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Reprinted from [9] with permission from American Chemical Society

Li*5% (2) 4Li*+4e +0,2(Lir0)sotics Erev=2.91 V vs. Li/
| AR (177 N S VR 7/ = W S = - S e L L
FeRER A 11140 Whikg!'™' e m TIA bk .
BiJ5, Read AL £ -2 A< R Tt FEL AR A4 RE DA R R
i T A B TS T R AR, UMY T AR
WAL . F AR LR | VS A AR BE 0 R AR 43 R X T L 4
LR ARG RR RS E PR T 2006 4,
Ogasawara 25 A\ BGIE T4 -2 /At S0 A9 1T 3361,
SEHELT 50 RAEER, HFE A 600 mAh/g. iX—HEEESY
SR A AR -2 AR R LA 5 T 4 A2 B 45 B 5T N 0
B )iz e, SR, B-23 SR I Ak T R R T I,
HLRF RN RS | SEBRBR I AR L A5 R 1 e Sl R
il 22 25 ] AR SR S AR ATl 7 0 ) ik i O 1R
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(1) fibl%: LioLit+e

(2) 1IEM: B PE R 0,42H,0+4e «>40H™
(E°=3.43 V vs. Li/Li")

TRVEHL R O,+4e +4H -2H,0 (E°=4.26 V vs.
Li/Li")
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4 J A R B 55 £ ¥ (lithium super-ionic conductor glass
film, LISICON)Z [A] AR — )22 [f 25 5 1 A 22 7 fR 4
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LATP (A58 i1 K REL-2 S © &2 7E — 2 1 [
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SR (2) S AR P o FH RARATR T R el P T R
P T H A A 3) MARMIRE S M ERE
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L Lt 2 R ) P i A o i — KB, Sl i, ik
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R AR B, R M RE B P . X X — (]
5, #F Kumar BF58 20 P A0 4 [ A5 H0 -2 SR b Y
LRl b, Zhou WFFT AL POk — A A [ A -2
WHEAT T & . AT AR 1 AR RN B 55 £ 4k 2 o] e A
R A Wy i ff R, Tl AR B O il A 2
Aok, XA R RN T AR ELRE, DA
A HERE S B T k.
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Hrge-2s i b M REAS 2 TR Kt &, (1
H T e A A 5 fL Ak 27 R 3 R v ARG IR TR A
S IR P47V -3 AR it ) SR TR AT AT Y
MLER AT TR AW SE. Bl E SO HLEE TR A
WF5E, HEUIBR AR -2 S i b P e Ay s N R, A A
F itk — AR AR A AL BT A L B H A i
Tl e- 41

97 AR K R B -55 SO LAY R P, Laoire 4%
N By AR A R TAER ML, LA 0.1 mol/L LiPF4 fY
T FA 3L AR (dimethyl sulfoxide, DMSO) i A H fift
W, WA R 2F 7 R A SR AR SR s B AT T
KA 2). BRI, FERENTRHEBEMN 2.6 VAL
F 1.3 VI, FH LI Epa; 1M 25, BHK Ak
W Epa, 75 549 HL R 8 2.4 V I A Aol BHAR A
V% Epa; TE ARG H TN 1.3 V IS BB, MR
X —IEFMR 2 th 245 Y Tafel M4 R miassy, H
HRARPR A 120 mV/dec [0 B AY 9 PR T4 RS I
N, S —&1E R 220 mVidec BT E KA T =)

WIS, 27 B AR, dEK 288 -25 0 H it 1 48008 i
AT BT LS Z5 4T
1EMK
O,+Li*+e =LiO, (E,e)) (1)
2Li0,=Li,0,+0, (fL2F I N)  (2)
LiO,+Li*+e =Li,0, (Epe) 3)
Li,0,+2Li*+2e =2Li,0(E,.3) 4)
Uik
LiO,=0x+Li*+e” (Epa1) Q)
Li,0,=0,+2Li"+2¢” (E,u) (6)
Li,0=1/20,+2Li*+2e (E,,3) (7)

