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Supplementary Figures 

 
Supplementary Figure 1. Cross-section SEM of 40 KOH-PVA. 

 

 

Supplementary Figure 2. Gel electrolytes of different shapes. 

 

 

Supplementary Figure 3. Ionic conductivity of different gel electrolytes. 
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Supplementary Figure 4. Water migration curve of different gel electrolytes. 

 

 

Supplementary Figure 5. ATR-FTIR spectra of pure PVA, 40 wt% KOH solution and gel 

electrolytes prepared by different KOH concentration. 

 

0 2 4 6 8 10
0.00

0.02

0.04

0.06

0.08

0.10

0.12

W
a

te
r 

m
ig

ra
ti
o

n
 m

a
s
s
 (

g
 c

m
-2

)

Time (min)

 30 K3PO4-PVA

 15 KH2PO4-PVA

 40 KOH-PVA



 

Supplementary Figure 6. Thermogravimetric analysis (TGA) curves of pure PVA and gel 

electrolytes prepared by different KOH concentration. 

 

 

Supplementary Figure 7. X-ray diffraction patterns of gel electrolytes prepared by different 

KOH concentration. 

 



 

Supplementary Figure 8. Water migration curves. The 0.5 M NaCl solution was simulated 

seawater; 20 KOH-PVA, 30 KOH-PVA, 40 KOH-PVA, 50 KOH-PVA were selected as gel 

electrolytes. 

 

 

Supplementary Figure 9. Water migration curves. The 0.5 M NaCl solution was simulated 

seawater; 40 KOH-PVA with different thickness were selected as gel electrolytes. 
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Supplementary Figure 10. Water migration curves. The 0.5 M NaCl solution was simulated 

seawater; 50 KOH-10 PVA, 50 KOH-15 PVA, 50 KOH-20 PVA were selected as gel electrolytes. 

 

 

Supplementary Figure 11. The dimensional changes of 40 KOH-PVA after water migration. 
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Supplementary Figure 12. a, Initial models of PVA-KOH gel. C atoms shown in deep green, K 

in purple, O in red, and H in white. For clarity, H2O molecules are not shown. b, Evolution of 

system configuration over 3000 ps simulation period. C atoms are shown in deep green, O in red, 

and H in white. For clarity, KOH molecules are not shown. 

 

 

Supplementary Figure 13. The percentage of hydrogen bonds formed between H2O and KOH 

and PVA, respectively, during the observed time. 

 



 

Supplementary Figure 14. Binding energy of hydrogen bonds formed between water molecules, 

PVA and KOH. 

 

 

Supplementary Figure 15. Raman spectra of KOH-PVA gel electrolyte surface. 
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Supplementary Figure 16. LSV curves of 40 KOH-PVA electrolyte membranes with different 

thickness. 

 

 

Supplementary Figure 17. Diagram of (a) side, (b) front and (c) three-dimensional components 

of the KOH-PVA gel seawater direct electrolysis hydrogen production unit. 



 

Supplementary Figure 18. Hydrogen production voltage and ion conductivity stability test for 

direct seawater electrolysis using 40 KOH-PVA. 

 

 

Supplementary Figure 19. Energy consumption for hydrogen production by direct seawater 

electrolysis with 40 KOH-PVA gel electrolyte at 250 and 400 mA·cm-2 current densities. 
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Supplementary Figure 20. The hydrogen permeation concentration of 40 KOH-PVA membrane 

was measured by gas chromatography for 60 hours. 

 

 

Supplementary Figure 21. Under fluctuating conditions, hydrogen and oxygen crossover may 

occur due to liquid surface tilt in conventional electrolysis systems based on liquid electrolytes. 

 

 



 

Supplementary Figure 22. Electron microscopic photos of cathode catalyst (a, b), anode catalyst 

(c, d) and PTFE film (e, f) before and after hydrogen production by direct electrolysis of seawater 

with gel electrolyte. 

 

 

Supplementary Figure 23. Contact Angle between PTFE film and seawater before (a) and after 

(b) 60 hours of hydrogen production by electrolysis. 

 



  

Supplementary Figure 24. Cl- content in seawater and hypochlorite ClO- content in gel after 

long-term electrolysis. 

 

 

Supplementary Figure 25. Infrared spectrum of pure PVA, KOH solution and gel electrolyte 

before and after electrolysis. 



  

Supplementary Figure 26. LSV curve of 40 KOH-PVA. 

 

 

Supplementary Figure 27. Durability test for seawater electrolysis at 500 mA cm-2.  

 

 

Supplementary Figure 28. Large-scale hydrogen production from seawater is achieved through 

the superposition of multiple groups of single devices.  
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