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Porous polymers are gaining increased interest in several areas due, in great part, to their large surface area and unique
physiochemical properties. Porous polymers are conventionally manufactured using specific processes related to the chemical
structure of each polymer. With the wide variety of porous polymers that have been designed, fabricated, and tested to date, this
review aims to provide an overview of the advances and recent progress in the preparation processes and fabrication techniques.
A detailed comparison between these techniques is also provided. Some of these techniques offer the advantage of controlling
the porosity and the possibility to obtain porous 3D polymers. A new generic fabrication process that can be applied to all
liquid polymers to texture their outer surfaces with a desired porosity is also presented. The proposed process, which is based
on two micromolding steps, offers flexibility in terms of tailoring the texture of the final polymer by simply using porous silicon
templates with different pore sizes and configurations. The anticipated process was successfully implemented to texture polyethyl
hydrosiloxane (PMHS) using porous silicon and polymethyl methacrylate (PMMA) scaffolds.

1. Porous Polymers: Importance
and Applications

For the sake of understanding the motives behind the
interest in porous materials in general and particularly in
porous polymers, one must first comprehend the inherent
significance of the presence of these pores in polymers and
how these pores qualify polymers to be excellent candidates
for a wide variety of applications nowadays. Accordingly, a
number of applications will be mentioned in the following
section for the purpose of highlighting why the usage of
porous polymers is a promising exercise.

As a beginning, porous polymers are extensively being
used for the production of separation membranes [1]. A
membrane plays the role of a selective barrier whose structure
and function vary with the change of the geometry, cross
section structure, and the pore size in the membrane [2].

Consequently, membranes can be classified according to
their nature, geometry, and separation regime which in turn
are influenced by the characteristics of the pores. Hence,
depending on the pore sizes and features, these membranes
were found handy in several industrial applications such
as microfiltration, ultrafiltration, reverse osmosis, and gas
separation. For instance, microfiltration is used for parti-
cle removal including sterile filtration. Moreover, reverse
osmosis is employed for the production of ultrapure water,
including potable water. Meanwhile, ultrafiltration is used for
many concentration, fractionation, or purification processes
[2]. As for the gas separation, it is utilized for air separation
or natural gas purification. Even though membranes can
be made from organic (polymeric) and inorganic (ceramic,
metal) material [3], polymeric membranes seem to dominate
the industrial applications for several reasons. The primary
reason is attributed to the fact that various kinds of polymeric
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materials are available commercially. Furthermore, polymers
can be used to form different types of selective barriers
(porous, nonporous, and charged). Equally important, with
the use of polymers, large membrane areas of different shapes
can be made with reasonable costs and various versatile
fabrication techniques [4].

Another prominent field where porous polymers are
starting to be indispensable is the field of tissue engineering
[5–8]. Tissue engineering imposes techniques frommaterials
engineering and life sciences for the purpose of replacing,
regenerating, maintaining, and/or improving the function of
tissue [9]. The approaches that are adopted in tissue engi-
neering for the purpose of fulfilling the previouslymentioned
aims include planting cells inside the body, supplying the
tissue with factors encouraging its growth, and locating cells
on or embedding them within matrices. However, the latter
approach is the most popular when it comes to tissue engi-
neering as it uses natural or synthetic extracellular substrates
as place on which living cells are implanted. This in turn
causes the generation of implantable pieces of the organism.
Those extracellular substrates are referred to as scaffolds
which are defined as porous three-dimensional materials
that promote cell growth and proliferation (Figure 1). It is
noteworthy tomention that these scaffolds are temporary and
are biodegraded when they serve their intended function [6].

In order for scaffolds to meet the requirements of tissue
engineering, they should have definite characteristics. The
most important of those are being biodegradable as well as
biocompatible, having large surface area-to-volume ratios,
having high porosities, and possessing proper mechanical
strengths. Several biomaterials are found to be biocompatible
but not all are biodegradable or bioresorbable. Due to this
fact, it was clear that the biomaterials that are suitable
to produce bioresorbable scaffolds are either biodegradable
polymers or biodegradable ceramics whereas metals and
composites are not used in this context since they do not own
the required features. However, the inherent brittleness in
the ceramics limits their use as a proper material for scaffold
fabrication [7]. Having said so, porous polymers seem to
be the best candidate for the production of those scaffolds
knowing that they best fulfill the various required features to
obtain the proper scaffold.

Nonetheless, porous polymers have significantly partici-
pated in the advancement of the microelectronics field [10].
This was made possible by the use of a special class of
polymers called block copolymers. A block copolymer is a
combination of two or more polymers joined end to end [11].
The factor that makes the self-assembling block copolymers
an extremely attractive material choice for applications in
microelectronics is that they can play the role of sacrificial
templates, just like photoresists, and thus can be employed
as a powerful tool for patterning integrated circuit elements
[10]. The next section presents the different classes of porous
polymers. In Section 3, we review the different fabrication
processes used to prepare porous polymers. In Section 4, a
comparison between these techniques is discussed. Finally, in
Section 5, the proposed generic technique to prepare porous
polymers is presented.

2. Classification of Porous Polymers

Extensive research has been performedwith polymeric mate-
rials exhibiting different levels of porosity. Attractiveness of
porous polymers is due to their unique properties such as
high surface area and other phenomena arising from the
spatial dimensions of the material [12]. Porous materials
are usually characterized by their size distribution, shape,
pore size, extent of interconnectivity, and total amount of
porosity. Depending on the application of the porousmaterial
to be produced, the dimensions and characteristics of the
pores are varied [13]. Pores have been classified, according
to the International Union of Pure and Applied Chemistry
(IUPAC) definition, as micropores (widths smaller than
2 nm), mesopores (widths between 2 and 50 nm), andmacro-
pores (widths larger than 50 nm) [14]. Since “nano” stands for
sizes ranging from 1 to 100 nm, all of the above three kinds of
porous materials can be designated as nanoporous materials.
However, inmost of the literature, nanoporousmaterials refer
to mesoporous and/or microporous materials [15].

2.1. Mesoporous Polymers. Members of this novel class of
polymers are prepared either by soft-templating approach
using organic surfactant molecules as templates (e.g., block
copolymer or surfactant micelles) or through a hard-
templating approach using inorganic hard matter as tem-
plates (e.g., mesoporous silica or silica nanoparticles) [16].

