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Abstract—To investigate the characteristics of screen-packing for industrial application, measurements of
absorption rates of carbon dioxide into potassium carbonate-bicarbonate buffer solution containing sodium
hypochlorite as a catalyst in the screen packing column were carried out. The mass transfer coefficient and
gas-liquid interfacial area of the screen packings were obtained, and also the pressure drop and liquid
hold-up in the screen packing column were measured. In consideration of physical properties of the solution,
50 and 60 mesh spherical packings were used. It was found that the spherical screen packing showed the
higher mass transfer rate than the ordinary commercial packings, and that the 60 mesh spherical packings
was better than 50 mesh packings for the absorption.
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1. Feed tank
3. Thermometer

5. Valve

7. Liquid distributor
9.Gas distributor
11. Lute vessel

13. Air regulator
15. Humidifier

% 5

2. Constant temperature circulator
4, Feed pump

6. Rotameter

8. Packed column

10. Manometer

12, Compressor

14. Air filter

16.CO; removal column from air

17.CO; bomb

Fig. 1. Schematic diagram of experimental apparatus.
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Table 1. Characteristics of packings
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Type Size Opening size =~ Wire dia.  Bulk density G.S, A.*** . .
(Material) (mm) (mm)* (mm)* @em®  (cmifom®) 0l fraction
60 mesh(steel) 85 0.250 0.180 0.1876 4013 0.92
50 mesh(steel) 85 0.297 0.215 0.1647 3.933 0.96
60 mesh with internals 3.75(8.5) 0.250 0.180 0.5307 5422 0.63

(steel & beads)
Berl saddle(ceramic)** *0.5 0.8650 4.6588 0.62
Intalox saddle(ceramic)** *0.5 0.7369 6.2336 0.71
Raschig ring(ceramic)** *0.5 0.8810 3.6745 0.64
Sphere(ceramic)**** 5.0 251

#  denotes inch

*  from Reference[15]

**  from Reference[16] -
**** from Reference[19]
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[material: 50 and 60 mesh
stainless steel screen

(b) B type packings
material: 60 mesh stainless steel screen]
internals: 5 glass beads

Fig. 2. Dimensions of spherical screen packings(unit : mm).

*** Geometrical Surface Area
The area based on the surface
area of screen wires.
from Reference[18]
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Table 2. Buffer solution composition and operating condi-

tions
K,COs 060 M
KHCO; 025M
KCl 196 M
NaOCl 0.018-0.35M
{CO#~1/[HCO;s™] 2.4
pH 10.46+ 0.06
Packed height 31.0cm
Packing density 0.91495 pieces/cm®

Solution density
Solution viscosity

1.161-1.204 g/cm®
1.182-1472 cP

Temperature 21¢C

Total pressure 1 atm

CQO, partial pressure 02 atm

Gas mass velocity 1.4496 g/cm’min
Superficial liquid velocity 0.5965-1.6407 cm/sec
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Fig. 3. Comparison of pressure drop with other packings
based on pressure drop correlation.
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Table 3. Correlation constants used[18]
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60 Mesh 50 Mesh Glass bead 60 Mesh 50 Mesh Glass bead
packing packing packing packing packing packing
AP=a(10%) (G¥/pc) k.a=a uP(chemical)
a 0.7866 0.7236 1.0001 0.1390 0.1250 0.06113
B 0.3313 0.1827 0.1382 0.2959 0.1912 0.4480
hy=a uf/D,? a=quP
a 4691076 1.31Xx1078 7.33X107°8 0.1402 2.6355 24208
B 0.3597 0.4762 0.3428 0.2659 0.06691 0.06918
k,a=a uf (physical) k;=auf
« 0.02677 0.02532 0.02454 0.04865 0.04743 0.02525
B 0.3799 0.3747 0.3244 0.1817 0.1243 0.3789
k;a/D,= & NN **(physical) k;a/D,= a Ng."Ns.**(chemical)
a 11.682 11.470 13.585 105.04 13137 20.06
B 0.3246 0.3699 0.3244 0.2658 0.1912 0.4480
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Fig. 4. Total liquid hold-up vs. liquid mass velocity.
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Fig. 5. Volumetric mass transfer coefficients for chemical
absorption and physical absorption(217).
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Fig. 6. Sherwood and Holloway correlation based on 50
mesh sphere packings for physical absorption and
comparison with other packings.
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Fig. 8. Comparison of liquid phase mass transfer coeffi-
cients for chemical absorption(21T).
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Fig. 9. Height of a liquid phase transfer unit for physical
absorption vs. Reynolds number.
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Fig. 10. Height of a liquid phase transfer unit for chemical
absorption vs. Reynolds number.
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NOMENCLATURE
a, a : effective interfacial area per unit packed vol-
ume [cm™']
a : total surface area of packings per unit pack-
ed volume [cm™!]
A* : concentration of dissolved gas at bulk liquid

phase and at interface in equilibrium with
liquid at interface [gmol/cm®]

HWAHAK KONGHAK Vol. 29, No. 3, June, 1991
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D : diffusivity of dissolved gas [cm?/sec]

D, : equivalent spherical diameter [cm] or parti-
cle diameter [cm]

G : gas mass velocity [g/cm’sec]

H, < height of a liquid phase transfer unit [cm]

h, : total liquid hold-up per unit packed volume
[cm¥/cm®] _

k : first order reaction constant [sec™!]

Kup0 : pseudo-first order reaction rate constant
[sec™!]

ke : liquid phase mass transfer coefficient [cm
/sec]

k.a : volumetric liquid phase mass transfer coeffi-
cient [sec™']

L : liquid mass velocity [g/cm’sec]

Nie, Ns : Reynolds and Schmidt number

AP : pressure drop [cm H:0/cm]

R : average rate of absorption [gmol/cm’sec]

u : superficial liquid velocity [cm/sec])

A : number of moles of reactant

Greek Letters

a, B

Pc

: constants
: density of gas [g/cm?]
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