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Abstract: Part 1 of this paper presents a numerical model for non-reactive physical mass transfer
across a wetted wall column (WWC). In Part 2, we improved the existing computational fluid dynamics
(CFD) model to simulate chemical absorption occurring in a WWC as a bench-scale study of
solvent-based carbon dioxide (CO2) capture. To generate data for WWC model validation, CO2 mass
transfer across a monoethanolamine (MEA) solvent was first measured on a WWC experimental
apparatus. The numerical model developed in this work can account for both chemical absorption and
desorption of CO2 in MEA. In addition, the overall mass transfer coefficient predicted using
traditional/empirical correlations is conducted and compared with CFD prediction results for both
steady and wavy falling films. A Bayesian statistical calibration algorithm is adopted to calibrate the
reaction rate constants in chemical absorption/desorption of CO2 across a falling film of MEA. The
posterior distributions of the two transport properties, i.e., Henry’s constant and gas diffusivity in the
non-reacting nitrous oxide (N2O)/MEA system obtained from Part 1 of this study, serves as priors for
the calibration of CO2 reaction rate constants after using the N2O/CO2 analogy method. The calibrated
model can be used to predict the CO2 mass transfer in a WWC for a wider range of operating
conditions. C© 2017 Society of Chemical Industry and John Wiley & Sons, Ltd.
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Introduction

Much research has been devoted to developing
carbon capture technology including
amine-based solid sorbent capture,1–4 impact

of rivulet flow on mass transfer rate,5,6 etc. The purpose
of this paper is to present a validation and calibration
framework for predicting chemical absorption of
carbon dioxide (CO2) across a monoethanolamine
(MEA) solution. Thus, a comprehensive understanding
of the reaction kinetics between CO2 and amine is
essential in getting precise information about the
chemical reaction rates,7–9 as well as detailed
knowledge of the reaction mechanism.10–15 Hikita
et al.16 used a rapid-mixing thermal method to show
that reactions between CO2 and MEA in aqueous
solution appeared to be first-order in the amine
concentration. Their results were reproduced and
confirmed by Laddha and Danckwerts,17 who absorbed
CO2 in a stirred cell into aqueous solutions of MEA.
The computational model developed in this work
adopts this finding to represent the chemical reaction
rates between CO2 and MEA. Next, the reaction
mechanisms of CO2 absorption by MEA are normally
described using three sub-reactions to indicate vital
influence on the CO2/MEA reaction,18 which include:

Carbamate formation:

CO2 + 2RNH2 → RNHCOO− + RNH+
3 ,

Bicarbonate formation:

CO2 + RNH2 + H2O → HCO−
3 + RNH+

3 ,

Carbamate reversion:

RNHCOO− + CO2 + 2H2O → HCO−
3 + 2RNH+

3 ,

where R = CH2CH2OH . Astarita et al.19 suggest that
the rate of bicarbonate formation is negligible because
of MEA carbamate’s high stability. In addition, the
overall absorption rate can be approximated as
irreversible, making the carbamate reversion
insignificant. As a result, the overall CO2/MEA
reaction rate is dominated by the carbamate formation.

The mass transfer between CO2 and MEA also
includes physical absorption, which is mainly
dominated by CO2 solubility/diffusivity in MEA
solution.20–27 Because of the chemical reactions
between CO2 and MEA, the physical
solubility/diffusivity of CO2 in MEA solution cannot
be directly measured. However, the estimation of

solubility/diffusivity can be made using the nitrous
oxide (N2O) analogy method,28 which states that the
ratio of solubility/diffusivity of N2O/CO2 in MEA
solution is the same as that in water. This analogy is
made based on the similarities in mass and molecular
structure between CO2 and N2O. The
solubility/diffusivity in the non-reacting N2O/MEA
system is obtained in Part 1 of this study.29

In the present work, the absorption accompanied by
chemical reactions occurring in a wetted wall column
(WWC) is investigated using numerical simulation,
conventional/empirical correlations, and experimental
measurements. Moreover, we aim to provide a
computational fluid dynamics (CFD)
mechanism-based predictive framework that includes
using statistical methods to determine the confidence
bounds for the overall mass transfer coefficient under
various operating conditions of a WWC for the
reactive CO2/MEA system. The remainder of the paper
is organized as follows. The next section describes the
experimental study of reactive CO2 absorption into a
falling film of MEA in a WWC and is followed by a
description of the numerical modeling. Then the CFD
simulation and conventional/empirical correlation
results are discussed before we provide the model
calibration analyses.

