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Abstract

The in¯uence of electrolyte composition on the cycling performance and safety of AA rechargeable cells with a
lithium metal anode, and an amorphous (a-) V2O5±P2O5 cathode was examined. The cells were cycled at a discharge
current of 1000 mA and a charging current of 200 mA. The electrolytes were composed of ethylene carbonate (EC)/
2-methyltetrahydrofuran (2MeTHF) binary and EC/propylene carbonate (PC)/2MeTHF ternary mixed solvents
containing 40±70 vol% 2MeTHF to provide higher conductivity. The solute was 1.5 mol dmÿ3 LiAsF6. The cycle
life of the AA cells was evaluated by setting the end of cycle life at the cycle number where the discharge capacity fell
to 50% of its maximum value. Cells with EC/2MeTHF (50:50) exhibited the longest cycle life among all the
electrolytes examined here. Cells with EC/PC/2MeTHF (15:45:40) had the longest cycle life among the ternary
mixed solvents systems. Fundamental abuse tests were also carried out on AA cells, which were cycled twice (fresh
cells), cycled 100 times and cycled until the end of their cycle life. Neither the fresh nor the cycled cells with EC/PC/
2MeTHF (15:45:40 ) smoked nor ignited in a 150 �C heating test or in an external short circuit test. However, the
fresh cell with EC/2MeTHF (50:50) ignited in the 150 �C heating test. Summarizing the cycling and the abuse test
results, the EC/PC/2MeTHF (15:45:40) ternary mixed systems exhibited the best performance. However, in terms of
practical use, cell safety still requires further improvement.

1. Introduction

Rechargeable cells with lithium metal anodes are at-
tractive because theoretically they have a higher energy
density than lithium ion cells with lithium ion doped
carbon anodes. With the lithium metal cell system, the
most important problems to be solved are those related
to cycle life, rate capability and safety. These problems
are closely related to the selection of a suitable electro-
lyte [1±4].
We have been studying rechargeable cells with a

lithium (Li) metal anode, an amorphous (a-) V2O5±P2O5

(95:5 in molar ratio) cathode and nonaqueous electro-
lytes (Li/a-V2O5±P2O5cell). We have reported that
LiAsF6±ethylene carbonate (EC)/propylene carbonate
(PC)/2-methyltetrahydrofuran (2MeTHF) (15:70:15 in
volume mixing ratio) (type-A electrolyte) provides a

long cycle life which ensures the safety of AA Li/
a-V2O5±P2O5 cells [5, 6]. In these studies, the cells
were cycled at 600 mA (�3 mA cmÿ2) and 100 mA
(�0.5 mA cmÿ2). However, the type-A electrolyte pro-
vides a poor rate capability because of its low electrolyte
conductivity [7]. For example, the discharge capacity of
the AA Li/a-V2O5±P2O5 cell with type-A electrolyte at a
discharge current of 1000 mA at 21 �C is 50% that at a
discharge current of 600 mA. A higher discharge and
charge rate capability is required for practical cell
applications.
In this work, we examine the cycling performance and

safety of lithium metal cells at high discharge and charge
rates. The AA Li/a-V2O5±P2O5 cells were cycled at a
discharge current of 1000 mA and a charging current of
200 mA. The electrolytes were composed of EC/
2MeTHF binary and EC/PC/2MeTHF ternary mixed
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solvents with a high 2MeTHF content of 40 to 70 vol%
to provide high electrolyte conductivity. 1.5 mol dmÿ3

(M) LiAsF6 was used as the solute. We also carried out
fundamental abuse tests including heating and external
short circuit tests on the AA lithium metal cells.

2. Experimental details

2.1. Electrolytes

We prepared the electrolyte solutions as described in
previous papers [1±4, 6]. Their water content was less
than 20 ppm. Hereafter, `1.5 M LiAsF6±EC/PC/
2MeTHF (15:45:40)' will be used to indicate an electro-
lyte solution of mixed EC, PC and 2MeTHF solvents
(volume ratio 15:45:40). We measured the electrolyte
conductivity at 1 kHz with an LCR bridge (Gen Rad
Co., model 1658). Solvent viscosity and dielectric
constant were obtained according to the methods
described in reference [3].