McCloskey 55 N I55 AR IR 4 1 N2 43 B A2
JUHE 1% (DEMS) 73 M F 50 1 48 -2 v il 2 A OB Y
PLBRFN 7k f i R vh 1 3l g 27 i i, MeCloskey 55
NHIBFSE AP IEARA R Bk, RUAFBOE T 1.0 mol/L XU =
L R I W 24 (lithium  bis(trifluoromethanesulfonyl)
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B2 57 0.1 mol/L LiPF/DMSO HARK HETER
PR RZE

Reprinted from [42] with permission from American Chemical Society

imide, LiTFST)) £ —fit — H fif(ethylene glycol dime-
thyl ether, DME)# . 47 H L F F1 70 L HL PR A
FEHIAE 4 V LUT R, &= A sl FE 1 A8, A6
R 2 BT, ERMAEBP KA EIRERN
LiO,(1e /0,) & Li,O(4e/0,), [al#EF T 1EiZH ik
21 A R B TR T RE 1 I 2 RN Bl g 2 AR R 1
P& LiO, (B 3). MR R T 4V i), HiEHAE
THKRT 2, XATEESER A FHMB A . HEBRH
AT e A AR IR 2R, R 5 AT R B )
AL HA 0.2V, FILAT S H B A H R AL
] LA E] 85%.

FEL R YRS P AN TR) %) 3 RIS 391, %o 438 TR 4R
Brit BB J1 2 — E IR . Laoire %5 A3 i

24 (a) 0, </ [05
0‘—9‘?- = - "0.0 ’é“'
CO, (x10) E
H-0.5 2
!
-10E

15

3.0

Lo 5

----------------- L o0

4.0 5.0
U (V vs. LilLi%)

E 3 DEMS BMTE 0.5 mV/s 33E FlEHEERBRE
(a) SCERJEHLIR, 42 DEMS M5 O, Fll CO,; (b) ARAEHE S
SN Oy BERBOTEAS A it B2 ip #5 5 HL F41. Reprinted

from [43] with permission from American Chemical Society
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XF A TR 9 5 DA R s 70 (R A5, & B HL e o BH 5 1
TV T X B I (%) AT 396 P AR R 7 A ) A 2 HL A R
PERIVEH. — T, XTHERHEFIE, SR
rh H % 5T BHES 1 O TR B BH 2 ¥ (tetrabutylamm-
onium cation, TBAM)T, O, ¥ ik )5 =4 O, #ATHZ
AT 3 L R RS RN T Y A YR T PE S
TR LitH, O, B WA JF AL 05, 05 Al O™, X Lbid i
FRIEAN AT 3 B M RT3 Rk 2R SO . 5 — 7 TH, R
WM S, A ] A3 R R 25 2 3R E i R AN Rl Y
R Y RIE R, X —Z5 K] LA i) Pearson YA
PR BV A1 L1 5 2 A W0 AR B ok i R I
FIH 45 HL T BE T R, T2 R (LB F)D,-O5 12 &4
MR E, AFT Lo, MIEM. X T4 Fieik
B, O5 23 PR 43 firk w26y A8 D L Al 2 o R
B 03, HAFT Li,0p L.

3 EARHH

BT - R AR AL, 2 AR e —
B BB AP A S AR E R, 54, Y
B FLAR 2 X A BE A B B4R THE . F AT -2
SR T 2 R R R R T B0 Ry B A R R B A1
B A 4 B, BRAPRHE BRI N )iz AR
R A RE. AR A RE AT 30 B Jm S AR W R S R A
BEBRILZ AN, FEBUA 092 AR I A A 1Y
ALK A ROB AR AL, AR T R 2 2 i e
T FARAIR. N SOR B RURRATRL . AR R A4
AT B IA

3.1 BREEEH

BRAEL TSRS L AR B TSl A
R I 3 5 0 23 J % ke 2 e s, i I A
G2 W TEAR AR B AT -2 AP Tl Y
IR, B AR FLIE 45 14 A BR AR AN T B 15 780t ok
WEFE W], FAT AN TR 55 90 FL A 25 44 B Bk bR

