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Figure S1. SEM images of (a)V2AlC MAX phase, (b) multilayer V2CTx MXene and (c) a piece 

of few layers V2CTx MXene nanoflake. 
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Figure S2. (a) TEM and (b) HRTEM images of V2CTx MXene.  
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Figure S3. (a) Cross section of multilayers (2-12 layers) and (b) top view of 1 piece of 3D 

printed V2CTx/rGO-CNT microgrid aerogel. 
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Figure S4. (a-c) SEM images of rGO-CNT microgrid electrode with various magnifications. 
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Figure S5. (a-c) SEM images of 10% V2CTx/rGO-CNT microgrid electrode with various 

magnifications. 
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Figure S6. (a-c) SEM images of 50% V2CTx/rGO-CNT microgrid electrode with various 

magnifications. 
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Figure S7. (a) XPS spectra of (a) V 2p, (b) C 1s, (c) O 1s and (d) F 1s of 3D V2CTx/rGO-CNT. 
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Figure S8. XRD patterns of (a) 50% V2CTx/rGO-CNT annealed at 530 ℃ in air and (b) V2CTx 

MXene annealed at 650 ℃ in air. 
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Figure S9. N2 adsorption/desorption isotherm of 3D printed (a) rGO-CNT, (b) 10% 

V2CTx/rGO-CNT, (c) 30% V2CTx/rGO-CNT, (d) 50% V2CTx/rGO-CNT microgrid aerogel. 
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Figure S10. Voltage-capacitance curves of (a) Cu electrode at 0.5 mA cm-2, (b) 10% 

V2CTx/rGO-CNT, (c) 50% V2CTx/rGO-CNT microgrid electrodes at different current densities. 
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Figure S11. EIS of the rGO-CNT, 10% V2CTx/rGO-CNT, 30% V2CTx/rGO-CNT, 50% 

V2CTx/rGO-CNT microgrid electrodes (a) before cycle and (b) after 50 cycles. Inset in (a) is 

the equivalent circuit. Rs, Rf, Rct, CPE and Zw are the electrolyte resistance, SEI film resistance, 

charge transfer resistance, constant phase element (CPE) and Warburg impedance. (c) The 

diffusion coefficients of rGO-CNT, 10% V2CTx/rGO-CNT, 30% V2CTx/rGO-CNT, and 50% 

V2CTx/rGO-CNT electrodes after 50 cycles calculated based on the EIS data in (b). 

The diffusion coefficients of sodium ions on V2CTx/rGO-CNT and rGO-CNT electrodes 

are calculated based on EIS data by the equation:1-3 

 𝐷 =
𝑅2𝑇2

2𝐴2𝑛4𝐹4𝐶2𝜎2
.  

Where D is the diffusion coefficient, R is the gas constant, T is the absolute temperature, A is 

the surface area, n is the number of electrons oxidized per molecule, F is the Faraday constant, 

C is the sodium ion concentration, and σ is the Warburg factor.1 
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Figure S12. Cycling performance of various electrodes at 2 mA cm-2 with 1 mAh cm-2. 
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Figure S13. (a, b) SEM images of 3D printed 30% V2CTx/rGO-CNT microgrid electrodes after 

100 cycles at 2 mA cm-2 with 1 mAh cm-2 at different magnifications. 
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Figure S14. Cycle performance of 30% V2CTx/rGO-CNT microgrid electrode at (a) 2 mA cm-

2 with a high areal capacity of 20 mAh cm-2, and (b) a high current density of 10 mA cm-2 with 

