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Effect of the electrolyte on the K-metal batteries  

Justine Touja,a,b Phuong Nam Le Pham,a,c Nicolas Louvain,a,b,c Laure Monconduit,a,b,c,* Lorenzo 
Stievano a,b,c,*

The comparison of different electrolytes showed that both salt 

concentration and anion are key parameters for controlling 

the performance of K-metal batteries. Among the different 

tested electrolytes, 5 M KTFSI in DME exhibits the best 

stability at high potential and good performance in K|Prussian 

blue cells. 

 

To meet the demand for high energy density batteries, 

alternative systems beyond Li-ion batteries (LIBs) have to be 

developed. Several reasons make potassium-based batteries a 

perfect alternative to LIBs for large-scale energy storage 

applications. First, the widespread availability of potassium 

makes it approximately six times cheaper than lithium, and 

leads to cheaper precursors and salts. The electrochemical 

properties of the K+/K redox couple are attractive, especially 

because the redox potential of K+/K in organic solvents is lower 

than that of Li+/Li, which can lead to a large potential window 

when associated with a high voltage cathode and thus high 

energy densities.1 Moreover, in carbonate-based electrolytes, 

K+ has the highest ion mobility, ion conductivity and ion 

transport number among alkaline cations (Li+, Na+, K+). Finally, a 

recent study on existing commercial cell architectures and up-

to-date manufacturing know-how concluded that potassium 

batteries are capable of achieving 78 % of the energy density of 

LIBs.2  

Renewed design of electrochemical cells using metal negative 

electrodes is presently among the most promising paths to 

reach higher energy density batteries. In the case of lithium 

metal, by far the most studied system nowadays, the main issue 

is the uneven deposition of Li during charge that results in the 

detrimental growth of dendrites.3 Their formation promotes 

the increase of the exposed metal surface favouring the 

continuous decomposition of the electrolyte and the growth of 

the solid-electrolyte interphase (SEI), and thus a progressive 

loss of active metal during cycling. The same issues are observed 

and even enhanced when using potassium metal electrodes.4 In 

fact, the reactivity of potassium with the electrolyte is higher, 

and often influences the performance of the positive electrode 

when the latter is tested in half cells.5,6 To counter this high 

reactivity and stabilize the metallic electrode, some solutions 

have been proposed.7–9 

One of the strategies to limit dendrite growth in metal anodes 

is using highly concentrated electrolytes. These contain fewer 

free solvent molecules and thus form thinner SEI, improving the 

cycling stability, as it has been observed for both Li10,11 and Na.12 

Highly concentrated potassium electrolytes have also been 

investigated, for instance with potassium 

bis(fluorosulfonyl)imide (KFSI) dissolved in ether solvents, for 

graphite electrodes 13,14 and positive electrodes such as 

Prussian blue analogues (PBA).15,16 Concentrated KFSI in 1,2-

dimethoxyethane (DME) electrolytes, as for Li and Na, seem to 

prevent the corrosion of the aluminium current collector, 

increasing the oxidation stability up to 5 V vs. K+/K and allowing 

the stable and reversible plating/stripping of potassium metal 

with an uniform and stable SEI.16,15  

Herein a pioneer study is presented on the effect of electrolyte 

concentration and of the salt anion on the performance of a K-

metal cell using four electrolytes with KFSI or KTFSI at 1 or 5 

moles per litre of solvent (named 1M or 5M) dissolved in DME. 

These electrolytes will be referred to as KFSI-1M, KFSI-5M, 

KTFSI-1M and KTFSI-5M. Their respective impacts on the 

stability at high potential in the presence of Al current 

collectors, on the potassium plating/stripping efficiency and on 

the performance of a cell built with the PBA 

K1.73Mn2/3Fe1/3[Fe(CN)6] nH2O as the positive electrode is 

evaluated. This type of PBA is similar to that proposed as 

cathode material in aqueous batteries,17 and is used here as a 
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benchmark cathode. A full characterisation of this material will 

be the object of a forthcoming paper. 

