LITHIUM ION BATTERIES USING DISCRETE CARBON NANOTUBES, METHODS
FOR PRODUCTION THEREOF AND PRODUCTS OBTAINED THEREFROM

[0001] This application claims priority to U.S. Provisional Patent Application Serial
No. 61/500,560, entitled “LITHIUM ION BATTERIES USING DISCKETE CARBON
NANOTUBES, METHODS FOR PRODUCTION THEREOF AND PRODUCTS
OBTAINED THEREFROM,” filed on June 23, 2011, the entirc content of which is hereby

incorporated by reference.
FIELD OF THE INVENTION

[0002] The present invention relates generally to the field of improved technologies
for lithium batteries. In some embodiments, the invention relates to discrete carbon

nanotubes having crystals or layers of lithium ion active materials attached to their surface.
BACKGROUND

[0003] Lithium batteries are used extensively for portable electronic equipment and
are increasingly being used to provide electrical back-up for wind and solar energy. The
commercially used lithium ion (Li-ion) rechargeable batteries based on cobalt, nickel or
manganese oxides for the cathode materials are known for their poor electrical conductivity
and poor clectrochemical stability which results in poor cycling (charge/discharge) ability.
Olivine structures such as lithium iron phosphate, LiFePO4 or lithium manganese phosphate,
LiMnPOy, operate at higher charge and discharge rates, but are still limited by low electrical

conductivity and the Kinetics of Li-ion diffusion.

[0004] Attempts to overcome the above deficiencies have included synthesis of nano-
sized crystals, termed nanocrystals, of lithium salts as well as mixtures of lithium salts and
carbon nanotubes. Even though the mixtures of carbon nanotubes and nanocrystals of lithium
salts show improvements in charge/discharge rates, the carbon nanotubes previously
employed are not considered to be essentially discrete, i.e., individual uniformly dispersed
tubes. Carbon nanotubes as conventionally made by gas phase reaction result in a tangled
bundle of tubes with particle diameters ranging from 50 to 200 micrometers. Also, the
lithium nanocrystals are not ionically or covalently attached to the surface of the discrete

carbon nanotubes to provide for intimate electron transfer and enhanced mechanical strength
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