2.2. Charge±discharge cycling ef®ciency of lithium

Charge±discharge cycling tests for lithium on a stainless
steel (SUS 304) working electrode (cathode case of a
coin cell) were performed galvanostatically with a coin
cell (23 mm in diameter and 2 mm thick) to obtain the
lithium cycling ef®ciency itself [5]. In these experiments,
lithium was plated on stainless steel without any excess
lithium being deposited. The cycling ef®ciency was
obtained from the stripping charge (Qs)/plating charge
(Qp) by using the 1.5 V potential cut-off as the stripping
end point [4]. We used the average cycling ef®ciency (Ea)
from the ®rst to the 20th cycle for the evaluation, where
Qp was 1 mA h (0.5 mA h cmÿ2) and the charge±
discharge (plating stripping) current density (Ips) was
1 mA (0.5 mA cmÿ2).

2.3. Fabrication of Li/a-V2O5±P2O5 cell

The cell used was an AA-size laboratory-type cell with a
pressure vent at the top surface of its crimp-sealed
casing [8] . This cell was composed of a spirally wound
lithium metal anode sheet, a polyethylene separator, a
printed cathode sheet of a-V2O5±P2O5, polymer binder
and conductive carbon. a-V2O5±P2O5 (95 mol% V2O5)
was prepared by melting reagent-grade oxides in plat-
inum crucibles for an hour at 750 �C, followed by
quenching on a water-cooled iron block [8]: The charge±
discharge cycling tests for the AA cells were carried out
galvanostatically with a charge cut-off voltage of 3.3 V

and a discharge cut-off of 1.4 V with a charging current
of 200 mA and a discharge current of 1000mA. The
operating temperature of the cell was 21 �C unless
otherwise noted. The cycle life of the AA cells was
evaluated from the cycle numbers or from the ®gure of
merit (FOM) de®ned in Equation 1 [9], and by setting
the end of cycle life (ECL) at the cycle number where the
discharge capacity fell to 50% of its maximum value.
The ®gure of merit (FOM) is related to the percentage
lithium cycling ef®ciency (E) as shown in Equation 2.

FOM � accumulated discharge capacity

theoretical capacity of lithium initially put into the cell

�1�
FOM � 100

100ÿ E
�2�

2.4. Abuse tests

Heating tests were carried out by placing the cells in an
incubator. First, the temperature was raised from room
temperature to the set level at a rate of 5 �C minÿ1.
Then, the temperature was held constant at 150 �C for
30 min. External short circuit tests on the cells were
carried out through a 30 mX resistance.

3. Results and discussion

3.1. Electrolyte conductivity

EC and PC are esters with high dielectric constant which
are effective for the ionic dissociation of electrolyte salts
[5]. 2MeTHF is a low viscosity ether which facilitates ion
migration and has a stronger solvation power toward
Li� ions than EC and PC, as predicted from the donor
numbers (DN) of these solvents [10].
Figure 1 shows the relationship between the speci®c

electrolyte conductivity (j) at 25, 0 and ÿ10 �C and the
2MeTHF content in EC/2MeTHF binary mixed solvent
electrolytes. At 25 �C, the conductivity exhibits a
maximum (jmax) at an EC/2MeTHF mixing ratio of
40:60. The reason for this is given below. Figure 2 shows
the relationship between the 2MeTHF content, the
dielectric constant (e), and the inverse viscosity (1/g) for
the mixed solvents. jmax is the result of the total effect of
the dielectric constant and the viscosity [1]. As the
temperature is reduced, the j of the EC/2MeTHF
electrolytes containing large amounts of 2MeTHF, such
as EC/2MeTHF = 30:70 or 20:80 becomes larger than
that of EC/2MeTHF (40:60), and the EC content
exhibiting jmax tends to decrease.

790



Figure 3 shows the relationship between j at 25, 0 and
ÿ10 �C and the 2MeTHF content in EC/PC/2MeTHF
ternary mixed solvent electrolytes. At 25 �C, the con-
ductivity reaches the jmax at a 2MeTHF content of 60
vol %. The maximum conductivity of EC/PC/2MeTHF
is slightly lower than that of EC/2MeTHF with the same
2MeTHF content. Table 1 shows the j value at 25 �C
for EC/2MeTHF (40:60) and EC/PC/2MeTHF
(15:25:60) along with that of type A electrolyte as a
reference electrolyte. EC/2MeTHF (40:60) and EC/PC/
2MeTHF (15:25:60) exhibits 47% and 42% higher
conductivity than type A electrolyte, respectively. The
j value of the EC/2MeTHF binary mixed solvent
electrolyte at 25 �C is 9.8 mS cmÿ1, which is 3% higher
than that (9.54 mS cmÿ1) of EC/PC/2MeTHF ternary
mixed solvent electrolyte.

