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Fig. S1 The Coulombic efficiency of LCO-Al||Li and LCO-CMF||Li at different cycles



Fig. S2 The first discharging/charging curves (a) at 0.1 C and cycles performance (b) of LCO-Al||Li and 

LCO-CMF||Li with different cutoff voltage at 0.5C
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Fig. S3 The rate capability of LCO-Al||Li and LCO-CMF||Li with mass loading of 5 mg cm-2 at cutoff 

voltage of 4.3 V (a), 4.4 V (b) and 4.6 V (c)



Fig. S4 The rate capability of LCO-Al||Li and LCO-CMF||Li with a high mass loading of 16 mg cm-2 at 

cutoff voltage of 4.5 V



Fig. S5 The typical cross-section images of LCO-CMF (a) and LCO-Al (b) electrodes
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Fig. S6 The first cycle galvanostatic intermittent titration technique (GITT) curves at 0.1 C of LCO-Al (a) 

and LCO-CMF (b), E vs tcin a single step, linear relationship (d) between E and t0.5during a typical 

titration and extraction (e) and insertion (f) of DLi
+

 values calculated from the GITT curves for the cells 

based different current collectors. 

To study the Li+ diffusivity of LCO using different Al foil and CMF, the GITT experiment was performed 

on electrode LCO-Al during the first Li+ insertion/extraction processes at room temperature. The Li+ 

diffusion coefficient ( ) can be determined using the Fick's second law with equation (1):1, 2𝐷𝐿𝑖
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where MB is the molar weight of LCO, S is the real surface area of LCO, Vm is molar volume of LCO, mB is mass weight of 

LCO, t is titration time,  is potential variation during pulse, and  is variation in equilibrium potential. Since potential ∆𝐸𝑡 ∆𝐸𝑠

was linearly proportional to t0.5 during single titration (Fig. S18c), equation (1) was simplified as equation (2):
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Based on the calculation, the LCO-Al||Li and LCO-CMF||Li cell variation tendencies of  during the Li+ 𝐷𝐿𝑖

extraction/insertion processes are shown in Fig. S5e, f.



Fig. S7 The photograph of CMF (a), LCO-CMF (b), and the weight of the CMF (c) and LCO-CMF (d) with 

area of ~5×5 cm2



Fig. S8 The energy density of LCO-Al||Li with cutoff voltage of 4.3 V, LCO-Al||Li with cutoff voltage of 

4.5 V and LCO-CMF||Li with cutoff voltage of 4.5 V, the energy densities were calculated based on weight 

of the LCO



Fig. S9 The typical SEM image of the as-prepared CMF (a) and the EDS result (b) of the selected area in (a)



Fig. S10 The CV curves of LCO-Al||Li and LCO-CMF||Li with cutoff voltage of 4.6 V after 100 cycles



Fig. S11 Galvanostatic charge/discharge of the LTO-Al||Li and LTO-CMF||Li at first (a) and 200 cycles (b) 

with a C-rate of 0.5 C
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Fig. S12 The HRTEM images of surface of LCO on Al foil (a) and CMF (b) after 200 cycles



Fig. S13 The SAED of LCO peeled off from LCO-CMF electrode after 200 cycles



Fig. S14 The XRD patterns of LCO peeled off from LCO-Al and LCO-CMF with cutoff voltage of 4.5 V 

and 4.6 V after 200 cycles (a), the enlarged XRD patterns of different electrode after cycles with cutoff 

voltage of 4.5 V (b) and 4.6 V (c)



Fig. S15 The linear sweep voltammetry of electrolyte (LiPF6 in EC/DEC) in a coin cell with current 

collector tested voltage from 3.0 V to 5.0 V, the scanning rate is 0.1 mV s-1



Fig. S16 Typical 19F NMR spectrum of electrolyte from LCO-Al||Li after first cycles



Fig. S17 The magnified XRD patterns of LCO for different electrodes after cycles near the strongest peaks



Fig. S18 The XPS patterns of LCO from the surface of LCO-Al and LCO-CMF after 200 cycles



Fig. S19 The typical SEM images of the LCO surface (a, b) near the current collector side from the LCO-Al 

electrode



Fig. S20 The cycle performances (a) of Graphite-Cu||Li and Graphite-CMF||Li at 0.5C and the typical SEM 

image (b) of CMF from Graphite-CMF after 50 cycles



Fig. S21 The discharging/charging curves of Graphite-Cu||Li at first cycles (a), and CV curves (b) of 

