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Fig. S1 SEM images of rGOCF-1(a, b) and rGOCF-5 (c, d). 

 

 

 

Fig. S2(a,b) The HRTEM images of CF. 

 

 

 

 

 



 
Fig. S3 Contact angles of CF and rGOCF-3. 

 

Fig. S4 CV curves of the CF (a) and rGOCF-3 (b) electrodes at various scan rates in 

negative reactions. 

 

 

Fig. S5 The SEM images of rGOCF-3 after the cell test. 

 

 



 

Table S1. Electrochemical properties obtained from CV curves of the positive and 

negative reactions on various electrodes. 

 

 

                           (Note: D1 is the peak oxidation current, D2 is the peak reduction current) 

Table S2. Electrochemical properties obtained from Equation S1-S3 of the positive and 

negative reactions on CF and rGOCF-3. 

 

The Randles-Sevcik equation(Equation S1) and the Nicholson’s method (Equation 

S2-3) are as follows: 

When the measured solution temperature is 25℃ : 
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In the formula, 𝑖𝑝 represents the peak current in the cyclic voltammetry curve, with the 

unit is ampere; 𝑛 is the number of electrons transferred in redox reaction; 𝐴 is the area 

of the working electrode, in cm-2; 𝐷 is the diffusion coefficient of the active substance, 

in cm2 s-1; 𝐶 is the concentration of the active substance in the solution, in mol cm-3; 𝑣 

is the scanning rate set at that time, in Vs-1; Δ𝐸𝑝 is the peak potential difference, in mV; 

𝐹 is Faraday's constant, in C mol-1; 𝑅 is the gas constant, in J K-1 mol-1; 𝑇 is the 

thermodynamic temperature, in K; 𝑘 is the electron transfer rate constant, in cm s-1. 



Energy efficiency (η) is the ratio of discharge energy to charge energy, expressed as a 

percentage. The calculation formula is as follows: 

        𝜂 = (
𝐸𝑑𝑖𝑠𝑐ℎ𝑎𝑟𝑔𝑒

𝐸𝑐ℎ𝑎𝑟𝑔𝑒
) × 100%       (Equation S4) 

 

 

Table S3. The comparison in the performances of AORFBs using carbon electrode. 

 

Carbon 

electrode 

Electrolyte 

type 

Current 

density 

(mA 

cm-2) 

CE 

(%) 

VE 

(%) 

EE 

(%) 
Ref 

high temperature 

etching and 

carbon 

nanoparticles 

modified/GF 

MV/4-HO-

TEMPO 
80 - - 54.4 1 

N/S heteroatoms 

and Ti doped 

WO3 

modified/GF 

DHAQ/ 

K4Fe(CN)6 
40 70.64 - - 2 

rGO/GF 
MV/4-HO-

TEMPO 
60 94.2 56.7 50.4 3 

N/B codoped/GF 
1,8-DHAQ/ 

K4Fe(CN)6 
60 67.9 - - 4 

3D rGO/CP 
MV/4-HO-

TEMPO 
50 82.17 57.29 46.15 5 

Spherical 

mesoporous 

carbon 

modified/CC 

AQS/BQDS 30 95.3 - 58.90 6 

N2 Plasma 

treated/CF 
Tiron/AQDS 60 - 62.4 62.1 7 

PEG-rGO/CF 
2,7-AQDS/ 

FerrocyanideFB 
50 98.8 - 49.6 8 

3D 

heterostructure 

rGo/CF 

MV/ 

TEMPTMA 

50 99.5 80.1 80.1 
This 

work 70 99.4 73.4 73.3 
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