AL Ry AR K v, i 1 1 o S, ) It
L F= WA AE T, DN I 2 A AR 871012 e
DA LA 245 4 B TR e A A B AT B )32 e
Xiao % NPYHI FHTAFLIR I B L 2 BAL DI RE AL AT B8R,
WE S PR, %2 RALEES AR F R T 15 T R i iE
11, W T - A SR EARA R AR ISR, R
B U 8 480 I P e B v i L 25 5 (15000 mAh/g).
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Reprinted from [9] with permission from American Chemical Society
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5 g g - L0
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Reprinted from [54] with permission from American Chemical Society

[FlFE, Wang %5 AP 4R T A BIS — iRk S
e B, B Mo AE Y TR R AR R S T A S
Yt ZfL A SBIG(FHPC)ZS Sk, Wl 6. MRS &
AL BRITE R = e FLIE 2548, (A5 T ] 4 0 -
25 S B PR BB A TR M A5 R, At H AR A
11060 mAh/g, F¢AlEHATFVERE, 78 2.8 A/g I RH
MBET, WARIES 2020 mAh/g. Bk, HE

/ carbon
st ] p
. QIO Wl 0 PO

Li anode

O, cathode

B6 BXE=Z4£%LILABHFHPCO)FZSHER

Reprinted from [55] with permission from Wiley

AR W — AL, B LT B A0 A A ]
R, SO T A% G R A IS PR W R B P 2 S n 2
SR 22 )5 S R 22 0 iR, B R E Tt T A L R
¥j—+pk.

Bt Lim 25 A POl A2 AR A L A T )
ARBEAKA, WK 7. XA RAL A% S50 1 i T+ T
AR R B i R P A B[] SR R P ) L, 0, B DT
AT RS s E]. PR X R AR 25 R A R AR
i Rk RE M A PERE . k5 LW, R
(2.0~4.7 V) TEHIREE N 2 Alg WHEEE T, F
20 AR IR ESESF 2500 mAh/g & A AR, XFEIL
B PERELE BT HRE 0 25 SR R R ).

Bk T X A4 L FL B 25 4 B Ak 2 A6, Bk AR =
FHFE TR (948 AR A F S AR PEBE I $2 T, Zhang
25 NPT 53 B F AR ([CoCim ] [NTE,]) R 44 K A4 it
1752 A 3R A3 B A0 Bk 49 K B /8 IR R i (CNG) B
G, WK 8 B, XM, Bk
FBRAE 23 B oA B R AL T R 3 SR i 1
NS R N & N SR O N A1 B W W S S (N
Ry SN B HE TR 22 (A R A - AR - R AR . T
NI G2 S B FRIR S5 A, -2 S i b R A
ik 2440 Whikg HLiER AT 1660 Wikg W) HLIIR. Hx
T AL PR AR 0 25 RIE AR, o X i 4
P EAT VR A%, A T 4 A - S e S AR T
SEIFAE A 100 RAEER.

RUE AT BE s SR E 2B 8 AN 2
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Reprinted from [56] with permission from Wiley

(a)
0 o SWNTs/IL CNG
e o 4o
0, Q j y

(b)

B8 BRAIKE- [C,Ciim][NTH] B EERR B4R

Reprinted from [57] with permission from Wiley
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AT, R R L AR AR SR A7 A 1 22 [, 91 G e A
T B T e TOC R IV Lk ) A A P B i I 72
Li,0, AYHHE /E %5, McCloskey % APYStak 345 <,
FE A B TR R £ ) U E AT T WFSY, Rl 9. At X 5
Ot FREIS M (XPS), [l K FridsMi DEMS 4
FAFF-BLRW, FEN0R 38 b S AERR-Li,0, B il
—ZRIRE:. T Li,0, FErk 3 i AN S AT A7
TE, s RBRIEA TS R
Li,0,+C+1/20,—Li,CO3, AG=—542.4 kJ/mol
2Li,0,+C—Li,0+Li,CO3, AG=-533.6 kJ/mol

X 7R B % T A A R PR A PR, B
JE DR TR B 1) A TR R £ BHL LR T Al R Li O, 1Y i3 — 25
P ik, 33 5 B WUE A OO 3 b S TR Bk 1R £ PR 4 AR Bk
FEH R FIRAET R UL, BRIEE SR, FEWE 7
PR - A e YA B 1) R R, T R R TR
AT 20 T X I H B AR 1.