The stability at high voltage for each electrolyte was studied by 

linear sweep voltammetry (LSV) in coin cells built with a 

potassium negative electrode and an aluminium foil as the 

positive electrode to compare the influence of both anions and 

electrolytes concentrations on the aluminium corrosion (Figure 

1). It is important to note that, in lithium batteries, where the 

electrolytes are usually based on lithium hexafluorophosphate 

(LiPF6), PF6
- is known to protect the aluminium current collector 

of the positive electrode by forming an insoluble passivation 

layer, preserving the electrode from excessive corrosion during 

cycling, whereas FSI- does not lead to such a favourable 

feature.18 In potassium batteries, the use of KFSI-based 

electrolytes has the advantage of reducing the large first cycle 

irreversible capacities obtained with KPF6-based ones, but 

brings as a drawback the loss of the interesting passivation 

ability of PF6
-.19  

The LSV measurements were performed with the four 

electrolytes at a scan rate of 0.1 mV s-1 up to 6 V vs. K+/K. The 

anodic current increases suddenly for KFSI-1M from 4.2 V, 

which confirms its limited stability at high potential in the 

presence of aluminium (Figure 1a). With the highly 

concentrated electrolyte (KFSI-5M), the electrolyte 

decomposition or the aluminium corrosion is slightly delayed as 

the anodic current increases only starting from 4.4 V. Changing 

from KFSI to KTFSI has a more important impact on the LSV. The 

voltage stability window is enhanced, since the current increase 

starts at 4.6 V for KTFSI-1M and at 4.7 V for KTFSI-5M, in 

agreement with previous observations.20 Note that the first 

current raise occurring during LSV with both KTFSI-based 

electrolytes could be also due to the oxidation of TFSI- anion, as 

previously observed in lithium systems.21 The surface of the Al 

current collectors after the LSV (Fig. 1b-e) shows several pits 

when low concentrated electrolytes are used, and very few or 

no pits when employing highly concentrated electrolytes. This 

result indicates that by increasing the concentration, the 

corrosion at the aluminium current collector is reduced.  

In summary, the stability of highly concentrated electrolytes, 

and especially of that based on the KTFSI salt, observed high 

potential might enable high energy batteries obtained by 

coupling new cathode materials working at high potential with 

K metal anodes. 

The plating/stripping stability of potassium metal in these 

electrolytes was compared in symmetric K|K cells at different 

current densities, namely 0.025 mA cm-2 and 1.00 mA cm-2. 

Figures 2a and 2b show the K plating/stripping voltage profiles 

obtained at 0.025 mA cm-2 with KFSI-based electrolytes and 

KTFSI ones, respectively. At low current density, the cell using 

KFSI-1M has a stable overpotential near 0.1 V for 300 h whereas 

with KTFSI-1M, the polarization increases rapidly after 50 h, 

reaching 0.5 V. A sharp increase of potential like this one has 

been proven to be due to the growth of dendrites which can 

short circuit the batteries.22 In these conditions, the cells with 

the highly concentrated electrolytes present a lower 

polarization than the ones with the low concentrated 

electrolytes. However, the overpotential measured for KFSI-5M 

decreases from 800 mV to 300 mV within the ten first cycles, 

whereas the one for KTFSI-5M remains constant for all the 

experiment. The reaction between the K-metal and the 

electrolytes leading to different nature of SEI can explain this 

difference.5 The electrochemical impedance spectroscopy (EIS) 

measured on the symmetrical cells before cycling, show that the 

 
Figure 1. Linear sweep voltammetry of K-metal vs Al with the four 
electrolytes (a). Optical microscopy images (40X) of the Al current 
collector after the LSV of KFSI-1M (b), KFSI-5M (c), KTFSI-1M (d) and 
KTFSI-5M (e) 

 

Figure 2. K-metal plating/stripping curves of K|K symmetric cells with 
KFSI-1M and KFSI-5M and KTFSI-1M and KTFSI-5M at a current 
density of 25 µA/cm² (a,b) and 1 mA/cm² (c,d) 
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global resistance of the system is lower with KTFSI-5M than with 

KFSI-5M (Fig. S2). This is in agreement with the higher 

polarization of the K-metal plating/stripping with the latter 

electrolyte for the first cycle. The chemically formed SEI changes 

with the electrolyte nature and is then more resistive with the 

KFSI-based electrolyte than with the KTFSI-based one. After 10 

cycles, the impedance decreases in both cases but remains 

nearly twice higher for KFSI-5M. Both highly concentrated KFSI 

and KTFSI-based electrolytes are, however, very stable for 300 h 

revealing that no, or at least fewer, dendrites are formed with 

these electrolytes. No colour change of the separator was 

observed after cycling for both 5M electrolytes (Fig. S3a). It 

means that neither the degradation of the salt nor the dendrites 

growth through the separators can be observed for low current 

density, as suggested by the K metal plating/stripping 

electrochemical measurements (Fig. 2a,b).   

At a higher current density, i.e., 1 mA cm-2, (Fig. 2c,d) the 

plating/stripping curves with both 1 M-electrolytes show poor 

stability, since the overpotential is higher than 1 V after few 

hours. However, although KFSI-5M does not improve the 

overpotential stability (Fig. 2c), the overpotential of the cell 

using KTFSI-5M remains stable for 300 h around 400 mV (Fig. 

2d). The use of concentrated KTFSI instead of KFSI seems to 

improve the stability of the plating/stripping of potassium 

metal, especially at high current densities. After opening the 

batteries, the separator of the KFSI-5M cell was partially 

covered with K-metal whereas the one of KTFSI-5M cell was 

fully covered at the location of the metallic electrode (Fig. S3b). 

