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Fig. S1 (a) Low-magnification SEM image of the CCF-a composite and (b–d) corresponding EDX mapping patterns for (b) C, (c) O, and (d) Fe elements.
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Fig. S2 CV curves, recorded at scan rates from 1 to 30 mV s–1, of the (a) CC, (b) CCF-b, and (c) CF freestanding electrodes.
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Fig. S3 (a, b) GCD curves, recorded at current densities from 2 to 6 mA cm–2, of the (a) CC and (b) CCF-b freestanding electrodes. (c) GCD curves, recorded at current densities from 0.4 to 0.8 mA cm–2, of the CF freestanding electrode.


Table S1 Capacitive performances of iron oxide–based negative electrodes reported previously in the literature and in this present study
	Electrode
materials
	Preparation
method
	Electrolyte
	[bookmark: _Hlk65496408]Mass loading of active materials (mg cm–2)
	Specific capacitance of electrode (Cs)
	Cycle life (%)
	Reference

	CCF-b freestanding electrode
	One-step chemical co-precipitation (room temperature, 1 h)
	1 M Na2SO4
	
69.5 (Fe2O3)
[bookmark: _Hlk65496393]77.3 (CNT + Fe2O3)
	9107.16 mF cm–2 (314 mF cm-3) at a current density of 2 mA cm–2
	90.32% after 10,000 cycles
	This study

	Fe2O3 nanoplates coated on CC
	Molten salt method (380 °C)
	6 M KOH
	3.33
	4175.7 mF cm–2
	95% after 10,000 cycles
	1

	α-Fe2O3/PANi/CNT hydrogel
	Hydrothermal method (95 °C, 4 h) and post-sintering (550 °C, 2 h) for the preparation of α-Fe2O3
	1 M Na2SO4
	9.3
	2434.7 mF cm–2 (261.8 F g–1)
	96.3% after 10,000 cycles
	2

	FNCs/CNTs-C
	In situ growth technique (80 °C), followed by a post-heat treatment process (800 °C, 2 h)
	6 M KOH
	5
	1687 mF cm–2 at 2 mA cm–2
	95.8% after 20,000 cycles
	3

	Fe2O3/graphene oxide paper
	Hydrothermal method (120 °C, 6 h) and post-annealing (300 °C)
	
–
	
1.2
	3.08 F cm–2 at 5 mA cm–2
	95% after 5000 cycles
	4

	Fe2O3 nanospheres anchored on activated carbon cloth
	One-step hydrothermal method (190 °C, 48 h)
	
3M LiNO3
	1.87 
	2775 mF cm–2
	92% after 10,000 cycles
	5

	α-Fe2O3@MnCo2O4 composite
	Hydrothermal method (200 °C, 6 h) and post-annealing (400 °C, 2 h)
	
1 M KOH
	

–
	1073 mF cm–2 at 1 mA cm–2
	77.8% after 6000 cycles
	6

	α-Fe2O3@Co3O4 composite
	Hydrothermal method (200 °C, 6 h) and post-annealing (400 °C, 2 h)
	1 M KOH
	

–
	490 mF cm–2 at 1 mA cm–2
	74.6% after 6000 cycles
	6

	Tetsubo-like α-Fe2O3/C nanoarrays
	Sacrificial template-accelerated hydrolysis method to grow α‐Fe2O3 and post-annealing (400 °C, 30 min)
	1 M Na2SO4
	1.1
	430.8 mF cm–2 (391.8 F g–1) at 1 mA cm–2
	91.8% after 4000 cycles
	7

	Oxygen-deficient α-Fe2O3 nanorods
	Hydrothermal method (95 °C, 6 h) followed by thermal annealing (400 °C, 1 h)
	3 M LiCl
	4.3
	382.7 mF cm–2 (equal to 89 F g–1 and 9.5 F cm–3) at 0.5 mA cm–2
	95.2%
after 10,000 cycles
	8

	Hierarchical Tectorum-like α-Fe2O3/PPy nanoarrays
	ZnO nanoarrays obtained via a hydrothermal method (85 °C, 24 h) used as sacrificial templates for α-Fe2O3 followed by thermal annealing (550 °C, 5 h)
	1 M Na2SO4
	0.81
	382.4 mF cm–2 at 0.5 mA cm–2
	97.2% after 5000 cycles
	9

