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Figure 1 (a) SEM image of LATP nanoparticles. (b) Size distribution of the LATP nanoparticles determined by a laser particle size analyzer. (c)
Schematic presentation of preparation for composite solid electrolyte (color online).

966



REFR: b 2018 4F 48 % 8 M

—
O
f=

/"N — PAN-LiCIOs-LATP
S —PANLICIOs
& —PAN

I A ——LATP

| LiTi,(PO,), PDF #35-0754
1 L — "

10 20 30 40 50 60 70 80
2 Theta (deg.)

Intensity (a.u.)

Bl 2 (a) LATP. PANFIPAN-LiCIO,[& 255 &4 f it 5 LA S22 [ 245 MU I I XRD S S IMLATPH 73 LA (b) 0 wit%,
() 5 wt%, (d) 10 Wt%, (e) 15 wt%Al (f) 20 wt% & £ [F A% H i 5 I SEM B (M 48 fi R 1)

Figure 2 (a) XRD patterns of LATP, PAN, PAN-LiCIO, solid polymer electrolyte and PAN-LiClO,-LATP composite solid electrolyte. SEM images
of the composite electrolytes with (b) 0 wt%, (c) 5 wt%, (d) 10 wt%, (e) 15 wt% and (f) 20 wt% LATP fillers (color online).
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Figure 3 (a) Conductivity of the composite solid electrolyte as a function of the weight ratio of LATP fillers; (b) Temperature dependence of the Li"
ion conductivity of the PAN-LiClO, and PAN-LiClO,-LATP solid electrolyte (color online).

967

?1994-2018 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



ZRitH AR A PAN-LATP A & [f A i 8 o 1) il 46 5 1k RESRALE

JETE20% N R, 524 [ 25 s L I B 88 1% B R AE
i B LG (20%) T A 2 B2 i T g & RoR & AR T
RS MR AT DU R R AW R T SR
(14— R 2 25 ] 7 i A SRR R SR 0 AR O
T AL PRE AL PO TR AR, BT SR
FRRMI IR . SR, MR kS, H
T R P TR URE (4] 5% 2 D/ SR A 0 R e S R )
[, SRS TS RIFME PP BB RLATP & &
N15%FF PAN-LiCIO,-LATP & £ [ 25 Hi fift J5 25 B 5%
EE A SR, DR R T AT 2 5 I AL AT
EI3(b) &7 T 7E20~80°C (143 5 o [ pAy [2] 245 P T2 1)
P T SR SEE R, AT RIS, [E2SHE
JRIE T SR S5RERIEL, B InEREY
Ao ENEEdR

X} FPAN-LiICIO,[EZS KAV MR, BTHESx
WA IR LR EOE N, H HBA SR B AR, R
PAN & AR (T,) Kk T100°C. il i /EPAN-LiC10, [#
SREVHEMBRP TR, RIS THSRS
R R IR RN, X R CSER BRI
g, N0.59 eV. ULHHTEN NLATP MG BURL G i1k fE %
K. WELREE, AT DL 28 3L BT 48 8 5 i A -5, BI

o(T) = Aexp[—%] (2)

Hr, TRANHEEE, E2 IR, AR 7Y R
T AT PP 8 B0 J 48 53 65 i1 25 P AR O P V7% Ak RE PG,
P AR SRR LATP LS S i 1 o L5
RV B T TR, T DUME N B TR g It i s, e 55
TIERB TG RE AR, HAh, 182 A S B
HAR B A DAFE EHUIE RN ATP AN SR A 40 1 S T s
g 2028 B B R 2 T A Lewis R P O 5 4 26
MICIO,” Z [ B e M 1y, XA BLi M
ClO, & X H LI & TR BE I I,  LATP R & Htk
FIMAE L 7L SPANH R B fEH (C=N) A &
YRR 255 & A R o T 2 1 A
T, BETHERNBIGE S, 55 B AR
B TIT RO S T S RAE TIRED. HE,
HARNLHIE T — B 5.

