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Abstract As the demand to energy storage devices for portable electronics and electric vehicles increase, lithium-sulfur
(Li-S) batteries have attracted much attention for its extremely high energy density. However, the low coulombic efficiency,
rapid fading capacity, and poor cycle performance of lithium anode hinder the demonstration of practical Li-S cells. The ad-
vanced functional separator/interlayer system have been proposed and verified to retard the shuttle of polysulfides and extend
the cycling life of aLi-S cell. In this review, the progress on multifunctional separators/interlayers for lithium sulfur batteries
are summarized, including permselective separator inhibiting polysulfide shuttles, separator with low interfacial resistance,
and composite electrolyte stabilizing anode and retarding the formation of Li dendrites. New insights into challenge and op-

portunities of multifunctional separator/interlayer system are also prospected.
Keywords lithium-sulfur batteries; separator/interlayer; electrolyte; nanocarbon; composite el ectrodes; Li anode
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Figurel (@) Scheme of Li-S battery with routine porous membrane that suffers from shuttle effect, compared with the Nafion-composite which prohibits
shuttle of polysulfides®™; (b) A lithiated Nafion-coating porous polymer separator that retards the shuttle of polysulfides in a working Li-S cell®”; (c) A
layer-by-layer assembled polymer separator that are permselective to lithium ions®; (d) Nafion/SuperP conductive carbon composite as a separator that
impedes polysulfide’®?; (e) Surface coating of Nafion-SuperP-PEO composite to impede diffusion of polysulfides!®¥; (f) A functional sulfonated acetylene
black coated separator repulsing polysulfides through electrostatic interaction(®
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Figure2 (a) Scheme of agraphene oxide based membrane as a permselective separator and the related visible test of polysulfide shuttlein a Li-S cell™;
(b) An exfoliated graphene modified separator impeding shuttle of polysulfides™; (c) Scheme of MOF modified membrane with 0.9 nm pores prohibiting
shuttle effect and a cell with 1500 cycles™; (d) Scheme of V,Os as lithium ion conductor to repulse the shuttle of polysulfides and the cross-section
image.®4
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Figure 3 (&) Scheme of activated carbon nanofiber coated porous membrane, in which the micro/mesopore are constructed by assembled nanofiber,
achieving strong physical absorption to polysulfides®; (b) Scheme of the GO/o-CNT coated separator achieving absorption to polysulfide and repulsion of
shuttle effect!®; (c) PANiINF/carbon nanotube-functionalized separators achieving physical and chemical binding of polysulfides®: (d) Scheme of TisC,
modified separator that absorbs polysulfides based on the strong binding between Ti and S atoms' !
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Figure4 (a) Scheme of SuperP conductive carbon modified cathode surface for high performance Li-S battery!'; (b) A composite separator coated by
conductive carbon and solid electrolyte composite that enhances electron and ion conduction!™™; (c) Scheme of flexible polypropylene-graphene-sulfur
composite cathode, by direct coating of cathode materials onto graphene-modified separator for flexible pouch cells*?Y; (d) Scheme of glass fiber modified
separator/cathode interface??; (€) Plasma-engraved nanosheets to improve wettability for high performance Li-S battery!**
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Figure5 (&) Scheme of Li-S battery with carbon-coated separator to recycle active material§'2¥; (b) A microporous carbon/PEG-coated separator leading
to adsorption and recycle of active materials*'”; (c) Scheme of porous graphene foam as recycle layer™; (d) Nitrogen doped mesoporous graphene and
NiFe layered double hydroxides composite modified separator, achieving adsorption and rapid transition™**
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Figure 6 (a) Scheme of biocell-inspired polydopamine as coating agent leading to “systematic effects’ to impede growth of lithium dendrite [*U; (b)
Scheme of polydopamine modified separator to impede growth of lithium dendrites*; (c) Scheme of nano fiber induced even concentration of lithium ion
to retard the formation of Li dendritesin aworking Li metal cell!**¥
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