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Experimental Section 

Materials Preparation: All of the analytical reagents were directly used without any further 

purification.  

Synthesis of Ag@CNF: The chemical processes involved in the preparation of Ag@CNF 

are depicted in Figure S1, with the specific synthesis steps described below. 

(a) Preparation of Polyimide Nanofiber Membranes: Initially, 20 g of poly(amic acid) 

(PAA, 20 wt%) solution was weighed and mixed with 2 wt% of polyvinylpyrrolidone (PVP, 

Mw=1,300,000). Subsequently, using electrospinning technology, a nanofiber membrane was 

uniformly deposited onto an aluminum foil substrate under the conditions of a spinning voltage 

of 15 kV, a receiving distance of 15 cm, and a spinning solution flow rate of 1 mL h−1. The 

spinning process lasted for 12 hours. Following this, a heat treatment step was performed, where 

the sample was slowly heated to 400°C at a rate of 5°C min−1 in an air atmosphere and 

maintained at this temperature for 1 hour under annealing, ultimately yielding the polyimide 

nanofiber membrane. 

(b) Surface Treatment for Metal Loading: The polyimide nanofiber membrane was 

immersed in a 0.1 M KOH aqueous solution at 40°C for 1 hour to activate its surface. Special 

attention was paid to using an excess amount of KOH solution to ensure that the concentration 

of the KOH solution during the reaction remained stable, thereby avoiding fluctuations that 

could affect the ring-opening rate. Subsequently, the membrane was rinsed with deionized 

water to remove residual KOH. The fiber membrane was then placed in a 0.1 M AgNO3 aqueous 

solution at 30°C for 30 minutes. Finally, it was rinsed again with deionized water and allowed 

to dry naturally at room temperature overnight. 

(c) High-Temperature Heat Treatment for Metal Reduction: The treated nanofibers were 

clamped between quartz plates and placed in an Ar-protected atmosphere. They were then 

heated to 900°C at a rate of 3°C min−1 and maintained at this temperature for 1 hour to obtain 

the metal-loaded nanofiber membrane anode material. The final samples soaked in KOH 

solution for 1, 2, and 5 hours were named Ag@CNF-1h, Ag@CNF-2h, and Ag@CNF-5h, 

respectively. 

Synthesis of Ag/CNF: Firstly, 2 wt% of AgNO3 was added to PAA solution. Using 

electrospinning technology, the mixed solution was uniformly spun onto an aluminum foil 

substrate under the conditions of a spinning voltage of 20 kV, a receiving distance of 15 cm, 

and a spinning solution flow rate of 1 mL h−1 to form a nanofiber membrane. The spinning 

process lasted for 12 hours. Following this, a heat treatment was performed, where the sample 

was slowly heated to 900°C at a rate of 3°C min−1 in an Ar atmosphere and maintained at this 
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temperature for 1 hour for annealing, ultimately yielding the metal-loaded nanofiber membrane. 

Samples with different Ag contents were prepared by adding 1, 2, and 5 wt% of AgNO3 during 

this step, and the final samples were named Ag/CNF-1, Ag/CNF-2, and Ag/CNF-5, respectively. 

Synthesis of Ag-CNF: Samples prepared without prior surface activation using an alkaline 

solution were named Ag-CNF. 

 

Materials Characterizations 

The morphologies of the samples were investigated by scanning electron microscopy (SEM, 

Regulus 8100). Transmission electron microscopy (TEM) and high-resolution TEM (HRTEM) 

images were obtained on FEI Talos F200X G2 equipped with energy-dispersive X-ray 

spectroscopy (EDS, Oxford X-Max). Crystal phases of the samples were identified using X-ray 

powder diffractometer (XRD, Bruker D8 Advance) with Cu Kα irradiation (λ = 1.54056 Å). 

The surface structure and work function of the nanocomposite were analysed by X-ray 

photoelectron spectroscopy (XPS, ESCALAB 250Xi). The depth profile analysis was 

performed by Ar ion sputtering. Chemical information of the SEI layer was collected after 

etching for 0, 10, 30, 60, and 120 seconds. Thermogravimetry analyses (TGA, Q500) were 

carried out within a temperature range from 25 to 900 °C under an air flow with a heating rate 

of 10 °C min−1. The ultrathin sectioning samples were sliced into 100 nm thick lamellae using 

a Leica EM UC7 ultramicrotome for TEM characterization. The electronic conductivity was 

measured by cyclic voltammetry (CV) employing Ohm's law and the resistivity equation. 

