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Development on L ow-temperature Performance of Lithium Ion Batteries
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Abstract: Lithium ion batteries as clean energies have attracted considerable attention. However, the disadvantage of low-temperature
performance restricts its development, which becomes one of the popular aspects for the further studies. Recent work on
low-temperature performance of lithiumion batteries were reviewed. The effect of materials (i.e., cathode/anode, electrolytes and
additives) on the low-temperature performance of lithium-ion batteries and the related mechanism were discussed. The manufacture
techniques were also compared. In addition, future possible development and application of low temperature performance for ordinary
and all solid-state lithium-ion batteries were also analyzed.
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EAR AT HE AR IR P BE 1 5 [R) 2K AT 3
W, ERH R E R AEAE S8 . Smart ZEPERT 5
Li/Graphite ¥ il GIRMERER R IL: (1) [FEZSH
i I T IS (SET JEE) BT (Rsen) K T H ARV LT (Ry)
(2) 7520 CLAF, HAREAI ST B SR ICH R
A%, MM Repr FEUR AR EI+ 00 B35 5 2 b M A
WA —8 BT LM, Smart faH, HE
AT IR BRI RE A B K, HL Repr NAERES T
H M ERIR A EZ ST, 7E Smart ZFHIRM T,
IR AR R I TR A S . {H, SET Bk HL
AR LR UL AR R SZ 21 T i B, I A BRMERE
B PRI S5 T IR TBOEA X B

Huang UV HL, 7620 'CHY, Li'Af B2
fii i 5, BONES e, PR S e g 5E
— . YRR LiCoO, /H [A] AH ik 3 BR
(MCMB)E-30~+25C 78 JE AT IS R I, FEAK IR
X, MCMB [P H T B T RS 2 . T
SEI J 2 i Bt e, Rk Lit % i SEI AR m]
REEA Iz R, Ek, Huang $2H, BRE| M
I RE 1 22 2 DR 2R IGIR N 2RI ) Lity
FHAT, TiFFdE SEI JiE.

SR, 7€ Huang 25U BG4 HY 2 4E )5, Wang
2t (VLR 5 DY A1 35 Hi AR V0B TR 2046 TG (B C): Tt R
P 45 T (PC): Bk R — G (DMC): B 2 — 2 Ti5 (EMC)
(AL 4:1:3:2) &I, T8/ 1E-30 CHRIRIE 2 7E
25 °C, HIAT Reg #EK T Ry Al Rye H-30 CHIHE
N, FIEKTEME M, RRE T b3
FRAY. X —IE T 5 Huang FIEE ISR, (HR2&
TR P BB T 5 5 S 9R Re SRR A EL = IR(25 C)
M, -30 CH Ry H KT 40.75 1%, T Repr INH™
KT 31.60 5 X UL, (R Re 0B 5E 9 BURE,

5 Zhang SRS R 8. ARid, Wang S5
A0HE LR 1 BT Ry, BB 1
AT AR T BTN

JL4F Huang 2045 Y, 4087 B i ARIR ME AR O
F B PR N R YT SRR Ly S bt E
IATHE AT 2 BT (BIS) M, 4343 HOBF Rys
Rspis Ry X =F BT IR, TS T BUHST Ras
WAAERGHRBES, RS ROEITERE. H2
SE PRI HL B . 2007 4F, Smart 25 U4 FE B 5T
Li;+(Co13Ni; sMny 3);..0,/Graphite & & KB, 7E
1.2 mol/L LiPF¢/EC:EMC(1:4) H fift W 1& & o,
LiNi;3Co13Mn; 30, 7E—40 CHI A Rgw(8.3 QKT
Ru(4.1 Q).

{H2, KR M STy ECE A Y e KT H
TR BT - Bae 25 F ] Arrhenius 75 F2 115 & L,
LiFePO, 7EAF A IEAR IS B4 2 B R 0 g A4 &+
P HCBEOE BE 2> 0N 29 A1 39 kI/mol; X AT
BIME, “ME 98 58 A1 5.1 kl/mol. XiiH], X}
TANFEE F, HOIE AR G 1 RE Y Do DR AN ],
33X A 5 R A R N U ELBGAE

