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Abstract: Emerging energy storage technologies must meet the requirements of low cost, reasonable
safety, rich natural resources and high energy density. The rechargeable magnesium sulfur (Mg-S) battery
has the advantages of high energy density, high safety, low cost, and so on. However, its performance is
limited by self-discharge, rapid capacity loss, magnesium anode passivation, and low sulfur utilization.
The recent advances in Mg-S battery research, focusing on the advances in non-nucleophilic electrolytes,
anodes, and cathodes, summarizing electrolytes that can facilitate reversible deposition and dissolution of
magnesium ions, and maintaining compatibility with sulfur cathodes and other battery components are
reviewed in this paper. In addition, the current challenges of magnesium-sulfur batteries are discussed in
the context of research trends, such as the dissolution and diffusion of sulfides and the slow reaction kinetics
of Mg-S batteries, as well as recommendations for the future, such as doping MOFs with different
elements and exploring the reaction mechanism of the batteries.
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Table 1 Comparison of magnesium-sulfur batteries performance

Sloading/  Cycle  Initial capacity/ Final capacity/

Electrolyte Cathode .
(mg-em %) number (mAh-g ') (mAh-g™ 1)

1.44 mol- L. "HMDSMgCI+0. 5 mol-L. " AICl, in THF  S/C 1.5 50 1024 219 [14]
(HMDS),Mg:2 mol-L. ' AICL, in DEG MosSq 1.5 30 130 90 [36]
3.6 mol-L ' (HMDS),Mg+7. 2 mol-L 'AICI,+ S/CMK400 20 800 260 [35]
3.6 mol-L ' MgCl,in DEG/PP14TFSI
3.6 mol-L ' (HMDS),Mg+7.2 mol-L ' AICI,+ S/rGO 1.5 50 1024 219 [15]
3.6 mol-L 'MgCl, in TEG
0.1 mol-L ' (HMDS),Mg+1.0 mol-L ' LiTFSI S/ACC 0.5 30 1000 400 [18]
1.8 mol-L ' (HMDS),Mg+3. 6 mol- L.~ ' AICI,+ S/CNF 1.0 20 1200 (0.02 C) 780 [16]
1.8 mol-L ' MgCl,in TEG
0.5mol-L. ' (HMDS),Mg+ 1mol-L. ' AICI,+ ZIF-C-S 1.0 250 950 (0.1 C) 450 [17]
1 mol-L ' LiTESI in DEG
0.9 mol-L~ ' (HMDS),Mg+1.8 mol-L ' AICL,+ CC@PANI@MgS, 1.0 30 700 428 [12]
0.9 mol-L." ' MgCl, in TEG
0.3 mol- L~ 'Mg(TFSI),/in DME and DEG S@CMK-3 4 500 400 [37]
0.5 mol-L "' Mg(TFSI), in triglymeor acetonitrile S@BUMBS@ 10 460 68.1 [38]
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0.4 mol-L™" (PhMgCD),+AICl,+ LiCl in THF Cu,S@C 50 399.2 150 [28]
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