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Abstract 

Stable cycling of potassium metal anodes in classic carbonate electrolytes remains a 

great challenge. Three-dimensional carbon hosts have been widely adopted to address 

the low Coulombic efficiency and devastated dendrite growth, but a correlation 

between the carbon microstructure and potassium plating/stripping stability is yet to be 

established. Here, stark contrasted carbonization temperatures, i.e., 800 and 2800 °C, 

are applied to electrospun carbon nanofiber (CNF) films for regulating graphitization 

degree. The resulted CNFs demonstrate distinct stability when serving as hosts for 

potassium metal anodes. We reveal that the carbon microstructure has a huge impact 

on not only the nucleation and diffusion of the K ions but also the mechanical properties 

of solid electrolyte interphases (SEIs). The maximum elastic deformation energy (U), 

which reveals the combined effects of Young's modulus and yield strain, is utilized to 

reflect the capability of SEI in accommodating the electrode deformation upon K 

deposition. The CNFs prepared at 2800 °C benefit the formation of a high U-value SEI. 

Consequently, it exhibits a small polarization and an ultra-long life of over 2000 h at 

0.5 mA cm-2 in the carbonate electrolyte.  
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1. Introduction 

The revival of potassium-ion batteries (PIBs) in recent years relies on both the natural 

abundance of potassium elements and the similarities between alkali metal-ion 

batteries.[1-3] The insertion chemistries of K ions resemble those of Li/Na ions to a 

large extent, which would greatly facilitate the quest for high-energy electrodes.[4, 5] 

For instance, several cathode candidates, such as K3V2(PO4)2F3 and KxFeMnCN6, are 

inherited from the counterparts in Li- and Na-ion batteries.[6-8] The high content of 

potassium in the earth's crust brings about potential benefits in sustainability, making 

PIBs attractive candidates for large-scale energy storage. Among various anodes for 

PIBs, K metal has attracted intensive attention due to its high specific capacity (687 

mAh g-1) and low redox potential.[9-12] Notable improvement of PIBs is projected if 

the implementation of K metal anode is realized. The utilization of K metal anode will 

not only boost the performance of the anode but also enrich the development of the 

cathode.[13, 14] High-performance cathodes, including metal fluoride, sulfur, and 

oxygen electrode would be possible since K ions could be provided by the anode.[15-

18] 

K metal anode is afflicted primarily by the dendrite growth and low Coulombic 

efficiency. The formation of dendrite arises from the non-uniform plating-stripping 

process, which is widely observed in metal electrodes as a result of diffusion-limited 

growth.[12, 13, 19] Heterogeneous K ion flux originated from uneven local electric 

field distribution would further facilitate the formation of K dendrites, posing a risk to 



short circuit.[19] Moreover, the K deposition on the anode brings about a large volume 

change, which may break the solid electrolyte interphase (SEI). The integrity of SEI is 

essential to maintain high Coulombic efficiency during K plating/stripping.[12, 20] 

Repeated fracture-formation of SEI would continuously consume the K ions and lead 

to a short lifetime.[21, 22] To overcome these obstacles, several constructive strategies 

have been reported, ranging from electrode design to electrolyte optimization.[14, 22-

28] Carbon materials in various forms, such as graphene foam and carbon nanotube 

films, have been wildly adopted as host electrodes for accommodating K metal thanks 

to their high surface area and excellent conductivity.[29-31] For instance, a 10000-min 

(167 h) cycle time is achieved by David et al. through employing a rGO@3D Cu host 

in K metal batteries.[32] Along with the host design, regulating the SEI is also critical 

to realizing K metal anodes with long stability.[24, 33, 34] An exceptional Coulombic 

efficiency is obtained in Xiao et al.’s work, where a 1M KFSI/DME electrolyte is 

utilized. It reveals that the formation of a uniform and stable SEI is essential for 

achieving highly reversible K plating/stripping.[35] 

Despite the above exciting achievements, stable K plating/stripping in carbonate 

electrolyte remains a great challenge. Carbonate electrolytes are commonly used in the 

Li-ion battery industry because of their wider electrochemical window, better 

temperature performance, and lower cost than ether-based counterparts. However, most 

of the previous works focus on the ether-based electrolytes with only a few reports on 

the carbonate ones,[23, 32, 36, 37] which generally show inferior performance. To 

achieve high-performance K metal anodes in carbonate electrolytes, it is essential to 



simultaneously restrain the dendrite growth and construct a robust SEI. In this work, 

freestanding carbon nanofiber (CNF) matrixes are employed as hosts for K plating to 

mitigate the huge volume expansion/shrinkage. The surface functionality and 

microstructure of CNFs are tuned to increase the affinity between the K and CNFs. 

