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Supplementary Figures 

 

 

 

 

Supplementary Figure S1. The chronopotentiometry (CP) curves during activations for 9 SS 

electrode samples, without iR correction.  
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Supplementary Figure S2. The statistical analysis of factors on the OER activity effect based on 

the response of overpotential at 100 mA cm-2. The lowest overpotential corresponds to the 

optimum conditions. The supposed optimal activation conditions are middle temperature and KOH 

concentration, low operating time, and high current density. 
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Supplementary Figure S3. The Linear sweep voltammetry (LSV) curves at high current density, 

and the electrochemically active surface (ECSA) measurement with the corresponding normalized 

LSV. (a) LSV curves of pristine and the activated SS electrodes at high current. (b) Double-layer 

capacitance (Cdl) measurement of pristine and activated SS electrodes. (c) The corresponding 

normalized LSV.   

*For estimating the ECSA of the SS, a specific capacitance of 0.04 mF cm-2 was employed 

according to the literature report1. The ECSAs of the activated and pristine SS electrodes are 34.3 

and 40.3 cm-2, respectively, indicating the ECSA increases after the activation.  
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Supplementary Figure S4.XRD patterns of pristine, activated, and post-1000h SS electrodes. No 

obvious difference is noticed in XRD patterns among those three SS electrodes.  
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Supplementary Figure S5. SEM images. (a) and (b) pristine, (c) and (d) activated, and (e) and 

(f) post-1000 h SS electrodes. No big difference was observed among those three SS electrodes.  
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Supplementary Figure S6. EDS characterization of pristine SS electrode surface.  
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Supplementary Figure S7. EDS analysis for the Fe, Cr, Ni, and O on the electrode surface. (a) 

weight percentage and (b) atom percentage. No big difference in metal composition change is 

observed among those three electrodes if we consider the error bars, while the O content increased 

after the durability test.  
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Supplementary Figure S8. EDS summary of Fe, Cr, and Ni for the pristine, activated, post-

1000 h durability SS electrodes. 
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Supplementary Figure S9. HR-STEM cross-section images. (a)-(c) HR-STEM cross-section 

images of activated SS electrode with different magnifications. (d)-(f) HR-STEM cross-section 

images of post-1000 h SS electrode with different magnifications 
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Supplementary Figure S10. XPS survey with different depths of pristine, activated, and post-

1000 h SS electrodes. (a) Pristine SS electrode from surface to 30 nm. (b) Activated SS electrode 

from surface to 35 nm. (c) Post-1000 h SS electrode from surface to 360 nm.  
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Supplementary Figure S11. Fe, Cr, Ni, O element compositions based on XPS surveys of 

pristine, activated, and post-1000 h SS electrodes corresponding to fig. S11. (a) and (b) Pristine 

SS electrode from surface to 30 nm. (c) and (d) Activated SS electrode from surface to 35 nm. (e) 

and (f) Post-1000 h SS electrode from surface to 360 nm. 
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Supplementary Figure S12. The comparison of metal mass detected from the CE and electrolyte. 

(a) In the activation process of sample 6. (b) In the 1000 h durability test.  
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Supplementary Figure S13. Polarization curve of activated SS electrode in AEMWE.  
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Supplementary Tables 

 

 

Supplementary Table S1. The orthogonal experimental design 

Trials* Temperature 

(°C) 

Current density 

(mA cm-2) 

Operating time 

(h) 

KOH concentration 

(M) 

1 20 50 2 1 

2 20 200 8 4 

3 20 1000 5 7 

4 50 50 8 7 

5 50 200 5 1 

6 50 1000 2 4 

7 80 50 5 4 

8 80 200 2 7 

9 80 1000 8 1 

*In the orthogonal experimental design, a total of 4 operating factors were investigated and 

optimized: the temperature, current density, operating time, and KOH concentration, and each 

factor has three levels: low, middle, and high. For the temperature, the low/middle/high are 

20/50/80 °C; for the current density, the low/middle/high are 50/200/1000 mA cm-2; for the 

operating time, the low/middle/high are 2/5/8 h; for the KOH concentration, the low/middle/high 

are 1/4/7 M. 

 

 

 

 

Supplementary Table S2. The weight of 10 cut 316 SS electrodes  

Samples 1 2 3 4 5 6 7 8 9 10 

Weight* 

(mg) 

265 267 268 265 267 268 265 267 265 264 

*The average weight of 10 SS electrodes is 266.1 mg with a standard deviation of 1.4 mg (0.6% 

compared with the average weight), indicating great repeatability. 
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Supplementary Table S3. The overpotentials at current densities of 10 and 100 mA cm-2 

Samples Overpotential 

(mV, 10 mA cm-2) 

Overpotential 

(mV, 100 mA cm-2) 

Pristine* 297 366 

1 297 350 

2 252 319 

3 262 334 

4 279 343 

5 283 340 

6 257 316 

7 294 354 

8 268 330 

9 283 337 
*SS  electrode without activation. The activity was enhanced for all pretreated SS compared with 

the pristine, and sample 6 exhibits the highest activity with the overpotentials of 316 mV at the 

current densities of 100 mA cm-2.  
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Supplementary Table S4. The comparison of some electrocatalysts toward OER based the on 

literature review 

 

 

 

 

 

 

 

 

 

Catalysts Electrolyte Overpotential

@ 10 mA cm-

2 (mV) 

Overpotential 

@ 100 mA 

cm-2 (mV) 

Tafel slope 

(mV dec-1) 

Stability 

(mA cm-2
(h)) 

Refs. 