There are a number of promising applications for meso-
porous polymers including their use as catalyst supports, or
evenmetal-free catalysts, in membrane synthesis, separation,
and purification. For instance, mesoporous phenolic resins
formed by soft templating have been frequently used for the
preparation of mesoporous carbons via calcification. On the
other hand, mesoporous polymeric carbon nitrides prepared
by heating precursors in the presence of silica templates
have been shown to be organic semiconductors, which can
be employed as metal-free photocatalysts for overall water
splitting and other photocatalytic reactions [16].

2.2. Microporous Polymers. In general, polymers possess
plentiful conformational and rotational flexibilities which
enable them to maximize intermolecular and intramolecular
cohesive interactions and packing space efficiently in the
solid state. Consequently, the free volume within a polymer,
which is the space within the material not occupied by
the polymer molecules, can vary remarkably due to certain
factors (physical state, molecular structure, recent history,
etc.). Hence, if the material owns a sufficiently large free
volume, interconnectivity will occur, and microporosity will
be significantly presented [14].

It is possible to differentiate between three classes of per-
manentmicroporous polymers: hyper-cross-linked polymers
(HCPs), polymers of intrinsic microporosity (PIMs), and
crystalline covalent organic frameworks (COFs) [16].

In HCPs, a large amount of excess free volume can be
obtained by the formation of what is called a hyper-cross-
linked network polymer within a solvent-swollen polymer
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Figure 1: Tissue engineering approach that uses scaffolds for the purpose of regeneration of new tissue. The cells are first cultured in vitro
under specific conditions on the porous scaffold which, after that, is implanted inside the body. Scaffold is eventually bioresorbed and the
space occupied by it is replaced by new tissue that is produced by the cells [7], with permission from Springer.

gel, which, after the removal of the solvent, produces amicro-
porous material. The most investigated class of microporous
polymers prepared using this concept is based on hyper-
cross-linked polystyrene resins [14]. The cross-linking of the
polymer chain is obtained by using Friedel-Crafts reaction
between a cross-linker (typically dichloromethyl hydrocar-
bons) and the phenyl rings of the polymer [16]. Applica-
tions for hyper-cross-linked polymers include adsorption,
substrates for chromatography, supports for catalytic metal
nanoparticles, and hydrogen and methane storage [14].

As for PIMs (Figure 2), which represent a novel class of
polymer based organic microporous materials, the micro-
porosity originates from their interconnected free volume
[16]. As a matter of fact, the specific volume of a polymer,
𝑉, is a combination of the volume occupied by the polymer
molecules as well as the free volume of the material. The
volume occupied by the polymer molecules can be calculated
as the specific van derWaals volume (𝑉

𝑤
). Additionally, since

even in a perfectly ordered crystals the molecules cannot fill
completely the spaces, a part of the volume of the polymer
is referred to as the free volume. Accordingly, for a polymer,
𝑉 increases linearly with temperature. Whatsoever, when the
glass transition temperature (the temperature below which
the polymer is in a glassy state and abovewhich the polymer is
in a rubbery state) is reached, a change of slope takes place in
a way that the expansion coefficient is higher in the rubbery
state than that in the glassy state. This transition is highly
affected by kinetics where it is found that a small increase
in the rate of cooling results in a very high increase in the
glass transition temperature. Having said so, it was found that
if a sample polymer is rapidly cooled and maintained at a
temperature slightly below the transition glass temperature
the result will be the formation of an excess free volume that
is trapped due to rapid cooling and that is slowly lost through
physical aging. In other words, if enough excess volume can
be imprisoned within an amorphous polymer, a microporous
material will be formed. Applications of PMIs involve gas
separation membranes, adsorption, heterogeneous catalysis,
and hydrogen storage [14].
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Figure 2: (a) Chemical structure of PMI-I. (b) Molecular model of
PMI-I. Reprinted from [16], with permission from Taylor & Francis.

Yaghi et al. [17] pioneered the work concerning modular
metal organic frameworks (MOFs), and their achievement
was a turning point that assisted in the development of alter-
native porous materials in the form of organic frameworks
for a wide variety of applications. MOFs are constructed
of metal or metal oxide vertices connected by organic link
molecules containing functional groups. Regardless of the
fact that MOFs have obvious advantages over other porous
materials owing to their larger internal surface areas, they
exhibit an essential drawback in relation to the presence
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Figure 3: SEM image ofmacroporous poly(N-isopropylacrylamide;
PNIPA) network. Reprinted from [23], with permission fromTaylor
and Francis Group.

of “heavy” metal atoms within their frameworks increasing
the weight of their structure. Covalent organic frameworks
(COFs) on the other hand rectify this shortcoming since
theirmolecular frameworks consist of light elements (carbon,
boron, hydrogen, and oxygen) that reduce the relative weight
of the structure [18]. The initially synthesized COF, named
COF-1, is obtained from the molecular dehydration of 1, 4-
benzenediboronic acid (BDBA) [19]. COFs revealed great
capabilities for application in the field of hydrogen storage
and capture of carbon dioxide [20].

2.3. Macroporous Polymers. As defined by the International
Union of Pure and Applied Chemistry (IUPAC), macrop-
orous polymers have pores in the range of 50 nm to 1 𝜇m.
Macroporous polymers are formed by free-radical cross-
linking copolymerization of vinyl-divinyl monomers with
the existence of an inert diluent. The design of the pore
structure and the resulting macroporosity are dependent on
this diluent which acts as a pore forming agent. The diluent
could be a solvent, a nonsolvent, or a linear polymer [21]. For
instance, during the formation of macroporous polymers by
the suspension polymerization of styrene and divinylbenzene
(DVB), the diluent is miscible with the monomers but is also
a relatively poor solvent for the polymer. As the polymer
forms, and due to its poor solubility in the diluent, it
precipitates as a separate phase in the polymerizing droplet
(phase separation) and the remaining space is filled by the
diluent. The result is a bead with high internal surface area
permeated with large pores. The final polymer bead can
be described as a loose aggregate of tiny submicron-sized
particles with the interstitial volume between those particles
constituting the porosity [22]. Figure 3 depicts the typical
morphology of a macroporous network formed by phase
separation polymerization.

Further, depending on the type of method used to
form the macroporous polymer, different forms are pro-
duced each of which is used in a specialized application.
Other than phase separation, different approaches to prepare
macroporous materials include freeze-drying, porogenation,
microemulsion formation, and gas-blowing technique. For
example, macroporous gels are used for isolation of small

molecules from the solutions containing suspended mate-
rials, monolithic macroporous polymers are employed as
chromatographic matrices, macroporous beads are used in
chromatographic separation of plasmid DNA, and macrop-
orous polymeric scaffolds are engaged in tissue engineering
applications [23].

