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Abstract: Recently, there has been rapid and profound progress with respect to the energy and power
density of sodium-ion batteries. However, the conventional liquid organic electrolyte/separator system
tends to evaporate and burst into flame, leading to wide concerns about its inherent low safety. To
develop sodium ion batteries with high energy density and improved safety, solid electrolytes have
gained attention, especially polymer-based electrolytes including solid and gel types. This article begins
by reviewing the progress in fundamental mechanism and physical chemistry theoretical models for
polymer electrolytes, followed by advancements in both solid and gel polymer electrolyte application in
sodium ion batteries along with assessments of various material modification techniques, synthesis
procedures, and novel material design. Based on the analysis, polymer electrolyte adopting oligomer,
inorganic filler, and molecule design strategies are given for the successful conversion of a solid battery
operation temperature from 90° C to room temperature or lower. A gel electrolyte relies on
intermolecular forces and renders greater solvation effects for sodium salts, realizing quasi-solid

batteries coupled with various electrodes generally at room temperature. In addition, a brief comment
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on hydrogel electrolytes concerning their great potential in aqueous sodium ion batteries is provided.

Finally, an appeal is made concerning critical parameters, including volume and mass, in future reports,

as well as a brief outlook concerning possible perspectives considering material design, and an in-situ

polymer electrolyte technique in sodium ion batteries is proposed.
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Table 1 Comparison of ionic conductivities and cycle numbers of solid polymer electrolyte in various cell systems

P iR SR R MR RE/°C 5%/ om™ A & A Pl 2 2R
PEO/NaTf 90 — Na[Na, ,CO, 300 [11]
P(EO),,/NaFSI 80 4.1x107 Na||Na, ;Ni, ,MnO, 50 2

Na|[Na,V,(PO,), 30
PVA/NaBr 30 1.362x10° Nalll, — [13]
PTMC/NaTFSI 60 >107 Na||PB 8 [14]
PEO/Na-CMC/NaClO, 60 >107 Na|[NaFePO, 20 [15]
PEO/TiO,/NaClO, 60 2.62x107 Na||Na,,Co,,Mn, ;0, 25 [16]
PMA/PEG/NaClO,/a-ALO, 70 1.46x10 Na|[Na,V,(PO,), 350 [17]
PEO/PEG/NaClO, 30 3.4x10° Na|[MnO, — [18]
PCL/PTMC/NaFSI 22 3.9x10° HC|Na, Fe(Fe(CN),) 120 [19]
PFSA/Na’ 25 1.59x10°* Na||PB 160 [20]
B-PCPE 20 3.6x10° HC|| NaNi, ;Fe, ;Mn,,;0, 120 [21]
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) 4 L ith MoS,|[Na, V,(PO,), AE % 7F FL it 4% D1 T — 4>
FARIE 20264 T IEH TAE, B R 24,
FesE M. Ramaprabhu 5™ FH B AR} 2 FLEERRES
(HAP) f& 1fi PVDF-HFP/5 H i 5 ) R T 5 (PBMA)
MR, ¥ HIRIEAE 1 mol/L NaClO, ) EC/PC HL MR
Hh ] £ R PR T, 2H 2% 1) Na|[Na,V,(PO,), b 7E
4 CEZ TN B 51X 97 mA-h/g.
323 BTk

FE T B IR IR TR O R LR I 0 AR AR
FFRRE VLIRS T R SRR, RN LA,
WA P B AR S IR i M A L AE A e At A3 31 1T
2R . TH R R R T Y C1-4TFSI Al
EMITFSI & F ¥ & Fir T2 5 19 i i 23 80 7E 2 FL
PDDATFSIEP, HAZHEEIM R AR F F5A
10° S/em # &2, ML 1) Na|[Na,,(Cu,,,Fe,,Mn, ,)O,
HL LA L 7 A5 R B8 . Mecerreye 5] H 5
FH 257 % PDADMAC-TFSI 5 C3mpyr-FSI & 1 &
Z 1) (1 L Aef 5 YA A 0 1 A B - VR I P ik 2]
50%, fEHEFEERE 73 B NaFSI 5 ALO, 44K ik i 4%
B AR BT, 2 IE Y Nal[NaFePO, i it 78 C/20 5 %
T 114 mA-h/g bR E .
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K FREN S FEL R AR VR R 1R K T VR A
T, BT KR S H R I 3 A A
g5 RUEECARRE. R0, BT /KII#I%388 5
fRHEIEE OIUN1.23 V, RE TR R %
B [FIB AR RL R 13 B g e R N ASTE
I BV FRR ) T K RV Tk RE.
TR 2 FR 2 RS 7 IR I 2 AE 1 mol/L NaTf
IR A T R K B AR A FELRR 0T, e BRI 2 i F
JEM 42 EE 5V (vs. Na/Na'), & T HSHik
1.18x107° S/em,  fift e 1 ¥ VR4 0 04 Bk (ALO) I 5 ik
] B, B ) ALOJ|[Na,V,(PO,), 4= i ith Bt B %% i A
B 50 W-h/kgo AT 5 7K Bk Jl 75 68 2% H 2% 4% o () AF

