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Use of Chloroethylene Carbonate as an 

Electrolyte Solvent for a Lithium Ion Battery 

Containing a Graphitic Anode 

Z. X. Shu,* R. S. McMillan,* J. J. Murray, and I. J. Davidson* 

Institute for Environmental Research and Technology, National Research Council Canada, Ottawa, Ontario K I A OR6, Canada 

ABSTRACT 

An electrolyte system which consists.of chloroethylene carbonate and propylene carbonate has been developed for lithium ion batteries 
containing a graphitic anode. The electrolyte decomposition during the first lithium intercalation into graphite in a propylene carbonate based 
electrolyte is significantly reduced in the presence of chloroethylene carbonate. Formation of a stable passivation film on the graphite 
surface is believed to be the reason for the improved cell performance. 

Introduction 
In the past decade, there has been a growing interest in the 

search for suitable carbon materials as an intercalation host (an- 
ode) for lithium ion rechargeable batteries. Graphite has been con- 
sidered as a favorable candidate because of its high capacity, and 
low and flat voltage curve with respect to lithium metal. A major 
problem in using graphite as the anode in a lithium ion cell is the 
massive electrolyte decomposition during the first lithiation pro- 
cess, at least in a propylene carbonate (PC) based electrolyte. 13 
This necessitates the presence of sources of both excess lithium 
and electrolyte in the cell and reduces the apparent cell capacity. 

Several approaches 4-7 have been explored in the past to reduce 
the extent of electrolyte decomposition at the graphite electrode. 
Two promising electrolytes for this purpose are LiPF6 in ethylene 
carbonate/dimethyl carbonate (EC/DMC) and in ethylene carbon- 
ate/diethyl carbonate (EC/DEC). However, LiPF6 is relatively ex- 
pensive and is thought to be unstable in the solid form. Such an 
electrolyte also gives a poor battery performance at low tempera- 
tures principally due to its low conductivity at these temperatures. 8 

This paper presents results of the electrochemical behavior of 
graphite/lithium metal cells and of lithium ion cells with a graphite 
anode in a chloroethylene carbonate (Chloro-EC) and propylene 
carbonate (PC) electrolyte. We will show that the electrolyte de- 
composition during the first lithiation into graphite in PC based 
electrolyte is significantly reduced in the presence of Chloro-EC. As 
a result, the reversible capacity of a cell is improved. 

Experimental 
The electrolyte was 1M LiCIO4 (Baker) dissolved in a mixture of 

Chloro-EC (Aldrich) and PC (Anachemia) and of EC (Aldrich) and 
PC. LiCIO4 was dried overnight under vacuum at 120~ Electrolyte 
solvents were dried over activated molecular sieves and then vac- 
uum distilled. The water content of the electrolyte was measured 
using Karl-Fischer titration and was less than 50 ppm. 

The carbon electrode was made of KS15 (Lonza) artificial 
graphite. The electrode contained 5% vinylidene fluoride resin (Elf 
Atochem). It was prepared using the doctor blade method 3 on a 
Teflon sheet support. The resultant electrode sheet was sintered at 
180~ in an inert atmosphere. The electrode sheet was cut into 
pellets and the Teflon sheet support was removed. Typically, the 
electrode density was 0.6 g cm -3. 

Experiments were carried out using a two-electrode cell. The cell 
capacity was limited by that of the graphite electrode in both Li/ 
graphite and lithium ion cell configurations. The theoretical cell 
capacity was calculated assuming one mole of lithium intercalated 
per six moles of graphite (Le., LiC6). 

In a lithium/graphite cell, the anode was lithium metal (Foote) and 
the cathode was graphite. A polypropylene microporous membrane 
(Celgard 3501) was used as a separator. The electrochemical cell 
was as described in Ref. 3. 

In a lithium ion cell, the anode was graphite and the cathode was 
LiCoO2 (Johnson-Matthey). The cathode also contained 10% car- 
bon black (Super S, S. Ensagri-Willebroek N .V.) and 5% vinylidene 
fluoride resin (Elf Atochem). A polypropylene separator (DW 
0102233, Web Dynamics) was used. NRC designed and fabricated 
2325 coin cells were used as a cell testing vehicle. 

* Electrochemical Society Active Member. 

The cycling equipment was as described in Ref. 3. The electro- 
chemical cells were cycled galvanostatically between voltage limits 
of 10 mV and 2.0 V for lithium/graphite cells and between 3.5 and 
3.9 V for lithium ion cells. 

The experimental conditions for all experiments were not opti- 
mized for maximum capacity and rate capability of the battery. 

