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Lithium-ion-batteries of Next Generation
Contributing to Continuous Developments
— Focusing on Enhancement of Their Rate-performance —
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Abstract

Higher performance is required for lithium-ion-batteries in order to be applied to HEV and other field. It is
important to clarify the slowest step of battery reactions and to enhance its rate. An interfacial lithium-ion
transfer process is a candidate of rate determining step of the batteries. Activation energy of charge transfer
reaction across the interface of LiCoO,/LiCF;SO,-PC was estimated from AC impedance measurements and
was ca. 60 kJ mol™. The value is larger than the values for diffusion and migration of lithium ion. Compara-
tive studies changing the interface employing different kinds of electrolytes conductive for lithium ion such as
LiCF,S0,-PC, PEO-LiCF;SO0,, Li, 5sLa, ;;Ti0; (LLT), and OHARA glass revealed that the activation energy was
ascribed to the lithium-ion transfer through the interface. This meant that a process of lattice rearrangement
following the redox reactions of the host was fast for LiCoO,. The lithium-ion transfer across the interfaces,
solid inorganic electrolyte/liquid electrolyte and solid inorganic electrolyte/polymer electrolyte, gave activation
energy of ca. 60 kJ mol" and ca. 90 kJ mol”, respectively. This comparison shows that polymer electrolyte has
a demerit of slow interfacial lithium-ion transfer, while polymer electrolyte has some merits on safety issues
over liquid electrolyte. Commercially available lithium-ion-batteries show internal resistance of the value as
small as less than 100 mQ, which is much smaller than the value obtained for interface of LiCoO,/LiCF;SO,-
PC. Extremely large interfacial area introduced by composite electrode using fine powders of active materials
suppresses the explicit contribution of the impedance of interfacial-lithium-ion transfer to total impedance of

commercial lithium-ion-batteries.
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Fig. 1 Schematic reactions of lithium-ion batteries
composed of graphite and LiCoO..
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Fig. 2 Reactions in lead-acid batteries.
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Fig. 3 Reaction steps of discharge of lithium-ion
batteries composed of graphite and LiCo0,.
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Fig. 4 Interfacial impedance at the interface be-
tween thin film of LiCoO, and 1M LiCF;SO5/PC.
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Fig. 5 Model interface composed of LaggsliossTi05
and PEO,,-LiCF;SOs.

20045128 $£1% $£15]

Bulk LaggeligasTiO;  PEO-LICF,SO,  Laggslio5TiO5 / PEO-
grain boundary __/ Li interface LiCF3SO; interface
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Fig. 6 Assignment of electrochemical impedance
spectrum for the system of Fig. 5.
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Fig. 7 Interfacial conductivities at interfaces
(a) OHARA Glass / PEO,-LiCF3;S0O3;and (b)
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Fig. 8 Interfacial conductivities at interfaces
(a):LagssliossTiO5 / PC-LICF;S0O5; and (b):OHARA
Glass / PC-LiCF3SOs.
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