Furthermore, we demonstrate the carbon atomic structure greatly impacts the stability 

of SEI. The atomic force microscopy (AFM) shows a robust SEI is constructed on a 

CNF host that carbonized at 2800 °C. The SEI possesses a large maximum elastic 

deformation energy (U), offering the capability of accommodating the deformation 

during K growth. Consequently, stable cycling of K metal anode on CNF2800 is 

realized with decent Coulombic efficiencies. 

2. Experimental section 

2.1 Synthesis of CNFs and CNF@K electrodes  

All chemicals used were of analytical grade. In a typical synthesis, 0.5 g 

polyacrylonitrile (PAN) was added in 10 mL of dimethylformamide (DMF), followed 

by magnetically stirring at 60 °C to obtain a homogenous solution. The electrospinning 

technique was then used to prepare nanofiber with a solution feeding speed of 1 mL h-

1 and a voltage of 20 kV. The as-prepared nanofiber was pre-treated at 250 °C (heating 

rate of 2 °C min-1) for 2 h in an air atmosphere for the oxidative stabilization of PAN, 

followed by a carbonization process at 800 °C (CNF800) and 2800 °C (CNF2800) 

under a flowing argon atmosphere.[38] CNF@K electrodes were prepared by 

immersing these CNFs into molten K. 

2.2 Characterizations 



The morphologies of CNFs were characterized by scanning electron microscopy 

(Field-emission SEM, TESCAN MAIA3 and transmission electron microscopy (TEM, 

JEOL 2010F). Raman scattering was carried out on a Witec-Confocal Raman system 

(UHTS 600 SMFC VIS) with an excitation wavelength of 532 nm. To investigate the 

chemical composition evolution of CNFs, Fourier transform infrared spectroscopy 

(FTIR) measurement was performed on a Bruker VERTEX 70 system. X-ray 

photoelectron spectrometry (XPS, Nexsa X-ray Photoelectron Spectrometer system) 

was employed to analyze the elemental composition of SEIs formed on different hosts. 

The microstructure of K growth on various hosts was examined by AFM using a Bruker 

Icon Dimension XR system under an Ar-filled glovebox. 

2.3 Electrochemical measurements 

CR2032 coin cells were assembled to evaluate the electrochemical performance. Cu 

foil or as-prepared CNFs were used as the working electrodes, with the counter 

electrode being a K metal plate. The separators consisted of glass fiber membrane (GF, 

Whatman) and PP (Celgard) with a structure of PP/GF/PP. 80 μL of 1M KFSI EC/DEC 

(provided by DoDo Chem. without further purification) was added as an electrolyte in 

each cell. Symmetric cells were also assembled with CNF@K electrodes or pure K 

metal electrodes. The electrochemistry impedance spectroscopy (EIS) was performed 

with a frequency range from 100 kHz to 10 mHz and voltage amplitude of 5 mV. 

Galvanostatic charge/discharge cycling was carried out on a land battery testing system 

(LAND CT2001A). 

2.4 The mechanical test of SEI 



Mechanical test was carried out in a glovebox using Bruker Dimension Icon AFM 

(Bruker, Santa Barbara, CA). An ACTA-20 (APPNANO) probe with a spring constant 

of 20 N m-1 was selected. A two-step nanoindentation test was conducted to determine 

Young’s modulus (E) firstly under elastic deformation region and elastic strain limit 

(εY) in the second step to intentionally break the SEI with a high force [39]. The 

maximum elastic deformation energy was calculated according to the following 

equation: 
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where ν is the SEI Poisson’s ratio and r is radius of the rigid indenter (ν = 0.3, r = 1 

μm). 