Experimental study of the CO2/MEA
system
For a CO2/MEA system, the experiments are
conducted using the same experimental apparatus
introduced in Part 1 of this work,29 except the gas
being transported is CO2 instead of N2O. The mass
transfer coefficient KG (mol/(Pa·s·m8)) for a CO2/MEA
system can be calculated by Eqn (1):

KG = J
�P

, (1)

where J denotes the mass transfer flux at the gas-liquid
interface and �P is the log mean driving force defined
as

�P =
(
PCO2,in − P∗

CO2

) − (
PCO2,out − P∗

CO2

)
ln

[ PCO2,in−P∗
CO2

PCO2,out−P∗
CO2

] , (2)

where P∗
CO2

is the equilibrium CO2 pressure. If CO2
loading exceeds 0.4 (mol CO2/mol MEA), P∗

CO2
may

vary significantly for a small change in CO2 loading as
shown in Fig. 1.30 Therefore, the P∗

CO2
measurement is
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Figure 1. P∗
CO2

versus CO2 loading. P∗
CO2

may vary
significantly for a small change in loading if CO2 loading
exceeds 0.4. The data in this plot are obtained from Aronu
et al.30

important for determining the log mean driving force,
especially for high CO2 loading solvent.

Table 1 presents the data for CO2-related
measurements. Mass transfer is measured on the
WWC while operating under various conditions. The
varied parameters include MEA mass fraction, CO2
loading, solvent flow rate, gas flow rate, CO2 molar
fraction, and temperature. These diverse parameters
are shown in Table 1, columns 2–7. In column 8, the
P∗

CO2
used in calculating the driving force is provided.

Column 9 shows the experimental measurement of
CO2 flux, while column 10 shows the calculated overall
mass transfer coefficient, KG. For solution loadings and
temperatures expected to produce a P∗

CO2
of less than

1.5% of the inlet gas CO2 partial pressure, the P∗
CO2

value is treated as zero. This could result in a small
overestimate of the driving force, which would bias the
overall mass transfer coefficient low by up to 1.5%.
However, this level of error was deemed to be within
our experimental accuracy. If the P∗

CO2
is expected to be

more than 1.5% of the inlet gas CO2 partial pressure,
the P∗

CO2
of the solution is estimated by measuring flux

at two additional inlet CO2 concentrations. The results
are plotted to estimate the CO2 pressure providing zero
flux. More specifically, after three measurement points
are taken, a flux versus pressure plot is drawn, and the
x-axis intercept of a linear fit of these three points is
used to estimate P∗

CO2
. Figure 2 shows how the P∗ is

approximated for test run No. 6. The P∗ has been

estimated this way for runs No. 6–8, 13–15, 20, 21, 28,
29, and 32.

Numerical modeling of WWC
Governing equations
A volume of fluid (VOF) model together with mass and
momentum conservation equations are employed and
have been introduced in Part 1 of this work, aiming to
solve for the hydrodynamics of two Newtonian,
incompressible, isothermal, and immiscible fluid flows.
The one-fluid equation31,32 considering advection,
diffusion, interface mass transport, and chemical
reactions is implemented to calculate gas concentration
in both phases by using only one equation for the
entire domain:

∂ci

∂t
+ ∇ · (uci − Di∇ci − �i) − Wi = 0, (3)

where

�i = −Di
ci (1 − ki)

αL + ki (1 − αL)
∇αL,

Di = Di,LDi.g

αLDi,g + (1 − αL) Di,L
.

Here, ci represents the concentration for species i; t is
time; u is velocity; Di is diffusivity which is computed
by the harmonic interpolation; ki = cI

i,g/cI
i,L denotes

the dimensionless Henry’s constant, where cI
i,g and cI

i,L
are the gas phase and liquid phase concentration of
species i at the gas-liquid interface; and αL is the
volume fraction of the liquid phase. The term � in
Eqn (3) accounts for discontinuity at the gas-liquid
interface. The last term, Wi, is the production term,
which relates to the chemical reaction.