Huang MHLE ¥ B ER, 2ET A=)
BRI BRI FEH 11, (R B A7 ) S PR (R
RF R ik 5 A P 45 4 A R B IA AN E 100%) 75
Ke—AMEEN: BRE T AEMRIR N T ECE BT i, 2
BT 25 K 32438 72 B T4 1l 3R Bt e P BRI P 5 1 S
fi? Li 2EUVRH, R TiO, 787875 H N R # A
%5325 31 100% (Ut W S0 IR i i B0 55 44 A 52 i), (5
e HAGIR A RIL 2 I T 3 (KR T Tio, 4K E
MAEERFER, 2AEERM 81.8%0 T)A
50.2%(-25 C). KUIRMHEIAE “FRA”
BHR R MR IR 7o P T, X Ui AR AL T
P SR B RIEERE T Z M R E .

gE bATR, ATLMS R RS R: XT 4 Ay
AR E AR I F A A% 28 T S N B - ko
R, 2 S E S 7 IR M R R AR R 32 2R
B, BAEAHESEAE T Re BE Ropy X0 i B2 B8 B0
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Ye, —degiby, HAHRREMY R4 2 LiFePOy.
LiCoO,. LiMn,Os. FIHMBIFL LTS R B
R IR . BEETF RN, ATRIL, H
AR PEREIR RREE EEUR T LiT7E IERR A9 HE
REL BRI T — R0 T IERM R IR AR
W5,
21 BREWIERMBHIEERSTE

RS, BRIHA — eSS i BosEE fr A AT
ELRL R RE, A = 4B iE g fa e i,
A2 B ST OB B T i EAR A R . AR MR
A LiCo0,. Li(CoNi,)O, Fl Li(Ni,Co,Mn)0O, %5,
H LiCoO, 1 FH A5 -, e LA 77 T PRV 70t A X 48
% . WL LiCoO,/ MCMB JiFixt %, il
W7 AR TR . SRR, RS IR R
%, HBEFEH 3.762 V (0 C)FFE| 3.207 V
(=30 °C); HE S EWH 78.98 mA-h (0 C)BiiHK
£ 68.55 mA-h (30 C). FANGR A W T BRrak %5
R Fe s

MBI U E R R RZH R, X H
IR PEBE B e IR 7 Rk Yo Smart ZMHF 5 7 =
JG & B A EH(Li1(Co1sNisMny 3)1.,00) 7E AIK i HL A%
JR R AR RE, I, SR R AR T
HAA B AR P, HR IS, X Fh
75 B TR ) A SRRk ™ B L 451 A% 1.0 mol/L LiPFe/EC:
EMC (20:80)ifi &, 7E 0.2C, —40 CHJHHE A R AL
IEFE IR 52%, T—50 CHRAH IR 28%.

Rid, WHREEERRE(NCA) = oA IR
REWF LR, HAn AR ESU) Tl miR s
fik e o200,
22 RBAGBHERMREERSE

FEXS T E2AR G H IEARAT RN W R ERIH Co LA
FE AR EESRN S, RAA%H LiMn0,
IEREAEL, BHTFAE Co L&, HILEAMAMK.
THEMEZER S . R, Mn AL EM M’ 1)
Jahn-Teller %N, SEOZH DAL LSEHATRE M
CIBUIR G =51 1O A 3 s = VO NGl SR P S
X} LiMnyOy IEBR AT EHE F AL M RERZ AR, A Ry
R R E AL A R LiMnyOy 1 Ry B & T
IR A ), HiX— IR EE S 7Y R
FHEFAR . RELERFE, FEREHTAREG ST
0 PR i R S sEMa EOK o FEARIR AR 5 T
LiMn,O, [FIFEFTEEIRIR LA A%, MEIRTERE

A 7 o 5 ] 2,

Mg EMREN S, Ni 8RR
LiNiMny_ Oy, PAFL i HRRR M 5 T2 3%, Hd
JELA LiNig sMn; sO4(NM)BF 758 % o 124 2 i I 787
BTG, AME LSS BETIRRE, IR it H TR
# ¥ . Elia ZPIEH YK NM/Sn-C Hil7E
—30~+20 CZ I MPEREARALIN &I #£-30 CF,
§ CHRIRIN JUA RER L SUR SR 1) 25% 1C 1%

