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Fig. 1 Comparison of the specific energy and distance
per charge among major electrochemical energy
storage batteries
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Fig. 2 Schematic of the structure and working
principle for a secondary lithium ion battery and a
lithium—air battery

Bl B, B T K S AR ORI AR ST
MEOR AN, 2 B FRTR A 1 i, e
S D0 K LR I R R R, xS R DL R, 7 A AR A
Bk, WARMELL Iz A o BVR: F RN e 4 et
PR ] 1 52 2 i ri A PR SRR 3P0, A73 7 [+ 1
R LA N R AR 200G IO AN AL L
FELEN [ AL FE - Al B 10 A B, X DA S 75 4 0 1 A
BT A A L S AE AR R ; B B T IR AR ME— RO BOR T, R
PR Y e P R Y AT L 2 PR 5 e JRE A 1 o B 4 o (e
ZERRAL) , R PERE T TR A R (22 TARIRE 0 ~
40°C) ; 5B RE A Az IO, 2 i solid electrolyte interphase
(SED)JZ , 1 1 2 FR R HFLETHAE , (5 i i 2 i AT T e

JHTE 785 i A A A DL, A SR MARAS e L 3A
[V, 3ok AR G B L Tt g [ A R P b . A S ST AR
ASHE A A DL AL L SR R T L Ll Y S SRR R —— [T S R
iR JOL 4 A SR I DL EA T 23R , DR AR M RER 1A 21 4x L 45 48 1
T RS S S BUR, LA B AT AAAE R )8

1 SERITRERBHKS

1 25 R P AR A R b A — R T 2, AR AR i
HAM M RE % S IS A, SRS O ik
BAWM TS

1) S AR PR AR L, 2R S s M iR s B R AR
LoVt BRI TOE I AL AR R
T, DR T 4 6] 245 PR Y LA 1A 22 A R B K B 8 P

SCIENCE & TECHNOLOGY REVIEW

2) AR SRR E R EEWER
AR AR M PR T AR T L AR T LA L R R R Ol R
AT R AL AT AR T — 2 S T B L TR L
T8 R J R F AR 5 T [ 785 L it B BE L L B A A A I
PRIt 30 AR AS s 6 17 P Tt 9 B IR, 07 s L A= 9
PR AT RE o TP —BAL A 7 28 FRL SR i ) B L 22 AR AL )
HIIEAS o X TR - SRR L T 28 R A T ARG 1 ST R
Z R FE S Jm k.

3) S A SEARAT R A DR . RIS LR
PR TR N B — T, AR, DT AT AR AR
RLAC IR, 42 i P A DR

4) [EZSFORRATE B S IGIRAR E T , S A B S L it T AR AE
R E R RO T AL,

5) [ 25 it HAT S5 R R s KRR AT ] | B v R A
Pk A LM B P AT IUS E SO LK R ri i,
T UK SO L R, AT A LAY L T RSl
B2 L R BE A AU, AR L HI v i b AR )
R BRI

2 BEXR®RgEE

XoF T4 [ AR A Ll R BB N T AR L B R
FAS s R I FH ) R 76 e 9, SR P 1 285 e fe o 17 il At AT 2
Ko

1) BHAmEMERBSEEG107 Sem™)

2) Pk (LRGN 1) o

3) HALSFE D58 (FXF T LR T 6 V)

4) SR RHHE LT

5) IEEEEL RIS HUMIEREIL R .

