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composite emulsion with core-shell structure, in which the inor-
ganic particles serve as the core and the copolymer with hydro-
philic groups attached acts as the shell. When LATP is
compounded with LPABM through covalent bonds, due to the
synergistic effect of two components enhanced by the interfacial
compatibilization, the high-efficient lithium-ion (Li*) migration
channels and an inorganic-reinforced skeleton with the multi-
functional polysulfide-trapping ability derived from LPABM will
be formed. Therefore, LPABM-d-LATP is expected to exhibit
the following advantages when used as a binder for sulfur cath-
ode materials: 1) the d-LATP-reinforced LPABM skeleton can effi-
ciently bind active materials with sharp volume changes; 2) the
high-efficient Li* migration channels constructed by the interface
compatibilization of d-LATP and -COOLi endow the sulfur cath-
ode with rapid Li* migration; and 3) LPABM rich in -COOR,
-COOH, -COOLi, and -CN can trap intermediate LiPS. As a result,
as-assembled lithium-sulfur battery based on LPABM-d-LATP
binder showed an initial specific capacity of 1204mAhg™'
(defined by the mass of active material in cathode) at 0.1 C, a spe-
cific capacity of 941 m Ah g at a high rate of 4 C, and a capacity
retention of 80.1% after 200 cycles of a 0.5 C cycling test (with
only 0.1% decay per cycle).

2. Results and Discussion

As shown in Figure 1a, a composite ionic conductive binder,
denoted as LPABM- d-LATP, is prepared with the double bond-
modified LATP and functional unsaturated monomers by emul-
sion polymerization and lithiation neutralization. To improve
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mer matrix, chloro(dimethyl)vinylsilane was used as the coupling
agent to achieve double-bond grafting on the surface of the LATP
nanoparticles. The Fourier transform infrared spectroscopy (FTIR)
smMMMwmmC—HMM
(2925 and 2854 cm ') and the peak of =1630cm™" blueshift in
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grafted to the surface of the LATP nanoparticles (Figure S1,
Supporting Information). Figure S2, Supporting Information,
shows the change in contact angle before and after modifying
LATP with silane coupling agent. After modification, the water
contact angle increases from 23.0° to 40.5°. This indicates that
the hydrophobicity of d-LATP is improved, which can improve
its compatibility with the polymer matrix during emulsion poly-
merization. Therefore, the d-LATP easily participated in free radi-
cal polymerization with unsaturated monomers.

On the basis of the obtained d-LATP, it was introduced into a
copolymerization system consisting of BA as a soft monomer, AN
as a hard monomer, and MAA as a lithiable monomer to emulsion
polymerization. Due to the large surface free energy and
polymerization-active double bonds on the surface of LATP, the
monomers will aggregate, adsorb to the surface, and polymerize
to form composite emulsion particles (PABM-d-LATP) with in situ
encapsulated copolymers (PABM). It is worth emphasizing that,
due to the highly hydrophilic carboxyl groups present in MAA,
the encapsulating layer of the copolymer may exhibit a tendency
for the carboxyl groups to face the aqueous phase. Upon further
neutralization by the introduction of LiOH, the carboxyl groups
are formed into negatively charged carboxylate ions, which
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