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[bookmark: _Hlk194478494]Fig. S1. (a) Flowchart of iron oxide preparation via iron ore concentrate leaching, and (b) the synthesis process of Fe2O3@N-C
Table S1 The main components of iron concentrate before and after leaching determined by ICP-OES. 
	Solutions
	Constituents and content 

	
	Al
	Co
	Cr
	Mn
	Ti
	K
	Na
	Ca
	Mg
	Fe

	Before leaching (wt. %) 
	0.17
	0.031
	0.01
	0.038
	0.10
	0.11
	0.084
	0.13
	0.12
	65.87

	After leaching (g/L)
	0.007
	0.42
	0.5
	0.38
	0.03
	0.001
	0.004
	0.007
	0.002
	53.367
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[bookmark: _Hlk195638981]Fig. S2. XPS analysis of Fe2O3@N-C electrodes after 100 cycles at 1 A g-1 current density; (a) complete survey spectrum, (b) Co 2p, (c) Fe 2p, (d) O 1s, (e) N 1s and (f) C 1s. 
To investigate the stability of Fe2O3@N-C electrodes, XPS analysis was performed after 100 cycles at 1 A g-1 (Fig. S2). The survey scan (Fig. S2a) confirms retention of all constituent elements (Fe, Co, N, O, C) with no observable elemental loss, indicating excellent structural stability. Detailed spectral analysis reveals: Co 2p spectrum (Fig. S2b) shows characteristic peaks at 779.96 eV (Co0), 781.20 eV (Co2+), and 784.93 eV (Co3+), with satellite peaks at 789.25 and 802.73 eV[S1]. The decreased peak intensities suggest partial material detachment due to volumetric expansion during cycling[S2]. Fe 2p spectrum (Fig. S2c) displays main peaks at 709.20 eV (Fe 2p3/2) and 716.98 eV (Fe 2p1/2), with satellite peaks at 712.86 and 722.40 eV, consistent with Fe3+ oxidation state. O 1s spectrum (Fig. S2d) exhibits two dominant peaks at 529.52 eV (Fe-O-Fe) and 531.32 eV (Fe-O-C), confirming maintained chemical bonding. N 1s spectrum (Fig. S2e) resolves four components: 398.64 eV (graphitic N), 399.62 eV (pyridinic N), 401.11 eV (pyrrolic N), and 402.13 eV (oxidized N), demonstrating nitrogen configuration stability[S3]. C 1s spectrum (Fig. S2 f) shows increased O-C=O peak intensity (289.38 eV) attributable to electrolyte decomposition (1M LiPF6 in EC/DMC/EMC 1:1:1 v/v), while maintaining C-C (284.32 eV) and C-O (286.1 eV) bonds[S4].
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[bookmark: _Hlk195641391][bookmark: _Hlk195641777]Based on GITT curves, the lithium ion diffusion coefficient (DLi+) can be estimated by the following formula [S6, S7]:
                    ( τ＜＜L2/D)               (Eq.S1)
where t is the duration time of the constant current pulse (S), mB, MB, and VM are the mass loading (g), molecular weight (g mol-1), molar volume (cm-3 mol-1) of the active material; S denotes the surface area of the electrode; ΔES and ΔEτ represent the change in the steady-state voltage at a plateau and the total change in cell voltage during pulse time, respectively. d the total change in cell
voltage during pulse time, respectively. Fig. S3b compares the DLi+ values during the 3rd and 4th cycles. It can be seen that the DLi+ values range from 10-12 to 10-9 cm2 s-1.
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Fig. S3. (a) GITT curves and (b) the corresponding Li+ diffusion coefficients (DLi+) of the Fe2O3@N-C electrode
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