6) RS, IAEAR, & A T,

H AT E T & 1 1285 L I R 43Ry 2 K3 - SR W v it I
FTCAL T2 H A B, JCAIL 285 A S Fie b B 25 A R 43y
LisN < 168 B e e b, dedh de RS S g s (A
S ) L RN P (S ) FRLR . 38 L4 TR B 3S
CEN AP DR R EES
21 RBREYHBER

FHHLRGY R TSR LT 20 g 704548, X
bR B LR B T R A YRR (SR
FN) A i o a7 B 5 SR B BB B s RE 11
S, H RGN RIFE L E(PEO) , A FhEE
R H A IR R AE 107 S/em® 2 F BEBL TS Sk,
RV R AR SR 1 B B AL 2 AR B A ) 4 e 0 7 Fl o
TR 5 20, 2K A MU A E N S B AR I AR &
WISEIR T BRI G s FEREX R T =CRHE T, — 23
SEARM R ZE 0, GG R 3R P ST A R Y e R A
Cd BRI CIRHEE BRI A W A TR R A R
FA[E 107 S/em PA_b (B )2 BRBON & A DL A i o) Bk 2%

27 I



—t

www.kjdb.org

RS 2017,35(8)

SCIENCE & TECHNOLOGY REVIEW

TR, B S R ANRRE o A SR A AR 1 S B Bl
FLE 1A AR IO FRAR 0 5 41 4 s IR AR i Ao MRS PR
il TR b R G i e R A b v P 1

T I [ R BB AR | B s R A 2Rl 5 LA SR S
PR R G Dy 20, AT Sl R m E 10 S/
em®, SEURL A 44 K AR 1A 1T [R] st 2 = ARG 7 2 1 RE X
A R R E EY, ORI T DUR R S s Rk
W1 ALO;  TiO, . Si0, Fll MgO 25 ¥ AT DL S 26 £ — i 40 oK &
YUORE G 4 TR A HUE S B TCA AR B T SR AL,
S Z AR EIEFR S &R AWM, A, —SHIT &k
FY LB R, AR R FR TS | SRk A e FBEFANG 55, th T X ER
F AR A, BT 3R 107 Slem Y E IR HL SR, H
R E e BRI AR By B = IS RY5RBE | T il i s Bkl
AR T 2m AR

56 ML AR, AL G2 0 3R A 1 v A TS A LA A XL
B R A B S T B ) A5 S [l 1 H phy T80 e
FH G GREWEAK 19 Lewis WA G, T BTG T
0.5, $im B T IE AN iR 10 A HE 0K B 25 3 o A e
[ T RA W ER B B[ T IohLk R m Ao A K]
BTN . ekl R WAL A SRR R B TR RR AR
P Eal kB 1, R RO R — (B B SRR Y.
H R, R 20 2o s 11 F A SR RS 5 A ML T (e
JBE ) BT B 2 T R AT AR (107 S/em™) o BT AL )G
B4 SR Bk I R A A R SRS S — BIR . A R Y
A TRUR BEAS B B B RS AT TR 3] 0.917, 38 L A i
LB T RN N ORL, TR B &2 & B B 1R RS 5K
Al3K0.99, i H R AL 107 S/em™,

HETREY BRI ZEEFA]in T2k, 849 i i SR )
TN S S e ) e S R G (Hih TR
X B BRI AR R UEAT A AR 1

T BeAh, TGP BRI AR Mt R it TR AR fb
BT A B b oK o (o AR 4 i 1 oA b b B e e, — 2
B4 W e it oA B A ML R R A X LA B 1k R
B, LRl EERRR ] TR A Y AR Iz N
22 FEHESBER

TCHL I 2 L gt A A o, ST 2 1 e Ak 0 i A 5 (A
Lil, L3¢ 1) B 5 R ; LioN Al Li' =8-S 4048 B S ARV i
s T EL A 58 v ) P S o L2 2 IR 5 R 1 B, 22 AR s
AL 5300 T B 1~2 R BEAh X S R T K (1 6
BHAAAEA M BORTRE A RS (R, 140 : LisN A
Fb2ET A (299 0.44 V), BXF A SARFE ; Li—-B- Ak
2 800°CHAKD 38 T3 I 35 N A, DR e LA 3 v 1 o 5 2
2 BB TR [ 3] 250°C LA B, K4y T A il E A
J2 (AR S S R T R

