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Abstract: Organic/inorganic composites have been considered as promising electrolyte candidates in all solid-state
lithium batteries. Aiming at improving the conductivity significantly by increasing the frequently-used 0D or 1D ce-
ramic nano-fillers to high content is unsuccessful due to the particle tendency to agglomeration. What's worse, the
loose contact between the solid electrolyte and solid electrodes is much of a serious barrier to the performance and thus
to the application of all solid-state lithium batteries. Herein, self-supported 3D porous Lig4Aly;LasZr; 7Tag30;, frame-
works are employed to provide percolated fast Li" conductive pathway while in-situ polymerization of poly(ethylene
glycol) methyl ether acrylate can integrate the loose solid-solid interface and reduce the interfacial resistance effi-
ciently. Inspiringly, the Li" conductivity of the composite exhibits 1.9x10™* S-em ™' at room temperature. The interfa-
cial resistance in Li-Li batteries decreases significantly from 1540 to 449 Q-cm’, rendering good capacity and cy-
clability of the 4.3 V (vs. Li"/Li) LiCoO,|Li all solid-state lithium battery.
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Fig. 1 Schematic illustration of ASLB structure prepared via
(a) ex-situ and (b) in-situ methods with p-LLZTO as ceramic
fillers
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Fig. 2 (a) XRD patterns of standard LLZO, the as-prepared LLZTO powders and p-LLZTO; (b) Cross sectional SEM image of
p-LLZTO; (c) Pore size distribution of p-LLZTO; (d) EIS plots of dense LLZTO and p-LLZTO at room temperature with inset
showing the partial magnified spectrum of the dense LLZTO
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Fig. 3 (a) FT-IR spectra of PEGMEA, P(PEGMEA), and P(PEGMEA) from the 3D composite; (b) '"H NMR spectra of PEGMEA
and P(PEGMEA) from the 3D composite(the solvents are deuterated N,N-dimethylformamide) with insets showing the correspond-
ing structural formula of PEGMEA and P(PEGMEA); (¢) Thermal evolution of ohmic resistance at 60 C for steel|3D
composite|steel symmetrical cell with inset showing the digital image of PEGMEA with/without p-LLZTO after heat-treatment at
60 ‘C for 24 h; (d) Relation between ionic conductivity of electrolyte and temperature for P(PEGMEA) and 3D composite;
(e) Cross sectional SEM image and element mapping analysis of the 3D composite
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Table1l Conductivities (o .. ) of different solid electrolytes at room temperature

Conductivity of

Conductivity of

Electrolyte Lithium saltEO* - Li polymer/(S-em™) composite/(S-cm ") Promotion factor Ref.
PEO/LATP particles LiClO, 15:1 1.3x10°° 9.5x107° 7.5 [25]
PEO/LLZO fibers LiTESI® 2.5x107° 2.7x107° 11 [26]
PEO/LATP® fibers LiTFSI 8:1 3.2x10°¢ 4.9x107° 15 [27]
PEO/3D LLZO LiTFSI 10:1 1.8x10°¢ 8.5x107° 47 [19]
PEO/3D LLTO® LiTFSI 10:1 2.2x10°° 8.8x107° 40 [18]

a: ethylene oxide(—CH,—CH,—0-); b: lithium bis(trifluoromethanesulfonyl)imide); c: Li; 4Aly4T1; 6(PO4);; d: LigssLag ssTiO3

T ] B 9% R #H 28k . PEGMEA TE NG fE R &
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Fig. 4 EIS plots of (a-c) pre- and (d-f) post-treated Li-Li symmetrical batteries based on (a, d) PEGMEA, (b, ¢) LLZTO,
(c, ) 3D composites; (g) Ohmic and (h) interfacial resistance comparison of pre- and post-treated Li—Li symmetrical cells;
(i) DC galvanostatic cycle of Li—Li symmetrical batteries based on P(PEGMEA) and the 3D composite under room
temperature at 0.1 mA-cm > with insets showing D.C. galvanostatic cycle of Li-Li symmetrical battery based on
LLZTO(up) and the magnified profile of Li|3D composite|Li(down)
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Fig. 5 (a) Cycle performances of in-situ LiCo0,|3D composite|Li, in-situ LiCoO,|P(PEGMEA)|Li, ex-situ LiCoO,|3D composite|Li
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