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Abstract

Lithium ion batteries have been a top topic of green energy recent years.
Electrolyte is an essential element to transport lithium ions between anode and
cathode so that batteries can get high voltage, high energy density and high power, it
also involves in improvements of other performances as high-low temperature and
safety. These characteristics make electrolyte a best way to develop lithium ion
batteries’ performances. Small amount of electrolyte can significantly improve
electrochemical performance of lithium ion battery and it does not need to change
battery structure and process. Electrolyte additives have been becoming a hotspot for
researchers.

This thesis studied the influences of fluoroethylene carbonate (FEC) and
methylene methanedisulfonate (MMDS) as electrolyte additives on batteries’ low
temperature performance by conductivity test, Electrochemical Impedance Spectrum
(EIS), Cyclic Voltammetry (CV), charge and discharge test, low temperature
discharge, high temperature cycle, three electrode pouch cell test, Scanning Electron
Microscope (SEM) and Energy Dispersive Spectrometer (EDS).

The main conclusions are as follows:

The effects of fluoroethylene carbonate (FEC) on the low temperature
performance of lithium ion phosphate full battery were evaluated by different
techniques. Commercial electrolyte with 5wt% FEC will make solid electrolyte
interface (SEI) film formed better on the graphite electrodes. The discharge capacity
retention at —40 °C was increased from 31.7% to 43.7%, and the discharge voltage
plateau of the cell was raised too. Electrochemical impedance spectroscopy (EIS) and
three electrode battery test results showed the improved low temperature performance
due to a reduced charge transfer resistance and a lower polarization on the graphite
electrode. Although FEC could not improve conductivity of electrolyte at low

temperature, it could form a better SEI film on graphite surface to reduce R at low
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temperature which will reduce low temperature anode polarization and improve low
temperature performance of LiFePO,/graphite cells.

Also studied the effects of methylene methanedisulfonate (MMDS) on cycle
performance of LiMn,O4/graphite cells at high-temperature (50 °C). Routine
electrolyte with 2 wt% MMDS could significantly improve cycling performance of
LiMn,O4/graphite cells at high temperature. Analysis of differential capacity curves
and energy-dispersive X-ray spectrometry (EDS) indicated that MMDS decomposed
on cathode and anode. The three-electrode system of pouch cell was used to reveal the
capacity loss mechanism in the cells. It reason that the capacity fading of cells without
MMDS in the electrolytes is irreversible lithium consumption during cycling and
irreversible damage of LiMn,0O,4 material, whereby the capacity fading of cell with 2
wt% MMDS in electrolytes mainly originated from irreversible lithium consumption

during cycling.

Key word: lithium ion battery; solid electrolyte interface (SEI) film; fluoroethylene

carbonate (FEC); methylene methanedisulfonate (MMDS)
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Fig. 1-1 Schematic diagram of charge and discharge of lithium ion battery

PAIE B8l 73 3R A LiCoO, AlAy sk iR & 1 i it u ], FETs A A v Al
PN R] PR 7 RE S OR R E -

ﬂﬁﬁ:leoQ;:%%:zL;XCOQ +xLi + (1-1)
- e .
fikf: 6C+ XLi +Xe%uxc6 (1-2)
. i FeH i i
LI S . 6C+ LICOQM?)%_ Li, CoQ +Lj ¢ (1-3)

1.2 SEEFHMMNERER
1.2.1 EET b IERME

LRI o A R B FL A P P IR AR ) g i U <6 e iR R AR

LiCoO, 2 5 FH T i i Ak A 2 7 i b iR IE AR R, LA R ATk L ik
AR, ABCESR. TEMEMRE S SR BRI AR 274
mAh/g, SERRAIHA EIAE] 140 mAh/g. BT/~ T 2% H, HifbEttgefae,
LiCoO, AT )G, —EA T WA, EiT ARA DS, Hi
HAE—2 8, FI BTN 513 AT 1 IE A kL.

