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Abstract

Absorption of carbon dioxide by different single and blended alkanolamine solvents were studied theoretically using flat sheet membrane contac-
tor. The solvents considered for this study include aqueous solutions of monoethanolamine (MEA), diethanolamine (DEA), N-methyldiethanolamine
(MDEA) and 2-amino-2-methyl-1-propanol (AMP) as well as aqueous blends MEA or DEA with AMP or MDEA. Simulation study shows that
the absorption flux for CO, with aqueous solution of MEA was the highest among the single amines solvents studied. There is an increase in CO,
absorption flux with the increase in the concentration of MEA or DEA in the blends of (MEA + MDEA), (DEA + MDEA) and (MEA + AMP). For
the (DEA + AMP) system the flux of CO, is found to have a marginal effect with different blend compositions. The blends of (MEA + MDEA)
and (MEA + AMP) are found comparatively suitable for the absorption of CO, among all the blends. The performance of flat sheet membrane

contactor is found to be better than that of hollow fiber membrane contactor if only the absorption flux of CO; in the amine is considered.

© 2008 Elsevier B.V. All rights reserved.
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1. Introduction

Over the past few decades global expansion of industrial
activities are increasing significantly the concentrations of some
gases in the atmosphere, such as greenhouse gases (primarily
CO»), which tend to warm the earth surface. CO; is emitted from
fossil fuel, natural and refinery off gases and many other sources.
CO; removal from different process streams is thus essential to
prevent the danger of global warming. The alkanolamine-based
processes have been used commercially for the removal of CO;.
Conventional techniques such as column absorption for CO,
are energy consuming and not easy to operate because of the
frequent problems including flooding, foaming, channeling and
entrainment. Micro-porous membrane contactors can overcome
the major drawbacks of the conventional equipment when incor-
porated into the acid gas treating processes [1]. The membrane
also provides much larger gas—liquid interfacial area than that
of conventional contactors but suffers from the disadvantage of
additional diffusional resistance through the gas filled membrane
pores [2].
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Though several researchers [3—18] reported the absorption
of CO; in different single and blended alkanolamine solvents
using conventional gas—liquid contactors, a few literatures only
reported studies using membrane contactor. These studies have
mainly concentrated on the hollow fiber membrane contactors
[19-22]. Recently, we have reported a theoretical study [23] on
the absorption of CO» in aqueous solutions of different single as
well as blended alkanolamine solvents using hollow fiber mem-
brane contactor (HFMC). A total of 10 wt.% alkanolamine was
considered in all cases to compare the performance of different
solvents using HFMC. Among the single amine solutions the
aqueous solution of MEA was found the most suitable for the
absorption of CO» if only the average flux of CO; in the amine is
considered. For the absorption in the blends of (MEA + MDEA),
(DEA + MDEA) and (MEA + AMP), the flux increased as the
concentration of MEA or DEA increased in the blends. The
absorption performance in the different blends of (DEA + AMP)
was literally same. However, information regarding the removal
of CO; using flat sheet membrane contactor is very much scarce.
The main advantage of this contactor is that any type of mem-
brane can be formed into flat sheet membrane module and the
fabrication of flat sheet membrane is also easier compared to
other membranes. The flux in flat sheet membrane is also higher
than other membranes like hollow fiber and tubular membrane
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Nomenclature

(o concentration of components in liquid (mol m—3)
D diffusion coefficient (m%s—1)

J average absorption flux along the fiber length

(molm—2s~1)

Jiocal local absorption flux (mol m—2 s7h

kp second order reaction rate constant for base b
(m>mol~!s1)

kext overall gas phase mass transfer coefficient (m s~ )

kg gas phase mass transfer coefficient (ms~!)

km membrane phase mass transfer coefficient (m s~ by

k_1 reverse first order reaction rate constant
(m>mol~!s™1)

ko second order forward reaction rate constant
(m3 mol~1s1)
length of membrane (m)

m distribution coefficient (mol mol~!)