3. Fabrication of Porous Polymers

As the demand for porous polymers with more complex
structures and functions has elevated, so has the capability
to manufacture such polymers with tunable properties and
a diversity of pore characteristics. Accordingly, there is a
range of methods that can be utilized to prepare porous
polymers. These methods include (1) gas foaming, (2) phase
separation (immersion precipitation, chemically induced
phase separation, and thermally induced phase separation),
(3) small liquid drops templating (emulsion templating,
bicontinuous microemulsion templating, and breath figures
templating), (4) colloid crystal templating, (5) templating via
self-assembled structures (templating via phase separation
of block copolymers and using polymer with rod-coil struc-
ture), (6) molecular imprinting, and (7) biotemplating using
natural biological templates. These techniques of synthesis
will be explained below, but it would be beneficial before
that to clarify the meaning of a certain expression called
“porogen.” A porogen is a substance that can be used as a
template and then removed to generate pores [14]. Porous
polymers are produced as a result of incorporating the
porogen into the polymer and then removing it. It is also
notable to mention that the porogen may have various forms
where it may be, for instance, in the liquid or in the gaseous
form. The average pore sizes that have been achieved using
the most common of these processes are summarized in
Figure 4.

3.1. Gas Foaming. Polymeric foams can be described as
multiphase materials characterized by a solid continuous
matrix surrounding a gaseous phase [24]. In other words,
polymer foams are porous polymers filled with a very high
volume fraction of gas-filled pores [25]. Throughout the
years, foams have been incorporated in several applications
such as acoustic and thermal insulation, as well as tissue
engineering (TE) scaffolds [24].

For the majority of polymer foams, gaseous media are
employed for creating the foams. Gas foaming has been com-
monly utilized to obtainmicrocellular foams of thermoplastic
polymers such as polymethyl methacrylate and polystyrene,
but it was not until 1994 that this method was used, by
Gualandi, for the production of PLA

50
GA
50

scaffolds for
tissue engineering [7].Hence, foaming of polymerswith gases
or supercritical fluids allowed the successful production of
microcellular polymers [26].

First, it is worth mentioning a comprehensible definition
of a supercritical fluid (SCF). There are two considerable
definitions in this field. The first one is defined by Baiker
who thought that in order to be given the term supercritical a
fluid’s temperature must exceed the critical temperature (𝑇

𝑐
),
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Figure 4: Pore sizes obtained from the most common techniques
used for the fabrication of porous solids. Reprinted from [23], with
permission from CRC press.

regardless of the pressure [27]. On the other hand, Darr and
Poliakoff described a SCF as “any substance, the temperature
andpressure ofwhich are higher than their critical values, and
which has a density close to or higher than its critical density”
[28].

Supercritical carbon dioxide (scCO
2
) is the most com-

mon substance employed, which, once turned into the gas
phase, acts as a porogen to generate pores within a polymer
[7]. Supercritical carbon dioxide is an ideal and clean blowing
agent, because CO

2
is chemically stable and nontoxic. Addi-

tionally, it has a mild critical temperature (31∘C), moderate
critical pressure (7.38MPa), and a relatively high solubility in
polymers [29].

This technique is based on three main steps. First, the
polymer is saturated with the supercritical fluid at constant
temperature and pressure [30]. The sorption of scCO

2
into

polymers results in their swelling and changes themechanical
and physical properties of the polymers. The most important
effect is the reduction of the glass transition temperature
(𝑇
𝑔
) of glassy polymer subjected to scCO

2
, often simply

called plasticization [31]. Then, the polymer/gas mixture is
quenched to the supersaturated state by either reducing the
pressure (pressure induced phase separation) or increasing
the temperature (thermally induced phase separation). Con-
sequently, the nucleation and growth of gas cells (pores),
dispersed throughout the polymer samples, elevate [30].
The apparatus used for the foaming process is portrayed in
Figure 5.

In other words, this method includes dissolving scCO
2
in

a solid polymer at high pressure, which results in generating a
low viscositymixture. Afterwards, depressurization decreases
scCO
2
solubility in the polymer and leads to the phase

transition of CO
2
from supercritical to gas. This is followed

by CO
2
bubble nucleation and nuclei growth, which result

in pores within the polymer. Accompanied with that is an
increase in the viscosity of the polymer-scCO

2
mixture,

enabling the gas to flee from the polymers, leaving behind
a solid structure with locked-in pores [31]. The procedure
and the resulting porous structure of the polymer foam are
illustrated in Figures 6 and 7, respectively.

With the use of CO
2
as a porogen, porous polymer

microparticles were produced, and it was shown that the pore
volume and surface area of the polymer microparticles could
be controlled simply by conducting the polymerization under
different pressures. However, the limitation of this technique
is that it was difficult to control with respect to changes in
porosity and pore interconnectivity [32].

3.2. Phase Separation. The second concept of creating pores
by the use of a porogen in organic polymers is based on
polymer-solvent phase separation processes. This technique
involves an initial phase separation followed by a solidifica-
tion to fix the morphology and finally the removal of the
minor separated phase [34].

Phase separation can be triggered during polymerization
and cross-linking in several ways. One method includes
adding a nonsolvent to a polymer-solvent mixture, and
this is termed the “immersion technique.” Another method
is when polymerization occurs in a monomer/nonsolvent
mixture resulting in the diminution of the monomer and the
induction of insolubility as a consequence.The last method is
known as thermally induced phase separation [25].

3.2.1. Immersion Precipitation. The immersion precipitation
process is nowadays widely used in industry to synthesize
polymeric membranes [35]. If a polymer-solvent mixture
(polymer solution) is immersed into a nonsolvent bath which
is nonsolvent to the polymer, precipitation will take place
[34]. In other words, this process includes placing a homoge-
nous polymer solution in contact with a nonsolvent. At the
interface between those two, an exchange of solvent (which
is present inside the polymer solution) and the nonsolvent
occurs.Note that the polymer should be soluble in one solvent
and insoluble in the other. Meanwhile, the two solvents
should be miscible. The polymer solution can be coated on a
substrate as a thin film and then immersed in the nonsolvent,
or the polymer solution can be cast in the nonsolvent bath
[14]. Accordingly, due to this exchange the solution will
separate into two phases, a polymer-rich phase and polymer-
poor phase (solvent-rich phase), due to the solvent diffusion
out of the polymer side to the precipitation bath and due
to the nonsolvent diffusion from the precipitation bath to
the polymer side [36] as illustrated in Figure 8. An adequate
amount of nonsolventmust be present in order to dissolve the
polymer solvent that traveled from the polymer on one hand
and in order to fill the space that was occupied by this solvent
in the polymer-rich phase so that a solidified membrane can
be designed. Subsequently, the removal of the nonsolvent
that has travelled to the polymer-rich phase will result in the
formation of the pores.
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Figure 5: Schematic drawing of foaming process apparatus. (a) CO
2
tank; (b) high pressure pump; (c) preheater (𝑃max = 350 bar and 𝑇max =

300
∘C); (d) vessel (𝑃max = 350 bar and 𝑇max = 300

∘C); (e) discharge valve. Reprinted from [30], with permission from Elsevier.
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2
foaming process. 𝑃
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Reprinted from [14], with permission from John Wiley & Sons.

