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Abstract: A solid composite electrolyte was prepared through a solution-casting method with polypropylene carbon-
ate (PPC) and polyethylene oxide (PEO) as polymer blends, and Lig,La,Zr, ,Ta,,0,,(LLZTO) particles as multifunc-
tional fillers. The effects of LLZTO content and PPC/PEO mass ratio on the ionic conductivity of solid composite
electrolyte were studied. Results show that the ionic conductivity at room temperature reached the highest value of
1.14x10* S-em™ when LLZTO content was 30%(w/w) and the mass ratio of PPC to PEO was 1: 1. The incorporation
of LLZTO and PPC into PEO repressed the crystallinity of polymer electrolyte, increased ionic conductivity, electro-
chemical stability window (4.7 V) and Li" transference number (0.25), and reinforces interfacial stability between
solid electrolyte and lithium anode. The capacity retention rates of the LiFePO,/Li cell with solid composite electro-
lyte remain 82% after 70 cycles at room temperature and 79% after 100 cycles at 60 °C. The discharge capacity
reaches 120.7 and 112.6 mAh g™ at 0.5C and 1C, respectively.

Keywords: lithium secondary batteries; solid inorganic-organic hybrid electrolyte; Li,,La,Zr, ,Ta,(0,,; polypropylene carbonate;
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Fig.1 LLZTO/PPC/PEO composite electrolyte: (a) EIS spectra with different PPC/PEO mass ratios and (b) ionic conductivities

with different LLZTO contents; (c) Arrhenius plots for ionic conductivities of SCE and PEO/LiTFSI

AR TR B PR AL . 2 LLZTO % it DL 0 3
% 30%whw), B FH FHE M 2.71x107° S-em™ 2T+ &
1.14x10™ Seem™ s B FH SR RIEET, HH T
LLZTO A & HA M R 4L T6e, 5 PPC/PEO B &
JEFIAT H [ 2 X B B A i 5 |
1 Bt A AR R PR R R AR Y,
JrikE — PR TRAEY L ELBRE . WY
LLZTO 7 nid & )5 , LLZTO ks 5 & 4= H 3 , LLZTO
HRE W 2 18] LA K LLZTO fFik: 2 1] i 5 i B3 4
K, FHETFTHIFETEY Z46 L3RS,
LLZTO/PPC/PEO [H 455 & Wi fif Jit th BE$E LLZTO %
N 30%(wiw) . PPC/PEO J5 8 Fb 1: 1, 1% HL i 5 LA
SCEf51t.

[ 2% P i T REE 1Y B 1% S TR AL BE E, T 3E A
Arrhenius J7 FR 1 B4R 3],

o=Aexp[-E /(RT)] (2)
HAr A RNFRRTH A RS E B, TR
Bl 1c XF kb T 30~80 °C it £ X [ N SCE #1 PEO/
LiTFSI P4 Fh B, 2 i 25 F B 5 2R 1 Arrhenius [ £
T3], SCE 7E /K i X (30~50 °C) Fil & i X (50~
80 °C) MY 7k 1k fiE 43 91 S~ 57.3 1 36.5 kJ-mol™, PEO/
LiTFSI £ IR X (30~60 °C) 1= 7 X (60~80 °C) i
FLBES3 i 4 99.3 F176.2 kJ-mol ™o 344y HiL fff ST 7E
Fo R XY B A SIS AL RE HUARIR X /N, B R T
L 5% X2l T iR T REGW AT,
S FEERS shie T E , LT PR AL s IRIR T R A
Y4 e, Li-O B A T R0 it R AR 18 B
SR EEAREY, X EE AT L, SCE 78 AR 3R X 0 1 L X A
B AL 5% AL RE 2 e PEO/LITFSI i | 15 25 T PPC/
PEO LR 1 LLZTO fyfin A8 K T R &Y 0 E B 7
BB T B TSR,

22 HBRNYEARSHUEN
[’ 2a J2 [ 25 & A H i BT SCE /9 XRD K& .

LLZTO ) XRD A7 5 g 5 57 7 AH A A 40 B S Ak 1)
Fr#E PDF R F (PDF No.80-0457)W)-51", 13 B il £ 15
F () LLZTO ¥ A% 4l . SCE i XRD 7776 37 7 M
LLZTO f A7 506, 2 LLZTO 5 R &M E A G
X kAR Ak . SCE 7E 20° 4k (1 58 1§ i PPC 4 i1 5t
WA B PPC R T2 JE A4S 5 19901 23104k 1 477 59 1
i PEO FUAFAEIES, 540 PEO A . , 33X 2 N FFAF 14 ()
SR IS L UE B PPC I LLZTO B9 I AREAR T PEO fY
ZE e . SN HE— RS PPC I LLZTO %} PEO £ 5
B W E R T A R R I 2b AR T PRO/
LiTFSI, PPC/PEO/LiTFSI I SCE = Ff H fi#: i () DSC
£k . 3 Folr e 0 14 DSC 28 7E -60~100 °CIlR 3
Rl PN X5 3 B0 2 /1> BH I8 1% W AR | 43 1 ) 1 3% 3 Ak
T A U BE (T ) RN 45 ) lORLBE (T,) . PEO 5k A
PPC LIRS , T, -45.9 CFEE-55.8 °C, T, ) 60.5 C
K %2 53.7 °C5 FEULHERE B LLZTO J5 , T, F T, 5%
BB Z-56.2 F149.8 °C. T, F1 T, Fifi % PPC Fl LLZTO
(AT BEAR , 38 0K T A WY TE 8 B X S R
W T RGBS BhRe ), NI B & T RS
SR, NI PPC/PEO LR X PEO & ¥ 45 1Y
S0, % PEO \PPC Hl SCE = b B84 W Mot i A7 e HL 1
A 41 AP % (FTIR) 0 A1, a5 R i 2 i . 5
PEO F1 PPC 4 Lt , 7E SCE U4 AE M i b, 5 C-0
-C A 45 41 2 AH G WIS % DA 1 085 em ™' B %2 1 105
em™, 5 CH, % i R 2 AH G A RS I A 943 em ™' 75
951 em™, 5 C=0 {1 45 42 2h A 5 19 W2 e & M 1 746
em B A 1754 em™, 5 C-O 45 4iz 24 5 Y I g 0
M1 230 F1 775 em™ 53 Bl % 2 1 240 F1 787 em
PPC/PEO R J5 1 A4 11 Wz g 0 rry iple 50308 K, e W]