Thotiyl 25 A"V B A4 R A e e B HE X il e
FEYIR AR S ST RIS, SRR, Y
R T 3.5 V B, fFE RO A AR e 9. 38 1 X
B 7 A S 7K T g ) R A R I, I K B R
BT R K BR A RE. S5 K A Ak FRL A T 114 0 i BiE
A K R T . 3Kt 4 R AT X A e A e A o R 4R 1L
T — ARG SR S E L b, B R A
MM AR R A 2 2 420, i Bt — o

3.2 AEERMR

ARBRA B T B AL S R A AW B 5t g AR
I RTRRAS B D 25 SRR T I 3 AN RRUE 55 F AR T I
FCISE 7 Wy AR ELAE P AR IR AL, 3o 4[] fil i 5 A5 74 310 A5
RO figp ke T AR B AR AT D 25 SRR AR 1A AT DL
BB A DAy 2 SRR A il oA 9 1 22 R SR 7 BB
B, A RARm AR DTSR B D, (ESR H BO
PR AR AR 25 TR AT AT BB 2 B T O 25 <
R4 TR TS R B

SR AL S TR, AR T =R
FEL A 1) 7 R A 2 3 F AR 2 5 T v 3 R
SRHEATIRSE. Cui S8 A3 3 A2 5 AR T IR ER L
# T CosO4 RMERES — Al 2 At 7Edbrfl |,
HARZ 9 200 nm [ Coz O, A KAEL 2) 73 A3 T IR
BRI, Cos04 AU A BNz i kMl HH X
] LA 58 24 3 AR B AR €. AHEL ST A CosO4 24
KA Z 8] A A2 A 14 2 ] A AL Sz 1™ 4y 6 T AR



Discharge (ORR, U<3 V)

Charge (OER, U<3 V)

o

U (V vs. LilLi")
(%] w F-N

ﬁ |c‘9
(DCDG:B 02 @ | £
29 ;

Li,O,

LIRCO,

Li,0,+C+1/20,—Li,CO,

& 9

Li;0,

Li,O.,+e +DME=LIRCO,
Increasing surface LIRCO, concentration—increasing charge potential

REBBREY BN BE

Reprinted from [59] with permission from American Chemical Society

S T I A . B S A i — Al s R
e 2% B0 M A v R F F P S IR SR L . {H 4
J& E ALY 3 A7 A e M 22 B T, X — foke a5 BR 7
T HAEZ SRR . RERITERM, it E
AT 5 FL ) S AR T RO i R Ak O34 Ty T 4R v
LS e DA it X — ]

wEBRESA BN S RN, A RO
e R R SR, JF HALE S S T,
T2 N R 7 W B AR A A A e L A R e
PEEAR KRR B I T RIS KA, T X — 4
A5 NI AR 2 HR e e S B LA LB HEA T IR AR
510491 Peng % 115 T 4 LA L LR 22 X DMSO/
LiClO, Hiff i 4T 1 A= 00 . 38 o %o 0 3 H e
AT A, B AR - R A B T B AE A ]
WAHEER, 100 KIGHRAELERF 95% LA LB e 25,
Kl 10 s, xR R et s ik e i T4
P A% T R i T S O R

