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Abstract  

Ionic liquids (ILs) based on sulfonylamide-type anions have gained widespread 

utility as electrolytes for secondary batteries. Although sulfonylamide-based IL electrolytes 

are known to form a stable passivation layer that prevents Al corrosion, the Al electrode in 

the [Na[FSA]-[C2C1im][FSA] ([FSA] = bis(fluorosulfonyl)amide and [C2C1im] = 1-ethyl-3-

methylimidazolium) IL, is found to be afflicted by pitting corrosion at potentials above 4 V vs. 

Na+/Na during electrochemical measurement at 90 °C. Therefore, this study investigates the 

suppressive effect of [FAP]− (FAP = tris(pentafluoroethyl)trifluorophosphate) on the Al 

corrosion behavior of the IL electrolyte. Here, the inhibited corrosion of the Al electrode is 

confirmed through a series of cyclic voltammetry measurements, scanning electron 

microscopy, and energy-dispersive X-ray spectroscopy. Charge-discharge tests performed 

using a Na3V2(PO4)2F3 positive electrode demonstrates that the addition of [FAP]– into the IL 

enhances cycling performance at the intermediate temperature of 90 °C.  

 

Keywords: sodium-ion batteries; electrolytes; ionic liquids; Al corrosion; current collectors; 
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Introduction  

Amidst the ongoing renewable energy trend, sodium-ion batteries (SIBs) are quickly 

emerging as auspicious energy storage devices for large-scale applications due to the natural 

abundance and low prices of sodium resources.1-5 Efforts to accrue these benefits have placed 

electrolyte design as one of the primary platforms for optimizing SIB electrochemical 

performance and other metrics such as thermal stability, safety, and even commercial viability. 

In this context, organic electrolytes encompassing Na salts such as Na[ClO4], Na[PF6], and 

Na[FSA] (FSA = bis(fluorosulfonyl)amide), mixed with carbonate organic solvents have 

gained widespread utility in SIB studies on the merits of their low viscosities and high ionic 

conductivities.1,6-13 Despite these expedient properties, the practical operability of carbonate-

based electrolytes is limited to medium temperature ranges (< 60 °C) due to their 

susceptibility to fire hazards arising from thermal runaway and the formation of thermally 

unstable solid-electrolyte interphase (SEI) at higher temperatures.13-15 As such, the design of 

advanced electrolytes with improved electrochemical and physicochemical stability is 

considered pivotal for SIB deployment.6,16-20 

Electrolyte development inquests have brought focus to ionic liquids (ILs) – a class 

of liquid salts entirely comprised of ions – as safer electrolyte alternatives for secondary 

batteries and electrochemical capacitors due to their exceptional capabilities such as flame 

retardancy, low volatility, and high electrochemical stability.21-24 Among the IL electrolytes 

explored so far, [FSA]– (Figure 1a)- based ILs have gained immense traction in secondary 

battery development studies due to their high physicochemical and electrochemical 

properties.25-29 Most notably, [C2C1im][FSA] (C2C1im = 1-ethyl-3-methylimidazolium) 

(Figure 1b) has been found to manifest a large liquid-phase temperature range spanning from 

below 0 °C to over 100 °C, and a wide electrochemical window coupled with a relatively 
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high ionic conductivity (16.6 mS cm−1) – exemplary properties for functional energy storage 

devices.30-35 Accordingly, secondary batteries encompassing [C2C1im][FSA] ILs alongside 

M[FSA] salts (M = Li, Na, and K) have been reported to effectively sustain operations over a 

wide temperature range and exhibit high electrochemical performance. 26,36-41 In this light, 

these IL electrolytes are seen as ideal candidates for developing intermediate temperature 

operation batteries (~100 °C) capable of harnessing waste heat from other operations while 

maintaining efficient kinetic and electrochemical performance, albeit their success is also 

contingent on the optimization of other cell components such as electrodes. 

