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Abstract: To develop solid—state electrolytes with high ionic conductivity, a wide electrochemical window, and
good stability, this study systematically explores the potential of hydrogenated nitrile butadiene rubber (HNBR) as a
matrix in such electrolytes. First, a series of HNBR samples with varying nitrile content, molecular weight, and
degree of hydrogenation were successfully prepared using heterogeneous catalytic hydrogenation technology, and
the regulatory effects of their structures on electrochemical performance were systematically evaluated. The results
indicate that within the ranges of nitrile group content from 35 to 41 wt%, molecular weight from 100,000 to 360,
000, and hydrogenation degree from 0 to 97%, the HN41-36W-97%/LiTFSI solid electrolyte, which has a high
nitrile content, high hydrogenation degree, and high molecular weight, demonstrates the best overall performance. It
has a decomposition voltage of 4.8 V, and a Li" transference number of 0.48, all of which are superior to those of
other HNx—y—z/LiTFSI systems. Subsequently, a composite solid—state electrolyte was constructed by introducing 3
wt% polyethylene oxide and 20 wi% Li,La,Zr, ,Ta,,0,,. This composite system significantly improved ion transport
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and interfacial stability, increasing the room—temperature ionic conductivity to 1.3X10” S/cm, widening the

electrochemical stability window to 5.1 V, and raising the Li" transference number to 0.58. The all-solid-state

battery assembled based on this composite electrolyte achieved an initial discharge specific capacity of 126 mAh/g

at 65 °C and 0.5 C, maintaining 121 mAh/g after 200 cycles, with a capacity retention rate as high as 96%. This

study provides a novel pathway for developing solid—state electrolytes that combine high safety, good flexibility, and

excellent electrochemical performance.

Keywords: hydrogenated nitrile butadiene rubber; polyethylene oxide; composite solid electrolyte; lithium ion
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Fig. 1 (a) Stress—strain curves of the HNx—y—97% series of
polymers with different acrylonitrile contents and molecular
weights; (b) Stress—strain curves of the HN41-36W -z series of

polymers with different degrees of hydrogenation
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Fig. 2 (a) FT-IR spectra of HN41-36W—-97% and the HNx—y—97%/LiTFSI series of solid—state electrolytes with varying nitrile group
content and molecular weight; (b) FT-IR spectra of HN41-36W-97% and the HN41-36W—2z/LiTFSI series of solid—state electrolytes
with different hydrogenation degrees; ¢) SEM image of the HN41-36W-97%/LiTFSI solid—state electrolyte membrane; d) SEM image
of the HN41-36W-0%/LiTFSI solid-state electrolyte membrane
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Fig. 3 (a) LSV curves of the HNx—y=97%/LiTFSI series of
solid-state electrolytes with different nitrile group contents and
molecular weights; (b) LSV curves of HN41-36W—-z/LiTFSI
series of solid—state electrolytes with varying hydrogenation

degrees
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Fig. 4 (a) XRD pattern of the 0%LLZTO/x%PEO composite
solid—state electrolytes; (b) XRD patterns of the x%LLZTO/

3%PEO composite solid-state electrolytes
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Fig. 5 FT-IR spectra of x%LLZTO/3%PEO composite solid—
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Fig. 6

(a—b) SEM and EDS element distribution maps of the 20%1LLZT0O/3%PEO composite solid—state electrolyte; (c—d) SEM and

EDS element distribution maps of the cross—section of the 20%LLZTO/3%PEO composite solid—state electrolyte
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Fig. 8 (a) Impedance spectra of x%LLZTO/3%PEO composite
solid electrolytes at 25 °C; (b) Ionic conductivities of
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Fig. 9 (a) LSV curve of x%LLZTO/3%PEO composite solid—
state electrolytes; (b) CV test curves of the HN41-36W-97%
solid-state electrolyte and the 20%LLZTO/3%PEO composite

solid-state electrolyte
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Fig. 10 (a) Lithium ion mobility test curve of the HN41-36W -
97% solid electrolyte; (b) Lithium ion mobility test curve of the
20% LLZTO/3% PEO composite solid electrolyte
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Table 2 Constant current polarization parameters and
results of HN41-36W-97%/LiTFSI and 20%LLZTO/
3%PEO electrolytes
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Fig. 11 (a-b) Galvanostatic charge—discharge profiles of LillHN41-36W-97%lIILi and Lill20% LLZTO/3% PEOIILi solid—state
batteries at a current density of 100 wA/cm?; (c—d) SEM images of the Li anode surface in the (c) LillHN41-36W—-97%IILi and (d) Lill
20% LLZTO/3%PEOIILi solid-state batteries after cycling
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Fig. 12

(a) rate performance plot of LFPIIHN41-36W-97%/LiTFSIIILi and LFPII20%LLZTO/3%PEOIILi solid—state batteries at 65°C;

(b—c) charge—discharge voltage curves at rates ranging from 0.1 to 2 C; (d) cycling performance of LFPIIHN41-36W-97%/LiTFSIIILi
solid—state battery and LFPII20%LLZTO/3%PEOIILi composite solid—state battery at a current density of 0.2 C; (e) cycling performance
of LFPI120%LLZTO/3%PEOIILi composite solid-state battery at a current density of 0.5 C
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