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Process Characteristics of CO, Absorption by Aqueous
Monoethanolamine in a Microchannel Reactor’
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Abstract Process characteristics of CO, absorption using aqueous monoethanolamine (MEA) in a microchannel
reactor were investigated experimentally in this work. A T-type rectangular microchannel with a hydraulic diameter
of 408 pm was used. Operating parameters, i.e. temperature, pressure and molar ratio of MEA to COZ were studied.
Under 3 MPa pressure, the mole fraction of CO, in gas phase could decrease from 32.3% to 300x107° at least when gas
hourly space velocity ranged from 14400 to 68600 h™" and molar ratio of MEA to CO, was kept at 2.2. In particular,
the effects of temperature on CO, absorption flux, mass transfer driving force, gas-liquid contact time and en-
hancement factor were analyzed in detail and found that mass transfer enhancement by chemical reaction was a

crucial factor for the process of CO, absorption.
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1 INTRODUCTION

Carbon dioxide (CO,), as a greenhouse gas, is the
main contributor to the observed global warming [1].
Therefore, it is of great importance to remove large
amounts of CO, from natural, refinery and synthesis
gas streams. Many different options are available for
this purpose, but the most widely utilized technique is
the absorption by alkanolamine-based chemical sol-
vents, such as monoethanolamine (MEA) [2-4], di-
ethanolamine (DEA) [5], mixed amines of piperazine
(PZ) and methyldiethanolamine (MDEA) [6, 7], etc.

Aqueous MEA, as an important absorbent in the
CO, removal process, has many advantages, such as
high reactivity, low solvent cost, low molecular mass
and thus high absorption capacity on a mass basis,
reasonable thermal stability, efc [8]. Sometimes it can
be used as an activator and mix with other amines [9, 10].
Recently, MEA solutions have received much atten-
tion in the area of CO, capture and storage.

As an important parameter, CO, solubility in
MEA solutions has been measured at temperatures
from 0 to 150 °C and pressures from 0.5 Pa to 20 MPa
in a stirred cell reactor with long equilibrium time
[11-13]. When temperature increases or pressure de-
creases, the solubility reduces as expected. Besides, a
number of mathematical models, such as Deshmukh-
Mather model [14] and Kent-Eisenberg model [15], are
also developed to predict CO, solubility in alkanolamine
systems. The concentration of each ion in CO,-MEA
system can be obtained from the modeling results.

With respect to the reaction kinetics between CO,
and MEA solutions, however, discrepancies always
exist in the published data on reaction rate constants,
as reviewed in Ref. [16]. When determining the reaction
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rate constants in a laminar jet absorber [17], a stirred
cell reactor [18], or a wetted wall column [9], the ex-
perimental data could be explained with an assump-
tion of pseudo-first order reaction regime, due to the
limited mass transfer capacities of these equipments
and the absence of interfacial turbulence. However,
when the absorption was carried out at short contact
time [19], the reaction between CO, and MEA could
be considered to be practically instantaneous.

Up to now, the process of CO, absorption into
MEA solutions has been investigated extensively. Kim
et al. [20] predicted the enthalpy of CO, absorption
into MEA solutions from equilibrium constants and
pointed out that the enthalpy decreased with CO,
loading. Akanksha and Srivastave [2] reported the gas
side mass transfer coefficient for the case of counter-
current gas-liquid flow in a falling film microreactor
and observed that mass transfer rate strongly depended
on gas and liquid flow rates. Maceiras and Alvarez [21]
investigated the effect of temperature on the volumet-
ric mass transfer coefficient in a bubble column. The
volumetric mass transfer coefficient was deduced de-
pending on the two film theory and an assumption of
instantaneous reaction regime between CO, and MEA.
Freguia and Rochelle [4] analyzed the sensitivity of
process variables in a system consisting of a packed
absorber, a stripper and a cross heat exchanger, with
the aim to find operating conditions at low energy
consumption based on a RateFrac absorber model.

