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Ice-templating, also known as freeze-casting, has become over the past 15 years a well-established
materials processing route [1]. The underlying principles—the segregation and templating of particulate
suspensions by growing crystals—are generic, resulting in a variety of ice-templated porous and
dense materials. If ceramics (including soils in cold regions! [2]) were among the first ice-templated
materials, all types of materials have now been ice-templated, from ceramics to polymers, metals [3],
gels, carbon-based materials such as graphene or carbon nanotubes, and even food (cocoa! [4]) and
drugs such as ibuprofen [5]. Such broad applicability has accelerated progress and understanding in
the field.

Most of the early work focused on assessing the applicability of ice-templating to a new system:
what are the requirements for the suspension to be frozen? What do the porous structures looks like
(porosity content, pore morphology)? To which extent can the microstructure be adjusted? Is there
something unique about such structure that cannot be achieved otherwise? Such work was tedious
and yet required for further progress.

Ice-templated ceramics, whether traditional or advanced, have been particularly investigated, for
an ever-broadening range of structural or functional properties. Although many proof-of-principle
studies have been reported and most of the underlying physics understood, there is still a lot to explore,
in particular before ice-templated ceramics and ceramic composites may eventually find their way in
applications. Studies in the recent years have focused in particular on two critical aspects:

• Development of processing routes associated to specific functional properties, morphologies,
or applications (tubes, membranes, beads, thin films, etc.).

• Assessment of functional properties, in particular in the application environment. However, little
attention has been paid so far to reproducibility and reliability.

The papers presented in this topical issue are excellent examples of such recent progress and
where the field is going. Su et al. [6] reports how radial-concentric architectures can be obtained by
ice-templating. Such complex, bioinspired architectures are difficult to achieve by the traditional
processing routes for porous ceramics, and are thus a good example of the benefits of ice-templating.

If most of the ice-templating studies are focused on properties related to the porosity (strength,
permeability, pores interconnectivity), Ellis et al. [7] show how ice-templating can also be beneficial for
a very different property, thermal expansion, and used ice-templating to prepare a composite material
with near-zero thermal expansion. The composite is prepared by ice-templating a first compound
(Al2W3O12), before infiltrating the porous scaffold with a second phase (PMMA). This strategy has
often been used to prepare composite materials for structural applications, with excellent results. This
work thus shows that different functional properties can be targeted with this class of materials.

Three of the papers of this issue are focused on demonstrating the benefits of ice-templating for
specific applications. Gaudillere et al. [8] investigated how ice-templating can be used to prepare oxygen
permeation asymmetric tubular membrane. This particular application has been identified as promising
for ice-templated ceramics, with studies reported from different groups [9,10]. One of the benefits of
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ice-templating reported here is the possibility to prepare membranes with radial oriented porosity,
which lowers the pressure drop across the membrane. Papa et al. [11] investigated geopolymers,
a material class on which only few ice-templating studies have been reported, and demonstrate
how ice-templated geopolymer—Fe/Mn oxide composites could find application as oxygen carrier.
Although not a ceramic system (let’s be open!), Rogers et al. [12] reports how MOF/polymer composites
could be used for water remediation, and illustrate the proof-of-principle of the approach with
the adsorption of an herbicide methylchlorophenoxypropionic acid (MCPP) from aqueous solution.
Of particular interest is the recyclability of the materials.

Finally, Niksiar et al. [13] expose in a detailed review paper recent progress made on the application
of external fields (electric, magnetic, but also acoustic) to control in situ the microstructure formation
in ice-templating processes. Because of the electric surface charges of ceramic particles (and of ice),
the application of such fields is an elegant approach to control the interactions between the particles
and the moving solidification front as well as the particles organization in the suspension, which
impacts the resulting microstructures and architectures. Distinct gradient, core–shell, ring, helical, or
long-range alignment of microstructure can thus be achieved. Such structural features have proven
useful, in particular to improve the mechanical properties, as they improve the microstructural
homogeneity and reduce the overall number of structural defects. A benefit of this approach, typical of
ice-templating, is the combination with other processing strategies.

There is still a lot to explore, in particular before ice-templated ceramics and ceramic composites
may eventually find their way in industrial applications. In particular, in addition to the points listed
above, progress is needed in the following areas:

• Fundamental understanding and control of the process, in particular for the control of textures and of
composites microstructures: the distribution and organization of particles (in particular anisotropic
particles), the phase distribution, the development of microstructural defects in ice-templated
structures. The development of novel strategies, such as reported in the review paper of Niksiar
et al. [13], are useful to better understand the physics of ice-templating, which will eventually
lead to a better control of the materials processes and properties.

• Combination of ice-templating with traditional ceramic processing and scale up. Although several
processing routes have been successfully combined with ice-templating (tape-casting [14], spray
drying), many routes can still be explored. Very little effort has been paid to investigate scale-up
of the current ice-templating routes, although this will be one of the keys for a successful transfer
of these approaches from the lab to successful industrial applications.

There is plenty of room for more freezing studies.
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