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Calculation methods

Specific capacitance (Cp, F g-1) with respect to a single electrode was calculated using CV profiles 

at different scan rates.

𝐶𝑃 =
∫𝐼𝑑𝜈

2𝜈 𝑚 ∆𝑉
#(𝑆1)

Where, ∫Idν is the area under CV curve, ν is the potential scan rate (V s-1), m (g) is the mass of 

electrode and ΔV (V) is the potential window.

The mass capacitance of single electrode was estimated from the GCD curves at different current 

density using equations:

𝐶𝑝 =
𝐼 ∆𝑡

𝑚 ∆𝑉
#(𝑆2)

Where I (A) is the discharge current, Δt (s) is the discharge time for potential window ΔV (V) and 

m (g) is the mass of electrode. To calculate areal capacitance, m (g) has been replaced with electrode 

area A (cm-2).

To identify the combined characteristics of electrochemical capacitive and diffusion controlled 

processes of NFT@Fe, the relationship of current density (i) and corresponding the scan rate (ν) can 

be evaluated the following equation:

𝑖 = 𝑎𝜈𝑏#(𝑆3)

log (𝑖) = 𝑏𝑙𝑜𝑔(𝜈) + log (𝑎)#(𝑆4)

Where, a and b present constants. The linear relationship between log (i) and log (ν) can provide the 

value of b, which is an important indicator for evaluating the kinetics of redox reaction.



The dependence of voltametric current on scan rate form CV was used to calculate the capacitance 

proportion.

𝑖(𝑉) = 𝐾1𝜈 + 𝐾2𝜈1 2#(𝑆5)

𝑖(𝑉)

𝜈1 2
= 𝐾1𝜈1 2 + 𝐾2#(𝑆6)

Where, i represents a current density at the potential of V, K1 ν and K2 ν1/2 are the current contribute 

in capacitive-controlled and diffusion-controlled processes.

For a flexible asymmetric supercapacitor, charge balance between positive and negative electrodes 

follows equations:

𝑄 + = 𝑄 ‒ #(𝑆7)

𝑄 + = 𝐶𝑝
+  ∆𝑉 𝑚 + #(𝑆8)

𝑄 ‒ = 𝐶𝑝
‒  ∆𝑉 𝑚 ‒ #(𝑆9)

In which Q+ and Q- are the charge stored in positive and negative electrode, ΔV is the voltage window 

during the charge and discharge process. m+ and m- are the mass of positive and negative electrode, 

respectively.

Cp
 (F g-1), energy density (E, Wh kg-1) and power density (P, W kg-1) of ASC were evaluated using 

following equations:

𝐸 =
0.5 𝐶𝑝 ∆𝑉2

3.6
#(𝑆10)

𝑃 =
3600 𝐸

∆𝑡
#(𝑆11)



Table S1. The raw materials ratio of the NFT@Fe-xyz nanopapers

Sample MWCNT@Fe3O4 /mg MWCNT /mg CNF /mg Mass ratio

NFT@Fe-505 20 0 20 5:0:5

NFT@Fe-604 24 0 16 6:0:4

NFT@Fe-703 28 0 12 7:0:3

NFT@ Fe-802 32 0 8 8:0:2

NFT@ Fe-901 36 0 4 9:0:1

NFT@ Fe-712 28 4 8 7:1:2

NFT@ Fe-622 24 8 8 6:2:2

NFT@ Fe-532 20 12 8 5:3:2

NFT@ Fe-442 16 16 8 4:4:2

NFT 0 32 8 0:8:2

Fig. S1. TEM images of MWCNT@Fe3O4 (the inset shows the size distribution of Fe3O4 

nanoparticles)



Fig. S2. Digital photographs of the MWCNT@Fe3O4 composites dispersed in ethanol (left) and CNF 

(right) standing for (a) 0 s, (b) 20 s, (c) 40 s, (d) 80 s, (e) 120 s, and (f) 25 d

Fig. S3. Digital photographs of MWCNT@Fe3O4 composites dispersed in ethanol (left) and CNF 

(right) at sides of the magnet after (a) 0, (b) 1, (c) 2, (d) 3, (e) 4, and (f) 5 s.



Fig. S4. The zeta potential of CNF, MWCNT, MWCNT@Fe3O4, and NFT@Fe-xyz.

 Fig. S5. The fracture energy of the NFT and NFT@Fe-xyz. 



Fig. S6. The EDS spectrum of the NFT@Fe-712 composite nanopaper.

Fig. S7. N2 adsorption–desorption isotherms and corresponding BJH pore-size distribution curves 

(inset) of the NFT@Fe-712 and NFT



Table S2. Comparison of the reported Fe3O4-based electrode and flexible cellulose-based electrodes

Materials Specific 
capacitance

Scan rate
(mV s-1)

Current 
density Reference

Fe3O4-rGO 270 F g-1 5 - 1

Fe3O4@Fe2O3 231.9 F g-1 5 - 2

NCS@Fe3O4 206 F g-1 - 1 A g-1 3

Fe3O4/Carbon Nanofiber 135 F g-1 5 - 4

Fe3O4-C 102 F g-1 5 - 5

CNF/MWCNT/RGO/Fe3O4 169.3 F g-1 - 1 mA 
cm-2 6

CNF/porous Co3O4 594.8 mF cm-2 5 - 7

PH-MWCNT(90-10 wt%) 121 mF cm-2 5 - 8

CNF/MWCNT aerogel 114.8 F g-1 10 - 9

CNF/CNT/RGO-3 116.3 F g-1 - 0.1 A g-1 10

FWCNT/CNF buckypaper 167.6 F g-1 5 - 11

RGO/CNC
176.7 F g-1

(4.42 mF cm-2)
- 0.5 A g-1 12

229.9 F g-1 
(735.68 mF cm-2) 5 - This work

NFT@Fe-712
210.8 F g-1 

(674.56 mF cm-2) - 0.5 A g-1 This work



Fig. S8. The CV curves of (a) NFT@Fe-622, (b) NFT@Fe-532, (c) NFT@Fe-442, and (d) NFT@Fe-

802 at different scan rates and the capacitive contributions at 5 mV s−1 of (e) NFT@Fe-802, (f) 

NFT@Fe-712, (g) NFT@Fe-622, (h) NFT@Fe-532, and (i) NFT@Fe-442.



Fig. S9. The GCD curves of (a) NFT@Fe-802, (b) NFT@Fe-622,(c) NFT@Fe-532 and (d) NFT@Fe-

442 at different current densities; (e) the variation in the specific capacitance of the NFT@Fe-xyz 

nanopaper samples at different current densities; (f) long-term cycling performance of the NFT@Fe-

712 at a current density of 5 A g−1 (inset shows the GCD curves of the last 10 cycles).

Fig. S10. (a) SEM images, (b) elemental mapping of C, O, Fe, S, and (c) XRD of NFT@Fe-712 after 
long-term cycling



Table S3. Equivalent series resistance of the NFT@Fe-xyz nanopaper samples

Sample
Solution 

resistance
(Rs /Ω)

Charge 
transfer

resistance
(Rct /Ω)

Warburg
impedance

(Rw /Ω)

Equivalent series
Resistance

(Res /Ω)

NFT@Fe-802 2.875 7.105 7.143 17.123

NFT@Fe-712 1.828 3.862 4.133 9.823

NFT@Fe-622 1.558 3.068 2.019 6.645

NFT@Fe-532 1.703 1.775 2.380 5.858

NFT@Fe-442 1.486 1.407 1.391 4.284
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