Desorption of Carbon Dioxide from Aqueous Electrolyte Solutions
Supersaturated with Carbon Dioxide in an Agitated Vessel

In a previous paper (Hikita and Konishi, 1984), the mechanism
of the bubbling desorption of carbon dioxide from supersaturated
water in a baffled agitated vessel has been reported, and the em-
pirical correlations of the volumetric liquid phase mass transfer
coefficient for the bubbles in the agitated liquid and of the en-
hancement factor for the volumetric mass transfer coefficient for
the free liquid surface due to bubbling have been presented.
However, for the analysis of the experimental data on the chemical
absorption accompanied by the bubbling desorption of volatile
reaction products, it is desirable to know the effect of the presence
of electrolyte on the mass transfer characteristics. In this work, the
experiments were carried out on the desorption of carbon dioxide
from aqueous electrolyte solutions supersaturated with carbon
dioxide using the same agitated vessel as used in the previous work
(Hikita and Konishi, 1984), and the effect of the presence of elec-
trolyte in water on the volumetric mass transfer coefficient for the
bubbles and the enhancement factor of the volumetric mass
transfer coefficient for the free liquid surface was studied.

EXPERIMENTAL

The experimental apparatus and the procedure were almost the same
as those in the previous work (Hikita and Konishi, 1984). The baffled agi-
tated vessel of 12.3 cm 1D, in which the liquid level was kept equal to the
vessel diameter, was used as the carbon dioxide desorber. All the desorption
experiments were carried out in a continuous manner with respect to both
the gas and liquid, and the liquid temperature was kept at 25°C.

The desorbing liquids used were aqueous electrolyte solutions super-
saturated with carbon dioxide. Sodium chloride, sodium sulfate, barium
chloride, and sodium bicarbonate were used as the electrolytes. The carbon
dioxide was desorbed from the aqueous electrolyte solutions into pure
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carbon dioxide stream saturated with water vapor. The partial pressure of
carbon dioxide in the gas phase was constant at 98.2 kPa. For the case of
aqueous barium chloride solutions, the experiments were also performed
on the desorption of carbon dioxide into pure nitrogen stream saturated
with water vapor. In this case, the carbon dioxide partial pressure was varied
from 0.146 to 2.39 kPa. The gas stirrer was driven at a constant speed of
9.17 571, and the stirring speeds of the liquid stirrer were 1.00, 1.67, 3.33,
and 5.00 571, The experimental conditions are listed in Table 1.

The physical properties of the electrolyte solutions used are also given
in Table 1. The saturated concentrations C; of carbon dioxide in aqueous
electrolyte solutions were predicted from the partial pressure of carbon
dioxide in gas phase and the Henry's law constant for carbon dioxide in -
water at 25°C, 2,990 Pa-m3/mol (Linke and Seidell, 1958), by correcting
for the salting-out effect according to the method of van Krevelen and
Hoftijzer (1948). The diffusivities Dy, of carbon dioxide in aqueous elec-
trolyte solutions were estimated from the value of 1.97 X 1078 m?/s for
carbon dioxide in water at 25°C (Peaceman, 1951) by using the method
of Ratcliff and Holdcroft (1963). The volumetric liquid phase mass transfer
coefficient kzsay for the free liquid surface in the agitated vessel under
nonbubbling conditions was calculated from the value of the liquid phase
mass transfer coefficient kr¢, which was predicted from the empirical
equation in the previous work (Hikita et al., 1975), and the value of the
effective interfacial area Ay, which was assumed to be the same as the
geometric interfacial area. The densities and viscosities of the solutions were
measured by conventional methods.

