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ABSTRACT

Membrane technology is the most promising technology in the post-combustion capture
technology compared to absorption, adsorption and cryogenic distillation methods. It is an
advanced new technology for recovery of carbon dioxide. It has several advantages when
compared to other methods due to its’ simple process, low cost, lower footprint, sustainable
environment and energy saving method. The challenge is the fabrication method of the
polymeric membrane, and it depends on the particular utilisation of the membrane. Different
morphologies of the membrane structure can be produced using different methods.
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1.0 MEMBRANE BASED GAS
SEPARATION

Membrane technology is a highly
promising technology for separation of
carbon dioxide (CO2) from flue gas
[1]. It has advantages when compared
to other types of separation
technologies. Typically, there are two
types of membranes, namely inorganic
membrane and polymeric membrane.
The classification of the membrane is
based on the pore diameter,
morphology, and porosity. The
membranes can be further divided into
porous and non-porous membranes [2].

Inorganic membranes can be
fabricated from inorganic materials
such as pyrolysed carbons, metals and
ceramics [3]. These membranes can be
divided into dense and porous
membranes. By using porous inorganic
membranes, porous metals or ceramic
supports are used to provide the
mechanical support during the process.

The performance of the membrane can
be improved by the interaction of the
membrane surface with the inorganic
material components; thus, resulting in
higher efficiency of permeation. In
view of thermal and chemical stability,
porous membrane possesses good
characteristic. However, the
permeability and the selectivity are low
in compared to other types of
membranes. The dense (non-porous)
membrane contains a thin layer of
metal [4]. Examples are palladium or
other types of alloy. The inorganic
materials that are commonly used for
membranes are zeolite, metals and
ceramics. They perform well due to
stable temperature and chemical.
However, the production to fabricate
this type of membrane is extremely
high causing it hard to scale up in
industrial scale. The brittle and fragile
properties of the membrane also one of
the main disadvantages compared to
polymeric membrane [5].
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Polymeric  membranes can  be
categorised as either glassy or rubbery
based on the materials wused to
synthesise the membranes. They have
porous and non-porous film. The
selectivity and the permeability of the
polymeric membranes are higher as
compared to inorganic membranes [5].
When the permeability of the gas
decreases, the selectivity of the
membrane increases. Among glassy
and rubbery membranes, the glassy
polymeric membrane provides better
performance compared to the rubbery
polymeric membrane for separation of
CO2. This is because the glassy
polymeric membrane has better
selectivity and excellent properties in
terms of mechanics [1]. Additionally,
the rubbery polymeric membrane with
its rubber properties that makes it
flexible and soft, it has low selectivity
and high permeability. Meanwhile,
glassy polymeric membrane has higher
selectivity with low permeability
compared to the rubbery polymeric
membrane [3].

There are several advantages of the
polymeric membrane such as low
production  cost, excellent CO:2
separation, easy fabrication of
membrane is easy, and high
mechanical stability [6]. Unfortunately,
the thermal stability is relatively low
resulting in plasticisation of membrane
when in contact with COz. Therefore,
the flue gas is subjected to cooling
down before the CO: separation.
However, polymeric membranes are
still the best option for CO2 separation
compared to inorganic membranes [4].
The polymeric membrane has several
advantages over the inorganic
membrane. This is mainly on the
performance  of the  polymeric
membrane such as the separation
efficiency affected by the permeability
and selectivity of the membrane.
Permeability is the ability for the gas to
permeate through the membrane

affected by the solubility and
diffusivity of the membrane [7].
Meanwhile, the selectivity of the
membrane is measured by the ratio of
permeability of particular gases. The
relationship is always inversely
proportional relationship between the
permeability and selectivity. This
indicates that when the selectivity of
the membrane increases, the
permeability of the gas passing through
the membrane coherently decreases
[1].

The solution-diffusion (SD) method
is always adopted and is applicable to
the membrane gas technology because
it is a pressure driven process. The
diffusivity selectivity is dependent on
the free volume and rigidity of the
membrane as well as the size of the
molecules of the permeating gas [6].
The solubility selectivity is dependent
on the interaction of the polymer
chains with gas molecules.

The main challenge in membrane
technology for gas separation process
is producing a membrane with high
permeability with high selectivity. A
trade-off relationship between
permeability and selectivity was
carried out by the Robeson in 2008 [8].
Based on Robenson’s upper bound
correlation for CO2/ CHa4 separation,
the increment of selectivity through
chain stiffness and the inter-chain
spacing should be imposed to surpass
the upper bound [8].

2.0 MEMBRANE FABRICATION
METHOD

The fabrication methods for membrane
gas separation are stretching, track-
etching and the phase inversion.