The compatibility between an electrolyte and standard cell components such as Al 

current collectors is a key requisite in battery development. From this perspective, the 

suitability of ILs incorporating [FSA]– becomes even more apparent due to their ability to 

significantly inhibit Al corrosion;13,42,43 unlike their FSA-based organic counterparts, which 

exhibit severe Al corrosion behavior.44-46 In spite of this quality, a recent study (by our group) 

into the electrochemical performance of a Na3V2(PO4)2F3 positive electrode in Na[FSA]-

[C2C1im][FSA] IL electrolyte at elevated temperatures (90 °C) reported the occurrence of a 

large irreversible charge capacity that even exceeded the theoretical capacity of the positive 

electrode. This unforeseen irreversible capacity was attributed to the corrosion of the Al 

current collector, suggesting that suppression of Al corrosion in the electrolyte was 

inadequate at elevated temperatures. Taking this observation into account, a viable solution 

for suppressing the Al corrosion behavior of the Na[FSA]-[C2C1im][FSA] IL electrolyte can 

be considered to be an essential milestone towards their practical utilization in intermediate 

temperature SIBs.  
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Figure 1. Structure of (a) 1-ethyl-3-methylimidazolium cation ([C2C1im]＋), (b) 
bis(fluorosulfonyl)amide anion ([FSA−]), and (c) tris(pentafluoroethyl)trifluorophosphate 
anion ([FAP−]). (d) Molar ratio of cations and anions in the present ILs. 
 
 

Previous studies have reported electrolytes (both organic electrolytes and ILs) 

comprising [FAP]– (FAP = tris(pentafluoroethyl)trifluorophosphate, Figure 1c) to exhibit 

excellent anodic stability and good cycling performances with high voltage electrode 

materials.47-50 As such, the use of [FAP]– as an additive for the [FSA]–-based ILs can be 

postulated to be a prudent approach to suppressing Al corrosion during operations. Thus, in a 

bid to ascertain this conjecture, this study investigates the influence of a [FAP]– additive on 

the Al corrosion behavior and electrochemical properties (i.e., electrochemical window and 

charge-discharge performance with Na3V2(PO4)2F3) of Na[FSA]-[C2C1im][FSA] IL. Here, 

field emission scanning electron microscopy (FE-SEM), energy-dispersive X-ray 

spectroscopy (EDX), X-ray fluorescence (XRF) measurements, and Raman spectroscopy are 

employed to clarify the Al corrosion behavior (or lack thereof) of Na[C2C1im][FSA] IL 

electrolytes formulated with and without [FAP]–.  
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Experimental  

Materials and electrolytes. – All samples: electrolytes, ILs, electrodes, and cells, were 

handled and prepared in an Ar-filled glove box (H2O < 1 ppm and O2 <1 ppm). Na[FSA] 

(Mitsubishi Materials Electronic Chemicals, purity > 99%) was dried at 100 °C under 

vacuum for 24 h. [C2C1im][FSA] (Kanto Chemicals, purity > 99.9%) and [C2C1im][FAP] 

(Sigma-Aldrich, purity ≤ 100%) were dried at 80 °C under vacuum for 24 h. The ILs used for 

this work were mixed in the target ratios and stirred for 24 h at room temperatures. Na-

0.2[C2C1im]0.8[FSA]1.0 (Na[FSA] : [C2C1im][FSA] = 20 : 80 mol%), 

Na0.2[C2C1im]0.8[FSA]0.95[FAP]0.05 (Na[FSA] : [C2C1im][FSA] : [C2C1im][FAP] = 20 : 75 : 5 

mol%), Na0.2[C2C1im]0.8[FSA]0.7[FAP]0.3 (Na[FSA] : [C2C1im][FSA] : [C2C1im][FAP] = 20 : 

50 : 30 mol%), Na0.2[C2C1im]0.8[FSA]0.6[FAP]0.4 (Na[FSA] : [C2C1im][FSA] : [C2C1im][FAP] 

= 20 : 40 : 40 mol%, and Na0.2[C2C1im]0.8[FSA]0.7[PF6]0.3 (Na[FSA] : [C2C1im][FSA] : 

[C2C1im][PF6] = 20 : 50 : 30 mol%). A summary of the present electrolyte compositions has 

been furnished in Figure 1d. 

