F F IR

Review

ACTA CHIMICA SINICA

DOI: 10.6023/A13101097

PRt R R R T R R
SFR* APy R

(FBI RIS AHUR B 5 TR e MERE S TR KD 410073)

W SO b T R e R (IR s 2600 Whikg)s ARMIAS . FREEACUF S0 A ) 52 53 L B HLt AT A7
FEIEARSGEVEY TR 3R DG IAE RE 22 25 1n) L. 3 FlI 28 [ i ) s DR B 1A L PR ) o 1) 0 SR B B LS,
A<n<8)MAF T H YL ARB IR B AR, (7 22020 T 8RR it AR (1 32 e, JF 45 & AWFTTN LT, X
B R T FE AR BT R A LR AR A AR IR s 2R S W VLR SR JE M LT LA S5 557 IRIBEAT T PRAN I 2534,
de e R LR TR ) A R SR HEAT T R

B PG, A HURARE, BB ARSI A PLART TEHL AR5

Review of Electrolyte for Lithium Sulfur Battery
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Defense Technology, Changsha 410073)

Abstract Of the high energy density chemical power systems currently being considered, lithium/sulfur (Li/S) batteries
which use elemental sulfur as the cathode and lithium metal as the anode, are attracting increased attention in recent decades.
Li/S batteries have a high energy density (2600 Wh/kg in theoretical, about 400 Wh/kg in practice nowadays), consist of
abundant raw materials, are low cost and environmentally friendly. Although the rechargeable Li/S batteries possess more
advantages over the conventional lithium ion batteries, the practical use faces with a variety of problems such as low utiliza-
tion of sulfur and bad cycle life. Central to the operation of Li/S batteries are polysulfide anions (S}, 4<n<8)], which are
intermediate products generated during the electrochemical reduction process. These anions have high solubility in organic
electrolytes. On the one hand, these anions typically diffuse to the lithium anode according to a concentration gradient and
directly react with the anode. This diffusion causes an internal shuttle phenomenon and significantly corrodes the anode,
which decreases active material utilization during the discharge process and reduces its cycle life. On the other hand, there are
residual Li,S, and/or Li,S on the surface of sulfur cathode and Li anode even at 100% depth of charge. The formation of
Li,S, and Li,S increasing with cycling results in active material loss. These drawbacks have seriously retarded industrial
production of Li/S batteries. In this paper, combining with the works of our research team, the main research directions and
the latest development of the electrolyte to enhance the cycle performance of Li-S batteries are reviewed from the aspects of
the composition of the liquid electrolyte, the additives in liquid electrolyte, the polymer electrolyte and the inorganic electro-
lyte. At the meanwhile, the principle, the preparation of electrolyte, the influence on the performance of Li-S batteries, and
problem in each research are analyzed. Finally, the further development of the electrolyte in Li-S battery is discussed.
Keywords lithium sulfur battery; liquid electrolyte; ionic liquid electrolyte; additive in electrolyte; polymer electrolyte;
inorganic electrolyte
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Table 1 Comparison of Li-ion batteries with transition metal oxide cathodes and S cathode

Estimated energy

Theoretical capacity of  Estimated capacity of

Theoretical capac- ) ) )
Discharge potential Estimated energy density

Cathode i - density of cathode/ Anode ity of anode/ B

cathode/(mAhsg ") cathode/(mAheg ) B of a full cell/V of a full cell’”(Whekg ")
(Whekg ™) (mAh-g)

