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Abstract

Spinel-type lithium titanate (Li+Tis012) anode material has good cycle and rate performance, but
the problem of severe flatulence limits its wide application. In this paper, LisTis01 is used as the
negative electrode, lithium manganite (LiMn;04) is used as the positive electrode, four kinds of
electrolytes, EO (1 mol/L LiPF6/(EC/EMC/PA/(VC)), E1 (1 mol/L LiPF6/(EC/DEC/PA/(VC)), E2 (1
mol/L LiPF6/(EC/DEC/PA)) and E3 (1 mol/L LiPF6/(FEC/DEC/PA/(V(C)), are matched, and assem-
bled into 18650 lithium-ion batteries of A, B, C and D. After the formation and post-treatment, the
batteries were carried out the rate test and stored at 85°C for 5 h. And the gas generated during
the test is conducted qualitative and quantitative analysis.
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R A YRR (LiaTis012) R BB A RIFHIEH A6, ERSAERS] T H T ZNAE. F
SCPALisTisO R F K, CLERER4E (LiMn,04) N IEM, PLAZEO (1 mol/L LiPF6/(EC/EMC/PA/(VC)).
E1 (1 mol/L LiPF6/(EC/DEC/PA/(VC)). E2 (1 mol/L LiPF6/(EC/DEC/PA)) #1E3 (1 mol/L
LiPF6/(FEC/DEC/PA/(VC)) IUFH LA, fHIERKA. B. CRIDIU3£18650 I B F M, St KkIE
WEE, BATHERMERRNAMNS h 85 CHME, IR A AT & M e E R E 24T .
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LA AT UK R, (R 2 T R 1) REVE SE LRI IR 55 3 Ty 21 20 T R P KHE R, T A
WEFCAN I RARER . PR OR W] P AR BRIE O A 8 7 56 T H ] BT o0 200 SIS it P T B2 . S HAE S —Fh
B RIE N B RE R, BRI B AR IR TROG R R H 5 R R L B B AR RE T B, ST DU
W TR BEREMNSIRAE, 5 A EF LSSV R .

N B H 2 YA 19 3 0 A= 3 5 SRR ER 58 BRI im0 44 (i 465 30 - 152 2 (P AL BB A AL DA K FLBIIR
T, RENINRESRE THEENER, Wt e Hah 8 - B 7 mib AR T S R A4
K2 Hr AR RS F A OSORRL ABik,  ad B e F B £ 3 OB AR R T T 51 R e A e, HOR
RERFBHERE S 2. BTLL, FHRAFMTO R RIER . AR B R AR A R T
R BT B b ) PR R R A G

Li,TisOy, (AR LTOVWENRIZ B FARATRL, B 170 mAh/g HE A&, HARTN et
CERNAR” RV, BB RATES(1.55 V ovs L/LL), TER VLR RRE, A5 EGEBR$T SEL R[],
DAL OB A VE RERLLF, BRASUR, #OA i e B AR R AR L 2 — o SRTT, LTO HIbAENE IR A
RS, FEHIBEK, SIRIEHE SO, j I AR R A, B B b E T,
e LV B PR R o K AR BR 1) SR RE LTO )2 N 21 Hjthy v (1 3 FERRAG 2 — (2] AR SC AR R EE A IE
W, ERERHA TG, IVERL 18650 ZYARES T, X H TR R MEGENAM 5 h 85°CHE6E, RASMEA
WA BT T R AR AR S, RELE T R R AR R R DL iR A O AR A

2. SR AL
2.1. ERFIREEETFHRMER

TEAR CAR M AOK R R (LiMn, Oy, IFR LMOYE NTEMEAEL, % LMO. F:HL7 5 HUBR BB (SP). Kk
SEF R Am A IR (PVDF)IZ U i L 94:2:4 TR A, DL 1-H R 2-MERE B (NMP)TE N7, il s — 19
Fokb, DMRTEMENERAA, B E RS INR, FRE LMO B SRBEE, H M5 rA i e 3
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X JEEE
FOR LR M AOK R ER B(LisTisO PR LTOVWEWEVER KL, 5 LTO. THis) SP. 4457 PVDF
IR LL 92:4:4 MATIRG, UL NMP NI, Bl — Mkl DURTETE VR, IR aiEi

PR , FRARYE LTO HYESEERE, H TR B B R 2160 B 5

B3R IE SR 1R S, 5 Celgard2320 FRBGE Y H Bh B el B 50K 18,650 B4l ZiT A
7o PRE SRR, WOVRRE . . mlian R R DS T, HilRK 18,650 BV Sy, 25
HEAT 12 h R E L AL S AbEE . AR BT HLAELA) TN By (1 mol/L LiPF/(EC/EMC/PA/(VC))- E; (1 mol/L
LiPF/(EC/DEC/PA/(VC)) E, (1 mol/L LiPF¢/(EC/DEC/PA))A! E; (1 mol/L LiPF¢/(FEC/DEC/PA/(VC)), VE
WEAAE, SRS 58 Ay By C Do BRI R EES 4 IR M RHE IR ST A =/ B ft, Hrh
WINFR VC PR3 R A BBAE 1.5~1.8 V B R X (AR S R AR I S I By, H e 3 S LR v BRI 7 L L 3R
1:1:1,

2.2. FEMEREMIR

18,650 1 i fr) L P BE DI AEAE. Arbin FEJI PR RERCINAC_EHEAT o 2 BB 1 LM PR 025 3T R
AN TR o LSRRI - 18 78 v 7 QAT T IRV L 1.5~3.0 V.