3.3 Rk
H i -2 S b A EaR R A E T B i P e

A, PEE MR TS SR R — 4 kR
K BRI 5T 45 A 2 B, AR R B i A BT LA S50
ARG - At P R S Il RS, R T el Ll A
WL ORERAIARCE . R R IE R . B
HIR B R T2 AR R AT LA M BA T ILZE: &R
AT SR ARYTY . Re R A SR
B[ e

Débart % NPURGHIFSE T A IR 4@ A AL xt
H i A AR PR BE 1 S2 . Fe,05 HLA 1 B W) IR L 25
(2700 mAh/g(carbon)), {HEFEREZE; CuO, CoFe,0,
ERA LA RS, (A B R R & (BRI L
FAREIRLN 6.67%); CosO4 W R B HA7 55 5 B0 Uiy
L2544 (2000 mAh/g(carbon)) FIELLF Y 75 (R 238 (B
MBI AR AT 6.5%). IZ L %A [R1 4548 &
S H5R B (0-MnO,, v-MnO,, B-MnO,, A-MnO,)
AT R G R, 450 R o -MnO, 48k 4k B %
b H AL PERE.

Xu 25 NI R AT A T L9k ek 2
HEYIE AR, i 11 FiR. X R ALK
ORGSR R T34 A0 i 36 PR, TRl

(b) -

o«

o

(=]
T

Discharge capacity
(mAh/g(gold))
w
(=]
o

[~

w

o
T

r
o
(=]

4.5
< 4.0f
o
2 3.5¢
E
= 3.0f
[F]
[&]
25¢
1st s L " L
300 200 100 0
Capacity (mAh/g(gold))
B 10

0 20 40 60 80 100
Cycle number

B R R AR R T A 2R (a) R PR 4 BE (b)

Reprinted from [66] with permission from Science
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(@)

KB carbon Ni foam

Lithium metal
(Negative electrode)

(b)

i o B50C/3h <o
m. +—+++.m: ::::—tr::::— “la W\

Electrostatic spinning

PVP/[La(NO,);+Sr(NO,),

Separator Porous carbon+Catalyst
(Positive electrode)

Lag 155, 2sMNnO; nanotubes (PNT-LSM)

+Mn(C.0,);] nanofibers

Bl 11 S50 R - 25 S H B 454 (a) R AL TR ) & BB 28 (b)

Reprinted from [83] with permission from Wiley

7] DA BRI R 25 SOE M B FLIE 254, SR A AT
NP A% 5. A5 28 TR A s, Bl S
BRI T AR S T 10000 mAh/g B4 ] WG R
MFR A AN 1000 mAh/g B, HL A IE R A il
KBRS K 125 K, TR 4RI ik (43 YO/
3 1.

B4 B R T R A 0 5 e R R ) A A T
E e BRI AR 20z A Y. Lu 25 NS
TAFE B & E -2 S uh it pe. 4588
N, Au TR R R N A B R AR TE M, T Pt
X AT RO HLA B AR TS . Z R &, IR
H AT PtAW/C SN AEHEAL 7] 3T A Ak 571
R -2 S, R H RO B ARl AR R T
150~360 mV, FHHEEEEL 3.6 V, mL T2k
45 V.

Oh % NI ol & sl be st 1 45 4 1 &2 A A Ak i
(A:B,0607_y), WA ER BB EHLE S
(>10000 mAh/g) X UF 45 R R A3 3 WA,

3206
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Development of key materials in non-aqueous Li-air battery
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Due to the 5-10 times the theoretical specific-energy of lithium-ion battery, the lithium-air battery is expected to be next-generation
electrochemical-power source with high performance. The structure and development of four different kinds of lithium-air battery is
introduced briefly. We believe the non-aqueous electrolyte system will play a great role in this field, and reaction mechanism of
non-aqueous lithium-air battery, oxygen cathode materials including carbon, non-carbon materials and catalysts applied in current
lithium-air battery, and advancement of electrolyte are discussed in detail. Furthermore, we look forward to the future development in
lithium-air battery and believe the great challenge confronting the scientific researchers is to find a stable electrolyte, design a
reasonable non-carbon cathode, and discover an effective catalyst.
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