Current absorption processes usually involve ab-
sorption towers and packed or plate columns [22-25],
which have huge volumes and relatively low efficien-
cies in mass transfer. Hence, there is a need to develop
new technologies that can miniaturize reaction and
unit operation elements and integrate these process
devices in order to save space and energy.
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Figure 1 Specific dimensions of the microchannel used in the CO, absorption process

Microchannel, as a novel tool for process intensi-
fication, is well-known for its merits, such as excellent
mass and heat transfer abilities, huge surface to vol-
ume ratio, short diffusion distance, narrow residence
time distribution, small volume, etc., and shows great
potential in the processes of gas absorption [26], hydro-
genation [27], nitration [28], extraction [29] and so on.

In this paper, process characteristics of CO, ab-
sorption into aqueous MEA were first time investi-
gated in a microchannel reactor. The influences of
operating parameters, i.e. temperature, pressure and
molar ratio of MEA to CO,, on the process of CO,
absorption were investigated. In particular, the effects
of temperature, one of the most important parameters,
on CO, absorption flux, mass transfer driving force,
gas-liquid contact time and enhancement factor were
elucidated in detail in order to get a fundamental un-
derstanding of the process.

2 EXPERIMENTAL
2.1 Materials

Feed gas, a mixture of CO, and nitrogen (N),
was utilized. MEA with a purity of 99.5%, provided
by Tianjin Guangfu Fine Chemical Research Institute,
was used without further purification, while deionized
water was boiled in order to remove the dissolved
gases before utilization. MEA solution with a mass
fraction of 30% was prepared from the MEA and the
boiled deionized water by mass.

2.2 Specific dimensions of the microchannel

Specific dimensions of the T-type, rectangular
microchannel utilized in this work are shown in Fig. 1,
including the top and the cross-section view. The dis-
tance between inlets 1 and 2 is 30 mm, while the dis-
tance from the joint to the outlet is 60 mm. The joint is
at the middle place between inlets 1 and 2. The width
and the depth equal to 0.75 mm and 0.28 mm, respec-
tively. The microchannel was fabricated on a 316L
stainless steel plate by micromachining technology,
with another stainless steel plate as cover plate. The
two plates were bonded via vacuum diffusion bonding.

Based on the above information, the hydraulic
diameter (Dy) of the channel and the specific surface
area (as) of the channel from the joint to the outlet are
0.408 mm and 9809.5 m>m™, respectively, which are
calculated from the following equations:

Dy, =2wd /[(w+d) (N
a, =2(w+d)L/(wdL) 2)

where w and d denote the width and the depth of the
microchannel, respectively, and L is the length of the
channel from the joint to the outlet.

2.3 Experimental setup and methodology

The schematic of the experimental setup for CO,
absorption process is shown in Fig. 2, mainly consisted
of a home-made microchannel reactor, a gas-liquid
separator, a mass flow controller, a constant-flow
pump, a gas cylinder and a test section. The test sec-
tion contains a soap film flowmeter and a CO, sensor.

The temperature of the microchannel reactor was
governed by a waterbath with an accuracy of 0.1 K.
Two coiled stainless steel tubes with an inner diameter
of 2 mm and a thickness of 0.5 mm placed in water
bath were connected with inlets 1 and 2, respectively.
When the gas and liquid flowed through the tubes, the
given temperature could be attained. The inlet and the
outlet pressure were measured by two pressure trans-
ducers, and the pressure drop of the main channel
from the joint to the outlet was estimated by a differ-
ential pressure transducer (Huba Control AG, 692),
respectively. The feed gas was regulated by a mass
flow controller (Beijing Sevenstar Electronics Com-
pany, measurement range: 0-10 L-min”"), while MEA
solution was transferred by a constant-flow pump
(Scientific Systems Inc, measurement range: 0-10
ml'min~") to contact the feed gas at the joint of mi-
crochannel. After flowing through the microchannel,
the gas-liquid two phases were separated immediately
via the gas-liquid separator, where CQO, absorption
was small enough and could be neglected according to
a blank experiment. The length, inner diameter and
thickness of the stainless steel tube connecting the
microchannel reactor and the separator was 35 mm, 4
mm and 1 mm, respectively. After separation, the liquid
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Figure 2 Schematic of the experimental setup for the CO, absorption process

