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Calculation of electrochemically active surface areas (ECSA)

The value of ECSA can be obtained by previously reported equations in the following:
ECSA=C4/Cs

Cqi: double layer capacitance of samples tested in 1.0 M KOH (mF cm2);

C,: specific capacitance. The value of Cg is 0.04 mF cm2 in 1.0 M KOH;
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Fig. S1 XRD pattern of Fe;O4 supported on iron foam (Fe;O4/IF).
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Fig. S2 XPS spectrum of (a) survey, (b) Fe 2p, (c) P 2p and (d) O 1Is in P-Fe;O,/IF.
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Fig. S3 The comparison of elements Fe in F, P-Fe;04/IF (a) and P-Fe;O4/IF (b),

Fig. S4

Q

Intensity (a.u.)

O

Intensity (a.u.)

Fe 2p
Ke2p,,
Fe ZPHI
~
Sat.
> P-Fe
Sat. \
736 728 720 712 704
Binding energy (eV)
Fe 2p
Fe 2p
Fe2p 4
Sat.
P-Fe
Sat
1 1 1 L 1
736 728 720 712 704

Binding energy (eV)

respectively.




Fe304

Intensity (a.u.)

" 1 n 1
1200 1000 800 600 400 200 0

Binding energy (eV)

Fig. S4 XPS survey of Fe;O,4 supported on iron foam (Fe;O04/IF).
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Fig. S5 XPS spectrum of (a) Fe 2p and (b) O 1s in Fe;O4/IF.
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Fig. S6 The comparison of Fe in (a) F, P-Fe;04/IF (b) P-Fe;0,/IF and (c-d) Fe;O4/1IF,
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Fig. S7 SEM mapping of F, P-Fe;O4/IF.
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Fig. S8 TEM images of Fe;O,/IF.
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Fig. S9 The N, adsorption isotherms of F, P-Fe;0,4 and Fe;0,.
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Fig. S10 SEM images of (a, ¢) FEOOH/IF and (b, d) FeO/IF.
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Fig. S11 SEM images of (a, ¢) P-Fe;O4/IF and (b, d) Fe;O4/IF.
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Fig. S12 HER polarization curves of F, P-Fe;O4/IF at different temperature.
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Fig. S13 The Cgy values of FeO, F-FeOOH, P-Fe;0,4 and F, P-Fe;0,.
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Fig. S14 XRD pattern of F, P-Fe;0, after stability test.
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Fig. S15 SEM images after stability test for F, P-Fe;O, at different scales.
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Fig. S16 Charge densities difference of Fe;04 and F, P-Fe;0,.
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Table S2

Table S1. The EDX data of P, F-Fe;0,.

Elements Weight % Atom %
FeK 64.02 36.97
OK 25.07 50.54
PK 9.21 9.59
FK 1.71 2.90
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Table S2. Porosity condition of the F, P-Fe;0, and Fe;O4. Where Sppr/m?/g is
calculated by applying the BET equation using the linear part of the adsorption
isotherm. S;.o/m?/g is calculated by t-plot method. S;.s,/m?/g is calculated by BJH

adsorption model.

Samples Sger/m?/g Spnicrd/MYE | Speco/ M?/g
F.P-Fe;0O, 2.36 1.31 1.81
Fe,0, 1.68 0.79 1.589

Table S3
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Table S3. Comparison of HER performance of F, P-Fe;O,/IF with other

electrocatalysts at 500 mA cm2.

Overpotential

Electrocatalyst Electrolyte (mV) Reference

F, P-Fe;0,/IF 1 M KOH 278 This work
NiO/Ni;S, 1 M KOH 307 [1]
Ni, ,(HPO3)s(OH), 1 M KOH 385 [2]
Np-NiMn 1 M KOH 370 [3]
A-NiCo LDH/NF 1 M KOH 286 (4]
Sn-Ni;S,/NF 1 M KOH 356 [5]
IrNi/NF 1 M KOH 281 [6]
Fe;04/1F 1 M KOH 348 [7]
Niﬁ@’g&f 0 1 M KOH 320 [8]
MoS,/Ni;S,/NF 1 M KOH 320 [9]
Pt/C/NF 1 M KOH 281 [10]

Table. S4
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Table S4. The calculated values of ECSA of all samples.

Samples Cqy (mFcm?) | Cs (mF cm? per cm?) ECSA(cm?)
FeO 29.39 0.04 734.57
F-FeOOH 18.08 0.04 452.00
P-Fe;0, 53.91 0.04 1347.75
F, P-Fe;0, 60.41 0.04 1510.25

Table S5
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Table S5. The preparation cost of electrode per unit area of P, F-Fe;0y,.

Materials Supplier Used account (unit) | Cost (unit) | Cost (¥/m?) il(:::
Kunshan Tengerhui Electronic
Iron foam 1 m?2 500 (¥/m?) 500 ¥
Technology Co. Ltd.
Ammonium 848 ¥
] Sinopharm Chemical Reagent Co. Ltd. 500 g 88 (¥/500g) 88 ¥
fluoride
Sodium ) )
i Sinopharm Chemical Reagent Co. Ltd. 2500 g 52 (¥/500g) 260 ¥
hypophosphite
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