Sulfur 1672 1000° 2600 Li 3829 2.1 2447°

C/S-60% 1005 600 1260 Li 3829 2.1 1090

C/S-50% 836 500 1050 Li 3829 2.1 760

LiFePO, 170 160 552 Li/Cs 3829/372 3.45/3.35 483/378¢

LiMn,O, 148 110 440 Li/Cs 3829/372 4.0/3.9 394/331

LiCoO, 274 140 518 Li/Cs 3829/372 3.7/3.6 456/366

“ Estimated capacity of bare sulfur is assumed to be 1000 mAh/g. * Based on active mass (anode and cathode) only, excluding electrolyte, separator and other com-
ponents. ¢ When Li metal is used as an anode, the excess Li is needed in a real cell, thus decreasing the energy density. ¢ When silicon or tin based material is used as
an anode, the estimated energy density of a cell is between lithium anode and graphite anode.
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Figure 1 Cycling performance of Li-S cells in 1.0 mol/L LiCF;SO; with
different solvents*!
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M3, Akl A TEGDME : DOL=15 : 85 (by
volume), BB LA R ATIA 1000 mAh/g, 4REE4E
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PECL S HAR 5 (1) By 5 Ak, B it M RE TR 4 1 P4
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Figure 2 The distribution map of non-aqueous liquid electrolytes with
the weight and volume ratios of salt-to-solvent*”!
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14 http://sioc-journal.cn

© 2014 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

N VO EE 2R 2 1000 mAh/g, 50 YRGS G 2 AR ER
KK 90%, RILHIRLF TG TERE.

() ()
N
v
He~ " \_-CHs HiC \/\CHg
PP14 PP13

B3 PP14 I PP13 fifh 245X
Figure 3 Structural formula of PP14 and PP13
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Figure 4 Charge/discharge curves of Li-[Li(glyme)][BETI]-S cells*!!
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Figure 5 The contribution of the various components in DOL/LiTFSI+
Li,Se+LiNO; solutions to the surface chemistry of Li electrodes!**!
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e, FEREAT T AR B IFI- T W
Fi&(GBL). Z 1% I E(MA)F TOLJWEFERE 52 m. 3
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TOL R felif. TOL [N RERRAC Ha il vl 5, o5 T
PRI FE TR AR EAR R HTE SN, A3 R0 s P o (1 )
TR, MR T FHARYR I TOL AV ORI R e, 4 T)
5 wt% TOL HLfFR I REA Ha it oy O i be A e
T 1.8 1%,

2011 4E, Trofimov £ A 1 T — R 4 W 3t 4 A7 WL
I RmAED, AU eSS wieth 2= an &
6 FTsHIPIRISRIRAL A1) FA HL LR B Fi, 50
URAGR i 109 T80 P, Bl 2 AT LR A T R A 8 n 70 (1) A4 WL
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Figure 6 Chemical formula of bis(hydroxyorganyl) polysulfide

2011 4E, FAIWFFT/INHPIWESE T AEAT B
AN [R) B (R L R A R AL (LIBOB) W 4L FEL Vb A1 R M i
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—HARFFAE 90% LA, FHEIE BRI IN P,Ss I ERAR FL
WA KRR, AATIAK PoSs IAEH 2476 T (1) PoSs
el 55 Li,S RN M AT EE LioS 1) s AR IR A, /DI LinS
DUVE T 38 BTG M TR K. (2) PoSs RE 8 1 4x i £ 471

[51]
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W F F R
W T B 2B R 2 DU A B it i kiR 41 2EISBRAYBRRE
%,

MCEIRBIFFT AT LA Y, BIUA FE it R A RS I 7 )
TR B AR AT BT B “ AL ORG 7, RIFE Lt
JBCH AL R A R 0 - T ) ) R e B, AL
PR TG Be— 2 SEL BiALfR 32, A% LiS,
(A<n<@) GBI I L P i, oe 26 v AR P i
e, A, BR T LiNOs Biiranwistst, HaxReittrsifs
CRYP AR N FAE B G AR  T BT JE 1) SET AL O 7 B
KIS mfl % R RER ARSEORFRRCE, I EAR ST L.

4 BEYBEER

A1) PR A HR T Ik 2R B O FE RN R A ) — 2
AT DMES T R R S T k. RE RN SR
T 20 {40 70 4EAR, Wright™ T 1975 4 45473 T PEO
HWEEBRME G RN S TSR, M5
Armand P R ICRE L A 4 [ 25 v vth FR) VLA SR R
M, 25 B AN ) 2 28 (1) 2R B 0 P AR T I E 9 )2 HH AN 5
MUES TR RS AR A R, REWHR TR
PUR PR ()b T HAL AR R0 T i 1 22 4% ) L (2)
e TR, REARAE FAl R UrBefih. (3)fh 2% Rl ifh 2
FOETELF. (4) 5 THATRIREESR 1) 4y T S5 M vt 5O 4
BTV TL G5 AT A6 s LA A2 %P e 1 ok

AW R T LA A 0T 43 0 A [ S R A Y AR
JU(SPE)FIE e SR & W) i fi# T (GPE).