 

Electrode and cell preparations. – Coin cells (2032-type) used for linear sweep voltammetry 

(LSV) and cyclic voltammetry (CV) were assembled using Pt and Al plates (Nilaco 

Corporation) as the working electrodes (10 mm in diameter). Sodium metal (Aldrich purity > 

99.95%) stretched into foil was affixed onto the Al plate and used as the counter electrode (13 

mm in diameter). In line with a previous report, the carbon-coated Na3V2(PO4)2F3 (NVPF) 

composite was synthesized via a two-step process.13 First, the carbon-coated VPO4 (VPO4-C) 

precursor was prepared through the sol-gel method. The prepared VPO4/C was then mixed 

with NaF (2:3 molar ratio) and ball-milled for 1 h before heating at 700 °C for 8 h under an 

Ar atmosphere. Combustion analysis determined the final NVPF composite to have a carbon 
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content of 12wt%. A slurry comprising the NVPF mixed with acetylene black and PVDF 

(80:15:5) in N-methylpyrrolidone was pasted on an Al foil to prepare the positive electrode. 

The electrodes were dried under vacuum at 353 K for 12 h. The active materials of the 

positive electrode were packed with a loading mass of approximately 1 mg-active material 

cm–2 after the drying process. A glass microfiber (Whatman, GF/A; 16 mm in diameter and 

260 μm in thickness) immersed in the as-prepared electrolyte was used as a separator.  

 

Analysis. – All the electrochemical measurements were performed in a temperature-

controlled thermostatic chamber (SU-242, ESPEC) at 25 and 90 °C. CV and LSV tests were 

conducted at 1 mV s–1 (Bio-Logic VSP potentiostat) to evaluate electrochemical stability. The 

potentials of Pt and Al electrodes were swept from the rest potential to 5.5 V vs. Na+/Na and 

to 6.0 V vs. Na+/Na, respectively, to determine the anodic stability. The potential of the Al 

electrode was swept from the rest potential to –0.2 V to evaluate Na metal 

deposition/dissolution properties. After CV tests, the Al electrodes were washed with 

dimethyl carbonate (DMC, Fujifilm Wako, purity > 98.0%) and dried at 60°C for 1 h under 

vacuum. The surface of the Al electrodes were thereafter analyzed by field emission-scanning 

electron microscopy, Hitachi SU-8020) and EDX (Horiba EMAXEvolution X-max). The 

charge-discharge properties were tested using a charge-discharge unit (HJ1001SD8, Hokuto 

Denko Corp.). A constant current of 1C (1C = 128 mA g−1) and cutoff voltages of 2.0–4.3 V 

were set to the charge-discharge and cycling tests. A Raman instrument (DXR3, Thermo 

Scientific) was used to record the Raman spectra of ILs using the diode-pumped solid-state 

laser with an excitation wavelength of 532 nm. After the CV tests, the coin cells were 

disassembled and their entire contents immersed in propylene carbonate (5 cm3) for one day 

to extract all the Al species in the electrolyte. Subsequently, the presence of Al species in the 
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electrolyte after CV tests was ascertained through X-ray fluorescence (XRF) spectroscopy 

(EDXL 300 Rigaku Corporation) under a helium atmosphere. 

 

Results and Discussion  

Electrochemical Stability of ILs 

In an effort to determine the anodic and cathodic stabilities of Na[FSA]-

[C2C1im][FSA] IL electrolytes with and without the [FAP]– additive at ambient- and elevated 

temperatures, cyclic voltammetry (CV) and linear sweep voltammetry (LSV) measurements 

were performed on Al and Pt working electrodes, respectively, alongside electrolytes 

adopting the Na0.2[C2C1im]0.8[FSA]1.0 and Na0.2[C2C1im]0.8[FSA]0.7[FAP]0.3 compositions and 

the Na counter electrode at 25 and 90 °C. To discern the influence of the [FAP]– anion in the 

[FSA]-IL, an electrolyte sample comprising a different Na[FSA] concentration 

(Na0.3[C2C1im]0.7[FSA]1.0) and another incorporating a [PF6]– anion 

(Na0.2[C2C1im]0.8[FSA]0.7[PF6]0.3) were also prepared and subjected to measurements under 

the same conditions for comparison.  