When the chemical equilibrium state is reached in
the liquid phase, the chemical equilibrium reaction and
equilibrium constant of the carbamate formation can
be written as

RNHCOO− + RNH+
3

K ′
CO2⇔ CO2

(
aq

) + 2RNH2

K
′
CO2

= [RNH2]2 [
CO2

(
aq

)]
[
RNH+

3
]

[RNHCOO−]
, (4)

where CO2(aq) denotes the physically absorbed CO2 in
aqueous solution of MEA and K ′

CO2
is the chemical

equilibrium constant for the CO2 absorption reaction.
The molar fraction of MEA and the products (or
reactants) can be introduced as

C© 2017 Society of Chemical Industry and John Wiley & Sons, Ltd. Greenhouse Gas Sci Technol. 0:1–11 (2017); DOI: 10.1002/ghg 3
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Table 1. CO2/MEA experimental data.

Run#

MEA
mass

fraction

CO2 loading
(mol CO2/mol

MEA)

Solvent
flow rate,
cc/min

Gas flow
rate,
sccm

CO2

molar
fraction Temp. °C P*, Pa

CO2 flux,
mol/(m2 s)

KG,
mol/(Pa · s · m2)

1 0.25 0.30 450 4000 0.115 42 0 1.30E-02 1.32E-06

2 0.10 0.10 495 4344 0.070 45 0 9.17E-03 1.57E-06

3 0.10 0.20 590 2126 0.191 27 0 1.47E-02 8.64E-07

4 0.10 0.20 352 2724 0.086 49 0 7.71E-03 1.11E-06

5 0.10 0.30 550 2558 0.164 55 0 1.13E-02 8.69E-07

6 0.10 0.40 318 2284 0.183 47 1.18E+03 8.71E-03 6.04E-07

7 0.10 0.40 404 3474 0.158 59 6.14E+03 4.46E-03 6.94E-07

8 0.10 0.50 558 2681 0.056 32 1.39E+03 1.10E-03 2.95E-07

9 0.20 0.10 322 2342 0.032 30 0 3.19E-03 1.27E-06

10 0.20 0.20 426 3735 0.142 31 0 1.65E-02 1.32E-06

11 0.20 0.20 466 3899 0.064 38 0 7.69E-03 1.43E-06

12 0.20 0.30 338 5549 0.134 53 0 1.43E-02 1.29E-06

13 0.20 0.40 410 3345 0.127 43 7.24E+02 7.37E-03 7.06E-07

14 0.20 0.40 475 3635 0.043 56 3.09E+03 3.86E-04 8.74E-07

15 0.20 0.50 521 2861 0.147 39 2.45E+03 3.92E-03 3.56E-07

16 0.30 0.10 363 4682 0.106 41 0 1.85E-02 2.08E-06

17 0.30 0.20 532 5130 0.175 33 0 2.41E-02 1.53E-06

18 0.30 0.20 375 5241 0.049 56 0 7.77E-03 2.04E-06

19 0.30 0.30 488 3107 0.110 52 0 1.16E-02 1.33E-06

20 0.30 0.40 432 4189 0.102 41 −8.20E+00 7.40E-03 8.17E-07

21 0.30 0.40 458 4839 0.079 51 1.17E+03 5.34E-03 9.64E-07

22 0.30 0.50 308 5991 0.196 25 0 5.04E-03 2.65E-07

23 0.40 0.10 537 4431 0.116 46 0 2.33E-02 2.49E-06

24 0.40 0.20 513 4066 0.121 36 0 1.69E-02 1.61E-06

25 0.40 0.20 570 5673 0.179 59 0 3.31E-02 2.36E-06

26 0.40 0.30 378 5301 0.040 34 0 4.02E-03 1.13E-06

27 0.40 0.40 588 5790 0.093 28 0 6.44E-03 7.34E-07

28 0.40 0.40 449 4869 0.153 49 5.35E+02 1.27E-02 9.93E-07

29 0.40 0.50 395 3189 0.078 37 1.84E+03 1.74E-03 3.23E-07

30 0.25 0.30 450 4000 0.115 42 0 1.30E-02 1.31E-06

31 0.10 0.20 590 2126 0.191 27 0 1.58E-02 9.41E-07

32 0.40 0.40 449 4869 0.153 49 5.67E+01 1.34E-02 1.01E-06

[RNH2] = (1 − 2θ ) x, (5)

[
RNHCOO−] = [

RNH+
3

] = θx, (6)

where θ is the CO2 loading (mol of CO2/mol of MEA)
and x is the MEA molar fraction.