 

Electrochemical Measurements 

Electrochemical characterization was carried out using 2032-type coin cells. To evaluate the 

electrochemical deposition behavior and CE, self-supporting Ag@CNF and Ag/CNF were 

directly used as the working electrodes. The areal mass loading of the Ag@CNF electrode is 

around 2.5 mg cm−2. The lithium metal anode based on ether-based electrolytes could usually 

provide higher CE than that of carbonate-based electrolytes because of inhibiting of the growth 

of lithium dendrites. Therefore, 1.0 M lithium bis(trifluoromethanesulfonyl)imide (LiTFSI) in 

a mixture solution of 1,3-dioxolane and dimethoxyethane (DOL/DME, 1:1 v/v) with 1 wt % 

lithium nitrate (LiNO3) was used as the main electrolyte. 1.0 M lithium hexafluorophosphate 

(LiPF6) in a mixture solution of dimethyl carbonate, ethylene carbonate and ethyl methyl 

carbonate (DMC/EC/EMC, 1:1:1 v/v/v) was selected as the carbonate-based electrolyte. 

Lithium foil was used as the counter and reference electrode, and Celgard 2400 membrane was 

selected as the separator. To form a stable SEI on the electrode, the batteries were first cycled 
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between 0 and 1.0 V (versus Li/Li+) at 0.2 A g−1 for three cycles. Then, a fixed amount (1.0 

mAh cm−2) of Li metal was plated onto the electrode and then stripped away until 1.0 V at 1.0 

mA cm−2. The cycling performance was performed on a NEWARE battery testing system. Then, 

3 mAh cm−2 of Li was plated onto the Ag@CNF or Ag/CNF at a current density of 1 mA cm−2 

to form Li/Ag@CNF and Li/Ag/CNF. Symmetric cells were assembled using Li/Ag@CNF and 

Li/Ag/CNF electrodes to measure the long-term electrochemical behavior of Li 

plating/stripping. Cyclic voltammetry (CV) was performed on symmetric cells to measure the 

exchange current density. A fixed sweep rate of 1.0 mV s−1 was employed the voltage range 

from −200 mV to 200 mV. For the full cells, the cathode contains 95 wt % of commercial 

LiFePO4 (LFP) powder, 2 wt % of Super-P, and 3 wt % of polyvinylidene difluoride (PVDF) 

binder using N-methyl-2-pyrrolidone (NMP) as the solvent, and the well-mixed slurry was cast 

onto carbon-coated Al foil. The areal capacity loading of LiFePO4 (1C=170 mAh g−1) cathodes 

was controlled at about 1.5 mAh cm−2. The capacity ratio of cathode and anode was about 1:2. 

For full cell testing, unless otherwise specified, a self-supporting electrode loaded with 2 mAh 

cm−2 lithium is utilised. All the cells were assembled in a glove box with H2O/O2 content lower 

than 0.1 ppm and were tested at room temperature. 

The in-situ EIS testing: A galvanostatic intermittent titration technique protocol was 

employed, where the battery was discharged at a current density of 0.2 mA cm−2 for 10 minutes, 

followed by a relaxation period of 10 minutes, prior to conducting the electrochemical 

impedance spectroscopy (EIS) measurement. The EIS test was also conducted under open-

circuit voltage conditions, with a frequency range from 100 kHz to 0.1 Hz and an amplitude of 

10 mV. For Distribution of Relaxation Times (DRT) analysis, the DRTtools package in 

MATLAB was utilized, employing the Gaussian discretization method and first-order 

regularization derivatives for fitting, while accounting for inductance effects.[1] 

For pouch cell, commercial LiFePO4 cathode single-sided electrodes (Shenzhen Kejing 

Star Technology Co., Ltd.) were employed to construct lithium metal pouch cells. The areal 

mass loading of the cathode was approximately 14 mg cm−2, with dimensions of 5.5 × 6 cm2. 