	Fe2O3/ RGO/Fe3O4 nanocomposite
	One-step hydrothermal growth (150 °C, 12 h)
	2 M KOH
	4.3
	337.5 mF cm–2, 78.49 F g–1 at 20 mA cm–2
	95% after 5000 cycles
	10

	CNT film/double-sided carbon tape/CNT film@Fe2O3
	Hydrothermal method (150 °C, 6 h)
	0.1 M Na2SO4
	5.0
	339.1 mF cm–2 at 1 mA cm–2
	–
	11

	Hematite nanocrystal–carbon cloth composite
	Hydrothermal method
	1 M Na2SO4
	0.9–1.0

	1.66 F cm–2 at a current density of 2 mA cm–2

	88.6% retention after 5000 cycles
	12


	Ti-doped Fe2O3@PEDOT core/shell
	Hydrothermal treatment (120 °C, 1 h) and sintering (300 °C, 1 h)
	5 M LiCl
	–
	1.15 F cm–2 (311.6 F g–1, 28.8 F cm–3) at 1 mA cm–2

	96.1% after 30,000 cycles
	13

	Fe2O3 nanoparticle clusters/rGO paper
	Hydrothermal synthesis (195 °C, 12 h) and thermal treatment (150 °C, 30 min)
	3 M KOH
	1.2 g cm–3
	178.3 F cm–3 at 1 mV s–1
	–
	14

	Metal-like fluorine-doped β-FeOOH nanorods
	Hydrothermal synthesis (120 °C, 5 h) and post-annealing treatment (400 °C, 2 h)
	6 M KOH
	0.90–1.00
	1.12 F cm–2 at a current density of 1 mA cm–2
	–
	15

	SiC NWs@Fe2O3 NNAs)
	Hydrothermal route (120 °C, 8 h)
followed by annealing treatment (450 °C, 2 h)
	2 M KOH
	1.4
	1 F cm–2 at 2.8 mA cm–2
	–
	16

	Plasma activated Fe2O3 nanorods on CC
	Hydrothermal reaction (120 °C, 6 h), post thermal annealing (450 °C, 3 h), and plasma activation (300 °C, 1 h)
	1 M Na2SO4
	-
	340 mF cm−2(369 F g−1) at 1 mA cm−2
	83%
after 5000 cycles
	17

	GF-CNT@
Fe2O3 electrode
	CVD method (750 °C) to construct GF-CNT and anatomic layer deposition (165 °C) to coat  crystalline Fe2O3
	2 M KOH
	–
	470.5 mF cm–2 at 20 mA cm–2
	111.2%
after 50,000 cycles
	18

	Fe2O3 nanotubes grown on carbon fabric
	Sacrificial template-accelerated hydrolysis and post-annealing (400 °C, 2 h)
	5 M LiCl
	0.71
	180.4 mF cm–2 at 1 mA cm–2
	–
	19

	Binder-free hematite NF electrode
	Hydrothermal method (95 °C, 6 h) followed by annealing (550 °C, 1 h)
	3 M LiCl
	1.5
	145.9 mF cm–2 (100.6 F g–1) at 1 mA cm–2
	87.2% after 5000 cycles
	20

	α-Fe2O3@PANI core–shell nanowire arrays
	Electrodeposition (40 min) and calcination (500 °C, 2 h)
	1 M Na2SO4
	–
	103 mF cm–2 at 0.86 mA cm–2
	
100% after 2500 cycles
	21

	Ni/GF/Fe2O3
	Hydrothermal synthesis (120 °C, 6 h) and post-annealing treatment (400 °C, 1 h)
	3 M KOH
	–
	572 mF cm–2 at 1 mA cm–2
	94.1% after 3000 cycles
	22

	Fe2O3-δ crystalline core/amorphous shell heterostructure
	Hydrothermal synthesis (120 °C, 6 h) and post-annealing treatment (400 °C, 1 h)
	1 M LiOH
	1.3
	701 F g–1 (701 mF cm–2) at 1 A g–1
	90% after 5000 cycles
	23





