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13

14 Figure S1.F 1s XPS spectra of NHF–x.
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16

17 Figure S2.SEM images of (a), (b) NHF–0.01 and (e), (f) NHF–0.05.

18

19 Figure S3.Selected area electron diffraction (SAED) images of (a) NHF and (b) NHF–

20 0.03.

21



22 Figure S4.Nitrogen sorption-desorption isotherms of (a) NHF , (b) NHF -0.03. pore 

23 size distributions of (c) NHF, (d) NHF -0.03.

24

25 Figure S5.GCD curves of NHF–0.03 at different current densities.

26

27 Figure S6. CV cycles of NHF-0.03 of different numbers.



28

29 Figure S7. GCD curves of NHF-0.03 of different numbers of CV cycles.

30

31

32 Figure S8. The Raman spectra of NHF-0.03 in the state of charged after different 

33 number of cycles.



34

35 Figure S9. The Raman spectra of NHF-0.03 in the state of discharged after different 

36 number of cycles.

37    At the beginning of the cycle, the electrode material does not have a complete phase 

38 transition and is still in the activation stage, so the NiOOH content in the charging state 

39 is insufficient and the characteristic peaks of the Raman spectra are not obvious1, 2. 

40 Similarly, the characteristic peaks of Raman spectra of Ni(OH)2 in the discharged state 

41 are not obvious3. During the stabilization phase of the cycle, the phase transition is 

42 complete and the electrode material can be well transformed between NiOOH and 

43 Ni(OH)2 during charging and discharging, and the presence of the two substances can 

44 be clearly seen in the Raman spectra. After stabilisation, the electrode capacity 

45 decreases again, which can be attributed to the structural collapse and poorer 

46 crystallinity of the electrode material after a long cycling process, resulting in poorer 

47 energy storage performance than in the stabilisation phase4-7.



48

49

50 Figure S10.XRD pattern of NHF–x after long-term cycling.

51

52 Figure S11.TEM images of (a)NHF, (b) NHF–0.03, and HRTEM images of (c) NHF, 

53 (d) NHF–0.03 after long-term cycling.

54



55

56 Figure S12. (a) SEM images, and (b-e) Element mapping images of NHF.

57

58

59 Figure S13. (a) SEM images, and (b-f) Element mapping images of NHF–0.03.

60



61

62 Figure S14. (a) SEM images, and (b-e) Element mapping images of NHF after long-

63 term cycling.

64

65

66 Figure S15. (a) SEM images, and (b-e) Element mapping images of NHF–0.03 after 

67 long-term cycling.

68



69

70 Figure S16. (a) CV curves and (b) GCD curves spectra of AC.

71

72 Figure S17. CV plots (at 5 mV s−1) of NHF-0.03//AC device at various potential 

73 windows.

74



75

76 Figure S18. Coulombic efficiency for 10,000 cycles at 15 A g−1 of the NHF-0.03//AC 

77 ASC.

78

79 Figure S19. (a) CV curves (5 mV s−1) at various potential windows, (b) CV plots at 1–



80 20 mV s−1, and (c) GCD curves at 0.5–15 A g−1 of the designed NHF–0.03//Bi2O3 

81 device.

82

83

84 Figure S20. (a) CV curves (5 mV s−1) at various potential windows, (b) CV plots at 1–

85 20 mV s−1, and (c) GCD curves at 0.5–15 A g−1 of the designed NHF–0.03// Bi2O3 

86 device. (Nickel foam is used as current collector).



87

88 Figure S21. GCD curves spectra at 1A g-1 of NHF–0.03 on Ni foam.

89

90 Figure S22. (a) CV plots at 1-10 mV s-1 and (b) GCD curves at 1-10 A g-1 of Bi2O3 on 

91 Ni foam.

92

93 Table S1. Fe/Ni atomic ratios of NHF-x samples by ICP-OES.



Sample x value 0.01 0.03 0.05

Fe/Ni

(Raw material ratio)
0.01 0.03 0.05

Fe/Ni (by ICP-OES) 0.0091 0.0180 0.232

94

95 Table S2. Fe2+/ Fe3+ and Ni2+/ Ni3+ ratio of NHF-x (x=0,0.01,0.03,0.05).

NHF NHF–0.01 NHF–0.03 NHF–0.05

Ni2+/ Ni3+ 1.212 1.611 1.739 1.749

Fe2+/ Fe3+ 1.035 0.991 0.952

96

97 Table S3. Charge and discharge time of NHF-0.03 of different numbers of CV cycles.

Cycle numbers

time
20 40 60 80

Charge time(s) 1158 874 756 642

Discharge time(s) 673 636 668 633

98

99 Table S4. EIS impedance spectrum fitting data for prepared electrodes.

Electrode Rs(Ω) Rct(Ω) Zw(Ω S-1/2)

NHF 0.98 3.31 0.31

NHF-0.01 1.07 2.22 0.27

NHF-0.03 1.12 1.35 0.25

NHF-0.05 1.10 1.91 0.35

100

101 Table S5. F atomic ratios of NHF and NHF–0.03 before and after long-term cycling.



At%（F） NHF NHF–0.03

Before cycle 32 33.4

After cycle 1.4 4.3

102

103 Table S6. NHF–0.03//AC energy density at different power densities.

750 W kg-1 1500 W kg-1 3000W kg-1 7500 W kg-1 15000 W kg-1 22500 W kg-1

55.5 Wh kg-1 48.6 Wh kg-1 44.9 Wh kg-1 41 Wh kg-1 33.6 Wh kg-1 25 Wh kg-1

104

105 Table S7. Comparison of energy density and power density of NHF–0.03 //AC ASC 

106 with other supercapacitors.

Supercapacitor Energy density Power density Ref.

Co-CH@Mn-Ni(OH)2/ CC//AC
45.8 Wh kg−1

25.6 Wh kg−1

800.0 W kg−1

12800.0 W kg−1
8

Co3O4@Ni(OH)2//AC
40 Wh kg−1

14.4 Wh kg−1

346.9 W kg−1

3455 W kg−1
9

Co0.5Ni0.5WO4//AC
42.2 Wh kg−1

23.7 Wh kg−1

1047.7 W kg−1

9371.4 W kg−1
10

rP@rGO//Ni2P
41.66 Wh kg−1

15.55 Wh kg−1

1200 W kg−1

8000 W kg−1
11

Co0.1Ni0.9P/CNF/ CC//AC/CC
32.2 Wh kg−1

27 Wh kg−1

3500 W kg−1

14000 W kg−1
12

MnO2@Co-Ni LDH//AC
40.9 Wh kg−1

21.3 Wh kg−1

400 W kg−1

4800 W kg−1
13

NHF–0.03//AC
55.5 Wh kg-1

25 Wh kg-1

750 W kg-1

22500 W kg-1
This Work 



107 Table S8. NHF–0.03//Bi2O3 energy density at different power densities.

750 W kg-1 1500 W kg-1 3000W kg-1 7500 W kg-1 15000 W kg-1 22500 W kg-1

102.3 Wh kg-1 101.1 Wh kg-1 72.8 Wh kg-1 54.2 Wh kg-1 31.3 Wh kg-1 25.0 Wh kg-1

108

109 Table S9. NHF–0.03//Bi2O3 energy density at different power densities.( Nickel foam 

110 is used as current collector).

750 W kg-1 1500 W kg-1 3000W kg-1 7500 W kg-1 15000 W kg-1 22500 W kg-1

112.6 Wh kg-1 110.0 Wh kg-1 89.0 Wh kg-1 66.6 Wh kg-1 47.7 Wh kg-1 28.1Wh kg-1

111

112
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