As shown in Figure 4, the activation energy (EA)
obtained from the Arrhenius plot [13] decreases with an
increase in 2MeTHF in mixed solvents. The EA of EC/
PC/2MeTHF is smaller than that of EC/2MeTHF,
because the order of EA increase with a change in
temperature is EC > PC > 2MeTHF. The higher EA of
EC is caused by the higher melting point of EC
(36.2 �C).
Based on the above conductivity results, we decided to

test EC/2MeTHF and EC/PC/2MeTHF ternary mixed
solvent electrolytes containing 2MeTHF from 40 vol%
to 70 vol% for the AA Li/a-V2O5±P2O5 cells to obtain
high discharge and charge currents. This is because these
electrolyte compositions exhibit conductivities which is
much higher than that of type A electrolyte [EC/PC/
2MeTHF (15:70:15)].

3.4. Lithium cycling ef®ciency

Figure 5 shows example results for lithium cycling tests
on a stainless steel working electrode. These experiments
were carried out to obtain simply the lithium cycling
ef®ciency, not the full cell cycling ef®ciency. Figure 6

Fig. 1. Relationship between electrolyte conductivity (j), temperature

and 2MeTHF content in 1.5 M LiAsF6±EC/2MeTHF.

Fig. 2. Relationship between the inverse solvent viscosity(1/g), the

dielectric constant (e) and the 2MeTHF content in EC/2MeTHF and

EC/PC/2MeTHF mixed solvents.

Fig. 3. Relationships between electrolyte conductivity (j), temperature

and 2MeTHF content in 1.5 M LiAsF6±EC/PC/2MeTHF.

Table 1. Condutivity parameters of the mixed solvent electrolytes at

25 °C (1.5 M LiAsF6)

Solvents j e g ´ 103

/mS cm)1 /N m)1

EC/PC/2MeTHF(15:25:60) 9.54 34.1 1.01

EC/2MeTHF(40:60) 9.83 41.8 1.08

EC/PC/2MeTHF(15:70:15)* 6.70 60.3 2.06

* 1.15 M LiAsF6
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shows the relationship between 2MeTHF content and
the average cycling ef®ciency (Ea) from the ®rst to the
20th cycle for EC/2MeTHF binary and EC/PC/2MeT-
HF ternary mixed systems. Ea exhibits its maximum
value at EC/2MeTHF = 50:50 for EC/2MeTHF binary
and at EC/PC/2MeTHF = 15:35:50 for EC/PC/2MeT-
HF ternary mixed systems. The binary mixed systems
tend to have slightly higher Ea values than ternary mixed
systems containing the same amount of 2MeTHF.

Lithium cycling ef®ciency is affected by many factors,
such as the reactivity of the electrolyte toward lithium,
the chemical and physical properties of the lithium
surface ®lm and the lithium deposition morphology [1±
4]. These factors are closely related to each other. EC
and PC have a similar chemical structure and reactivity.
EC is more reactive toward lithium than PC [14].
However, when EC and PC are mixed, the lithium
cycling ef®ciency becomes much greater than that with
PC alone [1±4]. This is reported to be due to the slight
difference between the chemical compositions of lithium
surface ®lm with EC and PC [15]. That is, CH3CH
(OCO2Li)CH2OCO2Li and (CH2OCO2Li)2 are detected
in lithium surface ®lm with dry PC and EC, respectively
[15]. The difference between the Ea values of EC/
2MeTHF and EC/PC/2MeTHF is due to the effect of
EC mentioned above.
The addition of small amounts of 2-methylfuran

(2MeF), which is an impurity in 2MeTHF, to ether-
based electrolytes, such as 2MeTHF and THF, is
reported to be a very effective way of improving the
lithium cycling ef®ciency [16]. This is because highly
reactive 2MeF produces a suitable lithium surface ®lm
for cycling lithium well [17]. The 2MeF content of the
2MeTHF used in this work was 0.06 vol%, which was
less than the amount generally reported (0.2±0.4 vol%)
[18] and was considerably lower than the effective
amount for improving lithium cycling ef®ciency (1.0±
2.5 vol%) [16]. We have found that the lithium cycling
ef®ciency in EC/2MeTHF depends greatly on purity and

Fig. 5. Relationship between lithium cycling e�ciency and cycle

number in 1.5 M LiAsF6±EC/2MeTHF and EC/PC/2MeTHF mixed

solvent electrolytes. Qp = 0.5 mA h cmÿ2, Ips = 0.5 mA cmÿ2.
Stainless steel working electrode: (d) EC/2MeTHF(50:50) and (s)

EC/PC/2MeTHHF(15:45:40).

