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Fig. S1 RHE calibration of Hg/HgO reference electrode.

The correction curve for the Hg/HgO reference electrode is shown in Fig. S1. The
calibration is carried out in the 1 M KOH electrolyte with a Pt plate and a carbon rod
as the working electrode and counter electrode, respectively. Cyclic voltammetry is
conducted at a scan rate of 10 mV s, and the average of the two potentials at which
the current crossed zero is taken as the thermodynamic potential for the reversible

hydrogen electrode.! In this work, the calibration value is 0.918 V. RHE (Fig. S1, inset).
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Fig. S2. XRD patterns of the samples.



Fig. S3. SEM image of CNT.



Fig. S4. SEM images of Fe@CNT.



Fig. S5. SEM images of Ni@CNT.
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Fig. S6. The TEM mapping images of Fe-Ni@CNT.
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Fig. S7. XPS spectra of the Fe-Ni@CNT.
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Fig. S8. XPS spectra of the O-Fe-Ni@CNT.
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Fig. S9. XPS spectra of the R-Fe-Ni@CNT



Q0

Intensity (a.u.)

Binding Energy (eV)

bin1s
C1s
/
3
s
O1s 0?
Ni2p Fe2p 4 [
N )‘ / N1s s
Vw g
™ RO-Fe-Ni@CNT
RO-Fe-Ni@CNT|
1200 800 400 0 405 400 395

Binding Energy (eV)

Fig. S10. XPS spectra of the RO-Fe-Ni@CNT.



Table S1. According to the XPS spectra, the proportion of O with different chemical

environments in the samples.

0%
O Chemical
Water C-O M-OOH M-O
environment
Fe-Ni@CNT 36.35 38.85 0 24.8
O-Fe-Ni@CNT 22.63 54.60 17.73 5.04
R-Fe-Ni@CNT 14.55 35.49 22.54 27.42

RO-Fe-Ni@CNT 17.69 28.58 37.13 16.6




Table S2. According to the XPS spectra, the proportion of Ni with different chemical

environments in the samples.

Ni%

Chemical environment Ni(2+) Ni(3+)

Ni@CNT 100 0

Fe-Ni@CNT 100 0
O-Fe-Ni@CNT 41.20 58.80
R-Fe-Ni@CNT 66.49 33.51
RO-Fe-Ni@CNT 30.55 69.45
(Afg;ifébNii%Cile\IsEng) 44.55 55.45
RO-Fe-Ni@CNT 31.97 68.03

(After stability testing)




Table S3. Fe and Ni contents were measured by ICP-OES.

Catalysts Fe Ni

Fe@CNT 27.47% -
Ni@CNT - 7.56%
Fe-Ni@CNT 15.18% 3.68%
O-Fe-Ni@CNT 13.28% 3.01%
R-Fe-Ni@CNT 14.97% 3.54%
RO-Fe-Ni@CNT 14.41% 3.35%
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Fig. S11. (a) Polarization curve, (b) Tafel curve, and (c) the electrochemical

impedance spectroscopy of RuOx.



Table S4. Comparison of the OER catalytic activity in 1 M KOH.

Tafel slope Overpotential (mV) at different current density (mA cm?)
Catalysts Collector References
(mV dec™) 10 100 200
Ni:Fe(O)OH/IF Iron foam 51.16 - 245 - 2
NiCoFesP/CC Carbon cloth 56 - ~280 ~340 3
0.6 wt%-Fe,O3@Ni
Carbon paper 64 264 ~310 ~330 4
MOF-74
Ni-Fe LDH hollow Glassy carbon
49.4 280 ~330 - 5
prisms electrode
Fe/Ni NWs/NF Nickel foam 55.8 - 318 ~330 6
Rotary disk
FeNi-MOF 49 - 287 ~310 7
electrode
FeNis3a@FeNi-foil FeNi-foil 53 283 - - 8
Rotating disk
Ni/NiFe;04-CNTsHMS 46.03 311 - - 9
electrode
Rotating disk
FeNi>SsNPs/CB 68 290 - - 10
electrode
Rotating disk
NiCd(A)Fe 38 290 - - 11
electrode
Glassy carbon
Mny.1Feo.1Nip3C02504 - 362 ~410 ~450 12
electrode
Glassy carbon
NiFeOx(OH);@NCA 72 304 - - 13
electrode
Glassy carbon
RO-Fe-Ni@CNT 48 263 316 343 This work

