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A Composite Solid-state Polymer Electrolyte for Solid-state Sodium Batteries

ZHANG Qianggiang?, SU Xing"?, LU Yaxiang'?, HU Yongsheng'?
(1. Institute of Physics, Chinese Academy of Sciences, Beijing 100190, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: An organic-inorganic composite polymer electrolyte (CPE) was constructed via introducing an active filler of Na-5"-Al,05
into a solid-state polymer electrolyte (SPE) composed of poly(ethylene oxide) (PEO) and sodium bis(trifluoromethanesulfonyl)-imide
(NaTFSI). The phase composition, ionic conductivity, Na' transference number, and electrochemical stability were investigated. The
electrochemical properties of SPE and CPE in Na|[Na;V,(PO,4);@C solid-state sodium batteries were obtained. The results show that
the CPE has a greater Na' transference number of 0.71 than SPE (i.e., 0.19) and a higher Na* conductivity of 8.19x10*S/cm than
SPE (i.e., 1.65x107* S/cm) at 80 “C. The CPE exhibits a superior cycling stability with capacity retentions of 93.9% after 100 cycles at
0.5 C and 74.0% after 500 cycles at 2.0 C in Na|CPE|Na;V,(PO,);@C solid-state batteries.

Keywords: poly(ethylene oxide); sodium bis(trifluoromethanesulfonyl)imide; solid-state polymer electrolyte; composite polymer
electrolyte; sodium batteries
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Fig. 1 SEM images of samples
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Tmi and T, are transition temperatures from rubbery state to viscoelastic
state; PEO is poly (ethylene oxide).
K2 FEAL I XRD B A1 DSC 2k
Fig. 2 XRD patterns and differential scanning calorimeter
(DSC) curves of samples
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(d) Direct current polarization

K 3 SPE il CPE M E iR AL A & B BRI A B R AL il 2

Fig. 3 Electrochemical impedance spectroscopy (EIS) of SPE and CPE before and after direct current polarization and their direct

current polarization curves

#1 EISMERBUMNGHSHETESIR NaTHHK

Tablel Measured valuesfrom EISand direct current polarization and the calculated transfer number of Na* (tya+)

Material 1I/pA I/pA Rpo/Q Ry/Q Ry/Q RJ/Q AV/ImV tvat
SPE 4.5517 4.044 1 13.1610 13.1430 1723.3390 1860.9570 10 0.19
CPE 5.1097 4.6521 7.7692 7.8788 1587.7308 1618.6212 10 0.71

Ipand I are the initial and steady-state current determined by the direct current polarization respectively; Ry and Ry are the initial and final resistances of

samples; Ry and R, are the interfacial resistance measured by EIS before and after direct current polarization; AV is the direct current voltage applied across

the cell.
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] 75 49 | v 1 R AL 2 M R

HL b 45 F 23 J
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Fig. 4 Temperature dependence of the total ionic conductivity and Na" conductivity of SPE and CPE
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Fig. 5 Linear scan voltammetry (LSV) curves of SPE and
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