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Application of solid-state electrolytes in wet-process PE
extruded separators
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Abstract: To meet the performance requirements of next-generation commercial batteries
and overcome the limitations of traditional wet-processed polyethylene (PE) separators, such
as low ionic conductivity, low porosity, poor electrolyte affinity, and inadequate wettability, this
study introduces the solid-state electrolyte lithium aluminum titanium phosphate (LATP) as an
extrusion additive to enhance the performance of commercially available wet-processed PE
separators. A solid-state electrolyte-PE composite membrane was successfully fabricated,
and a practical fabrication process with specific processing parameters is presented. The
effects of different LATP loadings (20% and 50%) on the properties of the composite
separator were systematically investigated. The optimal performance was achieved at a LATP
loading of 20%. The results indicate that, at a 20% LATP loading, the porosity of the separator
increased from 45.74% for the pure PE membrane to 55.84% for the composite membrane.
Microscopic characterization revealed large pore sizes and the presence of distinct LATP
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particles within the cross-section of the separator. Furthermore, the electrolyte wettability of
the separator was significantly improved, with the contact angle decreasing from 40.4° to
34.1° and the electrolyte uptake increasing from 80% to 105%, demonstrating enhanced
physicochemical properties.  Additionally, ionic  conductivity = measurements and
electrochemical evaluations were conducted on both the pure PE membrane and the
composite membrane. The results showed that the ionic conductivity of the composite
membrane increased from 0.897 mS/cm for the pure PE membrane to 2.137 mS/cm.
Moreover, coin cells assembled with the composite membrane exhibited lower resistivity,
longer cycle life, and superior rate capability.

Keywords: solid-state electrolyte; LATP; TIPS PE separator; ionic conductivity; wettability
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LATP N2/ PE RRAR /S & E SEM BB
Fig.2 Morphology of PE-LATPO, PE-LATP20, and PE-
LATP50: (a)—(c) Surface photographs of cast PE
sheets with different LATP additive amounts;
(d)—(f) Surface SEM images of PE films after
formation with different LATP additive amounts;
(g)—(i) Cross-sectional SEM images of PE films after
formation with different LATP additive amounts
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Table 1 Fundamental property specifications for LATP
TiH LA E{E e A ES
-YkifE (D50) nm <200 SN 2 T (R i K R LR A8 5]
TR (D9D) pm <5.0 B b AT S A FE BRI UE AR, B0 P 1 4R
LXK mA (BET) m?/g <100 SRR R, S ER R
PRI glem® >0.60 IEARMERHAR I K, R SR H A AR
pH (FBTF KBV — 6.5~7.5 G A T
Ko i ppm <50 5 1k LATP 7K fift 455 H A kB
R — ZEAB IR o HomganiiE, HE 1 LIRS R
F2 HEREXRENXHE
Table 2 Testing data for basic physical properties of samples
Ff il JERElum  iESN(s/100 mL)  FLBRF/%  fLMEpm ARz MD/(kgflem?) PR TD/(kgffem?) &R /N
PE-LATPO 8.64 178.50 45.74 0.03 1579.50 1282.00 3.17
PE-LATP20 10.61 95.00 55.84 0.03 954.00 939.50 1.79
PE-LATP50 11.98 77.00 59.71 0.04 647.00 500.00 1.28
PE-AL,0,20 10.23 101.00 55.2 0.03 1023.21 982.55 1.56
PE-SiO,20 10.56 98.00 53.6 0.02 1005.26 993.61 1.68
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Fig. 4 Schematic diagram of contact angles between
different separator samples and the electrolyte
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Table 3 EIS spectra and ionic conductivity of for different diaphragm samples
e i JE R O R?>0.995 FERRIEBE/Q BT H S %/(mS/em)
= =] m . [ = 2 [/(mS/cm
. T 12 212 3f 412 - B
PE 7.82 0.0925 0.1250 0.1644 0.2005 0.9987 0.0363 0.8972
PE-LATP20 11.28 0.0937 0.1116 0.1365 0.1588 0.9961 0.0220 2.1371
PE-LATP50 13.19 0.0946 0.1116 0.1335 0.1550 0.9969 0.0203 2.7081
PE-AL,0,20 10.58 0.0930 0.1283 0.1706 0.2130 0.9981 0.0402 1.0966
PE-Si0O,20 11.23 0.1106 0.1494 0.1968 0.2350 0.9982 0.0421 1.1114
R4 T EREMRIERMEFESE
Table 4 Impedance and electronic conductivity of different diaphragm samples
FEf 44 LAY RIQ J5 £ /lem F IR i T AR om?® L HL 5 2/(S/em)
PE-LATPO 2158 0.000716 2.001 1.65811x10°7
PE-LATP20 1398 0.001201 2.001 4.29328x107
PE-LATP50 763.6 0.001201 2.001 6.88498%107
100000 e aTro 1) B A PR A 5] A LT R R, IR R
s0000] - PELATP20 B 2 T LU T PE-LATP20 A 5 10 I8 45
PE-LATP50 o o ) o
° Xof B AR IR I AR b S AR E VE AR ARG
o 60000F o o0 _
= 5] o o
N ) ° < 400 108
40000} o, ° < 350} 100 8
9 < 300f.... 90 2
¢d° 2 250 P
L [0)
200001763.644 .0 g 200 70 5
d 2158 8 150 -PE-LATPO |39 &
0 5000 10000 15000 20000 g1 \ PE-LATPS0|55 S
710 5 50 PE-LATP20[} " 3
o 0 50 100 150 200 250  ©

5 SS||SS ity EIS FE#TE
Fig. 5 EIS of SS||SS symmetric cells
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25
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Fig. 6 Battery performances of composite separator
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