This also suggests that the plating of K-metal is more 

homogeneous with KTFSI-5M than with KFSI-5M. The reactions 

between the potassium and the electrolyte may have a lower 

impact on the galvanostatic measurement of a half-cell with 

KTFSI-5M.  

The electrolytes were finally benchmarked using PBA cathodes 

(K1.73Mn2/3Fe1/3[Fe(CN)6]·nH2O) between 4.3 and 3.0 V vs. K+/K 

at a current rate of 25 mA g-1. The galvanostatic curves for 

K|PBA cells using either low or highly concentrated electrolytes 

are presented in Fig. S4 and Fig. 3a,b, respectively. The average 

shape of the galvanostatic curves is similar for the four 

electrolytes, and is consistent with that observed by Jiang et al. 

in different electrolyte systems.17 The initial coulombic 

efficiency (CE) is clearly improved for the highly concentrated 

electrolytes. For KFSI-1M, the first charge capacity is surprisingly 

high (316 mA h g-1) compared to the first charge of KFSI-5M 

(145 mA h g-1) but the CE is stable only for five cycles before 

dropping (Fig. S5a). Even though the initial CE is high for KFSI-

5M, with a value of 85%, it drastically drops after a few cycles 

(Fig. 3c) due to the steady increase of the charge capacity after 

four cycles and the irreversible cell failure after ten cycles. Such 

a behaviour, already reported for KFSI (1 M) in EC/DEC, results 

from the formation of a non-conductive passivation layer for K+ 

ions on the potassium metal, as well as from the growth of 

potassium dendrites leading to short-circuits.23 This behaviour 

is consistent with the plating/stripping results reported above. 

Moreover, the instability above 4 V of the KFSI-based 

electrolytes observed by LSV, due to parasitic oxidation 

reactions such as electrolyte decomposition and/or Al 

corrosion, could also explain the observed coulombic efficiency 

drops. 

 

 

For the KTFSI-based electrolytes, the increase in salt 

concentration allows higher specific capacities, and the long-

term cycling highlights the better stability and reversibility of 

the reactions, in comparison with KTFSI-1M (Fig. 3d, Fig. S5b). 

This is probably due to the thinner and more inorganic SEI 

formed during the galvanostatic experiment with concentrated 

electrolytes.24  

On the other hand the higher polarization observed in the first 

cycle with KFSI-5M electrolyte could due to the SEI formed on 

the K-metal. Indeed, the plating/stripping and the EIS 

measurements showed that the SEI is more resistive with the 

highly concentrated KFSI-based electrolyte than with the KTFSI-

based one, especially for the first cycles. The reactivity of the K-

metal with the electrolyte has an impact on the electrochemical 

performance of the half-cells as suggested. 

The anion used in the electrolyte plays also an important role 

for the cycling stability of the cathode. Indeed, for both 5 M KFSI 

and KTFSI in DME, the capacities are quite the same for the first 

cycles but the use of TFSI instead of FSI enhances the capacity 

retention, which remains at 110 mA h g-1 after 100 cycles (i.e. 

72 % of the initial capacity), as well as the CE (96 %). The 

electrochemical performance of PBA was shown to be 

controlled by different parameters such as crystallinity, defects 

or lattice water content,25,26 which can explain the slight 

differences between the results shown here and those 

previously obtained with highly concentrated KFSI 

electrolytes.15  

 

In conclusion, both the salt and its concentration in the 

electrolyte have a strong impact on the electrochemical stability 

of potassium metal batteries. By increasing the concentration 

from 1 M to 5 M in both KFSI and KTFSI in DME electrolytes, the 

Al current collector corrosion is delayed in potential, allowing 

the use of high voltage cathodes. Spectroscopic analyses of the 

 

Figure 3. Galvanostatic profiles and long-term cycling evolution of 
PBA with KFSI-5M (a,c) and KTFSI-5M (b,d) recorded at 25 mA/g 
between 3.0 and 4.3 V 
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Al current collector surface are required to get deeper insight 

on its behaviour with respect to electrolyte salt and 

concentration. Moreover, concentrated electrolytes improve 

the stability of potassium metal plating/stripping, especially for 

the KTFSI-5M system, demonstrating the crucial role of the salt 

anion on the SEI formation. The SEI formed with KTFSI is likely 

more favourable for the plating/stripping of potassium, 

reducing parasitic reactions and dendrite growth. These results 

suggest that potassium metal electrode is more stable with 

KTFSI-5M, less impacting the electrochemical performance of 

the positive electrode. This assumption is confirmed here in 

K|PBA cells, showing enhanced capacity as well as CE 

performance after 100 cycles with the highly concentrated 

KTFSI electrolyte. Further studies are ongoing to analyse and 

compare the SEI formed with these different electrolytes, and 

to better understand their impact on potassium metal 

plating/stripping as well as on the K|PBA battery performance. 
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