 

3. Results and discussion 

Both CNF800 and CNF2800 films exhibit porous network structures consisting of 

intertwined nanofibers, which could be used as freestanding electrodes (Figure 1a). The 

diameter of CNFs ranges from 100 to 300 nm. A sharp contrast in the nanostructure is 

observed in the TEM images, where CNF800 has an amorphous structure while clear 

graphitic domains presented in CNF2800 (Figure 1b, c and Figure S1, Supporting 

Information). FTIR is conducted to investigate the chemical composition of CNFs 

carbonized under different temperatures (Figure 1d). The absorption bands at around 

1568, 1371, 1257, and 1192 cm-1 corresponding respectively to C=C absorption, C=N 

stretching vibration, C-N stretching, and C-C-C(O) are observed in CNF800, indicating 

the existence of oxygenated and nitrogenated functional groups, which are considered 

active towards K ions.[38] By contrast, these peaks disappear in CNF2800 due to the 



elimination of heteroatoms under the high-temperature treatment. The degree of 

graphitization is characterized by Raman spectra (Figure 1e). There is a distinct 2D 

peak in the Raman spectra of CNFs annealed at 2800 °C compared to CNF800, 

attributing to an increased degree of graphitization. Nevertheless, there are still some 

defects or pores after carbonization at 2800 °C, as reflected by the prominent D band 

peak.[40, 41] 

 

Figure 1. a) SEM image and b, c) TEM images of CNF2800. Inset in a) shows the 

optical image of a CNF freestanding electrode. d) FTIR spectra and e) Raman spectra 

of as-prepared CNFs. 

 

Asymmetric cells are employed to evaluate the K plating and stripping behavior on 

Cu, as-prepared CNF800 and CNF2800 hosts, where K metal plates are used as 

counter/reference electrodes. The nucleation overpotential, which is defined as the 



voltage difference between the voltage dip and platform of steady plating,[31, 42] is 

collected to assess K heterogeneous nucleation barrier on these samples. As shown in 

Figure 2a, sharp potential tip and large nucleation overpotential of 202 mV are observed 

on Cu, a reflection of the poor affinity between K and Cu, which would lead to non-

uniform K deposition. On the contrary, CNF800 exhibits a much lower nucleation 

overpotential of 57 mV due possibly to the absorption of K ions to the carbon surface 

and defect sites as indicated by the monotonous decline in the initial discharge voltage 

profiles above 0 V.[38, 43] Similarly, a low nucleation overpotential of 42 mV is 

observed on CNF2800 during the discharge process. Before K plating, the K ions are 

intercalated into CNF2800 to form the graphite intercalation compound (GIC), as 

demonstrated by the blue shift of G band peak and the presence of a new peak at around 

1610 cm-1 in the Raman spectra when discharged to 0 V (Figure S2, Supporting 

Information).[44-47] The results indicate the interactions between K and CNFs above 

0 V improve the potassium affinity, leading to a smooth potential dip and small 

nucleation overpotential compared to that on the Cu electrode.  

We further test the Coulombic efficiencies (CEs, the ratio of stripping to plating 

capacity during each cycle) at a current density of 1mA cm-2 with a deposition capacity 

of 1mAh cm-2 and a charge cutoff voltage of 1 V. As shown in Figure 2b, Cu exhibits 

relatively low CEs (below 80%) in the initial cycles which is attributed to the formation 

of SEI and consumption of electrolyte.[35] The CE of Cu increases to above 90% after 

6 cycles but suffers from a sharp decrease from the 25th cycle. The low Coulombic 

efficiency arises from two possible reasons: i) trapping of deposited K metal because 



of the electric loss; and ii) SEI damage as a consequence of the severe dendrite growth 

and large volume expansion.[12, 48] In comparison, CNF800 exhibits a higher average 

CE of 93.4% but still suffers from degradation after 50 cycles. Notably, a stable and 

high average CE of 96% for 100 cycles is achieved on the CNF2800 matrix. 

Similar enhancement is observed on the performance of symmetric cells where 

identical electrodes are employed as working and counter electrodes. Figure 2c shows 

the cyclic performance of cells cycled at a current density of 0.5 mA cm-2 with a 

capacity of 0.5 mAh cm-2. The K|K battery has a large voltage hysteresis of ~0.6 V at 

the first cycle and gradually increases to ~0.77 V at 90 h. The cell is short circuit after 

97 h due to the devastating dendrite growth, which eventually penetrates the separator. 