The same ether-based electrolyte and separator as used in the coin-type full cell were utilized. 

Additionally, the pouch cell was filled with approximately 3 g Ah−1 of electrolyte. The soft-

packed battery underwent charge-discharge cycles between 4.0 and 8.0 V at a current rate of 45 

mA. 
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Computational Calculations 

The lithium deposition simulation based on the finite element simulation method was performed 

with COMSOL Multiphysics 6.0. The simulation initiated with the setup of boundary potentials, 

electrode kinetics, and the distribution of the ion battery's boundary geometry. The anode and 

lateral boundaries were treated as undeformed, whereas the cathode boundary and Ag plating 

was modeled as a deformable electrode surface, which was intricately coupled with the 

electrochemical interface of the ion battery module. The electrochemical simulation was carried 

out within a 100 µm × 100 µm area. The electrolyte used was a 1.0 M solution of LiTFSI in a 

DOL:DME (1:1 v/v) mixture, with the addition of 1.0% LiNO3. A rectangular array measuring 

10 µm in width and 1 µm in height was used to represent the CNF, while a circular array with 

a radius of 0.7 µm was employed to represent the Ag particles. The electrode kinetics were 

modeled using the Butler–Volmer equation, while the electrolyte transport adhered to the 

Bruggeman theory. The diffusion coefficient, transference number, and conductivity were all 

transiently coupled with mass transfer variables, further enhancing the accuracy and realism of 

the simulation, and were all governed by the Bruggeman rule. The current density was set to 1 

mA cm−2. The in situ density for anodes of the adsorption–desorption species is set to 10−5 mol 

m−3. The process was simulated within 320 s under electrochemical constant current lithium 

deposition. 

 

Arrhenius law 

The activation energy for the anode charge transfer process is calculated using the Arrhenius 

relationship:[2] 

1 𝑅௡⁄ ൌ 𝑅௜௡௧eିாೌ ோ்⁄     (1) 

where Rn describes the interfacial resistance for each process, Rint is a pre-exponential term 

that characterizes the intrinsic value of Rct (charge transfer resistance), and Ea represents the 

activation energy. 

 

Tafel curve 

When the concentration polarization is negligible, the exchange current density can be 

calculated based on Tafel equation:[3] 

𝜂 ൌ a ൅ b log 𝑗     (2) 

where j is the current density, η is the overpotential, a and b are constants. 
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Lithium diffusion coefficient from GITT 

By the galvanostatic intermittent titration technique (GITT) technique, the Li-ion chemical 

diffusion coefficients (DLi
+) can be quantitatively determined through the simplified Fick's 

second law:[4] 

𝐷 ൌ ସ

గఛ
ቀ
௠ಳ௏೘
ெಳௌ

ቁ
ଶ
ቀ
୼ாೄ
୼ா೟

ቁ
ଶ
    (3) 

where τ is the current pulse time (s), Vm, MB, and mB are the molar volume, the molecular 

weight, and the mass of the active material, respectively. S is the geometric area of the electrode. 

ΔES and ΔEt are the voltage changes during the time period s and after open-circuit stand. 

 

 

Figure S1. Chemical flow chart for the preparation of Ag@CNF through ion exchange and heat 

treatment. 
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Figure S2. Tensile stress-strain relationship diagram of carbon nanofiber membrane surface-exposed 

with active Ag nanoparticles. 

 
 

 

Figure S3. Low magnification SEM image of Ag@CNF. The image displays nanofibers with criss 

crossing and uniform size. 
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Figure S4. Morphological characterization of Ag/CNF. (a) Schematic illustration of material 

preparation and lithium storage; (b) SEM image, (c) TEM image with particle size distribution histogram 

(inset), and (d) HRTEM image with cross-sectional image after ultrathin sectioning (inset) of Ag/CNF; 

(e) Elemental mapping images of Ag, C, N, and O in the material. 
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Figure S5. XPS spectrum of Ag@CNF and Ag/CNF. 

 

 

 

Figure S6. Characterization of Ag-CNF materials prepared by conventional adsorption method. (a) 

SEM image, (b) TEM image, (c) XRD pattern, and (d) TG curve of Ag-CNF. 
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Figure S7. HRTEM image of Ag@CNF, inset: lattice spacing diagram of the boxed area. 