Fig. 6. Relationship between average lithium cycling e�ciency (Ea)

and 2MeTHF content in 1.5 M LiAsF6±EC/2MeTHF and EC/PC/

2MeTHF mixed solvent electrolytes, Qp = 0.5 mA h cmÿ2, Ips =

0.5 mA cmÿ2. Stainless steel working electrode: (s) EC/2MeTHF

binary and (d) EC/PC/2MeTHF ternary mixed solvents.

Fig. 4. Relationship between the activation energy (EA) and 2MeTHF

content in 1.5 M LiAsF6±EC/2MeTHF and EC/PC/2MeTHF mixed

solvent electrolytes.
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the cycling ef®ciency increases with a reduction in
organic impurities [19]. The effect of adding 2MeF to
highly pure EC/2MeTHF was negligible [19]. Therefore,
the reactivity of EC itself rather than 2MeF may affect
the lithium cycling ef®ciency via the production of
suitable surface ®lm. With LiAsF6±EC/PC/2MeTHF
and EC/2MeTHF, the possible main chemical compo-
nents in the lithium surface ®lm are lithium alkoxide
formed from 2MeTHF, lithium alkyl carbonates and
lithium carbonate formed from EC and PC, LiF and
lithium arsenic ¯uorides formed from LiAsF6 [20]. The
deepest compact layer in the surface ®lm in EC/
2MeTHF (50:50) exhibiting the highest Ea is considered
to be a good lithium ion conductor leading to both high
lithium cycling ef®ciency and a smooth lithium deposi-
tion morphology [1±4].
When the same solvents are used, the cycling ef®-

ciency is known to vary with the electrolyte composition
[1±4, 11]. However, the reason for achieving maximum
ef®ciency with a change in the electrolyte composition is
very hard to explain theoretically although the chemical
composition and properties of the surface ®lm seem to
change when the electrolyte composition is changed.
Thus, the easiest way is to measure the lithium cycling
ef®ciency to obtain the best electrolyte composition with
the various mixed solvent systems. As the reproducibil-
ity of the data shown in Figures 6 and 7 is good, we can
conclude that the highest lithium cycling ef®ciency is
obtained at EC/2MeTHF =50:50 in the binary and EC/
PC/2MeTHF = 15:35:50 in the ternary mixed solvent
electrolytes examined here.

3.5. Cycling tests on AA Li/a-V2O5 cells with mixed
solvent electrolytes

The cell capacity of AA Li/a-V2O5±P2O5 cell used in this
work at a discharge current of 1000 mA is approxi-
mately 800 mA h. For this cell, the charging current of
200 mA is approximately equal to the 4 h charge rate.
With lithium metal cells, a high rate charge is dif®cult
because the lithium deposition morphology tends to be
needle like [21]. Then, a 0.1 C rate (10 h charge rate) is
frequently used [22]. The charge rate used in this work is
considered to be a quick charge [23], completing the
within 5 h.
Figures 7 and 8 show the cycling test results for the

AA Li/a-V2O5±P2O5 cells with EC/2MeTHF binary and
with EC/PC/2MeTHF ternary mixed solvent electro-
lytes cycled at 1000 mA discharge and 200 mA charge
currents between 1.4 and 3.3 V, respectively. Figure 9
shows the relationship between the 2MeTHF content
and ®gure of merit (FOM) of AA cells with EC/
2MeTHF binary mixed solvent electrolytes. The maxi-

mum FOM is obtained at EC/2MeTHF = 50:50. This
result tends to coincide with the lithium cycling ef®cien-
cy. Figure 9 also shows the relationship between the
2MeTHF content and FOM of AA cells with EC/PC/
2MeTHF ternary mixed solvent electrolytes. The max-
imum FOM is obtained at EC/PC/2MeTHF =
15:45:40, although lithium cycling ef®ciency is obtained
at EC/PC/2MeTHF = 15:35:50. This difference arises