1 mAh cm-2.  
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Figure S15. Morphology evolution of Na deposition and stripping on 3D printed rGO-CNT 

electrodes at 0.2 mA cm-2 with the deposition capacities of (a, a1) 0.2, (b, b1) 0.5, and (c, c1) 2 

mAh cm-2; with the stripping capacities of (d, d1) 1, (e, e1) 1.5, and (f, f1) 2 mAh cm-2; and (g) 

corresponding deposition-stripping curve. 
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Figure S16. Morphology evolution of Na deposition and stripping on Cu electrode at 0.2 mA 

cm-2 with the deposition capacities of (a, a1) 0.2, (b, b1) 0.5, and (c, c1) 2 mAh cm-2; with the 

stripping capacities of (d, d1) 1, (e, e1) 1.5, and (f, f1) 2 mAh cm-2; and (g) corresponding 

deposition-stripping curve. 
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Figure S17. In situ optical images of sodium deposited on (a) Cu foil, (b) rGO-CNT electrodes 

at 1 mA cm-2 for 2 h. 
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Figure S18. Schematic diagram of in-situ optical microscope testing cell. 
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Table S1. TGA results to determine the ratio of MXene in various electrodes. 

Electrode Ratios 

3D 10% V2CTx/rGO-CNT 13.69% 

3D 30% V2CTx/rGO-CNT 30.38% 

3D 50% V2CTx/rGO-CNT 46.98% 
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Table S2. The nucleation overpotentials of various electrodes at the current densities of 0.5-8 

mA cm-2. Nucleation overpotential unit: mV. 

Current density (mA cm-2) 0.5 1 2 4 5 8 

3D rGO-CNT 14.6 20.2 25.1 27.6 30.2 40.3 

3D 10% V2CTx/rGO-CNT 9.3 13.3 16.7 24.8 28.2 39.7 

3D 30% V2CTx/rGO-CNT 9.6 13.3 16.2 20.1 22.6 29.2 

3D 50% V2CTx/rGO-CNT 9.6 14.0 18.3 22.9 26.4 30.1 
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Table S3. Comparison of electrochemical performance of 3D printed graphene based matrices 

 for Na metal anodes. 

 

Electrode 

Current 

density 

(mA cm-2) 

Capacity 

(mAh cm-2) 

Cycle 

number 

Cycle 

time (h) 

CE 

(%) 

Volumetric 

capacity 

density 

(mAh cm-3) 

Ref. 

3D printed 

Graphene  
1 1 500 1000 99.84 - 4 

3D printed 

rGO/CNT 

2 

8 

1 

1 

650 

640 

650 

125 
- 

4 

4 
5 

V2CTx/rG

O-CNT 

 

2 

2 

5 

10 

1 

10 

50 

1 

1700 

303 

50 

675 

1700 

3030 

1000 

135 

99.35 

99.54 

99.96 

99.31 

6.67 

66.67 

333.33 

6.67 

This 

work 
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Table S4. Comparison of electrochemical performance of various MXene based Na metal 

anodes. 

Electrode 

Current 

density 

(mA cm-

2) 

Capacity 

(mAh cm-

2) 

Cycle 

number 

Cycle 

time 

(h) 

CE 

(%) 

Volumetric 

capacity 

density 

(mAh cm-3) 

Ref. 

rGO/MXene 1 1 850 1700 - 79.37 6 

h-

Ti3C2/CNTs 

1 

1 

3 

5 

10 

1 

1 

3 

5 

1 

1000 

2000 

600 

230 

400 

2000 

4000 

1200 

460 

80 

~99.2 

- 

- 

- 

- 

52.36 

52.36 

157.08 

261.78 

52.36 

7 

Sn2+ pillared 

MXene 

5 

10 

5 

3 

200 

100 

400 

60 

98.8 

98.5 
- 8 

3D MXene-

MF 
10 10 360 720 - - 9 

Ti3C2Tx-CC 
1 

5 

8 

1 

56 

750 

900 

300 

98.5 

- 

250 

31.25 
10 

Ti3C2Tx-rGO 
1 

3 

1 

1 

600 

750 

1200 

500 
- 

21.74 

21.74 
11 

1D/2D 

Na3Ti5O12-

MXene 

5 

10 

20 

5 

37 

300 

300 

200 

- 

98.8 
- 12 

V2CTx/rGO-

CNT 

2 

2 

5 

10 

1 

10 

50 

1 

1700 

303 

50 

675 

1700 

3030 

1000 

135 

99.35 

99.54 

99.96 

99.31 

6.67 

66.67 

333.33 

6.67 

This 

work 
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