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bstract

Absorption of carbon dioxide by different single and blended alkanolamine solvents were studied theoretically using flat sheet membrane contac-
or. 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
he absorption flux for CO2 with aqueous solution of MEA was the highest among the single amines solvents studied. There is an increase in CO2

bsorption flux with the increase in the concentration of MEA or DEA in the blends of (MEA + MDEA), (DEA + MDEA) and (MEA + AMP). For

he (DEA + AMP) system the flux of CO2 is found to have a marginal effect with different blend compositions. The blends of (MEA + MDEA)
nd (MEA + AMP) are found comparatively suitable for the absorption of CO2 among all the blends. The performance of flat sheet membrane
ontactor is found to be better than that of hollow fiber membrane contactor if only the absorption flux of CO2 in the amine is considered.

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

Over the past few decades global expansion of industrial
ctivities are increasing significantly the concentrations of some
ases in the atmosphere, such as greenhouse gases (primarily
O2), which tend to warm the earth surface. CO2 is emitted from

ossil fuel, natural and refinery off gases and many other sources.
O2 removal from different process streams is thus essential to
revent the danger of global warming. The alkanolamine-based
rocesses have been used commercially for the removal of CO2.
onventional techniques such as column absorption for CO2
re energy consuming and not easy to operate because of the
requent problems including flooding, foaming, channeling and
ntrainment. Micro-porous membrane contactors can overcome
he major drawbacks of the conventional equipment when incor-
orated into the acid gas treating processes [1]. The membrane
lso provides much larger gas–liquid interfacial area than that

f conventional contactors but suffers from the disadvantage of
dditional diffusional resistance through the gas filled membrane
ores [2].
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Though several researchers [3–18] reported the absorption
f CO2 in different single and blended alkanolamine solvents
sing conventional gas–liquid contactors, a few literatures only
eported studies using membrane contactor. These studies have
ainly concentrated on the hollow fiber membrane contactors

19–22]. Recently, we have reported a theoretical study [23] on
he absorption of CO2 in aqueous solutions of different single as
ell as blended alkanolamine solvents using hollow fiber mem-
rane contactor (HFMC). A total of 10 wt.% alkanolamine was
onsidered in all cases to compare the performance of different
olvents using HFMC. Among the single amine solutions the
queous solution of MEA was found the most suitable for the
bsorption of CO2 if only the average flux of CO2 in the amine is
onsidered. For the absorption in the blends of (MEA + MDEA),
DEA + MDEA) and (MEA + AMP), the flux increased as the
oncentration of MEA or DEA increased in the blends. The
bsorption performance in the different blends of (DEA + AMP)
as literally same. However, information regarding the removal
f CO2 using flat sheet membrane contactor is very much scarce.
he main advantage of this contactor is that any type of mem-

rane can be formed into flat sheet membrane module and the
abrication of flat sheet membrane is also easier compared to
ther membranes. The flux in flat sheet membrane is also higher
han other membranes like hollow fiber and tubular membrane

mailto:aloke@iitg.ernet.in
dx.doi.org/10.1016/j.cej.2008.01.036
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Nomenclature

C concentration of components in liquid (mol m−3)
D diffusion coefficient (m2 s−1)
J average absorption flux along the fiber length

(mol m−2 s−1)
Jlocal local absorption flux (mol m−2 s−1)
kb second order reaction rate constant for base b

(m3 mol−1 s−1)
kext overall gas phase mass transfer coefficient (m s−1)
kg gas phase mass transfer coefficient (m s−1)
km membrane phase mass transfer coefficient (m s−1)
k−1 reverse first order reaction rate constant

(m3 mol−1 s−1)
k2 second order forward reaction rate constant

(m3 mol−1 s−1)
L length of membrane (m)
m distribution coefficient (mol mol−1)
M molar mass (kg kmol−1)
QL liquid flow rate (cm3 s−1)
Ri rate of reaction (mol m−3 s−1)
T temperature (K)
vL average velocity of liquid (m s−1)
vy velocity of liquid in y direction (m s−1)
vz velocity of liquid in the z direction (m s−1)
W width between wall and membrane (m)
y coordinate in transversal direction
z coordinate in longitudinal direction

Subscripts
A CO2
B, C alkanolamine
g gas phase
i interface, component
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rate is considered for the reaction of CO with MEA [7]. For
ω rate of absorption (mol s−1)

24]. Wang et al. [25] have studied the absorption of CO2 into
ater using parallel-plate gas–liquid membrane contactor and to

he best of our knowledge, detailed analysis on the performances
f the flat sheet membrane contactor (FSMC), particularly for
ifferent single and blended amines, towards absorption of CO2
re not reported yet in the literature. This simulation work is
n initial approach towards that direction which gives a pre-
iminary idea regarding the absorption performance of different
ingle and blended aqueous alkanolamine solvents using FSMC.