The CV curves obtained from the low potential region (from the rest potential to −0.2 

V) of the Al working electrode operated in the Na0.2[C2C1im]0.8[FSA]1.0 and 

Na0.2[C2C1im]0.8[FSA]0.7[FAP]0.3 ILs at 25 and 90 °C are shown in Figure 2. Here, sodium 

metal deposition/dissolution on the Al electrode was observed to occur around 0 V vs. 

Na+/Na during the successive cathodic and anodic scans, respectively, at both temperatures. 

Irrespective of the presence of [FAP]–, Na metal deposition at 25 °C is noted to occur with a 

deposition overpotential of about 0.1 V. Likewise, the addition of [FAP]– is also seen to have 

no significant influence on the Coulombic efficiencies of Na deposition/dissolution at both 

temperatures (slightly inferior to without [FAP]–). Even so, both ILs exhibited dramatic 
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improvements in their dissolution/deposition efficiency: from 25-38% (25 °C) to 80-85% 

(90 °C) and a decrease in overpotential upon temperature elevation. As such, these results 

augur the possibility of highly efficient Na metal batteries capable of facilitating elevated 

temperatures with the aid of IL electrolytes.  

 

Figure 2. Cyclic voltammograms of an Al electrode in the Na0.2[C2C1im]0.8[FSA]1.0 and 

Na0.2[C2C1im]0.8[FSA]0.7[FAP]0.3 ILs scanned from the rest potential to −0.2 V at (a) 25 °C 

and (b) 90 °C. Scan rate: 1 mV s−1.  

 

To shed more light on the anodic stabilities of the Na0.2[C2C1im]0.8[FSA]1.0 and 

Na0.2[C2C1im]0.8[FSA]0.7[FAP]0.3 IL electrolytes, LSV measurements were conducted using a 

Pt working electrode, as shown in Figures 3a, b. During measurements at 25 °C (Figure 3a), 

the oxidation current was noted to rise from 5.1 V for both electrolytes. Further 

measurements at 90 °C showed the oxidation current to commence at a slightly lower voltage 

of 4.8 V in both the cases (Figure 3b). It is worth noting that the comparative test performed 

using the Na0.2[C2C1im]0.8[FSA]0.7[PF6]0.3 IL also yielded similar anodic limits (see Figure 

S1, Supplementary Materials), suggesting that the anodic limits of the present electrolytes 
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were mainly engendered by the irreversible decomposition.51 Therefore, the addition of 

[FAP]– and [PF6] – does not improve the anodic stability intrinsic to the Na[FSA]-

[C2C1im][FSA] IL.  

Figure 3. Linear sweep voltammograms of the Pt electrode in the Na0.2[C2C1im]0.8[FSA]1.0 

and Na0.2[C2C1im]0.8[FSA]0.7[FAP]0.3 ILs scanned from the rest potential to 5.5 V at (a) 25 °C 

and (b) 90 °C. Scan rate: 1 mV s−1. Cyclic voltammograms of the Al electrode in the 

Na0.2[C2C1im]0.8[FSA]1.0, and Na0.2[C2C1im]0.8[FSA]0.7[FAP]0.3 ILs scanned from the rest 

potential to 6 V at (c) 25 °C and (d) 90 °C. Scan rate: 1 mV s−1. 

