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Abstract
The increasing trend of pollutant gases emission into the Received: 10 February 2021
atmosphere, particularly greenhouse gases, such as carbon dioxide Accepted: 30 June 2021

(CO,) and their role in global warming, has led to numerous P2 NUTIISET: E8-r1Y

investigations to separate these gases. For this purpose, the hollow
fiber membrane contactor (HFMC) technology, possessing
advantages over traditional separation processes, has drawn a
great deal of attention. Some of these advantages include
consumption of less energy, low footprint, providing high contact
area for mass transfer, and easier scale up. Therefore, compared
to traditional separation methods, such as chemical absorption in

An Insight into Hollow Fiber Membrane .

packed columns, adsorption, and cryogenic distillation, HFMC Keywords:

might be considered as a proper alternative for separation of Membrane Contactor,
pollutant gases, more specifically CO,, which is the most important Hollow fiber,
greenhouse gas. In this paper, technical characteristics and Carbon Dioxide,
effective parameters on separation performance of HFMC along Separation

with a number of studies conducted by foreign and internal
researchers have been investigated and some active companies
involving in this field have been also introduced.
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Figure 1. Increasing trend of CO2 gas production per capita in tonnes in Iran [S].
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Figure 2. 3D schematic of a HFMC module for separation of CO, from CH,[3].
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Figure 3. Process flow diagram of the CO, separation by a hollow fiber membrane contactor module [13].
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Table 1. Characteristics of common hydrophobic polymer materials used in fabrication of membrane contactors [19].

Membranes

solutions are used. |e
Difficult to
withstand
desorption
temperature (100 —
150 °C) due to the
low melting point.

Creation of porous
PEEK via melt
spinning requires
an extraordinary
operating condition
(370 °C and 17,000
kPa).

e High temperature is
required to dissolve
PEEK polymer.

Limitations .

solutions are used.
Difficult to
withstand
desorption
temperature (100 —
150 °C) due to the
low melting point.

with small diameter
(high interfacial area).

e Insoluble in common
organic solvents
(conventional phase
inversion method is
not feasible).

Polyether ether Polytetrafluoroethylene Polyvinylidene
Eolyctuylene (EE) ketone (PEEK) EOlyREOpYIeRE (EL) (PTFE) fluoride (PVDF)
Properties
H Ry H
Structure of /\/" ° H\ c/M \ / & \ C/‘ &
the repeating : \< Y ) g 4N -
it N
= A A" L /S L/,
Type of
thermoplastic Semi-crystalline Semi-crystalline Semi-crystalline Semi-crystalline Semi-crystalline
polymer [
Density (g/cm?) 0.960 1.32 0.946 2.20 1.78
M"I‘:g Lol 135 343 160 327 177
Glass
Transifion -110to - 115 140 - 145 -20to-10 115-130 -42t0-25
Temperature
cob
. ” Cheap
i }c{;eg;lxlnsc(:: entand Cheap e High hydrophobici (USS$ 0.36/m) ¥4
resistance (US$ 0.01/m) 9 . Lo%v su};facs ener. g Membrane
s Clise 5 78 Eo Commercially e Higl ist 4 gy performance are
e St blp b up inm.' L available (under ’g“f resl;s ance to intermediate
afoe mer: x.'?ne mzc z;qx:a trade name Liqui- \vel :.ng . aqueons (between PP
Merits e Cel) s .. . and PTFE)
absorbents with e High melting point e High melting point
a2k RS % iz Stable membrane o : pris PVDF hollow
lower wettability indicates its ability 3 indicates its ability to
are used to withstand petormaios 1 withstand desorption fibse
:  —_—— absorbents with ) i l(l;?) membranes can
tom lpralure (100 — lower wettability le;élzg; e = be obtained
]502::) are used. : through phase
i inversion
e Creation of porous
PEEK membranes
via concentrated
e Membrane acids creates Severe membrane e Expensive Difficult to
5 : § ¢ 4 p:
degraqatlon can difficulty in scal_mg wetting if (QSS 11.50/m) l 1 wltbstax'ld
occur if up for commercial alkanolamite * Difficult to fabricate desorption
alkanolamine use. PTFE hollow fibers temperature

(100 - 150 °C)
due to the low
melting point.
Weaker
chemical
resistance than
PTFE

1. Wetting 2. Poly(Tetrafluoroethylene)

3. Poly
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4. Semi-Crystalline
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Figure 4. Gas and liquid phase streams contact pattern in membrane contactors of 3M ™ Liqui-Cel™ (a) Parallel flow (MM series),
(b) Radial flow (SP series), (c) Transverse flow (SP series) [39].
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