10𝜇m

Figure 7: SEM micrograph of polystyrene foam. Supercritical CO
2

was used as a porogen. Reprinted from [25], with permission from
Elsevier.

Due to the diffusion of nonsolvent and solvent in and
out of the polymer solution, a ternary system is fashioned.
This system consists of the polymer, solvent, and nonsolvent
which can be represented by a ternary composition diagram
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Figure 8: Schematic diagram of immersion precipitation technique.
Reprinted from [85], with permission from Elsevier.

1 phase

2 phases

Polymer Crystallization 
glass transition 

or gelation

Spinodal

Binodal

Critical 
point

NonsolventSolvent
C

Figure 9: Schematic representation of a ternary phase diagram.
Reprinted from [36], with permission from Elsevier.

Figure 10: SEM photomicrograph showing the cross section
of a membrane prepared by immersion precipitation technique.
Reprinted from [35], with permission from Elsevier.

Freeze-drying

Figure 11: Freeze-drying for the preparation of porousmaterials. (a)
A solution is first frozen in a cold bath and (b) the porous material is
attained after the removal of the porogen via sublimation. Reprinted
from [14], with permission from John Wiley & Sons.

schematically presented in Figure 9. In this diagram, the
binodal curve marks a shift from the single-phase to the two-
phase region. The spinodal curve, on the other hand, demar-
cates themetastable and unstable composition regions. As for
the shaded area, it represents the composition region where
the viscous effects characteristic of the polymer solution may
occur. It is up to certain factors, such as the mass transfer
rates of the solvent and nonsolvent, to decide which path
the polymer solution will follow, the two-phase region or the
viscous effect region [36].

When the binodal curve is first attained, liquid-liquid
demixing takes place in the polymer solution resulting in
two phases, as mentioned previously, one rich in polymer
and the other polymer lean. Depending on the physico-
chemical nature of the system, different phenomena, such as
crystallization, gelation, or the crossing of glass transition of
the system, may occur. It is the type of phenomenon that
dominates during liquid-liquid phase separation that causes
the formation of membranes with different morphologies
[36].

During membrane formation (Figure 10), the liquid-
liquid demixing process often leads to a cellular morphology
with pores (developed from the polymer-lean phase) being
enclosed by a solid polymeric matrix (originated from the
polymer-rich phase) [35].

3.2.2. Thermally Induced Phase Separation. In addition to
inducing phase separation by bringing a polymer solution
into contact with a nonsolvent, thermally induced phase
separation (TIPS) is utilized to fabricate porous membranes
or microcellular foams [37]. In this method, the two phase-
separated regions (polymer-rich and polymer-poor phases)
are obtained when a single homogeneous polymer solution
(polymer dissolved in a dilutant),made at a high temperature,
is altered by the removal of thermal energy via cooling the
solution below the binodal or spinodal line [38].

Subsequent freeze-drying of the liquid-liquid phase-
separated polymer solution produces microcellular struc-
tures as a result of solvent removal [37]. Freeze-drying is a
process by which a solution is frozen in, or in contact with,
a cold bath and then placed in a freeze-dryer to remove
the frozen solvent, which acts as a porogen, under vacuum.
The porous structure is produced upon the removal of the
porogen by sublimation (a direct change from the solid to the
gaseous state) under vacuum [14], as illustrated in Figure 11.
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Figure 12: Schematic illustration of chemically induced phase separation technique to prepare macroporous thermosets. Reprinted from
[40], with permission from Springer.

3.2.3. Chemically Induced Phase Separation. Other techni-
ques of porous polymer synthesis involving controlled phase
separation include chemically induced phase separation.
In this technique, a two-phase morphology is generated
via a phase separation process, resulting from a “chemical
quench” [34]. Chemically induced phase separation (CIPS),
also known as “polymerization induced phase separation
(PIPS)” or “reaction induced phase separation (RIPS),” was
first proposed by Kiefer in 1996 [39].

According to Kiefer et al. [40], a change in the free
energy resulting in phase separation can also be achieved
by continuously changing the molecular weight of the poly-
mer, thus contributing to changes in the entropy. In this
methodology, a nonreactive, low molecular weight liquid
is used as a solvent for precursor monomers allowing the
components to be miscible before the curing process, in
order to produce a homogenous mixture. However, when
the curing process is initiated, the low molecular weight
liquid will become a nonsolvent, and the uniform precursor
system undergoes a phase separation into a polymer-rich,
continuous phase and a solvent-rich droplet phase. Strictly
speaking, the system will be phased into a solid, or a highly
cross-linked matrix encapsulating dispersed liquid droplets
[40]. The solvent-rich droplets will subsequently grow and
merge into each other. After phase separation, the liquid
phase should be removed by drying above 𝑇

𝑔
, thus leaving

a porous structure [34]. This technique was used for the
fabrication of macroporous thermosets (Figure 12) [40] and
for the synthesis of macroporous epoxy networks (Figure 13)
[34].

3.3. Small Liquid Drops Templating (Soft Templating). In this
section, the use of soft templates, small liquid drops in
specific, as templates for the fabrication of porous materials,
is demonstrated. In order for liquid droplets to be used as
templates, the materials around the droplets ought to be
solidified, and then this should be followed by the removal
of the water droplets. The latter is achieved by solvent
evaporation, which leads to the production of templated
porous materials [41]. In this part, emulsion templating, the
use of microemulsion templating for porous structures, and
the breath figures pattern are explained.

