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Abstract

A theoretical analysis of non-stationary desorption of a gas from a saturated stagnant liquid solution is done. The
rate of the mass transfer is determined. A linear stability analysis where a basic flow is induced as a result of a non-linear
mass transfer is applied. The disturbance amplitude is determined by using experimental data for mass transfer rate for
CO, desorption from saturated H,O solution in a N, gas phase. A comparative analysis between absorption and
desorption mass transfer rate shows a good agreement with the experimental data. © 2001 Elsevier Science Ltd. All

rights reserved.
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1. Introduction

The mass transfer rate of the non-stationary ab-
sorption of pure CO, in a stagnant cylindrical layer of
the water has been investigated in the first two reports
[1,2]. It has been demonstrated in [2], that the increased
mass transfer rate (compared with this one predicted
from the linear theory) is a result of the system stability
loss due to a dissipative structure arising [3,5].

The experimental data of different investigators
shows that in case of CO, desorption in water the results
coincide with the prediction of the linear theory. The
theoretical analysis of the difference between the ab-
sorption and desorption mass transfer rates will be dis-
cussed in the present work.

2. Mathematical model

Carbon dioxide desorption from a saturated stagnant
water solution to a nitrogen gas phase has been inves-
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tigated experimentally by several research groups [3-5].
In this case the CO, concentration in the gas phase
changes from the equilibrium value at the interface to
zero in the bulk of the gas. This needs the use of
Oberbeck—Boussinesq [1] equations for both phases. As
shown in [1] the temperature is practically a constant.
Thus the Oberbeck—Boussnesq equation for the gas (1)
and the liquid (2) phase are
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where p, is the nitrogen density and p, is the density of
water.

Under CO, diffusion in N,(20°C), a is determined
through the densities of both gases

= Pco 7PN _ 367, 2)
Pco,

Taking into account the interaction between the
phases during the desorption process and as follows
from [1] the boundary conditions of (1) are:
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3. Dimensionless variables

The solution of the problems (1) and (3) requires the
use of dimensionless variables for both phases similar to
those used in [1]:
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where for the following characteristic scales the order is
known.

to~10%s, rg~102m, =106, co=1.72kg/m’,
Co1 = 10, Cp = Co. (5)

The substitution of (4) into (1) and (3) converts the
problem in a dimensionless form
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where
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4. Qualitative analysis

The qualitative analysis of (6) may be applied simi-
larly to that employed when the absorption was studied
[1]. This allows the evaluation of the characteristic scales
for both phases as
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The characteristic scales (7) permit the evaluation of the
parameter orders in (6).
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where both values for the gas phase (first) and for the
liquid phase (second) are shown in the square brack-
ets.

5. Analytical solution

The order of the latter parameter (1072) in (8) shows
that in the case of CO, desorption from a saturated
water the process is limited by the mass transfer in the
liquid phase, i.e. C!V' =0 . That is the way, only the
equations for the liquid phase will be considered. For
simplicity the superscript (2) will be omitted. Thus, the
set (6) gives:
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The solution for C could be obtained from (9) as
follows:
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Here and up to the end of this paper, the results con-
cerning absorption will be shown in the brackets ( ).
The solution of (10) gives:
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The substitution of (11) into (9) shows that under a
gas desorption from a stagnant liquid there are no
conditions allowing a natural convection. Thus, for the
flow velocity components (induced by the mass transfer
in the liquid phase) could be obtained:

(11)

o
aag’ %:72—27%%, R=0, V-finite.
a;ZVlj,, =0 S0 Zi= -1 K =0

(12)

In the above problems, the boundary conditions at
(—o0) are substituted by the conditions at (—1), i.e., at
the border of the boundary layer. The solutions of these
problems follow immediately:
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The result (13) indicates that the larger concentration
gradient in the liquid (at the interface) induces the flow
in the liquid phase.