Graphite-Cu||Li cell at different cycles



Fig. S22 The discharging/charging curves (a) and cycle performances (b) of LCO-Al||Gra-Cu and LCO-

CMF||Gra-Cu pouch cells with cutoff voltage of 4.5 V



Table S1 The Rs and Rf of LCO-Al||Li and LCO-CMF||Li at different cycles from EIS results

LCO-Al||Li-5th LCO-CMF||Li-5th LCO-Al||Li-200th LCO-CMF||Li-200th

Rs（Ω） 3 3.3 4.2 4.8

Rf（Ω） 164 115 212 172



Table S2 The contents of LCO on Al foil and CMF before and after cycles

Element C (At%) Co (At%) O (At%) F (At%) Total (%)

LCO-Al after 200 
cycles

12.21 75.39 8.17 4.23 100

LCO-CMF after 200 
cycles

15.28 71.62 10.39 2.71 100

LCO-Al before cycle 10.61 78.92 10.47 --- 100



Table S3 The sheet resistance of different CMF using for loading LCO before and after cycles

Resistance R1 Ω□-1 R2 Ω□-1 R3 Ω□-1 Raverage

CMF before cycle 5.4 5.6 5.4 5.5

CMF after 200 cycles 6.2 6.4 6.8 6.5



Table S4 Comparison of electrochemical performances based on CMF with other previous LCO-based batteries

Strategy Configuration
Capacity 

retention (%)

Areal loading

(mg cm-2)
Voltage (V)

Energy density 

Wh Kg-1
Ref.

Li1.5Al0.5Ti1.5(PO4)3 

coating
LCO||Li 88 (100th) 3 3.0-4.6 306 3

nitriles and 

fluoroethylene

carbonate +1 M LiPF6

EC/ EMC

LCO||Li 75 (300th) 6 3.0-4.6 431 4

Mg doping LCO||Li 84 (100th) 3 3.0-4.6 304 5

LHCE+1 M LiPF6     

EC/ EMC
LCO||Li 84 (300th) 13.5 3.0-4.5 530 6

PVDF–PVAC LCO||Li 85 (200th) 1.5 3.0-4.5 180 7

PDES-CPE LCO||Li 82 (100th) 1 3.0-4.6 152 8

Mg、La doping

Ti coating
LCO||Li 83 (300th) 12 3.0-4.5 514 9

Lithium-Aluminum-

Phosphate coating
LCO||Li 89 (200th) 3-4 3.0-4.6 375 10

LCO||Li 96 (50th) 10 3.0-4.5 488
La、Al doping

LCO||Gra 74 (60th) 10 2.5-4.5 500
11

LCO||Li 75 (200th) 1.5 3.0-4.6 211
Al、Ti doping

Mg coating
LCO||MC

MB
78 (200th) 7 3.0-4.5 480

12

LCO||Li 82 (200th) 12.6 3.0-4.6 572Li、Al doping

F coating LCO||Gra 76 (70th) 12.6 3.0-4.6 568
13

LCO||Li 86 (100th) 3-4 3.0-4.6 340
Mg、Al、Ti doping

LCO||Gra 79 (70th) 15 3.0-4.55 652
14

LCO||Li 85 (120th) 3 3.0-4.62 364
Se coating

LCO||Gra 80 (250th) 17 3.0-4.57 634
15

LCO||Li 72 (50th) 5 3.0-4.6 431
LiNi0.5Mn1.5O4 coating

LCO||Gra 81 (400th) 10 3.0-4.45 421
16

Li1.5Al0.5Ge1.5(PO4)3 

coating
LCO||Gra 83 (200th) 9 2.5-4.45 446 17

LiNi0.45Al0.05Mn0.5O2 

coating
LCO||Gra 87 (150th) 10 3.0-4.48 458 18

Li4Ti5O12 coating LCO||Gra 89 (150th) 12 2.8-4.5 449 19

cathode prelithiation
LCO||Gra-

SiO
76 (100th) 18.5 3.0-4.2 442 20

DMSE+1 M LiPF6

EC/DMC/EMC
LCO||Gra 66 (100th) 15.4 3.0-4.5 588 21

LCO||Li 94(300th) 5 3.0-4.5 651CMF as 

current collector LCO||Gra 82(200th) 16 3.0-4.4 645

This 

Work

Note: The energy density is calculated based on the weight of cathode electrode.
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