3.3.1. Emulsion Templating. Emulsion templating is a ver-
satile method for the preparation of highly porous organic

Epoxy precursor Curing agent Low molecular 
weight liquid

(1) Phase system
liquid

(2) Phase system
solid-liquid

Homogenous 
mixture

Macroporous 
epoxy

Freezing in
N2(l) and sealing

Curing and 
phase separation

Drying and after
curing

Figure 13: Schematic representation of the preparation method
of macroporous epoxy via chemically induced phase separation
(CIPS). Reprinted from [34], with permission from Elsevier.

polymers, inorganic materials, and inorganic-organic com-
posites [42]. In this strategy, preformed domains of a liquid
component are stabilized by a surfactant or a stabilizer
in order to prevent macroscopic phase separation [34].
Emulsions are two immiscible solvents mixed together with
one phase in the form of droplets dispersed in the other
phase [41]. Furthermore, an emulsion is made up mainly of
three different parts [34]: the continuous or external phase,
the dispersed or inner (aqueous) phase, and the surfactant.
For instance, an emulsion can be developed by dispersing
water droplets in an oil phase, known as water-in-oil (W/O)
emulsion, or dispersing oil droplets in water, known as oil-
in-water (O/W) emulsion. In addition, emulsions of CO

2
-in-

water (C/W) have also been prepared and used for various
applications including templating of porous materials [41].

In general, the technique involves forming a high internal
phase emulsion (HIPE) in order to produce wide variety
of porous polymers generally known as poly-HIPEs. Lissant
classified HIPEs as emulsions containing greater than 70%
internal phase volume, although a more precise definition
would be those with an internal phase volume above 74.05%
[43].

Polymerized high internal phase emulsions, or poly-
HIPEs, are materials prepared by polymerizing the contin-
uous phase of an HIPE [44]. For instance, a range of poly-
HIPE polymers have been prepared by polymerization of the
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Figure 14: Schematic illustration of poly-HIPE formation. Re-
printed from [14], with permission from John Wiley & Sons.

10𝜇m

Figure 15: EM micrograph of a poly(styrene-co-DVB) poly-HIPE
foam. Reprinted from [25], with permission from Elsevier.

styrene-divinylbenzene continuous oil phase of a number of
high internal phase emulsions (HIPEs) [45]. The aqueous
internal, or discontinuous, phase constituted approximately
90% (vol/vol) in each case and consisted of small droplets of
approximately 10 𝜇m in diameter. Complete removal of the
aqueous phase was achieved after polymerization by exhaus-
tive extraction with hot ethanol, leaving monolithic poly-
HIPE polymers [25]. Schematic diagrams of experiments
performed in order to obtain poly-HIPEs and the resulting
porous structure of poly-HIPE upon the extraction of the
internal aqueous phase are illustrated in Figures 14 and 15,
respectively.

3.3.2. Bicontinuous Microemulsion Templating. Porous poly-
mers can also be obtained by the polymerization of
microemulsions. In the 1950s, Schulman and coworkers [46]
added alcohol to surfactant-stabilized oil-in-water (O/W)
emulsions to yield very stable homogenous fluids that were
called microemulsions. These microemulsions had an aver-
age droplet size of 10–100 nm, much smaller than conven-
tional emulsions. Specifically, they are thermodynamically
stable mixtures, typically composed of a nonpolar oil phase,
a polar water phase, and a surfactant [47].

It is possible to characterize the constituents of a micro-
emulsion by using a ternary phase diagram, which is usually

Microemulsion

Microemulsion Microemulsion

Microemulsion

Winsor I Winsor II Winsor III Winsor IV

Oil rich
region

Oil rich
region

Water rich
region

Water rich
region

Figure 16: Schematic representation on Winsor systems. Taken
from [49], with permission from InTech.
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Figure 17: Materials produced from the polymerization of micro-
emulsions. Reprinted from [14], with permission from John Wiley
& Sons.

presented as a triangle with the fractions of water, oil, and
surfactant plotted on each side. Different microemulsion
structures could rise from different areas of this diagram
[14]. Winsor [48] classified these different structures as
Winsor I (O/W),Winsor II (W/O),Winsor III (bicontinuous
or middle phase microemulsion), and Winsor IV systems
(Figure 16). Type I system indicates an O/W microemulsion
in equilibrium with an oil phase. Inversely, type II system
is a W/O microemulsion in equilibrium with an aqueous
phase. In type III system, a bicontinuous microemulsion is in
equilibriumwith both oil and water phases [14]. On the other
hand, type IV is a single-phase homogeneous mixture [49].

The polymerization of microemulsions yields the forma-
tion of different material. As illustrated in Figure 17, the
polymerization of globular (O/W or W/O) microemulsions
leads to the production of latex, whereas the polymerization
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Figure 18: SEM of a microemulsion-templated, transparent, porous
polymer monolith. Reprinted from [50], with permission from ACS
Publications.

Figure 19: Honeycomb film prepared from star polystyrene. Re-
printed form [52], with permission from Nature Publishing Group.

of bicontinuous microemulsions leads to the production of
porous polymers.

It is noteworthy that porous polymers can be derived
from microemulsions containing either polymerizable sur-
factants or nonpolymerizable surfactants [14]. As an example
of polymerizable surfactants, a polymerizable zwitterionic
surfactant, acryloyloxy-undecyl-dimethylammonio-acetate
(AUDMAA), is used to prepare transparent, porous polymers
from methyl methacrylate/ethylene glycol dimethacrylate
(MMA/EGDMA) [50]. The bicontinuous structure of the
precursor microemulsion is retained, and the micrograph in
Figure 18 clearly reveals a channel-like microstructure.

On the other hand, as an example of nonpolymerizable
surfactants, it is worthy to note the preparation of transparent
microporous solid polymers from aHEMA/MMA/EGDMA/
W microemulsion system stabilized by a nonpolymerizable
surfactant (n-dodecyl trimethylammonium bromide) [51].

3.3.3. Breath Figures Templating. In addition to emulsion
templating, the most extensively investigated templating
by liquid droplets may be the use of condensed water
droplets, widely known as breath figures. In 1994, Widawski
et al. demonstrated that either star-shaped polystyrene or
poly(styrene-b-paraphenylene) forms honeycomb-like regu-
lar array of pores in polymer films (Figure 19) when a drop of
their solution in carbon disulfide (CS

2
) is exposed to a flow

of moist air [52].

In this original work, the evaporation of solutions of a
simple coil-like polymer in a volatile solvent, in the presence
of moisture with forced airflow across the solution surface,
causes the production of hexagonal ordered structures. Con-
sequently, the complete evaporation of the solvent and the
water droplets forms the hexagonally packed array of holes
on the surface of the polymer, as illustrated in the scheme in
Figure 20 [53].

