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Safe, stable and high capacity cathodes for lithium-ion batteries using a unique materials gradient.

The Invention

A unique method to control the composition gradient of materials in lithium-ion cathodes. The material particles
created using this method are nickel-rich on the inside for a high capacity battery, and manganese-rich on the exterior
surface for increased safety and stability.

The process includes combining a first transition metal compound with a second transition metal compound to form a
transition metal source solution, and combining that solution with a precipitating agent to form a precursor solution.
The radius of precipitating particles consists of a transition metal oxide core and at least two layers of transition metal
oxide. The particles have a transition metal concentration gradient in which the ratio of the first transition metal to the
second transition metal is inversely proportional to the radius of the particle over at least a portion of the radius. The
transition metal used in the first and second transition metal compounds include manganese, cobalt, nickel, chromium,
vanadium, aluminum, zinc, sodium, titanium or iron. The first and second transition metal compounds can also include,
but are not limited to, metal sulfates, nitrates, halides, acetates or citrates.

Benefits

» Creates a gradient of different materials for increased safety
and stability;

» Gradient runs throughout the entire radius of the particle;

» Particles are ideally small, 10-20 microns in size; and
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» Leads to high-capacity batteries.
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The particles can be used to create composite cathodes in
batteries for

» Electric and plug-in hybrid electric vehicles;

» Portable electronic devices;

» Medical devices; and
(A) Calculated concentration profile depicting the relative

» Space, aeronautical, and defense-related devices. concentration of Mn and Ni fed to the reactor as a function of
time. (B) Cartoon qualitatively illustrating the transition metal
composition at the surface and interior of a particle formed
with a continuous gradient in concentration from Ni-enriched
in the center to Mn-enriched at the surface.
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Developmental Stage

Reduced to practice

Availability

Available for licensing
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