SPE Hi =7 TR G PR Wk A 444 (PEO).
AN R (PPO)SE R Eh 4 e, mT LU LR A B
SR E R T IR A W AR i T I [ S R &R
SPE &7 i 3R 5 RS W EAREE B W R 3 rg
UG, B PR AR TR Sl R4
BEBL S S LA AL B FIES S “TRA AL
Mk, itk SPE & &5 7 i3 8w ik, —MfE
10°~10"" S/cm 2 [A]. GPE % th R & 3E4K [0 PEO.
R OH(PVAF). R IENGIR FER(PMMA). RN
Wil (PAN) 2o L0 — /N N i (PVAF-HFP) 5], 1
ST (— M R A AL AR ) A R I v 1 T U R

BIEME RSN, BARIA R B AR S T2
TRIES TR AW 2 AR AR, (R 50 % & 7
A FIAAVE ] b7 3 T, TR A & T A1
RN P, 287 2 S [ o A A ) v ) 14
UL 1AL T, HEg AL P LB T B 1
A AL, Rk EE S TR eREEs, —RE
107*~10" S/em 2 ).

TERRGR F R, BFCN B2 5N SRS LA T U AR
& G5 R A AR, U0 SR A o A P b 2 A 1 1 [
I, A R AW A RS LS, (4<n<8)n#l1
P, AT B e A vt P 2
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2002 4E, Kim #7846 T (PEO),0LiCF;S0s5
M SPE, JFRINT Ti,00-1 (n=1, 2)LARFIREYEAR
SR TS E, WF5T T % SPE B TS, 57
Wl S dese vk, e B R TR H b T R 4 i
HIPERE. B0 RN, 76i% SPE "R INEKSE LY e it
R R I S T R R R B R AL, O
D B A I R T S R S 2 TR R S TR . A
% SPE HIAIGR HLIBAE 90 "C R LA 0.14 mA/cm? ) HL V%%
FETRC, TS AT R R 2.0 V), I IEAER
L AR T 15 wt% Ti,04,-1 (n=1, 2) SPE (K4
WE OB L A R R T HIR A, 15 1600 mAh/g
DA b, JEITEBEASEE, 10 RIGHR G 25 IR RF AN 40%
2007 4F, %I /NP I 3 RS [F] (R0 A 7 A
T (PEO)GLiBF, ! SPE, J- ) Fi - #HAT Hi . BEAT H1 /e
80 'C FLL0.07 mA/cm?® [ FELIE 25 B r, L fi T ER %
AR 10 wt% ALOs [ SPE PEAESCAF, 15 VR HLEL
15 1670 mAh/g, & SR A BS LA &, (ROEIA
PEREMCIR B RELGE, 10 IR IA 5 2 AR FF N 40%

2005 4, Wen HF5% /45885 % (PEO),LiTFSI-10
wt% y-LiAlO, ¢ SPE N T-#lfn i, 75 ‘CFLL 0.1
mA/em’® (1) LU R RO, R KRR L 2 R AL 450
mAh/g, £ 50 AR LAG HIHLA PR 25 5 18] 290 mAh/g.
2011 4, ZWF5E NP 3E— 25 (PEO) s LiTFSI-10 wt%
Si0, 28 SPE H T~ IERRAL L A i/ - FL B BR ¥ Lt r vt .
Z A B AP AR TERE, 72 75 C FEL 0.1 mA/em® (1)
HLR 2 SO, 1 OB R LA &k 1265 mAb/g, & 25
DA LA A A 25 7547 800 mAh/g.

2010 4, Scrosati 250 PEO-LiCF;S0;+2ZrO, %Y
SPE HI-T-#EAR Hidth, 7EAFIELRE T LIRS R i, IL
L CRO R, 70 C R LA E /N T 400
mAh/g, 80 C 15T 900 mAh/g.

