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Fig. S1. Characterization of a CoOx catalyst: (a) XRD pattern; (b) SEM image.
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Fig. S2. CV curves of CoOx with various catalyst loadings under different operating potential ranges: (a) 1, (b) 2, (c) 4, (d) 6, and (e) 8 mg·cm−2. Note that the CV curves were recorded in the AEM electrolyzer with scan rate of 50 mV·s−1.
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[bookmark: _GoBack]Fig. S3. Reductive current of CV curves with various catalyst loadings at a potential range of 0.4–2.0 V: (a) 1, (b) 2, (c) 4, (d) 6, and (e) 8 mg·cm−2. According to literature [1], the negative cathodic current is mainly the reduction current of transition metal ions and does not include the OER current, and the number of electrons associated with cobalt ion reduction (Co4+ + e− → Co3+ and Co3+ + e− → Co2+) is proportional to the number of active Co sites on the electrode.
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[bookmark: _Hlk130371767]Fig. S4. Tafel curves of the AEM electrolyzer with various catalyst loading.
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Fig. S5. EIS data with different carbon black loadings at a voltage of 2.0 V.
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Fig. S6. CV curves of CoOx with various carbon black loadings under different potential ranges: (a) 1, (b) 2, (c) 4, and (d) 6 mg·cm−2. Note that the CV curves were recorded in the AEM electrolyzer with scan rate of 50 mV·s−1. 
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Fig. S7. Reductive current of CV curves with various carbon black loadings at a voltage range of 0.4–2.0 V: (a) 1, (b) 2, (c) 4, and (d) 6 mg·cm−2.
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Fig. S8. SEM images of catalysts with various carbon black loadings: (a) 1, (b) 2, (c) 4, and (d) 6 mg·cm−2.
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Fig. S9. EIS data with different ionomer loadings at a voltage of 2.0 V.
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Fig. S10. SEM images of catalysts with various ionomer loadings: (a) 0wt%; (b) 10wt%; (c) 20wt%; (d) 30wt%.
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Fig. S11. EIS data with CCS and CCM methods at a voltage of 2.0 V.
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Fig. S12. Tafel curves of the AEM electrolyzer with CCS and CCM methods.
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Fig. S13. CV curves of CoOx with (a) CCS and (b) CCM methods at a voltage range of 0.4–2.0 V. Note that the CV curves were recorded in the AEM electrolyzer with scan rate of 50 mV·s−1. Reductive current of CV curves with (c) CCS and (d) CCM methods at a voltage range of 0.4–2.0 V.
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Fig. S14. EIS data of the AEM electrolyzer with and without hot pressing at a voltage of 2.0 V.
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Fig. S15. CV curves of CoOx (a) with and (b) without hot pressing at a voltage range of 0.4–2.0 V. Note that the CV curves were recorded in the AEM electrolyzer with scan rate of 50 mV·s−1. Reductive current of CV curves (c) with and (d) without hot pressing at a voltage range of 0.4–2.0 V.
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Fig. S16. EIS data with various KOH concentrations in the electrolyte at a voltage of 2.0 V.
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Fig. S17. CV curves of CoOx with various KOH concentrations in the electrolyte at a voltage range of 0.4–2.0 V: (a) 0, (b) 0.1, (c) 0.5, (d) 1.0, (e) 2.0, and (f) 6.0 M. Note that the CV curves were recorded in the AEM electrolyzer with scan rate of 50 mV·s−1. 
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Fig. S18. Reductive current of CV curves with various KOH concentrations in the electrolyte at a voltage range of 0.4–2.0 V: (a) 0, (b) 0.1, (c) 0.5, (d) 1.0, (e) 2.0, and (f) 6.0 M.
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Fig. S19. EIS data of various electrolyte feeding modes at a voltage of 2.0 V: feeding to both sides; feeding only to the anode; feeding only to the cathode.
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Fig. S20. Reductive current of CV curves with various electrolyte feeding modes at a voltage range of 0.4–2.0 V: (a) feeding to both sides; (b) feeding only to the anode; (c) feeding only to the cathode.
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Fig. S21. EIS data of the AEM electrolyzer with various operating temperatures at a voltage of 2.0 V.
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Fig. S22. Variation of the number of active Co sites with carbon black loading after stability test at 100 mA·cm−2. Note that the number of active Co sites decreases with increasing the carbon black loading after the stability test, this is because excess carbon black will increase the thickness of the catalyst layer, which is easy to fall off when large amounts of hydrogen and oxygen bubbles are generated under the high current.
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Fig. S23. CV curves of CoOx with various carbon black loadings at a voltage range of 0.4–2.0 V after stability test at 100 mA·cm−2: (a) 0, (b) 2, (c) 4, and (d) 6 mg·cm−2. Note that the CV curves were recorded in the AEM electrolyzer with scan rate of 50 mV·s−1.
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Fig. S24. Reductive current of CV curves with various carbon black loadings at a voltage range of 0.4–2.0 V after stability test at 100 mA·cm−2: (a) 0, (b) 2, (c) 4, and (d) 6 mg·cm−2.
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Fig. S25. SEM images of catalyst layer with various carbon black loadings (a, c) before and (b, d) after stability test: (a, b) 0 mg·cm−2; (c, d) 6 mg·cm−2.
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Fig. S26. SEM images of catalyst layer with various ionomer loadings (a, c) before and (b, d) after stability test: (a, b) 10wt%; (c, d) 30wt%.

[image: C:\Users\admin\Documents\WeChat Files\wxid_gfgixqqflygw22\FileStorage\Temp\1679474152917(1).png]
Fig. S27. EIS data of the AEM electrolyzer before and after stability test at a voltage of 2.0 V.
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