Fig. 7. Cycling test results for an AA Li/a-V2O5±P2O5 cell with 1.5 M

LiAsF6±EC/2MeTHF binary mixed solvent electrolytes cycled at

1000 mA discharge and 200 mA charge currents between 1.4 and

3.3 V.

Fig. 8. Cycling test results for an AA Li/a-V2O5±P2O5 cell with 1.5 M

LiAsF6±EC/PC/2MeTHF ternary mixed solvent electrolytes cycled at

1000 mA discharge and 200 mA charge currents between 1.4 and

3.3 V.
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from the EC/PC mixing ratio. Studies have already been
undertaken on the EC interaction with amorphous V2O5

and the cycle life of Li/a-V2O5 full cell that decreases
with an increase in the EC content of an EC/PC mixture,
while the lithium cycling ef®ciency increases with an
increase in EC content [24]. The FOM of the cells with
binary mixed electrolytes tends to be larger than that
with ternary mixed electrolytes. These results generally
agree with those of lithium cycling ef®ciency.
As a reference, the cycling tests were performed on the

cells with a low discharge current of 400 mA and the
same charge current of 200 mA as for those mentioned
above. As shown in Figure 9, the FOM of the cells with
a 400 mA discharge was lower than that with 1000 mA
for both binary and ternary mixed electrolytes. This
result is common to the lithium metal cells [22]. This is
because the lithium deposition morphology becomes
mossy and electrochemically inert lithium is increased by
the exfoliation of lithium from the anode and the
increase in the surface area of the deposited lithium
causes an increase in reactivity [25]. In 400 mA dis-
charge cycles, the binary mixed electrolytes also tend to
show a larger FOM than those with ternary mixed
electrolytes. The best FOM is obtained with an EC/
2MeTHF = 50:50 and the second best FOM is ob-
tained with EC/PC/2MeTHF (15:45:40). These results
coincide with those for 1000 mA discharge cycles. Thus,
we believe that the FOM of the cells under the cycling
conditions mentioned above is determined mainly by the
lithium anode cycling ef®ciency.
The above cycling test results show that EC/PC/

2MeTHF (15:45:40) ternary and EC/2MeTHF (50:50)

binary mixed solvent electrolytes perform better than
the others . However, possible problems remain in terms
of cell safety.

3.6. Abuse test results

Thermal runaway is a basic problem as regards cell
safety. When thermal runaway occurs in a lithium metal
cell, the cell ignites [8]. Several exothermic reactions
occur inside a cell as its temperature increases [8].
It is effective to set the heating temperature above the

melting point of the separator as this leads to an
internal short between the cathode and anode. In this
work, the heating tests were carried out at 150 �C, based
on the UL standard procedure (a safety standard for
lithium batteries, UL 1642 , Underwriters Laboratories
Inc., 3rd edn., 1995). 150 �C is suf®ciently high for
evaluating the thermal stability of the cells because the
cells fabricated here have a polyethylene separator
whose melting point is 125 �C. In our heating test, the
heating temperature is held for 30 min, which is 20 min
longer than the UL standard. It is reported that thermal
stability depends greatly on the discharge and charge
current [26±29]. Also, the thermal stability of lithium
metal cells decreases with an increase in charge current
and decrease in discharge current. It is also reported
that the thermal stability decreases with increases in
cycle number. One example of the thermal stability of
an AA lithium metal cell reports a temperature of
110 �C, which is the highest heating temperature at
which the cell does not ignite [26±29]. It is considered to
be very dif®cult for AA lithium metal cells to pass the
150 �C heating barrier.
Here, we carried out the heating tests on AA cells with

EC/PC/2MeTHF ternary and EC/2MeTHF binary
mixed solvent electrolytes. Before the heating tests,
these cells were cycled twice (fresh cell), 100 times and to
the end of cycle life (ECL) at 1000 mA discharge and
200 mA charge currents between 1.4 and 3.3 V. Two
cells were tested for each abuse test. Table 2 summarizes
the heating test results for AA cells with EC/2MeTHF
and EC/PC/2MeTHF electrolytes containing 40±70%
2MeTHF. All the fresh cells ignited except for those
with EC/PC/2MeTHF (15:45:40) (Figure 10) and those
with EC/PC/2MeTHF (15:35:50). As the 2MeTHF
content was decreased, the thermal stability of the AA
cells tended to increase. The cell with EC/2MeTHF
(30:70) had already ignited at 148 �C, as the cell
temperature was increased toward 150 �C. One of the
reasons for this phenomenon is the low thermal decom-
position temperature of 2MeTHF coupled with LiAsF6,
which is exothermic reaction. It starts to decompose at
130 �C [30]. The thermal stability of the cells with