R e s u l t s  a n d  D i s c u s s i o n  

Li/graphite cells.--Voltage profites.--Figure 1 shows voltage 
profiles of the first lithiation (discharge) and delithiation (charge) of 
a cell (A) in 1 M LiCIO4 PC/Chloro-EC (1/1) and of a cell (B) in 1 M 
LiCIO4 in PC/EC (1/1). Both cells were cycled at a 20 h rate (Le., to 
complete a discharge in 20 h using the graphite capacity of 
372 mAh g-19). 

With 1M LiCIO4 PC/Chloro-EC electrolyte, the voltage of cell A, 
on discharge, initially decreased very rapidly. This was followed by 
a slower decrease in the voltage range of ca. 1.7-0.2 V. Below 0.2 V, 
lithium intercalation into graphite is the predominant process. 1~ 
The total capacity during the first discharge was 467 mAh g-1. The 
cell was then charged to 2.0 V. The total reversible capacity ob- 
tained was 359 mAh g-l.  The total irreversible capacity for the first 
cycle was therefore 108 mAh g-l .  

Within the voltage range of 1.7-0.2 V, electrolyte decomposition 
appeared to occur at the graphite electrode. This resulted in forma- 
tion of a passivation film on the graphite surface. This film is com- 
monly referred to as the solid electrolyte interface (SEI). It is ioni- 
cally conducting and electronically insulating, and it prevents 
continued electrolyte decomposition at the graphite electrode. 12'13 
Chloro-EC was reduced at a higher EMF than the co-solvent PC 
during the first lithiation process. This can be seen in Fig. 1 where 
the electrolyte decomposition for cell A started to occur at 1.7 V. In 
contrast to cell A, the electrolyte decomposition for cell B, where EC 
and PC were used as the electrolyte solvents, occurred at about 
0.8 V. The extent of this electrolyte decomposition was massive 
with the total irreversible capacity loss of over 900 mAh/g -~. 
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Fig. 1. Voltage profiles of the first cycle of lithiumlgraphite 
cells. Cell A: 1M LiCIO4 Chloro-EC/PC (1/1). Cell B: 1M LiCIO4 
EC/PC (1/1). 
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Fig. 2. Optimum volume fraction of Chloro-EC in 1M L|CIO4 
PC/Chloro-EC electrolyte. 

The decomposition products of Chloro-EC formed a passivation 
film on the surface of graphite. We believe that this film is stable and 
it limits PC decomposition at a lower voltage (0.8 V) to a tolerable 
amount. As a result, a massive irreversible electrolyte decomposi- 
tion normally seen in PC-based electrolyte (shown in Fig. 1, cell B) 
at the graphite electrode was avoided. However, at present, we do 
not have definitive experimental results to support this argument. 
We are currently investigating the nature of the film and the results 
will be published in a subsequent paper. 

Optimum concentration of chloroethylene carbonate.--The ex- 
tent of the electrolyte decomposition in Chloro-EC based electrolyte 
system was further investigated by varying the volume fraction of 
Chloro-EC. Figure 2 shows the irreversible capacity as a function 
of the volume fraction of Chloro-EC in 1M LiCIO4 PC/Chloro-EC 
electrolyte. The irreversible capacity decreased as the volume 
fraction of Chloro-EC increased until the volume fraction reached 
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Fig. 3. Voltage profiles of a graphite/LiCo02 cell with 1M 
LiCI04 Chloro-EC/PC (1/1) as the electrolyte. 

about 0.3. Further increase in the volume fraction of Chloro-EC 
beyond 0.3 produced virtually no change in the extent of electrolyte 
decomposition. 

Lithium ion cells.--We further investigated Chloro-EC/PC based 
electrolyte in a lithium ion cell configuration where the anode was 
KS15 graphite and the cathode was LiCoO2. Figure 3 shows 
voltage profiles of a charge and the subsequent discharge for a 
lithium ion cell in 1M LiCIO4 Chloro-EC/PC (1/1) cycled between the 
voltage limits of 3.5 and 3.9 V at a 10 h rate. The cathode capac- 
ity was kept in excess so that its voltage was flat with respect to 
lithium metal. ~4,~ Both charge and discharge voltage profiles show 
steps indicating different stages ~~ of lithium intercalation into 
graphite and they are similar to those obtained from lithium/graphite 
cellsY ~ We are currently investigating the long-term cyclability of 
this electrolyte in lithium ion cells and the results will be published 
subsequently. 

Conclusions 
An electrolyte which uses chioroethylene carbonate and propy- 

lene carbonate has been developed for a graphitic anode for lithium 
ion batteries. The electrolyte decomposition during the first interca- 
lation of lithium into graphite in this PC based electrolyte is signifi- 
cantly reduced in the presence of chloroethylene carbonate. Con- 
sequently, the reversible capacity is improved. 
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