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Abstract— This paper reviews the different methods that
could be used for CO2 separation from flue gases in IGCC
power plant. The concentration of CO2 gases increases in
atmosphere day by day. CO2 gases are responsible for
greenhouse gas emissions which is the greatest environmental
challenge in these days. Membrane separation, adsorption,
carbon capture and storage (CCS) are some methods to
separate CO2. Membrane separation include inorganic
membrane, polymeric membrane, hollow fiber membrane
and novel CO2 capture technology and these method is clean
and easier method. Adsorption process helps to reduce CO2
gas emission by use of selective adsorbents. Carbon capture
and storage (CCS) are another method involves collecting,
transporting and then burying.
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I. INTRODUCTION

Many greenhouse gases present in our atmosphere. There are
two ways by which greenhouse gases produce in our
atmosphere i.e. First is naturally and second is
industrially(i.e; flue gases from IGCC power plant etc).
Some naturally gases are water vapour (H20), carbon dioxide
(CO2), methane (CHa), nitrous oxide (N20) and other gases
due to industrial process are Per fluorocarbons (CFa, C2Fs),
hydro fluorocarbons (CHF3, CFsCHF, and CHsCHF;), and
sulphur hexafluoride (SFe¢) are only present in the our
atmosphere. CO2 emission is mainly responsible for
greenhouse gas emission almost caused by burning of fossil
fules. Water vapour is the most important, dominant and
abundant greenhouse gas. Concentration of water vapour
depends on temperature and other parameters [1-3].
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Fig. 1: Global CO2 emission from flue gases [5]

The earth’s average temperature continuously
increases day by day. Intergovernmental Panel on Climate
Change (IPCC) say that Global GHG emissions must be
reduced by 30 to 60 percent by 2050 to avoid dramatic
consequences of global warming. [4].

Il. MEMBRANE GAS METHOD FOR SEPARATION OF CO2 FROM
FLUE GASES

A. Polymeric Membrane

By use of polymeric membrane method we can decrease the
amount of CO2 from our atmosphere. Plasticization effects
helps us to decrease the flux of CO2. By increasing the
solubility of CO2 in polymeric membrane and by increasing
the CO2 diffusion through membrane, we can achieve high
performance of CO2 by this method. Solubility can be
increased by change in polymer composition by using
selective composition. CO; diffusion can be increased by
increasing free space volume. By insertion of bulk
substitution groups we can increase free volume by annealing
conditions and improve membrane casting methods[6].
Composite polymeric membranes are another method in
polymeric membrane. These membranes consist of two
segments i.e. glassy segment and rubbery segment. In which
glassy segment is hard and rubbery segment is soft. Glassy
segment helps to makes the structural backbone and rubbery
segment helps to makes a thin film. Both the segments have
high selectivity due to dense skin layer and high permeability.
Mixture of polyimide has very high performance [6-9].

B. Inorganic Membranes

Inorganic membrane is second method to separate COZ2,
generally porous inorganic membrane are used. In porous
inorganic membranes, a porous thin top layer is supported on
a porous metal or ceramic support. Zeolite, glass, zirconia,
titania, silicon carbide, carbon and alumina membranes are
mainly used as porous inorganic membranes supported on
different substrates, such as ealumina, alumina, zirconia,
zeolite, orporous stainless steel [10-13].

C. Hollow Fiber Membrane

Hollow fiber is the one which is most industrially important
membranes for gas separations. For CO2 separation,
Asymmetric Hollow fiber membranes are more favourable
and absorption in gas-liquid membrane by low mass-transfer
resistance and high permeability. High adsorption
efficiencies can be achieved by this process due to much
larger surface area required for gas liquid interface than
conventional gas absorption processes [14-18].

Currently, membrane concept has addressed the
limitations of membranes in various ways through fabrication
of new type of mixed matrix membranes (MMMSs) by
incorporation of inorganic particles as fillers into polymer
matrices. The performance of MMMs depends on textural
properties of fillers, molecular sieving effect and membrane—
penetrant interactions. The main challenges in the fabrication
of MMMs is selection of fillers, which controls the gas
separation characteristics of membranes. In this review, the
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influences of fillers like zeolite, carbon, and metal organic
framework in MMM s fabrication and their CO2 permeability
andCO2/CH4 and CO2/N2 selectivity were compiled from
recent reports.

Actually, the interest for commercial CO2
separation and capture can be strengthly find by membrane
technology, which has been evolved as a competitive
technique in energy production and natural gas industries [21-
23].In all the separation technique pore diameter is very
important for different separation technique so there may
have the following figure such as :
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Fig. 2: Cut-offs of pore diameter required for different
separation techniques [39]

This figure shows the kinetic diameter of various gas
molecules and pore diameter required for their separation. On
the behalf of pore diameter gas separation method may be
confined efficiently.

D. Mixed matrix membranes

Currently, membrane science consist the progress of Nano
composite-based membrane for gas separation, which
vanishes the task of individual polymeric. And inorganic
membrane increases the separation performance. The low
surface area, inadequate thermal stability, and chemical
properties are the main challenges faced in the development
of efficient commercial membranes. In addition to the above-
mentioned membrane characteristics, mechanical properties
such as crushing, abrasion, and attrition is also important in
order to commercialize membrane Technology. Thus to lie on
same section some of these aim and to nullify the
disadvantages of individual polymeric and inorganic
membranes, MMMs or composite membranes are obtained
by mixing the inorganic and polymeric phases, which may be
linked via van der Waals forces and covalent or hydrogen
bonds [43]. Therefore, selective literature has been compiled
as a review on the composite membrane, especially focusing
on the CO2 separation by MMMs.