M molar mass (kg kmol™1)

oL liquid flow rate (cm3s™1)

R; rate of reaction (molm—3s~1)

T temperature (K)

VL average velocity of liquid (ms™!)

vy velocity of liquid in y direction (ms™~')
v, velocity of liquid in the z direction (ms™!)
w width between wall and membrane (m)

y coordinate in transversal direction

z coordinate in longitudinal direction

Subscripts

A CO,

B,C alkanolamine

g gas phase

i interface, component

Greek letter
w rate of absorption (mols™!)

[24]. Wang et al. [25] have studied the absorption of CO; into
water using parallel-plate gas—liquid membrane contactor and to
the best of our knowledge, detailed analysis on the performances
of the flat sheet membrane contactor (FSMC), particularly for
different single and blended amines, towards absorption of CO,
are not reported yet in the literature. This simulation work is
an initial approach towards that direction which gives a pre-
liminary idea regarding the absorption performance of different
single and blended aqueous alkanolamine solvents using FSMC.

In the present work, we have developed a steady state
mathematical model based on the fundamental conservation
equation (component mass balance for the present case)
applicable to flat sheet membrane contactor (FSMC) sys-
tem. The model is simulated numerically to understand
the local and average fluxes during absorption of CO; in
different single and blended aqueous alkanolamines. The alka-
nolamine solvent systems considered here are the aqueous

solutions of monoethanolamine (MEA), diethanolamine (DEA),
N-methyldiethanolamine (MDEA) and 2-amino-2-methyl-1-
propanol (AMP) as well as aqueous blends of (MEA + MDEA),
(MEA + AMP), (DEA + MDEA) and (DEA + AMP). In this case
we have considered a total of 1000 mol m~> amine in all cases to
compare the performance of different solvents more accurately
in equimolar basis.

2. Model development
2.1. Reaction mechanism of CO; with amines

The reaction of CO, with primary and secondary amines is
described by zwitterionic mechanism. The reaction mechanism
and the reaction rates of CO, with MEA and DEA are same as
discussed in our recent publication [23]. However, for the reac-
tion of CO, with AMP we have assumed that the carbamate
is hydrolyzed to form bicarbonate and it is quite reasonable
because being a sterically hindered amine, the carbamate sta-
bility constant for AMP is very low [26].

RiRp;NCOO™ +H,O0 = RjR2NH + HCO™ 3. (1)

So, the overall rate of reaction CO, with AMP is expressed
as

RA = k2,Amine CA CAmine (2)

where A denotes CO; and Ry and R» are alkyl group. The reac-
tion of CO, with tertiary amine MDEA is discussed in our earlier
publication [23] and the same is considered here.

For the reaction of CO, with the blends of
(MEA(B) + MDEA(C)), (MEA(C) + AMP(B)) and
(DEA(B)+ AMP(C)) the reaction rate can be expressed
as

RA = Rpa_B+ Ra_c (3)
where
Rap — k2 5CACh

1+ 1/((kn,y0)/(k—1)Ch,0) + ((kg)/(k—1)CB) + ((kc)/(k—1)Cc)
and “4)
Ra—c = kp,cCaCc. (%)

Here B and C denote the amines in the blends. For the blends
of (MEA(B) + MDEA(C)) and (DEA(B) + AMP(C)) [11,27] the
reaction mechanism of CO, with MEA or DEA involves the for-
mation of zwitterion and then the deprotonation of the zwitterion
by H>O and the amines present in the solution. The reaction of
CO; with AMP or MDEA is same as already discussed for sin-
gle amine. For the blends of (MEA(C) + AMP(B)) the reaction
of CO, with AMP was considered to be according to the zwit-
terionic mechanism whereas, an overall second order reaction
rate is considered for the reaction of CO, with MEA [7]. For
the blends of (DEA(B)+ MDEA(C)), zwitterionic mechanism
is assumed for the reaction of CO, with DEA. But, the contribu-
tion of MDEA in the deprotonation of zwitterion is neglected in
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Table 1
Rate expressions of amines

