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All-solid—state Lithium Ion Battery: Research and Industrial Prospects

Liu, Jin* Xu, Junyi Lin, Yue Li, Jie
Lai, Yanqing Yuan, Changfu Zhang, Jin Zhu, Kai
(School of Metallurgical Science and Engineering, Central South University, Changsha 410083)

Abstract  All-solid-state lithium ion battery has become an important focus due to higher safety, higher energy density and
wider operating temperature compared to the commercial lithium ion battery with liquid organic electrolyte. Research and
development of solid electrolyte are the keys for the successful market penetration of all-solid-state lithium ion battery.
Nowadays, three kinds of solid electrolytes, polyethylene-oxide (PEO) as well as its derivatives based polymer electrolyte,
LiPON thin film electrolyte, and glassy sulfide electrolyte, are widely studied and open very interesting new application
prospects of all-solid-state lithium ion battery. Three major parameters of ionic conductivity, compatibility with electrodes,
and manufacturing costs are used to evaluate the application prospects of the electrolyte. Based on that, PEO and its deriva-
tives have low fabricating cost and good compatibility with electrodes. However, because of low lithium ionic conductivity at
ambient temperature, the batteries using this electrolyte needs to work at high temperatures with a temperature control sys-
tem. LiPON is most suitable for ultra-thin-battery and micro-battery, which present long cycle life and good rate perform-
ance. But, it is difficult for large-scale production of the batteries due to high cost and complex manufacturing processes.
Glassy sulfide electrolyte exhibits the highest lithium ion conductivity (10 >~10"> S/cm at 25 °C) among the three electro-
lytes, which is close to the level of liquid organic electrolyte and meet the requirement in industrial application. However,
advanced manufacturing technologies of the battery are required for the improvement of contacts at electrolyte/electrodes
interface. In recent years, all-solid-state battery samples and pilot production lines are available on the market. In this review,
we summarize the research progresses and production technologies of batteries based on the three solid electrolytes, and at-
tempt to explore the commercial applications of all-solid-state lithium ion battery.
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Figure 1 Diagrams of the constitutional units of PEO and proposed
migration mechanism of lithium ions in PEO electrolyte
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Table 1 Ionic conductivity, lithium ion transference number and electrochemical window of solid electrolyte

Ionic conductivity at Lithium ion transference
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Sulfide electrolyte 2011 LijoGePsSi» 1.2X107? 1 >5 [44]
2013 Lij¢GeP,Si» 2X107* 0.99 5.7 [48]
2006 LiPON 1.8X10° 1 5.5 [49]
LiPON
2013 LiPON 1.58x10°7 1 No data [50]
3.1 REYBRMEREM 140
RA TR ZH R R R, Al ~ 120
BRAED MR AL AL L BRIE, e - M
35 o LR TR R YA LA, SRR A AR 2 ol .
e N o NI <
7 2 2 . . , KT S 4.0
R BLBL TG4 2, ML T s s, SR 2t E ol
P b N =, 2
il o H S A AN AT (D RFR e R, w A ERE Z wolf ™
L, AT 60~120 CF AR, HAS R AMBEE &
\ - 5 N o L = .
Jie; (2 LA AR P R T R e s
B LRI, WL R A s D AR AR R, (H g 20r 0 2 40 60 80 100120140160
AN T PR 7 TP PR I sl an 5 g o FH L A ? o

SEAT ] DL AR K.

TG ) Vg o ) vk BB RIS — MR AE 60~100 °C
FHEAT, KZ UL PEO A FUMR IEAA, R 1E R AL
KL BRI H TS A A Y r R I R A R T
VRIS IEAR AR, HHIR 2R &4 170 mAh/g.

2008 4, Kobayashi “5P'DABHERELA N IEME, A1
M5k, UL PEO, 2-(2-F 4 Jk L5 5L ke 547K H g
(P 2 H R L B ER LiTFST (3440 0k v fift it
B — KA S HE, 7560 C, 1/24 C IS FE X
JRHL A ] IA F] 128 mAh/g.

2010 4, Mastragostino 25525 il FREK B A IE A, £
Sy 4%, PEOag-LiCF3S0;3+ 10%Zr0, A FLfiR it ) 4 [l &
Ht 100 °C R PEREIEAT T WFST, JLA5% 260k B A FR
PEREINIE 2 iz, 1710, 1/5, 173, 1/2, 1 C £&4F FHIE 0K
L LE 2 B0 9 my LUk B 138, 132, 123, 106 & 57 mAh/g,
1/3 C Mg 375 GV AR KR 100 mAh/g R4

2013 4E, Stephan %> H5E T A MgALO, 1K
HLIFUEL 1) PEO-LiPF FALfiAE J57E i R B - Fi s+ 1) 78 i
RS, %2t 70 'C R 1 C 183K 100 J& 5 AE (R EF
110 mAh/g I, T ISR E 1) 88%.

AW i L RE I oY — R B S RS T
10™* S/em [¥] PEO fiTZEM0 0 MM S EAA, S A ARepd e} 38
AR SR, AR X 5 T HOE TR B>, DUREA
Te N ERE, 15 R RO B (11X AR 8 3R A F AR i el T
SHERR R, Wil bR IRE LR 2. FE, X
U FON BRASE PRI, PR RE AT

872 http://sioc-journal.cn

© 2013 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

0 50 100 150 200 250 300 350 400
Cycle number

B2 PEOy-LiCF;SO0s+10% ZrO, HLf# FTBE R A1 Hiit 100 C R i
AN e AR P R

Figure 2 Rate capacity and cycle performance of LiFePO./Li cells at
100 ‘C with PEO4-LiCF;SO;+ 10% ZrO, electrolyte™
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