1—gas cylinder; 2—pressure reducing valve; 3, 4—filter; 5S—fresh solution tank; 6—constant-flow pump; 7—mass flow controller;
8—check valve; 9—soap film flowmeter; 10, 11—coil; 12, 13—adjusting valve; 14—CO, sensor; 15—microchannel reactor; 16—
differential pressure transducer; 17—thermostatic waterbath; 18, 19—pressure transducer; 20—silica gel drier; 21—back pressure
valve; 22—gas-liquid separator; 23—mneedle valve; 24—rich solution tank

directly flowed into the rich solution tank, while the
gas flowed through a silica gel drier to remove trace
amounts of MEA solution. The drier had been swept
by the feed gas for an hour before conducting CO,
absorption experiments. The concentration of CO,
was analyzed by a CO, sensor with detection limit of
300x10™ (Ennix Inc, FG10), and the flow rate was
determined by the soap film flowmeter. When CO,
concentration did not changed within 2 min, its value
was recorded. All experiments have been repeated for
two times at least, the relative deviation did not ex-
ceed 1%.

CO, conversion, X, which was based on the dif-
ference between CO, molar flow rates at the inlet and
the outlet, was used to evaluate the performance of
microchannel in CO, absorption process:

X = (nCOz,in — 1o, out )/nCOZ,in x100% 3)

where n denotes the molar flow rate.

When calculating CO, conversion, the solubility
of N, in MEA solution was assumed to be neglected.
In order to examine this assumption, the error of N,
molar flow rates between the inlet and the outlet of
microchannel was calculated as
EN = (nNz,in - nNz,out )/nNz,in x100% (4)

2

In this work, the value of Ey  was less than 2%. The
molar flow rate of N, ny, , was determined based on

the volumetric flow rate and the concentration of CO,
of gas phase.

For convenience and comparison, the feed gas
flow rate, determined by the soap film flowmeter at
25 °C at the inlet of microchannel, was used to calcu-
late gas hourly space velocity (GHSV):

O Ry

wdl, P ®)

where Qgin is the volumetric flow rate of feed gas at

G

25 °C at the inlet, m>h. Py is ambient pressure, 0.1
MPa. When CO, absorption was conducted at high
pressure P, Py/P was used to modify the calculation
of Ug.

When analyzing the two-phase flow pattern, the
superficial velocities of gas and liquid phases were
applied and estimated with

Jo = Q6,n /(3600wd) (6)

Ju = QOrin /(3600wd) (7

where j denotes the superficial velocity, m's™'. The
volumetric flow rate of gas at 25 °C and the liquid
flow rate at the inlet were used directly to calculate the
superficial velocities.

3 THEORY

3.1 Reaction mechanism

Aqueous MEA solution is an important absorbent
in the CO, capture process due to its nature as primary
amine. When CO, reacts with MEA, the carbamate
formation reaction occurs:

CO, + 2MEA==MEACOO™ + MEAH"  (8)

which is considered to be practically instantaneous
[19, 21]. Besides, high temperature is beneficial to the
reversibility of this reaction [30], and thus can make
the absorption rate slower and hinder the process of
CO; absorption [31, 32].

According to the zwitterion mechanism which is
widely justified [4, 20, 21], the reaction steps usually
involve the formation of a zwitterion,

CO, + MEA ==MEAH"C00" )

and the subsequent deprotonation of the zwitterion by
a base B,

MEAH'COO™ + B——=MEACOO™ + BH" (10)
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where B is a base that can be MEA, OH™, CO%‘,

HCO;5 or H,O. In this work, CO, loading is never

more than 0.5 mol of CO, per mol of MEA after ab-
sorption. Under this condition, the main products in

the rich solution are MEAH* and MEACOO™, while

the concentrations of OH™, CO§_, HCO5, and espe-

cially the free CO, are very low [16]. Therefore, the
deprotonation of the zwitterion comes mainly from

MEA, and to a less extent, from OH™, CO; , HCO;

or H,;0O, since the deprotonation ability of a base de-
pends mainly on its concentration and basicity [33].