In the present work, we have developed a steady state
athematical model based on the fundamental conservation

quation (component mass balance for the present case)
pplicable to flat sheet membrane contactor (FSMC) sys-
em. The model is simulated numerically to understand

he local and average fluxes during absorption of CO2 in
ifferent single and blended aqueous alkanolamines. The alka-
olamine solvent systems considered here are the aqueous
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olutions of monoethanolamine (MEA), diethanolamine (DEA),
-methyldiethanolamine (MDEA) and 2-amino-2-methyl-1-
ropanol (AMP) as well as aqueous blends of (MEA + MDEA),
MEA + AMP), (DEA + MDEA) and (DEA + AMP). In this case
e have considered a total of 1000 mol m−3 amine in all cases to

ompare the performance of different solvents more accurately
n equimolar basis.

. Model development

.1. Reaction mechanism of CO2 with amines

The reaction of CO2 with primary and secondary amines is
escribed by zwitterionic mechanism. The reaction mechanism
nd the reaction rates of CO2 with MEA and DEA are same as
iscussed in our recent publication [23]. However, for the reac-
ion of CO2 with AMP we have assumed that the carbamate
s hydrolyzed to form bicarbonate and it is quite reasonable
ecause being a sterically hindered amine, the carbamate sta-
ility constant for AMP is very low [26].

1R2NCOO− + H2O � R1R2NH + HCO−
3. (1)

So, the overall rate of reaction CO2 with AMP is expressed
s

A = k2,AmineCACAmine (2)

here A denotes CO2 and R1 and R2 are alkyl group. The reac-
ion of CO2 with tertiary amine MDEA is discussed in our earlier
ublication [23] and the same is considered here.

For the reaction of CO2 with the blends of
MEA(B) + MDEA(C)), (MEA(C) + AMP(B)) and
DEA(B) + AMP(C)) the reaction rate can be expressed
s

A = RA−B + RA−C (3)

here

RA−B = k2,BCACB

1 + 1/((kH2O)/(k−1)CH2O) + ((kB)/(k−1)CB) + ((kC)/(k−1)CC)

and (4)

A−C = k2,CCACC. (5)

Here B and C denote the amines in the blends. For the blends
f (MEA(B) + MDEA(C)) and (DEA(B) + AMP(C)) [11,27] the
eaction mechanism of CO2 with MEA or DEA involves the for-
ation of zwitterion and then the deprotonation of the zwitterion

y H2O and the amines present in the solution. The reaction of
O2 with AMP or MDEA is same as already discussed for sin-
le amine. For the blends of (MEA(C) + AMP(B)) the reaction
f CO2 with AMP was considered to be according to the zwit-
erionic mechanism whereas, an overall second order reaction
2
he blends of (DEA(B) + MDEA(C)), zwitterionic mechanism
s assumed for the reaction of CO2 with DEA. But, the contribu-
ion of MDEA in the deprotonation of zwitterion is neglected in
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Table 1
Rate expressions of amines

Aqueous amine solution RB (mol m−3 s−1) RC (mol m−3 s−1)

Single amines

MEA(B) and DEA (B)
k2,BCACB

1+1/((kH2O)/(k−1)CH2O)+((kB)/(k−1)CB)

MDEA (B) and AMP (B) k2,BCACB

Blended amines
k2,BCACB

1+(1/((kH2O)/(k−1)CH2O)+((kB)/(k−1)CB)+((kC)/(k−1)CC) k2,CCACC

k2,BCACB
1+(1/((kH2O)/(k−1)CH2O)+((kB)/(k−1)CB) k2,CCACC
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MEA (B) + MDEA (C), MEA (C) + AMP (B) and DEA (B) + AMP (C)

DEA (B) + MDEA (C)

his case [6]. The reaction rates of amines for the absorption of
O2 into single and blended aqueous alkanolamines are reported

n Table 1. The kinetic constants for all the single amine and
lended amine systems used for the simulation study are listed
n Table 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.
iquid is flowing through one side of the membrane and the
ores of the membrane are filled with gas flowing in another
ide of the membrane. L is the length of the contactor and W
s the distance between the contactor wall and the membrane in
he liquid side. Thus, for the liquid flowing side, the component

ass balance equations can be written as:

z

∂Ci

∂Z
= DA

∂2Ci

∂y2 − Ri (6)

here i represents components A, B and C. A denotes CO2
nd B and C denote alkanolamines for blended amine systems.
or single amine solution only B denotes the amine. Eq. (6) is
erived 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.

