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Pretreatment of NF. 

Inevitably, there would be oxides and impurities in the process of nickel foam 

production, transportation and storage. Hence, ultrasonic cleaning was first conducted 

in 3 M HCl for 15 min to eliminate their influence. Then nickel foam followed by 

repeated rinsing with deionized water and absolute ethanol to remove excess acid. Last, 

this cleaned NF was dried in a vacuum oven for further usage.

Pretreatment of rGO. 

This process was divided into three steps, low temperature, medium temperature 

and high temperature. Low-temperature reaction. After adding 7 mL concentrated 

sulfuric acid into a clean and dry 100 mL round bottom flask, it was put into an ice-

water bath keeping the temperature at 0 °C. 0.3 g graphite powder was added into the 

concentrated sulfuric acid with magneton stirring, then 0.9 g potassium permanganate 

was added in batches while the reaction temperature was controlled below 20 °C. 

Medium temperature reaction. After removing the ice-water bath, the flask was heat up 

to 40 °C, and continue stirring for 30 min. The color of the solution turns brown-black. 

High temperature reaction. 15 mL deionized water was slowly added into the brown-

black solution, then the temperature was raised to 95 °C and kept for 15 min. Finally, 

50 mL deionized water was added continuously before 1.5 mL 30 % hydrogen peroxide 

was slowly added.  The color of the aqueous solution became bright yellow. After 

centrifugation, the yellow solid was washed repeatedly with 5% dilute hydrochloric 

acid and deionized water, and the final viscous yellow gel was GO.

Pretreatment of FeCoP@rGO/GCE. 

For comparison, a general method was used to coat FeCoP@rGO catalyst on glassy 

carbon electrode (GCE). Typically, a homogeneous ink was obtained by dispersing 4 

mg FeCoP@rGO powder and 30 μL Nafion solution (5.0 wt.%) into 1 mL 50 % alcohol 

solvent after 0.5 h sonication. Then, the above ink was coated on the GCE and dried 
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naturally. Thus, FeCoP@rGO/GCE electrodes were prepared.
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Figure S1. XRD patterns of FeCo-PBA@rGO/NF.

Figure S2. SEM images of rGO-coated Ni foam.
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Figure S3. SEM images of FeCo-PBA@rGO/NF.

Figure S4. SEM images of FeCoP /NF.

Notes: In Figure S4, FeCoP/NF without rGO showed serious agglomeration, which 

proved that in-situ growth on rGO modified NF could fully and effectively promote the 

uniform dispersion of FeCo-PBA.1
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Figure S5. Full XPS spectrum of FeCoP@rGO/NF.

Figure S6. (a) OER polarization curves, (b) Tafel slopes, (c) Nyquist plots and (d) 

double layered capacity of FeCoP@rGO/NF, FeCoP@rGO/GCE, FeP@rGO/NF and 

CoP@rGO/NF in 1 M KOH.
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Notes: From the Figure S6, it can be concluded that the OER activity of FeCoP@rGO 

in situ grown on NF support was much better than FeCoP@rGO powder without using 

nickel foam. The poor behavior of FeCoP@rGO powder may ascribe to the inevitable 

agglomeration in synthesizing process and the employment of polymer binder in 

electrode construction which would mask the active sites of the catalyst and slow down 

the electron transfer rate2, 3. Therefore, NF played a vital role in obtaining dispersed 

active materials, small reaction impedance, and accelerated proton transfer, effectively 

preventing catalyst from mechanically falling off.4, 5
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Figure S7. Cyclic voltammograms for (a) FeCoP@rGO/NF, (b) FeCoP/NF, (c) FeCo 

PBA@rGO/NF, (d) RuO2/NF, (e) FeCoP@rGO/GCE, (f) FeP@rGO/NF and (g) 

CoP@rGO/NF at various scan rates of 20, 30, 40, 50, 60, 70, 80, 90, 100 mV s-1.

Table S1. EIS equivalent circuit fitting results of FeCoP@rGO/NF, FeCoP/NF, FeCo-

PBA@rGO/NF, RuO2/NF, FeCoP@rGO/GCE, FeP@rGO/NF and CoP@rGO/NF.

Anodes Rct ()



9

FeCoP@rGO/NF 5.0

FeCoP/NF 90.6

FeCo-PBA@rGO/NF 102.8

RuO2/NF 19.5

Blank NF 135.3

FeCoP@rGO/GCE 23.4

FeP@rGO/NF 109.3

CoP@rGO/NF 113.8



10

Figure S8. (a) XRD, (b) Raman spectra, (c, d) SEM images and (e) EDX of 
FeCoP@rGO/NF after stability test. 

Notes: After the OER durability test, the ID/IG value of FeCoP@rGO/NF obtained in 

Raman spectrum was 1.28, as low as the value before OER, which strongly proved that 

the rGO still combined firmly with NF after passing current and releasing gas.6 Hence, 

it was proven that the strong graphene/nickel interaction played vital role in this 

satisfactory cyclic stability of FeCoP@rGO/NF.7
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Figure S9. High-resolution XPS spectra of (a) Fe 2p, (b) Co 2p and (c) P 2p of 

FeCoP@rGO/NF after stability test. 
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Table S2. Comparison of OER performance between FeCoP@rGO/NF and several 

recently reported OER electrocatalysts in alkaline media. 

Catalysts Electrolyte η10 (mV) η100 (mV) References

1 M KOH 195 238
FeCoP@rGO/NF

1 M KOH + 
seawater 217 262

This work

Fe2O3/NiO/NF 1 M KOH 182 219 8

Ni0.8Fe0.2-AHNAs 1 M KOH 190 230 9

S,P-
(Ni,Mo,Fe)OOH/NiMoP

/wood aerogel

1 M KOH + 
seawater 263(η50) 262 10

S-(Ni,Fe)OOH/NF 1 M KOH + 
seawater 229 300 11

FeP-Ni/NF 1 M KOH - 294 12

NiFe/NiSx/ NF 1 M KOH +
0.5 M NaCl - ~290 13

FeSe2@CoSe2/rGO 1 M KOH 260 - 14

Co0.9Fe0.1-Se/NF 1 M KOH 246 - 15

CoS-FeS 1 M KOH 240 - 16
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Table S3. Comparison of materials containing GO and NF. 

Materials Performance

GO-coated NF High mechanical strength and enhanced 
damping properties

17

CoFe-NC
ORR (half-wave potential 0.896 V) 

OER (η10 = 370 mV)
Zn-air batteries (capacity 812.2 mAh g−1)

7

NiFe2O4@N/rGO OER (η20 = 252 mV) 18

FeNi-NC ORR (half-wave potential 0.89 V) 19

FeNi0.25-NC ORR (half-wave potential 0.86 V) 6

GO-Cu@Ni High durability and stability 20

Ni2P/RGO@NF Overall water splitting 1.58 V 21

Co3Fe1-LDH/rGO/NF OER (η10 = 250 mV) 22
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