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We have developed elemental technologies of lithium-ion batteries for
backup power supplies in telecommunication equipments for which valve-
regulated lead-acid batteries are used now. We introduced phosphazene as a
fire retardant in organic electrolytic solution. Consequently, the safety
performance for the lithium-ion cells improved quite well, and we also
developed a new electrolytic solution system with the fire retardant showing
less manganese dissolution. These results are expected to support to develop

lithium-ion batteries with long life and safety.
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Fig.1 Molecular structure of cyclic phosphazene.
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Fig.2 Relationship between flame retardant content and electric
conductivity for electrolytic solutions.
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Fig.3 3CA discharge characteristic for 18650 cell with and without flame
retardant.
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Fig.4 Discharge rate characteristic for 18650 cell with and without flame
retardant at 25°C.
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Table 1 Burning test result of electrolytic solution with flame retardant.
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Fig.5 Burning test of electrolytic solution.
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Table 2 Result of safety test with 80 Ah-class cell.
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Fig.6 Life test by float-charging at 4.1 V.
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Table 3 Cell and electrode capacities before and after float-charging test.

1EH EA1E (mAh) HEx% (mAh) fEAE% (mAh) ME—FE% (mAh)
Eith (41—3.0V) 652 (100) 379 (58) - —
E4E (4.2—3.0V vs Li/Lit) 767 (100) — 390 (51) 716 (93)
&% (0—1.0V vs Li/Lit) 853 (100) — 0 (0) 702 (82)
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Fig.7 Dissolution of Mn from Mn-based positive electrode.
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