FUAREL,  H AT AE K RN T i it o (T ST B
Z AR RAE 2 A AR AR R I S A T
2N L T ok PR AR R I S T R R S AR
[ A 2R (KT EA S 7 LIt P R B PR B K. P DU A
HELAE 5 1K 2R I T L R 2 B 107~ 107" S/em £
B, SHRMRUEMLRRRR RS, A =R
AR TN A 1. W EE R R R E YR
iR AR JE 5 Y TP 2 18] 738 B AR 25 A BV 71
(K H . SRITZAE 88, A LSR5 & AT
e, SFEMEBIMEHATEE. AN ARESYE
B VR T 5 r AR E] IR SR T AR O B %, SEL
I PR 45 K 0 P BE O R R R Z IR N FRAIE 5 R SEHAIA

W, B
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Table 2 Comparison of ionic conductivities and cycle numbers of gel polymer electrolyte in various test cell systems

HL R A R HE%E/Scm! MIEERENS T P2 ZHE R
GF-PA-PVDF-HFP/PC/NaCIO, 5.4x107 Na|[Na,MnFe(CN), 100 [22]
NW/PVDF-HFP/NaClO,/EC-DMC-EMC 8.2x107* Na|[Na,Mn,O, — [23]
P(AN-MA)/NaClO,/PC 1.8x107 Na|[Na,V,(PO,), 700 [24]
GF/PVDF-HFP/NaCIO,/EC-PC 3.8x10°3 Na|[HC 100 [25]
PVDF-HFP/NaCIO/FEC-PC — HC|[VOPO, 100 [26]
PVDF-HFP/NaClO,/PC-FEC 42x1074 HC|Na,V,(PO,),0,F 500 [27]
PVDF-HFP-GF/NaClO,/EC-PC 4.1x10° Na|[HC 100 [28]
BEMA-PEGMA/NaClO,/PC 5.1x10° Na||TiO, 60 [29]
PEO-NaClO,-PC >10 Na|[TiO, 1000 [30]
PMMA/PC/FEC/NaClO, 6.2x107 Sb||Na,V,(PO,), 100 [31]
PAN/NaClO,/EC-PC-DME 3.01x10° Nal[PI 3000 [32]
PFSA-Na/EC-PC >10 Na|[Na, ,,MnO, 50 [33]
PFSA-Na/EC-PC 2.8x107 Na|[Na, ;Ni, ,Mg, ,Mn, ;;O, 1000 [34]
PVDF-NaPA/EC-DMC 9.1x10°3 Na|[Na,V,(PO,), 65 [35]
PSTB-PVCA/PET/PC-DEC 1x10°* Na|[Na,V,(PO,), 200 [36]
PSA/TEGDVE/NaClO,/PC 1.2¢107 MoS,|[Na,V,(PO,), 1000 [37]
P(MVE-alt-MA)/NaClO,/TEP-VC/BC 2.2x107* Na|[Na,V,(PO,), 1000 [38]
HAP/PVDF-HFP/PBMA/NaClO,/EC-PC 1.086x10°3 Na|[Na,V,(PO,), 500 [39]
PDDATFSI/C1-4TFSI/EMITFSI >10 Na|[Nay ,(Cu, ,,Fe, sMn, )0, 100 [40]
PDADMAC-TFSI/C3mpyr-FSI/ALO,/NaFSI 1.6x10 Na|[NaFePO, 60 [41]
4 % iE BB, B AN R R ) AR R B BT HAR

REWIE A AT B HAR T S Rk
B 7 A LLS R ol B e/ e AR R A A LE AL
FH010°~10" S/em), 5 Z AR rEid B R R
FEMC AR I H SeBr N BT 0. BT H AT B IUDIR
SR A TR R S T Rt H R I FH T A AT R R
ER=ANITH C B, AR A S HRE
ShZ BB R RS SRR R A E

IV ER e PR, DRILRG BEAE 4 IR E TP A5 2 B
s Hk, WMPBRSCTH AR K, 8o 1 it
BREINEIL PR BORCIRE . B T RE

PUBGRIZSE H K, HEdE s e, magEs e
[ 2 =R TR A M [ A AR PR OR AT LB R
SGofE, MHLERAME K, & E R Sd it
B, SRS BREBROR, BT RS
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