By contrast, the CNF800@K|CNF800@K maintains a stable overpotential of 0.5 V for 

1500 h. After that, the voltage hysteresis begins to increase rapidly owing possibly to 

the unstable SEI. The CNF2800@K electrode delivers stable plating/stripping 

processes for over 2000 h with a relatively low hysteresis of 0.4 V owing to the high 

conductivity of CNF. The differences of K deposition on the three host electrodes 

become more obvious when cycling at a larger current density and higher capacity. The 

K|K cell fast shorts out at 33 h under 1 mA cm-2 with an areal capacity of 1 mAh cm-2 

(Figure 2d), while the CNF800@K could stable charge/discharge for about 200 h. 

Surprisingly, the CNF2800@K|CNF2800@K cell still exhibits long-term stable 

cycling (800 h) with the lowest overpotential of ~0.55 V. Under increased current 

density and areal capacity, the CNF2800 still delivers a decent performance and 

remains the best among the three hosts (Fig. xx). Furthermore, the CNF2800@K also 



delivers an excellent rate performance (Figure S3, Supporting Information). The 

voltage hysteresis of CNF2800@K|CNF2800@K symmetric cell are 0.3, 0.38, 0.48 and 

0.74 V at a current density of 0.2, 0.5,1 and 2 mA cm-2, respectively. In addition, when 

the current recovers to 0.2 mA cm-2, the polarization also returns to its initial value. We 

also test the CNFs carbonized at a medium temperature of 1400 oC. As shown in Figure 

S4c and d, the cycling performance of CNF1400 is close to that of CNF2800 because 

of similar surface functionality. The nitrogenated and oxygenated groups have been 

removed at 1400 oC. Further increasing the temperature to 2800 oC improves the 

conductivity of CNFs [xx] for reducing the overpotential during K deposition. 

Therefore, we focus on CNF2800 to investigate the K plating behavior in partially 

graphitized carbon. Turning to the K|K cell, it shows much higher voltage hysteresis. 

What’s worse, it exhibits violent vibration of voltage followed by a short-circuit failure 

when the current density is higher than 1 mA cm-2 due to the severe dendrite growth. A 

high current density would trigger severe dendrite growth due to the depletion of K ions 

on the electrode surface. The 3D CNF hosts with a large surface area essentially 

decrease the local current density and facilitate the charge transfer for obtaining a 

decent rate performance. Table S2 (Supporting Information) compares the 

electrochemical performance of CNF with that in the published work using carbonate 

electrolytes. The overall performance of CNF2800 is among the best considering the 

cyclic life and average Coulombic efficiency.  

 



 

Figure 2. a) Voltage profiles of K plating on Cu, CNF800 and CNF2800 at a current 

density of 1mA cm-2. b) The Coulombic efficiency of Cu, CNF800 and CNF2800 host 

at a current density of 1mA cm-2 with a capacity of 1 mAh cm-2. Cycling performance 

of symmetric cells at c) 0.5 mA cm-2 with capacity of 0.5 mAh cm-2, d) 1 mA cm-2 with 

capacity of 1 mAh cm-2. 



To explore the underlying mechanism for the improved electrochemical performance 

of CNF electrodes, the charge transfer behavior on the different hosts are investigated. 

As shown in Figure 3a, the K ion diffusion coefficients on Cu, CNF800 and CNF2800 

are calculated according to the low-frequency region of EIS (Figure S4a, Supporting 

Information).[49] CNF2800 and CNF800 present a value of 3.2×10-21 cm2 s-1 and 

4.4×10-21 cm2 s-1, respectively, three orders of magnitude higher than that of Cu (8.8×10-

24 cm2 s-1). The observation proves that CNFs provide fast diffusion channels for K ion, 

which is consistent with the much lower voltage hysteresis when using CNFs as hosts. 

Moreover, there is an increase of interfacial resistance (RCT+RSEI) for Cu foil after 10 

cycles. In comparison, CNF2800 and CNF800 show lower resistance than Cu foil 

before cycling and deliver decreased interfacial resistance after 10 cycles, suggesting a 

gradual stabilization process. (Figure S4 and Table S1, Supporting Information).[32, 

50]  