v

w

able 2
inetic parameters at 303 K used in simulation

ystems k2,B (m3 mol−1 s1) k2,BkH2O/k−1

(m6 mol−2 s−1)
k2,BkB

(m6 m

EA(B) + H2O 8.98 1.16 × 10−5 2.41 ×
EA(B) + H2O 4.36 8.50 × 10−6 1.30 ×
MP(B) + H2O 7.39 × 10−1

DEA(B) + H2O 8.40 × 10−3 – –
EA(B) + MDEA (C) + H2O 8.98 1.16 × 10−5 2.41 ×
EA(C) + AMP (B) + H2O 1.26 1.13 × 10−7 1.62 ×
EA(B) + MDEA (C) + H2O 4.36 8.50 × 10−6 1.30 ×

EA(B) + AMP (C) + H2O 2.05 × 102 1.16 × 10−266 1.02 ×
Fig. 1. Schematic drawing of absorption in hydrophobic flat sheet membrane.

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

z = 6vL

[( y )
−

( y )2
]

(7)

W W

here vL is the average velocity.

/k−1

ol−2 s−1)
k2,BkC/k−1

(m6 mol−2 s−1)
k2,C

(m3 mol−1 s−1)
Reference

10−3 – – Liao and Li [11]
10−3 – – Littel et al. [35]

– – Saha et al. [36]
– – Ko and Li [28]

10−3 5.31 × 10−4 7.30 × 10−3 Liao and Li [11]
10−3 9.93 × 10−4 4.72 Xiao et al. [7]
10−3 – 5.77 × 10−3 Littel et al. [35]

and Versteeg and
van Swaaij [37]

10−2 5.92 × 10−6 7.59 × 10−1 Wang and Li [27]
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The boundary conditions in the axial and transversal direc-
ions respectively are:

at z = 0; for all y; CA = 0, CB = CB0,

CC = CC0 (8)

and

t y = 0; for z > 0;

(
∂Ci

∂y

)
= 0. (9)

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

t y=W ; for z > 0;

(
∂CB

∂y

)
=0,

(
∂CC

∂y

)
= 0. (10)

At the gas–liquid interface, i.e. the membrane wall, mass
ransfer of the gas phase solute to the liquid phase occurs, which
s described by:

A

(
∂CA

∂y

)
= kext(CAg − CAg,i). (11)

The Henry’s law is applied to relate CO2 interfacial concen-
rations in gas and liquid phase:

A,i = mCAg,i. (12)

The overall gas phase mass transfer coefficient (kext) is the
um of two resistances viz. the gas phase resistance (kg) and
he membrane phase resistance (km). In the present case, kg is
eglected considering the fact that the gas phase is well mixed
n most practical operations and thus kext = km.

. Method of solution

The set of partial differential equations along with the bound-
ry conditions and the reaction rates were solved in MATLAB
The MathWorks, Natick, MA) using a built-in routine called
dex4 to obtain the concentration profiles of CO2 and different
lkanolamines. The local absorption flux JA local of CO2 along
he length of the membrane was subsequently calculated using
ick’s law. The average absorption flux JA was obtained from the

ntegration of the local fluxes along the length of the membrane:

A = 1

L

∫ L

o
JA local(z)dz. (13)

. Results and discussion

The analysis is performed for the cases of pure CO2 and
O2/N2 mixture. The CO2 inlet concentration in case of CO2/N2
ixture is taken as 20 vol.%. The gas phase concentration was

ssumed constant in the simulation. The total amine concentra-
ions in all cases are taken as 1000 mol m−3. The length of the

at sheet membrane module considered in this study, is 0.2 m
nd the distance between the contactor wall and the membrane
s 0.02 m. A liquid velocity of 0.1 m s−1 is used in the simu-
ation. The solubility of CO2 in different single and blended

a
F
I
t

Fig. 2. Comparison of the CO2 absorption rate in water.

mine solvents and the diffusivity coefficient of CO2 and differ-
nt alkanolamines were taken from the literature [28–34]. For
he modeling of absorption of CO2 in different aqueous alka-
olamine solutions, we have taken the value of kext as 100 m s−1

23] during the simulation studies, which is a much higher value,
o take care of the fact that the gas phase resistance is negligible
nd the efficiency of the membrane for different processes do
ot influence the fluxes obtained in the later part of the study.

