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Supplementary Figure 1. Photos showing a binary MXene-water blend transitioning from a) 

dispersion, b) paste, c) melleable dough, d) fractured MXene dough to e) dehydrated MXene 

dough. f) TGA to kneadable and non-stick MXene dough, the result confirms the ~60 % 

MXene content as critical threshold. 

 

MXene dough with non-sticky and good deformation properties exhibit a MXene mass frac-

tion of ~60 %, beyond which the dough will be less ductile. When the MXene fraction is fur-

ther increased to 80 %, it is difficult to moisten the MXene flakes uniformly and thus the 

dough loses the continuity and deformative properties. Further pressing and trying to knead 

the dough would cause the dough to be easily disintegrated into many small and hard fractures 
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that cannot be reconstituted. When MXene dough is completely dried, the dough become hard 

and cannot be shaped anymore. 

 

 

 

 

Supplementary Figure 2. a) Viscosities of Ti3C2Tx MXene-water blends with various con-

centrations and viscoelastic properties of MXene-water mixtures with MXene mass fraction of 

b) 20 wt. % and c) 40 wt. %. 

 

A simple shear experiment has been conducted on Ti3C2Tx-water blend to assess the viscous 

properties at various MXene contents as shown in Figure a. Results show that the MXene inks 

demonstrate shear shinning behavior, viscosities vary over orders of magnitude depending on 

concentration. Further increasing the MXene content (20 wt. %) results in the high storage 

modulus and loss modulus that higher than 1000 Pa, which offer processability for the fabri-

cation techniques that require higher elastic modulus such as extrusion printing.  
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Supplementary Figure 3. a) SEM of freeze-dried MXene, scale bar is 20 μm. b) Photo of 

mist generation. c-d) Diagram of MXene dough preparation by hydrating freeze-dried MXene 

by spraying water mist and kneading. 

 

Since the apparent volume of freeze-dried MXene is much larger than the volume of water 

needed, adding a small amount of water droplet usually results in a non-uniform hydration of 

MXene powders, where small aliquots of water tend to be absorbed locally. In order to obtain 

uniform MXene-water mixtures, aerosolized water mists were applied to hydrate the fresh 

freeze-dried MXene. MXene dough was obtained by further kneading and rolling of the hy-

drous foams. 

 

 

 

 

Supplementary Figure 4. Photos showing MXene with a) non-stick and b) cohesive property. 

  



 

5 

 

 

Supplementary Figure 5. a) Morphology of the surface of MXene dough, scale bar is 20 μm. 

b) Schematic illustration of the cross-section structure of MXene dough.  

 

 

 

 

 

Supplementary Figure 6. a) MXene dough is readily redispersed into water and b) SEM of 

corresponding MXene dispersion, scale bar is 3 μm. SEM of fresh freeze-dried MXene pow-

der from c) fresh MXene solution and d) dispersed MXene dough. The scale bar is 200 μm 

and the concentration of MXene dispersion is 2 mg/mL. The MXene structure of redispersed 

MXene dispersion is identical to the initial freeze-dried MXene due to the high redispersibil-

ity of MXene dough. 
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Supplementary Figure 7. a) SEM, b) AFM image of fresh MXene flakes and c) the corre-

sponding height profile along the lines. The scale bar in SEM is 2 μm. 

 

 

 

 

Supplementary Figure 8. a) Schematics of filtrated MXene film preparation from MXene 

dough; b) The surface morphology of filtrated MXene film from fresh MXene and MXene 

dough, respectively. 
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Supplementary Figure 9. a) Continuous evaporation when exposing MXene dough in the air, 

with the water content decreasing, the diameter of MXene dough is 3.5 mm. b) XRD of fresh 

freeze-dried MXene and MXene dough exposing for different durations in the air. 

