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Abstract—The absorption of carbon dioxide accompanied by first order reaction into potassium carbonate-bicar-
bonate buffer solutions, containing sodium hypochlorite as the catalyst, was used to evaluate liquid film mass transfer
coefficients and effective interfacial areas in a screen(60 mesh) disc packing column and a smoothed face metallic disc
packing column, respectively. The residence time distributions using a tracer pulse input-response technique were
measured to find the extent of mixing of liquid on the disc packings.

It was found that liquid film1 mass transfer coefficients, effective interfacial areas and the holdup of liquid for both
packings increased with increase of liquid wetting rate, that the effective interfacial areas depended on the holdup of li-
quid, and that the holdup of liquid and the extent of liquid mixing on the screen disc packing increased 1.8 and 1.5
times as high as that on the metallic disc packing, respectively.
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1. Feed tank

2. Constant temperature circulator
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5. Disc column 5-1. Liquid feed tube
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8. CO; bomb 9. Air regulator
10. Air filter 11. Compressor
12, Valve 13. Thermometer

Fig. 1. Schematic diagram of experimental appa-
ratus.
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Table 1. Liquid properties and operating condi-

tions.
K>CO; 0.6 gmol//
KHCO; 0.25 gmol/!{
KCl 1.94 gmol //
NaOCl 0.02-0.18 gmol //
CO; /HCO; 2.4
pH of solution 10.2 + 0.2
Liquid density 1.0464 g/cm?
Liquid viscosity 1.0366 cp
Liquid temperature 21+1 °C
Total pressure 1 atm
CO»-partial pressure 0.2 atm
Gas flow rate 5 cm?/min
Liquid flow rate 50-250 cm3/ min
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Fig. 2. The Danckwerts’ plots for metallic
packing (gas flow rate: 5 ¢m’/ min).
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Table 2. Operating conditions and results obtained.
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metallic disc packing

screen disc packing

Q

r h kz a ay a, az, E r h kr a ay a, ay,
250 1.08 0.306 0.0501 11.56 22.44 426 426 1.79 0.521 0.537 0.0516 13.01 14.40 480 480
200 0.866 0.261 0.0487 10.27 23.07 378 374 1.95 0.417 0.475 0.0503 12.00 15.13 442 446
150 0.649 0.223 0.0440 9.32 24.84 343 343 2,10 0.313 0.411 0.0483 10.75 15.60 396 397
100 0.433 0.181 0.0360 8.38 28.19 309 315 2.47 0.209 0.315 0.0404 9.82 18.61 341 342
50 0.217 0.123 0.0306 6.79 32.79 246 246 2.79 0.105 0.203 0.0323 7.99 23.33 283 283

Q : Volumetric flow rate of liquid (¢cm3/min)

I" (wetting rate) = liquid flow rate/ wetted perimeter, g/ s-cm

a : effective interfacial area per volume of disc string, cm?/cm3

a; : effective interfacial area per liquid volume, cm2/cm?

a, : (a)(volume of disc string)
ar, : (ap)(total liquid holdup)
E : Enhancement factor

Wetted perimeter for metallic disc string = 3.58 cm2/cm of length
Wetted perimeter for screen disc string = 7.48 cm2/cm of length

Total length of disc string: 39 x 1.59 = 62.01 cm
Volume of disc string = 36.86 cm3

Total surface area of disc string = 238.4 cm?

Total liquid holdup = (h)(total length of disc string)
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Table 3. Mean residence time and parameters for tanks-in-series model.

Liquid flow rate metallic disc

screen disc

(¢cm?/ min) 2] 1 a N ] T a’ N
250 4.56 11.02 50.63 24 7.98 12.78 45.78 36
200 4.86 11.87 59.27 24 8.84 13.48 52.93 35
150 5.53 13.44 71.20 2.5 10.19 16.03 77.87 3.3
100 6.72 16.32 — —_ 11.71 17.78 — —_

50 9.18 24.36 —_ — 15.31 26.51 — —

total liquid holdup
liquid flow rate

/ tedt
o

* t{(mean residence time) = =7
f cdt
2 0
g : Variance

* N: Number of tanks (tanks-in-series model)

» 8 (contact time) =

*
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o= b ok 99X 107¢g-mol/ /012 9| ukg-

of w¥ol @FH TR

oflo] elglol4l o

198613 5. oi-ule
b afgtel] ZhAbs gl

NOMENCLATURE

a . effective interfacial area per unit volume of
packing, em?/em®

Aol s 4 321
a : effective interfacial area per unit volume of li
quid, cm?/cm?®
A :equilibrium concentration of CO, at interface,
g-mol/!/
c . concentration, g-mol// or normalized concen-
tration

c-factor = (superfacial vapor velocity)vapor density/
difference btn liquid & vapor density)'?

d : diameter of disc element, cm
D - diftusivity of CO,, cm®/sec
E : enhancement factor = rate with reaction per

rate for mass transfer alone
F-factor = (superfacial vapor velocity)vapor density)”2

g : acceleration due to gravity, cm?/s

h : hquxd holdup per unit length of disc string,
em®/em

k, : reaction rate constant, sec’

k, : liquid side mass transfer coefficient, cm/sec

Ky @ equilibrium value of (H*YHCO5)/(CO,),
g-mol//

K, : equilibrium value of (H*YHCO{/(HCO,),
g-mol//

Khoo @ dissociation constant of HCIO, g-mol/{

height of disc string, cm
N number of tanks in tanks-in-series model
Q : volumetric liquid flow rate, cm®/min
R, : average rate of absorption of CO,per unit
volume of packing, g—mol/'(sec}(cm3)
R, average rate of absorption of CO, per unit
volume of liquid, g-mol /(sec)(cm3)
t . lime, sec
Ga : Galileo number = P go?/u?
Sc : Schmidt number = u/pD
Re : Reynolds number=4I"/u
r . wetting rate, g/sec-cm of wetted perimeter
: constant
contact time, sec
viscosity of liquid, g/cm-sec
density of liquid, g/cm3
variance, sec

TR @ R

2
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