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Abstract

Overcharge reaction was studied in detail using 650 mAh prismatic hermetically sealed lithium-ion batteries withdaitbo@es, graphitic
carbon anodes and ethylene carbonate/ethyl methyl carbonate (EC/EMC) electrolytes. Several varieties of g§as€s EEACH,, CHg
and GH,) were evolved in the overcharge reaction. The amount of gas increased with the increase in the cell temperature and rose rapidly at
the end of the overcharge. In particular, the amount of &3 produced by the oxidation of the electrolyte at the cathode increased markedly.
The exothermic oxidation reaction of the electrolyte was accelerated at the temperature ati&vea68ing the cell temperature to increase
rapidly thereafter. The heating tests of the overcharged anode samples enclosed in cylindrical cell cases with EC/EMC electrolytes resulted
in thermal runaways. In contrast, the overcharged cathodes tested in the same manner showed no thermal runaway. The thermal runaway
reaction during overcharge was caused by the violent reaction between the overcharged anode (deposited lithium) and the electrolyte solvent
at high temperature that was the result of the rapid exothermic reaction of the delithiated cathode and the electrolyte.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction 2. Experimental

The safety of lithium-ion batteries is an essential require-  Prismatic, hermetically sealed 633048-type lithium-ion
ment for commercial use. With the increase in the energy of cells with a nominal capacity of 650 mAh were assembled.
lithium-ion batteries, further advances in safety technology The cells were 6.3 mm in thickness, 30 mm in width and
are necessary. There have been reports dealing with the4d8 mm in height, using LiCo® cathodes, graphitized
safety and thermal analysis of lithium-ion batteries and their mesophase-pitch-based carbon fiber (MCF) anodes and
component§1-7]. Overcharge of batteries can sometimes polyethylene separator. The graphitized MCF was prepared
lead to thermal runawayfd]. In order to develop adequate at Petoca Co. Ltd. The electrolyte was a 1 M solution of
safety measures, it is important to analyze the thermal LiPFg in a mixture of ethylene carbonate (EC) and ethyl
runaway mechanism in detail. However, there have been fewmethyl carbonate (EMC). The overcharge test was carried
reports on the systematic study of overcharge reaction ofout at a 1 Grate constant current using a 7.5V power supply.
lithium-ion batteried8,9]. This paper details the gas evolu- Current limiting or temperature trip safety devices (e.qg.
tion reaction and behaviors of the cathode and anode duringPTC) were not used in the experimental cells. An H-shaped
the overcharge process and presents the thermal runawaglass cell was also used to analyze the gas composition
mechanism. evolved at the cathode and anode, respectively. The cathode

(40mmx 30mm) and anode (40 mm30mm) were ar-
ranged separately in the glass cell, and then overcharge was
* Corresponding author. Tel.: +81 27 385 3004; fax; +81 27 385 7550,  carried out at 3mAcm?. The internal gas was collected
E-mail addresstakahisa.ohsaki@tbcl.co.jp (T. Ohsaki). by a micro-syringe, and analyzed by gas chromatography.
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These overcharged cells were disassembled in an argon 12 | |
filled glove box, and the overcharged cathodes and anodes, o CO /g
and the separators were examined by X-ray diffraction 10 I 2
analysis, thermal analysis and energy dispersive X-ray —- CO /
fluorescence spectroscopy (EDX). The thermal behaviors of 87 —— CHs
the overcharged cathodes and anodes were investigated in = —— C,Hg /
. £ 6l

order to understand the thermal runaway mechanism. § —o— CoH4 /

4F— - H, /} [
3. Results and discussion ) /?

3.1. Voltage and temperature change at overcharge 0 |

A B C D E

Fig. 1 shows the cell voltage and cell case temperature
of a 633048-type lithium-ion cell overchargetdeaal Crate. Fig. 2. Gas evolution characteristics of 633048-type prismatic cedid &
The cell voltage increased gradually to a peak of 5.3V when rate overcharge.
almost 90% of the lithium was removed from the cathode,
and then fell slightly. Finally, the cell voltage rose sharply to
the voltage limit of the power supply because of the separator
shutdown. In an actual 1 C rate overcharge, all the lithium
in the cathode was not removed after 60 min. We analyzed
the lithium content of the delithiated cathode. The lithium
content k of LixCoQ) in the cathode was 0.5 at the start of
the overcharge, and=0.08 at the end of overcharge.

The cell case temperature remained low for the first
50 min, and then gradually rose to a maximum temperature of
110°C with the trip of the voltage before depression. When
the overcharge was carried otigal Crate, the cell tempera-
ture dropped after the peak point of the temperature as show
in Fig. 1L However, in the casef@a 2 Crate overcharge, the .
cell temperature rise was steep and the cell reached a therma$-3: Gas eévolution at the cathode and anode (H-type
runway. cell)

its maximum.Fig. 2 shows the gas evolution characteristics
of the prismatic cells taa 1 C rate overcharge. While
the overcharge proceeded, the amount of the evolved gas
was very small until the temperature rose. The volume
of the evolved gas increased with the increase in the cell
temperature and rose rapidly at the end of the overcharge.
The evolved gas consisted of carbon dioxide ¢f;@arbon
monoxide (CO), methane (GH ethane (GHg), ethylene
(CzH4) and hydrogen (B). In particular, the amount of GO

gas increased along with the rise in the cell temperature, and
nincreased markedly at the end of the overcharge.

3.2 Gas evolution Itis reasonqble .to consider that the £@as was gener-
ated by the oxidation of the electrolyte at the cathode. To

These prismatic cells were overcharged to each of stageSx@mine it more clearly, we made the H-shaped glass cell.
(A)—(E) (Fig. 1). (A) is the stage where temperature begins The gas evolved at each of the electrodes was collected
to rise, (B) and (C) are the stages in the middle of the SeParately and analyzed. The result is showrFig. 3
temperature rising, (D) is the stage of rapid temperature Carbon monoxide (CO) gas and carbon dioxide £Lgas

rising and (E) is the stage where temperature dropped afterVere chiefly gen_erated at the cathode. As for the anode, H
gas was the main component of the evolved gas, and small

8 120 amounts of CH, C;H4, CoHg, CO and CQ were produced.
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Fig. 1. Voltage and cell temperature profiles of a 633048-type prismatic cell Fig. 3. Gas composition of the H-shaped glass cell overcharged at
at a 1 Crate overcharge. 3mAcm 2.
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