 

The Al corrosion behavior was further scrutinized through CV measurements 
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conducted on the Al working electrode in the Na0.2[C2C1im]0.8[FSA]1.0 and 

Na0.2[C2C1im]0.8[FSA]0.7[FAP]0.3 ILs (Figure 3c, d). Here, the curves obtained from the 

Na0.2[C2C1im]0.8[FSA]1.0 IL show the anodic current above 4V at 25 and 90 °C typical 

potentials for Al corrosion in electrolytes comprising the sulfonylamide-type anion. However, 

no current flow was visualized, even during scans at 6.0 V, during measurements using the 

Na0.2[C2C1im]0.8[FSA]0.7[FAP]0.3 IL electrolyte at both temperatures; an indication that the 

addition of [FAP]– improved the passivation stability of the Al electrode thereby mitigating 

corrosion. To further validate these results, CV measurements were performed on the IL with 

a higher Na[FSA] molar fraction (Na0.3[C2C1im]0.7[FSA]1.0) and the IL with [PF6]– 

(Na0.2[C2C1im]0.8[FSA]0.7[PF6]0.3) at 25 and 90 °C (Figure S2, Supplementary Materials). 

The IL with a higher Na[FSA] molar ratio demonstrated Al corrosion behavior at both the 

temperatures with marked exacerbation at 90 °C. This observation clearly connotes that 

increasing the Na concentration does not effectively suppress the Al corrosion. However, the 

IL with [PF6]– displayed suppressed Al corrosion at 25 °C (Figure S3, Supplemental 

Materials), the result is congruent with previous studies which have demonstrated the [PF6]– 

to be effective in suppressing Al corrosion in lithium-ion batteries at high potential regions42 

although it was not as effective as [FAP]– during scans performed at 90 °C. The difference in 

the effect of suppressing Al corrosion between [FAP]– and [PF6]– is considered to be related 

to the perfluoroethyl group (CF2CF3) in [FAP]–. As three fluorine atoms are replaced by three 

CF2CF3 group, it provides different components of the Al passivation layer. Another possible 

reason is the lower donor number of [FAP]–,52 which decreases the solubility of Al species 

into the ionic liquid. 

 

Pitting Corrosion Behavior of Al Current Collector  

The CV measurements clearly highlight that the addition of [FAP]– is effective in 
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mitigating Al corrosion in electrolytes containing [FSA]–, especially at 90 °C. To gain insight 

into the nature of Al corrosion behavior in the Na0.2[C2C1im]0.8[FSA]1.0 IL electrolyte, the 

surface morphology and elemental distribution of the Al electrode obtained after CV scans at 

90 °C (Figure 3d) were examined through FE-SEM and EDX analyses. As shown by the 

SEM images in Figure 4, the Al electrode surface is marked by severe pitting corrosion, in 

line with the observations from the previous measurements. Additionally, EDX-mapping 

indicates the presence of N, F, O, and S elements on the electrode surface, further 

corroborating that the corrosion process involved [FSA]– decomposition.13  

 
Figure 4. FE-SEM and EDX mapping images of the Al electrode after the CV test (in Figure 

3d) in Na0.2[C2C1im]0.8[FSA]1.0 at 90 °C. The EDX mapping corresponds to the SEM images 

at the top left. The elemental compositions of the Al electrode are observed to be Al: 66. 

4wt%, F: 4.9 wt%, O: 6.9 wt%, N: 3.6 wt%, S: 4.2 wt% and Na 1.2 wt% 

 

To ascertain the nature of Al corrosion upon the addition of [FAP]–, the SEM and 

EDX-mapping images of the Al electrode were scanned in the 

Na0.2[C2C1im]0.8[FSA]0.7[FAP]0.3 IL at 90 °C (Figure 3d) are furnished in Figure 5. Unlike 

the electrode in Na0.2[C2C1im]0.8[FSA]1.0 IL electrolyte, the SEM images in Figure 5 display 
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no pitting corrosion on the electrode surface. At high magnification, deposits with diameters 

in the ~5–20 nm range are seen to be homogenously distributed across the electrode surface. 

