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Lithium ion batteries have been increasingly requested to have higher power and
energy density to be used as the power sources of higher performance mobile tools and
further as the power sources of hybrid electric vehicles.

The binder resin to be used in such higher performance batteries is also required to
improve its performance.

To meet such demand we have developed a new type of anode binder resin having
lower swelling and higher adhesive properties.

A small amount of the new binder resin can afford good electrode properties even
when the specific surface area of the active materials used is large. As it can maintain
high capacity even with higher electrode density, the new binder resin will be able to
improve the capacity of lithium ion batteries.
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Fig. 1 Structure of a lithium ion battery and the function of binder resin
Binder resin binds an active material to the other active material or the
current collectors to form a conductive network.
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Fig. 2 Disruption of a conductive network by the swelling of binder resin
Swelling of the binder resin by electrolytic solution causes disruption of a
conductive network to impede charging and discharging.
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Fig. 3 Relationship between the solubility parameter of electrolytic solution
and the degree of swelling of the binder resin

Degree of swelling increases when the solubility parameters of both binder
resin and solvent are near.
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Fig. 4 Relationship between the degree of swelling of the binder resin and the
residual discharge capacity of a battery after 50 cycles of discharge

Excessive swelling of the binder resin will lead to the degrease in discharge
capacity.
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Table 1 Degree of swelling of several binder resins by electrolyte solution
The newly developed binder resin showed far better one order of magnitude
resistance to the swelling by electrolyte solution.
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Fig. 5 Timing and mechanism for the binder resin to cover active materials
The following must be the three main :

(1) adsorption during the preparation of anode slurry, (2) melt adhesion during

drying, and (3) segregation during drying.
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Fig. 6 Evaluation of direct current resistance(DCR)
The electrode with our new binder resin has smaller DCR than that with the
cnventional binder resin(PVDF).
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Fig. 7 Evaluation of the permeability of electrolyte solution into electrode
Electrode prepared with our new binder resin has the highest permeability.
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Fig. 8 Evaluation of the specific surface area of various electrodes
The electrode with our new binder resin has a larger specific surface area
than those with the conventional binder resins.
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Fig. 9 Evaluation of the adhesive property of various electrodes
Our new binder resin showed better adhesive property with smaller amount.
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Fig. 10 Discharge rate characteristic of the electrodes having different density
The electrodes prepared with our new binder resin showed higher discharge
capacity at higher discharge rate.
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