2.3. SERSMRK

K iSO 1 SR RS R A A GCMS-QP2010 Plus 73 #fr LMO/LTO 415 7 H W 7F 78 Jic e i f b 7 4k
HI AR RS

3. ZRE5WiE

FEHCTE ) 18,650 AU FLILERE 12 h, MR AR /MR, B IR Arbin ERHTALRAEEE, 0.2C
FHZE 3.0V, EHEZHIE 0.02C 450, ek Lkl =, #E 48h )5, BL0.2C MHIRE EBUEE 1.5
V, IC BB A 3.0 V, HEE#IE 0.02C 455 ; B IC HHBEE 1.5V, 1IC A 3.0V, fHEE#IE 0.02C
gE.

458 i E IR AL IR YR Bt AT RS m I, AL 1CL 5CL 10C 1 15C B E 3.0 V, fHER
0.02C 453, A\ B, C#I D VUK 7s b ZRn 1 From. MR AT LA, {8 F AN [ R A 1) Hh s
L S 7E 1C A1 5C KRBV E R, BEE A BAARMIIN, ZEERAK. Pl 1C UL A& AR,
THHHSERPERABEERFROE | A TAFR, WNETFEIRTUEH, A KRBBMSERNA
FLELIA EL 3 R T oA it  HLAE3R 15C (7 iE R LA 84.5%, RILHBAL IK 6% 3 78 B

XF 58 A A AR AR DU 2 L AT A 2 TBOR I, 43I BL 0.5C 1CL 5C. 10C. 15C. 20C. 25C
A30C JHEE 1.2V, Ay By CH D PUSRHIB A 2 i 2] 2 frs . MW aT DAE . DS
ARG R TR GHZEAKR. BL0.5C AR EME, TR SR E R REFRME 24
TR, ANRBPEREITLAIEH, D BEHIIE KT 20C B RBUE R R AE CID #1%, Wil D 2EHfilrE
MRS Z, PUZEHMAE 30C MBCRMEREIEIZE, 1T A SRAEIMMIE<25C R AL R
BOF R R RE, 25C R MR A R RFFE Y 88%.

FEVYSE R AT 1C RHEE 3.0V, EEE 0.05C #ulb, ARG ICTHHE 1.5V, BUXE RN 85CAF
EAT A B Do 0 24 h 5, W HEE OCV MM TRy 425t 85°CHEE 5 h 5, HARAHE
25C; #E 240 )5, MILBEE OCV, MINFHLIR;; BLICHHEE 1.5V, REGERRMERE D;; 1IC AHE
3.0 V, fHEZ 0.05C #iik, SAFLLICHER 1.5 V, REREMHEAR Do MNKEIEXTEIT5 1.
D K TR %L, &R CID $ili; Hp =R atl, A Kb AR RRERMEERE RH] .
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Figure 1. The rate charge performance of A, B, C and D batteries
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Figure 2. The rate discharge performance of A, B, C and D batteries
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Table 1. The comparison of discharge capacity, internal resistance(IR) and open circuit voltage (OCV) of A, B, C and D
batteries before and after storage at 85°C

% 1.A. B\ C#1D Mt 85 CHEMBIENHNESE. WEMAREEESTEE

. JECHL A IR ocv
it
%5 Do D, D, O et IR, IR, AIR  OCV,  OCV, AV
(mAh)  (mAh)  (man) OEREHCO EREECO o) ) ) v W @)
A5 901 864 934 95.893 103.66 19.1 22.7 18.848 2.610 2.582 -1.073
B5 909 865 936 95.160 102.97 20.8 233 12.019  2.605 2.580 -0.960
C6 886 834 904 94.131 102.03 18.3 204 11475  2.602 2.574 -1.076
) CID , ,
D5 941  CID #9%%: oy 247 CID ## 2.635 CID Bt
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Figure 3. Gas analysis of A, B, C and D batteries
B 3. A\ By C#D RS IERS S

Yt Ay By C 1D PUSKAERE R . R AT 5 h 85 C A7l AR A 72 AL i< Ak, A AR (i
JoR B B FH ASONT 28 SR i o AT e R e e, BTSSRl 3 BoR. AR EE R aT LA H, A 25t
ERFRFTH . R IBA S h 85 CAAHE R AR i = AE AR R /N T Hofh =28 i, D SR~
Bk, SHTSCERBORINRAT 85 CAE KL CID B M4 A —F. H A, B, C =2KHit{EARRF
PR FE R, PR AR ISR B CO, COL CoHg A CoHy, 17 D /e MRS #2 f R 72 4 CO,. CO.
CoHe, X5 HMRRIATIR A ARG I KA S0 st B A0 PR A 71 Y Xiong Z5[317E 26 + 1o [ br b 27
LU E R Lewis FRXT CO. CO,. Bike. WS AAM 4 B MALER .. HARBURS 41425
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oA RS FH AN [ PR D BRI B PR B8 1 F T B AT A R A0 A5 CBBA S 5 h 85°CHEfil, K
A B & A5 A A 78 B L R T HAf SR B, HA% 3 15C BT8R fEIREL N 84.5%, RILH AL
RIS AT R PERE . D R HIBAE R T 20C HOAS T8 R R A AR B 5 45 K Hh B CID 2 e BRIHL, Wi D
MR TR R IR U, DUSRHIAE 30C BRI REIRLZE, T A ZERIIIAE<25C R I
R DL B I TR RE 25C (R R KT A AR FF Ry 88%; D it th T/ 4%, &M CID #1%%,
HAp =ML, A RBBRFERRFRMEFERKERE S, I L AR €tk e g0, A
A SFEHAE (R FE A L (TR 5 h 85 CAE Ak (L AR ™ A (K AR AR S /N T Hof =28 i, D KLl
MR R R, RN SR A O BRATT A SR T T A AR T T P 2R 0 ) BRI L f b R R R
LR

SR AR R E AR H HIE AR K. FRIREE . PRI LUSRINGR VC I ELE], X T Rt A7
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