EDX analyses confirm these deposits to be decomposition products of the [FAP]– and [FSA]– 

components from the electrolyte. Although the deposits can be posited to work as a stable 

passivation layer that prevents pitting corrosion on the Al current collector, the other part is 

also supposed to be covered with the decomposition products. The suppressed Al corrosion in 

the IL with [FAP]– is further validated through XRF analysis performed on the IL electrolytes 

after the CV tests. The data reveals lower Al concentrations (234 ppm) in the IL with [FAP]– 

in comparison to its counterpart without [FAP]– (1970 ppm). 

 

Figure 5. FE-SEM and EDX mapping images of the Al electrode after the CV test (Figure 

3d) in the Na0.2[C2C1im]0.8[FSA]0.7[FAP]0.3 IL at 90 °C. The EDX mapping corresponds to 

the SEM images at the top left. The elemental compositions of the Al electrode are observed 

to be Al: 90.9 wt%, F: 1.6 wt%, O: 3.3 wt%, N: 1.6 wt%, S: 1.6 wt% and Na 0.5 wt% 

 

Considering that free [FSA]– (along with other sulfonylamide anions: 

(fluorosulfonyl)(trifluoromethylslufonyl)amide (FTA) and bis(trifluoromethylsulfonyl)amide 

TFSA) is known to accelerate Al corrosion,42,53-55 the coordination states of [FSA]– are 

expected to provide essential insight into the Al corrosion behavior in the present IL 

electrolytes. Therefore, IL electrolytes with varying ratios of [FSA]– and [FAP]– were 



14 

 

subjected to Raman spectroscopy, as shown in Figure 6. The wide range spectra (200 to1500 

cm–1) are shown in Figure 6a. The representative vibrational modes of [FSA]– in the 700–

800 cm–1 and 1180–1260 cm–1 spectral ranges are provided in Figure 6b and 6c, respectively. 

In the neat [C2C1im][FSA] IL spectrum, the peaks emerging at 726 and 1216 cm–1 are 

attributed to the S–N–S bending mode and S=O stretching modes of the weakly bound 

[FSA]– (free [FSA]–).56-59 In the case of the spectra from ILs comprising [FAP]–, the strong 

peak at 743 cm–1 is assigned to the F–C–F deformation mode of [FAP]–.60,61Although free 

[FSA]– was still observed at this composition (up to 40 mol %) according to a previous 

report,57 the blue-shifts observed in the [FSA]– peaks (from 724 to 743 cm–1 and from 1216 to 

1225 cm–1) result from the increased concentration of Na which suggests the presence of a 

stronger association between [FSA]– and Na+  ((Na[FSA]n)1–n. Notably, the addition of [FAP]–
 

also induces blue-shifts because Na+ preferentially coordinates to [FSA]– as a result of the 

higher basicity of [FSA]– in comparison to [FAP]–. By this token, the resulting Na+/[FSA]– 

ratio increases with higher amounts of [FAP]–. 

The electrochemical, optical observations and Raman spectra reported in the present 

study evince that the suppression of Al corrosion in the presence of [FAP]– cumulatively 

results from the following factors: i) the concentration of the free [FSA]– abrading the oxide 

layer (passivation layer) of the Al current collector is reduced upon addition of [FAP]–; ii) Al 

species have lower solubilities in the ILs with [FAP]–; iii) the electrolyte decomposition 

products from the IL with [FAP]– form a stable passivation layer on the Al current collector 

surface.  



15 

 

 Figure 6. Raman spectra of ILs with varying ratios of [FSA]– and [FAP]– in the range of (a) 

200-1500 cm–1, (b) 700-800 cm–1, and (b) 1180-1260 cm–1.  