Upon substituting Eqns (5) and (6) back to Eqn (4),
the molar fraction of CO2 dissolved in the MEA
solution can be written as

[
CO2

(
aq

)] = K
′
CO2

θ2

(1 − 2θ )2 . (7)

By applying Henry’s law, the partial pressure of CO2
can be expressed as

pCO2 = KCO2

θ2

(1 − 2θ )2 , (8)

where KCO2 = K ′
CO2

H px, and H px is the Henry’s
constant (kPa). Gabrielsen et al.33 provide an
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Figure 2. Plot for estimating P∗
CO2

for Run No. 6. The x-axis
intercept is the approximated value for P∗

CO2
.

expression for KCO2 as a function of loading and
temperature:

ln KCO2 = A + B
T

+ Cθx, (9)

where A = 30.96 ± 1.86 and B = −10584 ± 670
denote the standard temperature dependence of the
chemical equilibrium constant and
C = −7.187 ± 4.27 represents the nonidealities in the
system caused by CO2 loading.

Then, equilibrium aqueous CO2 concentration
dissolved in MEA solution, cCO2(aq) can be computed as

cCO2(aq) = pCO2

RT
1
k
, (10)

where k is the dimensionless Henry’s constant.
The chemical-reaction-related term in Eqn (3) then

can be computed as

WCO2 = r
(

cCO2 − cCO2(aq)
)

cMEAαL. (11)

Then, the reaction rate constant r (m3/(mol·s)) in
Eqn (11) can be calculated based on a regressed model
using the data obtained by Ali:34

ln r = 20.54 − 5612.91/T. (12)

By introducing the equilibrium CO2 concentration,
cCO2(aq), the numerical model can simulate both
chemical absorption and desorption of CO2 in MEA.
Also, for non-reactive gas absorption across liquid
films, the reaction rate constant r must be set to zero to
drop the chemical-reaction-related term W in Eqn (3).

Calculation of overall mass transfer
coefficient
Equation (1) is used to calculate the overall mass
transfer coefficient for the CO2/MEA system. Here, the
mass transfer flux at the gas-liquid interface consists of
two parts. In addition to the physical dissolution of
CO2 in MEA, the chemical absorption of CO2 in MEA
also must be taken into consideration. In Part 1 of this
work, the mass transfer flux due to physical dissolution
of CO2 in MEA has been illustrated using N2O as a
surrogate of CO2. The absorption/desorption of CO2
stemming from a chemical reaction can be calculated
by the conservation law:

N = N1 + N2 − N3 − N4, (13)

where N is molar flow rate (mol/(m·s)) per unit depth
and N1 and N2 represent CO2 molar flow rate coming
in from the gas and solvent inlet, respectively, while N3
and N4 represent the CO2 molar flow rate going out of
the solvent and gas outlet, respectively. By calculating
the difference between the amount of CO2 coming in
from both the gas and solvent inlets and the amount of
CO2 going out from both the gas and solvent outlets,
we can determine the absorbed/desorbed amount of
CO2 inside the WWC due to chemical reaction, which
is N in Eqn (13).

Comparison between CFD
predictions and correlation results
In the two-film theory,35 the overall mass transfer
coefficient, KG, can be defined as the harmonic average
of the mass transfer coefficient of gas and liquid films:

1
KG

= 1
kg

+ 1
EkL

, (14)

where kg and kL are the mass transfer coefficients for
gas and liquid film, respectively, and E is the
enhancement factor that defines the ratio of flux with
chemical reactions to those without. Part 1 of this study
has introduced the determination of gas and liquid film
mass transfer coefficients. The overall enhancement
factor is determined using analytical approximations
from Dang and Rochelle’s work:36

1
E

= 1
El

+ 1
Einst

, (15)

C© 2017 Society of Chemical Industry and John Wiley & Sons, Ltd. Greenhouse Gas Sci Technol. 0:1–11 (2017); DOI: 10.1002/ghg 5
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Figure 3. Numerical simulation and correlation results
versus experimental data for overall mass transfer
coefficient in the CO2/MEA system. The numerical and
correlation results match reasonably well with experimental
results.

where El is the pseudo-first-order enhancement factor
and Einst is the instantaneous enhancement factor.
Specifically, El can be derived by shell balance:

El =
√

kMEACMEA,bulkDCO2

kL
, (16)

where kMEA( m3

mol·s ) = 0.001 ∗ 1010.99−2152/T (K),
CMEA,bulk is bulk MEA concentration, and DCO2 is the
diffusivity of CO2 in MEA. The estimation of Einst can
be expressed as

Einst = CMEA,totalH
pc

CO2
∂

(
loading

)
∂P∗

CO2

√
DCO2

Dproduct
, (17)

where CMEA,total is total MEA concentration, H pc
CO2 is

the Henry’s constant in the unit of m3/(mol·Pa), and
DCO2

Dproduct
≈ 2, ∂ (loading)

∂P∗
CO2

is obtained from the vapor-liquid
equilibrium model.36 However, for CO2 loading less
than 0.3, ∂ (P∗

CO2 )
∂ loading ≈ 0.

