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supports, separation membranes, tissue engineering scaffolds, controlled release matri-
ces, responsive and smart materials) and are being used as templates for porous ceramics
and porous carbons. The surge in the research and development of porous polymer sys-
tems is a rather recent phenomenon. PolyHIPEs are porous emulsion-templated polymers

{’(?r’x)srizlymers synthesized within high internal phase emulsions (HIPEs). HIPEs are highly viscous, paste-
Emulsion templating like emulsions in which the major, “internal” phase, usually defined as constituting more
High internal phase emulsions than 74% of the volume, is dispersed within the continuous, minor, “external” phase. This
PolyHIPEs review focuses upon the recent advances in polyHIPEs involving innovations in polymer
Polymer chemistry chemistry, macromolecular structure, multiphase architecture, surface functionalization,
Emulsion stabilization and nanoparticle stabilization. The effects of these innovations upon the natures of the

resulting polyHIPE-based materials (including bicontinuous polymers, nanocomposites,
hybrids, porous ceramics, and porous carbons) and upon the applications involving poly-
HIPEs are discussed. The advances in polyHIPEs described in this review are now being used
to generate new families of porous materials with novel porous architectures and unique
properties.

© 2013 Elsevier Ltd. All rights reserved.
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1. Introduction
1.1. Porous polymers

Porous materials have been shown to be useful for a
wide range of applications [1,2]. Porous polymers are a sub-
set of porous materials that take advantage of the ease of
processability associated with polymers to generate mono-
liths, films, and beads, often with well-defined porosities
and high specific surface areas (SSAs). Porous polymers
are of interest for such applications as microelectronics,
biomedical devices, membrane processes, and catalysis
as well as for precursors that can be used to synthesize
porous ceramics or porous carbon. This paper, a review of
recent (2009-2012) work in emulsion-templated porous
polymers, will use the pore size classifications adopted by
the International Union of Pure and Applied Chemistry:
microporous (less than 2 nm), mesoporous (between 2 and
50 nm), and macroporous (greater than 50 nm).

The high level of interest in the research and develop-
ment of porous polymer systems is a recent phenomenon,
as seenin Fig. 1 (left-hand y-axis). Fig. 1 presents the results
of a relatively restrictive literature search for articles that
contain both “porous” and “polymer”. Until 1990 there
were only a few tens of articles per year that fulfilled this
criterion. In 1991, the number of articles that fulfilled this
criterion “jumped” to several hundreds. The number of arti-
cles per year that fit this criterion has increased rapidly
over the last 20 years, with over 2200 articles in 2012.
On one side of the pore size spectrum, there is increasing
interest in glassy polymers with inherent microporosity
[3]. On the other side of the pore size spectrum, there
is increasing interest in macroporous polymers generated
using phase separation techniques and in polymer foams
with millimeter-size pores [4].

There are several templating methods that can be
used for the production of porous polymers, including

block copolymer templating and colloidal templating.
The removal of one of the nanometer-scale phases in
microphase separated block copolymers can be used to
generate mesoporous polymers [5]. In a typical colloidal
templating scenario, a biphasic system is generated and
then the continuous phase (or, in the case of bicontinuous
systems, one of the co-continuous phases) is polymerized
[6]. The colloidal entities serve to create porosity in the final
polymeric material and are removed following polymer-
ization. Depending on the nature of the colloidal system
employed (emulsions, microemulsions, solid particles, or
breath figure droplets), the characteristic pore size can
range from a few nanometers to hundreds of micrometers.

1.2. HIPEs and polyHIPEs

PolyHIPEs are porous emulsion-templated polymers
synthesized within high internal phase emulsions (HIPEs)
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Fig. 1. The number of publications per year resulting from a topic search
for: (left-hand y-axis) both “porous” and “polymer”; (right-hand y-axis)
“polyHIPE”.
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