B R E RN 5%; 7€ 0 CKALLT, FeRaER
B W IEANE] 100% .
2.3 BAERENARIERMRIAEIESFE

LiFePO, R4 L AR FRR B e 2 4, Fl=
JCMRE—RS, BCh H RT3 7 Bt E AR R E
BIRAEPERT SRR T LiFePO, 78 78 FLAT NN
RIN, FEEARREM 55 “CHI 100%735 FREE] 0 °C
i 96%F1—20 CHY I 64%; JECHL HEL IR M 55 CH
3.11 V20 CHY 2.62 V. Xing Z2F] F 44
KHxE LiFePO, B TN, AL, #INGUKR S H
S5 > LiFePOy [ FAL 2% 1 BE X T () U PR BRI,
IR PR RS B3, k)5 LiFePO, [JCH HL 5 M
25 ‘CH ) 3.40 V R FEH|-25 CHIHI 3.09 V, FFAKIE
FEAN 9.12%; HIHAE-25 CHI IR N 57.3%,
BT AREAK S AN 53.4%. Bae ZEISERAIH
TERAUTTEXT LiFePO, RIR 1 BEREAT 7347, 48 H,
UL B ABULT 0.05 um?/s B 2 5 R LA T
FEE N,

AR, IR Eh R R IEARM BHS 2] T IR KK
J&, KBS LiFePOy Ak, FHLSE I LisVo(PO4)s
5 2T . Qiao ZEPIEWF AT LisVa(POL)s/C 4 Hith
BRI 7E 0.1C BT, HBUEEEASR
TN 130 mA-h/g, Ti7E-20°CH{Y Ny 80 mA-h/g; H.
HAGIR TR R ae B b ™ &, 7520 CHY,
5C M PR ARE R AR 7.69%A G, T
10C %4 F JLFEARER R . Rui 255 H T LiFePO,
1 LisVo(PO,); MG HERE, 45K, 720 C,
Li;Vy(PO,); A EARFFRN 86.7%, iz LbAH[FI 261
I LiFePO4 (31.5%) 8 5. iX /& K2 LiFePO, T HE
FEL LisVo(POs); N —"NEER, FEEHLABUIN
A FZE KT LisVa(POy)ss LiFePO, 7 R HIiH 1L AE
N 47.78 kJ/mol, e LisV,(POy); I 6.57 kI/mol =515
%, BT DA 2 B R

WK, LiMnPO, 51#2 T ATIRIERI M. 5
RIL, LiMnPO, B A mHAL(4.1 V). TBi5. ik
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6. AR K170 mAh/g)25A P2, BRif, HT
LiMnPO, Lt LiFePO, HAKME 7 HL S5, M7ESFR
e E A Fe #70BUX Mn JEEL LiMng sFeo,PO4
[ %5 ik . Yang % PO L U0 I 9k RS K
LiMny sFeo PO, [El¥A A, 7E 0.1C, 25 CH R
Bi5 142 mAh/g, —15 CHNN 72.5 mAh/g.
Martha 25285 F 8% 60,78 %) LiMng sFeo,PO, (25~
60 nm) AT B, AR T RIFIIEER: 30 C. 0.2C
IF ) 5 H L 28 B ATk 160 mA-h/g, 10C B A] ik
95 mA-h/g.

B A S FH PR AN T v, A S R o) 4 5 F
R ESR AR A A, R TARR TS, S8
HARE RSB AL N LRI 5, T
LiFePO, 1k R MRIRAFERT 7L 2, T T =t
LisVo(POy)s~ i FEH B AR 2% i A A R IE AR AL AR
TR PRI FEAR G L o Horp, LiCoO, B AL,
HEH AR CBEHR L, HARE LRSI 7R
B, M S, LiFePO, MK T H S Al k1
il L TEARIR Nl BE I BURK, KA AN N 5 L 7
S HARIR PE BE A bR B0 X LisVa(POL)s
MESETFHESE, WiF VvV BEREEHTME

LiFePO, IEWMARIIRIRTERE . S22 AL, Sk
BRI AR R FERER 8 = ok R IEARL, T
e 1 LA S, S AR B AT U AR X L

FoRARIRAF LT (1 IER B RN 5 2 B
P o ) VR IR P, O BE R A S T i
IEARARIRAF T B . UhAh, iR AL 2B AN
REAMEMT, 2 H AT & 7 FIb I A3 BT 0 AR D
— KA

3 TR SRR YRR A 1

FAX T IEMAORNT &, 48 7 B AR RHE
RSB G ™ E, FEAHT 3 AMER: (1)
IR K A% R FE ORI B Al AL ™, bl R i <)
PORETUR, Ha RS B RS — A
BAT 2N Q) WAL, At &a K
B C-O. C-N iR, fes AR N, B
K SEL JBE 5 S ARIRFEMT ;s (3) fr AR RIR
MR, AR TSR AR .

