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Scheme S1 Synthetic procedure of the double-solvent method and transformation of WOx/UiO-

66 into tungstated zirconia (WZ) by thermal decomposition. 
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Scheme S2 Schematic diagram for the preparation of high-entropy oxides on graphite felt. 

 

Figure S1 SEM images of the (a) UiO-66 and (b) WZ-22-650. 
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Figure S2 the XRD pattern of (a) UiO-66, (b) WO3, (c) WZ-0-650, and (d) different W contents. 
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Figure S3 XPS analysis of the WZ-0-650 and WO3: (a) element survey, (b) O1s, (c) Zr3d, (d) 

element survey, (e) (O1s), and (f) W4f, respectively. 
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Figure S4 the EDS images of HGF-WZ-22-650 electrode, (a) before CV, (b) after CV, (c) before 

charge-discharge, and (d) after charge-discharge. 

  

(a) (b)

(c) (d)



S7 

 

 

Figure S5 SEM elemental mapping of the HGF-WZ-22-650 electrode after 100 charge-

discharge cycles. 
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Figure S6 (a) The CE, (b) VE, (c) EE, and (d) discharge capacity of the HGF and HGF-WZ-22-

650 electrodes with cycle numbers at different current densities of 80 to 160 mA cm−2. 
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Figure S7 The photographs of the contact angle measurements in (a) HGF-WO3 and (b) HGF-

WZ-0-650 electrodes. 
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Figure S8 The SEM images (a) before CV, (b) after CV, (c) before charge/discharge, and (d) 

after charge/discharge of the HGF-WZ-22-650 electrode. 

Table S1. Comparison of the CE, VE, and EE of the HGF-WZ-22-650 material with previously 

reported metal/metal oxide materials for VRFBs Application. 

Material Electrolyte Current 

density 

(mA 

cm−2) 

CE 

(%) 

VE 

(%) 

EE 

(%) 

Ref. 

 

HGF-WZ-22-650 

 

1.6 M VOSO4 + 4.6 M H2SO4 

80 95.65 87.76 83.94 This 

Work 
160 97.52 76.76 74.86 

BiVO4-GF 
 

1.6 M VOSO4 + 4.6 M H2 SO4 100 97.23 77.57 75.42 1 

SnO2-P-GF 0.8 M VOSO4 + 3 M H2 SO4 150 96.11 69.20 71.90 2 

Ti/IrO2 : Ta2O5 1.7 M VOSO4 + 4 M H2SO4 40 90 91 81.0 3 

Mn3O4/CF 2 M VOSO4 + 2.5 M H2SO4 40 83.5 91.0 76.0 4 

CeO2/GF 2 M VOSO4 + 2 M H2SO4 100 87.9 84.2 74.0 5 

Nb-doped  

h-WO3 NWs/GF 

1.6 M VOSO4 + 2.5 M H2SO4 

 

80 93.16 83.83 78.10 6 

WO3 /GF 1 M VOSO4 + 3 M H2 SO4 100 99.7 72.2 72 7 

PbO2 /GF 0.5 M VOSO4 + 3 M H2 SO4 80 99.7 78.3 78.1 8 

H−CeO2NWs−GF 1.6 M VOSO4 + 2.5 M H2SO4 80 93.6 81.7 76.84 9 

TNO-GF 1.6 M VOSO4 + 2.5 M H2SO4 100 95.52 82.77 79.06 10 
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