2581 FB 35355 LT Lig LayZn, ,Ta, 0 /B AW 52 A 11745 Uik 0 1) ) 4 B P fl 2 g 1519
(a) (b) ——SCE
—— PPC/PEO/LiTFSI
—— PEO/LiTFSI
SCE 2
g
=
" PEO 2
o N\
A PPC §
Iy ~/
LIZTO
| | Li,La,Nb,0,, (PDF No.80-0457)
N T N T T
......... T TN TN T T n N M L
10 20 30 40 50 60 70 8 -40 0 40 80
20/(°) Temperature / 'C
" 1 " 1 " 1 " 1 " N
4000 3500 3000 2500 2000 1500 1000

Wavenuber / cm™

P2 SCEY(a) XRD A . (b) DSCHHZE () FTIR 13 ()RR AR (e) SEM LRI (E~) AN 1Y EDS BE 1 4]
Fig.2 (a) XRD patterns, (b) DSC curves, (c) FTIR spectra, (d) optical image, (¢) SEM image and
(f~1) corresponding EDS mappings of SCE

PPC/PEO RIS T Lit 5 ik 5 R AL A Z Al Ry L
AER A BT Lispy Pt g,

 2d e i [ 324 SCE HLfif S5 ) SEM & R %k
b I8 . SCE JE Sy i o, RGP 8, HAR 1S
mm, JE2 200 wm, H LM, N SEM BT DL
U, %A A S 2R T JC LR, LLZTO ks 3549 43
BIERG YR, Bk R 29 2~5 pm. SCE i3
Ifii La.Zr,0 H1 C JC % () EDS g1 & 4[] 26~i 7w
F 52 LLZTO kL 7F PPC/PEO 58 & Hy 3 5 vp 43 1k

23 HERMENLFEEE

FL i U B 1) R A2 R 1 R T R = R I
RS T A A2 — o A HEEE SCE A
PEO/LiTFSI P Ff L ff Ji7 () L AL 2= e B 1, DU R
BAFE TAE A i VR XS HL A A S AR, X 21 2 1Y)
A AN/ FRL A BT/ L FE I R AT LSV N, 45 4 L
Fil b OCP~5.5 V(vs Li/Li"), HHli 3R 1 mV.s', 45581
WK 3a 75 . PEO/LITFSI ZH 35 (% Ha it A 3.7 V FF 46
S0 HL I B B O, LR S R A B F PEO 1Y 4
figetel i SCE 21 2% i HL St I 4.7 V IR B A AL HL IR A



1520 xr H ke EE il %3646
0.03 0.06
(a) (b) 1200 —=— Initial state
. - Steady state
0.02 g soor
&
< < 0.04 T 400k
£ g
g 0011 — SCE g I 0
E g 0 400 800 1200
= — PEO/LiTFSI = 7'/ Q
© © 002}
0.00 -
-0.01 n 1 n | 2 1 0.00 i i i i
2 3 4 5 0 2 000 4000 6 000 8000 10 000
Potential / V Time /s
0.8
© £ 03
[ £ 00 : ,
04} g-03
362 364 366 368
> L Time /h
= e ' 41 g T R it ! F[m i 1‘“"
= o o 1
ER i W i, 0 0 0 0, 0 0 LA
° L
~
04
== SCE
—— PEO/LIiTFSI
_0.8 i i A
0 100 200 300 400
Time/h

K3 SCEFE60 C T (a) LSV M1k 1 (b) Ak 24 BHHTIE A B Ak 28 ; (¢) Li/SCE/Li X FR B HL7E 60 °C .
0.1 mA -em™HL R B BE T A TE FRAGFR 26 LA K AE 58 365 hAb ity a3ty £ i ok 14

Fig.3

(a) LSV curves, (b) impedance spectra and DC polarization curve of SCE at 60 °C; (c) Galvanostatic cycling curves

of symmetrical Li/SCE/Li cell with a current density of 0.1 mA +cm™ at 60 °C, with the magnified voltage profiles

at the 365 h (inset)
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Fig.4 (a) Initial charge-discharge curves and (b) cycling stability of LiFePO,/SCE/Li solid-state cells under 0.1C at room

temperature and 60 °C respectively; (c) Cycling stability of solid-state cells with PEO/LiTFSI electrolyte at room
temperature and 0.1C; (d) Rate performance of LiFePO,/SCE/Li solid-state cells at 60 °C; (¢) SEM image and
(f) EIS spectra of SCE after 50 cycles at 60 “C under 0.1C; (g) Initial charge—discharge curves and (h) cycling
stability of LiFePO,/SCE/C solid-state cells under 0.2C at 60 C
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