PLEWFST RN, A1) SPE (KA A FE it /e Sosefl il
REAS BIECUF R BE, (HAZPRT SPE M=l AL 3%, XL
H b 0 a5 A e RIS R A R IE S AR, AR L
# F] SPE fE6R Ho i 7E =i N TR, DALY
YU KR SZ IR, UEAE sk DA X 1% 5 I RIE. 256 2
TP R R 107 RSN, SPE KEELAT it H A%
S8 1A B 1 FRL 0 B F RO T e
42 HREESYEER

TEPR B SPE W 2L s 44 N, i m ey e
#, Feuillade 2511~ 1975 4E4E 7] 7 SPE H i A\ 38 5 7]
JER GPE, nJLUKIEEE = R & i 3R, R A
FEIRETFAIE R AW EAR T B 585 B B s P, i
ERPFIE R T REWTIE R R, EizERS, A
PORE W RS, SRS, WA S SOk
&, GPE 1] LA 15 & SPE FI A F AR I (1) i) Z IR A,
AR B 7 et P R e R, RLAE AT S G R T A
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ZHILZ 1T, GPE A5 LU B AR 1 1B 5.

Bl 4] GPE | iZ IR AN 5T, GPE ik i £ (1)
N TR, HoAK R 2 ZEAHE PEO, PVdF,
PVdJF-HFP %.

2002 4, Chung %L PEO 5 LiClo, % T
TEGDME L Z G HIR A% T, WALT Teflon “FAR L,
Ry O 58415 K R 13 %) LiClo,-PEO/TEGDME %! GPE.
BEARME 1% GPE IR it A 3 2 i b g, B
ST GG PR RE AR IEAR Y SEM 43#T, $RH T
TEARIR IS AR TP IE AR S AR AR, A B 7e i
FEPAEAELE IE A A B A ORI A IS, X3 i
T A TR S A 22—, 3 I Gt A A i
(YRR FE I LE AR AR A AR — 3

[l 4, Shin 251453 5 SR FH 5 £F 120 0 BR B8 V55 ) 15
PVdAF-HFP 3% GPE H T#E6% i, i TEGDME Ay
I17, LiCF;SOs, LiBF, Ml LiPFq 730l VE B EE. iR
FHERBE VLG40 GPE 1 5 it TR H B PRI 10
GPE, M JsURUEER SV e 2B GPE (M4 i . Al
% GPE [f/HE6% FL it 75 5 N LL0.14 mA/em? [ HL 3 35 15
TR, P RE ST 1 OB R A L 1500 mAh/g, (H
10 A 5 25 B AR FF AR 38%.

Wang 29515 2002 4£1 2003 4E# PVAF 3£ GPE
43 9N FH - IEAR A Rk 2 FUI B R A FERERT PAN/R &
AR AR b, S Y5 PC-EC-DEC(AFH
Ebh 14 :5), #lEhh LiPFe. 181 £ fLRR/% 5 Sk E
V0 IEAR AR FL AR =30 B 0.3 mA/em® fHIT %
FE T AT A5 B A 2l 440 mAh/g; f#H] PAN/R
A WREE by TE A (0 B H 1 OO EE 7R Rl 850
mAh/g, 50 JAEH G BOR LA S5 T 600 mAh/g.

2003 4F, Park 27 SE A 144651 % PEGDME
TR R TR A, OB AR 240 LisS, (4<n<?8)
54 R B N, ARG A AR H b
LiClO4-PVAF-HFP/TEGDME %! GPE. J:rf, £ i b T
(IR G DR A ] B A A2 5 — )2 GPE. 0 LA T
FELAE T LA B AR AT A SR AR AR 2 B Lt 30 GPE
R AR TH 2R A W AR B 2 B A0 L P vth (1) 97 B
PERE, 100 YCAHFA 5 H LE 28 A 270 mA/g 3¢ =3 417
mAh/g.