Figure 3 compares the simulation (highlighted in
black squares) and correlations (highlighted in red
circles) predicted mass transfer coefficient and
experimental measurement results for the CO2/MEA
system. In general, the mass transfer coefficients
predicted by numerical simulation and correlations are
in good agreement with the corresponding
experimental results because all data points distribute
around the blue line (slope of 1, meaning 100% match).
However, most correlation results predict slightly lower

Figure 4. Mass transfer coefficient versus surface wave
frequencies for simulation, experimental, and correlation
results. The mass transfer coefficient increases with
frequencies for simulation results. However, the mass
transfer coefficient calculated by correlations is
independent of frequencies.

mass transfer coefficients than the experimental
measurements. In addition, CFD predictions are better
at lower mass transfer, whereas correlation estimations
improve at larger mass transfer compared with
experimental results. It is evident that the overall mass
transfer coefficient in the CO2/MEA system is almost
two orders of magnitude larger than that of the
N2O/MEA system (results are in Part 1 of this series
study), which demonstrates that chemical absorption is
much larger than physical absorption of CO2 in MEA
solvent.

Similar to Part 1 of this series study, additional CFD
simulations for WWC with induced surface waves are
run by varying the frequencies of solvent injection
rates at the inlet. The solvent inlet velocity is described
using a sinusoidal function to generate surface waves:

vs = 0.1768
[
1 + 0.05 sin

(
2π f t

)]
, (18)

where vs denotes the solvent inlet velocity, t is time,
and f represents the controlled frequency. With four
frequencies (f = 0, 20, 40, and 100) tested, the
simulation results (highlighted in black squares) shown
in Fig. 4 indicate that the mass transfer coefficient
increases with the frequencies, which also is consistent
with experimental findings in the literature.37 However,
mass transfer coefficients predicted using correlation
show independence on frequencies (highlighted in
horizontal line). These results demonstrate that our

6 C© 2017 Society of Chemical Industry and John Wiley & Sons, Ltd. Greenhouse Gas Sci Technol. 0:1–11 (2017); DOI: 10.1002/ghg
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Table 2. Inputs to the computer model for the
reacting case.

Input Range/Units

Experimental, x:

Temperature [25, 60] °C

MEA mass fraction [0.1, 0.4] g MEA/g total

CO2 loading in MEA [0.0, 0.5] mol CO2/mol MEA

Solvent flow rate [300, 600] ccm

Gas flow rate [2000, 6000] sccm

Inlet CO2 molar concentration [0.03, 0.20] mol/L

Calibration, t:

(HN2O) Henry’s coefficient [0.2, 0.9] unitless; converted
from “HN2O,units”

(DN2O) Diffusivity [5e-10, 5e-08] m2/s

(k2) Rate Constant [0, 70] m3/(mol�s)

physical-based numerical model has the capability to
predict the effect of flow instabilities on overall mass
transfer coefficients of the WWC under some extreme
flow conditions, which correlations typically do not
cover.

Model calibration and uncertainty
quantification analysis
The method used to obtain a statistical design for the
experimental reacting data is similar to that of the
non-reacting data, and Table 2 lists the inputs for
computer model for reactive cases. For this scenario, a
set of 32 experiments are planned in such a way that
the x-space (controllable inputs) would be ‘covered’ by
29 points, and 3 of those points would be replicated to
better estimate true experimental uncertainty. As for

the simulations, three batches result in a total of 323
runs. In the first batch, for each experimental run, the
corresponding numerical simulations employ the same
controlled operating parameters but with three
different values for each of the following quantities:
Henry’s constant, gas diffusivity in solvent, and CO2
reaction rate constant. Five numerical testing cases are
designed for each experimental run (No. 2–29), while a
total of 27 numerical testing cases are designed for
experimental run No. 1. The second batch is
constructed in a similar style, such that there are 29
sets consisting of two to three runs that differ only in
settings for the calibration inputs. The third batch
(having 74 runs) is designed specifically to aid in the
calibration of the reaction rate constant. The controlled
parameters in the numerical model are the same as
those used in experimental run No. 1 but with two
different operating temperatures: 42°C and 30°C,
respectively.