Table S2 Capacitive performances of asymmetric supercapacitor devices reported previously in the literature and in this present study
	Material
	Electrolyte
	Voltage window
	Areal (volumetric)capacitance
	Energy density
	Power density
	Reference

	
CCM//CCF-b 
	1 M Na2SO4
	1.8 V
	2907.1 mF cm–2 (26.4 F cm–3)
	1.31 mW h cm–2 (11.9 mW h cm–3)
	274.4 mW cm–2 (2.5 W h cm–3)
	This work

	Mn3O4@CC//Fe2O3@CC
	6 M KOH
	2.0 V
	1047.9 mF cm–2
	2.91 mW h cm–3
	278 mW cm–3
	1

	RuO2//Fe2O3

	CMC/Na2SO4
	1.5 V
	4.9 F cm–3
	1.5 mW h cm–3
	9.1 mW h cm–3
	24

	TNT@α-Fe2O3//AC
	1 M KCl
	1.4 V
	142.86 mF cm–2
	38.88 µW h cm–2
	1.9 mW h cm–2
	25

	CDC@MnO2//CDC@ Fe2O3
	PVA/LiClO4
	2.1 V
	6.8 F cm–3
	4.1 mW h cm–3
	22.3 mW cm–3
	11

	MnO2//Fe2O3 

	PVA/LiCl
	1.6 V
	–
	0.55 mW h cm–3
	139.1 mW cm–3
	19


	Fe2O3-P//MnO2
	1 M Na2SO4
	1.6 V
	-
	0.42 mWh/cm3
	258.1 W cm−3
	17

	MnO2//
Fe2O3/PPy-
	PVA/LiCl
	1.6 V
	835.5 mF cm–3
	0.22 mW h cm–2
	165.6 mW cm–3
	9

	Fe3O4@Fe2O 3//Fe3O4 @MnO2 
	1 M Na2SO4
	2 V
	1.49 F cm–3
	0.83 mW h cm–3
	500 mW cm–3
	26

	ASC MG/FG-t2
	3 M KOH
	1.8 V
	–
	0.056 W h cm–3
	6.21 W cm–3

	14


	α-Fe2O3 @PANI//PANI
	1 M Na2SO4
	1.5 V
	2.02 mF cm–3
	0.35 mW h cm–3
	120.51 mW cm–3
	21

	α-Fe2O3/C//α - Fe2O3/MnOx
	1 M Na2SO4
	2.0 V
	1.28 F cm–3
	0.64 mW h cm–3
	155 mW cm–3
	27

	Co3O4/GN/BC// r‐Bi2O3/GN/BC
	6 M KOH
	1.6 V
	–
	0.449 mW h cm–2 (7.74 mW h cm–3)
	40 mW cm–2 (690 mW cm–3)
	28


	PANi gel//α- Fe2O3/PANi
	PVA/LiCl
	1.8 V
	1.5 C cm–3
	0.31 mW h cm–3
	67.1 mW cm–3
	29

	MnO2//Fe2O3
	PVA/LiCl
	1.6 V
	1.21 F cm–3
	0.41 mW h cm–3
	0.1 W cm–3 at 6 mA cm–2
	8

	MnO2//α- Fe2O3/C
	1 M Na2SO4
	2.0 V
	78.2 mF cm–2
(1.15 F cm–3)
	0.64 mW h cm–3
	248.4 mW cm–3
	7

	MnO2 //MXene@ Fe2O3
	PVA/LiCl
	1.8 V
	143.4 mF cm–2 
	1.61 mW h cm–3
	495.6 mW cm –3
	30

	MnO2//Ti-Fe2O3@PEDOT
	  PVA/LiCl
	1.6 V
	2.40 F cm–3
	0.89 mW h cm–3
	0.44 W cm–3
	13

	Ni/GF/H-CoMoO4//Ni/GF/H-Fe2O3
	PVA/KOH 
	1.5
	3.6 F cm–3
	1.13 mW h cm–3
	150 mW cm–3
	22
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