2006 1F, Ryu Z£*Y§i [l THF %fi# PVAF, KT
EHI43 PVAF B, SRS NI B I B LiCF;SO;-
PVAF/TEGDME %! GPE, FHT-#fm b I 40 404 1
M RS AR Ak, ] GPE R it S A
FA WL FU T IR B F i ) JBO R R FE X AN KR, 7
fe HL AP B HLUBURR S I8 5N LisS, (4<<n<<B), {EAIKH
T LinS, (4<sn<Q)4kLLH4 74 LiS. 1% GPE
(AR Ha vl 2y VO LE 7% A 1268 mAh/g, {HEE Ik
TE G R B A S 1028 mAh/g, H. i H 5~ &
2, HR RS AE BRI LisS, (4<n<<@)#tLI#ksc4>
ER CAEEEIN
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2013 4E, Chen 25U [f] PMMA 5 PVdF iR HI#S
GPE, JF I = H AR AR be DA iy B8 7 L R R
TILRE . {4 1% GPE HIAAT Hiith 100 UF A 5 Al i b
KEANIE 1050 mAh/g, T R HL LE A B 1) 88%. {H
1% GPE [ 2 712400 0.457, HPIFLIE K 0.064
mm, FEAE CABHIE S, (o at, PR R B R
T,

AR, BN BT ENRE], 1458 GPE G
YIRS B 7 R AR B AR S, Ho s e 2
T SRR, B AR T AL A FR AR,
DA b A AR HEL b o LA S, (4<<n<<8) [ L T A 1K)
L AHEFT /NG ] DU S R A SR s,
A8 ELAT BB 85 A% 1) GPE, Af b B8 1 T B 4
RE] L YRR IR RO 1 I, ROE
JTCHR ) LT AR 3 A ER A T IR BT R, U Tk
TCVEAE AR TR TR, IXFEA R T MR P I LisS,
(4=<n<8) XA IF M DX 355 R 3T 0B AT HLAK 22 I N, 1T TE 92
i GPE ¥R A b, LR E i 7 s, H
SRS FOAA ) RE S AR LinS, (4<n<B), fRIF
TR b E OB LE A R B T IERR AN 110
GPE #1377 S2™ A<<n<<8)MH MM IMI¥ H, K23
Fe AL PV 9 0 R B RN B 0%

¥
Li* Stripping (Discharge)
—_—

Li* Plating (Charge)

i ?
ol ®
@" % el
€

Current Collector

Ionomer Electrolyte

L

Anode Liquid electrolyte Cathode

B 7 Al R ] B 145 GPE R BRI

Figure 7 Schematic diagram illustrating the concept of Li-ionomer
electrolyte-S batteries, in which the PS anions could dissolve in liquid
electrolyte but couldn’t diffuse to Li anode

A I NI G % T PEG %L GPE IR N
T ML Lweis 1% PEG-B LM 8 8 71T 4L, RGRA
1 mol/L LiTFSI/DOL~+DME (1 : 2 by weight) Hfi# i 1
35| GPE. #iJ11i% GPE 46T FEIBAE AT 30 AR =
RS AR IR E B, s L ¥ AR R E 850 mAb/g,
A2 JE R L2 R B 8. 48 EIS, XRD, XPS 441k
B, 1% GPE fEifiZE S2™ (A<<n<<8)[MAN T M I3 HH 1,
HIGVLSE A B L g 8 AR bl ) i, JLJRA & PEG-B
MIIMAN BARBEPE =% GPE MR 71240, Hi% GPE
R FIE R S i 0.86, ARAEEH 1, Ik
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SEABHIE ST (A<<n<<8) A R P L

2012 4, FATIFIC/ NI S IRRL H it o AT B
B AR PR I AT e, R A A Y A e i R
(Li-PFSA)¥Z A 1 mol/L LiTFSI/DOL+DME (1 : 2 by
weight) il 3 Li-PFSA %! GPE, Jfi 416 Hth. £
X, Li-PFSA %Y GPE M4 B FiT R EUL 0.986, HkE
Sy (A<n<8QMELLF L% GPE Ty 4ks: 81 61 bl L.
¥ 1% GPE [P H it 5 O8O B2 FE 8 1185 mANg,
50 RAEH G L EE 25 AT 815 mAh/g.

T Li-PFSA %! GPE (¥ &1 1 P R fwf€(2.1X 10>
S/em), 2013 4E, FRATHFSE/ N30 b ) SR A M A K 1
Bert, 0 AU R 1 R i B P EAT SSebE, 8 T A RO

i & 25 (Li-PFSD), J£## A\ 1 mol/L LiTFSI/DOL +
DME (1 : 2 by weight)fi|#5 Li-PFSD %! GPE. Li-PFSD %!
GPE {41 & T H0A 0.986, B 1S %E N 1.2X107
S/em, FHT#EGR LI, fEFPERE S AEH] Li-PFSA Y
GPE [Pty AR AL, (RS PERe s 4, Joasrbh 2k
Wil 8 Prow. MG S EL ORISR T B, AT RLK
M2 100 RIEHEINAEAM S, @<n<8)F L%
GPE JiRR T R 1.