2.1 Stretching

The stretching method is adopted for
the semi-crystalline polymer [9]. It is a
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technique that does not use solvent but
melts the polymer to get to the desired
morphology of the membrane. The
synthesised membrane has to undergo
two steps, which are cold and hot
stretching. Cold stretching is used to
nucleate the microspores of the
membrane. Meanwhile, hot stretching
is conducted to shape the morphology
of the synthesised membrane [10].

2.2 Track-Etching

The track-etching method is a process
that utilises the ion charges of the
solvent to weaken the polymer via pre-
irradiation of the polymer films [11].
The uniform diameter quasi-cylindrical
microspores are formed by the
following chemical etching. The size
of the microspore is adjustable by
manipulating the time of chemical
etching. Besides that, the irradiation of
the ion fluence controls the number of
pores on the membrane [11].

2.3 Phase Inversion

Phase inversion is a commercial
membrane fabrication method that has
been used widely in the industries
today. This process takes place during
the shifting of the stability of the
polymer solution when the temperature
varies, solvent evaporates or mass
exchange with non-solvent/coagulant
bath [10]. The principle behind this
method is to utilise the miscibility of
the two solvents. At the miscibility gap
in the phase diagram, the mixing of the
polymer-solvent system is unstable
resulting in formation of the polymer-
rich and polymer-lean phases. Non-
solvent induced phase separation
(NIPS) is also known as the mass
exchange between the non-
solvent/coagulant bath [12]. These are
wet and dry phase inversion processes
resulting in asymmetric membrane
with good porosity. The precipitation

of polymer is carried out during the
wet inversion phase Ideally, the
asymmetric ~ membrane is  first
fabricated and then immersed into a
solution in a non-solvent/coagulant
bath [11]. Meanwhile, the dry phase
inversion method requires involvement
of solvent, which has higher volatility
compared to the non-solvent and
additives used to enhance the viscosity
[13].

3.0 MEMBRANE
MODIFICATION TECHNIQUES

Four techniques are currently used to
modify the membrane. They are
discussed below:

3.1 Cross-Linking

Cross-linking is a process that creates a
network structure between the polymer
chains [1]. The advantages of the
cross-linking are enhancing the
thermal, chemical and mechanical
stability of the synthesised membrane.
In the cross-linking process, when the
mobility of the polymer chain
decreases, the permeability also reduce
but the selectivity increases. Cross-
linking can be achieved by chemical
reaction, radiation, thermal treatment,
and physical networking [13].

3.2 Ionic Liquids

Ionic liquids such as organic cations
and inorganic anions are able to
fabricate the membrane with high
selectivity and permeability [1]. These
ionic salt liquids are stored at
temperature below 100 °C. Ionic
liquids gained attention in the
application of gas separation due to
their unique physical and chemical
properties. The common ionic liquids
are used amino acids and amines ionic
liquid [13].
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3.3 Mixed Matrix Membranes

Mixed Matrix Membranes (MMMs)
also known as nano-composite
membranes are fabrication methods,
which add the mineral fillers such as
zeolites to the polymer matrix to
increase the performance of the
membrane [6]. By adding the mineral
fillers, the membranes become denser
and harder and form more rigid
structures compared to the pure
polymeric membranes. This
combination also could enhance the
membrane properties including the
selectivity and permeability [6].

3.4 Polymer Blending

The polymer blending method is a
commonly used method for fabrication
of membrane. It has an attractive
advantage in which it has inherited the
characteristics of both different
polymers resulting in new synthesised
polymeric membranes [14]. The
desired properties such as the
distinctive physical, chemical and gas
separation properties can be combined
to synthesise an excellent performing
polymeric membrane. For example
when a glassy polymer blends with a
rubbery polymer it results in a new
polymer with higher strength and
thermal stability when compared to a
pure polymer [15]. This method has
always been the preferred methods
used for optimising the selectivity,
permeability and the performance of
the polymeric membranes. In addition,
the cost of fabrication is also can be
reduced. Wang et al. (2014) reported a
new synthesised membrane with
hollow fibre structure by blending two

glassy polymers, which are
poly(ethylene-glycol) and
polydimethylsiloxane co-polymers

were blended together and resulted in a
high gas separation performance
membrane [16]. Meanwhile, Quan et

al. (2016) had blended a low molecular
weight PEG into polyethylene oxide
(PEO) membranes. The fabricated
PEO membrane possessed high
permeability, high selectivity and high
fractional free volume. This research
has proven that polymer blending is
the most promising method for
fabrication of polymeric membrane
with good characteristics of gas
separation [17].

FUTURE DIRECTION

The characteristics of synthesised
polymeric membrane are usually has
high permeability but low selectivity.
Therefore, in order to enhance its
performance various methods have
been applied such as cross-linking,
nanocomposite/mixed matrix
membranes, ionic liquids and polymer
blending.
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