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Figure 1 (Color online) The special “solid-liquid-solid” reaction route
of sulfur cathodes and its effect on the electrochemical performance of
Li-S batteries
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Figure 2 (Color online) Single-component binders for Li-S batteries. (a) Molecular structure of [f-CDp-ng]. (b) Digital images of polysulfide
solution before (A, Al) and after adding PVDF (B, B1) and -CDp-N" (C, Cl)m]. (c) Molecular structure of polyamidoamine dendrimer™”. (d) AMAC
19453 F45491. (e) Molecular structure of PEI and its strong affinity to polysulfides™>). (f) Molecular structure and working mechanism of PEB-1%%. (g)
Molecular structures of PVS and Carrageenan and their affinity to polysulﬁdesm]
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Figure 3 Preparation process for high-sulfur-loading sulfur cathodes using PPyPU blending binders™
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Figure 4 (Color online) 3D cross-linked high-strength binders. (a) The cross-linking mechanism of the CMC/CA binder and (b) microscopic
morphology of the as-obtained sulfur cathodes™. (c) The digital image and cross-linking mechanism of the c-PAM binder™'. (d) The cross-linking
mechanism of the PEI/HDI binder™”. (e) The cross-linking mechanism of the GG/XG binder™”
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Figure 5 (Color online) Film-forming binders with strong adhesion. (a) The working mechanism of the polydopamine-based “nano-binder” ™. (b)
Preparation process for the PDA-coated sulfur/graphene composites and further cross-linking with polyacrylic acid binder”
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Figure 6 (Color online) Mechanical and in situ spectroscopic characterization of binders for sulfur cathodes. (a) Mechanical stretching test of cross-
linked polyacrylamide binders in water-bearing statel', (b) Mechanical ductility of PEI/HDI cross-linked binder under dry conditions™. (c)
Investigation of the affinity of Carrageenan binder to soluble polysulfides with the aid of in situ XAS method™". (d) Characterization of the affinity of
PEI/HDI binder to soluble polysulfides by means of in situ UV-vis method™. (e) Study of the affinity of novel binder with hyperbranched structures and
ample polar groups to soluble polysulfides using in sifu micro-Raman method”®
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Lithium-sulfur batteries have been deemed as one of the most promising high-energy-density secondary battery systems
owing to their exceptional specific energy density (2600 Wh kgfl) and abundant reserve of sulfur. However, the intrinsic
insulating nature of sulfur, as well as the special “solid-liquid-solid” phase transitions of sulfur cathode during cycling,
would give rise to the dissolution and shuttle effect of long-chain lithium polysulfides (Li,S,, 4 < x < 8) and considerable
volume change (~79.2%). This might in turn result in the severe loss of active materials, lithium metal consumption,
limited Coulombic efficiency and heavy polarization, rendering the high-loading sulfur cathodes to suffer from low
capacity and poor cyclability.

To tackle these challenges, tremendous efforts have been devoted to the rational design of the composition and
architecture of Li-S batteries in the past decade. Very recently, growing research efforts have manifested that a great deal of
key battery characteristics, encompassing reversible capacity, rate capability, and stability, are critically dependent upon the
electrically inactive components, such as functional binders. Generally, the functional binders have been proved to
significantly promote the electrochemical performance of Li-S batteries through the following two aspects: (1) Restricting
the dissolution and free diffusion of long-chain polysulfides into the electrolyte through functional polar groups, thus
greatly inhibiting the shuttle effect of soluble polysulfides; (2) aiding to construct three-dimensional high-strength and
high-conductivity skeleton to maintain the structural/electrical integrity of the sulfur cathodes during long-term cycling.

From a special perspective, this review summarizes and elaborates the important research progress of functional binders
for high-loading sulfur cathodes in recent years from the key role of functional binders, the research status quo, in situ
investigation of the working mechanism, the existing challenges and the future direction of development. First, we outline
the critical role of functional binders in high-loading sulfur cathodes in three aspects including enhancing the mechanical
properties of electrodes, capturing soluble polysulfides and suppressing the shuttle effect and maintaining the structural/
electrical integrity of sulfur cathodes upon the repeated battery operations. Subsequently, we further subdivide the
functional binders into four main types such as single-component binders, composite binders, 3D cross-linked high-
strength binders and film-forming binders with strong adhesion on the basis of their different composition and functions,
and then discuss in detail how these binders contribute to the electrochemical performance of high-sulfur-loading sulfur
cathodes. We then present the mechanical and in sifu spectroscopic characterization of functional binders for sulfur
cathodes by case-studying the representative strategies including pulling test setup, X-ray absorption spectroscopy (XAS),
ultraviolet-visible (UV-vis) and Raman spectroscopy. Finally, we conclude in the last section with an overview of the key
challenges and prospects in this exciting field. In particular, we have put forward six urgent problems to be solved in the
near future: (1) Effective combination and component optimization of high-strength and functional binders; (2) improving
the weak interaction between the polymeric binders and sulfur materials; (3) enhancing the reversibility of the binder-
captured soluble polysulfides; (4) optimization of electrochemical properties of high-loading sulfur cathodes under high
power conditions; (5) investigation of the effect of functional binders on the practical reaction routes of high-loading sulfur
cathodes with the aid of in situ characterization techniques; (6) rational control of the dosage of functional binders in the
sulfur cathodes.

lithium-sulfur battery, high-loading sulfur cathode, functional binder, volume effect, shuttle effect, in situ
characterization
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