Aqueous amine solution

Rp (mol m3 s_l) Rc (mol m3 s_')

Single amines

k2 BCACB
MEA(B) and DEA (B) T+1/((kn, 0)/(*—1)Ch,0)+((kp)/k—1)CB)
MDEA (B) and AMP (B) k2 BCACB
Blended amines
ko BCAC
MEA (B)+MDEA (C), MEA (C) + AMP (B) and DEA (B) + AMP (C) TGty 0) Ry >Cuzoz)f«k§>/<lk3_1 OB/ 1)C0) ka.cCaCe
ky BCACB
DEA (B) + MDEA (C) T/ (i1,0)/(—1)Crt, o) HkB)/E_1)CB) ka.cCale
this case [6]. The reaction rates of amines for the absorption of Aqueous Gas filled
CO;, into single and blended aqueous alkanolamines are reported Bl co,

in Table 1. The kinetic constants for all the single amine and
blended amine systems used for the simulation study are listed
in Table 2.

2.2. Equations describing the diffusion-reaction process

The schematic diagram of the flat sheet membrane contactor
(FSMC) considered for the present study is shown in Fig. 1.
Liquid is flowing through one side of the membrane and the
pores of the membrane are filled with gas flowing in another
side of the membrane. L is the length of the contactor and W
is the distance between the contactor wall and the membrane in
the liquid side. Thus, for the liquid flowing side, the component
mass balance equations can be written as:

oCi _ ) ’C; R 6
L4 EY AR ABTZ — K (6)
where i represents components A, B and C. A denotes CO»
and B and C denote alkanolamines for blended amine systems.
For single amine solution only B denotes the amine. Eq. (6) is
derived based on the following assumptions:

(i) steady-state and isothermal operation;

(ii) fully developed velocity profile along y-direction;
(iii) negligible velocity component in y-direction, vy; and
(iv) negligible axial dispersion along z-direction.
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Fig. 1. Schematic drawing of absorption in hydrophobic flat sheet membrane.

In a laminar flow, a fully developed velocity profile can be
described as:

v; = 6uL {(Vf/) - (Vyv)z] %

where v, is the average velocity.

Table 2

Kinetic parameters at 303 K used in simulation

Systems kz,B (IIl3 mol~! Sl) kZ,BkHZO/k—l kz,BkB/k71 kz,Bkc/kfl kZ,C Reference

(m® mol~2s~1) (m®mol~2s~1) (m® mol~2s~1) (m? mol~!s~1)

MEA(B) + H,0 8.98 1.16 x 1073 241 %1073 - - Liao and Li [11]

DEA(B) + H,0 436 8.50 x 1076 1.30 x 1073 - - Littel et al. [35]

AMP(B) + H,0 7.39 x 107! - - Saha et al. [36]

MDEA(B) + H,0 8.40 x 1073 - - - - Ko and Li [28]

MEA(B) + MDEA (C) + H,0 8.98 1.16 x 1073 241 %1073 531 x107* 7.30x 1073 Liao and Li [11]

MEA(C) + AMP (B) +H,0O 1.26 1.13x 1077 1.62x 1073 9.93 x 10~* 4.72 Xiao et al. [7]

DEA(B) + MDEA (C) + H,O 436 8.50 x 1076 1.30 x 1073 - 577 x 1073 Littel et al. [35]
and Versteeg and
van Swaaij [37]

DEA(B) + AMP (C) + H,0 2.05 x 10? 1.16 x 107260 1.02 x 1072 5.92 x 107° 7.59 x 107! Wang and Li [27]
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The boundary conditions in the axial and transversal direc-
tions respectively are:

atz = 0; forall y; Ca =0, Cg = Cgo,
Cc = Cco 3
and
aC;
at y=0; for z > 0; =0. )
dy

For a non-volatile liquid phase component, the boundary
condition at the gas—liquid interface is given by:

aC aC
aty=W; for z>0; [(—2)=0, (Z£)=0. (0
ay dy

At the gas-liquid interface, i.e. the membrane wall, mass
transfer of the gas phase solute to the liquid phase occurs, which
is described by:

Ca
Da|— | = kext(CAg - CAg,i)~ (1)
dy

The Henry’s law is applied to relate CO; interfacial concen-
trations in gas and liquid phase:

Ca,i =mCag,. (12)

The overall gas phase mass transfer coefficient (kex) is the
sum of two resistances viz. the gas phase resistance (kg) and
the membrane phase resistance (ky,). In the present case, kg is
neglected considering the fact that the gas phase is well mixed
in most practical operations and thus kex = kpy.