27]
26
251
2.4]
23] \
21]
2.0
1.9
1.8
1.7]

0 200 400 600 800 1000 1200 1400

Capacity/(mAh-g™")

Potential/V

B 8 fi/f] Li-PFSD %! GPE {2 Haith 1 78 5 e il 42177
Figure 8 Charge/discharge curves of Li-Li-PFSD-S cells!™>"

5 TeHLEKRBRR

TEMLEN A B e S5 SRR 857 AR, A i A AR
(LR W 5 o At 0 ) R A i 25 e A 5 (SR 35 35 L AR ).
EEM BB R SR T S (>107 S/em) A4 2
TEBH(=1), HIELAER, ERfeEEEMNsH
A ARG R TR S, DR, A SR TS A HL AR
B3 T R R, R R, oML A R AR 1
FH A A 0 3 B e 2 AR A S b, T DL e A BELBG S,
(4<n<8)ln & a1

5 [ Polyplus 22 & 75 JCAIL ] 44 H fig S5t R G2 7 A T
T FOIF Y B AR 0L 3% 0 WIFFT A B 2001 4F
LU R 25 88 A Bh TR . 2R 2 I BAR ) il
BB T AL 2 (BT P05, Si0,, ALO; %5 B 1B
T~ s R )5 R 4 S A A PR AR e e D 2 (A L,
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Li3N, Li-Sn, Li-Cu “5)J0BUHI & /65 @ B i, /e
GIBPRMTE N Z JZ B G, LB RG 5 RS d iR
WE A, (XM TV T BTSN 4 S AR i AT
WHNE AL RE, T DR = rERe & e, il i b it
FER BN I 2 AN 0% 2 DA IR & )2 2 R AR A . XA
I IN T B P BEANR] 3 Fb i WA i A%, HLail 46 T
S8R, ARG b R Ak ki, DR H RTRER
KRR “CORAP” TR e B A7 B 20 24 ) A8 v b 7 P P
RESFAT i IE.
Capacity/(mAh-g! of CuS)

800 1200

1st, 2nd5th20th |

Cell voltage/V
N

aaadassalasaalasaaly ..12'3?‘.5#!... AAAA
0 200 400 600 800
Capacity/(mAh-g™! of S+Cu)

B9 fEH] Li,S-PaSs 3T M5 11 81t LB 10 78 S50 il 60
Figure 9  Cycling performance of an all-solid-state cell Li-In/
80Li,S20P,S; glass-ceramic/sulfur-based mixture'®"

2003 4F, Hayashi #F 5% /NS SR it [ AH A i
£ 230 C N8 Li,S-P,Ss BYHAFG & L, At 1%
PERERE AR, LL S/CuS A IEM . Li-In A4 4 il 40
B R4 [ AR F, 7E 0.064 mA/em? JEUH HL I 5 i
W, TEIERE I )2 20 IRAEFR G AR 650 mAh/g
FsoB e, Hre gk &l 9 Fros. 2004 4F, %
WFFE/ N SR LRl BAFFSE T S/CuS IEME T S/Cu EL sl
Xt R BE (R, TS T rh A B HLEE. S/CuS
EA Cu FIFES S AR RO, RO =4 5 9306 B
S CuS F Cu, R iZA AR Lt i T 5 20531k 1.5
U1 V. 2011 48, 05T/ NP ER ] o fe BR S VL5115
LiyS-P,Ss 4 1 B ' v 5, Al FH 122 % g g 25 o it o
DAL Gt/ A MR IEM . Li-In & 40 4l a4
[ AP I, BT —20~80 C Ve [l N 1% vt
IPERE, HARAER I T 200 YAEER 5 1% H it i) n] i 28
15575 850 mAh/g.

2003 4F, Machida %] RE BR R VL) & T
60Li,S-40SiS, BI M, KL HERIBE R Cws &
B M EHEM . Lis Ge 5B 4155 e 865 Hiith, 76 0.64
mA/em® JifHL HL I R B O H B R KT 980
mAh/g.

