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1. [bookmark: _Toc29759]Supplementary Figures
[image: ]
[bookmark: _Toc5937]Supplementary Fig. 1 | Scanning electron microscope (SEM) of kaolin NS.
[image: ]
[bookmark: _Toc251][bookmark: _Hlk108366216]Supplementary Fig. 2 | LSV of ITO/Ni@Ni(OH)2 electrodes. LSV tested in 1.0 M KOH electrolyte and the borate buffer electrolytes [pH = 9.76 (1.0 M KOH +1.7 M H3BO3) and pH = 11.34 (1.0 M KOH +1.7 M H3BO3)] with and without 30 mg mL-1 kaolin NS. The scan rate is 50 mV s-1.
[image: ]
[bookmark: _Toc26791]Supplementary Fig. 3 | Theoretical structural model. Calculated models for (a) OH-/H2O and (b) OH-/H2O+kaolin. 
[image: ]
[bookmark: _Toc11195]Supplementary Fig. 4 | SEM of ITO/Ni@Ni(OH)2 electrodes. (a) The cleaned ITO/Ni@Ni(OH)2 electrode after aged in 1.0 M KOH electrolyte, and (b) cleaned ITO/Ni@Ni(OH)2 electrode after aged in 1.0 M KOH electrolyte with kaolin NS. There is no obvious adsorbed kaolin NS on the electrode surface taken out from the clarified electrolyte with kaolin NS according to the scanning electron microscopy photos, which excludes the possibility of residual kaolin NS for keeping OER activation. 
[image: ]
[bookmark: _Toc30892]Supplementary Fig. 5 | J-t curves tested at 20 ℃ at 2.02 VRHE of ITO/Ni@Ni(OH)2 electrodes. The kaolin NS (15 mg mL-1) was added to KOH electrolyte at 1000 s during the test.
[image: ]
[bookmark: _Toc514]Supplementary Fig. 6 | Tafel slope of ITO/Ni@Ni(OH)2 electrodes. The ITO/Ni@Ni(OH)2 electrode in 1.0 M KOH electrolyte (black) and 1.0 M KOH electrolyte with 30 mg mL-1 kaolin NS (red).
[image: ]
[bookmark: _Toc15732]Supplementary Fig. 7 | J-t curves of ITO/Ni@Ni(OH)2 electrodes. The ITO/Ni@Ni(OH)2 electrode was tested at 2.52 VRHE in 1.0 M KOH electrolyte (black) and 1.0 M KOH electrolyte with 30 mg mL-1 kaolin NS (red).
[image: ]
[bookmark: _Toc19695]Supplementary Fig. 8 | The effect of temperature and solution concentration of electrolyte on the influence law of adding kaolin NS for active electrolyte. a LSV of ITO/Ni@Ni(OH)2 electrode in 1.0 M KOH electrolyte with and without kaolin NS (30 mg mL-1) in different temperature (10 ℃, 20 ℃, 25 ℃ and 40 ℃). b LSV of ITO/Ni@Ni(OH)2 electrode in various solution concentration of KOH electrolytes (0.05 M, 0.1 M, 1.0 M, 2.0 M, 3.0 M and 4.0 M) with and without dispersed 30 mg mL-1 kaolin NS. 
[image: ]
[bookmark: _Toc16501]Supplementary Fig. 9 | LSV of ITO/Ni@Ni(OH)2 electrodes in 1.0 M KOH electrolyte with different kaolin concentration. LSV tested in blank 1 M KOH electrolyte and 1.0 M KOH electrolyte with different kaolin concentration (3 mg mL-1, 6 mg mL-1, 10 mg mL-1, 20 mg mL-1 and 30 mg mL-1). The scan rate is 50 mV s-1.
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[bookmark: _Toc2479]Supplementary Fig. 10 | The effect of spectator cation types of electrolyte on the influence law of adding kaolin NS for active electrolyte. EIS of ITO/Ni@Ni(OH)2 electrodes in 1.0 M MOH electrolytes (with M+ = Li+, Na+, K+ and Cs+) with and without dispersed 30 mg mL-1 kaolin NS and corresponding fitting circuit diagram (inset). A new electrode with Ni@Ni(OH)2 on ITO was prepared for each different electrolyte to avoid any trace residual of cations on electrodes from the previous experiment.
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[bookmark: _Toc25998]Supplementary Fig. 11 | SEM of samples. (a), (b) and (c) are SEM images of NF. (d), (e) and (f) are SEM images of NF/Ni(OH)2. (g), (h) and (i) are SEM images of NF/Ni3S2. (j), (k) and (l) are SEM images of NF/NiSx/C3N4. (m), (n) and (o) are SEM images of NF/Co3O4. 
[image: ]
[bookmark: _Toc635]Supplementary Fig. 12 | J-t curves of NF. J-t curves tested at 2.52 VRHE of NF electrodes in blank 1.0 M KOH electrolyte and 1.0 M KOH electrolyte with 30 mg mL-1 kaolin NS. 
[image: ]
[bookmark: _Toc21633]Supplementary Fig. 13 | Tafel slopes of samples. Tafel slopes of NF, NF/Ni3S2, NF/Ni(OH)2, NF/Co3O4 and NF/NiSx/C3N4 electrodes in blank 1.0 M KOH electrolyte and 1.0 M KOH electrolyte with kaolin NS.
[image: ]
[bookmark: _Toc29884]Supplementary Fig. 14 | Electrochemical test of pure ITO electrodes. (a) LSV and (b) EIS of ITO electrode in 1.0 M KOH electrolyte with and without 30 mg mL-1 kaolin NS and corresponding fitting circuit diagram (inset).
[image: ]
[bookmark: _Toc24346]Supplementary Fig. 15 | Optimized surface charge density for enhanced OER activity. a LSV of ITO/Ni@Ni(OH)2 electrode in blank 1.0 M KOH electrolyte and 1.0 M KOH electrolyte with various particle sizes (1.99 μm, 1.13 μm and 1.04 μm) of kaolin and corresponding zeta potential (inset). b blank 1.0 M KOH electrolyte and 1.0 M KOH electrolyte with kaolin treated by oxygen plasma at different times (1 min, 2 min and 5 min) and corresponding zeta potential (inset). c Particle diameter spectra of kaolin NS with various average feature size (1.99 μm, 1.13 μm and 1.04 μm). d FT-IR spectrum of fresh kaolin NS and kaolin NS treated with oxygen plasma for various time (1.0 min, 3min and 5 min). As the electrostatic field intensity is essential to accelerating OER, to optimize OER activity in this section, we firstly utilized ball-milling method to increase the kaolin edge for increased surface charge density with larger electrostatic field intensity. The zeta potential value changes from -22.3 mV to -36.4 mV after ball-milling for 12 h (insert) with decreased average feature size of kaolin NS from 1.99 μm to 1.04 μm. The OER activity is enhanced with the increased zeta potential value in terms of the decreased 60-mV overpotential at 10 mA cm-2. On the other hand, the electrostatic field intensity is increased via the oxygen plasma treatment by adding the unsaturated dangling bonds of kaolin NS surface. The Fourier transform infrared (FTIR) spectra shows that the Si-O-Si bonds corresponding to the peak centered at ~1090 cm-1 and Al-O-Si bonds corresponding to the peak centered at ~800 cm-1 becomes broader with longer oxygen plasma treatment time from 0 min to 5 min, indicating the higher disorder degree of interrupted periodic interfacial atom alignment leading to higher charge density in alkaline solution1,2. This is consistent with the negatively increasing Zeta potential from -22.3 mV to -30.6 mV with longer oxygen plasma treatment time from 0 min to 5 min (insert). The LSV curvatures exhibit the enhanced OER activity with decreased overpotential from 530 mV to 500 mV at 10 mA cm-2 and increased current density from 18.7 mA cm-2 to 21.8 mA cm-2 at 1.90 VRHE. 
[image: ]
[bookmark: _Toc21759]Supplementary Fig. 16 | LSV of NF electrodes. LSV tested in blank KOH electrolyte, KOH electrolyte with kaolin NS and KOH electrolyte with kaolin NS optimized by ball milling and oxygen plasma treatment.




