3.2 Physical properties

Density and dynamic viscosity of MEA solution
were estimated from the work of Amundsen et al. [34]
and Weiland et al [35]. The influences of MEA con-
centration, CO, loading and temperature on density
and viscosity were all taken into account in their ex-
periments.

According to Henry’s law, the gas-liquid equilib-
rium can be achieved at the gas-liquid interface and
the relationship can be described as follows:

Pcoz :HCCOz,i (11)

where C¢q ; is the CO; concentration at the interface,

mol-L™". Henry’s constant, kPa-L-mol ™', was determined
with Eq. (12) proposed by Versteeg and Swaaij [36],

H =2.8429x10° exp(—2044/T) (12)

The diffusion coefficient of CO, in MEA solution
was estimated by N,O analogy. The diffusion coeffi-
cients of CO, and N,O in water were calculated using
the following equations [36, 37], respectively,

Dco, o =235x10°exp(-2119/T)  (13)

Dy om0 =5.07x107° exp(-2371/T) (14)

The diffusion coefficient of N,O into aqueous
MEA solution was calculated using [36]

DNZOIUI}\//IEA = DNZO,HZO/lI;L/IZO (15)

where y was equal to 0.51 in MEA solution [38]. The
dynamics viscosity of water was obtained from the
work by Korson et al [39].

Then the diffusion coefficient of CO, in MEA
solution could be calculated using the N,O analogy:

Dco2 _ DCOZ,HZO (16)

Dyo  Dyom0

The diffusivity coefficient of MEA in water was esti-
mated from the equation proposed by Maceiras and
Alvarez [21],

Dypp =3.586x107° T/ ptyien (17)
3.3 Absorption rate model

CO; absorption flux, N, , is calculated by the

following equation:
Nco2 = (nCOZ,in ~ Mo, out )/(a V)= kEACcoz,m (18)

where « is the interfacial area per volume, and V is the
volume of the main microchannel from the joint to the
outlet.

From the work of Yue et al. [40], when the ratio
of the volumetric flow rates of gas to liquid exceeds
50 and the gas superficial velocity is more than 10
m's ™, the interfacial area is approximately equal to the
specific surface area of the microchannel, because
under this condition, gas-liquid two phase flow is in
annular flow or churn flow regime and the thickness
of the liquid film is very thin. So we have

aV =2(w+d)L (19)

In the experiments, CO, loading, molar ratio of
absorbed CO, to MEA in the rich solution, was never
more than 0.5. Therefore, the concentration of free CO,
in the liquid bulk could be assumed to be zero. The
logarithmic mean values of CO, concentration in the
interface between the inlet and the outlet could be used
as the approximation of the mass transfer driving force:

Ce -Cec
ACc02,1n = n(C C
n( CO,,i,in / COZ,i,out)
1 Feo,in = Feo, ou

) H ln(PCOz,in /PCOZ,out )

Then the liquid-phase mass transfer coefficient

0,.,i,in 0,,i,out

(20)

for chemical absorption of CO,, k; , could be deduced

from Egs. (18)—-(20).

The liquid-phase mass transfer coefficient for
physical absorption of CO, was defined as Eq. (21)
based on Higbie’s penetration model [41]. The values
obtained by Eq. 21 at 25 °C were approximate to those
estimated by the correlation for CO, physical absorp-
tion under the slug-annular flow and the annular flow
in microchannel at 20 °C [40],

D
k=2, —>= 1)
nT

When calculating gas-liquid contact time (7), it is
necessary to modify the flow rate of gas according to
the experimental conditions, for temperature, pressure
and CO, concentration all have influences on the gas
volumetric flow rate. In this work, the gas phase could be

treated as ideal gas [42]. The flow rate is modified by

Qavg = (Qin + Qout )/2 (22)
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QG :Qavg (])()/P)(T/%) (23)

where T is the reference temperature, 298.15 K.
The contact time is calculated by

7 =3600wdL/(Q; + 0, ) 24)

The enhancement factor of CO, absorption, E,
which is a measure of the effect of chemical reaction
on mass transfer, can be determined using

E=k Ik (25)

for free CO, in the bulk solution can be considered to
be zero [41].

