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Safety study of electrolyte solutions for lithium batteries
by accelerating-rate calorimetry

Katsuaki Hasegawa and Yukibaru Arakawa

Yokkaichi Research Center, Mitsubishi Petrochemical Company, Ltd, No. 1 Toho-cho, Yokkaichi-
city, Mie 510 (Japarn)

Introduction

Recalls of lithium batteries due to an overheating defect in 1989 have caused a
widespread interest in the safety concerns of Li batteries [1]. Our company, a supplier
of electrolyte solutions, has since been paying attention to such problems.

Electrolyte solutions used for Li primary batteries, especially for customer use,
are mainly composed of lithimm perchlorate (LiClO,) or lithium trifluoromethane-
sulfonate (LiCF3S0;) as a solute and a mixture of propylene carbonate (PC) and 1,2-
dimethoxyethane (DME) as a solvent,

We have investigated the thermal stability of these electrolyte solutions with and
without electrode materials using an accelerating-rate calorimeter (ARC), an instrument
developed for the thermal hazard analysis of flammable materials in adiabatic conditions.

Experimental

The ARC, a computer-controlled highly-adiabatic calorimeter, was obtained from
Columbia Scientific Industries, Inc. When an exothermic reaction is detected, it maintains
the sample in adiabatic conditions and continuously monitors its thermal and pressure
behaviors. Figure 1 shows a schematic drawing of the ARC. More details for ARC
are cited in refs. 2-4.

The electrolyte solutions used were LiClO, and LiCF;SO; (1 M)} in PC and DME
equivolume mixture. Electrode materials used were lithium metal (Li) and manganese
dioxide (MnQ,). Table 1 shows the summary of tested samples.

ARC experiments were conducted under the following conditions: (i) start tem-
perature 40 °C; (ii) end temperature 400 °C; (iii} slope sensibility 0.02 °C/min; (iv)
heat step 3 °C, and (v) wait time 15 min.

Results and discussion

Tables 2 summarizes the experimental results. Figures 2-5 show the heat rate
versus temperature plots of each cases. Figures 6-9 show the pressure versus temperature
plots.

The LiClQ, solution, decomposed immediately after the exothermal reaction, was
observed at 217 °C. MnO; caused the LiClO, solution to be more unstable, lowers
the observed onset temperature and raises the maximum self-heat rate, Lithium caused
the solution to be even more unstable than MnQ,. Because of the intense increase
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Fig. 1. A schematic drawing of the accelerating-rate caloriinetry.

TABLE 1

List of tested materials by the accelerating-rate calorimetry

Sample Electrolyte Lithium metal Manganese dioxide
(8) (g)
Composition {g)
A PC+DME 1.69 none none
B LiClO,/PC+DME 1.67 none none
C LiCF;803/PC+DME 1.68 none none
D PC+DME 1.12 0.05 none
E LiClO,/PC+DME 1.30 0.04 none
F LiCF,80;/PC+DME 1.13 0.04 none
G PC+DME 1.1¢ none 1.09
H LiClO,/PC+DME 1.13 none 1.11
I LiCF,80,/PC+DME 1.05 none 1.04
J PC+DME 1.37 0.05 0.61
K LiClO,/PC+DME 1.47 0.05 0.66
L LiCF;S0;/PC+DME 1.44 0.05 0.66

in the pressure, the ARC system shut down. We consider the LiCIO, solution to be
extraordinarily dangerous when it is heated in a closed vessel with electrode materials,
especially Li metal.

On the other hand, the LiCF,;80; solution showed a moderate behavior compared
with the LiClO,. Its maximum self-heat rate was lower than 4 °C/min, 1/60 of that
with LiClO,.
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Fig. 2. Heat rate vs. temperature plot of the electrolytes without electrode materials.
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Fig. 3. Heat rate vs. temperature plot of the electrolytes with lithium.

The exothermic reaction occurred very slowly and consecutively. Either electrode,
MnO. and Li, lowered the thermal stability, similarly, as the case of LiClO,. The
maximum self-heat rate of the solution with LiCF;S0,, however, was low, 14 °C/min,
1/10 of that with LiClO,. The maximum observed pressure was also low.

In the case of the solvent without a solute, the maximum self-heat rates of the
solvent were smaller than those with LiClO,, and larger than those with LiCF,SO;.
The levels of the reaction heat were similar in all cases. We suppose these effects
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Fig. 4. Heat rate vs. temperature plot of the electrolytes with manganese dioxide.
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Fig. 5. Heat rate vs. temperature plot of the electrolytes with lithivm and manganese dioxide.

are deeply concerned with the decomposition mechanism of these salts: LiClO,
decomposes into LiCl and O, at 440 °C, and LiCF,;80; decomposes into LiF, SO,
and COF at 420-480 °C.

We consider the exothermic reactions to be mainly caused by the decomposition
of the solvent with electrode materials, and they are accelerated by LiClO,, and
retarded by LiCF;SOs.
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Fig. 6. Pressure vs. temperature plot of the electrolytes without electrode materials.
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Fig. 7. Pressure vs. temperature plot of the electrolytes with lithium.

Conclusion

Electrode materials, MnO;, and Lj, have a tendency to unstabilize the electrolyte
solutions. LiClO, accelerated the exothermic reaction of the electrolyte solutions, but
LiCF,80; retarded them. Thus, we conclude that LiCF;80, is a more favorable
electrolyte than LiClO, from the safety views of Li batteries.
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Fig. 8. Pressure vs. temperature plot of the electrolytes with manganese dioxide.

. I N U S A S i i
] aceoroue with Liandaoz L LT T
K:LiC104/ (PC+DME) - with La and Mn02 j e R et SR B
L: L10F3803/[PC+DME) w1th Li and Mn02 ; i)
g |
\
: 5.0010"
% .50}
&
i
Lo'::‘lm m‘ 1o 180 1% 0 10 0] uu zlm 300 0 340 380 80 ()] [}

Temperature, T

Fig. 9. Pressure vs. temperature plot of the electrolytes with lithium and manganese dioxide.
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