LiNiO, &4k LiCoO; Wt A Z HERILEY, EMERLEEN 274
mAh/g, SEBR ]I 25 A B 190~210 mAh/g. X Rl ARl Ak e fige 5 4 R ANEBURR, &
ARG, ATERZRAL, TR FE HA & E, AR 4 2 ft
IERARL. AHIE LiNIO, FFTE R 25 AR B AP R Ao RS . 53 4h
LiNiOy 76 HIAR SR F I LinNiO2 FT AR il N R BUE A, 51 R faith 22
4 ] g

R LiMnOg A ER R F &, AR, 5 THl&, <4ty T
PEHE RS, BICA BN 148 mANh/g,  SEPRZF 2L 130~140 mAh/g. {H&
HH T LiMnO4 FIIEIPEREAME, el R AL it T A S 380 n) i, X AR i
A HET 2 FIAERE B T Bt IEA AT R . LiMnaO, 258 2 R AE 218 SR A ER BB

3



WS BAERIR )R (FEC) K HVE — R s (MMDS) s INRIRTfE  EE%g JEI7] 2015

GRS, S BRI I, RN EEAAE LT =M (D
SRIGVEME, BOBARE M > IR SRR, (ERL TR Mn®> 2 & AR B R
2MIn** (&) —— Mn* (ED+Mn? () » BRI M 276 T s

(2) Jahn-Teller 8z, JECRARILE JLASRL 33K 1 5 AL BB BRI B4R 2 7y v
EZAR R IRT AT A, ISLTT BT X Rk AR A e WA S, AR e
BEANRIIUTT AR . (3D BRI A . FEA LA, T2 B 2R
TR RE, Bt MnT IR ETE. B AT R T 5 2
WA LM, BB Aok Em AR A S RRUETE, RER TR, B/
R, e Ty RS, B EE RIS HF R, 198 & HUE N
PUAACTESE o AN G2 A FR AR INRIAE ) 2028 LiMna O/ LBV S T P 5R
M PR T AR S R AR e v, AR A Z0R A AR S8R DY = P PR 4L
&

HAMBA RSN LiFePO,, TAFHE 3.4V, HAMS A EREM %
Efe. NSRBI R T E . MRS, JoFE, K LiFePO, M RME BT BE TR 4
AU B2 R, HEG I AR AR IRBEE R RN AR
m BN BAR R BB A B Ik . (H LiFePO, ) S HIVEREZ, (RIR T &S
T HOEEEN, (FRVEREZE . LiFePO, MURI AN K AL W] A% e A & 1 A4 KL P 9™
AU, oo ALV RE . JB AN F R BB i U e R Jn B A U SRR SR A
BH S, B m IR RE . SNEE A SRR ikt . B0
] AT R v o PR R ) 3 L R

1.2.2 EBET B f AR R

PR T i SRR AN SR R 2, R BRI A ST 7 N LR e R A
B GEME. SR-AEeRE SR, SRANII e R, A TohlaEE
JEATRE BT EL EEAP R SR IR U o T e R S
(22 4], AR - F ik M R LA IE R . 125 N IE, A SR SRER T R
ERETERERIT I RS RL, Rl ioNT iz

H AT ML) 2 A A B At A R R B RAR LR R (1) a3k
BB, B NG SR AR IR E AT 26 (2) SRS LigTisOn0

4



WS BAERIR )R (FEC) K HVE — R s (MMDS) s INRIRTfE  EE%g JEI7] 2015

A SRR R E N 1-2 froRt,

°[L]| (-TiS(v]l(\d
. O [Li],,
oC op °%p Q‘P% %P0 o [O]xx

S 2%
(& c
o & g
a’ b ° &0 %G%O&ao @O a o—t-o b
(a) B (b) Li,Ti,O,,

K 12 #E T b R AR R (@ sk, (b)) LigTisOy,

Fig. 1-2 Structure scheme of negative electrode materials: (a) graphite, (b) LisTisO1,
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