3. Method of solution

The set of partial differential equations along with the bound-
ary conditions and the reaction rates were solved in MATLAB
(The MathWorks, Natick, MA) using a built-in routine called
pdex4 to obtain the concentration profiles of CO; and different
alkanolamines. The local absorption flux Ja jocal of CO> along
the length of the membrane was subsequently calculated using
Fick’s law. The average absorption flux J4 was obtained from the
integration of the local fluxes along the length of the membrane:

1 L
Ja = */ JA 1ocal(2)dz. (13)
L J,

4. Results and discussion

The analysis is performed for the cases of pure CO, and
CO,/N; mixture. The CO; inlet concentration in case of CO2/N»
mixture is taken as 20 vol.%. The gas phase concentration was
assumed constant in the simulation. The total amine concentra-
tions in all cases are taken as 1000 mol m~>. The length of the
flat sheet membrane module considered in this study, is 0.2 m
and the distance between the contactor wall and the membrane
is 0.02m. A liquid velocity of 0.1 ms™! is used in the simu-
lation. The solubility of CO; in different single and blended
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Fig. 2. Comparison of the CO; absorption rate in water.

amine solvents and the diffusivity coefficient of CO; and differ-
ent alkanolamines were taken from the literature [28—-34]. For
the modeling of absorption of CO; in different aqueous alka-
nolamine solutions, we have taken the value of key; as 100 ms ™!
[23] during the simulation studies, which is a much higher value,
to take care of the fact that the gas phase resistance is negligible
and the efficiency of the membrane for different processes do
not influence the fluxes obtained in the later part of the study.
Since to the best of our knowledge, there is no literature avail-
able regarding the absorption of CO; in alkanolamine solvents
using flat sheet membrane contactor (FSMC), to validate the
model and the numerical scheme, our simulation result for the
physical absorption of 20% CO; in water using FSMC is com-
pared with the experimental results reported by Wang et al. [25]
(Fig.2). The membrane geometry and operating parameters used
in the validation are the same as those used by Wang et al. [25].
The value of key is taken as 100ms~!. As shown in Fig. 2, the
present simulation result agrees well with the literature data of
Wang et al. [25], the average deviation being about 10%. It is
worth mentioning here that while studying the effect of kex; on
the CO, absorption flux in water for two different liquid flow
rates, it was found that much lower values of k., indicative
of significant gas phase mass-transfer resistance, has distinct
influence on the CO; absorption flux. The simulated flux with
significantly lower value of ke predicts the experimental results
of Wang et al. [25] better. This is not addressed further since we
have neglected the gas phase resistance in the present work with
the substantially high value of kex = 100ms~! and found the
simulation prediction within tolerable limit after compromising
with the complexity and reality of the mathematical model.

4.1. CO; absorption with single amine solvent

CO, absorption performances of different single amines are
analyzed in terms of local flux of CO; along the length of the
FSMC, the liquid phase CO; and amine concentration profiles.
It can be observed from Fig. 3 for both 20% and pure CO, that
the variation of local flux initially is a strong and decreasing
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Fig. 3. Local CO; absorption flux for 20% and pure CO; in single amine solution
over the membrane length.

