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Abstract: Solid-state lithium batteries are expected to solve the safety problems of conventional lithium ion
batteries and can achieve higher energy density. As a garnet-type solid electrolyte material with application prospect,
the preparation technology research of its nanopowders is of great significance. In this work, in terms of the key
problems such as high synthesis temperature, powder agglomeration, and large particle size of powders, a technical
strategy for the synthesis of garnet solid electrolyte by the low temperature liquid phase method assisted with grapheme
oxide (GO) is put forward, i.e., the graphene-oxide-facilitated coprecipitation method. The main idea of this strategy
is as follows. First, the metal cations of garnet are absorbed by use of the characteristic that GO has negative charges

on its surface so as to avoid the formation of polydisperse aggregation. Then, the physical separation of GO nanosheets
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is used to prepare the garnet solid electrolyte nanopowders with good dispersion under low temperature synthesis
conditions. Taking GO as the template material and combining the chemical co-precipitation method, the garnet lithium
ion solid electrolyte material is experimentally prepared. The effects of the calcination temperature, the GO content,
the calcination atmosphere, etc. on the preparation of the garnet solid electrolyte are systematically studied. The
experimental results show that when the optimal additive amount of GO is 1%, the solid electrolyte material
LissMgylLasZr s Ta,,0,, (LLZO) with a single cubic garnet phase can be obtained at a low temperature (650 °C) ,
which is much lower than those of reported values. Afterwards, the effects with and without 1% GO addition on the
morphology and size of garnet solid electrolyte nanopowders are comparatively studied, and the positive effects of GO
nanosheets in the preparation of garnet solid electrolyte nanopowders are revealed. The results show that the addition of
GO facilitates the garnet phase transition from the tetragonal crystal form to the cubic crystal form, decreases the
calcination temperature, and inhibits the aggregation of nanopowders. The ionic conductivity of the sintered piece of the
present solid electrolyte is about 2.5X 107" S-em™", at room temperature, which lays a foundation for its applications
in solid lithium batteries.
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1.1 ShAEHFHE

A A S0 (GO) Wl 25 R T 8 9 Hum-
mers Jy AL W LK 2 g A BBk (99.5%, XF-
NAN) A R A b 10:1(250 mL: 25 mL) i %
H,SO, (AR 43 #r 4l , 5 BRI A Ak T4 BR A vl ) 5 ik
H,PO,(=85.0 % , B T i 50 A BR 28 #) M TR A %
WL RIE IR AR IRE TIKIB IS, Z 18 mA 12
g KMnO, (AR 43 Hr 2l , J50#8 7 BE e 4k 27 i A7 R
Al o WEWOR A5 5K FL R B 2 50 “CRYTE IR T 9
FEIS h i HFe v L b . MG KRB R A 2=
P, A A 9.56 mL 30% 9 HLO, I i M2 38 1Y
B FOREE R AN . R T ZBR K. P Mn % 7%
JBT, AR A5 Al v e Ak A AR IR T T, A AT e A AR
T 5 T B A A A B TR R AT L, 2 B 43 [
TR B4 55 8K J5 R R 2 o B SLEA T B AT, 25 R
RV T 2% T 5 o i T 2% B8 - K RN R 6 18 58 B R I
LE VR M SR A ) T R MR E O 4.0 mg/
mL i E A A BRI

1.2 AEA B E B R R K R 6 &

T S 7 B4k 22 50 LissMgoesLaZr ¢ Ta, 0, (LL-
Z20) WAk 27 T b FCOREFR 2 HTIKAK 245 4 TaCl, Mg~
SO,-7H,0. La (NO,) ,-6H,0. Zr (NO;) ,-3H,0O,
LiNOy, o, e f ik g5t Liot R SR T

B4 &, BRORE R ) LINO, i 5 40% . B ek 0.72 g
) TaCl,(=>95.0% , B i T3 7 A R A 7)) % T
10 mL Jo7K S e 45 45 6 0.06 g 1Y MgSO, - 7H,O
(ARZ , B R 2 A2 iR A B A R .6.50 g La
(NO,) 4+ 6H,0(99.99% , g4 FHAE T AT FRA W) |
3.15 g ) Zr(NO,),* 3H,O (AR %% , | if§ar PHAL T 43
B 2N 7)) MUK % T 50 mL 22 85 ok v, 15 30 8 1 5
B W5 SR JE IR A b R T R R, 4 ) AT R L
M0%.0.5% 1% .2% 5% . 10% By %A Ak A 58 M v
W, 7S 30 min {1 75 7 WROIR G 3950 FEAE T 204
[ 45 1 T 3 n A 3 A K IR % W pH E R 9.5~
10.0, {75 4 )& B 25 UivE 58 4 s B E L s 1K
FI T 43 ) 5 0 ¥ VR VA L A5 B 4 R PH B T DT e
Yy 5 R IHEE 3.14 g B9 LiNO,(99.9 % , BTz T 12 7 4 PR
ANFEDE BT 30 mL R FKH 5 BB ORI
TE W TEBEAE HR G 3 5], TH IR B 75 R B0 4 K LA
Ko & W ZFE bV R4S R B S K BE AR A
150 CHER o T4 3 h, BUH Be AR 4 2 2 18 e K A
i BIF S R £ 1) LLZO Fif 3R 44 .
1.2.1 BB EFR

A5 9K A 43 B 6 45 0y, LA 5 °C/min Y T I R
A3 59 FHIR & 550,600,650, 700, 750 F1 800 °C, ¥ {4
T 3 h, ¥ A 2 IR S AR RS R L A5 B A R B
& LLZO 99 K M A, B 58 A [A) 484 T 3 X LLZO
A5 AR B 85 10
122 8B EHLSEMR

A3 A & Ho 0%6.0.5% . 1% . 2% . 5% .
10% # GO il 15 Hi SR S5 L 4 B 9K AR LA 5 °C/min (1)
THR # R THE 2 650 °C, AR 3 h, B H 2= = IR 5
VB B, BF 9 SR AR AT B8 0 VR 8 X LLZO 40 K A
JAH 19 5
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Fig.1 Prepared GO and its XRD pattern
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Fig.6 Comparison of SEM images for LLZO nanopowders with and without 1% GO
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Fig.8 Granularity analysis diagram of LLZO prepared
with and without 1% GO
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Fig.10 Pore size distribution curves of LLZO prepared
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Fig.11 Alternating current impedance diagram for LLZO
sheets with 1% GO
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