4 RESULTS AND DISCUSSION
4.1 Absorption results at 3 MPa pressure

The results of CO, absorption in the microchan-
nel reactor under 3 MPa pressure were demonstrated
in Fig. 3. The concentration of CO; in feed gas was
32.3% (by volume) and Ug was in the range from
1.44x10" to 6.86x10* h™'. When the molar ratio of
MEA to CO, was kept at 2.2, the conversion of CO,,
at least, attained to 99.94% at 25 or 45 °C. Even the
molar ratio of MEA to CO, was reduced to 2 which
equaled the stoichiometric ratio, the conversion of
CO, was still higher than 91% at 25 °C. The two peak
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Figure 3 Results of CO, absorption at 3 MPa pressure
X 25 °C, 2.2 [MEA/CO, (by mol)]; 025 °C, 2.0 [MEA/CO,
(by mol)]; 045 °C, 2.2 [MEA/CO, (by mol)]

values in Fig. 3 (a) may be closely related to the flow
characteristics of gas-liquid two-phase flow in the
microchannel, since the superficial velocities of gas
and liquid rose together with the increase in Ug. Fur-
ther research was needed to confirm this conception.

When U increased from 1.19x10° to 2.08x10°
h™', as shown in Fig. 3 (b), CO, conversion was still
very high. At 2.2 molar ratio of MEA to CO,, the
minimum of the conversion was 92.7%, while when
the molar ratio was equal to 2, the conversion de-
creased slightly, and the minimum was 88.4%.

4.2 Absorption results at ambient pressure

When investigating the process of CO, absorp-
tion at ambient pressure, the molar ratio of MEA to
CO,; was kept constant at 2.2 and the concentration of
CO; in feed gas was 29.8% by volume.

Compared Fig. 4 (a) with Fig. 3 (a), CO, conver-
sions at ambient pressure were lower than those ob-
tained at 3 MPa. The conversions at 25, 45 and 65 °C
all decreased as UG increased and varied from 91% to
80%, but the tendency brought about by temperature
was not obvious.
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Figure 4 Results of CO, absorption at ambient pressure
and 2.2 MEA/CO, (by mol)
temperature/°C: ©25; 045; A65; X85

At higher Ug ranging from 3.93x10° to 7.80x10°
h™, as displayed in Fig. 4 (b), CO, conversion was in
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the range from 76% to 57%, which decreased gradu-
ally as GHSV increased. What’s more, it increased
when temperature was raised from 25 to 65 °C. How-
ever, when temperature reached 85 °C, CO, conver-
sion was smaller than that at 45 °C. Compared with
Fig. 4 (a), the gas-liquid contact time was reduced due
to the increase of Ug, which was the main reason for
the apparent tendency of CO, conversions at 25, 45
and 65 °C in Fig. 4 (b). Because that at higher GHSYV,
mass transfer by convection would be improved, but a
higher Ug would result in a shorter contact time and
hence less consumption of CO, by reaction.

From above results, we can see that high pressure
is beneficial to the process of CO, absorption, because
the equilibrium solubility of CO, in aqueous MEA
solution increased with pressure [11, 43] and the
gas-liquid contact time can be prolonged greatly at
high pressure, due to the compressibility of the gas
phase. Besides, higher molar ratio of MEA to CO, is
also favorable for CO, absorption, for that at higher
molar ratio, more MEA can react with CO,, which
will lead to a faster absorption rate for CO, capture.

4.3 Influences of temperature on CO, absorption

As shown in Fig. 4 (b), the effects of temperature
on CO, absorption are obvious at ambient pressure
and high Ug and will be elucidated in this section,
since diffusion coefficients of CO, and MEA in solu-
tion, Henry’s constant, gas-liquid contact time and
reaction rate constant are all temperature dependent.

4.3.1 Flow pattern analysis

Some researchers have investigated the
gas-liquid two-phase flow patterns in microchannel,
and found that two-phase flow pattern primarily de-
pended on superficial velocities of gas and liquid
phases. In addition, two-phase flow pattern maps in
microchannel were similar with each other, although
microchannels with different hydraulic diameters and
different gas and liquid phases were applied [40, 44-46].