Co3C 1 M NaOH 455 N/A N/A N/A 2 

CoxNi-LDHs 1 M KOH 290 N/A 65 100(40) 3 

La(CrMnFeCo2Ni)O3 1 M NaOH 325 N/A 51 10(50) 4 

FexNi1-xOOH 1 M KOH 325 N/A 65 N/A 5 

Ni NP/NiFe 1 M KOH 328 N/A 62 10(20) 6 

NiCd/Fe 0.1 M NaOH 290 N/A 38 N/A 7 

FexNi9-XS8 1 M KOH 354 420(100) 56 10(10) 8 

IrO2 1M KOH 345 434(100) 58 10(10) 8 

FeNi-MOF 0.1 M KOH 270 N/A 47 20(15) 9 

CoOOH-NS 1 M KOH 253 N/A N/A 10(100) 10 

NiCo1.75Fe0.25O4@NiO

@NF 

1 M KOH N/A 272(100) 54 50(12) 11 

VCoCOx@NF 1 M KOH 240 N/A 64       10(70) 12 

MoFe:NiOOH/Ni(OH)2 1 M KOH N/A 280(100) 47 100(50) 13 

FeOxHy-Ni 1 M KOH 277 N/A N/A N/A 14 

CoFeNiCrMn 1M KOH 307 N/A 34.7 10(168) 15 

hBN/NiFeOxHy 1 M KOH 230 N/A 30 1000(150) 16 

Ca0.8Pr0.2Co0.8Fe0.2O3–δ 0.1 M KOH 391 N/A 83 N/A 17 

NivacFevac-LDH 1 M KOH 230 359(100) 52 N/A 18 

NiFe-SE/CFP 1 M KOH 281 N/A 40.9 10(20) 19 

NiFe LDH-Ni(III)Li 1 M KOH 248 N/A 35 10(24) 20 

NiFeB-P MNs 1 M KOH 252 N/A 35.2 10(23) 21 

NiFe-2D MOF  1 M KOH 260 N/A 56 10(24) 22 

NiFeOOH 1 M KOH 346 500(100) 56.8 N/A 23 

(Ni7Fe3)OOH-S 1 M KOH 238 298(100) 42.7 500(400) 24 

Fe-ZnMOFS/NF 1 M KOH 240 N/A 34 10(800) 25 

Fe-

La0.5Sr0.5Co0.8Fe0.2O3 

1 M KOH 320 N/A N/A N/A 26 

Ni-riched SS 1 M KOH 257 316(100) 52.1 1000(1000) This 

work 
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Supplementary Table S5. The effect analysis of 4 factors on OER activity corresponding to 

Supplementary Figure S2 

Factors R-value* 

Temperature 7.3 

Current density 19.3 

Operating time 10.7 

KOH concentration 12.7 
*R-value is obtained from the subtraction between the biggest and the smallest value from Fig. S2, 

and a larger R-value indicates a stronger effect. Thus, the current density has a significant impact 

on the activity, the KOH concentration and operating time show intermediate influence, and the 

temperature exhibits the weakest effect. 

 

 

Supplementary Table S6. The Fe, Cr, and Ni determination from the counter electrode (CE) in 

the activation and durability processes 

Trials* Fe 

(ppm) 

Cr 

(ppm) 

Ni 

(ppm) 

Blank 1 M HCl 0.48 0.002 0.007 

Sample 6 

(Activation) 

12.6 0.232 0.615 

Durability 12.6 1.89 0.949 

*Fe, Cr, and Ni metals were determined from the counter electrode (CE) washed in 10 ml 1 M 

HCl, and all reported data here excluding the impurities from the blank 1 M HCl solution.  

 

 

Supplementary Table S7. The Fe, Cr, and Ni determination from the electrolyte in the 

activation and durability processes 

Trials* Fe 

(ppm) 

Cr 

(ppm) 

Ni 

(ppm) 

Blank 1 M KOH 0.0354 0.0039 <0.0043 

Sample 6 

(Activation) 

0.1300 0.105 <0.0043 

100 h 0.0285 0.0033 <0.0043 

500 h 0.0497 0.0075 <0.0043 

1000 h 0.0956 0.0414 0.0214 

*Fe, Cr, and Ni metals were determined in 120 ml KOH electrolyte, and all reported data here 

excluding the impurities from the blank KOH solution.  
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Supplementary Table S8. The total of Fe, Cr, and Ni loss in the in activation and durability 

processes 

 

Trials* Fe 

(µg) 

Cr 

(µg) 

Ni 

(µg) 

Total loss  

(µg) 

Ratio  

(Fe/Ni) 

Ratio 

(Cr/Ni) 

Ratio 

((Fe/Cr) 

Sample 6 

(Activation) 179.4 52.2 6.1 237.7 29.5 8.6 3.4 

1000 h 

durability 128.4 23.4 12.0 163.8 10.7 2.0 5.5 

*According to the mass loss ratio results, the Fe and Cr dissolved much faster than Ni in the 

activation stage.  
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