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Abstract — Absorption of CO; gas into laminar falling films of kaolin and white carbon slurries by using a wetted-
wall column was studied theoretically and experimentally at 25°C and 1 atm.

The convective-diffusion equation was solved by separation of variables and the analytical solution for the average
Sherwood number was obtained as a function of the Graetz number and the power-law index of the slurries. An
approximate solution for the rate of mass transfer could be also obtained by using the Beek-Bakker model. The experi-
mental results were in good agreement with the theoretical predictions.
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Fig. 1. Flow model and coordinate system in
physical absorption.
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M, and G, for various values

ofn
n i A M; G;
0 1 1.570796 1.273240 0.810569
2 4712389 -0.424413 0.090063
3 7.853982 0.254648 0.032422
4 10.995570 -0.181891 0.016542
5 14.131670 0.141471 0.010007
6 17.278760 -0.115749 0.006699
0.2 1 1.689270 1.293133 0.807527
2 4970054 -0.468679 0.089920
3 8.186662 0.302597 0.032923
4 11.391940 -0.227491 0.016969
5 14.592870 0.183980 0.010332
6 17.791590  -0.155347 0.006947
0.5 1 1.779313 1.318145 0.799210
2 5.071982 -0.511959 0.093030
3 8.319530 0.335124 0.034441
4 11.560140 -0.253484 0.017817
5 14.798180 0.205725 0.010867
6 18.034980 -0.174113 0.007314
1.0 1 1.847822 1.338187 0.789703
2 5.142038 -0.545516 0.097255
3 8.416225 0.358898 0.036094
4 11.686340 -0.272076 0.018686
5 14.954890 0.221109 0.011402
6 18.222640 -0.187303 0.007676
2.0 1 1.901387 1.353787 0.780697
2 5.199542 -0.571953 0.101148
3 8.494544 0.377983 0.037693
4 11.788380 -0.287010 0.019533
5 15.081660 0.233443 0.011922
6 18.374620 -0.197857 0.008027
© 1 1.979564 1.375992 0.765565
2 5.290417 -0.610391 0.107187
3 8.617085 0.406818 0.040402
4 11.946760 -0.309931 0.021019
5 15.277510 0.252527 0.012853
6 18.608760 -0.214261 0.008663
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Table 2. Physical properties, solubility and diffusivity of CO, in slurries at 1 atm and 20°C

. k x 102 Density Capx 105 Dyx 10°
Material Conc. (wt %) n (dyne.s"/cm?) (g/cm3d) {gmol/cm3) (cm?2s)
Water 0 1.0 1.00 0.998 3.829(+0.002) 1.610(+0.005)
Kaolin 3 0.96 1.49 1.017 3.788(+ 0.003) 1.582(+0.004)

5 0.94 1.96 1.035 3.763(+0.004) 1.571(+0.003)
7 0.90 2.60 1.051 3.736(+0.002) 1.565(+0.003)
10 0.87 3.87 1.071 3.695(+ 0.005) 1.542(+0.005)
15 0.81 7.93 1.115 3.631(+£0.002) 1.519(+0.007)
White carbon 3 0.96 1.68 1.102 4.021(+£0.004) 1.587(+ 0.006)
5 0.94 2.55 1.027 4.167(+0.003) 1.558(+ 0.005)
7 0.91 3.95 1.034 4.268(+0.003) 1.546(+0.003)
10 0.88 7.50 1.053 4.511(+0.005) 1.532(+0.004)
12 0.86 11.24 1.059 4.622(+0.002) 1.515(+0.005)
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Fig. 2. Average absorption rate of CQO,into water
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NOMENCLATURE

b . liquid film thickness [cm]

B, : expansion coefficient of equation (14)

Cy : concentration of solute gas, in laminar
falling film [gmol/cm®]

: saturated solubility of solute gas in power-
law liquid [gmol/icm?]

. average inlet and outlet concentrations of
solute gas in slurries [gmol/cm®]

D, . liquid-phase diffusivity of solute gas in
continuous phase {cm%s]

. separated variable defined by equation
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. eigenfunctions defined by equation (14)
. gravitational acceleration [cm/sec?]
. average expansion coefficients in equa-

tion (21)

. Graetz number defined by equation (22)

length of rod in the wetted-wall column
[cm]

. consistency index of poweraw liquid

{dyne sec/cm?]
liquid-side mass transfer coefficient [cm/
sec]

: numerical constant defined by equation

(29)

1 expansion coefficients in equation (18}
: power-law index of power-law liquid
: separated variable defined by equation

(10)

. average Sherwood number defined by

equation (25)

: contact time between gas and liquid [sec]
. average rate of absorption over conlact

time [gmol/cm®s)

: velocity of liquid [cm/sec]
. average velocity of liquid [cm/sec]
: velocity of liquid at gas-liquid interface

[cm]

. distance perpendicular to the wall surface

[em]

: dimensionless distance defined by equa-

tion (7)

. dimensionless distance [1-X]

: variables defined by equation (29)

. distance in the flow direction of liquid [cm]
: dimensionless distance defined by equa-

tion (7)

Greek Letters

a

r

Ai
o

Txz

. parameter [n+ 1/n]
. mass flow rate of liquid per unit wetled

perimeter [g/cm-sec]

. eigenvalues
: density of liquid [g/cmS]
: shearing stress [g/cm~sec2]

15.

16.
17.

18.

19.
20.

333

: dimensionless concentration defined by
equation (7)
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