and also later is weak but decreasing function of the length of
the membrane. This decrease is quite sharp particularly for the
cases of MEA, AMP and DEA having high reaction rate for
CO,. The sharpness of the decreasing trend gradually decreases
with the amines having lower reaction rates. Similar observation
was also observed in our previous study [23] using hollow fiber
membrane contactor (membrane length is 0.2 m and fiber radius
is 2x 1074 m). However, irrespective of the amine used, the
average flux for the absorption of 20% CO; is about 50% of that
for the absorption of pure CO;. There is no significant variation
in the flux for the case of MDEA with 20% CO; due to very low
reaction rate compared to the others. Fig. 3 also clearly depicts
the fact that the aqueous solution of MEA has the highest CO»
absorption flux followed by AMP, DEA and MDEA in sequence,
which is again justified from the reaction kinetics of amines with
CO; reported in Table 2. Further, more amine is consumed due to
continuous supply of CO, with increase in the membrane length
resulting in drop in amine concentration, which in turn leads to
drop in CO; flux as the reaction rate is a function of amine
concentration. This is particularly so as in the present study
CO; concentration in the gas phase at the gas—liquid interface is
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Fig. 4. Transversal concentration profile of amine for the absorption of 20%
CO; in the single amine solution at the liquid exit of the membrane.
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Fig. 5. Transversal concentration profile of amine for the absorption of pure
CO3; in the single amine solution at the liquid exit of the membrane.

assumed constant and the reaction rate is the dominating factor
over other transport and physico-chemical properties.

Figs. 4 and 5 describe the concentration profiles of four alka-
nolamines in liquid phase along the width of the FSMC for the
absorption of 20% and pure CO», respectively. In both cases
there are significant drops in concentrations for all the amines
used. Depletion of MEA is the highest due to the highest reac-
tion rate of MEA with CO; than that of DEA, AMP and MDEA.
Depletion of MDEA is the least because of its low reaction rate
compared to other amines. The above behavior is also reflected
in Figs. 6 and 7 where the concentration of unreacted CO; is
the least in MEA and the highest in MDEA for both the absorp-
tion of 20% and pure CO;. So, from the above discussion it
can be concluded that, CO; absorption flux in amines follows
the sequence MEA > AMP >DEA >MDEA irrespective of the
concentration of CO; in the gas phase.

4.2. CO; absorption into blended amine
The performance of absorption of 20% and pure carbon diox-

ide into aqueous blends of (MEA + MDEA), (MEA + AMP),
(DEA + MDEA) and (DEA + AMP) is analyzed in terms of aver-
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0 " i P
0.99 0.992 0.994
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Fig. 6. Transversal concentration profile of CO; for the absorption of 20% CO»
in the single amine solution at the liquid exit of the membrane.
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Fig. 7. Transversal concentration profile of CO; for the absorption of pure CO,
in the single amine solution at the liquid exit of the membrane.

age flux of carbon dioxide over the membrane length, and the
liquid phase concentration profile of CO; and the alkanolamines
along the width of the FSMC. The concentrations of the amines
were varied from 0 to 1000 mol m~3 (maintaining the total amine
concentration as 1000 mol m~3 in the blend) to find the effects
on CO, absorption.

Fig. 8 shows the average CO; absorption flux in differ-
ent aqueous alkanolamine blends. Obviously, because of more
driving force the absorption of pure CO, is much higher than
that of 20% CO,. It was observed from this figure that for
(MEA + AMP) and (MEA + MDEA) systems, the CO, absorp-
tion flux increased sharply with increase in MEA concentration
in the blend. This is again due to much higher reaction rate of
MEA for CO; than that of MDEA or AMP. For (DEA + MDEA)
system, higher DEA concentration gives higher flux due to its
relatively higher reaction rate compared to MDEA. AMP has
slightly faster rate of absorption compared to DEA. Increasing
concentration of DEA means that the AMP concentration in the
blend is reduced and DEA even with higher concentration, its
absorption rate is still lower compared to the AMP at the corre-
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Fig. 8. Average CO; absorption flux over the membrane length as a function of
amine blend composition.

sponding concentration. So, for the (DEA + AMP) systems the
absorption flux decreases marginally with the increase in the
concentration of DEA in the blend. This suggests that DEA is
not suitable solvent in combination with AMP.

