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Figure S1. Schematic diagram of the preparation of the cellulose-CMC membrane. 

 

 

 

Figure S2. (A) The 3 wt% cellulose nanofiber gel and (B) 0.5 wt% CMC in water. 
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Figure S3. AFM characterization of the cellulose nanofibers, which feature 

diameters of tens of nanometers and lengths of several microns.  
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Figure S4. Surface contact angles of water on the (A) cellulose-5 wt% CMC 

electrolyte and (B) a commercial Celgard membrane. The cellulose-CMC electrolyte 

shows excellent hydrophilicity. 
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Figure S5. Cross-sectional SEM image of the cellulose-5% CMC membrane before 

the NaOH treatment, which exhibits a dense structure. 
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Figure S6. Cross-sectional SEM image of the cellulose-5% CMC membrane after 

the NaOH treatment, which still exhibits a dense structure. 
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Figure S7. Electrochemical window of the cellulose-5 wt% CMC membrane before 

and after the NaOH treatment. No significant difference was observed. 
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Figure S8. Tensile tests of the cellulose-5% CMC membrane before and after NaOH 

treatment, as well as a glass fiber separator as a control. 
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Figure S9. XRD patterns of the cellulose membrane before and after NaOH 

treatment. 
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Figure S10. FTIR of the cellulose-5% CMC membrane before and after the NaOH 

treatment. No significant difference was observed. 
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Figure S11. EIS of the cellulose-only (red), cellulose-2% CMC (green) and 

cellulose-5% CMC (blue) membranes with (A) wet measurement (B) squeeze-dry 

by Kimwipes using 0.5 MPa pressure (C) placed under vacuum for 30 s after 

squeeze-dry. The thicknesses of electrolytes were 80 μm. 
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Table S1. Percentage of water in the cellulose-only (0 wt% CMC), cellulose-2% 

CMC, and cellulose-5% CMC membranes under the different drying conditions, 

including the fully wet state, after squeeze-drying, and vacuum-drying.  

 

Percentage of CMC Wet Squeeze-dry Vacuum-dry 

0% 61 ± 3% 30 ± 3% 10 ± 1% 

2% 63 ± 3% 48 ± 4% 25 ± 2% 

5% 66 ± 5% 60 ± 5% 35 ± 2% 
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Figure S12. Residual mass (Mass(t)/Mass(t0)) of the different cellulose-CMC 

membranes (0–5 wt% CMC) as a function of time. The ambient temperature was 25 

°C and the relative humidity was fixed at 1%. 
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Table S2. Water uptake of the different cellulose-CMC membranes (0–5 wt% 

CMC). 

Wt% of CMC 0% 2% 5% 

Water uptake 159 ± 5% 178 ± 6% 194 ± 5% 
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Figure S13. EIS of the (A) glass fiber separator and (C) cellulose-5% CMC 

electrolyte. The corresponding DC polarization curves with 10 mV bias of the (B) 

glass fiber separator and (D) cellulose-5% CMC electrolyte. 
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Table S3. Parameters measured by DC polarization and EIS for the Zn2+ 

transference number. 

 I0 (mA) ISS (mA) R0 (Ω) RSS (Ω) t 

Glass fiber 0.041 0.023 173 231 0.33 

Cellulose-5% CMC 0.035 0.018 138 174 0.39 

 

I0: initial current; ISS: steady-state current; R0: initial resistance; RSS: steady-state 

resistance; t: transference number 
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Table S4. Relative XRD intensities I002/I101. 

Pristine Zn Aqueous electrolyte Cellulose-5% CMC 

27.26% 27.62% 47.50% 
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Figure S14. Digital images of the Zn||Zn symmetric cell (A) after 160 cycles with 

the aqueous electrolyte and glass fiber separator and (B) after 350 cycles with the 

cellulose-5% CMC electrolyte. We hypothesize the observed swelling of the coin 

cell using the aqueous electrolyte/glass separator was due to the hydrogen evolution 

reaction, while the cellulose-CMC does not show this effect. 
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Figure S15. The Zn plating/stripping of a Zn||Zn symmetric cell at 40 mA/cm2 and 

8 mAh/cm2 using the cellulose-5% CMC electrolyte. 
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Figure S16. Tensile tests of the cellulose-5% CMC electrolyte before and after 3400 

Zn||Zn cycles at 80 mA/cm2. 
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Figure S17. (A) EIS of a Zn||Zn symmetric cell using the cellulose-5% CMC 

electrolyte before cycling, after 1700 cycles, and after 3400 cycles, with a current 

density and capacity density of 80 mA/cm2 and 4 mAh, respectively. (B) zoom-in 

view for the x-intercepts. 
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Figure S18. Coulombic efficiency of the Zn||Cu asymmetric cell using the cellulose-

5% CMC electrolyte at 10 mA/cm2 and 2 mAh/cm2. The fluctuation during >400 

cycles is likely due to the inevitable dendrite formation on Cu, although it is already 

suppressed comparing to aqueous electrolyte. 
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Figure S19. SEM image of the MnO2 nanorods synthesized using a hydrothermal 

method. 

 

  



 24 

0 100 200 300 400 500
0

50

100

150

200

250

 Cellulose-5% CMC

 Glass Fiber

 Cellulose only
2 A/g

C
a
p

a
c
it
y
 (

m
A

h
/g

)

Cycle

 

Figure S20. Cycling performances of Zn||MnO2 cells made using the cellulose-5% 

CMC electrolyte, cellulose-only electrolyte (0% CMC), and aqueous electrolyte 

with a glass fiber separator at 8C. 
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Table S5. A short summary of the cycling performance of previously reported bio-

based electrolytes for ZIBs. 

Bio-

material 
Cathode 

Cycle 

time 

Capacity 

retention 

Current 

density 

Re

f. 

This Work MnO2 500 cycles 95% 2 A/g  

Densified 

chitosan-Zn 

membrane 

poly(benzoquino

nyl sulfide) 

(PBQS) 

400 cycles 71% 4 mA/cm2 1 

Nanoporous 

cellulose 

paper@glass 

fiber 

separator 

NH4V4O10 850 cycles 89% 4 A/g 2 

Cellulose 

nanofiber-

PAM 

hydrogel 

Mg0.23V2O5·1.0

H2O 
180 cycles 81.7% 500 mA/g 3 

Hydrogel 

reinforced 

cellulose 

paper 

MnO2 500 cycles / 200 mA/g 4 

Cellulose 

nanofibers-

ZrO2 

composite 

separator 

MnO2/graphite 
3000 

cycles 
87.2% 2.5 A/g 5 

Cellulose 

aerogel-

gelatin solid 

electrolyte 

MnO2 

nanorod/rGO 
100 cycles ~75% 61.6 mA/g 6 

Cellulose 

nanofiber 

zinc 

sulfonate 

membrane 

I2@C 
1000 

cycles 
80% 200 mA/g 7 
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Cotton-

derived 

cellulose 

film 

𝛼-MnO2 
1000 

cycles 
63.6% 1 A/g 8 

Bamboo 

cellulose 

membrane 

MnO2 
1000 

cycles 
/ 1 A/g 9 

Commercial 

weighing 

paper 

interlayer 

V2O5 
1000 

cycles 
/ 0.5 A/g 10 
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Figure S21. TG-DSC curve of the cellulose-5% CMC electrolyte. The cellulose-

CMC membrane is stable until 250 °C. The weight loss around 100 °C is because of 

the loss of water. No significant exothermic peak was observed below 500 °C in the 

DSC curve, suggesting the low risk of thermal runaway. 
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