|f
The decreasing o€PE and Cy could be attributed to the decreased exposure of
electrode surface area and/or the increased thgskak the adsorption layer. The
water molecules are blocked by [BPP][MTfar away from the AZ31B Mg alloy
interface leading to the less active sites fordbweosion. The inhibition efficiency is
still over 70% even when the concentration of [HRFf,] is 0.01 mM. The

optimum inhibition efficiency reaches 91.4% whea ttoncentration of [BPP][NEf
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is 0.30 mM. In general, [BPP][NJ]fis an effective inhibitor for the corrosion of
AZ31B Mg alloy in NaCl solution.
3.3. Potentiodynamic polarization measurements

The potentiodynamic polarization curves of AZ31B Elpy in 0.05 wt% NaCl
solution in the absence and presence of differententrations of [BPP][NEf are
shown in Fig. 5. There is a significant drop forttb@athodic and anodic current
densities suggesting that the corrosion is effegtivnhibited. The potential curves
shifts towards the more negative potentials as ewatpwith the system without
inhibitor indicating that the cathodic reactiorpredominantly retarded.

Kinetic parameters such as the corrosion poteiikgl;), corrosion current
density {cor), anodic and cathodic Tafel slopgk &ndp. respectively) are listed in

Table 3. The percentage inhibition efficiengy%) is evaluated by the relationship:

’7p% — leorr _ Icorr(inh) %100 (4)

ICOTI’

where icor iS the corrosion current density without inhibitand icor(nny iS the
corrosion current density with inhibitor. The ddioa of E..r between the inhibited
and uninhibited system is larger than 85 mV, whinplies that the [BPP][NTEl is a
cathodic inhibitor. The variations for bofly and . upon addition of [BPP][NTi
imply that the reduction of both the anodic distolu and hydrogen evolution
reaction rather than only the surface blocking. T values increase with the
increasing concentration of [BPP][N;Jfup to 87.4%, which is consistent with the
result evaluated from EIS result.
3.4. Adsorption isotherm

Since the adsorption ability of [BPP][N;Jfon the AZ31B Mg alloy surface is

important to the inhibition efficiency, the adsaogpt behavior is evaluated by the
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adsorption isotherms. The plot 6f,//6 against inhibitor concentratio@i, (Fig. 6)
yields a straight line with correlation coefficienf 0.999 and slope of 1.08,
confirming that the adsorption of [BPP][NJon AZ31B Mg alloy surface follows

the Langmuir adsorption isotherm [38-42]:

C 1
m=——+Cy  (5)

0 ads

where 0 is surface coverageéiinn is the inhibitor concentration, an,gs is the
equilibrium constant of the adsorption processc@atedK,q4svalue for [BPP][NT]
is 1.37x18 M™. The largeKags(> 100 M*) means the stronger adsorption leading to

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

1 ~AG
Kags= ———exp—-24 6
ads 55'5 p\ RT S) ( )

where the value 55.5 is the molar concentratiowater in the solution] = 298 K,

R is the gas constant, anﬂngs is the standard Gibbs free energy of adsorption.

The negativeAngsvaIue indicates that the adsorption of [BPP][}§Tén the

AZ31B Mg alloy surface would happen spontaneousigulting in the stability

adsorbed film. Moreover, theXngs value is -39 kJ/mol, which is close to -40
kJ/mol, implies that the chemisorption is the maasorption of [BPP][NTf on the

AZ31B Mg alloy surface [43].

