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SEI is solid-electrolyte interface.
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Fig. 1 (a) Classification of COF applications in lithium-sulfur batteries ['*! and (b) Synthesis of COF-1!%)
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Table 1 Summary of the main performance characteristics of COF-based cathodes

Cathode Sulfur loading/ Carbon Specific capacity/  Reversible capacity/ Capacity Capacity Ref.
(mg-em™) additive (mA-h-g™) (mA-h-g™) retention/% decay/%

CTF-1/S@155 C 1197.0/0.1C 762.0/0.1 C,50 [17]
Por-COF/S 1.80 AB/30% 1000.0/0.1 C 633.0/0.5 C,200 0.160/0.5 C,200 [18]
TAPB-PDA-COF/S@S-P 0.60 SP/30% 1357.0/0.2 A/g 705.0/0.2 A/g,210 0.060/2.0 A/g, 940 [19]
PMCB-COF 926.0/1.0 C 593.0/2.5 C,500 0.039/1.0 C, 1500 [20]
ART-COF/S 3.60 CB/20% 1270.0/0.2 C 1220.0/0.2 C,100 0.035/1.0 C, 500 [21]
COFgy/S 1409.0/0.1 C 644.0/0.1 C,500 0.030/3.0 C, 500 [22]
NPC/S 1.30-4.40 AB/10% 1398.0/0.1 C 833.0/0.1 C,250 [23]
S@CTFO 1.00-1.20 CB/10% 1074.5/0.2 C 512.0/1.0 C,300 0.117/1.0 C, 300 [24]
BOC@CNT/S 3.50-5.50 1077.0/0.2 C,200 0.070/1.0 C, 500 [25]
COF-F-S 0.50 CB/10% 1120.0/0.1 C 645.0/0.1 C,100 0.040/0.1 C, 100  [26]
S@CTF/TNS 1.50 AB/10% 1441.0/0.2C 643.5/1.0 C,1000 94.0/0.2 C, 100 0.014/1.0 C, 1000 [27]
COF-TPT(OH)@S 1334.0/0.5C 732.0/0.5 C,1000 0.045/0.5 C, 1000 [29]
IP-COF-1/S 9.00 540.0/10.0 C 837.0/2.0 C,600 [30]
S@THZ-DMTD KB/20% 642.0/1.0C 78.9/1.0 C, 200 0.105/1.0 C,200 [31]
COF@CNT(66%) 2.20-10.00 1016.0/1.0 C 584.0/1 C,1000 0.042/1.0 C, 1000 [32]
S/ZW-COF@CNT SP/20% 1090.0/0.2 C 944.0/0.2 C,100 0.046/1.0 C, 100  [33]
3DCF@S 2.10 AB/10% 1366.0/0.1 C 601.0/2.0 C,600 71.2/2.0 C, 600 0.047/2.0 C, 600 [34]
S@P/PAA 1.27 KB/20% 1258.0/0.1C 452.4/0.5 C,800 96.0/0.5 C, 130 0.046/0.5 C, 800 [35]
TB-COF/S 0.90-2.20 1417.0/0.1C 663.0/1.0 C,800 0.023/1.0 C, 800 [36]
COF-MF@S 4.10 862.0/1.0C 749.0/0.5 C,300 0.047/1.0 C, 1000 [37]
S/D-[4+3] COFs 1.60 1057.0/0.5 C 900.0/0.5 C,500 85.0/0.5 C, 500 [38]
C2N@NbSe2/S 3.00-5.60 1545.0/0.1 C 752.1/1.0 C,500 83.1/1.0 C, 500 0.012/3.0 C,2000 [39]
POAC-4 1292.5/0.5C 805.5/0.5 C,300 [40]
COF@S 1409.0/0.5 C 819.0/0.5 C,200 0.200/0.5 C,200 [41]
poly(Li,Se-r-DIB) 0.80-1.20 1200.0/0.1 A/g 934.0/0.1 A/g,120 89.0/0.2 A/g, 60 [42]
PI-COF/S 1205.0/0.1 C 790.0/1.0 C,100 93.0/0.2 C, 100 [43]
S-DUT-177 720.0/0.1 A/g 76.6/0.5 Alg, 500 [44]
sp>-COF2-S 1120.0/0.1 A/g 72.0/0.1 A/g, 500 [45]
S@3D-scu-COF 1035.0-1155.0/0.2 C 71.0-83.0/2.0 C, 500 [46]
S@EB-COF-PS 787.0/0.5C 468.0/4.0 C,300 [47]
NC@TiO,-CNTs/S 1.00-5.00 1527.0/0.2C 663.0/5.0 C,500 0.056/1.0 C, 500 [48]
S@TFPB-TAA/S@TFPB-TAB CB/20% 1192.0-1288.0/0.1 C 648.0-702.0/0.5 C,30 69.3-73.5/0.5 C, 400 [49]

SP: Super P; AB: Acetylene black; CB: Carbon black; KB: Ketjen black.
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Extended Abstract

Lithium—sulfur (Li—S) batteries are considered as one of the most promising next-generation energy storage technologies due to
their high capacity and low cost in the current shortage of energy resources. However, their low sulfur utilization rate due to the
shuttle effect of polysulfides severely limits the commercialization of Li—S batteries. Covalent organic frameworks (COFs) are widely
used as cathode carrier materials for lithium-sulfur batteries due to their tunable pore size and high specific surface area. This review
represents the research progress on COFs in solving the problem of shuttle effect in Li—S batteries, and provides a comprehensive
overview of the design ideas and preparation methods of COFs for Li—S batteries. Furthermore, the existing difficulties in the use of
COFs for lithium-sulfur batteries are described, and their future development directions are discussed, providing some ideas and
references for future research on the application of COFs in Li—S batteries.

Summary and prospects

COFs demonstrate a significant potential as advanced sulfur host materials in Li—S batteries, effectively mitigating the
polysulfide shuttle effect as a major bottleneck to commercialization through their tunable pore structures, high surface areas, and
designable functional sites. This review systematically outlines the development of COF-based materials in Li—S battery cathodes,
from early physical confinement strategies to recent advances involving heteroatom doping, multidimensional architectures, flexible
frameworks, and conductive composites. These approaches can collectively enhance sulfur utilization, improve reaction kinetics, and
increase cycling stability.

Despite these promising developments, several challenges remain for the practical application of COF-based cathodes. The key
issues include the limited intrinsic conductivity of most COFs, difficulties in maintaining crystallinity during large-scale synthesis,
insufficient chemical stability under prolonged cycling, and high manufacturing costs. Moreover, optimizing electrolyte/sulfur ratios
and interface engineering between COFs and sulfur are critical for improving electrochemical performance.

Future research should prioritize 1) enhancing the electronic and ionic conductivity of COFs through structural design and
hybridization with conductive substrates; 2) developing scalable and eco-friendly synthesis methods to facilitate commercial adoption;
3) designing COFs with high sulfur loading capacity and strong polysulfide adsorption; 4) improving chemical and mechanical
stability under operating conditions; and 5) employing advanced in-situ characterization techniques to elucidate ion transport and
reaction mechanisms. With continued innovation in material design and processing, COF-based sulfur hosts are expected to play a
vital role in realizing high-energy, long-lasting, and commercially viable Li—S batteries.

Keywords covalent organic frameworks; lithium-sulfur batteries; sulfur host materials; shuttle effect