RESULTS AND DISCUSSION

For the aqueous barium chloride solutions, both the carbon
dioxide desorption rates into carbon dioxide stream and into ni-
trogen stream were measured under conditions where the barium
chloride concentration, the liquid phase Reynolds number Re and
the relative supersaturation o of the solution were kept the same.
In this case, therefore, the volumetric liquid phase mass transfer
coefficient ky ,ay, for the bubbles generated in the agitated liquid

TABLE 1. EXPERIMENTAL CONDITIONS AND PHYSICAL PROPERTIES OF SOLUTIONS USED
Conc. of Saturated Relative
Electrolyte, Conc. of COq, supersaturation, Dy X 109, kijap X 104,
Electrolyte mol/m? C;, mol/m? o Re m2/s 57!

NaCl 500 29.3 0.118-0.603 4,530, 13,600 1.90 1.15,2.48
1,000 26.2 0.109-0.589 4,410, 13,200 1.82 1.11,2.39

2,000 20.9 0.123-0.564 4,180, 12,500 1.67 1.03,2.21

NagSO4 125 30.1 0.121-0.600 4,490, 13,500 1.92 1.15,2.49
250 217 0.112-0.798 4,340, 13,000 1.86 1.12,2.41

BaCl, 500 26.3 0.102-0.564 4,500, 13,500 1.82 1,12, 2.41
700 24.1 0.0738-0.661 2,650 8,820 1.76 1.08, 2.34

NaHCOg 125 31.0 0.110-0.386 4,460, 13,400 1.94 1.16, 2.50
250 293 0.130-0.539 4,380, 13,100 1.90 1.14,2.45

500 26.2 0.126-0.498 4,240, 12,700 183 1.10,2.37
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Figure 1. Enhancement factor ¢ for the bubbling desorption of carbon dioxide
from aqueous barlum chioride solutions at 25°C.

and the enhancement factor ¢ of the volumetric mass transfer
coefficient kz sas for the free liquid surface due to the bubbling in
the liquid could be simultaneously determined from the measured
desorption rates using the same equation as presented previously
(Hikita and Konishi, 1984).

In Figure 1, the observed values of ¢ for the bubbling desorption
of carbon dioxide from 500 and 700 mol/m3 aqueous barium
chloride solutions obtained at various Re values are plotted on
semilogarithmic coordinates against the value of (¢ — 0,)Re~08!.
Two solid straight lines in this figure represent the following
equations, which were obtained for the ¢ value for pure water in
the previous work (Hikita and Konishi, 1984).

For the low bubbling region (¢ < a;,)

p=1 1)
and for the high bubbling region (¢ > o)
logg = 522(0 — o6,)Re 081 (2)

where o, is the value of o at the intersection of Eqgs. 1 and 2 and
is given by

6, =1.81 Re 0% )

As can be seen in Figure 1, the observed ¢ values are in good
agreement with the solid lines with an average deviation of 3.2%.
This indicates that the presence of electrolyte in water does not
appreciably affect the ¢ value. Therefore, it was assumed that for
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Figure 2. Volumetric liquid phase mass transfer coefficient for bubbles k;»a,
for the bubbling desorption of carbon dloxide from aqueous barium chloride
solutions at 25°C,
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Figure 3. Effect of the presence of elecirolyte on k;,ap as a function of ionic
strength of the solution.

the desorption of carbon dioxide from aqueous solutions of elec-
trolytes other than barium chloride the enhancement factor ¢ was
independent of the presence of electrolyte.

In Figure 2, the observed values of &y a;, for the bubbling de-
sorption of carbon dioxide from 500 and 700 mol/m® aqueous
barium chloride solutions are plotted on logarithmic coordinates
against the o value of the solution with the Re value as parameter.
The dashed lines in this figure represent the k; gy, values for the
bubbling desorption of carbon dioxide from supersaturated water
and were calculated from the following empirical equations pre-
sented in the previous paper (Hikita and Konishi, 1984).