 

 

 

Figure S8. TEM images of materials under different parameter conditions. The numbered labels in the 

top right corner correspond to the sample serial numbers in Table S1. 
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Figure S9. Morphological characterization of Ag/CNF loading regulation. (a-c) SEM images, (d-f) 

TEM images, and (g-i) HRTEM images of materials prepared using 1, 2, and 5 wt% AgNO3 precursors, 

respectively, along with their (j) XRD and (k) TG patterns. 

 

 

 

 

Figure S10. Mass loading characterization of Ag/CNF. (a) XRD and (b) TG patterns of materials 

prepared using 1, 2, and 5 wt% AgNO3 precursors. 
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Figure S11. Scalability verification of the ion-exchange method. a) XRD patterns and b) SEM images 

of carbon fibers after ion exchange with Mg, Al, Ca, Fe, Co, Ni, Cu, and Zn elements, respectively. 

 

 

 

Figure S12. Microscopic morphology characterization of SEI. (a, b) SEM and (c, d) TEM images of 

lithium-activated (a, c) Ag/CNF and (b, d) Ag@CNF. 
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Figure S13. Conductivity testing of self-supporting fibrous membrane electrodes. (a) Schematic 

illustration of the homemade conductivity measurement setup, encompassing both longitudinal and 

horizontal orientations. (b) Conductivity test results of CNF, Ag/CNF, and Ag@CNF in both 

longitudinal and horizontal directions, along with (c) a schematic representation of electron transport. 

 

 

 

Figure S14. UPS spectra of Ag@CNF and Ag/CNF (Wf: work function). 
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Figure S15. Simulation results of (a) concentration distribution and (b) electric field distribution of 

Ag/CNF (left) and Ag@CNF (right) at the initial state. 

 

 

 

Figure S16. Typical distribution of relaxation times (DRT) diagram during discharge. The τ1 peak at 

around 10−5 seconds is attributed to contact resistance, while the τ2 peak at around 10−4 seconds is due 

to the transport impedance of Li+ ions across the SEI layer. The τ3 and τ4 peaks within the 10−3 to 10−1 

seconds range are attributed to the charge transfer impedance (Rct) of the electrode. 
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Figure S17. A localized enlargement of the distribution of relaxation time (DRT) plot for Stage I of the 

discharge process of Ag@CNF. 

 

 

  

Figure S18. Electrochemical and kinetic study of lithium deposition on the comparison sample. (a) 

Voltage profiles of the Ag/CNF electrode during galvanostatic intermittent titration technique (GITT) 

at 0.2 mA cm–2; (b) Nyquist plot of in-situ electrochemical impedance spectroscopy (EIS) during the 

discharge process; (c) DRT contour plot at different discharge stages; (d) Magnified DRT plot for Stage 

I. 
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Figure S19. (a, b) EIS curves and (c) corresponding DRT plots for anode impedance testing at lithium 

nucleation potential and various temperatures. 

 

 

 

Figure S20. Nyquist plots of the Li/Ag@CNF and Li/Ag/CNF symmetric cells after cycles at (a) 1 mA 

cm−2 and (b) 3 mA cm−2. 

 

 

 
Figure S21. The corresponding charge discharge curve graph of a) Li/Ag/CNF and b) Li/Ag@CNF at 

1 mA cm−2 and 1 mAh cm−2. 
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Figure S22. Coulombic efficiency of Ag/CNF and Ag@CNF half-cells at different current densities: a) 

2 mA cm−2, 1 mAh cm−2; b) 3 mA cm−2, 1 mAh cm−2. 

 

 

 
Figure S23. TEM images and element mapping after cycling 200 hours of (a-c) Ag@CNF and (d-f) 

Ag/CNF. 
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Figure S24. Performance characterization of nanofiber membrane symmetric batteries with different 

active mass loading. Voltage hysteresis curves of lithium deposition/stripping in Ag@CNF-1h and 

Ag@CNF-5h nanofiber membrane symmetric batteries at currents of (a) 1 mA cm−2 and (b) 3 mA cm−2. 