Kawahara et al. [44] investigated experimentally
the gas-liquid two-phase flow in a 100 pm diameter
circular tube. Deionized water and N, were utilized as
gas and liquid phases, respectively. From the flow
regime maps provided, we could see that the two-phase
flow was probable in annular flow regime or churn
flow regime when the gas superficial velocity exceeded
20 m's ' and the liquid superficial velocity varied
from 0 to 1 m's™". Similar results could be found in the
work of Yue et al. [40], who investigated the
two-phase flow patterns of water-CO; in a rectangular
microchannel with a hydraulic diameter of 667 pm.

In this work, the hydraulic diameter of the T-type
rectangular microchannel was 408 pm. The superficial
velocity of the liquid phase varied from 0.356 to 0.707
m's ', while the superficial velocity of gas phase ex-
ceeded 50 m's™', depending on the flow rates at the
inlet of microchannel. Under these conditions, the
two-phase flow was in the range of annular flow or

churn flow regime.

4.3.2 Influences of temperature

Based on the above flow pattern analysis, CO,
absorption flux was determined using Eq. (18). In Fig.
4 (b) the ratio of the volumetric flow rates of gas to
liquid almost approached 180 and the gas superficial
velocity exceeded 50 m-s™'. Under such condition, it
was feasible to replace the interfacial area with the
specific surface area of the microchannel. As pre-
sented in Fig. 5, CO, absorption flux varied from 0.98
to 1.80 mol-mz-s_l, and ascended with Ug. Because
more gas and liquid would flow through the micro-
channel as Ug increased. CO, absorption flux in this
work was at least one order of magnitude higher than
that in a falling film microreactor [47].

2.0
&
2 16+
y & o
E g ©
£ o
g2t %
=
g
08 1 1 1 1
3 4 5 6 7 8
Ugx107/h!

Figure 5 Effects of temperature on CO, absorption flux at
ambient pressure and 2.2 MEA/CO, (by mol)
temperature/°C: < 25; 045; A65; X85

As shown in Fig. 6, the mass transfer driving
force decreased as temperature went up from 25 to
85 °C. It was mainly attributed to the reduction of CO,
solubility in MEA solution [11], which could hinder
the process of CO, transferring from gas to liquid.
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Figure 6 Effects of temperature on mass transfer driving
force at ambient pressure and 2.2 MEA/CQO, (by mol)
temperature/°C: ©25; 045; A65; X85

As revealed in Fig. 7, the liquid side mass trans-
fer coefficient went up with temperature obviously. As
temperature increased, the diffusion coefficients of
CO, and MEA increased, and the viscosity of MEA
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Figure 7 Effects of temperature on liquid side mass
transfer coefficient at ambient pressure and 2.2 MEA/CO,
(by mol)

temperature/°C: ©25; 045; A65; X85

solution would decreased, which were favorable for
the mass transfer process. The reaction between CO,
and MEA would also be enhanced as temperature in-
creased, and thus resulted in larger enhancement fac-
tors, which was demonstrated in Fig. 8. Due to the
mass transfer enhancement by chemical reaction, the
liquid side mass transfer coefficient was in the range
from 0.09 to 0.358 m-s_l, which was one or two orders
of magnitude higher than that in the physical absorp-
tion of CO, in microchannel [40].

from 2.8 to 1.5 mPa-s. These aspects enhanced the
absorption process effectively, which could overcome
the negative influences of the decrease in CO; solubil-
ity and the gas-liquid contact time. Besides, the en-
hancement factor at 85 °C was less than that at 65 °C.
The reason may be that CO, desorption from MEA
solution was more obvious, and thus reduced the ab-
sorption rate at 85 °C [30]. The tendency of enhance-
ment factor with temperature revealed the importance
of chemical reaction in the process of CO, absorption
in Fig. 4 (b).