For the low bubbling region (¢ < a;.)

kypap = 6.77 X 1076Re0-5040.78 (4)
and for the high bubbling region (¢ > o}
kipap = 2.45 X 10~6Re 093425 (5)

As can be seen in this figure, the k; 3a;, value in the low bubbling
region is proportional to the 0.78 power of ¢, while the kz5a;, value
in the high bubbling region varies as the 2.5 power of ¢, in the same
manner as for the k; zap, value for the bubbling desorption of carbon
dioxide from supersaturated pure water. The cross-plot of kppas
vs. Re at a constant value of o shows that the k; 3a;, value varies as
Re%%0 in the low bubbling region and as Re®3 in the high bubbling
region, as well as for the k;pay, value obtained for the supersaturated
water. Further, it can be seen that the ky,a; values for aqueous
barium chloride solutions are somewhat larger than those for
water.

For the carbon dioxide desorption from the aqueous solutions
of electrolytes other than barium chloride, the kzza;, values were
obtained from the measured desorption rates into carbon dioxide
stream by using the following equation:

N— ¢kaafV(C - Cy)
V(C - Cy)

where N is the carbon dioxide desorption rate, V is the volume of
the agitated liquid, C is the bulk concentration of carbon dioxide,
C; is the saturated concentration of carbon dioxide, and kpgas is
the volumetric liquid phase mass transfer coefficient for the free
liquid surface. The ¢ value for each electrolyte solution was cal-
culated from Egs. 1 and 2. :
The effects of o and Re on the kzpa), value for all the aqueous
electrolyte solutions used in the present work were found to be the
same as those for pure water. Thus, the kya;, values for the elec-
trolyte solutions can be correlated by the following equations.
For the low bubbling region (¢ < ¢,)

krpap = (6)

krvap = cRe®-5050.78 (7
and for the high bubbling region (¢ > o)

ki pap = c’Re098g25 8)
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where the coefficients ¢ and ¢’ depend on the nature and concen-
tration of the electrolyte.

In Figure 3, the ratios of the coefficients ¢ and ¢’ calculated for
each electrolyte solution to the coefficients in Egs. 4 and 5, re-
spectively—i.e, ¢/6.77 X 1076 and ¢’/2.45 X 10~6—are plotted
on semilogarithmic coordinates against the ionic strength I of the
electrolyte solution. The ratio ¢/6.77 X 1076 or ¢’/2.45 X 1078,
which will hereafter be designated as f, is the correction factor, i.e.,
the factor by which the k; a3, value is increased by the presence
of electrolyte in water. It can be seen that the ratio f increases with
an increase in the value of I. The larger k; a5, values for the elec-
trolyte solutions may be explained by the increase in the interfacial
area ay, caused by the occurrence of small bubbles owing to the
coalescence hindering property of the electrolyte solutions
(Zieminski and Whittemore, 1971; Burckhart and Deckwer, 1975).
The solid straight line through the data points is represented by the
following equation.

For 0 < I <2,100 mol/m3

f=c¢/6.77 X 1076 = ¢’/2.45 X 1076 = 108.36x10751 ()

All the values of f obtained in both the low and high bubbling re-
gions agree well with the above equation with an average deviation
of 3.5%. Thus, the k; ;a;, value for the desorption of carbon dioxide
from the electrolyte solutions can be calculated from Egs. 7 to
9.

NOTATION

C = bulk concentration of dissolved carbon dioxide in
solution, mol/m3

C, = saturated concentration of dissolved carbon dioxide
in solution, mol/m3

c,c’ = coefficients in Eqs. 7 and 8, s™!

Dy, = liquid-phase diffusivity of dissolved carbon dioxide,
m2/s

f = correction factor for effect of presence of electrolyte
in water

I = jonic strength of electrolyte solution, mol/m?3
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krray = volumetric liquid-phase mass transfer coefficient for
bubbles, s71

kyfaf = volumetric liquid-phase mass transfer coefficient for
free liquid surface, s~1

N = measured desorption rate of carbon dioxide into pure
carbon dioxide stream, mol/s

Re = liquid-phase Reynolds number

\% = volume of liquid in vessel, m3

Greek Letters

g = relative supersaturation of solution, (C — C;)/C;

o, = relative supersaturation at intersection of Egs. 1 and
2or Egs. 4and 5

) = enhancement factor of k;¢as due to bubbling
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