2008 4F, Kanno WIS/ NHSUEH] Lis25GegsPo75S4
PRSI, LML G LR AR B, 4 s

Acta Chim. Sinica 2014, 72, 11—20



W F F R

ST

T AL AR Fth, FE 0.13 mA/em? Ji R HL R 5
N VOB LE 2R T 650 mAh/g, £8 10 RAERR LG A R
4 370 mAh/g. 2013 4F, ZHIFFT /N S A ] R RE (-
BT, UBR/CMK-3 S A AR IE, &l 7
F 25 AR Fit, 75 0.13 mA/em?® HHLHLR S N
VOB EL 78 R A 3239 mAbh/g, HEE TIPS
TEAY R, 20 G it L S A 1300 mAh/g, 50 1K
PEFA G Wt LE 2 =) T 1000 mAh/g.

2013 4F, Hassoun %5 71R F A BR BE 3% I 15
Li,S-P,Ss BEHE H M, LA/ A0 80 b IEAR, 4 6
WAE 80 ‘C R LA C20 fis g, I MERERE, 20 IXTA
IR L 25 R 4R 2R FFAE 400 mAh/g ZiA, DL TAEH
JE 2.1V UFE, 1%L ) RE % ik 840 Whikg.

P T IC AL 2 v A 4 B IE R AR IR T 1,
PRis FResE PR S (A<<n<<8)In 4B LI 15,
ISR PV SR T A U AR A . AELS2: T AL
A AR T £ S 2 . MUBRER A 5 PR fk iy S T BHL
PUB KRG, PR T ILsE A,

6 RE

SN AR LTRSS 7, B st
MR B PR BEHAT R T IR AR, R B it
AR, 27 7 AR HE b J5 B TR 88 T IR N (1) B
fift, A N REIR B2 FRR RS VR AR, JL,
FE T A WL H AR N 7R 2R ) vl o 55
LA I .

HIE, BT LS, @<n<8)7F M+ M may
H, AT BEIR RS 55 PRI 1 VR B 771 A R
(FVREAR FEth e LUK 21 R A IR RE, ARAT) 75 AR
P R R4k S Ak, L R AT I T R — R A
FEL AR IO DA S TG AL 2 R o (R s, A8 HEL v fof
BEFITBACH | PR TRAYHBMAN. M FTE
BOoA 1] DURIE S84 BHIR LisS, (4<<n<<8)[a) 8 itk 1™
R, TSR A I r AR A T ST B TS, HL A%
JIiE TR, BERE OB Ak, P CAZ I AR I 1E B
LG, SN FR IR SE A RERE, 2Rk
Fe )y vt R i i F 2 i FH A BT RE YR Ak

1EEE N

3K, BHEAEXFEAIEEL 2007 £ TE AL XS
MR EHHIRFREFE A TAEFLE L2 2009
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F12 A TEGHEXFRRAEMHH IRFERFHHHES
Pt £ A+ 542, 2010 51 A £4-F B A K F AR F
5 IAPRIGEE LR, ARG IKRE, 22HATRN
e B & WAL R AL B B,

WL, Mk S0P, % 1983 FEEL T AT K F A RA
BAL T H A, T3 2 L3245, 1988 S0 FHRBAHEKRF S
A, 3T ML 1993 £-5 a4z, 1999 55
A& FPEAMHARFLEE, YEAZNFLEE, F2E
SIRAFERENGE K. ANFLO T LG FHH. Las
AettAt. MARMA. RRBEMHEF. AEBATHAE: HREE
BEABEFRBERMH. 42k B R BARER
Wb, FREE K AAL B, LR HE ABRNSFER
Pl £ & &80 &%, # SCL EL IAA #% 40 £ %.

BB, B3R 1993 FABRELL XS N ALERK
3 EF4L, 1996 FAMRXABEDR F @A RLIEHKFM L5
45,2009 -2 B A HR KRG 245, FIF oz
A RARBA B AR Wik, 42 Wb H A R A BT
FERELAEF 3R, BEHEABREH 1 57, LE&F KL 20
wh, BERBEE 2R
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