 

 

 

Figure S25. Cyclic voltammetry curve of symmetric cells with a scan rate of 1.0 mV s−1. 
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Figure S26. a) Rate performance at high current and corresponding charge-discharge profiles of b) 

LFP||Li/Ag@CNF and c) LFP||Li/Ag/CNF. 

 

 

 

Figure S27. Kinetic performance characterization of fiber membrane full cells. (a) Typical cyclic 

voltammetry curves of LFP||Li/Ag@CNF and (b) LFP||Li/Ag/CNF at various scan rates (0.2, 0.4, 0.6, 

0.8, 1.0, 1.2, 1.4, 1.6, 1.8, and 2.0 mV s−1). 

 

 

 

Figure S28. Galvanostatic Intermittent Titration Technique (GITT) curves during the discharge-charge 

process and apparent lithium-ion diffusion coefficients during the discharge process. 
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Table S1. The changes in product quality under different KOH concentration, temperature, and soaking 

time parameters of ion exchange method. 

# 
KOH concentration 

/mol L−1 
Temperature/°C Soaking time/h 

PI-K mass 
gain/wt% 

1 0.01 30 1 0.0 

2 0.01 30 2 0.1 

3 0.01 30 5 1.9 

4 0.01 40 1 2.7 

5 0.01 40 2 5.4 

6 0.01 40 5 13.5 

7 0.01 50 1 3.8 

8 0.01 50 2 7.9 

9 0.01 50 5 18.8 

10 0.1 30 1 2.3 

11 0.1 30 2 5.5 

12 0.1 30 5 13.4 

13 0.1 40 1 5.6 

14 0.1 40 2 11.5 

15 0.1 40 5 33.4 

16 0.1 50 1 7.8 

17 0.1 50 2 15.0 

18 0.1 50 5 35.6 

19 1 30 1 27.9 

20 1 30 2 33.2 

21 1 30 5 36.4 

22 1 40 1 35.0 

23 1 40 2 34.6 

24 1 40 5 36.5 

25 1 50 1 36.0 

26 1 50 2 34.0 

27 1 50 5 37.8 
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Table S2. Comparison of performance of symmetrical cells with modified metal lithium anodes reported 

in the past four years. 

Anode Lithium source 

Li 
content 
(mAh 
cm−2) 

Current 
density 

(mA 
cm−2) 

Plating 
capacity 

(mAh 
cm−2) 

Time 
(h) 

Reference 

Ag@CNF 
Electrodeposited 

lithium 
3 

1 1 1500 
This work 

3 1 400 
Ag@carbon macroporous 
fibers 

Electrodeposited 
lithium 

6 1 1 1000 
Sci. Adv. 2021, 7, 

eabg3626 
Ag-rGO-vertically aligned 
nanoporous block-
copolymer 

Electrodeposited 
lithium 

2 1 1 400 
Adv. Mater. 2022, 

34, 2203992 

Lotus-root-like Ni–Co 
hollow prisms@CF 

Electrodeposited 
lithium

12 1 1 1200 
Adv. Mater. 2021, 

33, 2100608

CuO-coated PET fabric 
Electrodeposited 

lithium 
6 

0.25 1 1850 Adv. Energy Mater. 
2022, 12, 2200584 1 1 450 

TiO2-TiN 
Electrodeposited 

lithium 
10 1 1 200 

Adv. Energy Mater. 
2022, 12, 2200308 

GO-PB@Cu 
Electrodeposited 

lithium
5 1 1 300 

Adv. Energy Mater. 
2021, 11, 2102242

ZnO nanorod 
arrays/microflowers 

Electrodeposited 
lithium 

10 3 1 77 
ACS Nano 2022, 16, 

17454−17465 

Au/Cu nanoscaffold 
Electrodeposited 

lithium 
10 

1 1 1300 Adv. Funct. Mater. 
2021, 31, 2102735 3 1 225

LiZn@Cu Molten lithium 4.4 1 1 690 
Nat. Commun. 2024, 

15, 1354 

Hydrogen-substituted 
graphdiyne aerogel 

Molten lithium 15 
1 1 600 Nano Lett. 2024, 24, 

3044–3050 3 1 100 

Fe-Li Molten lithium 80 μm 0.5 0.5 700 
Adv. Energy Mater. 
2022, 12, 2200999

Cu2O@Cu foam@Li Molten lithium 85.7 
3 1 150 Adv. Funct. Mater. 