The experimental and simulated data are combined
using a Bayesian calibration routine.38 This algorithm
requires prior distributions on the statistical
parameters of interest (in this case, the coefficients in
the functional forms of Henry’s coefficient, diffusivity,
and the reaction rate constant). Parametric
distributions are fit to the posteriors from the
non-reacting results and used as the priors in the
present analysis. This can be done because the
Stokes-Einstein equations given in Table 3 relate the
Henry’s coefficient (or diffusivity) for N2O to that of
CO2 via a ratio. Two more parameters have been added
to characterize the rate constant (c8, c9). The priors on
these are uniform on the hyperrectangle [15, 25] ×
[3500, 7500], subject to the constraint that k2 at the
highest temperature could not be smaller than 10 or
greater than 70.

Table 3. Default relationships for the reacting scenario.

Relationship Reference/Notes

HCO2,units = HN2O,units · (HCO2,H2O/HN2O,H2O) Li and Lai (1995)28 Eqn (1)

HCO2,H2O = exp(145.369 − 8172.355/T − 19.303 · ln T ) Penttila et al. (2011)39 Eqn (2)

HN2O,H2O = exp(158.245 − 9048.596/T − 20.860 · ln T − 0.00252 · T ) Eqn (3) with Table 1

DCO2
= DN2O · (DCO2,H2O/DN2O,H2O) Li and Lai (1995)28 Eqn (2)

DCO2,H2O = (2.35e-06) · exp(−2119/T ) m2/s Eqn (6)

DN2O,H2O = (5.07e-06) · exp(−2371/T ) m2/s Eqn (5)

Rate Constant k2 = exp(c8 − c9/T) m3/(mol�s) Ali (2005)34

c8 = 20.54396 Regressed from data in Table 1

c9 = 5612.91378 K

C© 2017 Society of Chemical Industry and John Wiley & Sons, Ltd. Greenhouse Gas Sci Technol. 0:1–11 (2017); DOI: 10.1002/ghg 7
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Figure 5. Estimated marginal posterior distributions for the calibration parameters of the
reacting scenario. The blue line segments are the point estimates found in the literature.
The definition of c1–c7 can be found in Part 1 of this work.29 The definitions of c8 and c9
are listed in Table 3.

Figure 6. Uncertainty in the rate constant as a
function of temperature. The blue curve is derived
from the literature, while the black curve is the median
prediction. The dashed lines form pointwise 90%
intervals.

To achieve convergence, the calibration routine is run
for a total of 110,000 iterations, and the results can be
found in Fig. 5 and Fig. 6. It can be seen that the
posteriors for c1 – c7 (parameterizing Henry’s

coefficient and diffusivity) after this calibration are not
qualitatively different from the posteriors after the
non-reacting calibration. That is to say, there is not
much information about these quantities after
combining the experimental and simulated reacting
data. The data seemingly could only inform the
parameterization of the reaction rate constant, but this
may be reasonable.

Conclusion
A series of WWC experiments consisting of 32 runs
generated using statistical design of experiment
strategy with varying conditions have been conducted
to assist the study of reactive mass transport of CO2
into MEA solvent. A comprehensive numerical model
has been developed to investigate gas
absorption/desorption for reactive CO2/MEA system
using a custom-built CFD software package,
OpenFOAM. Traditional/empirical correlations are
also implemented to help distinguish the wider
applicability of the CFD model. In general, both
numerical and correlation predictions have good
agreement with experimental results in the laminar
flow regime. However, under some extreme flow

8 C© 2017 Society of Chemical Industry and John Wiley & Sons, Ltd. Greenhouse Gas Sci Technol. 0:1–11 (2017); DOI: 10.1002/ghg
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conditions, for example wavy falling films with
controlled frequencies, the physics-based numerical
model can naturally account for the dependence of
mass transfer coefficient on frequencies, whereas
correlations normally cannot capture these flow
instabilities on mass transfer. It has been found that
chemical absorption is the major contribution to CO2
capture compared to physical absorption. We have
demonstrated that the Bayesian calibration
methodology can be used to validate models, as well as
quantify and propagate parametric uncertainties. From
here, it would be possible, for example, to pass the
samples from the second-stage posteriors through a
model of an upscaled system to get prediction intervals.
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