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Abstract The flammable organic liquid electrolytes in Li-ion batteries may incur serious safety issues, all-solid-state bat-
teries are regarded as the ultimate solution to the safety issues. Among various types of solid electrolytes, solid polymer elec-
trolytes have been widely studied because of their advantages, such as good filming property, cost-effective, and mechanical
flexibility. However, the low Li-ion conductivity and instability of solid polymer electrolytes hinder their actual applications
in the high energy density batteries. An effective strategy to address these issues is to composite ceramic electrolytes and
polymer electrolytes. Here, a three-dimensional framework Lis2sLazZr2Alo24012 (3D-LLZAO) inorganic electrolyte was
prepared by sacrificial template method, and was used to construct a polyethylene oxide (PEO) based composite solid state
electrolyte film. The 3D-LLZAO was fabricated by using a polymeric sponge method, namely impregnating the polymeric
sponge with an aqueous ceramic slurry. PEO:LiTFSI (lithium bis((trifluoromethyl)sulfonyl)azanide) solution was obtained by
dissolving PEO (Mw=1X10%) and LiTFSI in acetonitrile with a molar ratio of n(EO) : n(Li*)=18 : 1. After that, succinoni-
trile (SN) is added with a mass ratio of m(PEO) : m(SN)=2 : 1. The 3D garnet composite electrolyte was acquired by im-
mersing the 3D garnet framework of different qualities into the PEO-LiTFSI-SN solution in vacuum. The prepared solution
drops are added to the teflon template. Afterward, the sample was dried in vacuum to remove the solvent. The properties of
PEO based composite solid state electrolyte were studied by scanning electron microscopy (SEM), X-ray diffraction (XRD),
electrochemical impedance spectroscopy (EIS), linear sweep voltammetry (LSV) and charge-discharge cycle. The results
show that the PEO based composite solid state electrolyte CPE-10 with 10% (w) 3D-LLZAO has smaller volume resistance
and wider electrochemical stability window. The ionic conductivity of the composite electrolyte at room temperature is 1.58
X107* Secm™!, and the lithium-ion migration number is 0.26. The symmetric battery assembled with a composite solid elec-
trolyte can be stably circulated for 1600 h at a current density of 0.05 mAecm™? at room temperature. The assembled
LiFePO4/CPE-10/Li battery shows an initial specific discharge capacity of 155.6 mAheg™! at a rate of 0.5 C, and a capacity
retention rate of 86% after 100 cycles. It turns out that 3D garnet composite electrolytes are good candidates for

next-generation lithium metal batteries.
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Figure 1 (a) SEM image of pristine melamine sponge template, (b) SEM image of 3D-LLZAO, (c) SEM image of CPE-10, (d) optical picture of CPE-10,

(e) EDS spectrum of CPE-10
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Figure 2 (a) XRD pattern of 3D-LLZAO; (b) XRD patterns of PL,
CPE-0, CPE-5, CPE-10, CPE-15, and CPE-20
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Figure 3 (a) FR-IR spectra of PL, CPE-0 and CPE-10 within 500~
4000 cm™'; (b) stress-strain curves of CPE-0 and CPE-10 electrolyte
films; (c) thermogravimetric curves of CPE-0 and CPE-10 electrolyte
films
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voltage of 10 mV. Inset: the EIS of the cell before and after polarization
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Figure 6 Voltage profiles during Li plating/stripping for the symmetric
Li/electrolyte/Li cells at a current density of 0.05 mAecm™
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THBkE, DATHEHEZFR N2 Ceomin™' FHFE ZE 800 CJalfbe
2 h, 7EUCIEFE A AR AR e AR, R £ FL LLZAO
MEZE, FEAE ST RIFERS 2700 Ar (I FE4 P ORAF 5 H.
42 PEO &£E&SESHERIENGIZ

%%, % PEO (Aladdin, M,=1X106, 4>#74l).
LiTFSI( 73 A 40) A1 SN #2655 oK Z G H I
AVEB(n(EO) & n(LiN)=18 : 1). ¥4 14 3D-LLZAO
B F| PEO/LITFSI/SN ¥, 43H55]. S8 5K Ha fig
JIE R N B 3R VY S S M BEAR b, 72 25 CR¥%K 12 h
JE B ES AT, £ 40 CTFES T 24 h, f5E
T, RARREEEASBMAT CPE, JE# IR
B FEHMH %M. % PEO-LITFSI #5id A PL,
PEO-LiTFSI-SN-x% (w) LLZAO(H:# LLZAO i PEO f{]
0% (W), 5% (W), 10% (w), 15% (w), 20% (w)) 7> Hlkric A
CPE-0, CPE-5, CPE-10, CPE-15, CPE-20.

