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Thermal Behavior of Lithium-lon Cells during Charge and Discharge
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(Received October 4, 2002; Accepted November 20, 2002)

Calorimetry of lithium-ion cells that were commercially available was carried out to characterize
the thermal behavior of the cells during charge and discharge. The generated heat was mainly
caused by the entropy change of the cell reaction and the electrochemical polarization. However,
in the cell using non-graphitizable carbon material as the anode, complicated heat generation
behavior was observed with hysteresis in charging and discharging voltage. Thermal behaviors
due to crystal phase transition of the cathode active materials and due to variation of stage structure
of graphitic carbon as the anode materials were also observed. Temperature dependency of the
crystal phase transition of the cathode active materials was also discussed. Calorimetry could be
one of effective methods to characterize the performance of lithium-ion cells.
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Fig.1 Delay of response in calorimetry and its
correction. Real heat generation (dotted line),
heat flow measured by calorimeter (bold solid
line), and corrected value of the heat flow (open
circle with thin solid line).
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Fig.2 Voltage and heat generation curves during charge (broken line) and discharge (solid line) for lithium-ion cell
sample A and B at 313 K. Current is constant at 60 mA for sample A and 50 mA for sample B. Open and
closed triangles (O, a) in sample B are open circuit voltage measured during intermittent charge and

discharge, respectively.
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Fig.3 Heat generation curve of lithium-ion cell sample
A during 300 mA discharging at 313 K, and each
heat generation factor. (0) Ps, heat generation
due to cell reaction, (0) Pp, heat generation due
to polarization, and (e ) P:, sum of Ps and Pp.
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Fig.4 Heat generation behaviors of lithium-ion cell
sample A during 60 mA discharging at 283 K,

303 K, and 323 K.
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Fig.5 Temperature dependency of XRD peaks of active
cathode material for lithium-ion cell sample A.
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Fig.6 DSC of active cathode materials of several
lithium-ion cells in which the SOC is around
(b) in Fig.2. sample A, LGR18650P; sample B,
US18650; sample C, UR18650.
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Fig.7 Voltage and heat generation curves during 50
mA charging for lithium-ion cell sample B' at 303
K, depending on initial SOC, which are 537 mAh
discharged state (#10), 498 mAh (#11), 399 mAh
(#12), 299 mAh (#13), and 199 mAh (#14).
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