2. [bookmark: _Toc20927]Supplementary Tables
[bookmark: _Toc2019]Supplementary table 1 | Comparisons of OER performance for various non-noble metal based electrocatalysts.
[image: ]
*NF: Ni foam, GCE: glassy carbon electrode, CFP: carbon fiber paper, CF: Cu foam

[bookmark: _Toc18743]Supplementary table 2 | ICP of blank KOH electrolyte and KOH electrolyte after removing kaolin NS by centrifugal separation. 
[image: ]

[bookmark: _Toc24365]Supplementary table 3 | Fitting results obtained from EIS of ITO/Ni@Ni(OH)2 electrode in 1.0 M KOH electrolyte with and without dispersed 30 mg mL-1 kaolin NS. 
[image: ]
There are two parameters of CPE: Y corresponding to its capacitance value without frequency dispersion, and an exponent N ≤ 1. Hence, CPE1 contains Y1 and N1 and CPEeff contains Yeff and N2. CPE1 can be calculated according to the Brug equation16-18: 
                    Eq. (3)
The CPEeff can be calculated by the modified Brug equation19: 
              Eq. (4)
All the fitting results are listed above, where Rct is corresponding to the charge transfer resistance and CPEeff is a constant phase element related to the active surface area20.

[bookmark: _Toc16359]Supplementary table 4 | Raman peaks of samples. Raman peaks of KOH electrolyte after removing kaolin NS by centrifugal separation after 0 h, 2 h and 12 h, KOH electrolyte with kaolin NS, KOH electrolyte without modification and KOH electrolyte after removing kaolin NS with immediate cooling treatment (20 ℃-5 ℃-20 ℃).
[image: ]

[bookmark: _Toc25751]Supplementary table 5 | Ratios of five sub-bands of OH Stretching Raman spectra. Raman spectra of KOH electrolyte after removing kaolin NS by centrifugal separation after 0 h, 2 h and 12 h, KOH electrolyte with kaolin NS, KOH electrolyte without modification and KOH electrolyte after removing kaolin NS by centrifugal separation with immediate cooling treatment (20 ℃-5 ℃-20 ℃).
[image: ]

[bookmark: _Toc21985][bookmark: _Hlk101218249]Supplementary table 6 | Fitting results obtained from EIS of ITO/Ni@Ni(OH)2 electrode in 1.0 M MOH electrolytes (with M+ = Li+, Na+, K+ and Cs+) with and without dispersed 30 mg mL-1 kaolin NS.
[image: ]

[bookmark: _Toc2083]Supplementary table 7 | Fitting results obtained from EIS of ITO electrode in 1.0 M KOH electrolyte with and without dispersed 30 mg mL-1 kaolin NS.
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