http://sioc-journal.cn 1713



o F 5 R

4.3 IEHRBIHE

KRR (LFPY R B, A dTal). R
(S, T B — 24 (PVDF, 7> #rél) Ll
8111 HEIEA, Hr PVDF ZIHEMIE N-H &0t
M BEERA R . TR ECN 3% MIBISIER. BIRAEY
FNEREEFE S, BoUL— 2 LBl ERBEER, LA 200 t/min (1)
THEEERES 2 h, KEEREE 5 2R 100 pum 18] TR EE
PERTHET AP AR TE(IEM) b, SAJS7E 80 CHIMtFI M T
6 h JEHUH, AR PR BT BUE A2 14 mm (1)
ANEF, R T A, SR S A R
BN 1.0mg 745
4.4 YERMERERIE

I XS ZRAT S UG % AR 1 S A R R A AT,
K A28 A D/max2500 74 X BHERATEX, Horr AT
N CuKo #, RN 40 mA, K 1=0.15418 nm, HiE
A0 KV, HIEEZEA0.01 (O)es7!, HFTEHEIA 10°~80°.

FIFH I R S B 8% TSM-7800F X 42 4 ] 25 Ho fift
JRITESEAT ZRAE. R R B F I X S Re i o
RATEZS AR R AR R R R AT 247

K T3 68 S5 SANS CMT4203 . 7 % Ji 37 fif
PN 10 mmemin ! 55 AF TR 785 A [ 245 H AR TR I 1)
VAE S

E T STA449F3 A8 7E T4 Ny S R akAT,
FHE#Z N 10 Ceomin™!, LRI 30~600 C.

i@t Shimadzu FTIR-8400s ZL4MMARAR 540 5 73
T4k LI AR B e

FIF Thermo Scientific K-Alpha {X#$%} LFP/CPE/Li
F= I AE R 100 Bl 2 J5 108 4@ R AT X 266
TRERE T, e G & BRI e R AR S &

HH.
45 ERESEMBRAELFMRERI
A T 2 AT IR T R AT A (D T
L

Ao, LN TR E R, S N AR TR, R XA
FHZE Byt I PH T, mI7E B A0 E TAE S, B, Pl
TG 106~0.1 Hz, #RIEHN 10 mV. MIEEM 25 CE
1RE] 90 CHY, 15 2IAFRNRE T &4 W2 B iR &
FH S K (0), JARYE Arrhenius ARQ)iHHEE &
FEL AL O PR 5 9 O AL R ().

o=Aexp (—f—;} 2)

Hor A RIEHTIN 7, k ARG 2 WA, T N /R SCIREE.
AT A FAR R ) AL S AR PEIRIETE CHIG60E Hifk
ST AR, LREAT, SR A AR R AR5 AN 5 A H
HLEVEH N 2.0~6.0 V, H#EFR 02 mVes ! #LE T
TR AT B (3) 7 H ) Bruce-Vincent 2 x0T 5.
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it
— fss (A= 1o Ry)

I (AV_]SSRSS) )
S, o Bl Iss 73 0 HE SRR/ R AR /4 L vl AR
it 2453 2 14146 IR ANES E HLIR(AY =10 mV). Ro F1 Rss
5390 2 ELRAR A I R R R 46 H A e A F B A RS S F
T % 7% PR PHL.

YH 2 AT FR B FL R B AN AR L th, 7 CHIG60E HL
22 ARl 0 H A o P P A P R MR AT RS, R
Gy 2.0~6.0 V, HiEZFREN 02 mVes. 7E 0.1
mAscm > FIHIREE N, A Li/CPE/Li HLidkAT [E A& H
fif o 5 AR 2 [ ) A AR YR, 7E 2.5~42 V
(vs. LiY/Li)F RGN, % LFP/CPE/Li By 7E =I5 T it
B GENE

Li
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