According to the MD simulation, the initial adsaget configuration of
[BPP][Nsz]@Mg(lo-]O)ISO HO system is depicted in Fig. S3 and the variatibn o

distances between H26 atom in [BPP][NTnd Mg atom from the first layer of Mg
surface is plotted in Fig. 7. The shortest equiilitor distance between Mg and H26

atom is 1.54 A, which is less than their sum of \@&r Waals radius. The

13



[BPP][NTf,] would be adsorbed on the Mg surface. The [BPPI@Mg(1010) is
also optimized by the PBE method. The binding enérefween [BPP][NTA and
Mg(lO-]D) surface is -201.60 kJ/mol indicating that theagtion is spontaneous.
To gain more insight into the electronic properiié the [BPP][NT{j@Mg(10
iO) interface, the electron density difference (ERPnvestigated, which is defined

by the following equation:
Ap = piotar — (Pmg + Pinn) (7)

in which poral i the total electron density of the systemiy is the electron density
for clean surface of Mg, andn, is the electron density of isolated [BPP][MTfAs
shown in Fig. 8, there is clear electron exchangevéen [BPP][NT{ and Mg
surface indicating the strong interaction betweBRR][NTf,] and Mg surface. It is
in good agreement with the experimental result thatadsorption of [BPP][NTf
on the Mg surface is mainly contributed by chenpsion although there is no clear
covalent bond formed between [BPP][MTand Mg surface. Since the formation or
break of chemical bond could not be simulated by KD, only the effect of
adsorption is considered. In the latter sectior, dhemical reaction between ionic
liquids would be discussed. The inhibitor mechanisrmomplex, which should not
belong to one or two items.
3.5. SEM analysis

The high resolution photographs of the directlyigfedd AZ31B Mg alloy
specimen, AZ31B Mg alloy immersed in 0.50 wt% Naéhd AZ31B Mg alloy
immersed in 0.50 wt% NaCl solution with 0.05 mM BBINTf,] are presented in

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

14



corroded by 0.50 wt% NaCl solution in the absentdB&P][NTf,] leading to
porous and rough surface. When the [BPP]PNE included in the 0.50 wt% NaCl
solution, the specimen surface is less corrodetheSoriginal abrading scratches
could also be observed indicating that [BPP][NTerforms efficient inhibition for
the corrosion of AZ31B Mg alloy in 0.50 wt% NaCllston.
3.6. Possible corrosion and inhibition mechanism

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

been reported in several previous literature [4}4-46

2H" + 2€é — H, (cathodic partial reaction) (8)
2Mg — 2Mg" + 2¢€ (anodic partial reaction) 9)
2Mg" + 2H,0 — 2Mg** + 20H + H, (chemical reaction) (10)
2Mg +2H" + 2H,0 — 2Mg** + 20H + 2H, (overall reaction) (11)
Mg?* + 20H — Mg(OH), (product formation) (12)

As shown in Fig. 10, the appearance of band at 2rdin corrosion product is
attributed to the O-H stretching indicating thenfation of Mg(OH). The above
results testified that the Mg surface has beenoded. However, the formed
Mg(OH), is porous film on the Mg surface, which could pobvide satisfactory
protection for the Mg alloy. When the [BPP][NTTs involved in the NaCl solution,
the intensity at 3700 cmis obviously decreased indicating that the fororatof
Mg(OH), is greatly suppressed. Alternatively, the holégiOH); is filled by other
components, which would also keep the Mg alloy froonroding. The NTf anion
would decompose into the small species by the agawf S-N bond, S-C bond, or
C-F bond [47-48]:

N(SO.CR); + € — N(SOCR;);” — *NSOCF; + SOCF (13)

NeSO,CF5 + € — NSOy + CFy (14)
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SOCR +€ - SO +CH (15)

CRSONSOCF; + € —» F + «CRSONSO.CFR; (16)
which has been reported in previous literature. Migé* would react with Fto form
MgF,, which is insoluble. The band at 468 trim corrosion product indicates the
existence of Mg-F bond. The Mgkwould fill up the hole of Mg(OH)film to isolate
the Mg alloy surface to the water. Correspondintjlg, further corrosion is inhibited.
In contrast, the effect of cation is simply consatkto be covered in the metal
surface to separate the metal and corrosion spetiescation @HsCHoP(CsHs)s"™
would be reduced tog8sCH," anion, which is optimized at the B3PW91/6-31G Xd,p
level. The P-C bond is elongated to be 4.32 A, wiscmuch larger than that in the
CsHsCH,P(GsHs)s" cation suggesting the disrupt of P-C bond into fiblowing
products:

CeHsCH,P(CsHs)s" + 2€ — P(GsHs)s + CeHsCHy (17)
The AG (Gibbs free energy) of eq. (17) is -114.69 kJ/indicating that it would
be performed spontaneously. Then, the MB$CH,)CI would be formed to retard
the further corrosion.

