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Preparation of Li;La3Zr,0,—Polyethylene Oxide/Polyethylene Partial Fluoride Solid
Composite Polymer Electrolyte and Performance of All Solid State Batteries

Y1 Yongli', YU Ran?, DAI Zheren?, JIN Yi’
(1. State Grid Zhejiang Wenzhou Power Supply Company, Wenzhou 325000, Zhejiang, China; 2. China Electric Power Research
Institute, Beijing 100192, China; 3. State Grid Zhejiang Electric Power Co., Ltd., Hangzhou 310007, China)

Abstract: All-solid-state lithium-ion batteries constructed with solid-state electrolytes have extremely high safety and reliability,
which are an existing research hotspot in lithium-ion batteries. It is thus a great significance to develop inorganic—polymer composite
solid electrolytes. In this paper, Li;La;Zr,0O;, (LLZO) nano-powders were prepared by a sol-gel and ball milling method. Also, a
solid-state composite polymer electrolyte with LLZO as an active filling material and polyethylene oxide (PEO) blended with
polyethylene partial fluoride (PVDF) was prepared by a solution pouring method. The samples were characterized by field emission
scanning electron microscopy and X-ray diffraction. The results show that LLZO/PEO/PVDF solid-state composite polymer
electrolyte (SCE) membrane with 10% (in mass fraction) LLZO has a high ionic conductivity (8.93x10° S/cm) and a stable
electrochemical window (4.9 V). The rate capabilities and cycle performance of LiFePO,4/Li all-solid-state lithium battery with 10%LLZO
both are improved. At 60 ‘C, the capacity recovery rate is 99.4%, and the capacity retention rate after 100 cycles is 84.1% at 0.2 C.

Keywords: lithium lanthanum zirconium oxygen; blending polymer; solid-state composite polymer electrolyte; all-solid-state
lithium-ion battery
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(a) XRD patterns
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Kl 1 LLZO. PEO/PVDF %:fAL SCE 17 XRD i
Fig. 1 XRD patterns of Li;La;Zr,0,, (LLZO), polyethylene
oxide (PEO)/polyvinylidene fluoride (PVDF), and
solid-state composite polymer electrolyte (SCE)
samples

(b) Particle size distribution curves

K2 LLZO M KEKEE TG XRD 1 ATRLAR 734 i 2k
Fig. 2 XRD patterns and particle size distribution of LLZO powders before and after ball milling
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(a) LLZO before ball milling

(c) SEM image and physical image of SCE

R T o ] 3c AIIE] 3d T 0L, HLfR o R A
NEWWE, HFRIE, BIEZ) 125 um,

(b) LLZO after ball milling

(d) Cross-sectional view images of SCE

K3 BREERTG LLZO ¥y K RIER N 10% LLZO-PEO/PVDF [E A E & & LAY SEM [ F
Fig. 3 Morphology of LLZO before and after ball milling and 10% LLZO—-PEO/PVDF SCE
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Fig. 4 Electrochemical impedance spectroscopy (EIS) curves
of LLZO-PEO/PVDF and PEO/PVDF samples
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Fig. 5 EIS curves of LLZO-PVDF SCE

Yo BRI E T & RN ), %
Li/SCE/SS - [H ZEJEXF FR ELAR HL i, P H
il 2~6 V(vs Li/Li"), 38 1 mV/s. i@t PiLxt
ELIA N5 AR 0 LLZO 35 PE 3R R 1 FLAL 2 R
EE I, Frilfsd RauE 6 Frx. MEF RGN
LLZO MIHLfEF, ¥in LLZO JURLIS A H R R f H
bR e A3 B & - T PEO Fl PVDF 1E /= HL L
N5 KRESrE, 53 PEO/PVDF 3 [ Hb M 4.0V
TRREAC TR L T B S 0. 1 SCE ZH25 i H
AL IR AE R TE R 4.9 V Z A4 MBI, ¥
B LLZO 3mSR At 5 1) AL 2 A e MRS 21 12
et X T LLZO Wk i s s TR A
YIRSy e o B AR (LITFSD NN B & a4k vh 2>
M HE KRG PR E N, LLZO MRtER
T 5 48 25 B B8 (TFSI) 2 [A1 /) Lewis BRIRAE 2
A ER(LITFSD L #8 %, LLZO S#Eh s & 1F
FHEE S T A& R AR AR Ak R 0, i
AL PR e e m, REERAY BT
LRI TESE 2 A kL . BTl SCE ZH3% 11
LiFePO4/Li 4 [l 75 it n] AZECRIE 22 A VERI AT HE T
PE M RE

W) 2% T FLAR PR LiFePO, IERR Fr 5 4 J8 21 1
W25 i LiFePOy/Li 4[5, 78 60 CREAT 5

R AE R 70 5 A, an ke 7a KL 7b Fos .
SRS R R, SCE 4125 1¢) LiFePO,/Li 4 [F 25
FLIh 0.2 C BRI LA B8 152.6 mA-h/g, = LI
ARG B EWE TN 99.4%. TR LLZO K H,
fit R ZHEE ) LiFePOy/Li 4 [ S HMTE 02 C 44 F
(R B L AR 126.1 mA'hg, BEWKEZRHR
93.8%, ULEH LLZO ¥ hnn] DA sy e it i FL LG
e, e R

Ko [FEESREGWHEMEK LSV ik
Fig. 6 Linear sweep voltammetry (LSV) curves of SCE
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(a) Rate cycling performance

(c) Long-term cycle performance of lithium symmetric battery
with SCE

(b) Cycling performance curves and corresponding coulombic efficiency curves

(d) All-solid state long-term cycle performance

K7 60 ‘C Li//LiFePO, 4 [l 25 b iy Rk 27 VE g
Fig. 7 Electrochemical properties of Li//LiFePQ, all-solid-state battery at 60 C
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