3.4. Colloid Crystal Templating (Hard Templating). In addi-
tion to soft colloidal templates (emulsion, microemulsion,
and breath figures), hard particles have been also utilized
extensively for the production of porous polymers. Among
these hard particles, the close packed colloidal crystals have
been employed as templates for creating porous materi-
als [54]. Colloidal crystal templating is a hard-templating
approach in which porosity is directly modeled by the colloid
crystal which is the periodic array of uniform colloidal
particles [55]. The procedure involved in this templating
method can be summarized in four main steps as shown in
Figure 21.

The first step in the process includes the assembly of
the particles into a 3D colloidal crystal matrix, which acts
as a template for the formation of the porous structure.
A variety of crystallization methods can be used in this
content for obtaining the desired crystalline structures. A
summary of these methods is represented in Figure 22.
These methods include the gravitational sedimentation of
the particles that is usually combined with drying of the
suspension from above, centrifugation that can accelerate the
assembling process and improve the quality of the materials,
filtration that accelerates the assembling process and allows
easy washing and subsequent infusion with different media,
2D deposition that is the formation of 2D crystalline sheets
of specific thickness by continuous convective assembling
of particles on solid surfaces, in slit filling in which closely
packed colloidal crystals are formed when the particle sus-
pensions are filtered through a thin film slit between two
solid boundaries, and finally pressing and compaction of
particles in the dry state. Latex and silica microspheres are
the two major types of particles that are usually used for the
colloidal crystal assembly, as they can both be obtained. The
second step comprises the infiltration of the interstices or
voids between the particles by other particles or fluid of the
material that is intended to make pores. This is followed by
the third step which is the solidification of the material that
penetrated the voids. Solidification could be achieved by a
number of different strategies, such as polymerization, sol-
gel hydrolysis of liquid precursor, electrochemical deposition,
or precipitation. The final step of the process includes the
removal of the colloidal crystal templates from the composite
material, either by calcinations or by chemical or physical
dissolution, leaving behind a solid skeleton containing 3D
ordered array of pores [54].

For instance, porous polyurethane membranes were syn-
thesized by templating latex crystals assembled by injection
and accumulation between two solid plates. This was fol-
lowed by UV-polymerization and the consequent removal of
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Figure 20: A scheme showing the formation mechanism of ordered porous films via the breath figures templating approach. Reprinted from
[53], with permission from Elsevier.

polystyrene lattices by selective extraction with toluene [56].
In a similar procedure, colloidal crystals of monodisperse
silica particles were employed as templates and removed by
hydrofluoric acid after UV-polymerization of polyurethanes
and poly(acrylate-methacrylate). These porous membranes
found applications in filtration, separation, tissue engineer-
ing, and fabricating diffractive sensors and photonic band
gap (PBG) materials due to their three-dimensional periodic
structures [57].

3.5. Templating via Self-Assembled Structures

3.5.1. Templating via Microphase Separation of Copolymer.
Phase separation in block copolymer solutions has been an
interesting field in the recent years, for its contribution in
fabricating porous periodic patterns on a nanoscale. A block

copolymer is a heterogeneous polymer that is covalently
linked with two or more different types of chemically distinct
monomer, and the similar repeating monomer units occur
together in blocks of long sequences [53]. Under certain
conditions, a net repulsion between the incompatible het-
erogeneous polymer blocks induces their local segregation
or “microphase separation” [58]. However, as a result of
the chemical (covalent) linkage holding the blocks together,
additional macroscopic phase separation is prohibited. Con-
sequently, the block copolymer systems spontaneously self-
organize into different domains that exhibit ordered mor-
phologies at equilibrium [53]. Nonetheless, one of the blocks,
termed the “sacrificial block,” typically needs to be removed
(etched) to generate a porous structure [14]. Various etching
techniques and block copolymers employed for the produc-
tion of porous structures are summarized in Table 1.
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Figure 21: General process for replicating the structure of colloidal
crystals into porousmaterials. Reprinted from [54], with permission
from Elsevier.

Table 1: Typical materials and etching techniques for preparation of
nanoporous materials from block copolymers. Reprinted from [14],
with permission from John Wiley & Sons.

Polymers Sacrificial
block Etching conditions

PS-PMMA PMMA Deep UV exposure followed by
acetic acid rinsing

PS-PI
PVP-PI
PS-PBD

PI
PI
PBD

Ozonolysis

PS-PLA
PCHE-PLA PLA

0.5M NaOH in 40 : 60 (v/v)
methanol/water mixture (65∘C,
5–10 days)

PS-PLLA
PS-PEO

PLLA
PEO 57wt% HI

(aq) (65
∘C, 5 days)

PI-PDMS
PB-PDMS PDMS 1.0M TBAF in THF (RF, 36–48 h)

PS-PDMS
P𝑡BA-PCEMA a

Anhydrous HF (0∘C, 2 h)
0.05M TMSI in CH

2
Cl
2
(RT,

2–14 days) followed by 5 : 95 (v/v)
water/methanol (RT, 2 days)

PE-PS PS Fuming nitric acid (RT, 30min)
P(imide)-PPG PPG Heat to 240∘C under vacuum

Taking the example of a diblock copolymer, the system
will self-assemble into two different domains following the
microphase separation. In a given diblock copolymer sys-
tem, the relative chain lengths of the blocks determine the
resulting morphology. The polymer which possesses a larger
block length will constitute the matrix domain, whereas that

of the smaller block length will assemble the nanometer
or micrometer scale domain [53]. The microdomain size of
block copolymers is basically determined by the total molec-
ular weight with resulting morphologies (i.e., microdomain
patterns) expected to be uniform-sized spheres, cylinders,
and lamellae, as well as complex bicontinuous nanostructures
[59] as illustrated in Figure 23. Eventually, the porous struc-
ture will be obtained as a result of removing or etching the
internal nano/microdomains by one of the various etching
techniques mentioned in the previous table.

Porous materials derived from block copolymers have
several features that make them useful in applications
nanopatterning [60] and in nanoporous membranes [61–
63]. Regarding nanopatterning, for instance, Park et al.
[60] demonstrated a periodic array with a density ∼1011
holes/cm2 by pattern transfer from spherical microdomains
in PS- (polystyrene-) block-PB (-polybutadiene) or PS-block-
PI (-polyisoprene) to the underlying semiconductor (silicon
nitride) substrate by fluorine-based reactive ion etching (RIE)
techniques, as shown in Figure 24. The use of ozonated
copolymer film produces holes in silicon nitride, whereas
the use of osmium-stained copolymer film produces dots in
silicon nitride. Meanwhile, an example of the use of block
copolymers in the synthesis of nanoporous membranes can
be demonstrated by shedding light on the efforts of Yang
et al. [63], who prepared a nanoporous membrane using a
PS-block-PMMA thin film with vertically aligned cylindrical
microdomains, as schematized in Figure 25.