electrode

Glassy carbon
O-Fe-Ni@CNT 67 336 - - This work
electrode
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Fig. S12. Tafel curves of (a) O-Fe-Ni@CNT, O-Fe@CNT, O-Ni@CNT and (b) RO-Fe-
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Fig. S13. Electrochemical impedance spectroscopy of O-Fe-Ni@CNT, O-Fe@CNT,
and O-Ni@CNT.
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Fig. S14. The equivalent circuit model used to fit Nyquist plots.




Table S5. Charge transfer resistance (Rc¢) and solution resistance (Rs) of the samples.

Catalysts Ret () R; (©2)
O-Fe-Ni@CNT 54.7 9.2
RO-Fe-Ni@CNT 9.3 8.6
O-Ni@CNT 132.0 8.9
RO-Ni@CNT 62.6 8.2
O-Fe@CNT 116.0 9.1
RO-Fe@CNT 49.0 8.7

RuO» 103.0 9.6
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Fig. S15. Linear sweep voltammetry curves of a) the reduction process of Fe-Ni@CNT

to prepare the R-Fe-Ni@CNT, b) the oxidation process of R-Fe-Ni@CNT to obtain the

RO-Fe-Ni@CNT, and c) the oxidation process of Fe-Ni@CNT to obtain the O-Fe-

Ni@CNT, respectively.
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Fig. S16. CV curves of (a) RO-Fe@CNT; (b) RO-Ni@CNT; (¢) RO-Fe-Ni@CNT; and

(d) linear fitting plots used for evaluating the Ca against the scan rate at 0.97 V vs. RHE.
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Fig. S17. CV curves of (a) O-Fe @CNT; (b) O- Ni@CNT; (¢) O-Fe-Ni@CNT; and (d)

linear fitting plots used for evaluating the Cq against the scan rate at 0.97 V vs. RHE.
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The electrochemical active surface area of the catalysts was determined through
measurements of electrical double-layer capacitance.'*® According to Fig. S16d and
S17d, the electrical double-layer capacitance could be obtained. Then the
electrochemical active surface area could be obtained based on the specific capacitance
value of a smooth standard with a real surface area of 1 cm™.}” Based on previous
studies, 40 uF cm™ is considered the value of specific capacitance for a smooth standard
with a real surface area of 1 cm™.

The electrochemical active surface area could be obtained via the following equation:

The electrical double—layer capacitor
40

Agcsa=

For example:

4270

Fe-Ni@CNT: Agcsa= TS

= 106.75 cm?kcsa

Table S6. Calculated electrochemical active surface area (ECSA) of the obtained

samples.

Catalysts Specific Capacitance ECSA

(WF cm™) (cm” pcsa)
O-Ni-Fe@CNTs 2280 57.00
RO-Fe-Ni@CNTs 4270 106.75
O-Ni@CNTs 2370 59.25
RO-Ni@CNTs 3720 93.00
O-Fe@CNTs 1890 47.25

RO-Fe@CNTs 3090 77.25
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Fig. S18. The bar chart of ECSA for the samples.
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Fig. S19. XRD patterns of the O-Fe-Ni@CNT and RO-Fe-Ni@CNT after the stability

testing.



Fig. S20. SEM image of the O-Fe-Ni@CNT after the stability testing.



Fig. S21. SEM image of the RO-Fe-Ni@CNT after the stability testing.
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Fig. S22. XPS spectra of the O-Fe-Ni@CNT after the stability testing.
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Fig. S23. XPS spectra of the RO-Fe-Ni@CNT after the stability testing.
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