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Mechanochemical construction of fibrous stacked LiS cathode with high
activity and low tortuosity for anode-free Li-S batteries
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Anode-free configuration is cxpected to leverage the high specific energy of Li-S batteries. However, the insu-
lation and slow electrochemical reaction kinetics of Li,S, inefficient migration of ions in highly tortuous pores
inside the cathode and uneven lithium deposition/stripping on bare current collector result in poor performance

zg;u:;:llz;; of anode-free lithium sulfur batterles (AFLSBs). Herein, we propose a construction strategy of fibrous stacked Li,S
Fibrous Smckln;y cathode with high activity and low tortuosity. To synthesize fibrous cathode material with LizS nano coating, the

mechanochemical method was employed and in-situ conversion of sulfur and LizN was achieved on the surface of
poly(1-aminoanthraquinone) (PAAQ) modified carbon nanotubes, Furthermore, the fibrous stacked cathode was
constructed through a reclprocating stamping technique. The electrochemical reaction of Li;S can be signifi-
cantly accelerated by its nano-size and PAAQ redox mediator. Meanwhile, quasi-2D network stacked structure of
fibrous Li,S cathode forms a perfect conductive framework with low tortuosity to improve the charge transfer
cfficlency. In addition, LizN residue in the cathode can shuttle to anode and form a dense LizN-rich SEI, thus
stabilize the deposition and stripping of lithium. The above advantages lead to a significant improvement in the

rate performance and cycle stabllity for AFLSBs.

1. Introduction

In recent years, the rapid development of low altitude economy,
electric vehicles and smart grids has inspired people to develop energy
storage devices with higher energy density [1-3]. The anode-free
lithium sulfur battery (AFLSB) composed of lithium sulfide (Li,S) cath-
ode and bare current collector has the potential to leverage the high
specific energy of Li-S batteries [4-6]. However, AFLSB is a full cell with
N/P = 1 (equivalent to thin lithium sheets with stoichiometric sulfur
matching) [7], itis different from the previously reported "Li-S batteries"
based on thick lithium sheets which are actually half batteries with
sulfur or LizS cathodes. This will cause positive feedback coupling be-
tween the reversibility of Li;S cathode and the reversibility of lithium
deposition/stripping on the anode [8,9], making the AFLSB system
highly unstable with a rapid capacity decay in just a few cycles. For Li,;S
cathode with practical loading, the reversibility is limited by insulation,
shuttle effect and slow redox kinetics of LisS [10,11], as well as the
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inefficient migration of ions in highly tortuous pores formed by the
disordered stacking of LisS particles, which will further deteriorate the
reversibility of anode. Therefore, in order to construct AFLSBs with ideal
electrochemical performance, it's of vital importance to consider effi-
cient charge transfer of LisS intrinsic and stacking structures in the
cathode.

In terms of the intrinsic properties of Li,S, schemes such as nano-
sizing [12-14] and highly active catalysts [15,16] have been proven
effective to reduce the high activation overpotential and improve the
utilization of active materials. From the perspective of cathode struc-
ture, constructing a continuous conductive framework [17], designing
cathode with nano pores, high porosity [18] and low tortuosity can
slgnificantly optimize the internal charge transfer efficlency, along with
the alleviation of cathode damage caused by the volume change be-
tween sulfur and LipS [19-21]. Although the above works provide
effective strategies for modifying Li,S cathode, rational cathode modi-
fication must also consider the electrochemical stability of the anode in
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