As shown in Fig. 8, the average absorption flux for pure
CO; increased from 0.0048 molm~2s~! for (200molm—3

MEA +800molm™ MDEA) to 0.0132molm~2s~! for
(800molm—> MEA+200molm—> MDEA) blend and
becomes almost equal to the flux in 1000 molm™3

MEA, whereas the flux for pure CO; increased from
0.0036molm~2s~! for (200molm~—> DEA +800molm—3
MDEA) to  0.0085molm~2s~! for (800molm~3
DEA +200molm~— MDEA) blend. The average absorption
flux for pure CO, increased from 0.0114 to 0.0154 molm—2s~!
for (200molm—> MEA+800molm—>3 AMP) blend to
(800 molm—3 MEA +200molm—3 AMP) blend. According
to Fig. 8, there are deviations between the average absorption
fluxes of CO; into aqueous single amine solutions when we
considered the reaction kinetics of CO; in their blends. These
deviations may be due to the different experimental conditions
and procedure followed by different authors. Particularly, for
the absorption of CO; into aqueous solutions of (0 molm™3
MEA +1000molm~> AMP) and that of into (Omolm™3
DEA + 1000 mol m—3 AMP), this deviation is quite significant.
This is due to the different reaction mechanism for AMP
assumed in those two different blends. For the blends of
(MEA + AMP) the reaction of CO, with AMP is assumed
according to zwitterionic mechanism [7] whereas, an overall
second order reaction rate is assumed in case of the blends
of (DEA + AMP) for the reaction of CO, with AMP [27]. It
can further be noticed from Fig. 8 that when the concentration
of MEA or DEA is lower in the blends of (MEA + AMP) or
(DEA + AMP), respectively, the flux of CO; is greater than
that in the blends of (MEA + MDEA) because the reaction
rate of CO, with AMP is much higher than that with MDEA.
Further, the above said difference in flux reduces gradually
as the concentration of MEA or DEA increase in the blends.
At higher concentrations of MEA or DEA in the blends, the
performance of (MEA + MDEA) blends is better than that
of (DEA + AMP) blends and almost becomes comparable to
that of (MEA + AMP) blends, if the average absorption flux
of CO; is only considered. On the other hand, MDEA has
better regeneration characteristics than other amines studied,
as MDEA is having low heat of reaction with CO,, which
leads to lower energy requirement for regeneration. So the
(MEA + MDEA) is better for the absorption of CO> from the
regeneration point of view the solvents. Thus, from the above
discussion it can be concluded that either of (MEA + MDEA) or
(MEA + AMP) blends can preferably be used for the absorption
of CO, using FSMC. Of course, the better of the two can be
more distinctly predicted after carrying out regeneration study
of these solvents.

The concentration profiles of CO, for the absorption of 20%
and pure CO, absorption in aqueous blends of (MEA + MDEA)
are described in Figs. 9 and 10. In all the cases the liquid phase
carbon dioxide concentration profile with width at the liquid
exit shifted to the right side as the concentration of MEA in
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Fig. 9. Transversal concentration profile of 20% CO; in the (MEA + MDEA)
blended amine solution at the liquid exit of the membrane.

the blend increased. The difference is gradually decreased with
the increase in MEA concentration because of higher reaction
rate of MEA (Figs. 9 and 10). Similar behavior for the blends
of (MEA + AMP) was obtained (not reported here) with closer
concentration profiles of CO» as the reaction rates of CO, with
MEA and AMP are closer to each other.

