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a b s t r a c t

Membrane-based gas separation process is an effective method for separation of species from gas
mixtures. Combination of membrane process with other separation methods such as absorption is an
appropriate method for gas separation. One of applications of hybrid systems of membrane–absorption is
sour gas sweetening. In this paper, the hollow fiber membrane contactor and amine solution are used for
separation of CO2 and H2S from CO2/H2S/CH4 gas mixture. Sour gas and amine solution enter the shell
and fiber respectively. CO2 and H2S react with the amine solution. Reaction mechanism and equations for
three phases of gas, liquid, and membrane are needed for modeling of this system. MATLAB software is
used for simulation. The results show that concentrations of CO2 and H2S decrease in the beginning of
the fiber. Liquid phase is controlling phase. Furthermore, pressure increase has a positive effect on
separation.

� 2009 Elsevier B.V. All rights reserved.

1. Introduction

Most of natural gases contain H2S as a major impurity. H2S is
a highly toxic and corrosive gas and considered as one of the major
sources for the environmental problems such as acid rains. There-
fore, in order to utilize these fuels for chemical processing or energy
generation, the H2S concentration in these gases must be reduced
to very low levels (Strauss, 1975).

Increasing demand of energy has given more attention to the
low quality natural gas containing high percentages of CO2 (up to
30%). In view of high transportation cost and corrosive effects
caused by CO2, it is necessary to reduce the concentration of CO2 to
acceptable levels (Dindore et al., 2005).

The most common process for removal of these gases is
absorption into a solvent using conventional gas-liquid contactors
such as packed or plate column (Dindore et al., 2004). The most
well-established method for CO2 capture is to remove CO2 by
absorption into amine solutions in conventional equipment
(Lyngfelt and Leckner, 1999). Amines are weak basic compounds
that react with CO2 to form weak chemical bonds. These chemical
bonds are easily broken upon mild heating, leading to regeneration

(Wang et al., 2004). Both H2S and CO2 are acidic in nature and are
similar in many physical and chemicals aspects. Hence the solvents
used for the removal of CO2 in gas treating process also absorb H2S.
Compared to physical solvents, enhanced absorption incorporating
chemical reaction results into high selectivity and reduced solvent
circulation (Gabelman and Hwang, 1999).

High separation selectivity of the traditional absorption process,
even at low driving force, can be combined with the flexibility,
modularity and compactness of membrane process to give
a membrane gas absorption process. The contactor used in this
membrane gas absorption process to carry out mass transfer
operation is generally termed as membrane gas–liquid contactors.
This relatively new hybrid process offers several advantages such as
higher volumetric mass transfer rates, better selectivity aspects,
operational flexibility and easy scale up over the conventional
absorption and membrane permeation processes (Gabelman and
Hwang, 1999; Zhang and Cussler, 1985a,b; Yang and Cussler, 1986;
Cussler, 1994; Karoor and Sirkar, 1993; Kreulen et al., 1993a,b,c;
Rangwala, 1996; Bhaumik et al., 1998; Kim and Yang, 2000; Feron
and Jansen, 2002; Kumar et al., 2002; Wang et al., 2005). Further-
more, the membrane contactors avoid the problems often
encountered in the conventional equipment such as flooding,
foaming, and entrainment (Wang et al., 2004).

Kreulen et al. (1993a,b,c) showed that the presence of liquid in
membrane pores, i.e. wetted mode of operation, significantly
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