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Fig. S1 SEM image of the Ni-Fe-phy@NF.

Fig. S2 SEM image of the Ni-Fe-pho@NF.



Fig. S3 SEM images of the Ni-phy@NF.

Fig. S4 SEM images of the Ni-pho@NF.



Fig. S5 SEM images of the NF.

Table S1. Hydrogen ion concentrations in the etching solutions.

Phytic acid Phosphoric acid (0.6
Etching Phytic acid (0.6 mol L) Phosphoric acid mol L)
solution (0.6 mol L")  containing Fe (3+) (0.6 mol L) containing Fe (3+)
(0.5 mol L) (0.5mol L)
u
concentration 1.04 2.88 0.09 1.10

(mol L'




Table S2. Element content of Fe and P in Ni-Fe-phy@NF and Ni-Fe-pho@NF
according to the ICP-OMS test.

Catalytic electrode Ni-Fe-phy@NF Ni-Fe-pho@NF
Fe (wt%) 0.16% 0.13%
P (wt%) 0.54% 0.09%

Fig. S6 SEM image of Ni-Fe-phy@NF and the element mapping of Ni, O, C, P and

Fe, respectively.
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Fig. S7 XRD patterns of the prepared catalytic electrodes.

Intensity (a.u.)

718 716 714 712 710 708
Binding energy (eV)
Fig. S8 Fe 2p3» XPS spectrum of the Ni-Fe-phy@NF.
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Fig. S9 a) C 1s, b) O 1s, ¢) P 2p and d) Ni 2p3» XPS spectra of the Ni-phy@NF.
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Fig. S10 a) C 1s, b) O 1s, ¢) P 2p, d) Ni 2p32 and e) Fe 2p3» XPS spectra of the Ni-Fe-
pho@NF.
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Fig. S11 a) C 1s, b) O 1s, c¢) P 2p and d) Ni 2p32 XPS spectra of the Ni-pho@NF.



Table S3. According to the XPS spectra, the Ni (3+) content in Ni-Fe-phy@NF, Ni-

Fe-pho@NF, Ni-phy@NF and Ni-pho@NF.

Ni (%)

Chemical environment Ni (2+) Ni (3+)
Ni-Fe-phy@NF 62.2 37.8
Ni-Fe-pho@NF 66.6 334

Ni-phy@NF 65.5 34.5
Ni-pho@NF 100 0
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Fig. S12 The ATR-IR of Ni-Fe-phy@NF and Ni-Fe-pho@NF.
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Fig. S13 Polarization curves of the Ni-Fe-phy@NF electrodes based on different

reaction time during preparation process.
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Fig. S14 Polarization curves of the Ni-Fe-phy@NF electrodes based on different Fe*"

concentrations in the etching solutions during preparation process.
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Fig. S15 Polarization curves of the Ni-Fe-phy@NF electrodes with different loading

mass via adjusting the Fe** concentrations in the etching solutions during preparation

process.

The Ni-Fe-phy@NF electrodes with different loading mass are obtained by adjusting
the Fe concentration in the preparation solution (0.6, 0.5, 0.4 and 0.3 mol L"), and the
corresponding loading mass is 0.63, 1.12, 1.28 and 1.52 mg cm™, respectively. The Ni-

Fe-phy@NF shows the highest catalytic activity at the loading mass of 1.12 mg cm™.
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Fig. S16 Polarization curves of the NF, Ni-Fe-phy@NF without ultrasonic treatment
and Ni-Fe-phy@NF electrode.