 

 

 

 

Supplementary Figure 10. a) The fragile MXene dough and b) the dispersion in water via 

handshaking after MXene dough is hermetically stored for 2 month. 
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Supplementary Figure 11. Comparison groups of different storage environment for MXene 

doughs. MXene doughs were hermetically stored in the vials with different storage environ-

ments of a) Room temperature (denoted Dough@RT); b) Low temperature (denoted 

Dough@LT); c) Humid environment and room temperature (denoted Dough@HRT); d) Hu-

mid environment and low temperature (denoted Dough@HLT).  
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Supplementary Figure 12. a) The photos of MXene dispersion of day 1 and day 30; b) Nor-

malized UV-vis extinction spectra of MXene dispersion; The normalized UV-vis extinction 

spectra of redispersed MXene dispersion from c) Dough@RT, d) Dough@LT, e) 

Dough@HRT and f) Dough@HLT.    
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Supplementary Figure 13. XPS of a) MXene dispersion stored for 30 days, where we can 

find that the Ti3C2Tx MXene is completely oxidized to TiO2; b) Dough@RT stored for 30 

days; c) Dough@HRT stored for 30 days and d) Dough@HLT stored for 30 days. 

 

 

 

 

Supplementary Figure 14. Photos of a) redispersed MXene dispersion of MXene dough at 

different storage environment and b) after standing still over 30 hours. The redispersed 

MXene concentration is 2 mg/mL. 
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Supplementary Figure 15. Conductivity change of Dough@LT with days. 

 

 

 

 

Supplementary Figure 16. The morphology of a) upside, b) downside of filtrated film from 

fresh Mxene dough and c) upside, d) downside of filtrated  film from Dough@WLT storing 

for 60 days. The scale bars are 10 μm, 10 μm, 25 μm and10 μm, respectively. 
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Supplementary Figure 17. SEM to the MXene suspension after Dough@WLT are stored 

over 30 days, scale bar is 25 μm. 

 

 

 

 

Supplementary Figure 18. Photograph of dough@WLT stored for a) 30 days and b) 60 days 

redispersed into water and standing still over 30 hours.  
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Supplementary Figure 19. a) Photo of the same amount of freeze-dried MXene on the first 

day (right) and stored for 30 days (left, stored at room temperature) dispersing into water, re-

spectively; b) SEM of the undispersed freeze-dried MXene, scale bar is 100 μm. 

 

 

 

 

Supplementary Figure 20. Photos of a) dispersion of 10 mg freeze-dried MXene stored for 

30 days dispersing into water. Photos of above dispersion b) manually shaken or c) sonicated 

for 30 min and then kept at rest for 30 hours. d) The percentage of supernatant and sediment 

of 30-days aged freeze-dried MXene dispersed into water (manual shaking or sonication for 

30 min then keeping at rest for 30 hours).  
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Supplementary Figure 21. SEM of redispersed MXene with a) manual shacking and b) son-

ication for 30 min of Dough@LT stored over 60 days. The scale bars are 30μm.  

 

The formation of MXene agglomerate is the main reason to the limited redispersibility, as the 

restacked MXene cannot be redispersed by manual shaking. However, sonication process can 

further delaminate the restacked MXene agglomerate. But the high-energy sonication can also 

bring negative effects like the decrease of flake size and conductivity.
[1]

 

 

 

 

 

Supplementary Figure 22. Redispersion of MXene dough into water. a) SEM of MXene 

flakes, b) lateral flake size distribution, c) conductivities of the filtrated films with 0 min soni-

cation, 30 min sonication and 3 h sonication time. This experiment supported that sonication 

treatment to MXene dispersion will bring about negative impacts on the quality of MXenes by 

decreasing their size and conductivity.  
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Supplementary Figure 23. a) MXene doughs were hermetically stored in the vials with dif-

ferent water vapor pressure. b) The photos of MXene dough after stored for 6 months at above 

environments. 

 

The MXene doughs stored under different humidity (different water pressure) was explored. 

