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Multiscale Grain Structure Regulation of Ionic Conductivity in
Poly(ethylene oxide)-based Solid-state Electrolytes
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(Science and Technology College of Materials Science and Engineering, Jiangsu University of
Science and Technology, Zhenjiang 212100, China)

Abstract: The high crystallinity of poly(ethylene oxide) (PEO)-based solid electrolytes at room
temperature severely limits their ionic conductivity, while traditional strategies of reducing crystallinity
often compromise mechanical properties. This study aimed to explore key factors influencing ionic
conductivity beyond the degree of crystallinity. By employing annealing processes, we systematically
regulated the aggregation structure of PEO/LiTFSI solid electrolytes and correlated their crystallization
behavior with ionic conductivity through multi-scale characterization. The results revealed that the variation
in ionic conductivity did not follow a simple linear relationship with crystallinity; instead, grain size was
identified as a more critical parameter. Refining the average grain size of PEO from 29.2 nm to 6.0 nm via
annealing increased the room-temperature ionic conductivity from 4.26x1077 S-cm ™' t03.18x10°S-cm™!,
representing a 7.5-fold enhancement. Furthermore, the synergistic effects of multi-scale factors—including
grain size, surface morphology, and lamellar structure—were elucidated. This work demonstrates
that precise control of grain size, rather than simply reducing crystallinity, is an effective strategy for
significantly improving the ionic conductivity of PEO-based solid electrolytes, offering new insights for
the design of high-performance polymer electrolytes.
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Figure 1 (a) Ionic conductivity of PEO/LITFSI electrolytes with different O:Li ratios; (b) SEM image of PL,; (c) Optical

image of PL,(; (d) XRD patterns of PEO, LiTFSI, and PL,,
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conductivity and crystallinity (b); XRD patterns (c); relationship between ionic conductivity and average crystallite size (d)
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Figure 3 (a) Ionic conductivity of PL,, as a function of

anne-aling time during isothermal annealing at 50 °C; (b)
XRD patterns of PL,, after isothermal annealing at 50 °C for

different durations
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Table 1 Grain size and associated parameters of PL, after isothermal annealing at 50 °C for various durations

K I (nm) B (rad) 6 (rad) D (nm) D,yer (nm)

0.89 0.154 0.0220 0.0168 6.31

PL,;-M95-A50-20 min 5.98
0.89 0.154 0.0249 0.205 5.63
0.89 0.154 0.0039 0.168 36.01

PL,)-M95-A50-30 min 2391
0.89 0.154 0.0119 0.205 11.80
0.89 0.154 0.0034 0.168 40.41

PL,;-M95-A50-35 min 25.71
0.89 0.154 0.0127 0.205 11.02
0.89 0.154 0.0033 0.168 41.71

PL,(-M95-A50-40 min 26.17
0.89 0.154 0.0132 0.205 11.02
0.89 0.154 0.0032 0.168 43.09

PL,;-M95-A50-45 min 27.06
0.89 0.154 0.0128 0.205 10.96
0.89 0.154 0.0025 0.168 56.23

PL,(-M95-A50-50 min 3331
0.89 0.154 0.0135 0.205 10.39

Bl 4 PL,) Je L AE 50 °C & B K AL B (1) SEM : (a) PLygs (b)3F I iR 4K 30 min; (¢)5 i 1B K 35 min; ()55 ifi 38 -k

40 min; (e)ZF 1B K 45 min; (£)ZFRIE K 50 min

Figure 4 SEM images of PL,, and after isothermal annealing at 50 °C: (a) PL,; (b) annealed for 30 min; (c) annealed for

35 min; (d) annealed for 40 min; (e) annealed for 45 min; (f) annealed for 50 min
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