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Applications
The use of porous electrodes in batteries improves energy and power density in various types of
batteries, including primary and rechargeable lithium-ion batteries.

Problem Addressed
The pore space in rechargeable batteries has a high tortuosity (eﬀective path length over projected
path), which causes energy density of the battery to be limited at a given power level. Current
design and fabrication methods of rechargeable lithium-ion batteries involve manufacturing thin
laminates of powder-based electrodes, which are highly compressed, and subsequently infused with
inorganic liquid electrolytes. Although powder-based electrodes are the lowest-cost forms of metal
oxide or carbon-based electrode-active materials, such electrodes have a substantial amount of
electrochemically-inactive material. This invention uses a high volume fraction of electrode-active
material, in which the existing porosity, which is ﬁlled with electrolyte, has a low tortuosity in the
primary direction of ion transport during charge and discharge of the battery. The use of low
tortuosity electrodes while also maintaining high active materials volume fraction compensates for
the decrease in energy density of the battery created with highly porous electrodes.

Technology
This invention describes a design and manufacturing process of aligned-porosity, high energy
density and low tortuosity electrodes. Such electrodes are manufactured by a directional freezecasting process that involves a ceramic suspension of solid particles in a liquid, producing
unidirectional crystals. The invention also provides means to manipulate the porosity and
microstructure of the ceramic structures by changing the processing parameters such as initial slurry
concentration. Additionally, additives can be mixed in the ceramic slurry to modify the crystalline
structure of ice. After subsequent freeze drying, these changes are replicated in the ceramic
structure and lead to improved performance of the ﬁnal product.

Advantages
Increases energy density
Low tortuosity
Maintains high active materials volume fraction
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