As displayed in Fig. 9, the contact time varied
from 0.99 to 1.62 ms and decreased with temperature
and Ug simultaneously. At the same Ug, the contact
time decreased with temperature gradually due to the
expansibility of gas phase. Compared with Fig. 4 (b),
the tendency of contact time with temperature was con-
trary to the trend of CO, conversion with temperature
from 25 to 65 °C, which could be mainly attributed to
the mass transfer enhancement by chemical reaction.
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Figure 8 Effects of temperature on enhancement factor at

ambient pressure and 2.2 MEA/CO, (by mol)
temperature/°C: ©25; 045; A65; X85

In addition, the liquid side mass transfer coeffi-
cient was hardly influenced by Ug at the temperatures
from 25 to 65 °C, but at 85 °C, the coefficient slightly
went up with Ug. At higher temperatures, the mass
transfer enhancement by reaction was offset by the
desorption process of CO, from MEA solution [30]
and the mass transfer resistance would become sig-
nificant. The increase of the liquid side mass transfer
coefficient with Ug at 85 °C was mainly due to the
reduction of mass transfer resistance with Ug.

As demonstrated in Fig. 8, when the temperature
increased from 25 to 65 °C, the reaction rate must in-
crease according to Arrhenius Equation, and besides,
the diffusion coefficient of CO, would ascend from
1.1x107 to 2.4x107° m*s™', and Dy from 3.8x107"°
to 8.2x107'" m*s™", while the liquid viscosity decreased
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Figure 9 Effects of temperature on the gas-liquid contact
time at ambient pressure and 2.2 MEA/CO, (by mol)
temperature/°C: ©25; 045; A65; X85

From above analysis, we could see that mass
transfer enhancement by chemical reaction was a cru-
cial factor in the process of CO, absorption into
aqueous MEA solution in the microchannel reactor. As
temperature increased, although the mass transfer
driving force and gas-liquid contact time decreased
obviously, the mass transfer coefficient with reaction
ascended gradually which was mainly due to the
chemical enhancement. On the other hand, the ten-
dency of enhancement factor with temperature also
revealed the importance of chemical reaction.

5 CONCLUSIONS

Microchannel showed excellent performance in
CO; absorption process. At 3 MPa pressure, CO, ab-
sorption could reach 99.94% at least when Ug was in
the range of 1.44x10* and 6.86x10" h™', and molar
ratio of MEA to CO, was kept at 2.2. Under ambient
pressure and lower molar ratio of MEA to CO,, the
capacity of microchannel in CO, absorption process
would be weakened slightly.
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With respect to the influence of temperature on
CO, absorption at ambient pressure, the tendencies
brought about by temperature on CO, absorption flux,
mass transfer driving force, gas-liquid contact time
and enhancement factor were presented and discussed,
and found that mass transfer enhancement by chemi-
cal reaction was the major contributor to the excellent
performance of microchannel in the process of CO,
absorption.

Process characteristics of CO, absorption in the
work reveal that microchannel reactor is one of the
most potential equipments for CO, absorption and can
enhance the process efficiency greatly. Compared with
absorption towers and packed or plate columns, mi-
croreactor can reduce the reactor volume and elimi-
nate flooding at high flow rates, and hence, shows
promising prospect for the CO, absorption process.

NOMENCLATURE
a interfacial area, m>m™
as specific surface area, m*m™
B base
C concentration, mol-L™"
ACqo, ,n  logarithmic mean values of CO, concentrations, mol-m™
D “ diffusion coefficient in MEA solution, m>s™!
Dy hydraulic diameter, m
d depth, m
E enhancement factor
Ey. error in N, molar flow rates between the inlet and the outlet of
) microchannel
H Henry’s law constant, kPa-L-mol ™
j superficial velocity, ms™'
kL liquid mass transfer coefficient for physical absorption, cm-s™
kﬁ liquid mass transfer coefficient for chemical absorption, cm-s™
L length of microchannel from the joint to the outlet, m
N absorption flux, mol'm2s™'
n molar flow rate, mol-s™!
P pressure, kPa
0] volumetric flow rate, m>h™
T temperature, K
Us gas hourly space velocity, h™'
w width, m
X CO, conversion
u dynamic viscosity, Pa's
T gas liquid contact time, s
Superscripts
y index number for MEA
Subscripts
avg average
G gas
i interface
in inlet
L liquid
out outlet
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