 
Charge-discharge Performance 

The effect of [FAP]– (and consequently suppressed Al corrosion) on the electrochemical 

behavior of Na3V2(PO4)2F3 positive electrode in the present IL electrolytes was examined 

through charge-discharge tests at 25 and 90 °C. This electrode material is known to yield 

two-step redox plateaus at the high potentials of 3.7 and 4.2 V vs. Na+/Na and was thus 

deemed to be apposite for the present investigation.62-67 Room temperature measurements 

(25 °C) of the Na3V2(PO4)2F3 in the Na0.2[C2C1im]0.8[FSA]1.0 and 

Na0.2[C2C1im]0.8[FSA]0.7[FAP]0.3 IL electrolytes 1C = 128 mA g–1 are shown by the charge-

discharge curves in Figure S4. Here, both the electrolytes are noted to yield comparable first 

cycle discharge capacities (95 mAh g–1). However, the Na0.2[C2C1im]0.8[FSA]0.7[FAP]0.3 IL 

shows slightly better cycleability, delivering capacity retention of 91% after 100 cycles 

(Figure S5). The charge-discharge curves obtained at 90 °C are provided in Figure 7. At 

elevated temperatures, both the electrolytes show significant improvements in their initial 

cycle discharge capacities (118 mAh g–1 at 1C) compared with the measurements at 25 °C. 

The higher capacities are attributed to the enhanced electrode kinetics and improved ion 

transport upon temperature elevation. Even so, the Na0.2[C2C1im]0.8[FSA]1.0 IL exhibits 
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severe irreversible capacity, delivering an initial cycle Coulombic efficiency of 66%. 

Furthermore, the IL without [FAP]– is afflicted with increasing polarization and fluctuant 

charge-discharge curves, thereby producing remarkably low Coulombic efficiency throughout 

the measurement (Figure 7a and 7c) (capacity: 51.1 mAh g–1 and Coulombic efficiency: 51% 

at the 30th cycle). This deterioration is ascribed to the oxidative decomposition of the 

electrolyte coupled with Al corrosion behavior in the IL without [FAP]–. On the other hand, 

the Na0.2[C2C1im]0.8[FSA]0.7[FAP]0.3 IL electrolyte displays significantly improved cycle 

stability (Figure 7b,d), yielding a capacity of 108.3 mAh g–1 and a Coulombic efficiency of 

95% at the 30th cycle. These electrochemical results suggest that the suppressed Al corrosion 

in the IL containing [FAP]– significantly contributes to the high cycle performance of the 

Na3V2(PO4)2F3 electrode.  
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Figure 7. Galvanostatic charge-discharge curve of (a) the 

Na/Na0.2[C2C1im]0.8[FSA]1.0/Na3V2(PO4)2F3 cell and (b) the 

Na/Na0.2[C2C1im]0.8[FSA]0.7[FAP]0.3/Na3V2(PO4)2F3 cell and (c, d) their corresponding cycle 

performances at 90 °C. Cutoff range: 2.5–4.3 V. Charge-discharge rate: 1C.  

 

Conclusions 

This study reports the inhibitory effect of [FAP]– on Al corrosion in the Na[FSA]-

[C2C1im][FSA] IL at 25 and 90°C. The results indicated that the Na[FSA]-[C2C1im][FSA] IL 

moderately suppressed Al corrosion at 25°C, whereas elevated temperature (90°C) operations 

at potentials above 4 V vs. Na+/Na caused severe pitting corrosion on the Al electrode. 
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However, the addition of [FAP]– into the Na[FSA]-[C2C1im][FSA] IL was seen to suppress 

Al corrosion even though it did not improve anodic stability with a Pt electrode. FE-SEM and 

EDX analyses performed after CV measurements revealed that Al corrosion was mitigated by 

a passivation layer formed by homogeneously distributed deposits comprising [FSA]– and 

[FAP]– decomposition products. Further, Raman spectroscopy demonstrated that the amount 

of free [FSA]– upon the addition of [FAP]– thereby diminishing Al dissolution in the 

Na[C2C1im][FSA][FAP] IL as was confirmed by XRF. Finally, charge-discharge tests 

performed using a Na3V2(PO4)2F3 electrode verified that the inhibited Al corrosion upon the 

addition of [FAP]– improved the electrochemical performance of the IL electrolyte, especially 

at elevated temperatures. These results clearly demonstrate the addition of [FAP]– to be an 

effective strategy for optimizing the performance of high-voltage positive electrodes in a 

sulfonylamide-based ILs at both room and intermediate temperatures.  
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