Chronoamperometry (CA) tests are carried out to scrutinize further the K ion 

diffusion behavior and deposition mechanism on different hosts. The variation of 

current versus time at a constant voltage can reflect the change of the electrode surface 

morphology. Since the K metal deposition is under mass-transfer control, any increase 

in current during a potentiostatic electrodeposition can be assumed to be an increase in 

electrode surface area due to rugged K growth.[51-53] As shown in Figure 3b, a 

continuous increase of current density on Cu is observed when the voltage is maintained 

at -450 mv for 500 s, indicating a slow K ion diffusion and rough K deposition. Turning 

to CNF800 and CNF2800, the current densities keep steady at a lower value during the 



whole deposition process, due to the stable K deposition behavior without increasing 

electrode surface area. The Sand’s time is further investigated by depositing K on Cu 

and CNF matrixes at 2 mA cm-2 (Figure S5, Supporting Information), which is 

determined by the time when the apparent voltage divergence occurs because of 

complete ion depletion and accelerated dendrite growth.[31, 54] The voltage of Cu|K 

cell diverges after 3.6 h, whereas CNF800 and CNF2800 deliver Sand’s time of 12 h 

and 16 h, respectively. The increased Sand’s time of CNFs further confirms the 

improved K ion transports and the enhanced surface area, which reduce the local current 

density (Equation (S3), Supporting Information).  

 

Figure 3. a) Corresponding curve of Zre versus ω−1/2 (low-frequency regions) of Cu, 

CNF800 and CNF2800. b) Chronoamperograms (CAs) of Cu, CNF800 and CNF2800 

half cells under a constant -450 mV overpotential. 

 

The K metal deposition process on CNFs is examined under an Ar-filled glovebox 

using CNF2800 as the model material (Figure 4a-c). The pristine CNF2800 shows a 

typical fiber morphology with a smooth surface After plating K for 0.5 mAh cm-2, the 

fibrous structure is retained but the surface become rough due to the growth of K metal 



on the surface of the CNFs. Once the CNFs are fully covered, subsequent K metal starts 

to fill the voids among interlaced nanofibers. When the deposition capacity further 

increases to 1 mAh cm-2, K metal begins to deposit on the top surface of the CNF 

electrode with a dendrite-free and flat morphology. The plating process of K on 

CNF800 is proved to be similar to that of CNF2800 (Figure S6, Supporting 

Information). The surface morphologies of the electrodes after plating of 1mAh cm-2 K 

metal are compared in Figure 4d-f. Mossy distribution of K particles with an uneven 

surface is observed on Cu foil and the surface roughness (Ra) is determined to be 188 

nm, indicating a non-uniform K growth process. Such deposition tends to form 

dendrites and thus causes constant breakage and reconstruction of SEI during the K 

metal plating/stripping process, leading to relatively low CEs and fast end of cyclic life 

(Figure 2).[32] Conversely, K deposit on CNF matrixes exhibits smooth surface with 

much lower Ra values: 73.6 and 92.1 nm for CNF800 and CNF2800, respectively. 

 



 

Figure 4. Morphology evolution of CNF2800: a) pristine one, b) after 0.5 mAh cm-2 K 

deposition and c) after1 mAh cm-2 K deposition; AFM images after deposition of 1 

mAh cm-2 K on d) Cu foil, e) CNF800 and f) CNF2800. 

 

The above analysis confirms the benefits of the 3D CNF host in guiding the K metal 

deposition for preventing non-uniform growth. Nonetheless, a question remains 

regarding the origin of the differences between CNF800 and CNF2800, which possess 

similar micro morphologies, comparable nucleation overpotentials, close K ion 

diffusion coefficients, analogous K deposition behavior and morphologies. It is widely 

accepted that the chemical composition and property of the SEI on carbon materials are 

affected by not only the electrolyte but also the chemical compositions and 

morphologies of carbon surfaces.[55-58] We speculate the microstructure of CNFs 

would significantly alter SEI properties. The resulted compositional differences of the 

SEI would bring about distinct mechanical stability upon deformation during K metal 



plating. Therefore, the mechanical properties of SEI formed on different hosts are 

investigated by a two-step nanoindentation test based on AFM. The first test is 

conducted under a small loading to elastically deform the SEI, from where Young’s 

modulus (E) is determined (Figure 5a). The elastic strain limit (εY) is obtained in the 

second test, where a large force is applied to break the SEI intentionally (Figure 5b). 

For each sample, more than 70 test positions are conducted to calculate E and εY for 

ensuring the reliability of the results. The maximum elastic deformation energy (U), 

which is proportional to the product of E· εY
5,[39] takes into account the combined 

effects of E and εY and is adopted to reflect the capability of SEI in accommodating the 

deformation (Equation 1). As shown in Figure 5c, the SEI formed on Cu shows a much 

lower U value (37.83 pJ) than those in CNFs (87.93 pJ for CNF800 and 145.76 pJ for 

CNF2800), explaining the poor CE and cyclic performance to a certain extend. 