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

Overpotential
Tafel
(mV) . .
slope . Main preparation  Refere
Catalysts Collector at different current
(mV . processes nces
density (mA cm?)
dec )
10 100 200
Water bath
. Glassy
Feo2Nigs/NC- (30°C, 18 h)
carbon 76 ~270 ~400 - L [1]
600-a Calcination
electrode
(600°C, 3h)
: Glassy Hydrothermal
NissFe/5- .
carbon 61.5 257 - - Reaction [2]
LDHs-S-2
electrode (120°C, 12h)
Hydrothermal
. . Reaction
Ni@Ru/CNS- Nickel
35 255 289  ~310 (120°C, 24h) [3]
10% foam S
Calcination (400°C,
2h)
. Carbon Electrodeposition
Nii25Ruo.75P 50 260  ~315 ~330 [4]
cloth Q)
Glassy o
. Calcination
P-FeNiO/CNS carbon 52.2 220  ~290 - [5]
(300°C, 3h)
electrode
Hydrothermal
. . Reaction
NiFe-LDH- Nickel
) 57 210 ~370 - (130°C, 12h) [6]
ZnO(2min) foam
Plasma magnetron
sputtering (2min)
Hydrothermal
Reaction
. Carbon
NiveFevac-L DH 52 230 ~350 ~440 (150°C, 6h) [7]
paper .
Etching process
(160°C, 3h)
) Glassy Hydrothermal
FeOOH um/Ni- .
carbon 27 174 - - Reaction [8]
Fe LDH
electrode (120°C, 6h)
) . Calcination (600°C,
NiFey/NiFe,O4 Carbon
51.4 262 ~310 ~320 2h, [9]
@NC paper
350, 0.5h)
NiFe LDH- NiFeMo )
. . 35 248  ~290 - Oil bath (170°C 5h) [10]
Nl(m)Ll alloy
) Nickel Ultrasonic This
Ni-Fe-phy@NF 48 233 287 303
foam treatment (20 s) work
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Fig. S17 Double-layer capacitance measurements of these catalytic electrodes; a-¢) the
cyclic voltammograms of the catalysts at a series of scan rates of 10, 20, 50, 100 and

150 mV s from 0.92 to 1.02 V vs. RHE in 1 M KOH; f) the linear fitting of the
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Electrical double-layer capacitance measurements were used to determine
electrochemical active surface area of the catalysts. According to Fig. S17f, 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™. 40 uF cm™ is considered as the value of
specific capacitance for a smooth standard with a real surface area of 1 cm™ based on
11]

previous studies.!

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

__The electrical double-layer capacitor
40

AEcsa

For example:

7893
40

Ni-Fe-phy@NF: Agrcsa= 19.7 CmZEcsA

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

electrodes.
Ni-Fe- Ni- Ni-Fe- Ni-pho@NF
Catalysts NF
phy@NF phy@NF pho@NF
Specific
Capacitance 354.4 789.3 554.5 1030.0 433.7
(WF cm™)

ECSA (cm?gcsa) 8.9 19.7 13.9 25.8 10.8
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Fig. S18 a) The polarization curves normalized to the electrochemically active surface

area and b) the corresponding Tafel plots of Ni-Fe-phy@NF and Ni-phy@NF.
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Fig. S19 Equivalent circuit for the test of the electrochemical impedance

spectroscopy.



Fig. S20 SEM image of Ni-Fe-phy@NF after OER process.

Table S6. Content of P and Fe in Ni-Fe-phy@NF after OER process and Ni-Fe-
pho@NF after OER process according to the ICP-OMS test

Catalytic electrode ~ Ni-Fe-phy@NF after OER  Ni-Fe-pho@NF after OER

process process

Fe(wt%) 0.15 0.11

P(wt%) 0.21 0.00
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Fig. S21 a) Cls and b) Fe 2p3,2 XPS spectrum of the Ni-Fe-phy@NF after OER process.
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Fig. S22 The ATR-IR spectrum of Ni-Fe-phy@Ni1 after OER process
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Fig. S23 XRD patterns of the Ni-Fe-phy@NF electrode before and after OER process.




P-O or -O-H

Metal-O

532

530 528 526

Binding energy (eV)

a C1s . b O1s
C internal standard

3 3
s =
z )

% g Adsorption
E c=0 E water

292 290 288 286 284 282 280 538 536 534

Binding energy (eV)
C d Ni 2
P2p P32

3 3
8 & Satellite peak
(2] 7] :

c £

7] 8
E =g

Ni (3+)

Ni (2+)

138

135 132

129 867 864 861

858

855 852

Binding energy {eV)

Binding energy (eV)
c

Intensity (a.u.)

718 716

714 712 710 708
Binding energy (eV)

Fig. S24 a) C 1s, b) O 1s, ¢) P 2p, d) Ni 2p3/2 and e) Fe 2p3» XPS spectra of the Ni-

Fe-pho@NF after OER process.



Fig. S25 SEM image of Ni-Fe-pho@NF after OER process.

Table S7. According to the XPS spectra, the Ni (3+) content in Ni-Fe-phy@NF and
Ni-Fe-pho@NF after OER process.

Ni (%)
Chemical environment Ni (2+) Ni (3+)
Ni-Fe-phy@NF after OER
57.3 42.7
process
Ni-Fe-pho@NF after OER
61.9 38.1

process
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Fig. S26 Faraday efficiency of the Ni-Fe-phy@NF at the current density of 50 mA

cm™.
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