Since to the best of our knowledge, there is no literature avail-
ble regarding the absorption of CO2 in alkanolamine solvents
sing flat sheet membrane contactor (FSMC), to validate the
odel and the numerical scheme, our simulation result for the

hysical absorption of 20% CO2 in water using FSMC is com-
ared with the experimental results reported by Wang et al. [25]
Fig. 2). The membrane geometry and operating parameters used
n the validation are the same as those used by Wang et al. [25].
he value of kext is taken as 100 m s−1. As shown in Fig. 2, the
resent simulation result agrees well with the literature data of
ang et al. [25], the average deviation being about 10%. It is
orth mentioning here that while studying the effect of kext on

he CO2 absorption flux in water for two different liquid flow
ates, it was found that much lower values of kext, indicative
f significant gas phase mass-transfer resistance, has distinct
nfluence on the CO2 absorption flux. The simulated flux with
ignificantly lower value of kext predicts the experimental results
f Wang et al. [25] better. This is not addressed further since we
ave neglected the gas phase resistance in the present work with
he substantially high value of kext = 100 m s−1 and found the
imulation prediction within tolerable limit after compromising
ith the complexity and reality of the mathematical model.

.1. CO2 absorption with single amine solvent

CO2 absorption performances of different single amines are

nalyzed in terms of local flux of CO2 along the length of the
SMC, the liquid phase CO2 and amine concentration profiles.
t can be observed from Fig. 3 for both 20% and pure CO2 that
he variation of local flux initially is a strong and decreasing
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ig. 3. Local CO2 absorption flux for 20% and pure CO2 in single amine solution
ver the membrane length.

nd also later is weak but decreasing function of the length of
he membrane. This decrease is quite sharp particularly for the
ases of MEA, AMP and DEA having high reaction rate for
O2. The sharpness of the decreasing trend gradually decreases
ith the amines having lower reaction rates. Similar observation
as also observed in our previous study [23] using hollow fiber
embrane contactor (membrane length is 0.2 m and fiber radius

s 2 × 10−4 m). However, irrespective of the amine used, the
verage flux for the absorption of 20% CO2 is about 50% of that
or the absorption of pure CO2. There is no significant variation
n the flux for the case of MDEA with 20% CO2 due to very low
eaction rate compared to the others. Fig. 3 also clearly depicts
he fact that the aqueous solution of MEA has the highest CO2
bsorption flux followed by AMP, DEA and MDEA in sequence,
hich is again justified from the reaction kinetics of amines with
O2 reported in Table 2. Further, more amine is consumed due to
ontinuous supply of CO2 with increase in the membrane length

esulting in drop in amine concentration, which in turn leads to
rop in CO2 flux as the reaction rate is a function of amine
oncentration. This is particularly so as in the present study
O2 concentration in the gas phase at the gas–liquid interface is

ig. 4. Transversal concentration profile of amine for the absorption of 20%
O2 in the single amine solution at the liquid exit of the membrane.

i
(

F
i

ig. 5. Transversal concentration profile of amine for the absorption of pure
O2 in the single amine solution at the liquid exit of the membrane.

ssumed constant and the reaction rate is the dominating factor
ver other transport and physico-chemical properties.

Figs. 4 and 5 describe the concentration profiles of four alka-
olamines in liquid phase along the width of the FSMC for the
bsorption of 20% and pure CO2, respectively. In both cases
here are significant drops in concentrations for all the amines
sed. Depletion of MEA is the highest due to the highest reac-
ion rate of MEA with CO2 than that of DEA, AMP and MDEA.
epletion of MDEA is the least because of its low reaction rate

ompared to other amines. The above behavior is also reflected
n Figs. 6 and 7 where the concentration of unreacted CO2 is
he least in MEA and the highest in MDEA for both the absorp-
ion of 20% and pure CO2. So, from the above discussion it
an be concluded that, CO2 absorption flux in amines follows
he sequence MEA > AMP > DEA > MDEA irrespective of the
oncentration of CO2 in the gas phase.

