5526 455 7
Volume 26 Number 7

TEERERFR

The Chinese Journal of Nonferrous Metals

2016 4E7 A
July 2016

XEHRS: 1004-0609(2016)-07-1473-07

B 7 571 e 28 K% 2B Xt

R R F R RN

B, R ¥, BER, K

WL, BUEF, x|k

(PR WREEHEGE, Kb 410083)

1 OE. kR4 M PUEEE KA E B BEIREE(Gr, n=1~4)FIFRIRTER 1,3— —RIF(DOL)E g % Ha it ) i A v
VT, WIS [ AT 218 2 ot T P vt P A 2% P BB P S R, RS R O 5 L R b i 2 ) ] BB A
IR o S5 IR Rh PRV 7R 2 PR AR R At (R LS O £ s AP AR TR VR VA ST, 5911 1t 3= 4 (DN
{H) S4B PE R 25 DIAR G, A fiith 7E =y DN WA B R AR 78 FRARCRAR, B F3 ] DN /NT 19 i,
PR OGP R R A R . R, AR BEYEIE Y, BN 2 R AT HUR R T AR A R TR S AR
PRI s 152451 N DOL 5 HEIR R 750 I, 4 i 2/ P AR 10 S T P 0 — s RS e s L o b FRO 1 i KT
DOL (-1 A 1 nT ABAR SRR BELPT SO AR Fyt (R PR B, FLALAR Pl it 25 5 2 i i B B VR A5 9 77 o
DOL & S [F3 N 2 042 5, {H DOL 75 AT iRy, B PRIt A3 K0V A AU L R A B e I e R R e 1k

KEEIR: HERRAVh; FOMRVE; BE; W) RAbEEMERE
FESES: 0646 XaktRERS: A

M T HRAT IR R S A SRR
FE OB AT, BN R e K TR
TR REREE . —, A A AV S N
SR, B H ATEARK S, BIRAAEE T E
ANRRZAE, FERIIGIAEREZE . ORI, A
JHCHL T T A A i S iR PR S 2 D T
LG TR LB AT 22 R AL IR =0 PR VA
TR A= e v b 2 T (R AR 2

EExE BRI, A28 MIERA BT IT
PERFST TAEP™Y, 32 200 R0 b 1 A2 R 45 W (ks
5 2L ECR S UM R E ), S Tk 4
EETEM BRI R, R R G . (O AR
1E g B LB 1) ) — DB ZH e, 6P AL, P v P i 114 52
Wi [ REANZE 00, DK FAB IR A T A BT P it 2
A e TR R S 2 Ak b v = v
R AR, A P b AR IR0 A T % el i
WA, i BARCHASZ 5255 — 2 4| 4l ik Bk 771
JALREHOREE 1,3— "4 SE I (DOL) [T H fift v 7 B
Hidt_E ({8 ] ; BARCHASZ 25AHFST DY 2, -l
BAFETL DOL AL TC HE MR O At FoL v J30 L 25 e 55 10

HPERERIEM . D T IR ORI AR,
FEGRN BRIV S o Ly L H vl 1 A 3 2 T AR %
o IXATLON R TAE SR e, AR
SRS 24 T 6 AL AR

ATAE LR 4 FRESHANUE B AR 1 2
TR RVNEFNGn, n=1~0E RTINS, JRILE
HVIRTE DOL FARCAL,  WFFUANIR] PR mE A2 S 20 ooxt
PR L BE IS O, IR FZ I R MR S i
AR REZ )R] BEAT AL AT AEICR o

1.1 BERERSEH

S50 A (LR D (= g T R A P ) WV i
(LiTFSI, 99.95%, Aldrich(FifEsr40)). £ W — H ik
(G1, 9% 7r #0)) — & I~ THEK(G2, 99% (it
SO =L KNGS, 99%(FE D). U4
I HEE(G4, 99%(JT &4 21))« DOL(99%(J5t &7
)T Adamas 22w . E R A TFER S, K

BEEWH: EEXARFAIEGEBINH (51574288, 51474243); M4 HARRLASL S % Bh I H (1371003)

Wi HER: 2015-08-25; f&ITHHA: 2016-04-08

WBIEEE: WUEH, #9%, WMt Wif: 0731-88830474; E-mail: laiyangingesu@]163.com



1474 v A 4 2 AR 201647 A
1 mol/L f¥) LiTFSI 78 73 %5 fifk 22 8- Rk v 71 28 sl b il 45 Ko BRI, n AEIR IR ERE IR E T, X

S BT () LA

12 BiRHMESEmBhER

H BT 3 HL R SRR ZR D 3. &M% (PVDF) 1% ot
EE 6:3:1 A8 N-HUIRIE Be i (NMP) TR 5325,
IR SR AR L, 60 C R EAS T4 12 he
il I A . LRI S E e, fETFEM T
DL=HRIERES, Wn&Fh s s, 4em
CR2025 AHxCEAR Ha it o S5 b LB R A AR A
P PR AR A AN S LR, IR T — R
Li/Li A FR B it

1.3 BiLFMEEsRiE

K F LAND 78 J5HL I ASORT 2R i R it AT 13 72
FCHLIAR, e LR 0.1C, KR F bR Em e
ARG TR V5 LE A o o SRR T IR,
LTS SEANE IR IR R P R R0 . R
Hi 4k 2% T AR5 (PARSTAT 2273)%F 2H5E (1) Li/Li X R4
it H it E AT 2 9 BP0 IR (BIS), ARG A 0.1
Hz~100 kHz, #lEN+5mV.