i A 4y P i S AR AR L P P AR AR 5 A B S L M e
B - B (ORI ) 3 RO ) 4 SRS O AT RE . BRI, Fh
T SAXET O X Li 4G VE FHASs , A AT Lit il , A
TRAb 0 i SR A A 3 T R R A e . — e qR
FEM B}, AN thio— LISICON (R AP S 44 Li,.S—PSs il
P I SH Lija MP.So(M = Ge, Sn, Si)* 4 25 5 i ]
PIEE] 107°~107 Slem (F 1), 3 S A WL FR . 2%
T, A A 300 L g I %ot 25 A5 b R /KPR R, i e SR AR L 7
TR LT AT B AR R 2 1 1T B, 5 A A iR A
1AM ST iR L . R, MRS E P LA B 14 £
JE% i, S A AR B A A

AR R SO s AR e P, JRUBHRAAIR, T
SRS o E R AR T AR (B S A
PR R ) 28 L PR R AR (32 1), ELRF 2 SR K PR UK
il 28 AR T B TR AR ME LA FH TSP it o ik [ B
I 28 ({51 41 Li,0-P,05) H 48 AN AT LU 85tk 38 64k K

F1 RRMESEBANETRESE (WEHHEHSAZRE)

Table 1 lonic conductivity of the representative solid electrolyte (if not specified is at room temperature)
I 25 Lo eS| HL 9%/ (S em™) IMALRE/ eV = BTN
PEO-LiCl0.-TiO, RBEY — (6]
70Li.S - 30PSs PEIE-F 107°~107 0.18~0.19 [7, 8]
LiGeP,S, R 1.2x107 0.25 [9]
Li,0-MO,(M=Si, B, P, Ge) L 10°~107 >0.47 [10]~[18]
LiPON [ 27x10°° 0.54~0.57 [19]~[20]
Lil — 107~107 — [21]
LisN — >107 (L) — [22]
LISICON ~v-LisPO, ~2x107 0.125(300°C) ~0.73(25~150%C), 0.24(250~400°C) [231~[25]
LizsGeosVoiOs vy-Li;PO, 4107 0.44 [26]
Li*-B-ALO; — 3107 (FAL ) 0.24 [27]
LissAlosTi, 2(PO.)s NASICON 3107 (AR) 0.2 [28]
LiosLaaosi Ti0s e X107 (444) (0.4) — [29]
Li;LasZ1,0(cubic) ay vl 5.11x107* (444 (0.32) — [30]
LissLasZr 4 Tao01 aLiral 1x107(0.35) — [31]
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Fig. 3 Crystal structures of oxide solid electrolytes
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Fig. 5 LiPON-based thin film lithium battery
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Fig. 6 SEM image of the cross section of the NASICON-
based all-solid—state lithium battery manufactured by SPS
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Research progress on all-solid—state lithium batteries

REN Yaoyu

Energy Research Center, University of Maryland, College Park 20740, United States

Abstract The development of automobile, large—scale energy storage, and micro devices requires the ever increasing energy and power
density and the improvement of the safety and operation temperature range of the secondary battery. All-solid—state lithium batteries
(ASSLBs) draw much attention recently as the most potential electrochemical energy storage device. In this review, the advantages of
ASSLBs, i.e., the benefits of incorporating solid electrolytes on the improvement of the safety, energy and power density and expanding the
operation temperature and application fields of lithium batteries, are summarized. The requirements for qualified solid electrolytes used as
the key material in ASSLBs are also suggested, based on which the advantages and disadvantages of polymer electrolytes and inorganic
solid electrolytes (especially sulfides and oxides) are discussed. The three configurations, i.e., thin film, 3D thin film, and bulk type, of
ASSLBs are introduced. The history and present status of ASSLBs progressing from the thin film type to the bulk type are reviewed with the
focus on the representative prototype batteries developed so far. The barriers associated with solid electrolyte materials that still hinder
ASSLBs from achieving high safety, energy and power density are finally indicated.

Keywords all solid state; lithium battery; solid electrolyte; electrochemical energy storage
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