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Solid-State Reaction Heterogeneity During Calcination of Lithium-lon Battery Cathode
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High-temperature calcination used for Li-ion battery
particle synthesis is chemically imaged. Various parallel
Li-rich and serial combinations of heterogeneous reactions, such
as the thermal aerobic/anaerobic decomposition, Li;COs
decomposition, Li»-O insertion/diffusion, and O,
insertion/diffusion, prevail during the calcination reaction.
The anaeraobic decompasition of the precursor core slows
down Li>-O incorporation.
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Solid-State Reaction Heterogeneity During Calcination of Lithium-Ion
Battery Cathode
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Intra-particle configuration
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Temperature

600 °C(*)

O-rich

wmm CO,release

b Li-rich

Li-poor

Li2CO;  Lj,NiO,.,

d Core-shell
distribution of Li*,-02~

Li,0

Li,0

e Uniform
distribution of oxygen
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Core Shell
o On the surface, ambient oxygen drives
the oxidation of Ni(OH), to NIOOH and
the release of H,0.
Q Without oxygen, Ni(OH), in the core
decomposes to NiO and H,0.
o Evolution of water vapor induces

cracks through which the vapor
diffuses outwards.

Core Shell

o The oxidized NiOOH layered phase initiates
lithium insertion from the adjacent Li,CO;
and lowers the calcination barrier.

9 Li,CO;3 decomposes into CO, and Li,O
and the incorporation of Li,O begins at the
solid-solid interface.

thhlum map Oxygen map
o | [l | ||
Core Shell ; Core Shell Core Oxidation state  Shell

o Li-O preferentially diffuses
along the O-rich (layered)
shell.

@ O-poor (rock salt NiO) phase
limits the Li,-O transport.

* Persistent NiO at the core
creates Li,-O diffusion front.

« Inner diffusion of lithium is
sluggish, resulting in a core-
shell distribution of Li,-O.

« Lithium sources not in contact
with a particle surface result in
evaporative losses.

+ Accelerated ambient oxygen
transport via Co and Mn results
in homogenous oxidation states
of all transition metals within the
particle. However, the oxygen is
still deficient for Ni.

« Surface oxygen uptake is still in
progress.
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