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Abstract

Lithium-sulfur battery was regarded as a strong competitor to the next generation of energy sto-
rage systems that are expected to replace lithium-ion batteries due to their outstanding theoreti-
cal specific capacity and energy density. However, the shuttle effect and other issues resulted in a
rapid decrease in battery capacity and poor cycling stability, hindering the commercialization
process of lithium-sulfur batteries. Transition metal compounds generally exhibit excellent cata-
lytic performance and unique electronic structures, among which iron-based compounds have re-
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ceived widespread attention due to their low cost, excellent conductivity, and strong catalytic ac-
tivity. This article focuses on the latest progresses of iron-based compounds used as catalysts for
lithium-sulfur battery, and looks forward to their future development trends.
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Figure 1. Schematic illustrations of shuttle effect [11]
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Figure 2. Display diagrams of various iron-based compounds
used in the research of lithium-sulfur batteries
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Figure 3. (a) TEM image of Fe,0;/rGO/CNT [17]. (b) Structure diagram of Fe,03_,@C [19]. (c) In situ XRD contour plots
of S/YS-27Fe;04@C electrode in the first discharge/charge process within the voltage window of 1.7~2.8 V [12]. (d)
DFT-calculated molecular structures and adsorption energies of Li,S, and Sg on Fe;O4 [21]. (e) Optical photographs of Li,S¢
solution treated with PNC, nano-Fe;0,/PNC, and Fe;04/PNC for 30 min [22]. (f) Optimized configurations of Li,S¢ mole-
cule on different surfaces [19]. (g) Adsorption energies of the Sg cluster and Li,S, (x =1, 2, 4, 6, and 8) on the (104) and (110)
facets of a-Fe,O5 [24]

3. (a) Fe,03/rGO/CNT B9 TEM E&[17]. (b) Fe,0;.@C MILEHIRERI[19]. (c) M S/YS-27Fe;0,@C 1EFIEMRAY
M 1.7~2.8 V EEEEANEBEMENEREA XRD FEHLE[12]. (d) LisS, KUK Sy #E Fe;0, FRHEMRHIEI DFT
HEBEBMFHMIEE21]. (¢) PNC, nano-Fe;0,/PNC AR Fe;0,/PNC TR Li,S iAi& 30 4 #hEHI AT # AL BI[22]. () LisSe
EARRELHRLME19], (2) SsBIFEF LiS, (x =1, 2, 4, 6 1 8)FE a-Fe,05 BI(104)F1(110) 5 @ B MTAE[24]
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Figure 4. (a) Digital images of the ACT/S composite and ACT@Fe/Fe;C/S composite electrodes during the first discharge cycle in
the liquid cell at the current density of 0.1 C [25]. (b) Long-term cycling performance of Fe;C@NCNT/G/S cathode at 1 C [13]. (c)
i): The rate capability of Fe;C@N-C/S, N-C/S and SP/S at increasing current rates from 0.1 C to 5 C; ii): cycling performance at 0.5
C [26]. (d) N, adsorption/desorption isotherm and pore size distributions (insert) of Fe;C/PB and PB [30]. (e) i): MD atomic struc-
tures of the S/MWCNT and S/Fe;C/MWCNT,; ii): Sulfur infiltration process and HRTEM image of the nanotube wall, sulfur, and
Fe;C particle [31]
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S/Fe;C/MWCNT B MD [RF45#; ii): BRBDZELFEF MWCNT, Sy LA Fe;C Bt HRTEM B ([31]
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Figure 5. (a) 1): Theoretical calculations of binding energies of several sulfur species with the (111) plane of FeP; ii) Geometry of
Li,S4 binding to the (111) plane of FeP [34]. (b) Preparation diagram of urchin FeP/S [35]. (¢) Cycling performances at 1 C of i):
FeP/S with various areal S loadings and ii) S//FeP//Li and S//FeOOH//Li [35]. (d) Electronic differential density of a theoretical
model of Li,S4-FeP [33]. (e) The relationship between the adsorption ability and catalytic activity of FeP, Fe,P and heterostructure
and (f) schematic diagrams of the band structure of FeP/Fe,P n-n heterostructure before and after contact [37]

5.(a) i): FeP B(111)EX B EFIFPLE S EIRILTTE; ii): FeP (11 1)ELEE LixSe BIJLAEEHI[34]. (b) 7EABIR FeP/S
HOH &2 F2(35]. (c)i): NEIFREEE AT FeP/F ii) S//FeP/Li 1 S//FeOOH//Li B 17E 1 C BLIRZRE T AUBIABIR[35]. (d)
Li,S,-FeP BB FEDHEERE[33]. (c) FeP, Fe,P KUIRFREHHIIRMBENFEW BN 2 BHIX R UK (D) HMATE
FeP/Fe,P Z [8] n-n 3 BR&E R REH 4R R B E[37]
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Figure 6. (a) Explanation of the advantages of nanoparticles over bulk FeS, in sodium-sulfur batteries [38]. (b) Discharge capacity
curves and corresponding Coulombic efficiency of BP2000-S and BP2000-FeS-S composite electrodes in 500 cycles at 0.5 C [45].
(c) Visual confirmation of LiPSs entrapment at the specific discharge of FeS/N-C and N-C cells, both of them discharged at 0.2 C
between the open-circuit potential to 1.8 V under identical conditions Schematic illustration of FeS/N-C [49]. (d) Synthetic routes
to yolk-shell FeS-C and FeS,-C nanospindles [50]. (e) Long-term cycling performance of the S/Fe,N@C NBs cathode at 1 C [52].
(f) Cycling performances of FeF,@rGO cathode and rGO cathode at 1 C, and under high sulfur loading at 0.1 C [53]. (g) Sche-
matic illustration of synergistic mechanism of Fe;C-Fe;P heterostructure [54]

& 6. () FESHTREE S FR K BRI EE BROIR FeS, B E ML HIIHRA[38]. (b) BP2000-S F1 BP2000-FeS-S £ &R 0.5 C R
FE TSR 500 Bl L B R LR AR R R EER ST ZR [45]. (o) EMERIFZHT, EFWEMAZE 1.8 V Z[ELL 0.2 C KB
FeS/N-C #1 N-C EMAHFEME S, LiPSs HMRAYATAMM[49]. (d) IR FeS-C F FeS,-C HIAMEELL[50]. ()
S/Fe;N@C NBs IER7E 1 C THIKIBIFEILZE[52]. (f) FeF,@rGO 1 rGO ER7E 1 CEERER, URESHHEEN0ICT
HIMEER[53]. (g) FesC-FesP R BREEMIRNTEI1E FHLER[54)

TSR, BB R T e AP ERIRRR A, TR AT AN i BE A5 1 SS9 2 T B 2 11
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