4. Conclusion

[BPP][NTf;] is designed and synthesized to be corrosion itdribor Mg alloy.
The [BPP][NT%] could effectively suppress corrosion of AZ31B Mbjoy in 0.05
wt% NaCl solution with the largest inhibition efeaicy up to 91.4%. It is regarded
as cathodic inhibitor following the Langmuir adstoop behavior. The inhibition
performance is further testified by the SEM obseovs. Combination of first
principle and MD simulations, the interaction beéwdBPP][NT%] and Mg surface
is elucidated, which is accordance with the expental result. Finally, the

inhibition mechanism is proposed according to théRFand DFT calculations. The
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influence of cation is elucidated, which is notyotile cover in the Mg alloy surface.
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Table 1 Chemical parameters for optimized [BPP][NTT,] and [Pse614][NTT] at the B3PW9IL1/6-31G(d,p) level.

Inhibitor ELumo (eV) Enomo (eV) AE (eV) M X (0]

[BPP|[NTf.] -2.01 -6.87 4.86 17.74 4.44 2.03

[Ps6.6,14] [NTf2] 0.58 -7.02 7.60 15.09 3.22 0.68




Table 2 Electrochemical parameters obtained from Nyquist Bode plots for AZ31B Mg alloy electrode in 0.@8% NaCl without and with

different concentrations of [BPP][NJ[f

C Rs R, CPEy, a Ca P NE 0
(mM) (Q cn) (Q cn) QS em?) Q™ S cm?) (%)
Blank 545.6 659.9 16.110 0.967 13.8 9.66%10 - .
0.01 536.2 2489 8.546 0.935 6.5 4.42%10 735 0.735
0.05 582.3 3203 8.630 0.936 6.8 3.49%10 79.4 0.794
0.15 612.7 4643 12.091 0.883 8.3 1.02%10 85.8 0.858

0.30 644.9 7646 10.330 0.886 7.5 1.82%10 91.4 0.914




Table 3 Electrochemical parameters obtained from potentiodynamic polarization curves for AZ31B Mg aloy electrode in 0.05 wt% NaCl

without and with different concentrations of [BPP][NTf;].

C (mM) Ecor (V) icorr (LA/CTY?) B (V/dec) Ba(V/dec) 7 (%)
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




Fig. 1. The schematic and optimized structures of [BPP][NTf].
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Fig. 2. Nyquist plot for AZ31B Mg aloy electrode in 0.05 wt% NaCl without and

with different concentrations of [BPP][NTf;].
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Fig. 3. Bode plots (aand b) for AZ31B Mg aloy electrode in 0.05 wt% NaCl without

and with different concentrations of [BPP][NTf;].




Fig. 4. Electrochemical equivalent circuits used to fit the impedance data.



log i (A/cmz)

— - — Blank
-6 — —+«—0.01 mM
—+—0.15mM
-7 -
'8 T ] T ] T T T ] T
-2.0 -1.8 -1.6 -14 -1.2 -1.0

E (V/ISCE)
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wt% NaCl without and with different concentrations of [BPP][NTf;].
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Fig. 6. Langmuir adsorption isotherm plots for the [BPP|[NTf;] at different
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Fig. 8. Electron density difference plots for optimized structure of inhibitor@M g(lOi

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

purple and red colors, respectively.



(c)

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

[BPPI[NTf,].
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Fig. 10. FTIR spectra of corrosion products for AZ31B Mg aloy in 0.05 wt% NaCl

solution without and with 0.30 mM [BPP][NTf].



Scheme 1. Synthetic route of [BPP][NTf,].
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