2021, 31, 2006950 1 1 400 
S-CE/S-GE composite 
layer 

Li foil 40 μm 
5 3 400 Nat. Commun. 2023, 

14, 4047 2 3 275 
Li@zinc 
dialkyldithiophosphate 

Li foil 15 μm 1 1 800 
Nat. Commun. 2023, 

14, 5678 

Li Li foil 5 
1 1 2000 Nat. Energy 2021, 6, 

378–387 3 1 260 
Al-heteroatom-
concentrated grain 
boundary 

Li foil 50 μm 1 1 30 
Sci. Adv. 2022, 8, 

eabq3445 

Fluorinated carbon 
nanotube macro-film 

Li foil 5 1 1 350 
Angew. Chem. Int. 

Ed. 2024, 63, 
e202319600

F3-Li Li foil 600 μm 3 1 350 
Angew. Chem. Int. 

Ed. 2023, 62, 
e202309622 

LixZny Li foil 64.6 1 1 900 
Angew. Chem. Int. 

Ed. 2023, 62, 
e202217458 
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Anode Lithium source 

Li 
content 
(mAh 
cm−2) 

Current 
density 

(mA 
cm−2) 

Plating 
capacity 

(mAh 
cm−2) 

Time 
(h) 

Reference 

ZeroVE-Li LiMg alloy foil 13.2 1 1 1500 
Adv. Mater. 2022, 

34, 2205677

PDDA-TFSI@Li Li foil 19.4 1 1 1000 
Adv. Mater. 2021, 

33, 2007428 

FeF3-FeF2-LiF@Li Li foil - 1 1 1000 
Adv. Energy Mater. 
2022, 12, 2103332 

CuCl2 Li foil - 4 1 200 
Adv. Energy Mater. 
2022, 12, 2103480

Li2S Li foil 300 μm 1 1 500 
Adv. Funct. Mater. 
2021, 31, 2006380 

Note: If the original data is not provided in the literature, the lithium anode is replaced with 100 μm 
lithium foil.  
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Table S3. Comparison of the electrochemical performance of modified metal lithium anodes paired with 

LiFePO4 cathodes reported over the past four years in full batteries. 

Anode 

Cathode 
area 

capacity 
(mAh 
cm−2) 

N/P 

Current 
density 

(mA 

g
−1

) 

Cycle 
(n) 

Specific 
capacity 
(mAh 
g−1) 

Capacity 
retention 

(%) 

Platform 
voltage 

(V) 

Energy 
density 

(Wh 
kg−1)* 

Reference 

Ag@CNF 1.5 2 1C 300 137 90% 3.37 424 This work 

PFOTES-Li 0.60 10.1 1C 800 150 84% - 343** 
ACS Nano 2025, 

10.1021/acsnano.5c03708

HEA@Li 0.18 - 1C 300 150.7 90% 3.35 85** 
Adv. Funct. Mater. 2025, 

2425487 

GFC@PVDF@Li 1.28 1.5 1C 170 145.4 83% - 450** 
Energy Storage Mater. 

2025, 77, 104200 

Li@eGF 3.2 1.2 0.5C 200 126 81% 3.35 400 
Nat. Energy 2021, 6, 790-

798 

xPCMS-g-
PEGMA/lithiated 
Nafion 

2 46.5 
0.2C 100 155 94% - 170** 

Nat. Nanotechnol. 2022, 
17, 613-621 0.5C 100 150 93% - 165** 

LiZn@Cu 1.3 3.4 0.5C 230 140 98% 3.35 415 
Nat. Commun. 2024, 15, 

1354

CS/DF-PEG-
DF@Li 

3.4 2.9 0.5C 100 138 60% - 403** 
Nat. Commun. 2023, 14, 

4018 

Ag@carbon 
macroporous 
fibers 

0.68 8.8 1C 250 132 96% 3.34 317 
Sci. Adv. 2021, 7, 

eabg3626 

Fluorinated 
carbon nanotube 
macro-film 

0.85 5.9 1C 220 122 81% 3.1 300 
Angew. Chem. Int. Ed. 
2024, 63, e202319600 

Cationic 
phosphonium 
fluoropolymers 

1.73 - 1C 210 150 95% 3.38 350** 
Angew. Chem. Int. Ed. 
2023, 62, e202308724 

Ordered PA-
LiOH biphase 
layer 

1.7 - 0.5C 200 142 98% 3.32 311** 
Angew. Chem. Int. Ed. 
2023, 62, e202305723 

F3-Li 1.79 22.4 1C 700 143 94% 3.31 317 
Angew. Chem. Int. Ed. 
2023, 62, e202309622 