I11. CARBON CAPTURE AND STORAGE (CSS)

A. Pre-combustion capture

Pre combustion capture has a reaction of fuel with air and in
some other cases a gas which is mainly composed of carbon
monoxide and hydrogen is produced by steam, this produced
gas are known as synthesis gas (syngas) or fuel gas. In
catalytic reactor produced carbon monoxide is reacted with
steam called shift converter, which give CO2 and more
hydrogen gas. After this cryogenic distillation or chemical
absorption process used to separate CO2, as a result
hydrogen-rich fuel produced, which can be used in many
applications such as gas turbines, engines, furnaces, and fuel
cells [19-20].

B. Post-combustion capture

The higher CO2 concentration and pressure can be achieved
in the output stream which is main advantage of post
combustion chamber. The main disadvantage of pre-
combustion capture is system needs long-term development
in a number of enabling technical areas to achieve targeted
efficiency towards a hydrogen economy. This disadvantage
has limited application approach and it increased investment
cost of pre-combustion capture [40-42].

C. Oxy-fuel combustion capture

Instead of ambient air nearly pure oxygen is used for
combustion in oxy-fuel combustion and as a result, mainly
CO; and H,0O are left in the flue gases, which are separated
by condensing water. High flame temperature, high CO;
concentration in output stream and easy separation of exhaust
gases are three major advantages of this method. The major
disadvantages of oxy-fuel combustion are large electric
power requirement to separate oxygen from air and high
capital costs [23-25].

IV. ADSORBENTS

Carbonaceous materials and zeolites are non-reactive
adsorbents that help to recover the Carbon dioxide from flue
gases. Activated carbons and charcoals (high porous
materials) exhibit CO2 capture capacities ranging from 10 to
15 % by weight. However, the CO2/N2 selectivity is
relatively low. Carbon-based systems can be applicable when
CO2 purity is not more than 90 % [26-27].

A. Chemical adsorption

Chemical adsorption is a subclass of adsorption which
involves chemical reaction which occurs at the exposed
surface. A wide range of metals have been studied including
[28]

1) hydro talcites and double salts.

2) metal salts from alkali metal compounds: lithium silicate,
lithium zirconate to alkaline earth metal compounds (i.e.,
magnesium oxide and calcium oxide),

3) metal oxides: CaO, MgO

In general, one mole of metal compound can react
with one mole of CO2 with a reversible reaction. The process
consists of a series of cycles where metal oxides (such as

CaO) at 923K are transformed into metal carbonates

form(such as CaCO3) at 1123K in a carbonation reactor to
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regenerate the sorbent and produce a concentrated stream of
CO2 suitable for storage [29-30].

Considerable attention was paid to calcium oxide
(Ca0) as it has a high CO2 adsorption capacity and high raw
material availability (e.g., limestone) at a low cost. Lithium
salts was recorded a good performance in CO2 adsorption,
but it gained less focus due to its high production cost.
Although double salts can be easily regenerated due to low
energy requirement, their stability has not been investigated
[31-32].

B. Physical adsorption

Activated carbon (AC) has a number of attractive
characteristics like as its high Hydrophobicity, low cost, high
adsorption capacity, and low energy requirement for
regeneration[33-35]. Activated carbons are insensitive to
moisture, inexpensive and easy for regeneration. These
adsorbents have well developed micro and mesopore
structures that are suitable for high CO2 adsorption capacity
at ambient pressure [36-38].

V. CONCLUSION

In recent years, post-combustion capture has been the topic
of many researches, because it is more flexible and can be
easily added to the fossil fuel power plants. Based on above
findings, it can be concluded that flue gases properties
(mainly concentration of CO2, temperature and pressure) are
the most effective factors for selection of suitable process for
CO2 separation. Since flue gases have high temperature
(about 373 K), low pressure, and low CO2 concentration (1
atm and 10-15% moL), bulk absorption and adsorption
processes may be the best suitable process for CO2 separation
from these streams. Due to simplicity of absorption process,
this process has been applied in industrial plants, although
many researchers have been focused on preparation of
adsorbents with high selectivity and capacity, in recent years.
For industrial application, more studies about adsorbents are
necessary. Cryogenic distillation and membrane processes
are efficient for gas streams with high CO2 concentration.
Therefore, these process are economically efficient for pre-
combustion capture. In recent years, different studies have
been performed to optimize cryogenic cycles and preparation
of suitable membrane for CO2 separation from post-
combustion flue gases. By the result of this study, future
research direction on the scale-up and industrialization of
adsorption (with modified adsorbent), and membrane process
forCO2 separation is suggested. Therefore more studies must
be focused on modeling and simulation of these processes
(membrane and adsorption), although research for finding
new adsorbent, suitable membrane (with mixed or modified
present membrane) and blending amine solvents can reduce
CCS cost. We fabricated mixed matrix membranes
demonstrating the ability to enhance the CO, permeability of
a neat polymer using an inexpensive silica gel filler particle.
All the above discussion brings a review may be concluded
that the mixed membrane method play an important role in
the way to remove co, from flue gases.
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