3.5.2. Templating Using Polymer with Rod-Coil Structure.
Jenekhe and Chen [64] used a self-assembled method uti-
lizing rod-coil block copolymers to produce honeycomb
structures. When the rod-coil diblock copolymers were
dissolved in a selective solvent for the coil-like polymer,
they had the ability to self-organize into hollow spherical
micelles having diameters of a few micrometers. The long
range, close packing, and self-ordering of the micelles sub-
sequently produced highly iridescent periodic microporous
materials. The rod-coil diblock copolymer that was used is
poly(phenylquinoline)-block-polystyrene (PPQ

𝑚
PS
𝑛
, where

𝑚 and 𝑛 are the number of repeat units of the respective
blocks). As illustrated in Figure 26, after dissolving PPQ

𝑚
PS
𝑛

in a selective solvent for PS-block, carbon disulfide (CS
2
),

micelles were formed, and then the micelle containing solu-
tion was cast on films to yield multilayers of hexagonally
ordered arrays of spherical holes.

3.6. Molecular Imprinting. Molecular imprinting, a means
by which highly selective recognition sites can be generated
in a synthetic polymer, was first formalized as a practical
methodology by Wulff and coworkers in 1972 [65]. More
recently in 1995, Steinke et al. identifiedmolecular imprinting
as a technique for template synthesis of polymers with pores
structured on a molecular scale [66]. Molecular imprint-
ing mainly revolves around the assembly of a cross-linked
polymer matrix with templating moieties. As a consequence
of removing the templates, cavities or recognition sites are
established, which are complementary, both in terms of shape
and functionality, to the original template present in the sites
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Figure 22: Various methods used for assembling colloidal crystal template. Reprinted from [54], with permission from Elsevier.
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Figure 23: Mean-field prediction of the thermodynamic equilibrium phase structures for conformationally symmetric diblock melts. Phases
are labeled as L (lamellar), C (hexagonal cylinders), G (bicontinuous cubic), and S (body-centered cubic spheres). 𝑓

𝐴
is the volume fraction.

Reprinted from [86], with permission from Elsevier.

(Figure 27) [65]. In other words, this synthesis technique
is usually executed by copolymerization of functional and
cross-linking monomers in the presence of a molecular
template (imprint molecule). The functional monomer and
template molecules will then have to interact either by
covalent or by noncovalent bonding. This is followed by the
removal of the molecule template after polymerization. The
removal is done via extraction or chemical cleavage, leaving
behind molecular imprinted cavities which are compatible
with the imprintmolecules [25]. Applications formolecularly
imprinted polymers include affinity separation, antibody
binding mimics, enzyme mimics, and biomimetic sensors
[67].

3.7. Biotemplating: Using Natural Biological Templates. Bio-
logical structures with complex morphologies and various

types have been vastly used as sophisticated templates to
prepare porous materials with tailored structures. Some of
the examples include bacterial threads [68], echinoid skeletal
plates [69], eggshell membranes [70], insect wings [71],
pollen grains [72], plant leaves [73], wood [74], and natural
cellulose matrices such as filter paper, cloth, and cotton [75].
In addition, crystalline networks with hierarchical structure
were fabricated by carbothermal reduction of titania-coated
cellulose paper [76].

The scheme in Figure 28 depicts how a bacterial (Bacillus
subtilis) superstructure consisting of a thread of coaligned
multicellular filaments arranged in a hexagonal packing can
be used as a biotemplate to produce ordered macroporous
fibers of either amorphous silica or orderedmesoporous silica
[68]. In route I, the bacterial threads were infiltrated by silica
sol, whereas in route II they were infiltrated by a Mobile
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Figure 24: (a) Schematic cross-sectional view of a nanolithography template consisting of a uniformmonolayer of PB sphericalmicrodomains
on silicon nitride. PB wets the air and substrate interfaces. (b) Schematic of the processing flow when an ozonated copolymer film is used,
which produces holes in silicon nitride. (c) Schematic of the processing flowwhen an osmium-stained copolymer film is used, which produces
dots in silicon nitride. Reprinted from [60], with permission from American Association for the Advancement of Science.

Crystalline Material (MCM) phase. As a result, the cell wall
and interfilament spaces were mineralized. The final porous
structure was obtained by the removal of the biotemplates
(bacteria) via subsequent heat treatment (600∘C).

4. Comparison between Most Common
Fabrication Techniques

The following section will include a comparison between
the main types of fabrication techniques and listing of the
advantages and disadvantages of those methods (Table 2). As

a beginning regarding the gas foaming technique, it differs
from other techniques that require the use of organic solvents
and high temperatures whose residues that remain after
completion of process can damage cells and nearby tissues.
Instead, in this method polymers are pressurized at high
pressures with gas foaming agents, such as CO

2
and nitrogen,

water, or fluoroform, until the polymers are saturated. This
results in nucleation and growth of gas bubbles with sizes
ranging between 100 and 500𝜇m in the polymer.Theporosity
and porous structure of the scaffolds depend upon the
amount of gas dissolved in the polymer. Although it has
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Figure 25: Schematic depiction of the procedure for the fabrication of nanoporous membrane consisting of block copolymer thin film and
supporting. Reprinted from [63], with permission from John Wiley & Sons, Inc.

Table 2: Advantages and disadvantages of main types of fabrication techniques [33].

Fabrication method Advantages Disadvantages

Solvent casting/particulate leaching Control over porosity, pore size, and
crystallinity

Limited mechanical property, residual
solvents, and porogen material

Porogen leaching Controlled over porosity and pore geometry Inadequate pore size and pore
interconnectivity

Gas foaming Free of harsh organic solvents, control over
porosity and pore size

Limited mechanical property, inadequate
pore interconnectivity

Phase separation No decrease in the activity of the molecule Difficult to control precisely morphology

Freeze-drying High temperature and separate leaching step
not required Small pore size and long processing time
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Figure 26: Rod-coil block copolymer for microporous materials.
Solution-cast micellar films consist of multilayers of hexagonally
ordered arrays of spherical holes. Reprinted from [64], with permis-
sion from American Association for the Advancement of Science.

the advantage of being an organic solvent-free method, the
major drawback is that the process may yield a structure with
largely unconnected pores and a nonporous external surface.
On the other hand, the phase separation technique is based on
a temperature change that splits up the polymeric solution in
two phases, one having low polymer concentration (polymer-
lean phase) and the other having the high polymer concentra-
tion (polymer-rich phase). A liquid-liquid phase is separated
and quenched by diminishing the temperature. This results
in forming a two-phase solid.The solvent is then removed by
extraction, evaporation, and sublimation in order to give rise
to the porous structure. The structure of the resulting pores
is controlled by varying process parameters such as polymer
concentration, quenching temperature, and quenching rate.
The advantages of phase separation technique are that it can

easily combine with other fabrication technologies to design
three-dimensional structures with control pore morphology.
Meanwhile, the other fabrication techniques mentioned in
this review are based on the concept of porogen leaching.
This method is the most common method for producing
porous structures of controlled porosities.These porogens act
as place holder for pore and interconnection of the pores.
The main advantages of fabrication techniques including
porogens are simplicity, versatility, and ease of controlling the
pore size and geometry [33, 77].