T RHZ LA BT X5 1 BB A SR 3E
B, BRI, EALWIE. BREREESS. R 1 HI% T
B H b SO R AR R 1 I FE 5 0 7 LR,

£ 1 AMERE RS IUR
Tablel Thedevelopment and application of anode materialg®

Anode material Specific capacity/(mA-h-g ™)

Research situation

Advantages/ Disadvantages

Coke 200-330 Obsolete
Nanocarbon 200-1000 In research
MCMB 280-330 Diminishing

Artificial graphite 372(theory) Low ratio
Natural graphite 372(theory) Main trend

LisTisOq, 175(theory) Industrialization

Sn 992(theory) Low ratio

Si 4200(theory) In research
Metallic oxides 200-1000 In research

High cost, low specific capacity

Great rate performance, low initial columbic efficiency, no plateau

Great rate performance, low initial columbic efficiency

High cost, low charging/discharging plateau

High cost, low charging/discharging plateau

Low specific capacity, great volume-stability,

High specific capacity, poor cyclability, poor volume-stability

High specific capacity, poor volume-stability, low electrochemical plateau

High electrochemical plateau, low initial columbic efficiency

31  ERGRAVIRIRSEME

Tk 7RI Fe A8 1 Ak, HRIR A it % o
TR, BROURAE—20 CIF L AR
B, XS ARIEIRE Tl e, AN mEE
oo WEEtEsEIIL) MCMB ARFRIN %, KL, 1E
—40~+20 CYEFEIN, M4 MCMB (1) FH bt ik e
BREZ, X— AR T RIWE AR,

T SAARAEARIR T BT B AT A AEAR K e 4=
B, AT AR R R B ek, 4
PC FARIE MM A ST B, mAastlim
AR FTER H PC SR R, sk Al

IR 12 B A 280 B 2 M
32 AEARMIKERSTFM

JUE A SR JZIR A5 46 R R B T T =R
PR B R, H HAR IR AR AL AT ) 8 — EAFAE .
WARRI, NEMEA B FAAEARIRIT Ry 3 KA Li7
AL NERE, SE6ES5BREETT
7715

Nobili 2L A7 8845 Ul N 7o B, X ELATE
T A E. Sn BEIA SRS Sn WA SBEN
MR . 45 R0, L Sn L7814 S8 i IR
PERERFE: —30 CHTLLARERIA 170 mA-h/g; IMTE
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A AN, Eda AL FRAERE. AU
REHEERB AT LR,
33 HERESMRBEIRFHE

KRR HA AR AR E I, SR TRk fA
FEARIRL R AN AT HRAE o) B AR 3%, (AT o
SR —HIHAG T IX B ARSI B IX —
AT TR E R AT .

Yuan 2 AT T BT i LigTisOyn FORIE
At S5 REH]: 1C K, REEN LiyTisO HIBHE
&, BEIEREMM 1.5 V(25 'C) FREF] 1.4 V(=20 C),
Hs AN 170 mA-h/g F£ %] 105 mA-h/g; M4
s, HCRERER TR .

34 &RENHAARKERRE

B ETN, DH G R T & 5]
Kk, P& B AR e T 2 AR TR
% T2, Siders PRI, V,05 K4 AT R
AT PR RE Al T F BB ) & T AR 4l oA
70 nm. 0.45 pm. 0.80 pm MIGKEF4E, FMK T K
7E20 'C. 0 ‘CHI-20 CHI I HLATZ A i RE . &5
BRI, HAAN 70 nm [ V,0s YUK 4ER IR BE i
£, 7£ 0.2C. 20 CH AL LL A &y 77.5 mA-h/g:
1M EAEH 0.45 pm KR PERER 2, A2 0.80 pum
1 8 72 o

B Vo054t H—MERE Y Tio, E it
FONAR IS TR R, X FARMR M REAF 78 th A
o Li SO A K G, A A O U 41
SRER T EZN 9 nm [ TiO, 4KEMEZ AN
100 nm ] TiO, K2k, AR ER: B
RO R B AR B (KR E IS ), ARIERTE
REEST . YPKETE 0 C R REBUE HIRA RN
81.8%, —25 CINAEHH B IRA E 1) 50.2%; 48K
AR S N, HARE TR E, 5%
5% b, FIF @ e RSB 2%t Tio, FIshEm e, i
157 RAF g R,

35 Sn# S LAWMKIRMAR

BRARER AR T3 R AR Rl BmAR
HELFEREK, HEBAEREP R R HEE
WO E, HAl AT =R B, HARIR T
FUTH AR WG HRIE .