.2. CO2 absorption into blended amine
The performance of absorption of 20% and pure carbon diox-
de into aqueous blends of (MEA + MDEA), (MEA + AMP),
DEA + MDEA) and (DEA + AMP) is analyzed in terms of aver-

ig. 6. Transversal concentration profile of CO2 for the absorption of 20% CO2

n the single amine solution at the liquid exit of the membrane.
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ig. 7. Transversal concentration profile of CO2 for the absorption of pure CO2

n the single amine solution at the liquid exit of the membrane.

ge flux of carbon dioxide over the membrane length, and the
iquid phase concentration profile of CO2 and the alkanolamines
long the width of the FSMC. The concentrations of the amines
ere varied from 0 to 1000 mol m−3 (maintaining the total amine

oncentration as 1000 mol m−3 in the blend) to find the effects
n CO2 absorption.

Fig. 8 shows the average CO2 absorption flux in differ-
nt aqueous alkanolamine blends. Obviously, because of more
riving force the absorption of pure CO2 is much higher than
hat of 20% CO2. It was observed from this figure that for
MEA + AMP) and (MEA + MDEA) systems, the CO2 absorp-
ion flux increased sharply with increase in MEA concentration
n the blend. This is again due to much higher reaction rate of

EA for CO2 than that of MDEA or AMP. For (DEA + MDEA)
ystem, higher DEA concentration gives higher flux due to its
elatively higher reaction rate compared to MDEA. AMP has

lightly faster rate of absorption compared to DEA. Increasing
oncentration of DEA means that the AMP concentration in the
lend is reduced and DEA even with higher concentration, its
bsorption rate is still lower compared to the AMP at the corre-

ig. 8. Average CO2 absorption flux over the membrane length as a function of
mine blend composition.
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ponding concentration. So, for the (DEA + AMP) systems the
bsorption flux decreases marginally with the increase in the
oncentration of DEA in the blend. This suggests that DEA is
ot suitable solvent in combination with AMP.

As shown in Fig. 8, the average absorption flux for pure
O2 increased from 0.0048 mol m−2 s−1 for (200 mol m−3

EA + 800 mol m−3 MDEA) to 0.0132 mol m−2 s−1 for
800 mol m−3 MEA + 200 mol m−3 MDEA) blend and
ecomes almost equal to the flux in 1000 mol m−3

EA, whereas the flux for pure CO2 increased from
.0036 mol m−2 s−1 for (200 mol m−3 DEA + 800 mol m−3

DEA) to 0.0085 mol m−2 s−1 for (800 mol m−3

EA + 200 mol m−3 MDEA) blend. The average absorption
ux for pure CO2 increased from 0.0114 to 0.0154 mol m−2 s−1

or (200 mol m−3 MEA + 800 mol m−3 AMP) blend to
800 mol m−3 MEA + 200 mol m−3 AMP) blend. According
o Fig. 8, there are deviations between the average absorption
uxes of CO2 into aqueous single amine solutions when we
onsidered the reaction kinetics of CO2 in their blends. These
eviations may be due to the different experimental conditions
nd procedure followed by different authors. Particularly, for
he absorption of CO2 into aqueous solutions of (0 mol m−3

EA + 1000 mol m−3 AMP) and that of into (0 mol m−3

EA + 1000 mol m−3 AMP), this deviation is quite significant.
his is due to the different reaction mechanism for AMP
ssumed in those two different blends. For the blends of
MEA + AMP) the reaction of CO2 with AMP is assumed
ccording to zwitterionic mechanism [7] whereas, an overall
econd order reaction rate is assumed in case of the blends
f (DEA + AMP) for the reaction of CO2 with AMP [27]. It
an further be noticed from Fig. 8 that when the concentration
f MEA or DEA is lower in the blends of (MEA + AMP) or
DEA + AMP), respectively, the flux of CO2 is greater than
hat in the blends of (MEA + MDEA) because the reaction
ate of CO2 with AMP is much higher than that with MDEA.
urther, the above said difference in flux reduces gradually
s the concentration of MEA or DEA increase in the blends.
t higher concentrations of MEA or DEA in the blends, the
erformance of (MEA + MDEA) blends is better than that
f (DEA + AMP) blends and almost becomes comparable to
hat of (MEA + AMP) blends, if the average absorption flux
f CO2 is only considered. On the other hand, MDEA has
etter regeneration characteristics than other amines studied,
s MDEA is having low heat of reaction with CO2, which
eads to lower energy requirement for regeneration. So the
MEA + MDEA) is better for the absorption of CO2 from the
egeneration point of view the solvents. Thus, from the above
iscussion it can be concluded that either of (MEA + MDEA) or
MEA + AMP) blends can preferably be used for the absorption
f CO2 using FSMC. Of course, the better of the two can be
ore distinctly predicted after carrying out regeneration study

f these solvents.
The concentration profiles of CO2 for the absorption of 20%
nd pure CO2 absorption in aqueous blends of (MEA + MDEA)
re described in Figs. 9 and 10. In all the cases the liquid phase
arbon dioxide concentration profile with width at the liquid
xit shifted to the right side as the concentration of MEA in
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Fig. 11. Local CO2 absorption flux for pure CO2 in single amine solution over
the membrane length of FSMC and HFMC.

