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Abstract— The rate of absorption of carbon dioxide into water, aqueous sodium hydroxide, CMC (carboxymethyl
cellulose), and sodium hydroxide-CMC has been measured by various changes of contact time between gas and liquid

using a wetted-wall column at 30°C.

The experimental data were analysed by the penetration theory based on the gas absorption with second order irre-

versible chemical reaction CO, and OH".

The measured reaction enhancement factors were consistent with those predicted by the approximated equation

derived by Hikita et al. within the range of +8% of experimental error.

The mechanism of gas absorption with reaction into Newtonian liquid could be also used in the case of Power-law

liquids.
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Fig. 1. Schematic diagram of experimental appa-
ratus.
1. KOH Tablet 2. Solution Tank
3. Tubing Pump 4. Flow Meter
5. Water Bath
6. Immersion Circulator
7. Saturation Bottle
8. Wetted-Wall Column
9. Run-off Tube 10. Sampling Line
11. Selection Cock 12. Soap-bubble Meter
13. Gas Regulator 14. CO, Cylinder

[T] Thermometer
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Fig. 2. Absorption rate of CO, vs. (flow rate)*’* for
water at 30°C.
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Fig. 3. Absorption rate of CO, vs. (flow rate) ***+"

for CMC solutions at 30°C.
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Table 1. Diffusivities of CO, in CMC solutions at
30°C.

Solution D4x105 Standard n K x 100
(wt. %) (cm2/sec) Deviation (dyne sec*/cm?)
water 2.23 0.041 1.0 1.0
0.02 2.24 0.050 0.97 1.18
0.035 2.86 0.035 0.97 2.68
0.05 2.94 0.030 0.96 3.48
0.075 2.49 0.034 0.96 4.07
0.1 2.34 0.028 0.96 4.26
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Table 2. Physical and chemical properties of CO,-
NaOH system at 30°C.

B, Ax105 Kk x10%m¥ Dyx10° DD,
(gmole/)) (gmole/cm3) gmole sec) (cm?/sec)

water 2.84 — 2.23 —

0.132 2.73 1.22 2.16 1.67
0.263 2.62 1.27 2.10 1.67
0.529 241 1.38 1.99 1.67
0.640 2.33 1.42 1.96 1.67
0.733 2.56 1.46 1.91 1.67
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Fig. 4. Enhancement factors for absorption of
CO, into NaOH solutions at 30°C.
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Table 3. Physical and chemical properties of CMC-
NaOH-CO, system at 30°C.

NaOH CMC A;x10° k;x107
(gmole/)) (wt%) (gmole/  (cm¥
cm3)  gmole sec)

0 0 2.84 - 2.23 -

DA X 105 DB
(cm?/sec)

0.126 0.002 2.73 1.22 312 1.67
0126 0.035 2.72 1.22 296 1.67
0.124 0.05 2.72 1.22 285 1.67
0.225 0.05 2.61 1.26 2.78 1.67
0511 0.05 2.4 1.37 263 1.67
0411 o1 2.69 1.33 1.80 1.67
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Fig. 5. Enhancement factors for absorption of
CO, into CMC-NaOH solutions at 30°C.
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NOMENCLATURE

A : concentration of solute gas A in a liquid,
gmole/cm?

A, : interfacial concentration of A in a liquid,
gmole/cm3

A : interfacial concentration of A in polymer
solutions, gmole/cm®

B, : initial concentration of OH" in a liquid,
gmole/cm?3

D,, Dy : diffusivity of solute gas A and reactant B
in a liquid, cm?/sec

D4, D,p : diffusivity of A in a polymeric solution
and in water, cm?/sec

d : rod diameter in a wetted-wall column, ¢cm

h : rod length in a wetted-wall column, cm

4H,, : enthalpy change in polymer mixing, cal/
gmole

AH,; . vaporization enthalpy change of solvent,
cal/gmole

I : ionic strength, gmole/!

k, : reaction rate constant, cm®/gmole-sec

K . consistency index, dyne-sec”/cm?

M,, Mg : moiecular weight of solvent and polymer,
g/gmole

N, N: : average absorption rate per unit area with
and without chemical reaction, gmole/
cm?-sec

n : power-law index

q% q"' : average physical absorption rate in aque-
ous and polymeric solution, gmole/sec

t, t’ : contact time between gas and Newtonian
liquid and Non- Newtonian liquid, sec

T : temperature, °K

u, u,’ : surface velocity of Newtonian and Non-

Newtonian liquid film, cm/sec
v : liquid flow rate, cm3/sec

Vg Vg : molar volume of solvent and polymeric
solution, cm®/gmole
X : distance beneath liquid surface, cm
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Greek Letters

Re )
8

DR AR

10.

11
12.

13.

. reaction enhancement factor

: reaction enhancement factor for gas ab
sorption with infinitely rapid reaction

: parameter defined by eq. (20)

: parameter difined by eq. (21)

: parameter difined by eq. (23)

. liquid viscosity, g/cm-sec

¢ liquid density, g/cm?®
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