E AT A MR BIF 78 5 B8 2 DU 88 3, (1
s HL SET X HARIR M RERZ MR K. TiOx(1.7 V)&
o LA B RE 6% 08E S SEIT BRI AR, 7EIGIR Fa it
ARUFHIR RIS 356, EREREE. Sn. Si FEAK
MPRMIGIR 1 BE 1) S vE TAE e o .

XTI S, ARG IR 25 1B %0z L IE AR
FeE, MCHLHE AT 4. Sk, HER—
W RAINT- =05 FERBA R ST A MR
AR T AT Ok s SR A 5 FH A2 R AT et (L A
W). Hrb, HXHEWEM RS, ST
k.

4 iR AR T

FAL ARV AE A B 1 L R R E AR5 LiT TR,
FLB 7 o SR SET M A Xt L b AR M BB R i
BE. ABCEMH BN S, F 3 EEER:
B SER BEE DR . X 3
ANFEARIIKT, (EAR KRR FE BT 20 bt kel -
A B EEER) . BNl Rk, HARR S
ERMRIR R BE AT, % BRAREAD D0 vt O {IG IR
e, HAEEZEME L.

41  BULBETREREFHE

IFIRIA BHE e ABHEE Yoo i i =8
TSR, WECTENEME ST, HEXET ¢
RO SR RS, A T A SR I e SRR RO,
B 7 S RiE. NS TERIMET, B
n K, TS FIER R, 57 SR,
W R A HUE R S B S B PERE IR 2.

®2 (RBEBAFIEAMEEE
Table2 Basic propertiesof low-temper ature solvents &

Solvent Relative Viscosity/ Melting Boiling
permittivity (mPa-s) point/C point/C
EC 90 1.85 37 248
PC 65 2.53 —49 242
DMC 3.12 0.6 3 90
DEC 2.82 0.75 —43 127
EMC 29 0.66 =55 108
EA 6.0 NA -83 77
MF 8.5 0.33 -99 32
MA 6.7 0.37 -98 58
DMS 22.5 0.87 —41 126
DES 15.6 0.89 159

Note: EC—Ethylene carbonate; PC—Propylene carbonate; DMC—
Dimethyl carbonate; DEC—Diethyl carbonate; EMC—Ethyl methyl
carbonate; EA—Ethyl acetate; MA—Methyl acetate; MF—Methyl formate;
DMS—Dimethyl sulfite; DES—Diethyl sulfite.

4.1.1 EC HrffCiisrtt: A BRI RN
M, WIRBKIRERSS X% EHR, BAES
I ARG L . (HAZ, PRRGHI R IR IR,
EHAEAE BA R KR HHH X R AR 2 BE.
AR 198 I 9 7 ARG, FE ARV O S b £ AT
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F: EC. PCo EC M i m(37 C), il T Z) [,
i F AN Bt ] Smart 25 PIE T 7T DU TTARIR H AR
W, N ARF-30 CifE b RIETERE, EC 1Y
RFBAS T 25%, L 15%~25% A'H . EC &
R HF L AT SRR, fAEfbirge,
SR I ol e RS T NG S B S 7 N 1 A
£, FrLL, i AMCIER AR RAR 2 OR# LD EC NEE,
FRIR AR A /N TP

Sazhin PR, RIS S NS THHLE
A, 41 MA. EA %, WA R s itk IR B
S 5 S e -, sk
B, A MA J& B H#R 1 mol/L LiPFs—EC/MA (14
R 1:1), 740 CiF, H A F 250 1.28 mS/em.
AHEEA DD MA AR A b S, HGE MR
. Zhang %R A 5 EMC 5 EC # 7:3 LL4
H R AR, B B IR AR e AR 1)
HErHREE,

ANEE R E VAR &GS, B—EREaE
ANBET B LPRTE R, F, ZooEalnh g
2R BUG BIF K . Plichta 2% 7 = 70iK
i HL A WL (LiPF6-EC/DMC/EMC), 45 3] AR A7 58
R, LiCoOy ATEMAMEIH A At . 555 KN,
H AT LAAE—40 CIEH TAFE. BP0 5iwt 7t 1
=7t EC/DMC/EMC #1475 EC/DMC/EMC/DEC 1%
AR AR R IGIRERE, S5 LK 3,

£ 3 TEMRZREMEITEM 0.2C fiea Mt aER RN
Table 3 Effect of different electrolytes on the discharge
performance of batteriesat 0.2C!*Y

Discharge capacity/(mA-h)