The saturated NaCl, saturated MgCl2 and pure water is known to control the relative humidity 

in the hermetical bottle as 75.5 %, 32.5 % and 100 %, respectively.
[2]

 After being stored for 6 

month, we find that the Dough@NaCl and Dough@MgCl2 were dehydrated, while 

Dough@H2O was further wetted. We also find the surface of Dough@H2O turned white, in-

dicating the heavy oxidation.  
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Supplementary Figure 24. The XRD of a) Dough@NaCl, b) Dough@MgCl2, c) 

Dough@Air and d) Dough@H2O stored for 6 months.   

 

The Dough@NaCl, Dough@MgCl2 and Dough@H2O stored for 6 month were further dis-

persed in water via sonication and then filtrated into films. The XRD results verified the oxi-

dation is suppressed after decreasing the water pressure as evidenced by the decreased TiO2 

peak intensity at the degree of 2θ= 25. Such experiment supports the partial water vapor 

pressure in the environment influences the MXene oxidation process. 

 

 

Supplementary Figure 25. a) The extruded MXene line from Ti3C2Tx MXene dough. b, c) 

The freeze-dried MXene lines can be integrated as architectures, the lines are glued by MXene 

paste. 
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Supplementary Figure 26. Schematic diagram showing the preparation of the extruded 

MXene line from Ti3C2Tx MXene dough.  

 

 

 

 

Supplementary Figure 27. a, b) SEM of cross-section morphology of freeze-dried MXene 

lines from MXene dough. Scale bars are 1 mm and 300 μm, respectively. 

 

 

 



 

18 

 

 

Supplementary Figure 28. a) Photograph of the three-electrode configuration, where work-

ing electrode is printed MXene lines, counter and reference electrode are Pt and Ag/Ag elec-

trode, respectively. Electrochemical performance of b) CV, c) GCD and d) specific capaci-

tances at different current densities. 

 

 

 

 

Supplementary Figure 29. a) Scheme of the fabrication of MSC by using freeze-dried cylin-

drical MXene lines and b) MSC with PVA/H2SO4 gel electrolyte. 
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Supplementary Figure 30. a) Areal capacitance (C/A) comparison of this work to other re-

ported MXene-based MSC systems, where Ref. [3] is extrusion-printed MXene,
[3]

 Ref. [4] is 

screen-printed MXene sediment ink,
[4]

 Ref. [5]-1 is extrusion-printed MXene,
[5]

 Ref. [6] is 

spray-coated MXene,
[6]

 Ref. [5]-2 is inkjet-printed MXene 
[5]

 and Ref. [7] is pen-written 

MXene.
[7]

 b) Ragone plot comparison of this work to other MSC systems, where Ref. [3] is 

extrusion-printed MXene,
[3]

 Ref. [4] is screen-printed MXene sediment ink,
[4]

 Ref. [5] is ex-

trusion-printed MXene,
[5]

 Ref [8] is stamped MXene,
[8]

 Ref [9] reduced graphene oxide,
[9]

 

Ref. [10] is inkjet-printed graphene,
[10]

 Ref. [11] is spray-coated graphene.
[11]

 

 

 

 

 

Supplementary Figure 31. a) Scheme of a MXene dough-based interdigitated tandem device 

and b) digital photograph of powering a LED after the device was charged to 3.6 V. 

 

 

 



 

20 

 

 

Supplementary Figure 32. a) Scheme and b) photo of as painted micro-supercapacitor (gap 

is 500 μm) from MXene dough. The scale bar is 3 cm. c) SEM of electrodes of the painted 

micro-supercapacitor, the scale bar is 300 μm. CV profile of micro-supercapacitors based on d) 

fresh MXene, e) fresh MXene dough and f) Dough@WLT stored over 60 days. 

 

 

 

 

Supplementary Figure 33. SEM of the morphology of MXene electrode surface based on a) 

fresh MXene and b) Dough@WLT stored over 60 days. The scale bars are 200 μm. The rough 

surface of the latter with small MXene particles and slight oxidation contributes to higher 

charge storage performance. 
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