Fig. 9. Relationship between the FOM of an AA Li/a-V2O5±P2O5 cell

and 2MeTHF content in 1.5 M LiAsF6±EC/2MeTHF and EC/PC/

2MeTHF mixed solvent electrolytes cycled between 1.4 and 3.3 V.
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ternary mixed electrolytes is better than those with EC/
2MeTHF binary mixed electrolytes. Fresh cells with EC/
2MeTHF (50:50) ignited at 148 �C, although they
showed the best cycle life. The fresh cells and the cells
cycled 100 times and to the ECL with EC/PC/2MeTHF
(15:45:40) did not ignite. The cells with EC/2MeTHF
(50:50) also did not ignite after cycling. Figure 11 shows
the relationship between the maximum cell skin tem-
perature and cycle number. At the ECL, the cell with
EC/PC/2MeTHF (15:45:40) exhibited a maximum cell
temperature of 154 �C (4 �C increase by the internal
heat output). However, the cell with EC/2MeTHF
(50:50) showed a maximum temperature of 175 �C,
which is close to the melting point of lithium (180 �C)
and about 20 �C higher than that with EC/PC/2MeTHF
(15:45:40). That is, the safety margin of the cell with EC/
2MeTHF(50:50) is considerably lower than with EC/
PC/2MeTHF (15:45:40). The cell with EC/2MeTHF
(30:70) containing high amounts of 2MeTHF ignited
violently after cycling.

Therefore, the cycling performance and thermal
stability of EC/PC/2MeTHF (15:45:40) is the best
among the electrolyte systems examined here. However,
further improvement is still necessary in the thermal
stability before practical use can be considered. This is
because when the cells were cycled at a lower discharge
current of 400 mA and at the charge current of 200 mA,
even the cell with EC/PC/2MeTHF (15:45:40) cycled to
its ECL ignited in a 150 �C heating test as shown in
Figure 12.

4. Conclusion

The following statements can now be made. (i) A Li/
a-V2O5±P2O5 cell with EC/2MeTHF (50:50) binary

Table 2. Heating test results for AA Li/a-V2O5±P2O5 cells with 1.5 M LiAsF6±EC/2MeTHF and -EC/PC/2MeTHF

Solvent vol % Heating test results

2MeTHF EC PC Fresh cell Cell cycled 100 times Cell cycled at

ECL (cycle number)

70 30 ± F F F (116)

70 15 15 F F F (105)

60 15 25 F F F (131)

50 50 F NF NF (148)

50 15 35 F NF F (121)

40 15 45 NF NF NF (134)

F: ®re, NF: no ®re

Fig. 10. Heating test results at 150 �C for an AA Li/a-V2O5±P2O5

fresh cell with 1.5 M LiAsF6±EC/PC/2MeTHF(15:45:40). Cell skin

temperature (T1); oven temperature (T2); cell voltage (V).

Fig. 11. Relationship between the maximum cell skin temperature in

the 150 �C heating test and cycle number for AA Li/a-V2O5±P2O5 cells

with 1.5 M LiAsF6±EC/2MeTHF and EC/PC/2MeTHF mixed solvent

electrolytes cycled at 1000 mA discharge and 200 mA charge currents

between 1.4 and 3.3 V, (a) ignited before reaching 150 �C.
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mixed solvent electrolyte has the longest cycle life
among all the electrolyte systems examined here. (ii)
The cells with EC/PC/2MeTHF (15:45:40) showed the
best cycle life among the ternary mixed systems. (iii) EC/
PC/2MeTHF (15:45:40) exhibited better abuse test
results than those with other electrolytes including EC/
2MeTHF (50:50). However, we conclude that further
improvement in the cell safety is necessary before these
cells can be put to practical use.
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Fig. 12. Heating test results at 150 �C for an AA Li/a-V2O5±P2O5 cell

cycled to its ECL with 1.5 M LiAsF6±EC/PC/2MeTHF(15:45:40),

cycled at 400 mA discharge and 200 mA charge currents between 1.4

and 3.3 V. Cell skin temperature (T1); Oven temperature T2; cell

voltage V.
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