Electrolyte/(volume ratio) 25°C -20°C -35°C

EC:DMC:EMC(1:1:1) 708 279

EC:DMC:DEC(1:1:1) 701 502 358

EC:DMC:EMC(1:3:8) 702 348 274
EC:DMC:EMC:DEC(1:1:1:1) 699 429 280
EC:DMC:EMC:DEC(1:1:2:1) 695 465 418
EC:DMC:EMC:DEC(1:1:3:1) 710 479 426
EC:DMC:EMC:DEC(3:11:3:11) 699 452 346

4.1.2 PC EHMBRIRERFE IR MRS PC B
AR R R RO Rr AL, FERIRIA AN A B
PR 1. VP TEEMLA T RS PC AR
PERE, &I, 7E70 CHI-10 CHF, HAEHEE PC
(14 FL I 10 25 B DR AR 26350 T HUAR AN 15 PC 11 LI
B2, PCH-IEmbks: HILECTE, HTZ
T—/~—CHs, f#f3 PC 2 T1R% 5 Lh—CH; N 5EHE

O, A LiHR NS E R, 5l MRITE. B,
X — 0] AL TAR 5 T R vk . Wang S5 ERF 9T PC JE
HLAATRN R B, BC Xt PC N A7 28 rE AR A R 4T (40
HI4E ] . Wang 2608 1 B AE 1.0 mol/L
LiPFs—EC ML A BRAL LU ik € 1 SET B,
SR B S (1 LA B E 1.0 mol/L LiPF¢-PC 57K
HREIR; SRR, DERT BRI AR R AF. XL
B EC IRAZTERERSHNH PC (LR o J5 B2 TS R I,
VR H AR HLIE A LS, NN BSCIEBR R 2.0 TR
PSOEAR R A #5 T8 ) 55 W AR R s, B B 28 7 o) »
HOAT LA PC S A A S e g 40T

PC fE11 5 WA R BESS HE O DA A TG F A
KRR, R B SS S A A R A AR
e, B HEARE RS . Wrodnigg 2T 7t
K, LiMnyO4 7E 1.0 mol/L LiClO4~PC/PS(fAFI L
95:5) A Bl P A REAMIR IR T B . SEBR |
iR K, AR H 2 oI R e R AR IR
IPERE. Zhang ZEMi T P4 HLATE | mol/L LiPFs
EC/EMC(1AFA Lt 3:7)F1 1 mol/L LiPFsPC/EC/EMC
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Table4 Low-temperaturesystem of lithium ion batteries

Materials Main problems Low-temperature mechanisms Improving methods in journals
Cathode Worse polarization, poor rate performance, Li" diffusion coefficient decreasing Metal ion doping to enlarging the Li" diffusion
capacity fading, with decreasing temperature channel [26’66], Surface coating [25’28], Spherical,
Nanocrystallization
Anode Poor safety, poor rate performance, Li~ diffusion coefficient decreasing, Developing new materials without SEI film
capacity fading, worse polarization at low temperature, ~ forming!'”), Selecting new types of electrolytes "),
Li plating Elements doping 5
Lithium Poor ionic conductivity, incompatibility ~The decrease in permittivity and Developing new types of Li salts’®?, Select new
salt between conductivity and SEI film increase in viscosity with types of solvents %, Developing polybasic Li
performance decreasing temperature saltt*!!
Solvent Poor ionic conductivity, incompatibility ~The decrease in permittivity and Developing new types of solvents “**”! Developing

between melting point and SEI film

performance

increase in viscosity with

decreasing temperature,

new types of Li salts "> Select ternary even

quaternary solvents*!]

6 EZE

HAT, #EXTHAIENER, AR T H
WAL TR AN ). B NAMRZ EHE ST
TR RR S A, OB IR K. b
FHFFCRTRN, X R T B AR IR AL B R AN W
IR WFFCRIL, AL IE SRR A 0 55
K, T B 55 2 AH VG B R Fe AR AR B2
D PRUE AR 2 - FE I AR L 8, 7 BT DA LA
(1) FERGETIECE R SET B (2) fRIF Li fEiG
B A BRI B R (3) HMRAEGE A
ARMETHRSE,

Ak, BHFEHE R SRR, BRI S —
A H M —— A [ S S T . AR L
BB R S, SRS E R, JOHE A
A TR B O, A BRI AR U B T R AR A
FE P 25 5 O I ST A9 PR 2 4 ]
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(1) BEEAR MR,  H el i SER AR A A
By, T H R ECE M T RAIE s (2) [ AS
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