Surprisingly, the U value of SEI on CNF2800 is almost twice that of CNF800, 

accounting for the highly improved cycling performance of CNF2800 despite similar 

K deposition morphology.  

The chemical compositions of SEI are analyzed to explore the reasons for the 

different U values. In general, the SEI could be treated as a nanocomposite where 

inorganic particles are distributed among the organic matrix. These inorganic particles 

assigned as K2SO3, K2SO4, KHSO4, and KF in XPS, have much larger E than organic 

species. SEI formed on Cu possesses a high content of inorganic particles (Figure 5d), 

leading to a relatively large E value of 630 MPa but a poor elasticity of SEI (Figure 5a 

and b). The SEIs on the two CNFs show lower content of inorganic species, thus exhibit 



lower E value than that of Cu (Figure 5a). Keeping in mind that both E and εY play 

essential roles in determining the U-value of SEI. Thanks to the moderate content of 

inorganic components of SEI on CNF2800, it exhibits superior elasticity while keeping 

a reasonable modulus. We also investigate the SEI formed on CNFs without K metal 

plating by discharge to 0 V at a small current of 50 mA g-1. It shows a similar trend 

where the SEI on CNF2800 has a slightly higher amount of inorganic components. It 

suggests that, apart from the electrolyte, carbon microstructure also has a significant 

impact on the SEI formation, which has also been observed in other 

electrode/electrolyte systems. Consequently, the largest value of U is obtained in 

CNF2800 for consuming the energy upon electrode swelling, leaving minor energy to 

break the SEI. Assisting by the high-U SEI, CNF2800 exhibits improved CE and long-

term cyclic stability compared to CNF800.  

The benefits of CNF2800 in boosting the K metal anode performance are illustrated 

in Fig. xx. Firstly, employing CNFs with abundant interconnected voids as 3D host 

enables massive loading of K and reduces the volume expansion during K plating. In 

addition, the as-prepared CNF scaffold efficiently reduces the effective local current 

density and facilitates K ion diffusion. As a result, it leads to a uniform K deposition 

and impedes the dendrite growth. Furthermore, the solid electrolyte interface (SEI) 

plays a crucial role in determining the cyclability of metal anodes. The SEI layers with 

different chemical compounds and mechanical properties are formed on CNF800 and 

CNF2800 due to their distinct structure and surface chemistry [1-3]. The SEI layer 

formed on CNF2800 has a high U value (reveals the combined roles of Young’s 



modulus and elastic strain limit), better accommodating the volumetric change. Owing 

to the synergistic effect between a 3D host and resilient SEI on CNF2800, highly 

improved coulombic efficiency and cycle life are achieved. 

 

Figure 5. a) E, b) εY and c) U value of the SEI layer formed on Cu, CNF800 and 

CNF2800 after 3 cycles. d) The atomic contents of inorganic particles in SEIs on Cu, 

CNF800 and CNF2800. 

 

4. Conclusion 

Carbon nanofibers with the distinct atomic structure are employed as hosts for stable K 

metal deposition. Owing to the reduced local current density, both CNFs exhibit 

improved plating/stripping behavior than Cu foil counterparts. The 3D CNFs facilitate 

the K ion diffusion, leading to a smooth morphology after K deposition. Although 



having similar K metal nucleation and growth behavior, CNF2800 shows more 

attractive performance than CNF800 because of the formation of resilient SEI. The 

AFM test demonstrates that the SEI formed on CNF2800 has a large maximum elastic 

deformation energy (U) to consume the energy induced by anode expansion. Therefore, 

it holds a strong capability of accommodating the repeated swelling/contraction during 

K metal plating/stripping. Consequently, CNF2800 exhibits a high CE of 96% and 

stable long-term cycling for above 2000 h, which is among the most promising results 

for K metal anode in carbonate electrolytes. This work emphasizes the critical roles of 

carbon nanostructure in guiding the K metal deposition on the one hand. On the other 

hand, we demonstrate the surface functionality of carbon hosts significantly affect 

SEI’s mechanical properties, which is largely ignored previously but of great 

importance to the long-term stability. We expect it would guide the rational design of 

carbon hosts for alkali metal anodes. 
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