3.3 H AU HAL AR E LA It AR
K14 (a) /& PAN-LiClO,[# 7 58 & 4 H f# )5 FTPAN-

968

LiCIO,-LATPE & [E 745 HLfif 5t LSV I 22, 34 R 7
92~6.0 V(vs. L/Li"), HfEZE 10 mV/s. BIFLSV
KXt L PAN-LiC1O,[# 25 5 & 9 H it Jii FIPAN-LiCl10,-
LATP A [ 25 Mg 0 1 AL 22 A2 e i 1. 4 T PAN-
LiCIO, B AR A, “HEEAERBT VE, &
Ak H A B B R UG 0, T PAN-LIC10,-LATP & & [E 4
AR EA X R e 2, MK T4.7 VI, ik
WA BHI N, X FWWPANSLATPIR & G eiE T &
FEL AR O I LA A e 1, 32 B RN L AT P B 3R] ]
DA B P AR o JEAE 1) % S R R PR B I AR T, 7 1 AR
& BEMRTRE RN, AR T4&BEME S
[ 45 LA 7 T AR A e i) iy A s BT,

E14(b) 72 PAN-LiCIO,[#l 7 2 A ¥ v fi# ot FTPAN-
LiCIO,-LATP & & [l 75 M AR 5 IR /- R A8 i 26, PAN-
LiClO, 5 A1) H A Jo () Bz A1 5 B R 4.64 MPa.  {E¥
LATPZ J& [l 25 52 & v Al 00 1 St o B2 4 3] 1
5.34 MPa. 4 825 AR R AT LB 0 252 2 v 1 i R A2

0.20

@ —— PAN-LiCIO4
_ 0.151 —— PAN-LiCIO4LATP
<
£
= 0.10
=
e
; 0.051 /
@)
0.00
-0.05 T T T T T T
25 3.0 35 40 45 50 55 6.0
Voltage (V)
8
(b) ——PAN-LiCIO4
——PAN-LiCIO4-LATP
—_ 6+
«~
[-W
2
% 4
8
@7
2
0 L]

0 40 80 120 160 200
Strain (%)

Bl 4 (a) PAN-LiCIO,fIPAN-LiCIO,-LATP [ 25 i ff 5T (1 2%
PEFR R 2 2k, (b) PAN-LiCIO,MIPAN-LiCIO,-LATP [ 4
FELAAE IO FD 7 3-8 B 2 (0 2% Rl RZ 1)

Figure 4 (a) Linear sweep voltammetric curves of PAN-LiClO, and
PAN-LiCIO,-LATP solid electrolytes. (b) Stress-strain curves of PAN-
LiClO, and PAN-LiClO,-LATP solid electrolytes (color online).
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Figure 5 Galvanostatic cycles of Li/Li batteries with PAN-LiClO, and
PAN-LiCIO,-LATP solid electrolytes at 60 °C (0.02 mA/cm’) (color
online).
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Abstract: Compared with the traditional liquid electrolyte, the solid polymer electrolyte can significantly improve the

safety and energy density of the lithium secondary batteries, but its room temperature lithium ion conductivity is low and

the mechanical properties are relatively poor. These problems limit the application of solid polymer electrolytes in

lithium secondary batteries. In order to solve the above problems, PAN-LATP composite solid electrolyte (CSE) was

prepared by solution casting method in polyacrylonitrile (PAN) polymer electrolyte to introduce inorganic solid-state

electric Li, ;Aly;Ti, ;(PO4); (LATP). The composite solid electrolyte not only has higher lithium ion conductivity, but

also broadens the electrochemical stability window of the solid polymer electrolyte. When the LATP content was 15%,

the CSE has the highest lithium ion conductivity, which was 2.14x10"° S/cm at room temperature and 3.03x10™* S/cm at

333 K. At the same time, the mechanical strength of the solid polymer electrolyte has also been improved. The results

show that the solid electrolyte with good performance is expected to be used in lithium-ion batteries and other

electrochemical energy storage systems.
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