LixZny 0.68 95 1C 500 141 80% - 90** 
Angew. Chem. Int. Ed. 
2023, 62, e202217458

PPy-filled 
HKUST-1@Cu 

0.9 5.3 1C 800 150 85% 3.32 403 
Angew. Chem. Int. Ed. 
2022, 61, e202116291 

N-doped Zn–C 
multichannel 
fibers 

0.8 7.8 1C 200 133 105% 3.32 328 
Angew. Chem. Int. Ed. 

2021, 60, 8515 

C@MoS2/S-Cu 
0.5 9.8 1C 300 145 95% 3.38 342 Angew. Chem. Int. Ed. 

2020, 59, 15839–15843 1.82 3.5 1C 145 135 99% - 387** 
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Anode 

Cathode 
area 

capacity 
(mAh 
cm−2) 

N/P 

Current 
density 

(mA 

g
−1

) 

Cycle 
(n) 

Specific 
capacity 
(mAh 
g−1) 

Capacity 
retention 

(%) 

Platform 
voltage 

(V) 

Energy 
density 

(Wh 
kg−1)* 

Reference 

LiAlO2-Li 0.90 22.2 1C 800 142 64% 3.35 241 
Adv. Mater. 2024, 36, 

2303710

Li-B@stainless-
steel mesh 

2.38 2.1 1C 400 147 98% 3.32 356 
Adv. Mater. 2023, 35, 

2211203 

LiF/LiBO–
Ag@Li 

0.92 21.8 1C 650 140 94% - 236** 
Adv. Mater. 2023, 35, 

2300350

PDDA-TFSI@Li 2.8 6.9 0.5C 200 138 98% 3.36 356 
Adv. Mater. 2021, 33, 

2007428 

Lotus-root-like 
Ni–Co hollow 
prisms@CF 

1.2 6 1C 150 106 85% 3.25 273 
Adv. Mater. 2021, 33, 

2100608 

Fe-Li 0.51 0.03 0.5C 100 145 78% - 197** 
Adv. Energy Mater. 
2022, 12, 2200999 

Sulfured and 
fluorinated 
interphase/Co 

0.43 44 1C 200 155 92% - 174** 
Adv. Funct. Mater. 2023, 

33, 2214987 

MXene@COF 0.9 3 1.5C 150 130 82% 3.27 375 
Adv. Funct. Mater. 2021, 

31, 2101194

N, O-codoped 
carbon nanosheet 
array@Cu 

0.6 7 
0.3C 

(1C=150 
mA g−1) 

430 140 71% 3.35 397 
Adv. Funct. Mater. 2021, 

31, 2102354 

Au/Cu 
nanoscaffold 

0.9 11.8 1C 200 126 78% - 274** 
Adv. Funct. Mater. 2021, 

31, 2102735 

M-ILE@Li 1.62 6.2 0.5C 250 161 96% - 417** 
ACS Nano 2022, 16, 

16898-16908

H-substituted 
graphdiyne 
aerogel 

3 5 0.4C 170 142 98% 3.32 399 
Nano Lett. 2024, 24, 

3044–3050 

PDDA modified 
bamboo fibers 

2.69 3.7 1 C  200 138 95% - 391** 
ACS Energy Lett. 2023, 

8, 486-493 

LBT@Li 0.34 - 1C 650 120 81% 3.2 107** 
Nano-Micro Lett. 2022, 

14, 44 
* Energy density = (Cell energy × Platform voltage)/Electrode mass (including cathode material and 
loaded lithium);  
** Use a 3.3 V voltage platform and 100 μm lithium foil to replace missing data for calculating energy 
density. 
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