2 ZFRE5iHe

2.1 BERFIEARMRR

SIE G v A ) Lk K s ) 1 6 AR BEAL P o L3R
1 o, My, AR o T O KSR AR
J; DN Jyjiti 3= %(Donor number); & A/ HHEL. M
K1l ER, Gn g THOREEE, BEE n EHIHEK,
I FHEK RN Sy T REBZ G0, A v Eto A7 Y 1

R S A 0 Lk R (S A B 5

— SRR E S AR T B IR T 5 — DI,
4 RERIREER) DN H KR /MEICH G2 Gl G4,
G3. DN {HRIEH LS RETI IR, AR L
n] T A 2 A A D) P A A I TR A
PEU, SR DN B s, T2 Bk de Srp s
fiE R, X T DN AR 9 A A 55 2 25
AR B2 My, Rl T PR KM
Z o, G2 HATHIX B DN i, i 5
BB A, SRR 2 AR B & 2 R A
TER 1B R d%, L ZmA s 5T G2 4R
M, T G3 Wk . 5 Ek 4 FEEIREEA A
ffs&, DOL J& THIRIER, RA 5 Gl #E M
SRR, {0 DN EAE LR R 71 5 5 o

2.2 SEEREBAEIR T

T ST 7 R R LR A [ Sl R Tk v 75 4 )
P I TERE . 1B 1 BT O R T Al R T 5
PR RCRINZ . HE T A, B d it T
20 GV B TR N SR S S NE L IR VA IR
BB n AE RS AN R, 3K H AR =
PEF=AE AT BT HL It 1) B IR FE LR A G B G2
TR EL T E AR Fe (e e A T BRI A ), 1M
fE4E G3 Al G4 B &N e H R/ i A
(1675 mA-h/g)JuH W52 /% 3V 7o L. VfEAE FE b
1) Z B S IE AR ) P2 AR AR, 5 [ A
gt P9 O, BRI R R BT, B ARt
78, 2 ST R DN AR G185 G2 40
LM, PRI, AR PRI I 7 7 T A A R X
CLpSPaac

Bl 2 7 Ry R O AR AS ] Al R Ak v 70 (0

Table 1 Basic physico-chemical properties of several ethers in experiment

Type Structure M, /(gmol™) 6.,/C n/(mPa-s) DN &
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n ) —
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Fig. 1  First charge-discharge curves of Li/S cells in

electrolytes with various single chain ethers as solvent
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Fig. 2 Cycle performances of Li/S cells in electrolytes with

various single chain ethers as solvent
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Effect of ether type and constitution on electrochemical
performance of Li/S battery

LU Hai, YUAN Yan, QIN Fu-rong, ZHANG Kai, LAI Yan-qing, LIU Ye-xiang

(School of Metallurgy and Environment, Central South University, Changsha 410083, China)

Abstract: Four kinds of chain ethers with similar glyme-based structure and different chain length (Gn, n=1~4) and
cyclic ether of 1,3-dioxolane (DOL) were selected as electrolyte solvent for lithium/sulfur (Li/S) battery. The effects of
ether type and constitution on electrochemical performance of the cell were investigated, and possible relationships
between basic properties of these ethers and cell performance were discussed. The results show that the low-potential
discharging plateau of the cell will decline if the viscosity of the ether is high relatively. The cell performance is closely
associated to the donor number (DN) of the ether when single chain ether is used as electrolyte solvent. For the case with
high DN value, the severe overcharging behavior arises more easily, and the coulombic efficiency is lower than that of
low DN value, but the higher reversible capacity can be obtained if the DN below is controlled to less than 19. So,
increasing the solubility of polysulfides in the electrolyte within reasonable range is beneficial to improve the utilization
of active material and the cell capacity. On the other hand, the interfacial properties between Li metal and electrolyte play
a key role in the cell performance when mixing different chain ethers with DOL. The presence of DOL reduces distinctly
the impedance of the Li/electrolyte interface and improves the cycling capability of the cell. The discharge capacity and
coulombic efficiency increase with the increase of DOL content in the mixed solvent system, but excess DOL in the
electrolyte should be avoided. The optimized cycle performance appears in the appropriate mixing ratio of G1 to DOL.

Key words: lithium sulfur battery; electrolyte; ether; solvent; electrochemical performance
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