4.3. Comparison of the performance of FSMC and HFMC

To compare the performance of FSMC and HFMC, the
absorption of pure CO, was theoretically analyzed using both
the membrane contactors. The mass balance equations regard-
ing the diffusion-reaction process in the HFMC and the module
properties are same as discussed in our earlier publication [23].
Figs. 11 and 12 show the local absorption flux along the length of
membrane of pure and 20% CO; in aqueous solutions of MEA,
DEA, AMP and MDEA using HFMC and FSMC. The trend
of fluxes is same for both the contactors, i.e., the flux is more
for amines having high reaction rate towards CO, (MEA, DEA
and AMP in this case) and the variation of the membrane length
(fiber length for HFMC) does not have much impact on the CO;
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Fig. 11. Local CO, absorption flux for pure CO; in single amine solution over
the membrane length of FSMC and HFMC.
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Fig. 12. Local CO; absorption flux for 20% CO; in single amine solution over
the membrane length of FSMC and HFMC.

absorption in MDEA solution under simulated conditions due
to its smaller reaction rate constant. But, in all cases the flux is
greater for the absorption using FSMC. The differences between
the average absorption fluxes using HFMC and FSMC for the

0.9l ~~ 00 meim?uDEA absorption of 20% CO, are lower compared to those obtained
200 mol m” MEA + 500 mol m'” MDEA for the absorption of pure CO,. The average absorption fluxes
F——. 3 + 3 . . . .
08 A00melm HEA»G0melm MEA in those amines for HFMC and FSMC are listed in Table 3. So,
600 mol m™ MEA + 400 mol m™ MDEA . . . .
O T et MEA» 200 mol m MDA if only absorption flux is considered, FSMC performs better but
G‘? 0.6 F ——1000 mol m> MEA
g 05 Table 3
\< 0.4 MDEA Average absorption flux for the absorption of CO; using FSMC and HFMC
o
03l Solvent (amine concentration J(molm=2s~1)
' /g 1000 mol m=3)
0.2} // ; - .
- i Pure CO, 20% CO,
01k ’,// Y i
ol -~ S FSMC  HFMC  FSMC  HFMC
0.992 0993 0.994 0.995 0996 0.997 0.998 0.999 1 MEA +H,0 0.0171 0.0135 0.0076  0.0070
y/w AMP + H;0 0.0134 0.0108 0.0056 0.0049
DEA +H;0 0.0129 0.0105 0.0053 0.0047
Flg 10. Transversal concentration proﬁle of pure CO; in the (MEA + MDEA) MDEA +H,0 0.0033 0.0030 0.0007 0.0006

blended amine solution at the liquid exit of the membrane.
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the choice of the more suitable membrane module type for a par-
ticular membrane separation must depend on number of factors.
The factors are module geometry and membrane properties like
membrane material, pore size and porosity, specific surface area,
etc. and different operating parameters like gas and liquid flow
rates, initial solvent and gas phase CO, concentration, pressure
drop considerations, etc. Hollow fiber modules are significantly
cheaper, per square meter of membrane, than flat sheet mod-
ules. Hence, the better performance between FSMC and HFMC
can be more accurately predicted after examining the influence
of different parameters as well as making a techno-economic
analysis.

5. Conclusion

From the theoretical analysis of the absorption of CO; in
different alkanolamine solvents it can be concluded that the
aqueous solution of MEA is the most suitable for the absorp-
tion of CO, among the single amine solutions, if only the
average flux of CO; in the amine is considered. For the absorp-
tion in the blends of (MEA + MDEA), (DEA + MDEA) and
(MEA + AMP), the flux increases as the concentration of MEA
or DEA increases in the blends. The absorption performance
of the different compositions of (DEA + AMP) blend is literally
same. At lower concentrations of MEA or DEA in the blends of
(MEA + MDEA), (DEA + AMP) and (MEA + AMP), the flux of
CO;, is greater in the last two blends whereas at higher concentra-
tions of MEA or DEA the flux in the blends of (MEA + MDEA) is
higher than that in the blends of (DEA + AMP) and flux becomes
comparable to that with the blends of (MEA + AMP). But, the
ultimate choice of the solvent for the absorption of CO, depends
upon the detailed analysis about the regeneration characteristics
of the solvents. The CO, absorption flux in FSMC is higher
than that in HFMC for all high to low reacting alkanolamines.
A further techno-economical analysis is required to select better
contactor between FSMC and HFMC for CO, separation.
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