HWAHAK KONGHAK Vol. 28, No. 4, August 1990, pp. 379-385
(Journal of the Korean Institute of Chemical Engineers)

&gl CO, 7ML E=(1II)
—NaOH7} Z&=l KaolinZ} White Carbon £2{2]2] ZF20 CO°| E5—

Absorption of CO, into Slurries (III)
—The Absorption of CO, into Laminar Falling Films of Slurries of
Kaolin and White Carbon with NaOH—

Sang Wook Park and Sung Soo Kim

Department of Chemical Engineering, College of Engineering, Pusan National University,
Pusan 609-735, Korea
*Ji-San Jurior College
(Received 24 November 1989;accepled 23 March 1990)

2 ¢4

9o mske AHgate] 20C, Latmel 4] NaOH &l CO, 71A1§ F5417 719 4% A2g o

2714 CO.0l 4= FAskdch

Ay A EAS AR & uhEF ol 2ol o slAstdon, W&l <izke] A7} CO2t

OH o}o] u]7ped 23 ubg-g Fubshi= Fol digh dif-ghat WA o] 24t o|22)¢t H A 8%
olflell A ol A sfodict.

Power-law 7#%-& ‘4-51-‘411- NaOH-kaolin slurry #]¢ NaOH-white carbon slurry #] v]FE4 )
o xe] 3}stESr)FE Eal o] EA%|3l power-law index$} consistency index& 7}v|& &
H ol 4 2] fﬂ*i}v—rﬂ:ﬁa *}3*3}°1 A9g 5 dxdch

Abstract—The absorption rate of carbon dioxide into laminar falling films of aqueous NaOH solution, NaOH-
kaolin slurry and NaOH-white carbon slurry was measured by various changes of contact time between gas and liquid
using a wetted-wall column at 20°C.

The experimental data were analyzed by the penetration theory based on the gas absorption with second-order ir-
reversible chemical reaction between CO, and OH™. The measured reaction enhancement factors were consistant with
those predicted by the approximate equation (14) derived by the convective-diffusion equation within an average
deviation of 8, 7.8 and 9.3% in the NaOH, NaOH-kaolin slurry and NaOH-white carbon slurry, respectively.

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. Flow model and coordinate system in chem-
ical absorption.
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Table 1. Physical and chemical properties of CO,NaOH-slurry at 20°C

Material NaOH kx 102 . P kpx 106 Cgpx 105 Dyx 105 Dot
(gmol/)) (dyne-s?/cm?) (g/cm3)  (cm¥mole-s) (gmol/cm?) (cm?/s) OH™ 174
Water 0 1.00 1.00 0.988 . 3.829 1.610 —
0.1464 1.00 1.033 1.004 5.936 3.649 1.557 1.78
0.3724 1.00 1.078 1.014 6.351 3.389 1.492 1.78
0.7508 1.00 1.070 1.029 7.113 2.993 1.375 1.78
Kaolin 0 0.94 1.96 1.035 — 3.763 1.571 -
0.1926 0.89 2.99 1.042 6.019 3.533 1.514 1.78
0.3684 0.87 4.24 1.050 6.344 3.335 1.460 1.78
0.5638 0.83 5.67 1.068 6.726 3.127 1.400 1.78
0.7584 0.80 8.8Y 1.076 7.129 2.934 1.474 1.78
White 0 0.94 2.55 1.027 — 4.167 1.558 —
carbon 0.0958 0.93 2.76 1.028 5.847 4.038 1.532 1.78
0.1457 0.93 2.89 1.031 5.935 3.972 1.516 1.78
0.1918 0.93 3.00 1.037 6.017 3.913 1.504 1.78
0.3744 0.92 3.70 1.044 6.3535 3.685 1.448 1.78
0.5722 0.90 4.52 1.053 6.473 3.454 1.389 1.78
0.7488 0.89 6.01 1.016 7.109 3.259 1.338 1.78
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NOMENCLATURE

A . reactant of gas dissolved in liquid

b : liquid film thickness [cm]

B : reactant of solute in liquid phase

Ca : concentration of A in a liquid [gmol/cm?)

Cai . interfacial concentration of A in a liquid
[gmol/em?]

Ca : average inlet concentration of A [gmolicni]

Cao : saturated solubility of A in water and slurry
[gmul/cms]

G :ionic concentration [gion//]

Cy : concentration of B [gmol/cm?]

Cpo  : initial concentration of OH™ in aliquid [gmol/
cm’®)

D, : diffusivity of A [cm?sec]

Dy . diffusivity of B [cm?sec]

g : gravitational acceleration [cm/sec?]

h, : salting-out parameter [//gmol]

I : jonic strength [gion//]

k . consistency index [dyne-sec™/cm?]

k, : reaction rate constant [cm?¥gmol-sec]

n . power law index

N4 Nyo: average absorption rate per unit area with

and without chemical reaction, respectively
[gmol/em?®-sec)
t : contact time between gas and liquid [sec]
: temperature [°K]
. velocity of liquid in laminar falling liquid
[em/s]

sjst st NI28E Mi4S 199041 8

. distance beneath liquid surface [cm]

. distance to reaction plane from interface
fcm]

: distance in the flow direction of liquid [cm]

. valencies of ions

Greek Letters

B
B.
r

DY R O3

15.

16.

17.

. Hikita, H., Asali, S.,

. Hikita, H.,

: reaction enhancement factor

. reaction enhancement for gas absorption
with instantaneous reaction

: mass flow rate of liquid per unit perimeter
[g/cm-sec)

. parameter defined by eq. (15)

. parameter defined by eq. (16)

. parameter defined by eq. (18)

. liquid viscosity [g/cm-sec]

. stoichiometric coefficient

. liquid density [g/cmB]
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