F
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ig. 9. Transversal concentration profile of 20% CO2 in the (MEA + MDEA)
lended amine solution at the liquid exit of the membrane.

he blend increased. The difference is gradually decreased with
he increase in MEA concentration because of higher reaction
ate of MEA (Figs. 9 and 10). Similar behavior for the blends
f (MEA + AMP) was obtained (not reported here) with closer
oncentration profiles of CO2 as the reaction rates of CO2 with
EA and AMP are closer to each other.

.3. Comparison of the performance of FSMC and HFMC

To compare the performance of FSMC and HFMC, the
bsorption of pure CO2 was theoretically analyzed using both
he membrane contactors. The mass balance equations regard-
ng the diffusion-reaction process in the HFMC and the module
roperties are same as discussed in our earlier publication [23].
igs. 11 and 12 show the local absorption flux along the length of
embrane of pure and 20% CO2 in aqueous solutions of MEA,
EA, AMP and MDEA using HFMC and FSMC. The trend

f fluxes is same for both the contactors, i.e., the flux is more
or amines having high reaction rate towards CO2 (MEA, DEA
nd AMP in this case) and the variation of the membrane length
fiber length for HFMC) does not have much impact on the CO2

ig. 10. Transversal concentration profile of pure CO2 in the (MEA + MDEA)
lended amine solution at the liquid exit of the membrane.

a
t
g
t
a
f
i
i

T
A

S
1

M
A
D
M

ig. 12. Local CO2 absorption flux for 20% CO2 in single amine solution over
he membrane length of FSMC and HFMC.

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

bsorption of 20% CO2 are lower compared to those obtained
or the absorption of pure CO2. The average absorption fluxes
n those amines for HFMC and FSMC are listed in Table 3. So,
f only absorption flux is considered, FSMC performs better but

able 3
verage absorption flux for the absorption of CO2 using FSMC and HFMC

olvent (amine concentration
000 mol m−3)

J (mol m−2 s−1)

Pure CO2 20% CO2

FSMC HFMC FSMC HFMC

EA + H2O 0.0171 0.0135 0.0076 0.0070
MP + H2O 0.0134 0.0108 0.0056 0.0049
EA + H2O 0.0129 0.0105 0.0053 0.0047
DEA + H2O 0.0033 0.0030 0.0007 0.0006
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he choice of the more suitable membrane module type for a par-
icular membrane separation must depend on number of factors.
he factors are module geometry and membrane properties like
embrane material, pore size and porosity, specific surface area,

tc. and different operating parameters like gas and liquid flow
ates, initial solvent and gas phase CO2 concentration, pressure
rop considerations, etc. Hollow fiber modules are significantly
heaper, per square meter of membrane, than flat sheet mod-
les. Hence, the better performance between FSMC and HFMC
an be more accurately predicted after examining the influence
f different parameters as well as making a techno-economic
nalysis.

. Conclusion

From the theoretical analysis of the absorption of CO2 in
ifferent alkanolamine solvents it can be concluded that the
queous solution of MEA is the most suitable for the absorp-
ion of CO2 among the single amine solutions, if only the
verage flux of CO2 in the amine is considered. For the absorp-
ion in the blends of (MEA + MDEA), (DEA + MDEA) and
MEA + AMP), the flux increases as the concentration of MEA
r DEA increases in the blends. The absorption performance
f the different compositions of (DEA + AMP) blend is literally
ame. At lower concentrations of MEA or DEA in the blends of
MEA + MDEA), (DEA + AMP) and (MEA + AMP), the flux of
O2 is greater in the last two blends whereas at higher concentra-

ions of MEA or DEA the flux in the blends of (MEA + MDEA) is
igher than that in the blends of (DEA + AMP) and flux becomes
omparable to that with the blends of (MEA + AMP). But, the
ltimate choice of the solvent for the absorption of CO2 depends
pon the detailed analysis about the regeneration characteristics
f the solvents. The CO2 absorption flux in FSMC is higher
han that in HFMC for all high to low reacting alkanolamines.

further techno-economical analysis is required to select better
ontactor between FSMC and HFMC for CO2 separation.
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