6. Mass transfer Kinetics

The velocity field (13) and the concentration distri-
bution in the liquid (10) may be expressed as
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The mass transfer rate could be obtained in a way
already applied in [1]. The relationships for the Sher-
wood number and for the amount of the desorbed
substance are similar to those obtained for the absorp-
tion process [1], where in case of desorption ¢* = 0 and

P =po

7. Linear stability analysis

By application of small perturbations on the axial
velocity, the pressure, the concentration, the tempera-
ture and the density in the complete set of equations of
Oberbeck—Boussinesq [1,2]
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the desorption process could be studied for a stability.

After linearization according to the small dis-
turbances taking into account (15) the following equa-
tions for v/, p', ¢’ and 0’ are obtained:

v+, pt+p, c+d,
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The introduction of (21) into (18) leads to two equations
for ¢’ and 0, because of f < 1
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After that, introducing (22) into (19) the following
can be obtained:
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The pressure could be eliminated in (17)
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8. Eigenvalues problem

The perturbations v/, ¢’ and 0 in (17)-(24) may be
expressed through Fourier series of eigenfunction, where
o and n are eigenvalues

o0

v, = exp(wt) Z 0, (t,2,7) cos(ne),
n=0
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0 = exp(wt) Z 0,(t,z,r) cos(ng).
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By introduction of (25) into (17)—(24) the set of equa-
tions which have stable periodic solutions at w =0 is
obtained
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The first equation in (26) shows that the difference
between the absorption and desorption processes is de-
termined by the velocity distribution in the main flow-
under desorption dv,/0z =0

The solution of (26) could be presented in a similar
way in case of absorption
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lowing is obtained:
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The order of the dimensionless parameters in (28) is
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In (28) the small parameters may be assumed zero
and the resulting set for the determination of ¥, C, and
0,(n=0,1,2,...,00) is
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The problem (30) has the following solution:
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where the velocity and the concentration are determined
with an accuracy unspecified constant that could not be
obtained in the approximation of the linear stability
theory. Thus, through the solution of (31) the final ex-
pressions for the velocity and the concentration are de-
termined as follows:
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The result developed shows that under desorption of
CO; from a stagnant saturated water the desorption rate
may be expressed by a relationship similar to that ob-
tained for the absorption. So, the process rate can be
determined from (15) and (32):

D
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where Q is a quality of the adsorbed substance through a
unit area per time £, [s]. The obtained result (34) is valid
for the case of absorption when ¢y = ¢*(¢ < 1).

The eigenvalue y is determined by the least-squares
method applied to the experimental data obtained in [3—
5]. In case of absorption y = —4.204 x 1074, while in
case of desorption y = 3.032 x 107>, This result indicates
that desorption process is stable in the contrast of the
absorption one. In this case, the mass transfer rate may
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Fig. 1. Comparison of the absorption and desorption rates
(5.34) of CO, in H,0: (1) absorption (y = —4.204 x 1074);
(2) desorption (y =3.029 x 107%); (3) linear theory (y = 0);
experimental data: () — absorpion, (A) — desorption.

be determined by (15). Fig. 1 presents the relationship
0 = 0(V/1), in (34) for absorption (line 1), desorption
(line 2) and according the linear theory of mass transfer,
i.e., y = 0 (line 3), compared with the experimental data
[3-5].

9. Conclusions

The comparative analysis of the both process shows
that under desorption of CO, from a stagnant saturated
water there are no conditions allowing a natural con-
vection. As a result the axial velocity component de-
pends linearly on the axial coordinate while the radial
component is independent of the same coordinate. This

result is opposite to that obtained under absorption,
where the relationship of the axial coordinate is of a
power 2. Thus, the axial perturbations of the concen-
tration attenuate and the respective axial perturbations
of the velocity attenuate too. The radial perturbations
are symmetrical and do not affect the mass transfer rate.
The concentration gradient at the interface induces a
flow, but its velocity is small and has no effect on the
mass transfer rate. This fact, together with the absence
of a natural convection in desorption make the induced
flow stable with respect to the axial perturbations pro-
voked by the perturbations of the concentration.

Due to the stability of the desorption process and the
absence of the non-linear mass transfer effect it follows
that the process rate may be determined according the
linear theory of the non-stationary mass transfer (15).
This result is confirmed by the experimental data [3-5]
shown in Fig. 1.
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