5. Fabrication of Porous Polymer Using
Porous Silicon Scaffolds

Figure 29 illustrates our generic fabrication process that
can be applied to all types of liquid polymers in order to
texture their surfaces with a desired porosity for a specific
application.The process consists of twomicromolding-based
steps.The first step, which determines the final porosity of the
polymer, starts with a piece of silicon substrate, which will be
spin-coated with a layer of photoresist and photolithograph-
ically patterned to expose a specific and well determined
window in the siliconwafer piece, as depicted in Figure 29(b).
The exposed silicon is made porous using xenon difluo-
ride etching technique [78], as illustrated in Figure 29(c).
Polymethyl methacrylate (PMMA) is then poured on the
silicon surface (Figure 29(e)). Once the PMMA is cured, it
is peeled off, as represented in Figure 29(f). PMMA now
represents the secondmolds for the final polymer. Polymethyl
hydrosiloxane (PMHS) is then poured on the PMMA surface,
as shown in Figure 29(g), and peeled off to form the final
PMHS polymer, which is identical to the porous silicon
template.

5.1. Preparation of Porous Silicon. Porous silicon (PS) is
a form of the chemical element silicon, which introduces
nanoporous holes in its structure. An essential requirement
of the fabrication of porous silicon for the use in different
applications is the ability to vary the size and configuration of
the pores by choosing the appropriate fabrication parameters.
Large numbers of potential binding sites are provided by the
silicon surface due to its large surface area which increases
the interests in porous silicon for chemical and biological
sensing applications. Porous silicon is prepared through
galvanostatic [79], gas [80], pulsed anodic [81], chemical [82],
or photochemical [83] etching procedures and through strain
etching [84].

Here, XeF
2
dry etching is utilized to create porous silicon

surfaces on single crystalline silicon wafers. 3-inch diameter,
381 ± 20𝜇m thick <100> boron-doped (5–10 ohm cm) silicon
wafers are used. The wafer is cut into 2 × 2 cm2 that are
then loaded in the XeF

2
etching chamber. The XeF

2
etching

process does not depend on the silicon crystal orientation or
its dopant content.

The fabrication process is achieved in a sequence of
steps. First, undissociated gaseous XeF

2
is adsorbed onto

the exposed areas of bulk silicon. The adsorbed gas is then
dissociated into xenon and fluorine, after which the fluorine
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Figure 27: Schematic diagram of the molecular imprinting process. Reprinted from [65], with permission from Elsevier.
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Figure 29: Schematic representation of the proposed generic fabrication process of porous polymers.

ions react with silicon to produce SiF
4
gas. Dissociation of the

gas phase at room temperature leaves behind a porous silicon
surface. In this process, increasing the etching process time
increases the overall size of the pores and the thickness of the
porous silicon film. The chemical reaction for the etching of
silicon by XeF

2
is summarized by Si + 2XeF

2
→ SiF

4
+ 2Xe.

As a dry etching technique, there is no postfabrication drying
step required, thus reducing the risk of damage to the newly
formed porous surface [78].

XeF
2
leaves behind porous silicon surfaces on top of the

remaining bulk silicon with porous silicon layer thickness
on the order of several hundreds of nanometers (600 to
700 nm). The obtained porosity depends on the etching

time. Figure 30(a) is a photograph of a silicon sample made
porous selectively at the center. Figure 30(b) shows a scanning
electronmicroscope image of porous silicon sample prepared
using XeF

2
. The porosity of the porous silicon surface can be

changed by changing the etching time in XeF
2
[78].

5.2. Preparation of Porous Polymer. Porous polymers are con-
ventionally fabricated with specific processes depending on
the chemical structure of the polymer. Here, micromolding
is the proposed technique to form porous polymers. The first
molding step consists of making the complementary polymer
by pouring polymethyl methacrylate (PMMA) on the porous
silicon template as illustrated in Figure 29(e). PMMAwas left



18 Journal of Nanomaterials

(a) (b)

Figure 30: (a) Porous silicon template. (b) Scanning electron micrograph of a porous silicon template textured with XeF
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Figure 31: (a) Porous PMMA sample. (b) Porous PMHS sample.
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Figure 32: Porous PMMA and porous silicon samples.

for 24 hours at room temperature to get cured. Figure 31(a)
shows a porous PMMA peeled off after curing. Porous
PMMA is the complement of the porous silicon template.The
final porous polymer, in this case polymethyl hydrosiloxane
(PMHS), is now poured on the PMMA template as depicted
in Figure 29(g). PMHS requires 48–72 hours at 110∘C to get
cured with no secondary additives. The peeled off porous
PMHS, identical to the porous silicon template, is shown in
Figure 31(b). Both porous PMHS and silicon are shown in
Figure 32. Figure 33 shows a scanning electron microscope

Figure 33: Scanning electron micrograph of a porous PMHS.

image of porous PMHS sample prepared by this generic
process.

6. Conclusions

The paper aimed to give an overview of the commonly
used fabrication processes used to develop porous polymers
for a wide variety of applications. The details provided
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in this review represent a solid cornerstone to researchers
interested in working on porous polymers. It summarizes the
advantages and disadvantages of each technique and gives
insight into the selection of the appropriate process for a
specific polymer. A new fabrication process is also presented
in this review to provide a generic fabrication process that
can be applied to all liquid polymers to make their external
surface porous. As an example, porous PMHS structure
was developed using porous silicon scaffolds. The proposed
process is simple, straightforward, and flexible since porous
polymers with different porosities can be obtained by simply
changing the porosity of the porous silicon template. Future
work will include further characterization of the porous
PMHS using SEM microscopy and the development of new
types of porous polymers for specific applications.
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